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PREFACE

Close co-operation of Ordovician and Silurian specialists or participation of them 
in the study of the both systems, have become a long tradition in many countries. This 
is surely due to common features in the structure, composition and evolution of these 
units, but also to their common historical background as the Silurian System established 
by R.I. Murchison.

The Ordovician and Silurian Subcommissions have organized regular field meetings 
and field excursions either belonging to several symposiums (particularly the Ordovician 
Subcommission) or specially for the investigation of certain areas and st.ratotypes (Si
lurian Subcommission). The present Estonian field meeting 1990, following the traditions 
of both subcommissions, is the first joint meeting, providing thanks to political changes 
in this country an opportunity for foreign colleagues to visit several outcrops which 
for a long time have been inaccessible for them.

The Ordovician and Silurian Subcommissions have chosen different ways for perform
ing their tasks. Therefore also the present state of stratigraphic scales and the pro
blems to be solved are differing in both systems. The global standard for the Silurian 
System has been accepted by the IUGS, although it should not mean that all is in ideal 
shape. In the Ordovician, however, formal decisions are still in preparation, but a 
good progress has been achieved in the field of regional correlation, etc.

In recent years event-stratigraphy has gained popularity, thus renewing a good old 
idea of catastrophes(resp. bioevents) in the stratigraphy. Here a leading role is played 
by the IGCP project "Global bioevents". Both subcommissions consider co-operation with 
this one important, therefore also the Tallinn meeting of the working group was- planned 
as a joint gathering.

The organizers of the Estonian field meeting, 1990, hope that the excursions and 
discussions held give a possibility to all named international bodies to strive for pro
gress in their work. In order to provide the participants with information on the stra
tigraphy, paleontology and lithology of the Estonian Ordovician and Silurian, we have 
prepared this guidebook. Shortage of time did not enable us to present all parts in the 
desirable scope, but we still hope that this material is of some help to make acquaint
ance of Estonian geology.

On behalf of the Organizing Committee I thank all the authors (see list of contri
butors) and others assisting in the preparation of this guidebook. We are greatly in
debted to Mrs Anne Noor for linguistic aid. Mrs Ludmilla Lippert and ICaie Ronk for draw
ings, to typists Tiina Auli and Janne Oengo. It is also a pleasure to thank the publish
ing-house "Bit" for active co-operation.

D. Kaljo
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AN INTRODUCTION TO THE GEOLOGY OF ESTONIA

D. Kaljo

History of investigatjon. The first publications on Estonian geology date from the 
end of the 17th century (these were the descriptions of Narva waterfall and a mineral 
spring at Koorkiila) . A hundred years 1 ater Academician Georgi reported about the disco
very of oil shale in North Estonia; however, geological investigations remained sporadic 
troughout the 18th and first half of the 19th centuries. Of consequence were the works 
by E. Eichwald (his first paper appeared ir print in 1825) 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 Esto
nian territory was covered by glaciers.

The middle of the 19th century brought about the "Golden Age" of investigations 
marked by the publications of fundamental works by A. Schrenk, F. Schmidt and C. Gre- 
wingk, which laid the foundation of modern stratigraphic scheme; in that period the pa
laeontological monographs by C. Pander (conodonts, agnathans, etc.), H. Asmuss (fishes) ,
1. Nieszkowski (trilobites), W, Dybowski (corals), F. Rosen (stromatoporoids), F. Schmidt 
(trilobites, brachiopods) and several others were published. In Quaternary geology, be
side 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 excellent stratigraphic scheme 
of the Estonian Lower Palaeozoic had been elaborated (Schmidt, 1881) and the main types 
of Quaternary deposits established. This provided a basis for the compilation of the 
first geologic sketch maps.

The turn of the century was characterized by a certain slack in scientific activi
ties. Another period of intensive studies began in the 1920s with the first generation 
of Estonian geologists settling down to work (H. Bekker, A. Luha, A. Opik, K. Orvikuet 
al.). The stratigraphy of Ordovician and Quaternary deposits underwent an improvement, a 
considerable number of palaeontological and the first lithological monographs appeared 
in print. Great attention was paid to the investigations of the mineral wealth of the 
republic. In the issue, in 1918 an open-cast mining of oil shale (kukersite) was started 
at Kohtla-Jarve By 1940 a production level of 1.9 million tons of shale annually had 
been attained. The first phosphorite mine went into operation in 1923 at tilgase in the 
vicinity of Tallinn. In 1939 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 be
fore this the leading role was played by the staff of Tartu University and foreign 
scientists, after there were several specific organizations established - the Institute 
of Geology of the Estonian Academy of Sciences in 1947, the Board of Geology of the Es
tonian SSR (= Geological Survey) in 1957; in addition, groups of engineering geology 
were founded at several designing institutes, which in 1979 were partly joined into the 
State Engineering Research Institute.
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The number of geologists- geophysicists> geochemists and other specialists amounts 
to more than 300 at such institutions. This enables us to deal with a wide circle of 
problems concerning different aspects of Estonian geology, providing the national econo
my 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 eight 
years ago (Grigelis, ed., 1982) generalize a considerable amount of new data, especially 
the results of geological mapping, and may thus serve as a good guide for those wishincr 
to learn about Estonian geology.

Geotec tonic zonation. -Estonia is located in the northwestern part of the East-Euro- 
pean Platform. Its geology was determined by the development of several different scale 
tectonic structures distinguished by the position of the crystalline basement surface 
and geological composition of sedimentary rocks.

According to P. Suveizdis, A. Brangulis ahd V. Puura (1979) the major part of the 
Estonian territory lies within the boundaries of che southern slope of the Balcic 
shield, and only the area adjacent to the current Riga Gulf is referred to the Baltic 
syneclise (Fig. 1). The above named authors regard the first structure as a transitional 
7 ine 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, Voru saddle and 
Valmiera-Lokno swell (Fig. 1).
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Fig. 1. Main geotectonic structures (according to V. Puura): 1
face of crystalline basement? 2 - rupture dislocations? 3 - southwestern border 
of discordance between the Devonian and the underlying Ordovician or Silurian 
rocks; 4 - geotectonic structures of second orders (1 - West- and 2 - East-Esto
nian monocline, 3 - Voru saddle).

isohypses of the sur-

The above boundaries of tectonic structures are rather distinct in uhe distribution 
of Early Palaeozoic facies as well (see below), which accounts for their long-term cha
racter For example, the main facies boundary which in the Ordovician and Silurian divi
des the Baltic territory info the East- and West-Baltic structural-facies zones runs 
close to the boundaries of the Baltic syneclise or along their extensions on the south
ern slope. The main dislocation zones with a hiatus in continuity are related to these 
boundaries. For example, 
parts (see above), whereas the Liepaja-Riga-Pihkva zone of echelon-like dislocations and

the Paide fault zone divides the Estonian monocline into twe
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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. Fig. 2 shows the final situation in the form of a geologi
cal map.

Stratigraphy. The current stratigraphic scheme of the Estonian Lower Palaeozoic and 
Quaternary is based on a considerable number of recent investigations. The main results 
obtained through these studies are presented in the following generalizing publications 
(provided with extensive lists of references as well) on the crystalline basement - Puu- 
ra, Vaher, Klein a.o., 1983; on the Vendian and Cambrian - Mens, Pirrus, 1977; on the 
Ordovician - M&nnil, 1966; Roomusoks,1970; on the Silurian - Kaljo, ed., 1970; Kaljo, 
Klaamann, edit., 1982; on the Devonian - Sorokin, edit., 1981, on the Quaternary Depo
sits - Raukas, 1978, etc.

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

The results obtained were summarized in stratigraphic schemes accepted in 1976 at 
the Baltic Stratigraphic Conference in Vilnius and improved in 1984 by Stratigraphic 
Conference on Ordovician and Silurian of the East-European platform (Resheniya, 1987).

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

Devonian is represented mainly by Old Red facies; glacial, aqueoglacial, marine and 
lake deposits dominated in the Quaternary cover.

Ordovician and Silurian stratigraphy is presented in detail in the following chapt
ers, outlines of stratigraphy of the under- and overlying rocks are given here as a con
cise list of main units (most important hiatuses are also marked).

Upper Devonian, Frasne
Dubniki Formation - clays, dolomites, gypsum 
Plavinas Stage - dolomites, limestones, marls 

sand- and siItstonesAmata Form.,
Gauja Form.

Middle Devonian, Civet 
Burtnieki Form. 
Arukiila Form. -

sand- and siltstones, clays

- sand- and siltstones, clays, conglomerates 
sand- and siltstones, marls

Eifel
Narva Form. - dolomitic marls, siltstones, clays

sand- and siltstones, clays, dolomitesP3rnu Form.
Lower Devonian

Lemsi and Rezekne Form. - sandstones, marls, dolomites 
Hiatus 
Tilze Form. sand- and siltstones

Silurian 
Ordovician 
Upper Cambrian 

Hiatus
Ulgase Form. - silt- and sahdstones 
Hiatus
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Middle Cambrian 
Ruhnu Beds 
Hiatus

Lower Cambrian
Irben Form. - clays 
Soela Form.
Tiskre Form.
Ltikati Form. - clays, silt- and sandscones 
Soru Form.
Lontova Form. - clays 
Hiatus (= Rovno Stage)

Upper Proterozoic Vendian, Valdai Series
sand- and siltstones, clays

sandstone

sand- and siltstones 
sand- and siltstones

sand- and siltstones

Voronka Form.
Kotlin Form. - varved clays

silt- and sandstones 
Hiatus (- Volynia Series Redkino stage)

Lower Proterozoic
Hogland series - pcrphyrites and quartzites 
JSgala and Alutaguse Series - gneisses, quartzites 

Main minerals (according to Mistjdgi, 1984). In the Cambrian terrigenous complex 
only the clays of the Lontova Formation are of economic significance. These so-called 
blue clays crop ouc and form several deposits in a narrow belt in North Estonia. They 
serve as raw material for manu.acturing cement and rough ceramical products (bricks, 
roof-tiles, drainage pipes). The blue clay deposits are exploited in Tallinn, in the en
virons of Loksa, et Kunda and Aseri.

Gdov Form.

The lowermost terrigenous part of the Ordovician is composed of a fine-grained 
quartzose sandstone which contains phosphorus-bearing valves and valve fragments of 
brach.iopods. The valves are rich in P-,0,. (35-37 %) . In Estonia the total phosphorite re
serves are estimated at about 600-700 million tons of

. The Baltic cil shaJ 2 (kukersite) is related to the carbonate rocks of the Middle 
Ordovician Xukruse regional Stage. There are two large oil shale deposits on Estonian 
territory - the Estonian and Tapa ones.

Ordovician and Silurian lin --stones and dolomites are used in the building materials 
industry for producing Portland cement, building lime, road metal, and facing panels. 
In Estonia limestones and dolomites are produced in numerous quarries located in the vi
cinity of towns and industrial centres. The most important deposits are those of Vao, 
Maardu and Harku in the vicinity of Tallinn ^building limestones), Padise and Rummu in 
the Vasalemma settlement (building limestones and limestones for the production of 
Lime), Aru near the town of Kunda (for cement production), Karinu, Rakke in the Rakvere 
district (limestones for the production of lime), Kadastik near the town of Narvc 
(building limestones) and Aneiema in P&rnu district (building dolomites of high resist
ance) , Kaarma, and Tagavere on Island Saaremaa (building dolomites) etc.

10



THE ORDOVICIAN OF ESTONIA

R. Mannil

A continuous outcrop belt of the Baltic Ordovician rocks extends from the Swedish 
Island of 01and in the southwest through northern Estonia to the Lake of Ladoga (Lenin
grad district) in the east. The Estonian territory has the central and most important 
position due to outcropping of the complete sequence of the Ordovician System with its 
both lower and upper boundaries accordingly conforming to the Cambrian and Silurian sys
tems. In Estonia the Ordovician rocks crop out in a narrow (40-45 km) belt extending 
from the west to east for about 300 1cm. The practically undisturbed strata are almost 
flat-lying with a small dip (2.5-3.5 m pro km) to the south. The sequence consists of 
h: ghly fcssilif erous shallow water open shelf carbonates (mostly ca.lcareni tes} witn the 
exception of its basal part which is represented by silty and clayey sandstones and 
graptolite argillites. The basal part of the succession (Tremadoc) contains productive 
phosphorite deposits, the main carbonate part productive oil shale (kukersite) deposits, 
building limestones and *1imestones for production of road metal, 1ime and Portland ce
ment .

The thickness of the Ordovician sequence in Estonia ranges from 70 to 180 m having 
its maximum in the central, minimum in the northwestern part of the territory.

The circumstances considered above enabled the elaboration in Estonia of a stable 
detailed 3 ocal classification for the Ordovician rocks which afterwards obtained the 
status of a regional standard for the most part of the East European platform area (see 
Alikhova, 1960; Mannil, 1966; Res'eniya ..., 1965, 1978, 1987).

The main pioneering work toward 
1881, 1897, 1899) who established
(a2...f2),
these stages (B2, B^, and F.j) were subdivided lithologically and/or faur.istically in
to lower and upper parts. In the current century Schmidt's scheme has been greatly re
vised, refined and improved by many subsequent authors (Lamansky, 1905; Raymond, 1916; 
Bekker, 1922-1925; Opik, 1929-1930; Orviku, 1940, 1960, Jaanusson, 1944-1960; Roomusoks, 
1956-1983; Mannil, 1958-1984; and others) though the principal features of the classifi
cation remained. Of the most essential impiovements che recognition of some additional 
stage rank divisions (C];a, C^b, C];c, F^-a-F^-c) by Raymond (1916) , Orviku (1940) and Jaa
nusson (1944) and the introduction of local Estonian (pro Schmidt's German) nomenclature 
by Bekker (1922) have to be mentioned. As a result the currently used classification 
consists of 18 stages, seven of which are subdivided into two or three substages (see 
table) .

the classification has been done by Schmidt (1858, 
in sequence 14 formally named and lettered main units 

most of which representing well-defined faunal assemblage zones. Some of

Attempts have also been made to establish in the Ordovician of Estonia and adjacent 
districts subdivisions of higher than stage rank resulting in the recognition of local 
resp. regional series and subseries. To this category belong the "Schichtengruppen" A, 
B, C, D, E and F by Schmidt (1881), the three-fold subsystemic division of the Ordovi
cian by Raymond (1916), the four regional Baltic series by Opik (1930), the subseries by 
Roomusoks (1956, 1960), and others. They remained, however, informal with the exception 
of the three divisions of subsystemic rank officially accepted in late EOs by the U3SR 
Stratigraphic Committee.
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In the 50s and 60s the first attempts were made (Sokolov, 1951; Alikhova, 1960, 
MSnnil, 1966) to use the same scheme in the large subsurface area extending to the south 
and east of the outcrop belt. In the following decades official correlation charts of 
the Ordovician System have been compiled and published (Resheniya..., -1965, 1978, 1987; 
see M&nnil, 1989) and in this connection Schmidt's scheme has been officially accepted 
as a regional standard. As for the Estonian territory, currently three types of local 
sequences and corresponding facies belts are distinguished (see Resheniya ..., 1987); 
the North Estonian Ccnfacies Belt in the north, the Central Baltoscandian Confacies Belt 
in the far south and the transitional zone between them.

From the beginning of the 50s and in the following decades the correlation of the 
North-Estonian sequence with Scandinavian and Great Britain successions has been con
siderably improved (Jaanusson and Strachan, 1954; Jaanusson, 1957, 1960; Mannil, 1966, 
1976; Kaljo et al», 1986) mainly due to progress in research on ostracodes, graptolites, 
conodonts, and chitinozoans, as well as to results of internal correlations between se
quences of different confacies belts of the East Baltic area (MSnnil, 1963, 1966; Ulst 
et al., 1982; Resheniya..., 1976, 1987).

The correlation of North Estonian Tremadocian rocks with Scandinavian sequences is 
sufficiently well-based on graptolitic and conodont evidence (Kaljo, Kivimagi, 1976; 
Kaljo et al., 1986). The Arenigian and lower Llanvirnian Latorp, Volkhov and Kunda re
gional stages are correlated with their Scandinavian counterparts directly by index co
nodonts and trilobites and on this base they may be considered as Baltoscandian stages 
(Jaanusson, 1960; and others). The same status has been attributed to the following up
per Llanvirnian to the lowermost Caradocian Aseri, Lasnamagi, Uhaku and Kukruse stages 
(Jaanusson, 1960; Bergstrom, 1971; and others), their recognition in Sweden and in NE 
Poland (Modlinsky, 1973) being based mainly on trilobit.e0, ostracodes, conodonts and 
graptolites. To the mentioned stages on the base of the record of chitinozoans the Ida- 
vere Stage may be added. There, are still some problems with the precise correlation of 
the rocks of the Johvi and Keila stages but the level of the main bentonite, currently 
accepted as the boundary between them may be now well traced by ostracode distribution 
in central Estonia and by the presence of an index chitinozoan "Illichitina” multiplex 
near the top of the bentonite bed.

By some authors all the stages of the Viru Series (including or excluding the Rak- 
vere Stage) are considered as Baltoscandian (Bergstrdm 1971 (a,b); Podhalanska, 1980). The 
Harjuan (Upper Ordovician) stages though differently named in the East Baltic and 
Sweden, correlate with each other quite well (Pirgu with Jerrestad, Porkuni with Tornm- 
arp), with the exception of the lower part of the succession roughly coriesponding to 
the linearis Chronozone. The main problem seems to be here the still obscure position Of 
the Rakvere Stage, which according to the presence of Climacograptus diplacanthus (= C. 
spiniferus) obviously correlates with some part of the clingani Chronozone and corres
ponds in Swedish sequence either to upper Mossen Formation or to a hiatus.

The external correlation of the North-Estonian sequence with the British standard 
is carried out mainly through the graptolite-bearing Scandinavian successions. There 
exist only few indices allowing direct correlation, e.g. Nemagraptue gracilis, Amplexo- 
graptus fallax3 Acanthochitina barbata.

As far as long-distance correlations are concerned, one has to mention in1 addition 
to the North Atlantic zonal conodont ties with the Appalachian sequences (Bergstrftm, 
1971) the tie levels of zonal concdonts and some graptolites and chitinozoans with SE 
China, Portugal, etc.

In the following short comments on the series, stages and on some substages as well 
as some local units (formations and members) are giv3n.
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Oeland Series (Lower Ordovician)

The Oeland Series corresponds exactly to the term "Lower Ordovician" introduced in 
Baltoscandia by Raymond (1916). But the division is by no means a "natural" regional 
unit and may serve only as a convenient unit of the three-fold subdivision of the Ordo
vician System officially accepted by the USSR Stracigraphic Committee. The name has been 
proposed by Kaljo et al. (1958) in accordance with the type area (Swedish Island of 
Oeland in the Baltic Sea) possessing classical sections of the sequence from the base of 
the Ordovician System up to the top of the Kunda Regional Stage (- top of the Didymo- 
graptxs artus Chronozone) . The series consist of two lithologically sharply different 
parts, the lower of which is represented by terrigenous rocks of Tremadocian age (Iru 
Subseries) and the upper mainly by carbonates of the Arenigian and early Llanvirnian age 
(Ontike. Subseries). These subdivisions may be informally regarded as units of the series 
category (see e.g. Opik, 1930).

The series includes five regional stages* two lower ones of which belong to the 
"Schichtengruppe A" (= Iru Subseries) and the rest of them to "Schichtengruppe B" by 
Schmidt (1881) (= Ontika Subseries).

Pakcrort Stage (A.^) .
Ordovician System in the East-European Platform area with its base coinciding with the 
base of the system. According to the current use (Kaljo et al., 1986; Resheniya .. 
1537) in the sections of the type area the boundary is tentatively drawn at the level of 
the first appearance of Cordylodus (= base of C. andresi Zone). The upper boundary coin
cides with the top of the Dictyonema flabelli forme anglicum and D.f. multi the a a turn Zone. 
Type and reference sections in NW Estonia, west and east of Tallinn. The stage bounda
ries in many districts do not coincide with the boundaries of the rock units: the base 
is lying inside the Kallavere Formation, the top inside the Tiirisalu Formation. Thick
ness in the outcrop area does not exceed 5-15 m. Corresponds to the lower Tremadoc.

). The name has been introduced recently (Resheniya ..., 1987) 
previously referred to as "Ceratopyge Stage" 

(Mannil, 1966; Resheniya ..., 1376). The base of the stage ccincides with the top of the 
Pakerort Stage, and is drawn at the level of the boundary between the Dictyonema flabel- 
liforme anglicum - D.f. multithrcatum Zone and Clonograptus sarmentosus Zone. Type sec
tion 90 km east of Tallinn in which the stage is represented by the Toolse Member of the 
Turisalu Formation and the Varangu Formation with a total thickness of 3.5-4 m* (Viira et 
al., 1970; Kleesment, Magi, 1975* Magi, Viira, 1976). The stage is well characterized 
faunistically in Norwegian and Swedish sections. In Estonia and adjacent regions of the 
USSR it is recognized mainly by graptolites and conodonts: Clonograptus sarmentosus,

The unit is defined as tne lowermost regional stage of the

Varangu Stage 
to designate a division of stage level,

Didymograptus" primigenius, Bryograptus3 Kiaerograptus, Drepanoistodus deltifer pristi-
etc. (Kaljo, KivimSgi, 1970;nuSy Cordylodus rotundatus3 C. angv.latus, Oneotodus altus}

1976; Magi, Viira, 1976).
The stage corresponds to the upper Tremadoc.
Latorp Stage (B-j.) . Corresponds to trilobite succession from the base of the Megis- 

taspis armata Zone to the top of the M. estonica Zone. Type section in Nerixe, central 
Sweden. (Tjernvik, 1956; Jaanusson, 1960). Lower boundary of the stage coincides with 
the base of the Paroistodus prcteus Zone, which approximately corresponds tc the lower
limit of the Tetragraptus approximatus Zone. Two substages recognized: a lower, Hunne- 
berg Substage, corresponding to the Megistasgis armata and M. planilimbata zones, and 
roughly to tne Paroistodus proteus zone, and an upper, Billingen Substage, corresponding 
to the zones of Megalaspides dalec.arlicus and Megistaspic estonica, and roughly to the 
Oistodus lanceolat-us Zone. In Baltoscandian graptolite succession to the upper Hunneberg
corresponds Tetragrapvus phyllograptoides Zone, to Billingen the zones from Didymograp-

1 956;tus balticus to the top of Phyilograptus anguetifolius elcvgatus Zone (Tjernvik,
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Jaanusson, 1932, etc.)* In northern Estonia the stage is represented mostly by the Leet- 
se Formation and the Paite Member of the Toi.la Formation with a total thickness rarely 
exceeding 5 m (for details see Magi, 1970, 1984; Magi et al., 1989).

Volkhov Stage (B.^) may be defined as the trilobite succession from the base of the 
Megistaspis lata Zone to the top of the Megistaspis limbata Zone. Type sections at the 
Volkhov River; Leningrad District. In the type area the stage•is represented by the Volk
hov Formation (6m), subdivided into three succeeding informal subformaticns (Resheni-
ya ..., 1987). According to them the stage is divided from base to top into three tradi-

** ) , VSSna (Bj^), and Langevo ja Sub stage (B-^^T) (Lamansky,tional substages; the Saka (Bjj 
1905; Orviku, 1960; Magi, 1984). The substages seem to be sufficiently well recognizable
on the bases of both trilobite and conodont evidence (see e.g. Tjernvik and Johansson, 
1980; Lofgren, 1985; Stouce, 1989). The stage corresponds to the main part of the Didy- 
mograptus hirundo Chronozone. Thickness in northern Estonia 0.3-2.4 m, in southern Esto
nia up to 19.3 m.

Kunda Stage (Bii:l) . Represents the top part of the Oeland Series and corresponds to 
the trilobite succession from the base of the Asaphus expansus Zone to the top of the 
Megistaspis gigas Zone. The stage has been named (Raymond, 1916) after a section in 
Kunda, 100 km east of Tallinn where it overlies the preceding Volkhov Stage with a con
siderable hiatus and consists of the Voka Member of the Sillaoru Formation and Loobu 
Formation with a total thickness of 7.3 m. A more complete sequence of the stage is de
veloped in the Volkhov district where it is represented by the Obukhovo Formation with a 
thickness of 11.5-12.5 m (Resheniya..., 1987). The stage is subdivided into three sub
stages which are from base to top the Hunderum (B.^.^ ) , Valaste (B^^ )
Substage (B^^ ) . The lower division is regarded as corresponding to the Asaphus expan
sus Zone, the middle to the Asaphus "raniaeps" Zone and the upper to the zones of Megis
taspis obtusioauda and M. gigas. The stage contains a rich assemblage of index fossils, 
among them Asaphus sulevi, Megistaspis heros, Pseudoasaphus globifrons, Orthambonites 
ealligramma, Lyoophovia nuaella, Paracyolendoceras cancellatum, Pinnatulites proaera, 
Eoplacognathus variabilis, etc. The thickness of the stage varies in northern Estonia 
from 0.2 m in the west to 8 m in the east (Orviku, 1958, 1960; Magi, 1970), in southern 
Estonia from 5 to 14 m.

The stage corresponds to the top part of the Didymograptus hirundo Chronozone and 
to the Didymograptus artus Chronozone.

and Aluoja

Viru Series (Middle Ordovician)
The traditional base of the series (Raymond, 1916) coincides with the boundary be

tween the informal subdivisions "B" and "C" by Schmidt (1881) and is marked by a well-
the disappearance of Megistaspis3 Antigonambonites, etc. 

and the first occurrence of Asaphus (Neoasaphus), Echinosphaerites j etc. (see e.g. Alik- 
hcva, 1957, Roomusoks, 1 956). Type area; the district of Viruitiaa, northeast Estonia.

The series may be subdivided into three regional subseries (resp. superstages), the 
lower one (Purtse Subseries by Roomusoks1 956) including the stages C 
one (Kurna Subseties by Mannil, 1958) the stages Cjjj-D ,

and E. The base of the upper subseries which seems to be well correlated 
the Woolston Stage ("Upper Longvillian") of South Shropshire (Mcmnil, 

1968) has long been^recognized in northern Estonia as a well-marked level of appearance 
of a completely new fauna (Jaanusson, 1945; Roomusoks, 1970; Mannil, 1960; and others). 
In accordance with this the upper subseries has been considered by many authors as basal 
Upper Ordovician (a.o. Hints et al., 1989).

The Viru Series includes in total 9 regional stages.

defined macrofaunal change

the middle-CII'
and the upper (unnamed) the

stages DjII 
with the base of
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Aseri Stage (C^-a) . Includes rocks, corresponding to the trllobite zones of Asaphus 
(N&ocsaphas) platyurus. A.(N.) cornutus. and A.(N.) kowalewskii. Type section 115 km 
east of Tallinn (Orviku, 1940; Roomusoks, 1970). The lower boundary is drawn at the le
vel of the first appearance of a new fauna including Asaphus (Neoasaphus)3 Echinosphae- 
ritez Piretella iridactyla, Euprimites effusus etc., and the disappearance of Megistas- 
pls, -aracycl endoceras t Pinnatulites, etc. The stage is well recognizable on the base of 
index assemblages of trilobites, nautiloids, ostracodes. Thickness seems never exceed 
6-7 m. Corresponds to the lower part of Didymograptus rr.urchisoni Chr^nozone.

hasnamagi Stage (Cjb). Corresponds in the revised form to the beds containing Li- 
tuiteSy Orthoceras rcgulare, Illaenus schroeteri, etc. (Jacnusson, 1960; Mannil, 1966). 
Type section in abandoned quarry in Tallinn where the stage is represented by tne lower 
part of the Vao Formation in a thickness of 3.8 m. Recognizable in most districts of 
East European platform by the presence of a distinct assemblage of macrofossils, ostra
codes, graptolites and conodonts. In the North Atlantic conodont succession the stage 
exactly corresponds to the interval from the bane of the Ecplacognatus foliaceus Subzone 
to the top of the E. reclinatus Subzone (BergstrQm, 19 7 T; Dzik, 1 978; M&nnil, 1986). 
Thickness varies from 2.5 to 8.5 m. The stage corresponds to the upper part of the Di
dymograptus murchisoni Chronozone,

Uhaku Stage (C1c). Corresponds In the revised and amended form (Jaanusson, 1960; 
Mannil, 1966, 1976) to beds containing Ancistroceras, XenasaphuSy Illaenus intermedius3

Type section 130 km east of Tallinn (Orviku, 1940; Roomusoks, 1970) 
in which the stage is represented by the upper part of the Vao Formation and Korgekallas 
Formation with a total thickness of 19m. The lower limit of the stage coincides with 
the boundary between the conodont subzones of Eoplacognatus reclinatus and E. robustus 
of the Pygodus serra Zone. Among the graptolites the same level is marked by the first 
appearance of Gymnograptus linnarssoniy and its alliances. In the type area and some 
other districts the stage may be subdivided into lower and upper substages, correspond
ing to the upper VSo Formation and Korgekallas Formation, accordingly. The base of the 
upper substages seems to coincide with the boundary between the conodont zones of Pygo
dus serra and P. anserinus and is well marked by the first appearance of Chasmops odiniy 
Illaenus internedius3 Heliocrinites balticus 3 etc. Previously this level has been used 
(Orviku, 1940; Roomusoks, 1960, 1970) as the base of the Uhaku Stage s.str. The thick
ness of the stage in most districts varies from 8 to 18 m.

The stage corresponds to the Glyptograptu3 ■'■eretiusoulus Chrcnozone the bases both 
of them lying according to the reference section of the latter in Scania (see Bergstrdm, 
1973) exactly at the same level.

Kukruse Stage (C^T) . In current, use the stage is interpreted usually as beds con
taining in the type area index macrofossils Paraoeraurus aouleatus, Hoplolichas conico- 
tub~eroulatu3y Bilobiu musoay Pauoicrura navis, Cyrtonote lla kuokersianay Kullervo pande- 
riy etc. (Roomusoks, 1957, I960, 1970; Alikhova, 1960), or beds with Orthograptus uplan- 
diouSy Amplexograptus bekkeri3 Climacograptus kuokersianus and Nemagraptus 
(Mannil, 1976, 1986; Resheniya ..., 1978) . Type section at Kukruse (Kohtla-Jarve), 140 km 
east of Tallinn (Roomusoks, 1970). In the type area the stage is represented by its 
lower 1/3 up to 2/3 part only, the upper part missing due to a hiatus between the Kukru
se and Idavere stages in this district. The lower boundary is drawn in the type area at 
the base of the Kivioli Member (oil shale seams of the Estonia deposit). This level is 
soundly correlated with the base of the Dreimani and Dalby formations of the Central 
Confacies Belt by ostracodes, graptolites and cnitinozcans as well as by many macrofos
sils .

Gymnograptusy etc.

gracilis

The upper boundary is suggested (MSnnil, 1984, 1986) to be defined in central Esto
nia in core sections in the vicinity of Laeva at the level of the kukeroite seam X.
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Approximately at this level Orthograptus' uplandicus, Amplexograptus bekkeri and Cyat^o- 
chitina stentor seem to disappear and a new fauna gradually appears. It results that the 
Kukruse Stage may be considered as one of the best marker horizons in the Viruan se
quence of the East-European platform (Jaanusson, i960; Mannil, 1966; Podhalanska, 1980; 
Ulst et al., 1982; etc.). The thickness is usually 15-20 m.

The stage corresponds roughly to the Nemagraptus gracilis Chronozone. In terms of 
North Atlantic conodont succession the stage seems to correspond to the uppermost part 
of the Pygodus anserinus Zone, the Prioniodus vario.bilis (most part of the stage) and to 
the lowermost P. gerdae subzones of the Amorphognatkus tvaeremis Lone (MSnnil, 1986).

IIT). This division has caused much confusion in the 20s and 30sIdavere Stage (C
(Eexker, 1924; Opik, 1930; etc.) in connection with rare exposures and misinterpretation 
of core sections. In current practice (Resheniya ..., 1978, 1987), however, it is un
derstood as a biostratigraphically well-defined division recognizable within the entire 
region at least on the base of micropaleontological data. In the type area the lowermost 
part of the stage is missing and its lower boundary may be defined only in core sections 
(see under the preceding stage). Type section near Rakvere, 100 km east of Tallinn (Roo- 
musoks, 1970; Polma et al., 1988) in which the stage is represented by the Tatruse and 
Vasavere formations with a total thickness of 4.5 m. The Tatruse Formation contains cha
racteristic index fossils Scopelochasmops wrangeli3 Conolichas triconi jus3 Cyrtonotella 
ooncava, etc. and many representatives of a new faunal assemblage including Platystrophia 
chama3 Oepikina anijana, Batostoma granulosum3 Bickilina prima, etc. The Vasavere 
Formation yields in addition to these Estoniops bekkeri3 Paucicrura plana, Tetrada ’nemo- 
rabilisy Pyritonerra 3ubulare, etc. The stage has been subdivided into the lower, Ojamaa 
(CIIIat ), and the upper, Shundorovo Substage (C-^.^ ). The boundary between the substa
ges coincides with the base of the Vasavere Formation, which seems to correspond to the 
base of the Prioniodus alobatus Subzone. In core sections the base of the Idavere Stage 
is usually well recognized by the presence of excellent index chitmozonas Cyathochitina 
aff. retiaulifera and "Eremochitina" dalbyensis (Laufeld, 1967; M&nnil, 1971, 1972, 
.1986; Grahn, 1981) . The thickness of the stage in the Estonian sections usually varies 
from 4 to 12 m. Corresponds to the lowermost part of the Diplograptus multidens Chrono
zone.

Johv.i Stage (D^.) . Separated in the type area as beds containing Tozochasmops maxi- 
mus 3 Rollmops wenjukowi3 Clinambon anomalus 3 Porambcnites schmidti3 Ampkoriohnus mammu- 
luSy etc. together with Bilobia aff. muscay Clitambonites schmidti3 Tetrada memorabilis3 
etc. Type section near Johvi (Kohtla-JMrve), 145 km east of Tallinn (Roomuscks, 1970; 
Polma et al., 1 983). The lower boundary of the stage is tentatively drawn at the level 
of bentonite bod. ”h" situated near the level of faunal change. At this level Amplexo
graptus cf. fallax seems to make its first appearance and it may be used to recognize 
the base of the stage in core sections (MSnnil, 1976). In spite of this the recognition 
of the stage in core sections of many districts is at present difficult. Thickness in 
the type area 9-12 m, in southern districts 3.5-15 m corresponds probably to the middle 
part of the Diplograptus multidens Chronozone.

Keila Stage (D^). Biostratigraphically beds, containing in the type area Toxochas- 
mops maximus3 conolicnas deflexus3 C\ aequilobus3 Clinambon anomalus3 Horderleyella ke- 
gelensisy Stropkomena asmusiy Bolbina major3 Polycevatella spinosa3 etc. Type section 
25 km southwest from Tallinn (Roomusoks, 1970; Polma et al., 1988). In the type area the 
sequence is represented by the Keila Formation, and by the lower part of the Vasalemma 
Formation. The stratigraphy of the stage is complicated due to the presence of a hiatus 
at the top of the sequence and development of carbonate mounds ("bioherms") .in the out
crop area, and further to the presence in southern subsurface area distinct argillaceous 
rocks (Viluciai Formation) which may represent the upper part of the stage missing in
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the northern district (M&nnil et al., 1968; Resheniya..., 1978, 1987). The lower bounda
ry of the stage is drawn at the level of the base of the main bentonite bed "d" (in 
Scandinavia XXI), which in Central Estonia and East Lithuania is marked by the appear
ance of the ostracode fauna of the so-called Skagen type. The same level has yielded the 
index chitinozoan "Illiohitina" multiplex in Estonian and Swedish sections. The upper 
boundary of the stage is tentatively drawn at the top of the Viluciai Formation. Thick
ness of the stage varies in the East Balurc from 2 to 27 m. Corresponds presumably to 
the uppermost part of the Diplograptus multidens Chronozone and part of the Dioranograp- 
tus alingani Chronozone.

Oandu Stage (Dj^) . In the outcrop area the rocks of this division contain a dis
tinct faunal assemblage, sharply different from those of the preceding stages: Toxoohas- 
mops extensus, Otarozoum eiohwaldi3 Howellites wesenbergensis 3 Sowerbyella tenera3 Ilma- 
rinia dimorpha3 Dactylogonia luhai3 Zygospira gutta3 Klimphores minimus3 Eofletaherias 
Lycpora. Stromatooerium, etc. Type section 130 km east of Tallinn (MSnnil, 1960; Pdlma 
et al., 1988). In northern Estonia the stage is represented mainly by marls and argilla
ceous calcarenites of the Hirmuse Formation, in the vicinity of VaSalemma by organode- 
tritic (cystoid) and carbonate mound cryptocrystalline massive limestones of the upper
most Vasalemma Formation (details see Polma et al., 1988). In south-central Estonia 
marls of the Lukstai Formation are developed, containing Sampo3 Skenidioides3 etc., in 
southernmost Estonia and western Latvia - graptolitic argillites of the Mossen Formation 
which have yielded Climaoograptus diplaaanthus. Thickness of the stage varies from 0.3 
to 8 m. Corresponds approximately to the middle part of the Diaranograptus alingani 
Chronozone.

Rakvere Stage (E). Unlike all the older Ordovician stages, consists in northern and 
-central Estonia mainly of calcilutites which at least in their lower part contain macro
fauna closely related to the assemblage of the preceding division: Ccnoliohas eiahwaldi3 
Toxochasmops wesenbergensis 3 Howellites wesenbergensis 3 etc. Type section -100 km east of 
Tallinn. Represented according to the current use in the type area from base to top by 
the Piilse and Tudu formations (details see Pdlma et al., 1988). Due to the lack of good 
exposures the macrofauna of the upper division is almost unknown but the ostracodes seem 
to have much in common with the overlying beds (Meidla, 1989). Thickness varies from 1.5 
to 27 m. Corresponds according to the finds of Climaoograptus diplaaanthus and Diarano
graptus alingani (Mannil, 1976), and the stratigraphic position of the division, to the 
upper part of the Diaranograptus alingani Chronozone.

Harju Series (Upper Ordovician)

by Schmidt (1881) 
many subsequent authors as well as to the divi-

and approximately to the termCorresponds to the division "F"
Upper Ordovician by Raymond (1916) and 
sion Isotelus Series of Estonia by tipik (1930). The accepted name has been introduced by-
Luha (1940). In modern terms the Harju Series has been defined by Jaanusson (1960) as a 
division corresponding to the interval from the base of the Pleurograptus linearis Chro
nozone to the top of the Ordovician System. Type area within Harju District, south of 
Tallinn.

According to current practice (Resheniya ..., 1987), the lower boundary of the se
ries is drawn in Estonia at the base of the Nabala Stage.

The series includes 4 regional stages.
Nabala Stage (Fja). Has been first distinguished as a formal stage by Jaanusson 

(1944) under the name of Saunja; revised and renamed by Mannil (1958). Type section in 
Harju district, 20 km south of Tallinn. In the type area the succession consists of a 
lower, Paekna and an upper, Saunja Formation with a total thickness of about 30 m. The
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Paekna Formation has yielded Wy sogorskiella litviensis3 Laticrura rostrata3 Onniella? 
acuta3 Ilmarinia sinuata, Bekkeromena3 Trigrammaria3 Oxoplecia3 Eoplectodonta3 Distobol- 
bina nabalaensis3 Tetradella pu.lchra3 Kenophyllum canal'ferum3 etc. , the Saunja Forma
tion Pionodema costata3 Sampo hiiuensisBoreadorthis recula3 Thaerodonta3 Dinorthis, 
Illaenus mascei3 Leperditella globosa, Kenophyllum subcylindricum, etc. The lower bound
ary of the stage has been defined as the base of the Paekna Formation, the upper bound
ary as the top of the Saunja Formation. At or near the base of the stage a distinct in
dex chitinozcan Cyathochitina reticulifera ("C. dispar") occurs which is most useful for 
recognizing this stratigraphic horizon in core sections. Thickness of the stages varies 
from 2.5 to 35 m, being usually 15-20 m. The stage presumably corresponds to the upper
most Dicranogvaptus clingani Chronozone and to the lower part of the Pleurcgraptus line
aris Chronozone. This assumption is based on the finds in the East Baltic area of Clima- 
cograptus diplacanthus and Lasiograptus cf. harknessi in the lower, and Rectograptus 
gracilis and Archeoretiolites regimontanus in the upper part of the stage.

Vormsi Stage (Fjb). Represented in the type area by calcarenites of the Korgessaare 
Formation, containing a rich fauna of tabulate and rugose corals, brachiopods, bryo- 
zoans, nautiloids, gastropods, etc. Most typical of them are Catenipora wrighti3 Prota- 
raea schmidti3 Brachyelasma hiumica3 Plaesiomys Solaris, "Orthis” lyckholmensis3 Triple-

sia insularis3 Eoplectodonta schmidti3 Leurocycloceras foerstei3 Schroederoceras hyatti3 
etc. Type section on the Island of Vormsi, 100 km west of Tallinn. In southernmost Esto
nia and western Latvia as in other districts of the Central Confacies Belt the stage is 
represented by graptolitic shales (Fjacka Formation) containing Tretaspis seticornis and

1982) .
of different formations of the Vormsi Stage an index chitinozoan Acant- 

hochitina barbata occurs, the top of its range zone being in the entire region most use
ful for tracing the upper boundary of the stage. Thickness varies usually from 8 to 25m, 
in the central East Baltic from 0.8 to 8 m. Corresponds to the upper part of the Pleuro-

graptoloids of the.Climacograptus styloideus Zone (Skoglund, 
In the top part

1963; Ulst et al.,

graptus linearis Chronozone.
Pirgu Stage (F^). This unit corresponds to the top part of the previous Saaremoisa 

("Lyckholm") Beds, as an independent stage first distinguished by Jaanusson (1944). Type 
section in Harju district is 40 km south of Tallinn. In the entire outcrop area in North .
Estonia the stage is represented by two succeeding formations (Moe and Adila formations)

v
separated presumably by a considerable hiatus (Resheniya ..., 1978, 1987). The Moe For
mation is characterized by the presence of Plectatrypa (=Eospirigerina), Dicoelosia3 
Catenipora rubraeformis3 Sarcinula venustum3 Clathrodictyon microundulatum3 Foramenella 
parkis3 etc. . the Adila Formation by the presence of Maclurites neritoides, Luhaia var- 
di3 Palaeofavosites alveolaris3 Proheliolites dubiUs3 Trochiscolithus micraster3 Cysto- 
stroma estoniense3 Brevibolbina fissurata3 etc. The differences between these faunal as
semblages have been taken as bases for subdivision of the stage into two informal subs
tages, adopted in the official correlation charts of 1976 and 1984 as Lower and Upper 
substages. The boundary between them has been tentatively drawn at the level of the base 
of the Adila Formation, and, accordingly, the formations developed in the subsurface 
area and correlated with the hiatus, are thus considered as belonging to the lower sub
stage. The thickness of the stage varies from 10 m in South Estonia to 40-60 m in most 
of other districts. The lower substage corresponds to the Vicellograptu3 complanatus 
Chronozone, the upper substage presumably to the D. anceps Chronozone or to a part of 
it.

Porkuni Stage (F^). This division, according to current practice (Resheniya .. 
1978, 1987),. includes all the uppermost Ordovician rocks lying between the top of the 
Adila Formation and the top of the Ordovician System. In the East Baltic area these 
rocks are represented by different local rock units with different faunas and their
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stratigraphical relationship is in many cases still obscure (Mannil, 1966; MSnnil et 
al., 1968; Oraspold, 1975; Ulst et al., 1982). In the type area in northern Estonia the 
stage is represented by the Arina Formation, containing a rich fauna with "Proetue" ra- 
misutcatus 3 Streptis undi/era3 Leptaena acuteplicata3 Ilmarinia ponderosa, Rafinesquina 
tuna3 Sceptropora esionicaC la thro diet yon gregale, Pa leofavosite s 3 Falaeoporites 3 Rhab- 
dotetradium3 Palaeophy llum3 Raltonotella kiesowii3 Tetradella plieatula3 etc. In 
southernmost Estonia as in other districts of the central East Baltic Palmanitina beds 
(Kuldiga and Saldus formations) are developed, which have yielded Dalmanttina muoronata, 
Brongniartella platynota3 HirnantCa sagittifera, Dalmanella testudinavia3 etc. In east
ern Lithuania and eastern Latvia the stage is represented by the TauSionys Formation, 
containing Holorhynohus giganteus. In the sucsurface of Saaremaa Island and central part 
of. the mainland of Estonia up to 15-20 m unnamed marls and argillaceous limestones with 
occasional cherts are developed, resting on the Halliku Formation s.l. (Pirgu Stage). 
These unnamed beds have yielded Conoohitdna taugourdeaui3 Tetradella pLicatula, But- 
bosolei'ites unicornis3 Sceptropora3 etc. Classification and correlation of these rocks 
is still obscure but they seem to represent at least in part an equivalent of the late 
Ordovician rocks known as Ojle Myr erratics in Gotland (Wiman, 1901; see e.g. Schall- 
reuter, 1987). They may partly equate with the Taucionys Formation.

According to currently accepted correlations (Resheniya ..., 1987) the Taucionys 
Formation is considered as the lowermost and the Saldus Formation as the topmost Porkuni 
Stage. The Arina and Kuldiga formations are regarded as approximate equivalents and 
placed on the correlation chart in the middle part of the succession. Thickness of the 
stage usually does not exceed 10-15 m, in some districts 30 m. The stage corresponds 
presumably to the Climacograptus extraordinarius and Glyptcgraptus persculptus chronozo- 
nes, in its lowermost part possibly to the Dicellogra.ptus anaeps Chronozone.
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THE SILURIAN OF ESTONIA

D. Kaljo

This summary is meant first of all as stratigraphic framework for the following 
chapters on Silurian lithology. facies and biostratigraphy, also for the description of 
outcrops to be visited during the excursion. Therefore there is no need to treat the as
pects mentioned here in detail.

In the earlier period of studies on the Silurian stratigraphy of Estonia the most 
essential were the results by A. Schrenck, F. Schmidt., H. Bekker and A. Luha. From the 
more recent time we should mention A. Aaloe and E. Klaamann, all the other active Silu
rian researchers are among the authors of this guide. More concrete information can be 
obtained from a list of references.

The division into the earlier and later study periods was based not only on time 
aspect or the event of great war separating them, but also on considerable topical dif
ferences. Up to the middle of the 1940s the whole stratigraphy based on outcrops located 
(as we know now) in a rather restricted facies belt. Therefore only one scheme with one 
set of units - zone, (regional) stage, system, etc. was sufficient for the stratigraphy 
of this period. Although lateral varieties of rock bodies were established, A. Luha 
(1930) was one of the first Estonian geologists to apply the facies concept also in 
stratigraphy.

In the second half of the 1940s a deep boring programme was initiated in Estonia,
particularly intensely performed in the 1960s and 1970s in the course of geological map
ping carried out by the Estonian Geological Survey 
examination of core sections called forth

(has been renamed repeatedly). The 
a new conception in the stratigraphy proceed

ing from facies zonality of the sedimentary basin, thus considering regional chronostra-
tigraphic units (regional stages) as being composed of different local stratons (fcrnia- 
tions-comprising rocks of one facies belt, see H. Nestor in this guide; members - a + 
homogeneous part of a formation, beds, etc.). First of all lithostratigraphicax 
was elaborated in connection with facies zonality of the basin (Kaljo, Jtirgenson, 1977) . 
Ecostrat.igraphical studies deepened the knowledge about the basin structure, expressed 
in the application of the concepts of palaeoecosystem and ecological model (see Kaljo, 
Klaamann, edits, i982a,b; Kaljo et al., 1983). These studies needed detailed correla
tions for which community framework and biozonations of different faunal groups were 
elaborated (see the above books, particularly the corresponding chapters of this guide).

In the development of the concept of basinal stratigraphy (resp. ecostratigraphy) 
we proceeded from the well-known fact that any organism is not found everywhere but has 
its specific living conditions. Therefore, in order to get a complete picture of the ba
sin, for the correlation of all facies, we need to know the relations between zonations 
of all characteristic fossils.

Table 2 presents some data obtained but detailed work in this field and publication 
of results is the tc.sk of the future.

scheme

One possible way for the correlation of biozonations is the so-called composite 
standard method by M. Rubel (this guide), which, according to the corresponding 
gramme generalizes the dita on the distribution

pro
of the organisms studied, Th6 objective
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picture revealed is quite instructive, although not sufficiently unambiguous in all as
pects (although the demand for unambiguity could be doubtful in these cases). Complica
tions appear due to scarcity of fossils (incompleteness of the record) and difficulties 
in the consideration of the ecological.(resp. facies) situation.

Another possibility is the recording of levels of essential faunal changes, altera
tions at the boundaries of sedimentary cycles, the appearance-disappearance levels of 
guide-fossils (and their complexes), etc. which is (one) essence of the event' strati
graphy. Table 2 presents some of such levels.

Speaking about event-stratigraphical planes or horizons, we should note very diffe
rent ranks of events. Quite naturally, all event-levels which are important in the Hast 
Baltic Silurian basin, have no global significance. More probably it seems on the cont
rary, but still not with absolute certainty.

In the international stratigraphical practice much importance is attached to stra- 
totypes, especially co boundary stratotypes. The:r positive role in the improvement of 
the stratigraphical classification is well-known and therefore no additional comments 
are needed here. Considering the requirements made on the definition of the Silurian/De
vonian, then Ordovician/Silurian and now Cambrian/Ordovician boundaries and stratotypes, 
we can note increasing demand for strictness and complexity. Undoubtedly more profound 
studies are of a greater value, but boundary working 'groups have to face inevitable com
plications in searching for suitable stratotypes, which is quite understandable as ideal 
sections are almost lacking in nature..

In the opinion of the author another way should be followed - using only one or a 
few exact criteria a boundary should be defined in a. stratotype, thereupon shortcomings 
of tae latter (answers to other demands) should be compensated (given) involving other 
sections of the same basin (also those from the other facies). Of great significance is 
here preciseness of transmission of the boundary level which actually accounts for cur
rent-strict requirements (ICS instructions) in the establishing of stratotypes. More 
probably such preciseness could be achieved easier by a thorough analysis of one basin 
than by interregional or inter continental correlation. The system of parastratotypes 
enables to get additional criteria useful for those distant correlations.

The system of additional sections (para- or auxiliary) may appear more complicated 
than the previous one, but the aim of the aforesaid was to point out once more the need 
to pay attention to sedimentary basins beside separate sections.

The stratigraphical chart of the Estonian Silurian is presented in Table 2 in an 
officially accepted form (Resheniya, 1987) with some changes (in Table marked by an as
terisk) made by the Estonian Stratigraphic Committee in December 1989. Two new names 
have been introduced (Tostamaa and Anelema), the publication of which in the chart, ac
cording to the USSR Stratigraphic Code does not mean their formal definition. Descrip
tion of stages mainly follows the conception presented in the monograph "The Silurian of 
Estonia" (Kaljo ed., 1970) and the above decisions (Resheniya, 1987).

in Table 2 the stratigraphical chart is presented in three parts - regional stages 
and local units of two different confacies belts (in Russian literature also structural- 
facies belts). The regional stages are established basing on the Estonian sections pro
ceeding from the tradition created by F. Schmidt, a.o., but in their modern essence they 
have extended over the whole East Baltic area.

Local units reflect facies differences: Central Estonia and Saaremaa are dominated 
by shailow-water facies, in South Estonia and Sorve Peninsula sedimentary rocks of the 
deep shelf and transition belt are prevailing. Such a division into two belts is some
what tentative as in the course of casin evolution gradual shifts of facies took place.

The lithological and paleontological, characterization of local units is presented 
in the part of the guide devoted to the description of outcrops. In the following some
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comments on regional stages are given. As elsewhere in the text, we have sometimes omit
ted the term "regional". Only a few paleontological names most important for boundary 
definition or correlation appear 'in the stage descriptions below. The author has used 
different literature and, especially, biostratigraphical summaries in this guide, giving 
more complete account on main fauna and flora groups. We shall not repeat reference to 
these without any special need.

The Juuru Regional Stage comprises Rhuddanian rocks older than the Coronograptus 
ayphus Zone. It lies transgressively, mostly unconformably on the Porkuni Stage. The 
contact has displayed chanelling, infilling of which is tentatively considered of Silu
rian age. The lower boundary is defined mostly by the appearance of Strioklandia lens 
prima and Anoyroohitina laevaensis, also by different corals, conodonts, trilobites, 
etc. In the Central Estonian Confacies there occur Borealis, Liv.oporella, Strioklandia- 
Zygospiraella communities, characteristic of the sha’low shelf belt. In the transition 
belt of the South Estonian Confacies (Ohne Formation) Clorinda Community occurs (Rubel, 
1970; Kaljo, Rubel, 1982) .

For the correlation of the lower boundary with the global stratigrapnical standard 
there are no direct data in Estonia. The most important is above-mentioned 3. lens pri

ma , the position of which :n the lower strata of the Varbola Formation and in the Rhud
danian A2 Beds (=aouninatus Zone, Bassett, 1989) allows to place the base of the Juuru 
Stage to the 0/S boundary or its immediate proximity. Thus, the occurrence of a hiatus 
at the beginning of the Silurian (the hiatus occurring at the end of the Ordovician is 
more wide-spread) is problematic, although being referred at by great regression <ut the 
end of the Ordovician, as well as by discontinuity surfaces and chanelling at the bound
ary. Probably the hiatus was restricted to shallow shelf area.

Correlation of the upper boundary is based on graptolite occurrences - Dinorpho- 
graptus oonfertus in the top of the Juuru Stage in the Ikla and Atavograptus atuvus in 
the Parnu core in the bottom of the Raikkiila Stage. The records of several other graptc- 
lites (Pribylograptus incommodus, etc.) in the upper part of the Juuru Stage also show 
the possibility of correlation with the lower cyphus - atavus Standard Zone.

The Raikkiila Regional Stage embraces the upper Rhuddanian and Aeronian rocks cor
responding to graptolite zones from Coronograptus ayphus till Demirastrites convolutus. 
In the stratotype area there are wide-spread shallow-water rocks with corals and strorna
te poroids, in South Estonia carbonate rocks alternate with frequent shale beds with 
graptolites. Relatively often graptolites have been recovered also at the level of the 
Coronograptus gregarius Zone in lime- and marIstones of Central Estonia, including a 
particular Rhadinograptus jurgensonce dendroid graptolite assemblage. The lower boundary 
is well marked by chitinozoans (Ccnoahitina e'leota) , conodonts and ostracodes occur more 
sparsely (see Table 2) .

The end of the Raikkiila time is characterized by rapid regression, bringing about a 
considerable hiatus in the peripheral part of the basin (the hiatus is distinctly traced 
by chitinozoan zones, V. Nestor, this guide).

The Adavere Regional Stage corresponds to the traditional upper Llandovery or Tely- 
chian + M. sedgwiokii Zone. The stage is divided into two greatly different parts: the 
lower shallow-water Rumba Formation (various carbonate rocks with Fentamerus oblongus, 
abundant corals and other shelly fauna} and the upper deeper-watar Velise Formation con
taining marls and argillaceous limestones with rich microfauna, particularly ostracodes 
and conodonts (Beyriohia valguensis, Pterospaihodus oelloni, P. amorphegnatheides, 
etc ) .

The boundary of the Rumba and Velise formations has been treated as a boundary of a 
higher rank, especially in deep-water sediments from which onwards the characLer of se
dimentation changes considerably (Einasto, 1986).
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Table 2. Silurian Stratigraphy of Estonia

Regional and local units according to Resheniya, 1987, 
an asterisk.
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The Jaani Regional Stage corresponds to the Sheir.woodian from the base of the Wen- 
lock to the level of the M. flexilis Zone. The stage is represented mainly by argillace
ous limestones and marlstones formed during a maximum of the Wenlock transgression. In 
South-Estonian Confacies Belt the lower part of the stage is graptdlite-bearing. The 
lower boundary is well marked by graptolites and chitinozoans (Table 2) , but it is tran
sitional judging by brachiopods and some other shelly fauna groups. The stage is rich in 
fossils, particularly trilobite ones.

The Jaagarahu Regional Stage comprises the rocks corresponding to the interval from 
the M. flexilis Zone to the lower part of the J. nassa Zone. Yet, in Estonia the stage 
is poorly characterized by graptolites (more abundant are retiolitids in the upper 
part), stratigraphically the most informative are ostracodes and chitinozoans (Table 2). 
Shallow-water rocks abound in coral-stromatoporoid bioherms with Vikingia tenue and 
Eaolimadiatyon astrolaxum communities.

The Rootsikula Regional Stage embraces the topmost Wenlock on.the level of the up
per Gothograptus nassa Zone and M. ludensis Zone. The stage corresponds to the Wenlock 
regression maximum aid, like the previous, stage, it has a very complicated lithostrati- 
graphical structure reflecting changeable shallow-water conditions. Strong dolomitiza- 
tion has hampered paleontological studies, but for the first time in Estonian Silurian 
vertebrates, particularly thelodonts (Table 2) have gained significance in the fauna. 
Valuable are also eurypterids.

The Paadla Regional Stage corresponds to the whole Ludlow below the formosus/balti- 
?us Standard Graptolite Zone. On Estonian territory the stage is not represented in such 
an extent, as the corresponding deep-water rocks with graptolites are lacking and in the 
shallow shelf area, however, there is a hiatus in the lowermost Ludlow. This hiatus has 
been established according to chitinozoan data (see V. Nestor, this guide) 
observable also in the ostracode zonation. Presumably in a region all analogs of the 
Gorstian are lacking.

The Kuressaare Regional Stage embraces the topmost Ludlow on the level of the for- 
mosus/balticus Standard Zone. Rich shelly fauna, especially ostracodes and thelodonts, 
favours exact definition of boundaries and correlations, although not all data is in 
harmony (e.g. among conodonts the first appearance of 0. ovispa and 0. eosteinhornensis 
and their taxonomy).

The Kaugatuma Regional Stage covers the lower part of the Pridoii from the appear
ance level of Frostiella groenvalliana and 0. eosteinhornensis s. str. up to the incom- 

‘ ing of 0. rern&aheidensis. In South East Baltic sparse graptolites have been recovered 
from the basal beds of the stage (M. ultimus, etc.), but not from higher levels. The 
stage is characterized by specific shallow-water rocks formed in the phase of basin fil
ling (Late Silurian regression) containing rich shelly fauna.

The Ohesaare Regional Stage is the topmost part of the Silurian characterized by 
ostracodes (the so-called Beyriohia fauna) and vertebrates (see corresponding chapters). 
The lower boundary is defined by Nodibeyriahia pro tubepans, Poraoanthodes punctatus and 
Ozarkodinu referred to above. The stage contains many coral and brachiopod species com
mon with the lower stages, but also several new, so-called Devonian elements among bryo- 
zoa (see Kaljc, ed., 1970), cephalopods (Kiselev, this guide), etc.

Beginning with the Kuressaare Stage a certain unity of the fauna can be observed in 
the Late Silurian joining these stages into a relatively homogeneous succession. The si
tuation is reflected in the Silurian stratigraphical standard scheme by the lack of Pri
doii subdivisions. Still, detailed studies (see biostratigraphy in this guide) have pro
vided many criteria for determination its subdivision (stage) boundaries and the concur
rent renovation and impoversihing of the fauna and flora in the Ohesaare Stage may serve 
as an adequate basis for the distinction of stages.

but it is

26



SOME ASPECTS OF LITHOLOGY OF THE ORDOVICIAN AND SILURIAN ROCKS

H. Nestor

Main regional peculiarities

The sequence of the Ordovician and Silurian rocks in Estonia is among the com- 
pletest in the world. At the beginning of the Ordovician in the Premadoc only terrige- 

sandy. and clayey deposits accumulated here, While from the beginning of the Are- 
nig carbonate type of sedimentation prevailed without any remarkable hiatus. In the mar
ginal part of the sedimentary basin, corresponding to the present outcrop area various 
carbonate rocks dominate, rich in shelly fossils. Towards the deeper, axial part of the 
basin carbonate rocks are gradually replaced by clayey deposits and thus mixed calcareous- 
argillaceous rocks are widespread in the Baltic area. On the other hand, in many cases 
limestones are secondarily dolomitized to a different extent. Therefore the Ordovician 
and Silurian sections of Estonia contain the abundant so-called mixed rocks forming con
tinuous series from pure limestones or dolomites to terrigenous mudstones.

nous

Classification and nomenclature

Wide distribution of mixed rocks has raised a necessity for classification of car
bonate rocks on the basis of the ratio of the main mineral components: terrigenous ma
terial, calcite and dolomite, together with textural features: grain size, type and pack
ing of primary constituents of carbonate rocks. Basing mainly on the classifications by 
Vishnyakov (1933), Teodorovich (1958), and others, a "Unified classification and legend 
of carbonate* rocks" has been worked out for Estonia (Vingissaar, Oraspdld, Einasto, 
Jtirgenson, 1964). With some modifications it has been used up to now.

Unfortunately, there have been certain difficulties in finding English equivalents 
to the lithological terms used in this classification. One of the major complications is 
due to the fact that in the British-American literature several textural classifications 
of carbonate rocks are used based on different principles and using different nomencla- 

(see Pettitjohn, 1957, Folk, 1959, 1962, Leighton and Pentexter, 1962,
1962, etc.). These classifications base, to a certain extent, on microlithological cha
racteristics. This complicates their usage in field geology or for other more general 
purposes and therefore in some cases it' is useful to combine elements of different 
classifications.

Another main problem is that British-American classifications are, as a rule, re
stricted to pure rock types and do hot consider the entire series of carbonate-terrige
nous mixed rocks.

In the classification applied in Estonia, following the example of Russian, German 
and Scandinavian literature, marls (marlstones) are distinguished as a separate group
ing in between lime- and mudstones (clays). In our usage they contain 25 to 75 per cent 
of argillaceous component. By analogy a new term "domerite" has been introduced in Es
tonia for the mixed dolomitic-argillaceous rocks with a similar clay content (i.e, 
25-75 %).___________

the classification comprises also terrigenous rocks with carbonate admixture

ture Dunham,
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Table 3 shows the ratio 
different mixed rocks.

of main mineral components - calcite, dolomite and clay in

Table 3. Ratio of the main mineral components in different 
carbonate-terrigenous mixed rocks

1., Limestone mudstone (clay) mixtures
Clay,, %CaC03, %

100-90
90-75

{

Pure limestone -
Argillaceous limestone

<

Calcareous marlstone (or highly argillaceous lmst.) 75-50
Argillaceous marlstone (or highly calcitic mud
stone)
Calcitic mudstone
Pure mudstone (clay, argillite, shale)

0-10
10-25
25-50

50-25
25-10
10-0

50-75
75-90
90-100

2. Dolomite mudstone (clay) mixtures
CaMg(COg)2, % Clay, %

Pure dolomite (dolostone)
Argillaceous dolomite
Dolomitic domerite (or highly argillaceous 
dolomite)
Argillaceous domerite (or highly dolomitic 
mudstone)
Dolomitic mudstone
Mudstone (clay, argillite, shale)

100-90
90-75

0-10
10-25

75-50 25-50

50-25
25-10

50-75
75-90
90-10010-0

3. Limestone dolomite (dolostone) mixtures
CaMg (C03)2, %CaC0~, %3'

Pure limestone 
Dolomitic limestone 
Highly dolomitic lmst. 
Highly calcitic dolomite 
Calcitic dolomite 
Pure dolomite (dolostone)

100-90 0-10
10-25
25-50
50-75
75-90

90-75
75-50
50-25
25-10
10-0 90-100

The same principle as used for the classification of the rocks of limestone 
lomite series is applied also by the classification of members of limestone

siltstone and other series of mixed rocks which in our sections are

do-
sand

stone, dolomite
of a relatively restricted distribution.

By adding attributive words names of three- and multicomponent mixed rocks can 
formed (see Bissell and Chillingar, 1967, etc.), e.g. argillaceous-dolomitic limestone 
(calcium > 50 %; clay erdolomite), dolomitic, argillaceous marl (clay = 50-75 %; dolomite 
<calcite) etc.

The most serious terminological problems concern textural classification of the 
carbonate rocks. Up to now Estonian geologists have designated textural varieties of 
limestones by adding corresponding adjectives to the basic word "limestone" while in the 
classifications by Pettitjohn (1957), Folk (1959, 1962), Dunham (1962) and others diffe
rent textural types of limestones have received their own names. The greatest misunder
standing has been caused by different usage of the term "detritus". If in British-Ameri- 
can lithological literature detritus means clastic particles in a wide sense, then in the 
Russian literature, and under its influence also in Estonian, the word "detritus" has 
been used in the sense of skeletal particles.

be
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In more recent papers the prefixes "bio-" or "organo-" have been added (biodetrital 
or organodetrj.tal limestones) but the latter terms associate with another meaning of the 
word "detritus", i.e. disintegrated particles of organic tissues 
biology and ecology. Therefore, these terms are inadvisable and in the present work we 
have used the terms "skeletal" or "bioclastic" for limestones consisting predominantly 
of the broken particles of skeletons and "coqu.inoid" for the rocks composed of more or 
less complete shelly fossils. Out of several textural classifications of limestones pre
ference is given here to that by Dunham (1962) with supplements by Embry and Klovan 
(1971) (Table 4). It takes into account the grain size of the primary constituents of

as used in marine

Table 4. Textural classification of limestones by Dunham 
(1962), Embry and Klovan (1971)

Allochthonous limestones original components 
not organically bound during deposition

Autochthonous limestones ori
ginal components organically 

bound during deposition
Greater than 
10 % > 2 mm 
components

Less than 10 % > 2 mm components

NoContains lime mud 
( < 03 mm) lime

mud ByBy organisms 
which 
build 

a rigid 
framework

By• >2 mm 
com

ponent 
sup

ported

organisms 
which 
encrust 

and bind

Mud supported organisms 
which act 
as baffles

Matrix
supportedLess than 

10 % 
grains 

( > 03 mm 
< 2 mm)

Greater 
than 
10 % 

grains
Grain

supported

Grain-
stone

Mud
stone

Pack-
stone

Wacke-
stone

Float-
stone

Rud-
stone

Baffle-
stone

Bind-
stone

Frame-
stone

limestones(allochems) as well as their packing. The type of the allochems is given
adding attributive wordsr skeletal or bioclastic, lithoclastic, pelletal, oolitic, onco-

by

litic, coquinoid etc. in different combinations. The main difficulty by the use of Dun
ham's classification is the distinction between the grain-supported packstone and mud- 
supported wackestone. This limit falls somewhere within 25-35 % of grain content depend
ing on the degree of roundness and sorting of the grains. Determination of this theore
tical limit is approximate even in thin sections. By field observations, however, the 
distinction of these two types is largely arbitrary. In such cases when the distinction 
between these two rock types is fairly impossible a joint term "biomicritic limestone" 
(or "biomicritic calcarenite") can be used. "Skeletal limestone" (or "skeletal calca- 
renite") is a still more general term joining all kinds of limestones (packstones, 
wackestones and grainstones) containing more than 10 % of skeletal particles.

Another shortcoming in Dunham's classification is the usage of the term "mudstone" 
for designation of the carbonate rock consisting of pure lime mud - micrite, whereas it 
has been generally accepted to apply "mudstone" as referring to terrigenous argillaceous 
rocks. Therefore, here we use the term "aphanitic limestone" for marking micritic calca
reous rock (calcilutite), which, in turn can be subdivided into microcrystalline and 
cryptocrystalline varieties.

A more complete picture about the nomenclature of the rock types spread in the Or
dovician and Silurian of Estonia, can be obtained from the lithological legend (Fig. 3); 
The legend contains more signs than used in the figures of the present guidebook as the 
aim of the legend is also to help an English reader to use lithological columns in our 
earlier publications. Combining the signs of the mineral composition, textural and 
structural characteristics it is possible to designate a number of additional variants 
of rock types.
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___ silty (a), sandy (b)
coarse skeletal 
grainstcne 

"\ | unsorted skeletal 
?L-'\ packstone 

fine skeletal 
grainstcne 
fine-grained 
skeletal wackestone

1

bioclastic floatstone
lithoclastic 
skeletal rudstone
oolitic grainstcne (a) 
and packstone (b) 
pelletal qrainstone (a) 
and packstone (b) 
coquinoid rudstone (a) 
and floatstone (b)
boundstone 
(reef limestone)

j aphanitic Imst.

Bedding structures: 

horizontal bedding

T 1

horizontal lamination
limestone/marlstone 
interbedding (ratio ~1:1)

wavy bedding

cross-bedding
nodular Imst. with 
thin clayey partings 
nodular Imst. with 
clayey intercalations

seminodular Imst.
marlstone with 
Imst. nodules

hardground 

f-------- j ripple marks

mud cracks 

Sandstones:

-r-<ao|
a
b

l | calcitic 

dolomitic•II-.. • •
•II*

Limestones:

in general 

argillaceous

Dolomites: 

in general

iltqf— argillaceous 

calcitic

_____  silty (a), sandy (b)
cavernous (porous) 
dolomite 
bioturbated

_____  argillaceous dolomite

Euryp ter us -dolomite
-11 — 113 cryptolaminated 
□I33I3 argillaceous dolomite

reef dolomite 

breccia-dolomite

Marlstones: 

in general

calcareous

argillaceous

dolomitic

dolomitic, argillaceous

Domerites; 

in general

calcareous

argillaceous

calcitic

calcitic, argillaceous 

Argillaceous rocks;

clay

mudstone

argillite (a), shale (b) 

calcitic mudstone

dolomitic mudstone 

Siltstones-- 

in general

I- -I calcitic

dolomitic

E

Mineralogical and lithological 
characteristics:

■ crystals of pyrite 
n pyrite mottles.
✓ pyritized skeletal detritus 

pyritized burrows 
o pyritized pebbles 
© phosphatic pebbles 
o calcitic
° phosphatic • ooids 
• goethitic 
> glauconite 

<k silicification 
A bitumen 
a kerogen

thin
metabentonite layer

thick

intervals of red-colour rocks

Fossils.- 
stromatolites 

© oncolites
calcareous algae 

O sponges
stromatoporoids 

da tabulate corals 
£ rugose corals 
^ bryozoons 
w brachiopods 

c’5* cephalopods 
^3 tentaculitids 
s gastropods 
Z bivalves (pelecypods) 

trilobites 
0 ostracodes 

V eurypterids 

& pelmatozoons 
Jr graptolites 

vertebrates 
(r* conodonts 

A chitinozoans 
>•$< acritarchs 
~ horizontal 

S vertical
burrows

1

in

I

I

ZE

ToT
"o'Tq'

(bjO 0|0

q o

Fig. 3. Lithological legend to the logs of the outcrops and boring cores.
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Distribution of rock types

A general review of the rock types and their distribution in the Ordovician and Si
lurian of Estonia has been given by Polma (1982), Aaloe, Einasto, Jiirgenson (1970) and 
Aaloe, Jiirgenson (1977).

The lower part of the Ordovician Pakerort and Varangu stages (= Tremadoc) con
siderably differs from the rest of the Ordovician and Silurian as it is represented by 
purely terrigenous sediments: arenaceous siltstones, fine-grained sandstones, dark kero- 
genous argillites and plastic clays being more closely related to underlying Cambrian 
strata. The sandstones contain lenticular interbeds of coquinite - obolus conglomerate, 
built of phosphatic shells of inarticulate brachiopods and used as raw material for the 
production of phosphate fertilizers.

The post-Tremadoc Ordovician is mainly represented by various limestones and marl- 
stones. The marginal part of the sedimentary basin - the northern confacies belt, is do
minated by micritic skeletal limestones (packstones and wackestones) associated with 
aphanitic, argillaceous and dolomitized limestones. In the Arenig and Llanvirn the lime
stones of the northern confacies belt (in places dolomitized) contain numerous impre
gnated hardgrounds, scattered pebbles, grains of glauconite, goethitic and francolithic 
ooids. The middle Ordovician (Llandeilo - lower Caradoc) is characterized by interlayers 
of volcanic ash (metabentonite) kerogenous limestone and oil shale (kukersite), the most
important mineral resource in Estonia. In the upper Ordovician (upper Caradoc - Ashgill) 
some levels show also boundstones, skeletal, pelletal, oolitic and lithoclastic grain- 
stones and rudstones; cyclic recurrence of aphanitic limestone formations in the section
has been recorded.

In the deeper central or axial part of the basin during the post-Tremadoc Ordovi
cian various marls are predominating, associated with argillaceous wackestones, argilla
ceous aphanitic limestones, and with dark kerogenous graptolitic argillites at some le
vels in the lower and upper Ordovician. In the lower Ordovician the rocks of the axial 
confacies belt are red-coloured due to the presence of dispersed hematite. Similar ma
rine red-beds, however, occur in the upper Ordovician as well.

The Silurian rocks are commonly more variable than the Ordovician ones, mostly for 
the reason that several rock types absent or rarely occurring in the Ordovician (sedi
mentary or early diagenetic dolomites, various sparitic grain- and rudstones, graptolitic 
argillites and mudstones) are far more frequent in the Silurian. Thus, the shallow- 
water, marginal-marine sediments on the one hand and deeper-water rocks on the other 
hand, have gained more significance. This refers to a noticeably bigger lateral differ
entiation of sedimentation. The role of dolomite and clay components has increased con
siderably. Thicknesses of the Silurian sediments are much greater than in the Ordovician, 
this being indicative of more intense subsidence of the sea floor but also of the in
creased influx of terrigenous material and more rapid carbonate deposition. The first 
two phenomena were evidently caused by increased influence of tectonic movements in the 
Scandinavian Caledonides explained by gradual closure of the Iapetus Ocean. The growing 
rate of carbonate deposition was related to the drift of the Baltica continent from the 
moderate climate belt into tropics during the Ordovician (see Jaanusson, 1972; Scotese, 
1986, etc.).

In the northern confacies belt of the basin a large variety of limestones, dolo
mites, marlstones and domerites was formed during the Silurian. At the regressive phases 
of the basin development (middle Llandovery, late Wenlock 
of marginal-marine genesis were widespread, including primary dolostones with mud 
cracks, microlaminated structures and stromatolites, skeletal and pelletal grainstones 
with ripple marks, cross bedding and graded bedding, lenses and banks of lithoclastic 
and coquinoid rudstone, organic build-ups.

early Ludlow) various rocks
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During the Silurian transgression maximum (late Llandovery - early Wenlock) and at 
the periods of intense influx of terrigenous material (Pridoli) the northern confacies 
belt was dominated by marlstones and argillaceous limestones including skeletal marl- 
stones. At the phases of relative stability the most common were nodular'packstones and 
wackestones, in the early and middle Llandovery also aphanitic limestones. The cyclic 
alternation of the rock types in the sections is very common and especially well expres
sed in shallow-water sediments.

In the axial confacies belt of the basin graptolite-bearing grey, monotonous mud
stones or dark brown kerogenous argillites predominate in the Silurian, only in the 
lowermost (lower Llandovery) and the uppermost (upper Ludlow-Pridoli) parts of the sys
tem there occurred almost barren calcareous mudstones, clays and marIstones, sometimes 
containing benthic shelly fauna. These types of rocks predominated during the whole Si
lurian also in the transition area from the northern to the axial confacies belt.
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BASIN DEVELOPMENT AND FACIES MODELS

H. Nestor

The Early Paleozoic Baltic Basin has been considered as a typical cratonic sea, 
situated in the western part of the peneplained East-European Platform which represented 
an area of tectonical interaction of two neighbouring geosyrclines: British-Scandinavian 
in the northwest and Middle European (Mediterranean) in the southwest; the latter^ 
corresponding to the lapetus and Rheic (Palaeo-Tethys) oceans, respectively.

In the early and middle Ordovician the southwestern part of the platform up to the 
area of the Moscow syneclise was slowly subsiding and was covered with shallow, epiccn- 
tinental-type of sea with comparatively weak bathymetric differentiation. At the end of 
the Ordovician and mainly in the Silurian upheaval of the northwestern margin of the 
platform got dominance in connection with the closing of the lapetus ocean. At the same 
time on the southwestern margin, belonging to the sphere of influence of Palaeo-Tethys, 
subsidence of the basin floor intensified. As a result of differential tectonic move
ments a comparatively deep, "starved" of sediments, intracratonic basin depression was 
formed within the limits of the axial confacies belt in West Latvia, West Lithuania, 
Kaliningrad district and North Poland, where hemipelagic argillaceous sediments accumu
lated. At the same time the sea gradually retreated from the northwestern and central 
parts of the platform and the basin evolved from epicontinental to a gulf-like pericon- 
tinental sea. As mentioned above, during the Silurian the influx of the clayey terrige
nous material progressed from the direction of the Scandinavian Caledonides.

In a sedimentary basin the facies distribution may be generalized by means of fa
cies models presenting lateral succession of the facies along the reconstructed bathy
metric profile. For the Baltic Silurian basin a generalized facies model was worked out 
in the 1970s (Kaljo, ed., 1970; Einasto, Nestor, 1973; Nestor, Einasto, 1 977, 1982). Ac
cording to this basic model five main facies belts were distinguished: 1) tidal flat/la- 
goonal, 2) shoal, 3) open shelf, 4) transition (basin slope), 5) basin depression (Table 
5). The first three facies belts formed a carbonate shelf or carbonate platform and tvzo 
others a deeper basin with fine-terrigenous deposits.

Later R. Einasto (1986) worked out two modifications of the basic Silurian facies 
model: for the periods of weak and of intense supply with terrigenous material. It also 
became evident that the Silurian facies models are not applicable to the whole Ordovi
cian, particularly to the interpretation of situations in the early and middle Ordovi
cian which climatically and tectonically differed considerably from the late Ordovician 
and Silurian. As in the early and middle Ordovician carbonate accumulation took place in 
the conditions of the moderate climate, the main source of the carbonate was skeletal 
material and its production was extremely slow. Therefore, only a limited amount of 
loose skeleton particles lay on the sea floor. On the other hand, the wave action to. the 
bottom was comparatively weak, because the waves subsided gradually in the shallow epei- 
ric sea losing their energy before reaching near the shore. For these two circumstances 
presumably there did not form notable accumulations of winnowed skeletal sands (grain- 
stones) characteristic of the shoal belt of the Silurian facies model. Typical lagoonal 
carbonate sediments were also lacking as evaporation was very weak. The position of the
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Table 5. Facies belts and environments in the East Baltic Silurian basin (modified
after Nestor and Einasto, 1977)

Main geo- 
morphic units Deeper basinShelf (carbonate platform)

Type cf se
dimentation Fine - terrig.enousCarbonate

I VIVIII
Open shelf

IITidal flat/la- 
goonal

Facies belts DepressionTransitionShoal

Calcareous
mudstones

MudstonesMicritic
caicarenites

Lithogenetic 
•types of se
diments

Dolomicrites Sparit.ic
caicarenites

Calm-water Stagnant-
water

Hydrodynamic
zones

Agitated-water
(high-energy,
turbulent)

Quiet-water to 
storm-agitated 
(subturbulent)

Near-shore 
quiet-water

Basin slope, 
shelf/basin 
transition

Open shelf 
(platform)

Basin
depression

Depositional
environments

Tidal (mud)- 
flats, lagoons, 
restricted 
shelf

Shoals, 
reef belts, 
banks

Mudstones,
argillites,
clays

Argillaceous 
mares; calca
reous mud
stones , 
argillaceous 
aphanitic 
limestones

Nodular skeletal 
packstones and 
wackestones; 
skeletal calca
reous marls; 
aphanitic 
limestones

Skeletal, ooli
tic, oncolitic, 
pelletal grain- 
stones, cogui- 
noid bio- and 
lithoclastic 
rudstones; 
boundstones

Argillaceous 
dolomites and 
domerites 
(massive, la
minated, bio- 
turbated); 
dolomitic 
limestones, 
bioturbated 
marls

Characteris
tic rocks

Graptolites
Chitinozoans
Cephalopods
Burrows
Lingulids

Brachiopods
Pelmatozoans
Ostracodes
Burrows
Corals
Stromatoporoids
Bryozoans
Chitinozoans
Conodonts
Molluscs

Trilobites
Pelmatozoans
Burrows
Chitinozoans
Ostracodes
Brachiopods
Molluscs
Conodonts
Graptolites

Stromatoporoids 
Corals
Pelmatozoans
Calcareous algae
Oncolites
Brachiopods
Conodonts
Vertebrates
Bryozoans
Bivalves

Characteris
tic fossils

Burrows
Stromatolites
Eurypterids
Agnathans
Leperditids
Scolecodonts
Gastropods
Lingulids

lagoonal and shoal facies belts was probably occupied by the belt of nondeposition re
presented by a discontinuity surface (hardground). As mentioned above deeper, sediment- 
starved axial depression was not developed in the early and middle Ordovician. Taking 
into account the above-said, it is expedient to distinguish in the facies models of the 
early and middle Ordovician of the Baltic basin three facies belts: nondeposition belt, 
upper and lower ramp (Fig. 4).

Summing up, it is possible to distinguish five stages in the development of the 
Baltic post-Tremadoc Ordovician and Silurian basin which are characterized by different 
facies models (Figs 4, 5).

a) During the first - transgression stage (Arenig - Llanvirn) in the marginal part 
of the basin the deposition was very slow and with many gaps. Within the limits of the 
upper ramp micritic skeletal caicarenites accumulated, sometimes containing silt, scat
tered pebbles and abundantly glauconite grains, goethite and francolite ooids and impre
gnated hardgrounds. On the lower ramp, i.e. in tne axial confacies belt, mainly red-co
loured calcareous-argillaceous deposits (argillaceous limestones and marls) were formed. 
Thickness of the deposits of the lower ramp 2 to 10 times exceeded that of the contempo
rary upper ramp sediments.
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intercalated clayey 
wackestones and marls

NON DEPOSITION 

1-1
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"m
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pi—imst. with glauconite, 
0*^2 ferruginous ooids, litho- 
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red clayey 
eZSZaI wackestones

S marlstones with 
limestone nodules
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mudstones

dark kerogenous 
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E-YZ1-1

Transgression 
stage
Fig. 4. Facies models for different stages 

of development of the post-Tremadoc 
Palecbaltic Basin.

Fig. 5. Legend to the facies 
models (Fig. 4).

b) During the unification stage (Llandeilo - early Caradoc) along the v/hole extent 
of the bathymetric profile grey calcareous - argillaceous sediments (argillaceous lime
stones and marls) accumulated, although there remained the general trend for the in
crease of the clay component and decrease of the content of bioclasts in the offshore 
direction. Sediments of the upper ramp contained admixture of light brown kukersite ke- 
rogen and also pure kukersite interlayers. Interlayers of volcanic ash (metabentonite) 
were also characteristic of that stage of basin evolution.

c) During the differentiation stage (late Caradoc middle Llandovery) a deeper 
axial depression was formed and typical of the Silurian facies zonation was developed. 
Influx of terrigenous material was periodically extremely low and comparatively pure 
calcareous muds were deposited at those periods on the open shelf and in the transition 
belt while in the basin depression condensed dark graptolitic argillites formed. Also 
an agitated-water shoal belt with pelletal and skeletal sands and lagoonal belt with do- 
lomicritic sediments were developed.
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d) The stabilization stage (late Llandovery - early Ludlow) was characterized by the 
moderate influx of the fine-terrigenous materdal which partly deposited in the lagoonal 
and open shelf belts but mostly in the transition belt, resulting in side-filling of the 
"starved" depression with sediment lenses and gradual progradation of the carbonate 
shelf margin. Clear facies zonation was characteristic of the stabilization stage and 
the basic Silurian facies model (see Table 5) reflects the situation of that stage. How
ever, the facies belts were not equally developed during the different phases of the 
basin development, particularly, the deeper-water facies were wide-spread during the 
transgressive phases (the end of the Llandovery and the beginning of the Wenlock) while 
shallow, marginal-marine facies were best developed at the regressive phases (the end -of 
the Wenlock and the beginning of the Ludlow) of the basin development,

c) The infilling stage (late Ludlow - Pfridoli) was characterized by intense influx 
of terrigenous material which filled the basin depression and also diluted carbonate se
dimentation on the open shelf where skeletal packstones were mostly replaced by skeletal 
marls. Even in the shoal belt skeletal sands were interlayered with marls.

Although usually certain facies models were typical only of certain stages of the 
basin evolution, in some cases different types of sedimentation could also alternate. 
For example, from the late Caradoc to the middle Llandovery there alternated cyclically 
the periods of low and moderate influx of terrigenous material and sedimentation pro
ceeded by the models of differentiation and stabilization stages, respectively.
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TREMADOC PHOSPHATE-BEARING ROCKS OF
NORTH ESTONIA AND SHELLY PHOSPHORITE

H. Heinsalu

Shelly phosphorite, also called Obolus phosphorite is one of the most important mi
nerals of Estonia and interesting from the scientific viewpoint as well. This unique 
phosphorite is distributed in northern Estonia and.Leningrad Region forming the early 
Tremadoc East Baltic phosphorite basin. The main resources occur in the western part of 
the basin, in the Rakvere area.

In North Estonia the phosphate-bearing rocks belong to the Kallavere Formation. 
Pakerort Regional Stage (see Table 1), mainly represented by monomineralic quartzose 
silty- and sandstones containing diverse fragments, more rarely complete phosphate 
shells of inarticulate brachiopods, mostly Schmidtites and Ungula. In some areas the
concentration of brachiopod debris in the sandstone is very high and they form produc
tive seams of phosphorite-bearing rocks. The brachiopod valves consist of fluor-carbo-
nate-apatite with an admixture of clayey matter and fine scattered pyrite. The black co
lour of the valves is due to the latter. 
in the valves (Mustjogi, 1984).
associated with graptolitic argillites (Dictyonema shale), 
interbeds in the sandstone, 
recks in North Estonia ranges from about 20-30 cm to 20-23 m.

concentration ranges from 35-37 per cent 
In North Estonian sections Obolus sandstones are always

P~02 5

the latter may occur as thin 
or as a thick overlying bed. Thickness of phosphate-bearing

0
KUNDA

i 4 tVATALLINN 2.

65IV3ArvE'RAKVERE o,TAPA
KIVIOLI

HAAPSALU

0 PAIDE MUSTVEE

Fig. 6. Location of phosphorite deposits of Estonia. 1 - Maardu, 2 Iru, 3 - Tsitre, 4
Toolse, 5 - Aseri, 6 - Narva, 7 - Rakvere; striped area - Kabala district.

After 50 year's of phosphorite studies the following deposits were established in 
North Estonia: Iru, Maardu, Tsitre, Toolse, Aseri, Narva and Rakvere (Fig. 6). All depo
sits, except Rakvere, are located in the North Estonia clint area where the 
rite-bearing bed lies at

phospho-
a relatively small depth (max 25-45 m) and thus open-cast min-
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Fig. 7. Cross-section through the North Estonian Tremadoc outcrops. 
Indices of the units: vr 

Member, K - Katela Member,
Member, R - Rannu Member, € - Cambrian.

For the lithological legend see Fig. 19.
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Maardu Member, 0

Toolse 
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- Varangu Formation, T - 
S - Suurjogi Member, M -
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ing is possible. Resources of most of these deposits are inconsiderable and for various 
reasons they have by now lost their commercial significance. Reserves of the Maardu de
posit, the only deposit exploited in Estonia, are practically exhausted and the mine 
will be closed in the nearest future. More perspective deposits are only Toolse and Rak- 
vere. However, before starting mining of phosphorites at these deposits new ecologically 
safe technologies must be elaborated. The most important limitations are danger of self- 
ignition of the overlying Dictyonema Shale and protection of groundwater in the mining 
course.

The phosphate-bearing rocks of the Kallavere Formation have a very complicated 
structure, being characterized by changeable lithologies, interrupted sedimentation and 
regional differences. This is reflected in the local stratigraphic chart where the Kal
lavere Formation is subdivided into 5 members (see Table 1 and Fig. 7). Biostratigraphic 
zonal boundaries, defined by conodonts and graptolites, almost always intersect with 
lithostratigraphic boundaries (Kaljo et al.,1986; Heinsalu et al., 1987).
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Sections of the West-Estonian subregion are well observable at Ulgase (loc.1.1) and 
Maardu locality (1:2), Phosphorites occur here at two levels: mainly in the Maardu Mem-

content - 6-23 %) and in the Suur- 
- content 3-10 %). 

content

ber as "Cbolus conglomerate" (thickness 0.3-2 m, P2°5
j6gi Member as the bioclastic sandstone (thickness 0.4-1 m, P20t.

in the Tooise deposit phosphorite (average thickness 2.9 m, P20^ 10 %) is
mostly represented by bioclastic sandstones of the Suurjogi Member.

The most variable is the structure of the Rakvere deposit, where the phosphorite
lies at a depth of 50-200 m. The phosphorite-bearing rocks, belonging to the Rannu and 
Suurjogi Members form a single commercial seam with the greatest thickness of about 12m 
(average thickness about 4m). In West-Kabala area the average thickness of the commer
cial seam exceeds 7 m, the mean P2°b content is 14 %. In other areas of the Rakvere de
posit these parameters are smaller. In the Rannu Member phosphorite is represented by 
brachiopod coquina ("Obolus conglomerate"), containing accumulations of fragments of 
brown thick-walled shells of inarticulate brachiopods occurring in varigrained quart- 
zose, weakly cemented sandstone. Shell fragments differ in size, being often large (up 
to 2/3 and 3/4 of the whole shell), but complete shells are almost lacking. Phosphorite 
of the Suurjogi Member is represented by skeletal varigrained (mostly medium-grained) 
quartzose sand. Skeletal debris is here always well-sorted, the grain size not exceeding
2-3 nun. Due to its light colour skeletal debris is often hardly distinguishable from 
quartz grains.

The sandy-silty phosphate-bearing sediments of Estonia were deposited during the 
early Ordovician transgression after a long continental period. Duration of this hiatus 
was different in certain areas of the basin.

Sedimentation took place in shallow sea with the differentiated bottom relief. Al
ready small changes caused variability in facies. Thus, in relatively elevated, high- 
energy areas sediments were coarse-grained, containing abundantly phosphate-bearing ske
letal debris of brachiopods, in the lowered bottom the siltstones with interbeds of ke- 
rogenous muds (Dictyonema shales) were formed.
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GEOLOGY OF THE BALTIC OIL SHALE BASIN

H. Bauert and V. Puura

Introduction

The Baltic Oil Shale Basin is situated in the northern part of Estonia and in the 
western part of the Leningrad District of the Russian SFSR. It underlies an area of over 
50,000 sq km. The Baltic basin is divided into the Estonian and Leningrad fields, com
prising three large deposits, from which the Estonia and Leningrad deposits are exploit
ed, and the Tapa one is considered as prospective (Fig. 8).

KOHTLA-
JARVE mining

areas

TAPA
o

s A Fig. 8
>~-C Location of oil 

deposits (I
shale 

Estonia, 
Tapa and III - Le

ningrad) with commercial 
zonation of the Estonia 
deposit (A - commercial, 

subeconomic, C 
distal). For legend see 
Fig. 5.

IISLANTSSLAKE
PEIPSI

B

The northern border of the Estonia field is erosional, while the western and south
ern borders are delineated by the vanishing of organic matter (OM). The eastern border 
conventionally coincides with the Narva River.

The Estonian field is the largest explored and commercially exploited deposit of 
oil shale in the world. It contains over 60 % of explored reserves and is responsible 
for more than 80 % of the total USSR output (Kattai, Puura, 1988) . The total explored 
reserves exceed 6.6 billion tons (Knutson et al., 1 989) . The Estonia deposit has been 
exploited since 1916, and the total output exceeds 770 million tons of shale. It is sub
divided into three economic regions (Kattai, Puura, 1988): A - central commercial
(exploited at present) with explored reserves for the next 40-50 years (at the produc
tion rate of 25-30 million tons/year); B - subeconomic part adjacent to the central re
gion; C - distal marginal part (Fig. 8). At present, 6 underground mines and 3 open-pit 
mines are in operation, with total shale production of about 23 million tons/year (max 
was in 1985 - 31.6 tons/year). A little less than 50 % is produced by open-pit methods.
All the operating mines are located in NE Estonia 
parts of the deposit (Fig. 8). In this area the overburden ranges 0-70 m due to the 
gentle southward dip of Ordovician strata.

i.e. in the central and eastern
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kukersite with no
dules of kerogen-rich biomicritic limestone or kerogen-rich limestone with wavy kuker
site layers; 2 - kerogen-lean biomicritic limestone with thin kukersite layers and len
ses; 3 - grey biomicritic limestone with thin kukersite layers and lenses; 4-8 - bio
micritic limestone; grey, pure (4); greenish-grey, slightly (5) and medium argillaceous 
(6); greyish-green, highly argillaceous, wavy-beddea to nodular (7); arenaceous (8); 
9 - K - bentonite layer; 10 - discontinuity surface.

Kukruse Stage) overlain by the transgressive Idavere Stage in 
tion of the Baltic Oil Shale Basin (for location see Fig. 11) 
stratigraphy for the kukersite-bearing succession (on the left). 1
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Stratigraphy

The main kukersite formation of the Baltic Oil Shale Basin is of early Middle Ordo
vician (Llandeilo - early Caradoc) age (Fig. 9), although it should be noticed that mi
nor occurrences of kukersite-type OM are recorded throughout the Ordovician sequence 
(Polma, 1982). The main kukersite accumulation took place during the late Uhaku - Kukru- 
se ages and is lithostratigraphically restricted to the upper part of the Korgekallas 
and the entire Viivikonna Formations. According to the Baltoscandian graptolite zona- 
tion, it corresponds to the Nemagraptus gracilis Zone (Mannil, 1989).

Lithology

The kukersite-bearing succession contains up to 50 intercalating kukersite and ke- 
rogenous limestone seatns that are mostly alternating with variously argillaceous grey or 
greenish-grey limestone beds and in some cases with greenish marIstone beds. In the area 
of max development (NE Estonia) its thickness may reach up to 25-30 m. The thickness of 
kukersite-bearing seams ranges from 0.01 to 2.4 m. Of commercial value are only the 
group of seams A-F2 (Estonia and Leningrad deposits) and seam III (unexploited Tapa de
posit) .

The texture of individual kukersite seams is rather complicated. Usually, in the 
area of max development they have a nodular texture, comprising various amounts of ke- 
rogenous limestone nodules and few interbeds, while towards the distal part (with de
creasing OM content) they are,represented by kerogenous limestone with thin wavy kuker
site layers and/or lenses.

Organic matter

OM may occur dispersed in .the mineral matrix or concentrated into individual kuker-
rock.site layers, where its content reaches up to 60 wt % (~ 75 vol %) of the whole 

Average values for productive seams of the Estonia deposit are ranging between 20-60 
wt %.

The organic matter of kukersite is of yellowish-brown to aark-brown colour, con
taining alginite A, with the size of algal remains between 10-40 m. The morphologically 
recognizable individual colonies of these algae were described by Zalessky (1916) as 
Gloeooapsamorpha prisca, due to the morphological similarity to the living genus Gloec- 
capsa. These similarities have been also confirmed by quite recent SEM studies (Burns, 
1982)_ The disorganized and/or aggregated, morphologically indistinct part of kukersite 
OM seems to be of cyanobacterial origin (Korts et al., in press).

Mineralogy

On the basis of semi-quantitative x-ray diffractometry, the following rock-forming 
minerals in the kukersite-bearing succession were determined: calcite, dolomite, 
quartz, feldspar, illite, chlorite and pyrite. The dominating carbonate mineral is 
low-Mg calcite (average content for kukersite seams - 45 %), forming fossils and micrite. 
Void filling spar is very rare. Dolomite occurs in subordinate amounts. Usually, the 
content of it does not exceed 10 %, but close to deep faults it has often replaced near
ly all the calcite. The terrigenous component is mainly represented by silt-size quartz 
(5-10 %) and with rather negligible amounts of feldspar (2-3 %). The latter was 
identified mostly as orthcclase. Among clay the minerals well-ordered illite is dominant 
(5-10 %) with traces of chlorite. As for pyrite, the content in kukersites and keroge
nous limestones is very low (< 2 %).
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metry. For legend see Fig. 1 I.

Trace elements

in kukersites as observed in the Alum ShaleThere are no signs of metal enrichment 
and the Tremadoc Dictyonema Shales in the Baltoscandian region. In kukersites, the aver
age content of V, Ni and U are even below the published estimates of these elemental 
abundances in shale (Vinogradov, 1962) and similar to that of carbonate rocks (Turekian 
and Wedepohl, 1961) . Concentrations similar to average shale are reported for As.- Mo, 
Pb, Ag and Au (Pets et al 1985) .
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Mineralogical variations in the Viivikonna Formation are depicted in Fig. 10,based 
on daca from borehole K-7 (central part of the Estonia deposit).
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tic (3) or dolomitic (4); 5 - grey, highly argillaceous limestone with thin ku
kersite layers and lenses; 6-7 - non-deposition area (= hardground) 
supposed boundary; 8 - discontinuity surface (= hardground); 9 - facies bound
aries; 10 - recent erosional boundary of the Kukruse Stage.

kerogen-rich limestone with wavy

and its

of subaerial exposure (Bauert, 1989). As there are no signs of scouring in the kukersite 
formation, it may be concluded that the influence of bottom currents was negligible. The 
lack of tempest!tes in the sedimentary record indicates mild climatic conditions for 
this region in the early Middle Ordovician,

Judging from the isotopic data and from the nature of the host carbonate rock (lack 
of warm-water bahamitic carbonates and kaolinite) it seems plausible to suggest deposi
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Conditions of kukersite formation

In the early Middle Ordovician the Baltoscandian epicontinental sea was the site of 
deposition of a relatively monotonous succession of bedded limestones. The main phase of 
kukersite formation took place during the regressive stage of development of the sea in 
the Llandeilo-early Caradoc time (Fig. 9). The OM of kukersite-type accumulated in a 
shallow subtidal regressive sea, with successive beds forming a pattern of rather nar
row, east-westward extending belts. From the north and obviously from the west, the

see also Bauert, 
the spatial distri

bution of kukersite and its chemical stability, it is supposed that most of the ku
kersite OM derived from algal mats (Korts et al., in press), covering extensive hard- 
ground (tidal flat) areas, from where it was transported to a shallow subtidal tranquil 
environment of deposition (Puura et al., 1 988). Locally, some hard grounds bear evidence

de-
positional environment was adjacent to the hardground area (Fig. 11; 
1989; Fig. 1 and Puura et ai., 1988; Fig. 4). Considering
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tion in a ccol-water environment (see discussion in Linistrom, 1984). The relatively 
high latitude position (60° S) for Baltcscandia is indirectly supported also by palaeo- 
magnetic data (Noltimier and Bergstrom, 1976) , although this data, is still somewhat 
contradictory (Webby, 1984).

The existence in the oil shale of a rich and diverse normal marine bottom fauna 
(more than 300 species recorded - Rddmusoks, 1970; p. 172) with very low pyrite content 
suggests the absence of anoxic conditions in the bottom waters.
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BIOSTRATIGRAPHY

STROMATOPOROIDS

H. Nestor

The Baltic area offers good opportunities for elaborating a regional standard for 
stromatoporoid stratigraphy due to relatively detailed researches on both sides of the 
Bali-ic Sea (Riabinin, 1951; Nestor, 1964, 1966, 1970, 1.979, 1 982; Mori, 1 968, 1969, 
1970) .

Due to their relatively narrow ecological ranges stromatoporoids are distributed in 
Ordovician and Silurian rocks rather unevenly. The richest and the most diverse stroma- 
toporoid association occurs in the sediments of the high-energy shoal facies belt repre
sented by coral-stromatoporoid boundstones, skeletal and coquinoid grainstones and rud- 
stones (Nestor, 1977). Stromatoporoids arc rather numerous also in the deposits of mode
rate- to low-energy open shelf facies belt (in nodular sxeletal packs tones) although 
there they are less varied than in shoal facies.

Rare stromatoporoids may also occur at the periphery of lagoonai (restricted shelf) 
and transition facies belts adjacent to the shoal and open shelf correspondingly. They 
form there impoverished and rather long-ranging communities, such as Araneosustrona 
stelliparratum, Forolinia brevis, "Pyanodiatyon" densum communities (Table 6).

Parallel successions of communities may also be distinguished for shoal and open 
shelf environments although these lateral communities of stromatoporoids are rather bad
ly delimited. Usually there exsists a certain assemblage of species with a comparatively 
wide ecological range occurring both in shoal and open shelf facies. For example, such 
species art Clathrodictyon boreale and Eeolimadiatycn microvesiculoswv in the lower 
Llandovery, Densastroma pexium and "Simplexodictyon" simplex in the lower Wenlock, Pa- 
ra'llelots typicum and Lopkiostroma sohmidtii in the Ludlow. As a rule, the same spe
cies have a comparatively wide stratigraphical range too. Such assemblages of species 
dominate on the open shelf environments although their representatives spread also into 
shoal facies. In the latter some more specialized forms are added which have relatively 
narrow spatial and stratigraphicai ranges. These species make possible a more detailed 
biostratigraphic zonation of the rocks of the shoal facies belt in comparison with the 
open shelf facies.

Parallel successions of stromatoporoid communities in different facies of the Bal
tic Ordovician and Silurian are shown in Table 6 (see also PI. 1). The full list of spe
cies in these communities is presented in Table 7. The latter table mostly includes data 
from the outcrops and borings in Middle Estonia and Saaremaa Island. Labeohia aonferta 
and Parallelostroma tenellum communities have not been established in Estonian sections 
and their species list is given by the Gotland sequence - by the Halla and Klinsteberg 
forma*:ons correspondingly. The Plexodictyon? irregulare Community is also unknown in 
the outcrop area of Estonia and it spreads in the Ventspils Formation in Latvia and in 
the 5ved Ramsasa Group of Scania. The deeper-water "Pyanodictyon" densum community is 
established in some Latvian and Lithuanian borings and in Mulde and H erase marls of Got
land .
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Table 6 shows that noc all stratigraph leal levels are equally represented by stro- 
matoporcids. After the first, episodic appearance of stromatoporoids in the Oandu Stage 
there follows a gap in their distribution corresponding to the Rakvere and Nabala
staces, In the Silurian sequence there are two total gaps in the stromatoporoid succes
sion corresponding to the Mcnkula and Velise formations of the Adavere Stage. The first 
of them it represented by secondary dolomites where stromatoporoids are not preserved, 
the second by deeper-watdr marlstoner and mudstones corresponding to the late Llando
very transgression. Lacking of shoalwater stromatoporoid communities in the Vormsi 
Stage, lower in the Juuru Stage and in the Adavere and Jaani stages is explained by non
preservation up to the present shallow-water facies of the transgressive phases of the 
basin development. The fullest spectrum of lateral stromatoporoid communities is pre
served in the Rootsikiila and Paadla stages and their time analogues on Gotland. This in
terval corresponds to the maximum regression of the basin, when lagoonal/tidal flat fa
cies were most widespread in the Baltic Basin.

Many stromatoporoid species have a rather wide geographical distribution and there
fore offer possibilities for interregional correlation. Nowadays only uneven state of 
studies prevents their wider usage for correlation purposes.

Probably the first stromatoporoids immigrated into the East Baltic area from the 
North American Platform. It is evidenced by the presence of Stromatocerium canadense 
(Nicholson), a common species to the Oandu Stage in Estonia and Trenton in North Ameri
ca .

Some species from the Pirgu and Porkuni stages (Clathrodictyon microundulatum, C. 
mammilla turn, E. koigiense) have their counterparts in the Ashgill of China (Lin Baoyu, 
Webby, 1988) and even in the topmost Caradoc of New South Wales (Webby, 1969) . All over 
the world the Llandovery fauna of stromatoporoids consists mostly of the rather similar 
species of Clathrodictyon and Ecclimadictyon which are difficult to identify exactly and 
therefore difficult to use in more detailed correlation. On the whole, such relative 
uniformity of the Llandovery stromatoporoid fauna enables to identify the Llandovery 
quite easily. For example, Dong De-yuan and Yang Jing-zhi (1978) reinterpreted the age
of the Shiniulan Limestone in Guizhou, China by close relationship of its stromatoporoid 
fauna to these of Estonian middle and upper Llandovery. A good guide fossil in the upper 
Llandovery is Clathrodictyon variolare. (Rosen) from the Rumba Formation of the Adavere

NorwayStage, which has been identified also from (Mori, 1978) and by present author 
from Novaya and Severnaya Zemlya. In all these sections the Clathrodictyon variolare 
Community occurs together with Pentamerus oblongus.

Local strat.igraphica.1 units of the lower part of the Estonian Wenlock, including
Stromatopora impexa, Densastrcma pexisum - Simplexodictyon simplex, Vikingia tenuis and 
Ecclimadictyon astrolaxum communities correlate by stromatoporoids very well with the 
Gotland sequence (Nestor, 1982) . At the same time, the upper part, of the Wenlock in Es
tonian sequence contains rare stroma toporoids of the Araneosustroma stelliparratum Com
munity which has not been established on Gotland. There the same stratigraphical level 
is occupied by tne Parallelcstroma tenellum Community (Nestor, 1982).

In one of the previous papers the author has shown (Nestor, 1982) that in Podolia 
the former Kitaigorod Stage contains elements of the Densastroma pexisum 
odictyon" simplex Community and correlates v/ith the Upper Visby to Slite srratigraphic 
interval on Gotland while the above-lying Muksha and Halla beds are characterized by the 
Labechia conferta Community.

In the upper Silurian the best correlation level is upper Paadla (Uduvere beds) 
containing the oimplexodictycn podolicum Community. Several species of this community 
have been established in Podolia in the Sokol beds of the former Malinovetsk Stage, in 
the Hemse Group of Gotland (Nestor, 1966) and in the Hatanzei Formation of No/aya Zemlya 
(Nestor, 1981) .

"Simplex-
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Labechiida

Stromatoeerium oanadense (Nich.) 
S. sakuense Nestor 
Cystostroma estoniense Nestor 
Plumatalinia ferax Nestor 
Pachystylostroma fragosum Nestor 
P. rosensteinae Nestor 
P. oontrac turn Nestor 
P. ungevni (Rosen)
P. exile Nestor 
P, hillistense Nestor 
P. estoniense Nestor 
P. opiparum Nestor 
P. sp

Fovolinia brevis Nestor 
P. linedta Nestor 
F. implana Nestor 
F. paka Nestor 
F. pachyphylla (Nicholson) 
Labeohia venusta Yavorsky 
L. confevta Lonsdale 
Rosenella dentata (Rosen)
R. tubevculata Riabinin

Lophiostvomatida

Lophiostroma sohmidtii (Nich.)
Clathvodictyida

Clathrodictyon vormsiense Riab.
C. miovoundulatum Nestor 
C. mammilla turn (Schmidt)
C. gregale Nestor 
C. zonatum Nestor 
C. boreale Riab.
C. sulevi Nestor 
C. kudriavzevi Riab.
C. demissum Nestor 
C. lennuki Nestor 
C. sarvense Nestor 
C. turri turn Nestor 
C. alivosum Nestor 
C. variolare (Rosen.)
C. delicatulum Nestor 
C. conodigitatum Riab.
C. regulare (Rosen)
C. adaverense Riab.
C. densatum Yav

Table 7. Taxonomical constitution
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C. affabile Nestor 
C. linnarssoni Nich.
C. vesiculosum Nich.
C. mohicanum Nestor 
Ecclimadictyon porkuni (Riab.)
E. koigiense Nestor 
E. microvesiculosum (Riab.)
E. macro tuberculatum (Riab.)
E. nikitini (Riab.)
E. laminaeungulatum (Riab.) 
Ecclimadictyon micro fas tigiatum (R.) 
E. pandum Nestor 
E. ex gr. cylindriforme (Riab.)
E. fastigiatum (Nich.)
E. arcuatum Nestor 
E. robustum Nestor 
E. astrolaxum Nestor 
E. aff. robustum Nestor 
Indexodictyon avitum Nestor 
I. olevi Nestor 
Oslodictyon suevicum (Nich.)
O. aff. lepidum (Mori) 
"Simplexodiatyon "simplex Nestor 
S. validum (Nestor)
S. podolicum (Yav.)

. " convictum (Yav.)

." of. pseudoconvictum Stock 
Actinodictyon nestori Mori 
A. cf. quebecense Hubert et Stearn 
Plexodictyon katriense Nestor
P. ? irregulare (Mori)'
P. densum (Yav.)
Clathrodietyella sp.

Actino stromatida

Plectostroma necopinatum Nestor
P. intermedium (Yav.)
P. mirificum Nestor
P. schmidtii (Rosen)
Densastroma pexisum (Yav.)
D. podolicum (Yav.)
Densastroma himmestum (Riab.)
D. astroites (Rosen)
"Pseudolabechia" elegans (Rosen)
"Pseudolabechia" hesslandi Mori
Pseudolabechia granulata Yabe 
et Sug.
Vikingia vikingi (Nestor)
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V. teams Nestor
Araneosustroma stelliparratum
Nestor
"Pyonodiotyon" densum Mori
Aotinostromella vaiverens-is
Nestor

Stromatopovida

Stromatopora impexa Nestor 
S. antiqua (Nich.)
S. bekkeri Nestor 
S. lamellosa Riab.
S. olarkei Parks 
Syringostromella tenevrima Mori 
S. borealis (Nich.) 
Parallelostroma tenellum Mori 
P. typioum (Rosen)
P. of. dnestriense (Riab.)
P. minosi Nestor 
P. tuberculatum (Yav.) 
"Parallelopora" ornata. Mori

o - index species

Community numbers according to Table 6
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CORALS

D. Kaljo

The Ordovician and Silurian of Estonia are rich in corals. The most considerable 
studies in this field have been performed by W. Dybowski (1873-1874) on rugose corals 
and by B.S. Sokolov (1951 et al.) and E. Klaamann (1 959et. al.) on tabulate corals. In the 
result of these and also several other studies more than 300 species have been identi
fied, two-thirds of which make up tabulate corals.

Tabulate corals

The review is based on the publications by E. Klaamann (op.cit.).
The earliest tabulate corals in the Estonian Ordovician are known from the upper 

Caradoc Oandu Stage: Lyopora tulaensis Sokolov, SaffordophyHum grande (Sok.) and Eo- 
fletsoheria orvikui (Sok.) occur rather frequently in Vasalemma reef facies. The last 
species is identified also from Mjosa and Encrinite Limestones in Norway.

In the Rakvere and Nabala Stages there occur only a few tabulate corals Saroinu-
ld rakverense in the first one and Catenipora obliqua (Fischer-Benzon) in the latter.

The first rare members of the late Ordovician tabulate assemblage (Palaeofavosites 
sahmidti Sok., Catenipora wrighti Klaamann e.a.) appeared in the Vormsi Stage.

In the Pirgu time tabulate corals gained abundance, some of them, e.g. Eoaatenipora 
paralle'la (Schmidt), Cryptoliohenaria multiplex Klaamann occurred only in reefs, outside 
them Palaeofavosites aff. alveclaris (Goldfuss), Catenipora tapaensis (Sok.) e.a. For

is characterj.stic occurrence of several s.c. Ordovician re- 
Hhabdotetraaium. frutex Klaamann and Porkunites amalloides (Dybowski), but 

Palaeofavosites species also appearance of new evolutionary lineages, 
Mesofavosites dualis Sokolov and Prisoosolenia prisaa (Sok.). Well known is that 

in Porkuni where often very big colonies occur.
The distribution of Silurian tabulate corals has been repeatedly treated by

E. Klaamann (1982, 1986, in Kaljo, ed., 1970, etc.), therefore in this review only two 
summarizing tables are given. The Table 8 provides all necessary information about the 
stratigraphic position of tabulate communities and their relations with facies belts. 
The supplementary data for this table showing the composition and abundance of species 
in communities, can be found in the paper of E. Klaamann, referred at in the explanation 
to the textfigure.

The possible correlations with the neighbouring areas on the basis of the distribu
tion of tabulates are given in Table 9, taken from a publication by E. Klaamann (1982).

To sum up, we can say that tabulates constitute a very valuable group for the fa
cies analysis and stratigraphy of sedimentary rocks of the shelf carbonate platform and 
even for interregional correlation.

Porkuni tabulate assemblage 
licts,
beside numerous

e.g.

e.g.
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K Parastriatopora Pa/eofavosites tersus-Ha/ysites K/iptebergensis 
commutabilis Pa/eofavosites asper________ ___________
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Table 9. Succession of tabulate coral communities in the Wenlock-Ludlow 
boundary interval in the Gotland and East Baltic area (from Klaamann, 1982)
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Table 8. Succession of tabulate coral communities in the East 
Baltic Silurian (from Klaamann, 1986)
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Rugose corals

These corals are considerably less studied, therefore biozonal and community analy
ses are premature. More or less complete lists and data on the distribution have beer 
published some time ago (Kaljo, 1961, 1970) tut are applicable also now, if to consider 
also more recent taxonomic revisions (especially Neuman, 1969; Weyer, 1973, 1982, etc.)*

The first distinctly rugose corals appeared in the Middle Ordovician. In Estonia 
they are represented by Frimitophyllum primum Kaljo and Lambelasma dybowskii (Kaljo), 
occurring in the Johvi Stage and undoubtedly belonging to the most primitive tetraco- 
rals. In the Keila Stage Kenophyllum sociale (Kaljo) and Streptelasma oanduensis (Kaljo) 
make their appearance, but they are rather rare.

Rugose corals are scarce also .in the Oandu Stage, although their diversity is al
ready comparatively high, especially for the middle Ordovician. Here occur Kenophyllum 
reimani fKaljol, Streptelasma ooncavum fKal jo.), £. ferwida fKaljol, Eorelasma orientalis 
(Kaljo) and Estonielasma? praecox (Kaljo).

The first Grewingkia lutkevitchi Reiman appeared at the end of the middle Ordovi- 
,cian (Rakvere Stage).

The purpose* of the above fairly detailed account of the middle Ordovician rugose 
corals of Estonia was to demonstrate the high rate of formation of a considerably di
verse fauna; the first primitive forms appeared in the Diplograptus mult-idens Zone, 
whereas the whole above-described assemblage was present already in the next zone. To a 
certain extent the result in Estonia was influenced by migration, but we have to keep in 
mind that this short period was the initial stage of evolution of the whole group of 
rugose corals.

The late Ordovician was mostly dominated by streptelasmatids (Kencphyllum, Strepte
lasma, Grewinqkia, Helicelasma, Dalmanophyllum). but there occurred also rare lambelas- 
natids or calostylids s.l. (Coelostylis (Vormsistylis) , Neotryplasma, Calostylis, Esto- 
nielasma) and the end of the period is marked by the incoming of the first paliphyllids 
and stauriids. As guide fossils we should mention Kenophyllum oanaliferum (Reiman) in 
the Nabala Stage, Grewingkia anthelicn Dybowski and Sirepteplasma hiumica (Reiman) in 
the Vormsi Stage, Grewingkia hcsholmensis Kaljo, Kenophyllum subcylindricum Dybowski and 
Streptelasma dunoani (Dybowski) in the Pirgu Stage arid Paliphyllum sokolovi (Reiman) and 
Palaeophyllum fasciculus (Kutorga) in the Porkuni Stage. Notable in Pirgu and Forkuni 
times many rugose corais were large-sized (Kenophyllum subcylindricum, Grewingkia buce- 
ros, particulary Kalqolasma giganteum, etc.). The Porkuni assemblage is characterized by 
the first appearance of numerous colonial rugose corals in Estonia (above-mentioned Pa- 
laeophyllum, Strombod.es middendorfi (Dybowski), Holacanthia? tubulus (Dybowski).

The Silurian assemblage of rugose corals is taxcnomica1iy more diverse and their 
distribution shows distinct facies control. Reliable records of rugose corals from the 
lagoonal and depression facies are lacking, although their occurrence in the first one
is quite probable (e.g. Pa.lusophyHum was recorded from the lagoonal rocks of the Porku-

banks of theni Stage). Rugose corals are scarce also in the Pentamerus - or Borealis 
shoaly bolt and in the stromatoporaLd- biostrdmes of the Jaagarabu and Paadla 
being represented by rare, mostly small-sized corals of Streptelasma and Crassilasma

stages,

types.
A rich assemblage of rugose corals is characteristic of the reefs and their sur

roundings. For instance, the Filliste reef facies of the Juuru Stage contains very abun
dant Cyathophylloides kassariensis Dybowski, Cyathactis balticus Kaljo, "Kodonophyllum" 
tubaeformis Kaljo, etc. Practically similar assemblage was recorded from the analogous 
rocks of the Sepise outcrop of the Jaagarahu Stage, including Microplasma schmidti Dyb. , 
Kodonophyllum truncarum (Linn.), Svongophylloides cylindrica (Wedekind), etc.
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In the shoaly belt of the Kaugatuma Stage the most significant are Cystiphyllidae 
(Cystiphyllum oylindri nurr. Lonsdale) and Arachnophyllidae, particularly Entelophyllum ar- 
tioi.latum (Wahlenberg) .

In the shallow part of the open shelf also a diverse assemblage of rugose corals 
occurs. In the offshore direction on the increasingly muddy bottom sizes of solitary co
rals tend to become smaller (with some exceptions, e.g. Neocystiphyllum keyserlingi 
(Dyb.), in the marls of the Jaani Stage, Paramaja cliff) and the role of colonial rugose 
corals is seen to decrease.

A short list of gu-* de-fossils from these rocks is as follows:
Juuru Stage - Paliphyllum soshkinae Xaljo
Raikkula Stage - Rheg.naphyllum whittard* (Smith)
Adavere Stage - Calostylis luhai Kaljo and Cyathaotis t'inuiseptatus Soshkina
Paadla Stage - Phaulaotii oyaihophylloides Ryder
Kuressaare Stage - Entelophyllum articulatum (Wahlenberg), Tryplasma loveni (M.Edw.
et H.), etc. occurring also higher in the P^idoli.
From the transitional belt only a few species have been identified by now (e.g. 

Porpites porpita (Linn.) from the Velise Formation, Rhegmaphyll'im elitense Wedekind from 
the Jaani Formation, etc.). Most of the fauna has not been described yet, but generally 
the corals in transitional facies are rather similar (e.g. densiphyllids in the Llando
very, etc.).

Although rugose corals aie mostly considered as an environmentally controlled fau
na, providing a good basis for facies analysis, there are several records from, the Ordo
vician and Silurian referring to their possible, but by now limited application for in
terregional correlation.
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ORDOVICIAN INARTICULATE BRACHIOPODS

I„ Puura

Ordovician inarticulate brachiopods of Estonia and neighbouring Leningrad Region 
have attracted palaeontologists since early 19th century. E. Eichwald (1829, et al.) 
described the genus Obelus and several species obtaining later remarkable strati
graphic significance: Obolus apollinis, Ungula ingrica, Thy sanotos siluricus, Eo siphono

treta verrucosa, Siphonotreta unguiculata, Orthisocrania depressa, 0. planissima, etc.
C. Pander (1830, et al.) established the genera Ungula, Keyserlingia and Helmersenia and
E. de Verneuil the genus Siphonotreta. S. Kutorga (1848) studied the phylogeny of the 
family Siphonotretidae describing the new genus Schizotreta. A profound study of
A. Mickwitz (1896) on obolids from Estonian "Obolus sandstones" was soon referred in the 
substantial monograph "Cambrian Brachiopoda" by C. Walcott (1912) . The family Craniidae 
was studied by F. Huene (1899). In his thorough palaeontological study of Kukruse Stage, 
H. Bekker (1921) described a new genus Fseudopholidops and several new species. Major 
collection and almost finished manuscript of a monograph on Lower Ordovician inarticula- 
tes was left by A. Opik who had to depart Estonia in 1944. Up to now, the work of V. Yj. 

Gorjansky presents the most complete review of Ordovician inarticulates .in the North- 
East of the East-European Platform ( Gorjansky, 1969). G. Biernat (1973) has described 
some new species from the Arenigian of Estonia. An updated taxonomy of the inarticulate 
brachiopods from the Cambrian-Ordovician boundary beds in Estonia and Leningrad Region 
is presented by L.E. Popov and K.K. Khazanovich (Popov, Khazanovich, 1989). L.E. Holmer 
(1989) has described a new acrotretid genus Biernatia including B. holmi and some spe
cies cf Torynelasma from Estonia.

In Estonian Palaeozoic sequence, phosphatic inarticulate brachiopods represented by 
families Obolidae, Acrotretidae, Siphonotretidae and Eoconulidae are common from the 
Upper Cambrian to the Middle Ordovician and most abundant in the Cambrian-Ordovician 
boundary beds known as "Obolus sandstones", where obolid coquinas form the deposits of 
shelly phosphorites. Inarticulates with calcitic shell represented mostly by Craniidae 
range from the Uhaku to Porkuni Stage being most abundant in the Kukruse Stage. The lat
ter are up to now rather poorly studied and therefore discussed below only in general 
terms.

In the lower part of the Pakerort Stage, phosphatic inarticulate brachiopods are 
the dominating fossil group. The sandstone beds at the Cambrian-Ordovician boundary 
(Loc. 1:1, 1:2) contain abundant inarticulates forming coquinas dominated by species 
Ungula ingrica (Eichw.) and Schmidtites celatus (Volborth), with Keyserlingia buchii 
(Verneuil) and Oepikites obtusus (Mickwitz) present. Obolus apollinis (Eichw.) and Hel
mersenia ladogensis (Yeremeev ) appearing just above the lower boundary of the Cordylo- 
dus proavus Zone are widely distributed in Leningrad Region. In Estonia, these species 
have been found recently in the same level from the boreholes of Rakvere area and Hiiu- 
maa Island, respectively. From the overlying beds of Dictyonema Shale, Eurytreta cf. 
bi8ecta (Matt.) and ‘Biernatia magna (Gor.) have been reported (Popov, Khazanovich, 
1989). The same authors report Lingulella aff. tetragona Gor., Eosiphonotreta aff. acro- 
tretomorpha Gor. and Eurytreta sp. from the Varangu (= Ceratopyge) Stage.
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The lower part of the Latorp Stage (Loc.1:4), traditionally referred to as "Thysa- 
notos siluricus Zone" yields besides the index species Paldiskia obscuricostata Gor., 
P. orbiculata Gor., Foveola maaruuensis Gor., Lingulella tetragona Gor., L. ? nitida 
Gor., Leptembolcn lingulaeformis (Mickwitz), L. recta Gor., Siphonotreta aerotretomorpha 
Gor., Schizambon esthonia (Walcott), Schizambon ovalis Gor. From the upper part, Spondy- 
lotreta faceta Gor. and Myotreta crassa Gor. have been reported { Gorjansky, 1 969; MSgi, 
1 984) .

From the Volkhov Stage (Loc, 1:3), Rowellella rugosa Gor., Spondylotreta faceta Gor. 
and Myotreta estoniana (Biernat) have been reported. Myotreta crassa Gor., Biernatia 
rossica (Gor.) and Eosiphonotreta verrucosa (Eichw.) range from the Volkhov to Kunda 
Stage, while Eoconulus cryptomyus is ranging from the Volkhov to Aseri Stage and Conctre- 
ta mica Gor. from the uppermost Kunda to the lowermost Uhaku Stage.. Siphonotreta ungui- 
culata (Eichw.) ranges from the Aseri to Idavere Stage (Gorjansky, 1969; Biernat, 1973; 
Magi, 1984; Holmer, 1989).

From the Kukruse Stage, Biei'natia holmi Holmer and Schizotreta elliptica (Kutorga) 
have been described. Calcitic inarticulates are represented by Philhedra baltica Koken, 
Ortkisocrania planissima (Eichw.) and about ten more species assigned to the genera 
Philhedra, Orihisocrania, Cranicps and Faracraniops (Huene, 1899; Bekker, 1921; Gor- 
jansky, 1969: Rodmusoks, 1970).

In the Idavere and Johvi Stages, Alichovia ramispinesa Gor. and calcitic inarticu
lates Philhedra metatypotheisa Huene, Orthisocrania curvicostae Huene occur. 0. depressa 
(Eichw.) ranges from the Johvi to Keila Stage and Philhedra kegelensis Huene from the 
Keila to lowermost Oandu Stage.

In the Upper Ordovician phosphatic inarticulates are very rare. From the Nabala 
Stage, V. Yu. Gorjansky has reported Pseudolingula quadrata (Eichw.) and established a 
new species Lingulops mirus Gor., represented by a single dorsal valve from V6hma bore
hole. L. Popov and J. Nolvak (1987, in prep.) have described a fauna from the Vormsi and 
Pirgu stages of Viljandi borehole including Acanthambonia portranensis Wright, Rowellel
la minuta Wright, Spondylotreta cf. parva Wright, Eoconulus semiregularis Biernat, Pate- 
rula sp., Schizotreta sp. and three new species assigned to the genus Opsiconidion and 
two new genera. The latter rich assemblage originates from a lens of pure cryptocrystal
line (aphanitic) limestones.

Calcitic inarticulate brachiopods are represented by Pseudopholidops stolleyana 
(Huene) in the Oandu Stage and about ten species assigned to the genera Philhedrella? 
(Rakvere and Nabala Stages) , Petrocrania? (Vormsi Stage) , Pseudometoptorna, Elenthocrania 
and Pseudocrania (Porkuni Stage) (Polma et al., 1988; Huene, 1899; Rddmusoks, unpub
lished) .

Most of the species considered above are restricted to Estonia and neighbouring Le
ningrad region, but some have been recorded in other parts of Baltoscandia or Europe. 
Ungula ingrica and Schmidtites celatus occur in the Cambrian-Ordovician boundary beds of 
Sweden. The reported occurrences of Obolus apollinis and Thysanotos siluricus from Po
land, questioned in the light of updated taxonomy need re-examination. Siphonotreta ac- 
rotretomerphaj Biernatia rossica, Myotreta estoniana and Myotreta crassa have been re
corded from the Lower-Middle(?) Ordovician of Poland (Biernat, 1 973). The Middle Ordovi
cian species Biernatia holmi is ranging in Sweden from Seby to Dalby Limestone (Holmer, 
1989), Upper Ordovician Acanthambonia portranensis and Rowellella minuta are originally 
described from Portrane Limestone (Cautleyan), Ireland (Wright, 1963).
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ORDOVICIAN ARTICULATE BRACHIOPODS

L. Hints

Ordovician articulate brachiopods in Lower Paleozoic outcrop areas of North Estonia 
and adjacent territory of Leningrad district were first described by the well-known pa
leontologists of the last century C.H. Pander (1830), Ed. Eichwald (1860), Fr. Schmidt 
(1858) and A. Pahlen (1877). The most important studies of Estonian brachiopods from the
first half of this century belong to A. 5pik (1930a, 1934a, a.o.), who revised and de
scribed altogether about 180 species, subspecies and forms, among them about 100 new 
ones. During the last 30 years Ordovician brachiopods were described by T. Alichova 
(1953), A. Rdomusoks (1981, 1989), M. Rubel (1961), A. Oraspold (1956) and the author of 
this survey (Hints, 1975; see also list of literature in Roomusoks, 1970; Mannil, 1966).

In consequence of the 150-year study more than 300 species of Articulate have been 
described from the Ordovician in North-East Baltic, which belong to about 130 genera, 
mostly among Orthaoea3 Clitambonitacea, Plectambonitacea and Strophmenacea (Fig. 12). Be
side them there is a great number of taxa identified in Central, or South-East Baltic 
{Septorihisj Bimuria, Hirnantia a. o.), many of them are common in the contemporaneous 
strata in Scandinavia.

The brachiopod fauna in the Baltic basin is known as a part of specific fauna con
taining numerous endemic elements. The increase of pandemic taxa in that fauna is more 
remarkable from the early Ashgill (see also Williams, 1973),later in Central East Baltic 
the Baltic-type fauna is replaced by Hirnant.ian fauna (s. 1.; M&nnil, 1966).

Dynamics and comparison of contemporaneous Ordovician brachiopod faunas, including 
Balto-Scandian fauna (fauna of Baltic province; Williams, 1973) has been analyzed by 
V. Jaanusson (1973, 1976, 1 979a, 1984), A. Williams (1969) and others, therefore these 
problems are not discussed here.

In East Baltic two distinct brachiopod faunas can be distinguished, the distribu
tion of which generally coincides with the main confacies belts (Mannil, 1966; 
son, 1976). In the North-Estonian and Lithuanian confacies belts the brachiopod fauna 
comprises mostly orthaceans (many large forms) and clitambonitaceans together with the 
plectambonitaceans and strophomenaceans (Fig. 12). Two first groups have a restricted 
distribution in the Livonian Tongue of the Central-Baltoscandian confacies belt. Such 
species like Diooelosia transversa Wright, Leptestiina? indentata (Spjeldnaes), Rugoso- 
werbyella rossettana (Henningsmoen) , and the Caradoc Gunnarella, Skenidioides and Reus- 
hella. occur only in the Livonian Tongue or in the transitional belt (Polma, 1967). The 
two latter genera appear in North Estonia only in the Ashgill.

In the North-Estonian confacies belt embracing the area of outcrops visited during 
the excursion, the first articulate brachiopods, orthids - Prantlina3 Panderin'!, Ranor-

Pa.urorthi.8j plectambonitids - Pleatella etc. (Fig. 12) appear in 
glauconitic sandstones of late Latorp MSekiila Member (Rubel, 1961; see also Lamansky, 
1905) (the corresponding sections in localities 1;1,1:2). This first brachiopod associa
tion is replaced in the carbonate rocks of the Volkhov and Kunda stages by the new one, 
which comprises beside orthids (Productorthis, Orthambonites) and plectanbonitids (Ahti- 
ella, Ingria) several clitambonitids (Antigonambonites, Gonambonites, Progonambov.ites a. 
o.), mostly endemic in the Early Ordovician Baltic basin.

Jaanus-

this, dalmanellids
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At the Lower/Middle Ordovician boundary (Kunda/Aseri boundary) the brachiopod fauna 
undergoes an essential change, which "is extinction rather than immigration of new fau
nal elements" (Jaanusson, 1976, p. 311). Of new elements appearing in Aseri time we 
could still mention here some characteristic Middle Ordovician plectambonitids - Chris
tiania, Leptestia and Qepikina (s. 1.). In Lasnamae time they are supplemented by Hes- 
perorthis, Veilamo, Leptelioidea and Sowerbyella. Representatives of these genera toge
ther with Glossorthis, Nicclella, Estlandia, Clitambonites and Poramboniies which appear 
in the Lower Ordovician and new strophomenids (Kurnamena, Estonorpena; Rocmusoks, 1989) 
form the basic Middle Ordovician brachiopod fauna in North-Estonian confacies belt up to 
Oandu time. In spite of rather abrupt change in the species composition of brachiopods 
at the Kukruse/Idavere boundary (boundary beds in Loc. 2:1) the" period from Aseri to 
Oandu time is a relatively stable phase in the formation of brachiopode fauna, except 
changes caused by immigrations, faunal shift (Jaanusson, 1976) and also rapid evolution 
of some groups, for example of Strophomenacea (Rbomusoks, 1989), Continuity in the fau
nal dynamics coincides with that of facies changes from the Early Ordovician transgres
sion to the phase of relative lithofacial stability in Idavere and Johvi times (Hints, 
Polma, 1986).

At the Keila/Oandu boundary the most significant renovation of Middle Ordovician 
fauna takes place in the North-Estonian confacies belt. Practically all brachiopod spe
cies and numerous genera (Cyrtonotella, Estlandia. Clinambon, Oepikina (s.l.), Septome- 
na) disappear. In the Oandu brachiopod fauna (Roomusoks, 1970) great biostratigraphic
importance have immigrants of American and North-European Provinces - Howellites, Daoty- 
logonia, Camerella (PI. 3, Figs 1, 6, 7, 13-19), 
and diverse Oandu age brachiopod association in the argillaceous limestones and marls of

Zygospira, Rynahotrema, etc. The rich

the Hirmuse Formation become less diverse in the aphanitic limestone of the Rakvere 
Stage, although there appear some new species (Mjoesina? subaequiclina, PI. 3, Figs 2-5). 
This Late Caradocian brachiopod fauna is replaced during Early Nabala time (in Caradcc/ 
Ashgill boundary beds) by a new association which comprises many widely (in different 
members of two or three stages) distributed species of Platystrophia, Nioclella, Eorea- 
dorthis (Pi. 2, Figs 1-5, 11-19), Sulevorthis, Eop'leotcdonta (PI. 3, Fig. 8-12), Bekke- 
romena, Veilamo, Ilmarinia a.o., quite common are also Triplesia, Oxopleoia (PI. 3, Figs 
20-22).In the composition of the Ashgillian brachiopod fauna the amount of endemics has 
decreased considerably (there occur only Apatorthis, Equirostra and Ilmarinia), but the 
number of cosmopolitan genera,
creased (Plaesicmys; PI. 2, Figs 6-10), Dicoelosia, Eospi^igerina; Jaanusson,
In the Vormsi Stage there appears for the second time Kullervo, which is known in dif
ferent Ashgillian brachiopod associations (Wright, 1964; Harper, 1982). The interregnum 
in its distribution comprises interval from Jdhvi up to Vormsi age and Upper Ordovician 
species is distributed presumably only in glauconite-containing argillaceous limestones 
of the transitional belt.

The differences of brachiopod faunas in two main rock types of different cycles of 
in pure (aphanitic) and argillaceous limestones (Pdlma in Hints a.o., 

1989) have not been studied specially. The distribution of some/species, however, clear
ly depends on the rock type. Thus, for instance Latiarura rostrata and Pauoiorura ro- 
busta are known only from the argillaceous limestones of the Paekna Formation of the Na
bala Stage and of the Kdrgessaare Formation of the Vormsi Stage. Skenidioides (Pi. 2, 
Figs 24-29), however, has been recorded from the Saunja aphanitic limestone of the Nabala 
Stage and pure Dasyporella limestone of the Moe Formation of the Pirgu Stage. At the end 
of the Ordovj.cian in North-East Baltic, in Porkuni time a specific brachiopod associa
tion is distributed in reefs and connected with their deposits. The most common are 
Streptis undifara, Sohmidtomena aouteplicata Opik, Latiarura sp. n. a.o. (Loc. 4:3).

including those common with Hiberno-Salair fauna has in-
1979) .

sedimentation
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Articulate brachiopods are used widely in biostratigraphy of the Ordovician strata 
in East Baltic. All stratigraphic units (members, formations and stages) contain some 
index brachiopods(Resheniya, 1987). T. Alichova (1953, 1960) used some of them as zonai 
species (Fig. 12). Still it should be noted that although many brachiopod species serve 
as good index fossils for the age-dating of layers, their significance in the distinc
tion of stratigraphic units is much smaller, first of all due to their low density in 
core samples.

The Ordovician brachiopod fauna of the East Baltic has not been analyzed from the 
aspects of associations or communities comparable with those established in the Caradoc 
of Wales and in the Upper Ordovician of America (Hurst, 1979; Lockley, 1985, Bretsky; 
1969; Pickerill, Brenchley, 1979). Generally, the material from core sections is not 
realiable enough for such an analysis either. In spite of this in the East Baltic we 
could distinguish some similar communities. Such should be the Howellites-Sowerbyella 
communities in the Hirmuse Formation of the Oandu time in North Estonia, which, despite 
differences in species composition much resembles the Howellites community of Wales 
(Pickerill, Brenchley, 1979). Like the latter, the North-Estonian community could also 
be considered as related to the nearshore and quiet-water soft-bottomed 
with rather rapid sedimentation. Unlike the Howellites community of Wales which contains 
elements of the adjoining associations, we can suggest certain isolation of the corres
ponding community of North Estonia.

environment
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SILURIAN BRACHIOPODS

M. Rubel

Brachiopods constitute an abundant group of organisms in the Silurian open platform 
environments. Their significance in the stratigraphy of the corresponding rocks may be 
emphasized by wide geographical distribution as well as rapid evolution (lineages) of 
many, especially Early Silurian species (Bassett, 1989).

Brachiopods are numerous and diverse in carbonate facies of the platform margin sea 
located in Estonian area, too. Their most prominent occurrences are the Borealis-bank 
and Pentamevus oblongus interbeds in the Llandovery, the coquina of Didymothyris didyma 
and Atrypoidea prunum in the Ludlow and Fridoli, respectively. As most of Estonian Silu
rian brachiopods (see PI. 4) are well preserved and can be easily washed out of clayey 
rocks, their biostratigraphical potential can be evaluated rather high even in subsur
face study of the region.

Up to now nine genera of inarticulate and 110 genera of articulate brachiopods have 
been established from the Baltic Silurian comprising altogether about 200 species (Rubel 
et al., 1984). The letters have been at least once described on the Baltic collection
although some papers have been made long ago and also by different authors (Rubel, 1963; 
1970; 1 977a; Rybnikova, 1 966; 1 967; Rubel and Rozman , 1 977; Modzalevskaya, 1983) . It is
noteworthy that new collections got during the last decade from the Estonian Silurian
do not include new taxa of brachiopods; they all are more or less known although not al
ways formally described, especially, among representatives of the order Strophomenida. The 
known number of brachiopod genera decreases stepwise during the Silurian in Baltic area 
being always relatively high at the beginning of epochs.

The distribution of the brachiopods considered depends highly on the facies what 
complicates the use of Silurian brachiopods as guide-fossils, especially in regional 
stratigraphy. This was proved also by the brachiopod communities developed well in the 
Silurian of Estonia. Thus, the Linopovella, Borealis-Pentamerus3 Stricklandia-Zygospira- 
ella' and MeifodLa-Clovindi Communities can be clearly recognized in the Llandovery, the 
Diaoelosia-Skenid'ioides> Whitfieldella and Stegerhynohus Communities are the most wide
spread in the Wenlock, to which the Dayia, Didymothyris-Salopina3 Atrypoidea and Homo- 
eospira-Deltkyris Communities can be added in the Ludlov and Pridoli of the East Baltic 
(Rubel, 1970; Kaljo and Rubel, 1982). Because of the inherent ecological control of the 
brachiopods distribution their lineages obtain a special significance (Fig. 13). In Es
tonian material two lineages have been studied in detail, those of the genera Strioklan- 
dia and Dicoelosia (Rubel, 1977b; Rubel, 1971; Musteikis and Puura, 1986). The first 
lineage represents a sequence of chronological subspecies or species while the zigzag 
evolution established within limits of the Diooelosia species makes it impossible to 
apply the same concept for the classification as well as the use of the latter in stra
tigraphic purposes. The last review of the pentamerid lineages in the Estonian Llandove
ry as well as their use in time-rock correlation of distant sections has appeared only 
recently (see Johnson et al., in press).

Keeping in view the complicated usage of Silurian brachiopods in the last years 
they have served as a good touchstone for the elaboration and testing of various me-
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thods, especially, in regional, stratigraphy (Rubel and Pa.k, 1986). It became evident 
that the brachiopods cannot be used solely for the time-stratigrafic correlation of the 
East-Baltic Silurian but they constitute a significant part of the so-called joint pa
leontological time scale for the same aid (Musteikis, 1989). That explains well why so 
few brachiopod zones have been suggested for the East-Baltic Silurian.

SHEINWOODIANTELVCHIANAERONIANRHUDDANIAN
STRICKLANDIA

{XI—CxO=t><3=oo
interne progressa laevisprina lens COSTISTRICKLANDIABOREALIS

XN=4> lirata
osloensisborealis PENTAMERUS\

<1
oblongus PENTAMEROIDES

subrectusEOCOELIA
r-rIX3—-CXHHXIr—tOO-tt-? 
henisp intern curtisi sulcata angel ini

Fig. 13. Brachiopod lineages used for the correlation of the Llandovery in Baltoscandia 
(after Johnson et al., in press).

63



BIVALVIA AND GASTROPODA

M. Isakar

In the Silurian of Estonia the bivalves and gastropods occur sporadically. Most of 
them are badly preserved casts which often make the identification a guess-work and. they 
never have been studied systematically. Very little has been published on the bivalves 
and a bit more on the gastropods (Schmidt, 1858; Teichert, 1928; Isakar, 1982; Sinicyna 
and Isakar, 1987).

A lot of the Silurian bivalves and the most of gastropods (see Pi. 5) are epifaunal 
in nature and show little correlation with rock type. But some of the bivalves occur in 
life position, e.g. a lot of infaunal Ilionia prisca in the Paadla Formation and semi- 
infaunal Grammysia obliqua in the Ohesaare Formation (the posterior part of the shell, 
which was above sediment, has usually not preserved).

From Llandovery bivalves have not been found. It might be due to unsuitable condi
tions to preservation of the shells or to the relatively cold water conditions in the 
beginning of the Silurian, which could be related to severe climatic conditions asso
ciated with the late Ordovician glacial advances in Gondvana.

Silurian gastropods are generally considered to be herbivores living in relatively 
firm substrata in the conditions of clear water. In shallow open-shelf deposits of the 
Varbola Formation single murchisondids occur. In nearshore facies of the Tamsalu Forma
tion Loxoploaus (Lophospira) occurs. Peel (1977) has presumed their deposit feeding, 
benthic existence on soft substrata. From reef associated facies (in the Hilliste Mem
ber) a lot of small platyceratids are known, e.g. Platyceras (Platyostoma), Cyolonema
(Cyclonema) hiiumaa , other cyclonematids. Also small Megalomphala, small Liospira, 
Trochonema (Troohonema), Murchisonia, small Loxoploaus (Lophospira), Tryblidium and from
open-shelf deposits Kjerulfonema ? (the latter from a borehole).

In nearshore deposits of the Raikklila Formation Sinuites, Loxoploaus (Lophospira), 
Liospira, Murchisonia (Murchisonia) and in open-shelf deposits Cyolonema (Cyolonema) 
cf.C.fC.) distans occur (the latter from a borehole).

In the Rumba Formation there are many big gastropods from open-shelf deposits: 
Poiotremus cf. B.longitudinalis, Kiaeromphalus ?, Murchisonia, Stenoloron ? aequlatera. 
From deep'open-shelf of transitional facies of the Velise Formation only a small pleuro- 
tomariacea have been found.

From shallow part of open-shelf facies of the Jaani Formation (Ninase Member) Euo- 
umphalopterus (Euoumphalopterus) alatus, Poleumita discors, Crenilunula are known. In 
the deeper part of the open-shelf facies many small Platyceras (Platyostoma) cornutum, 
Cyclonema (Cyclonema), Elasmonema, Subulites (Cyrtospira) cf. S. (C.) ventricosue curvus, 
Loxonema cf. L.intumescens, Poleumita discors, Oriostoma globosa, Crenilunula, Trochone
ma and also small infaunal Nuculoidea, Praectenodonta, small epifaunal Palaeopecten, ? 
Similodonta and semi-infaunal Grammy sia (the latter two are from the boreholes) occur.

In shoal deposits of the Jaagarahu Formation massive, thick-shelled Megalomus got- 
landicus occurs (Termed banks); also epifaunal Mytilarca and infaunal Modiolopsis (type 
Janeia) occur. From open-shelf deposits (from the boreholes) small, flat, epifaunal Pa
laeopecten and semi-infaunal small Modiolopsis are known. In reef associated facies Po-
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leumita disoors, Crenilunula limat'a3 Siluriphorus gotlandious 3 Euoumphalopterus ? angu- 
latum, Murohisonia (Murohisonia) can be found. In open-shelf deposits Orioatoma globo- 
surrij Loxonema cf. L. sinuosum occur.

In the Rootsikiila Formation in very nearshore shallow water environment (with re
duced salinity by Einasto, 1968) is formed about 0.8 m thick deposit from practically 
one type of epifaunal Pterioids (new genus?). In shoal part yet semi-infaunal Modiodonta 
and epifaunal Pteronitella occur. With reduced salinity probably accumulated in nearnore 
conditions a great number of the same species of small gastropod Straparollus (Strapa- 
rollus) helioites and probably connected with Pterioidea occur Murohisonia (Hcvmotoma) 
aingula.ta3 M.(M.) obtusangula3 M.(M.) oompressa.

In the Paadla Formation there are many bivalves in nearshore: infaunal Ilionia 
prisoa3 epifaunal Kogulanyohia bekkeri3 Pteronitella retroflexa3 Palaeopeoten danbyi3 
semi-infaunal Modiolopsis and Ptyohopteria; from gastropods Murchisonia (M.) oompressa3 
M.(M.) obtusangula, M. (Hormctoma). From open-shelf deposits Cardiola interrupta3 C.sig- 
nata and semi-infaunal Modiolopsis 3 Cyprioardinia and also many molds of Holopea ? unda

ta 3 Loxonema strangulatum3 Pyonomphalus aoutus3 P. obesus3 Megalomphala taenia3 Cyolone- 
ma (Cyolonema) are known. The common occurrence of cardiolids is in deep shelf deposits 
in the Ludlow of Welsh Borderland (Watkins,1978) and in the Poland (Korejwo and Teller, 
1964). But Kriz (1979) has described cardiolids from shallow water environments in the 
Silurian of Bohemia and the Carnic Alps.

In nearshore deposits of the Kuressaare Formation only a single valves of epifaunal 
Pterioidea occur. From open-shelf deposits small Ilionia prisoa3 semi-infaunal Modiolop
sis and small epifaunal Palaeopeoten and also Loxonema cf. L. fasciatum, L. cf. L. m.inuta3 
Oriostoma roemeri and Murohisonia occur.

In shoal deposits of the Kaugatuma Formation four big epifaunal Pterioidea (with 
various type of sculpture; only single valves may be found) and Pteronitella retroflexa 
occur. In open-shelf deposits infaunal small Nuouloidea3 Ilionia prisoa and semi-infau
nal Muloeodens cf.M.jaanussoni. A small Nuouloidea prefer soft sediment to dig in and 
generally stay in situ after death. From gastropods Oriostoma rcemeri3 Cyolonema (Cyolo

nema)3 Loxonema and Palaeosourria oalyptrata occur.
In open-shelf deposits of the Ohesaare Formation many semi-infaunal Grammysia obli-

qua3 Hippooardia3 infaunal small Ilionia prisoa3 Cyprioardinia3 Cardiola interrupta, 
epifaunal Palaeopeoten danbyi3 Pterioidea (about four various types), Aotinopteria are

trochi-Oriostoma cf. roemeri3 Murohisonia andknown. There are rare gastropods:
In nearshore deposits many infaunal Modiolopsis cf. M.solenoides and the

a
form holopeid.
greatest epifaunal pterioid (preservation very bad, only single valves) occur.

To sum up the previous,I may state that Ilionia prisoa and Palaeopeoten danbyi in 
nearshore are twice greater in size than in open-shelf deposits and in soft-bottom con
ditions there cannot be found very great epifaunal bivalves. Platyceratids and cyclone- 
matids are quite useless for palaeoecolgical interpretations, because they are usually 
associated with crinoids. Accumulation of high-spired gastropods in nearshore deposits 
may be a result of secondary concentration.
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SILL/RIAN CEPHALOPODS

G. Kiselev

Cephalopods were for the first time mentioned and described in the classic works of
F. Schmidt and E. Eichwald in the 19th century. Later C. Teichert and Z.G. Balashov in
troduced a more detailed method.ics considering also structure of phragmocone. They, were 
followed by V.J. Saladzhius and author. In the Silurian of the Baltic area cephalopods 
are less abundant than corals and brachiopods, but more diversified than bivalves and 
gastropods.

Cephalopod fauna comprises 43 species of 29 genera, 17 families and 5 orders (some 
of them are illustrated in PI. 6). They are known in wide range of lithofacies. Morpho
logical, taphonomical and actuo-paleontological observations permit us to establish 
6 "living forms" of cephalopods as follows:

1. Benthic forms. They crawled on their tentacles and could make the short jumps 
dashes above the bottom using their hyponomic. They lived in the shallow-water shelf 
zone and were very slow-moving. Their main characteristic features: big angle of or
thoconic and cyrtoconic conchs, wide open aperture, wide, spreading outwards subventral 
siphuncle, the massive intrasiphuncie deposits, flattenal conch. Ornamentation is un
derdeveloped or absent. The type is represented by genera Huroniella and Armenooeras 
from shallow-water facies of the Adavere Stage as well as Eu shantung o asr as. from the Kau- 
gatuma Stage.

2. Bentho-pelagic forms. They could move above the bottom or suspend hydrostatical
ly nearly the bottom feeding from it by their tentacles. They lived in the open shelf 
zone and had hypostomic or inclined aperture. Their characteristic features are the fol
lowing: wide crthoconic or cyrtoconic conch with a contracted and inclined aperture. Or- 
hamentation: transverse ring-shaped ribs occur or absent. Coiled nautiloid form of conch 
is also possible. The type is represented by genera Podolicoeeras3 Armenocerina, Ovmoee- 
vas from the shallow shelf facies of the Ohesaare Formation and Biakmorites from the 
Jaagarahu and Gomphoceras, Protophragmoceras from the Paadla stages.

3. Necto-bentnic forms. They inhabited the near-bottom layer of the open shelf as 
well as the slope and deeper basin. They had a mechanism of the precise orientation and 
balance of the mass centre and a natatory organ. Their characteristics are as follows: 
slightly widening orthoconic and cyrtoconic conch, narrow siphuncle with insignificant 
siphuncle deposit and some cameral deposit, with ornamentation or without it. This type 
is represented by genera Temperoceras and Rionooeras from the open shelf facies of the 
Jaagarahu and Plagiostomoceras from the Paadla stages.

4. Nectonic forms. They are found in the open-sea deposits. They moved actively 
using their hyponomic, had or the conic or sli'ghtly cyrtoconic exogastric conch, of good 
hydrodynamic form with the mechanism of the precise orientation. They used every possi
bility to cut down the weight and volume of the conch. This "living form" is represented 
by Calorthooeras from the open shelf zone of the Jaagarahu Stage.

5. Planetonic and hemiplanctonic forms are found in the open shelf and slope fa
cies. They had the neutral flotation. The structure of the conch is adapted to the pas
sive existence in the pelagic zone. They had the only possible hypostomical position and
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Their conchs has rich ornamentation of 
their aperture had collars and projectives, siphuncle was small without

could be suspended hydrostatically in the water. 
ridges, spikls,
deposits. This type is represented by Dawsonoceras3 Pseudokionooeras from the open-shelf
facies of the Jaani Stage.

6. Necroplanctonic forms passively suspended near the surface, their ccnchs. were 
partly filled by gas after the death as it is with the Recent Nautilus and Svirula. The 
examples of necroplanctonic type might be some species of Temperooeras and Bohemites 
which were transported into the shallow facies from deep-water parts of the basin in the 
Ohesaare time.

No one of these above mentioned "living forms" prevails in the Silurian of the Bal
tic area.

The results of the research of Silurian cepnalopods show that they may be used for 
correlation. Cephalopods are rare in Llandovery. They are attributed to 4 species of 4 
different genera. All the species are endemic but genera are widespread. Wenlock cepha
lopods are more abundant - there are 15 species from 12 genera found. In the lower part 
of the Jaani Stage important forms are the following: Dawsonoceras annulatum and D. bar 
vandei which were identified by different authors from the lower part of Furmandvka 
Stage of Podolia, Motol and Kopanina formations of Barrandian, Wenlock of England, 
Clinton of North America. In the Jaagarahu Stage important are Kionoceras studenitaenae 
and Color theceras (Hornyooeras) illineatum. The first one is common in the Restevo Sub
suite of Podolia. Similar species are described from Clinton in North America. The se
cond species is known from Kopanina of Barrandian as well as from the Wenlock of China 
and Kaliningrad area. Ring-shaped cyrtoconic Cyrtooyolooeras nitidum is described from 
Kopanina of Barrandian, but not revised yet. Very specific case-shaped Mandalooerae 
cinctum is known from Wenlock-(?)Ludlow of Britain, Clinton of North America and 
similar species from Upper Wenlock-Lower Ludlow of the North Urals and China. Cepha
lopods of the Rootsikiila Stage are very scarce, but become more abundant in the Ludlow.
In the latter there are established 13 species from 11 genera. The Paadla Stage is cha
racterized by Eushantungoceras pseudoimbricatum and Dawsonoceras obsoletum. The former
one is known from Hemse Beds of Gotland, the Konovka Stage of Podolia, the Gerdyuskij
Stage of the North Urals and the Kopanina Formation (?) of Barrandian. The latter spe
cies is known from the middle Kopanina.of Barrandian (scanicus-tumescens Zone).. A reduc
tion of the number of taxa is observed in the Kuresaare Stage. Endemic forms prevail, 
Temperooeras kunkoyense being among them. But some widespread species are known 
well - Temperooeras severum and Gompkoueras cf. pyriforme. They were described from the 
Kopanina-Pridoli strata of Barrandian and the Ludlow of Britain. The Kaugatuma time was 
characterized by the new fauna. Some new local species appeared together with some wide
spread forms. The most characteristic species are the following: Eushantungoceras urali- 
oum and Podolioooeras baltioum. This complex is most similar to the cephalopod fauna of 
the Ludlow-Pfridoli of Barrandian and the North Urals. The Ohesaare cephalopod assemblage 
changes likewise. The Temperooeras volkovense and Armenocerina oonioa are very important 
here, which are known from the Dzwinogorod Formation of Podolia. Some Pseudortocerida 
are similar to species from the transitional Silurian-Devonian deposits of the other re
gions. This fact proves the substantial diversity of cephalopod fauna of the Ohesaare 
time.

as
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OSTRACODES

T. Meidla
L. Sarv

The first data about Ordovician and Silurian ostracodes from Estonia (North-East 
Baltic) were published in the second half of the last century by E. Eichwald, A. Schrenk 
and F. Schmidt, by the last author the monographs about Silurian leperditiids. In the 
first half of this century ostracodes from the kukersite-bearing beds were described by 
J. Bonnema and A. Opik. The regular study of Estonian ostracodes was started in the 
1950s by A. Neckaja and L. Sarv, nowadays these studies have been continued by T. Meid
la. During the last forty years the coeval ostracodes from Latvia and Lithuania (Middle- 
and South-East Baltic) were studied by A. Neckaja, L. Gailite, A. Pranskevicius, and
N. Sidaraviciene. In the knowledge about Estonian ostracodes, the results obtained from 
Poland, Sweden, Norway and from the Middle European erratic boulders have been greatly 
significant.

Ordovician Ostracodes
On the Estonian territory ostracodes (except Archaeocopida) appeared in Volkhov time 

with the incoming of early ctenonotellids, leperditellids and eurychilinids (Sarv, 1959; 
Sarv, 1972). The first metacopids (longiscuiids), tvaerenellids and bolbinids appeared 
at the end of the Early Ordovician. The Middle Ordovician was a prosperous period for 
beyrichicopids (especially ctenonotellids, also tvaerenellids, tetradellids). Species 
diversity increased considerably reaching the peak in Kukruse time (over 60 species). 
Noticeable renovation of the fauna in Idavere time was followed by the period of stable 
composition until Keila time. In Oandu time most of the species were replaced and the 
number of metacopid species started to increase reaching almost 1/3 by the end of the 
Ordovician. At this period among Beyrichicopa tetradellids, oepikellids, tvaerenellids, 
bolliids were dominating, while the importance of ctenonotellids decreased considerabe- 
ly. In the Late Ordovician species diversity was the greatest in early Pirgu time (over 
115 species), lowering abruptly (to 75 species) in Porkuni time. At the Ordovician-Silu- 
rian boundary a complete turnover in ostracode species took place.

Totally about 400 Ordovician ostracode species have been identified (see PI. 7-8).
During the Early Ordovician the species association of ostracodes was rather simi

lar on the whole studied area. Throughout the Middle and Late Ordovician the ostracode 
faunas were distinct in North and South Estonia; the first changes appeared at the end 
of the Early Ordovician. In North Estonia, usually considered the more shallow-water 
part of the palaeobasin, the species diversity was higher. Besides, in either regions 
geographically widely distributed species co-occurred with a group of specific local 
taxa.

The zonal chart based on the distribution of ostracodes (see Table 10) has not been 
much employed up to now, The ostracode zonation of the Lower and Middle Ordovician in 
the East Baltic has been performed by N. Sidaraviciene (Sidaraviciene, 1976) . Generally 
this has been confirmed by Estonian sections, only in the lower half of the Middle Ordo
vician the distribution of zonal species is somewhat different. This'has called for some
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Table 10. Ostracode zonation jn the Ordovician of Estonia 
Lower and Middle Ordovician zones according to N. Sideraviciene (1976) and L. Sarv;

Upper Ordovician zones by T. Meidla

regional

STAGE
SUBSYSTEM SERIFS GRAPTOLITE ZONE 

(ReSenlja .... 1 967 )
OSTRACODE ZONE , SUBZONE

Glyptograptus persculptus Medianella aeq-ia
PORKUNI

Climacograpti’.s?extraordin . Circuilna sp . n .
UPPER

ASHGILL Dlcellograptus anceps
ORDOVICI/.N PIRGU Tetradella plivatula

Dlcellograptus complanatus

Fleurograptus linearis VORMSI Uhakiella Eoaq’.apulex *requens

NABALA curta Disulcina expllcata

Klimphores Daleiella sp . n .
RAKVERE

Dicranograptus clingani Tetradella egc.'owi - 
Jlbia cf.braderupenslsminimus

CARADOC OANDU Sigmoopsis granulata

KEILA
Pedomphalella egregia

Diplograptus multldensMIDDLE JOHVI
Bichlltna prima

IDAVERE
ORDOVICIAN

Nemagraptus gracilis KUKRUSE Tallinnella reticulata 
Tallinnopsis perplanaLLANDEILO

Glyptograptus teretiusculus UHAKU Sigmoopsis perpunctata

LASNAMAGI Steusloffia linnars^oni
LLANVIRN Didymograptus murchlscnl

ASERI Piretella tridactyla

Didymograptus "blfidus" KUNDA Pinnatulites procera

LOWER
ARENIG Didymograptus hirundo VOLHOV Tal'innellina primana

ORDOVICIAN
Didymograj-tus ext.ensus LATORP

correction by the application of the chart for Estonian sequence in the interval from 
the Steusloffia linnarssoni to Tallinnella reticulata - Tallinnopsis perplana zones. Re
cent, yet unpublished data allow to distinguish three ostracode zones in the Upper Ordo
vician, evidently embracing the whole central confacies belt in the East Baitic and the 
adjoining transitional area. In North Estonia the Klimphores minimus and Uhakiella curta 
zones have been subdivided into subzones as presented in Table 10.

As a correlation tool, Estonian Ordovician ostracodes have so far been used on the 
distribution area of the so-called Baltoscandian type ostracode fauna. They are signifi
cant first of all in the correlation of northwestern 

of Norwegian and Swedish 
have been applied for dating of erratic

and western sections of East Eu~ 
sections with East Baltic ones.

boulders from North
rope, also in the correlation 
For a long time ostracodes 
Germany.
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Silurian Ostracodes
At present more than 300 ostracode species are known from the East Baltic Silurian 

(see PI. 9-10).
By the beginning of the Silurian the rich and diverse paleocopid fauna characteriz

ing the Ordovician period, has almost completely disappeared from the Baltic basin. Po- 
docopids have been more surviving as their evolution continued also in the Early Llando
very when the first, strictly Silurian craspedobolbinids made their appearance. The 
first beyrichiids came in during the Middle Llandovery. The Wenlc-'-k epoch was marked by 
the appearance of early cavellinids and Silurian primitiopsids. The species diversity 
of Silurian ostracodes reached the maximum in the Ludlow, partly also at the beginning 
of the Pridoli, gradually dying out by the end of the Silurian period.

The lateral distribution of Silurian ostracodes in the Baltic basin has some cha
racteristic features. Lagoonal sediments have yielded only representatives of large le- 
perditiids which sometimes form accumulations of shells on bed surfaces or in interlay
ers. They have preserved mostly as moulds in the ou.crops of the Raikkiiia, Adavere and 
Rootsikula stagesOstracodes of the snoal facies are less studied but some data allow 
to suggest a considerably different nature of this complex from that of the open shelf 
facies. Thus, for instance, a very specific shallow-water association has been recorded 
from the Late Wenlock Rootsikula Stage (Sarv, 19ti0).

Most of the Silurian ostracodes were found from the sediments of the open shelf and 
transitional belts. The characterist _c complexes coir prise different species and genera 
whereas these differences are mere distinct in the Ludlow and Pridoli. The existence of 
sufficiently many common species allows to use ostracodes for the correlation of rocks of 
different facies and celts. Sediments of the basinal baits have yielded no ostracodes.

By the vertical range the Silurian ostracodes of Estonia are divided into the Llan
dovery, Late Llandovery-Wenlock and Ludlow-Pridoli complexes (Sarv, 1979). Each complex 
is characterized beside ahe gradual renovation also by a number of long-ranging common 
species.

The Llandovery complex, occurring in the Juuru and Raikkiiia stages is not very nume-
Characteristic are mostly podocopids but already in the middle

(Ait-ilia, Bolbipvimitia, Kilt- 
In Adavere time this

rous (about 40 species).
of Juuru time the'e appeared the first craspedobolbinids 
eieila)}
complex is replaced by the Late Llandc/ery-Wenlock
them significant for detailed stratigraphy are craspedobolbinids and beyrichiids. 
complex occurs in the Velise Formation of the Adavere Stage, in the Jaani, Jaagarahu and

at Raikkiiia time also beyrichiids made their appearance.
complex comprising 70 species. Among

This

Rootsikula stages. The most numerous is the Ludlow-Pridoli complex composed of about 100 
species. Its appearance is accompanied by the renovation of faunal composition not only 
on the species but also on the generic level. At least 10 new beyrichiid-primitiopsid 
genera appear, the representatives of which are recorded abundantly also outside the 
Baltic basin.

Ostracodes are 
sections. All stages have 
used in geological studies
also ostracode zones have been established, 
correspond to the stages (Table 11).

valuable by the subdivision and correlation of Estonian Sjlurian 
their own characteristic species or species complexes widely 
(Sarv, 1968; Kaljo ed., 1970). On the basis of index-species 

which in the extent completely or partly
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Table 11. Ostracode zones and the most characteristic species in 
the Silurian of Estonia

CHARACTERISTIC SPECIESREGIONAL
STAGE

OSTRACODE
ZONES LONG RANGING SPECIES

FOR REGIONAL STAGE OR ZONE FOR SERIES

Berolinella steusloffi 
Juviella piitenensis 
Frostiel la loodensis 
Orcofabella testata

Nodibeyrichi a 
protuberansOhesaare Hemsielia maccoyiana 

Macrypsiion sal terianurfi 
Neobeyrichia buchiana 
Frostiella piiculata 
Orcofabella araneosa 
Venzavella multicostata 
Venzavella costata

Frostiella cornuta 
Aechmina molengraaffii

Nodibeyrichia 
tuberculata Retisacculus semicolo- 

natus
Juviella juvensis 
Ochesaarira variolaris 
Am/gdalei la subclusa 
Nemuniella solida 
Leiocyamus 1impidus 
Orcofabella obscura 
Cythere11ina magna 
Kuresaaria angulata 
Kuresaaria circulata

Kaugatuma Sleia equestris 
Nodibeyrichia bifida 
Signetopsis decorata

Frostiella 
groenval1iana

Retisacculus sulcatus 
Cal caribeyrichia altonodosa 
Primitiopsis minima 
Limbinariella maiornata

PIicibeyrichia 
n une.ro saKuressaare

Hemsiella loensis 
Calcaribeyriel ia simpli- 

c ior
Clavofabella contracta 
Limbinariella macroreti- 

culata

Mamma rie11 a pu'ch rive1 a ta 
Berolinella praevia 
Hemsiella hemsiensis 
Neobeyrichia ctenophora 
Amygdalella paadlaensis 
Clavofabella diffusa

Neobeyrichie 
nutansPaadla

Bolbiprimitia inaequalis 
Ocnesaarina lunaris 
Leiocyamus apic.ncus 
Signetopsis maiornata 
Eukloedenella pilosa 
Lichvinia? silurica

Beyrichia
suborriataRootsikula

Beyrichia hellviensis 
Clavofabella extenta 
Clavofabella incurvata 
Clavofabella vicina 
Triemilomatella prisca

Craspedobolbina cuspidu- 
iata

Craspedobolbina percur- 
rens

Craspedobolbina insuli- 
cola

Clavofabella reticristata 
Gotlandella cornuta 
Silenis subtriangulatus 
Daleiella ianica 
Daleiella acutafinis

Leptobolbina 
quadr icuspidataJaagarahu

Neoprimitiella versi- 
pel la

Bol1ia amabi!is 
Paraparchites gregarius 
Neckajatia lata

Apatobolbina gutnica 
Beyrichia bicuspis 
Beyrichia suurikuensis 
Craspedobolbina ornulata 
Clavofabella juvenca 
Venzavella germana

Craspedobolbina
mucronulataJaan i

Longisee l l a cau
dal i s - Thl ipsu- 
roides walensis

Apatobolbina simpiicidor- 
sata

Noviportia silurica_______Adavere

Beyrichia 
valguensis Beyrichia ultima

Craspedobolbina permira 
Bolbibol1ia estona 
Bingeria pristina 
Herrmannina hisingeri

Bythocyoroidea 
sarv i

Ai t i 1ia senecta 
Silenis estonus 
Microchei1inella mobile 
Paraprimitia bipunctata 
Polyzygia estonica 
Pseudorayella sp.

Raikkula Neckajatia modesta 
Longiscula cf. L. smithi 
Paraparchites tenuicos- 

tatus
Monoceratella 

ed i ta - 
Steusloffina 

er i s

Bolbiprimitia tamsaluensis 
Kiltsiella rosensteinae 
Bythocyproidea sp.

Neoprimitiella litvaen-
Juuru sis
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ORDOVICIAN TRIL03ITES

H. Aru

Ordovician triiobites from Estonia were first described by E. Eichwald and
J. Nieszkowski in the middle of the 19th century. The most fundamental work is the mono
graph by Fr. Schmidt (1881-1907) comprising all the Ordovician and Silurian groups. In 
the 1930s they were studied by A. Opik and P. Siegfried, in the fifties and later by 
E.A. Balashova, V. Jaanusson, Ralf Mannil and A. Roomusoks. Almost all groups of Ordovi
cian triiobites in the East Baltic need a new revision.

In the East Baltic Oroovician biostratigraphy triiobites have had particular signi
ficance since the establishment of the stage classification by Fr. Schmidt (1858; 1881). 
H. Bekker (1923) and A. Opik (1930) made some attempts to distinguish trilobite-based 
series, e.g. Asaphus, Chasmops and Isotelus fauna resp. series. These units roughly cor
respond to the currently used Ontika Subseries
iy.

and the Viru and Harju Series according -

The earliest Ordovician trilobite is Ceratopyge forfiaula (Sars), which comes from 
the Varangu Stage of the Central Confacias Belt. In the North-Estonian Confacies Belt 
the earliest triiobites are found in the Maekrila Member of the Latorp Stage, correspond
ing to the Megalaspides dalecarlicus Zone. From this member M. I'Megclaspides) dalecarli

cus balti.cus (Balashova), M. (M. ) paliformis Tjernvik, Megistaspis (Varvaspis) norvegica
(Tjernvik), Proasaphus primus Balashova, Krattaspis viridatus Opik, Evropeites lamanskii 
(Schmidt) (jun.syn. Pliomeroides (Evropeites) primigenus lamanskii), Cybele ? sp. nov.,
Encrinuroides sp. nov., etc, are recorded. This rather diverse fauna contains the ear
liest representatives of several subfamilies and families.

The diversity of the triiobites of the basal part of the overlying carbonate se
quence (PMite and Saka members of the uppermost. Latorp Stage and lowermost Volkhov Stage, 
accordingly) seems to be much more restricted although Megistaspis is very common. In 
North-Estonian Confacies Belt the base of the Volkhov Stage is marked by the appearance 
of Megistaspis (Megistaspis), but in the Central Confacies Belt and Oslo Belt the ap
pearance of ptychopygids is to be mentioned.

In argillaceous limestones of the Middle Volkhov the megistaspid-ptychopygid fauna 
contains additionally abundant asaphids and the earliest pterygometopids, cybelids, 
cheirurids, pliomerids, raphiophorids, agnostids, etc. continue to occur. In the upper 
substage also illaenids and lichids come in. The Ontikan trilobite faunas of the East 
Baltic area and Scandinavia are related in general due tc similar lithofacies the de
velopment of which favours the correlation of the corresponding beds (MSnnil, 1966).

In the East Baltic no notable faunal change takes place at the Arenig/Llanvirn 
boundary level. At the base of the Aseri Stage (- the base of the Viru Series),,however, 
a remarkable faunal change can be observed, marked by the disappearance of Megistaspis 
and incoming of Asaphus (IJeoasaphus) and new phylogenetic lineages of pterygometopids - 
Estoniops and Chasmops. The diversity of illaenids and asaphids increases remarkably, 
particularly in northern Estonia, whilst both families are represented by more than ten 
species in the Aseri Stage.
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The Lasnamagi Stage is relatively poor in trilobjt.es. The fauna becomes enriched in 
the overlying Uhaku Stage and most diverse in the Kukruse Stage, especially in t^e 
North-Estonian Confacies Belt. In the last-mentioned, stages asaphids, pteiygometcpids, 
illaenids, cheirurids, cybelids, lichitis, raphiophorids are very common, also the paly- 
men id Phavosio.na nie3z\owsk-ii Schmidt.

The Kurtna Subseries is represented by a common fauna containing abundantly Asaphue
(Neoasaphus) and different representatives of Chasmopsinae. Each stage is characterized 
by only some particular species.

At the boundary of the Keila and Oandu stages almost the whole fauna is renewed. 
Only Stenopareia ava (Holm) occurs in Vasalemma carbonate mounds ranging across this 
boundary. A new group of Chasmopsinae - the Macrourns group, Hemiargee 
(Schmidt) and Conolichas eichwaldi

we^enbevgensis
(Nieszkowski) appear, passing up to the overlying 

Rakvere Stage. In the latter the trilobite fauna becomes impoverished but the new group 
of encrinurids and the first isotelids make their appearance.

In the stratotype area of the Nabala, Vormsi, Pirgu and Porkuni stages in the 
North-Estonian Confacies Belt trilobites are represented by a shallow-water illaenid- 
lichid-pterygometopid association, most often containing Illacnus angustifrons Holm 
s.l., ”Illaenu8" roemeri Volborth and Chasmops eichwaldi (Schmidt). In the Central Ccn- 
facies Belt these stages are characterized by the deep-water trinucleid fauna, in Porku
ni time comprising additionally also the Dalmanitina fauna - Dalmanitina (Mucronaspis) 
mucronata (Brongniart) and Brcngniavtella platyncta (Dalman) (Ulst, Gailite, Jakovleva, 
1982) .

y
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SILURIAN TRILOBITES

R. Mannil

The Silurian trilobites of Estonia have been described already in the last century 
mainly by J. Nieszkowski (1857, 1859), G. Holm (1886) and especially by F. Schmidt in 
his comprehensive 8-volume monograph (1881-1907). In the current century particular fa
milies were described, such as encrinurids (Rosenstein, 1941; R.M. Mannil, 1958;
R.P. MMnnil, 1977, 1 978), calymenids (R.P. Mannil, 1977, 1983), phacopids, etc. Some re
latively scarce groups are still in need of revision (Illaenidae , Liohidaey Otarionidae, 
etc.).

Trilobites have been little used in Silurian stratigraphy, particularly due to 
their general rarity, strong facies control and restricted geographical distribution. 
However, in similar lithofacies, some species and assemblages are of remarkable strati- 
graphical value, at least in stage-level correlation. Some of most common species are 
shown in PI. 11, 12.

Llandovery faunas. During the late Ordovician the typical Ordovician families and 
genera gradually disappeared and only some rare genera are shared with the Silurian 
(Stenopareia, Platyliohas). At the beginning of the Silurian Phaoopidae and several new 

Calymene, Opsypharus, Enorinurus (Nuoleurus)j Aoernaspis> etc. first appeared. 
The latter two have particular significance being relatively numerous, diverse and re
stricted only to the Llandoverian strata.

No trilobites are known from the lowermost 10 meters of the Silurian sequence. The 
oldest finds are those of Aoernaspis sp. indet. from South-Estonian boreholes. They be
long to the Ohne Formation and in Ikla core occur below the finds of D. confertus, i.e. 
in the basal part of the Llandovery (Kaljo, Vingisaar, 1969).

The lower and middle Llandovery trilobite fauna is diverse but rather scarce and 
species described from here are not known abroad. From the shelf rocks of the Varbola 
Formation of the Juuru Stage only some specimens of Leonaspis varbolensis Bruton and un
described Calymene have been recorded. A relatively diverse and numerous fauna is known 
from the Tamsalu Formation, containing in the western Estonia Enorinurus (Nuoleurus) 
kiltsiensis Rosenstein, Calymene ansensis Mannil, etc. in shoal sediments and locally 
abundant Opsypharus and Stenopareia in bioherms.

In marlstones of the Ohne Formation the most common are Aoernaspis estonioa Mannil 
and Enorinurus (Nuoleurus) rotundus MSnnil. .

In the upper Llandovery the diversity and number of trilobites increase considerab
ly. The Rumba Formation of the Adavere Stage contains the last species of E. (Nuoleu

rus) , most commonly E.(N.) rumbaensis Rosenstein. In the marlstones of the overlying Ve- 
lise Formation these have been replaced by the first species of Enorinurus s.str. 
triangulus M&nnil and E. sahistioola Tdrnquist. The latter is originally described from 
the Retiolites Shale of the Kullatorp Stage in Sweden (Tdrnquist, 1884). In West Estonia 
und North Latvia it often co-occurs with Aoernaspis kunoverensis Mannil and Calymene 
frontosa Lindstrdm. The last one is a good index fossil in the upper Llandovery which 
due to its great facies tolerance occurs in the transition bolt as well as in the open 
shelf sediments. Outside the East Baltic area it is common in the Teremtsy Formation of

genera

E.
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Podolia (Gritsenko et al., 1987); has been found also in the Pentiand Hill, Wether Law 
Linn Formation of Scotland (Clarkson, Howells, 1981) and in Gotland, where, however, the 
vertical range of the species is longer, extending from the lower Visby marls to H5g- 
klint limestones (Bruton et al., 1979).

Wenlock faunas. Across the Llandovery/Wenlock boundary the trilobite fauna changes 
remarkably. Acernaspis and Stenopareia disappear, Proetus (s.str.), Bumastus and Dalma- 
nites come in, the latter being abundant in marIstones of the transition and basinal fa
cies belts. Calymenids start to prevail, occurring in all trilobite facies. Typical is 
also Enorinurus (s.str.).
tus (s.str.), Cyphoproetus and Warburgella3 all appearing in the Wenlock for the 
time.

The role of proetids increases, they are represented by Proe-
f irst

From the outcrop area Lower Wenlock trilobites presumably have not been recorded. 
In South Estonia the oldest are the representatives of the deep-water Calymene orthomar- 
ginata species group (C. orthomarginata Schrank, C. mimaspera Schrank, C. restevensis 
Balashova). In the Ohesaare borehole the lowest finds of C. mimaspera belong to the M. 
riooartonensis zone (331-338 m; Kaljo, 1970), in Parnu core the first specimens of rela
tively shallow-water C. restevensis occur just above the Llandovery/Wenlock boundary (ca 
1 m higher of the range of C. frontosa). C. restevensis was first described from the 
Restevo Formation of the Lower Wenlock in Podolia (Balashova, 1975; Gritsenko et al., 
1987).

The Wenlock trilobites are very common in the raarlstones of the Jaani Stage, in 
South Estonia also in the lower half of the Jaagarahu Stage. Two extensive, more or less 
coeval associations are distinguished here. Relatively shallow-water calcareous marl- 
stones contain dominantly Enorinurus punotatus (Wahl.), Calymene blumenbachii Brongniart 
and Proetus oonoinnus osiliensis Schmidt. This association is typical in the outcrops of 
the Jaani Stage on North Saaremaa and in Parnu and Kaugatuma boreholes. Outside Estonia 
it is recorded from the South-Lithuanian subsurface (Ukmerge core) and from the Kitai- 
gorod Stage of Podolia (Gritsenko et al., 1987). The dominant species of the association 
are known from the Wenlock of Great Britain and Gotland (Thomas et al., 1984; Bruton et 
al., 1979). The stratigraphic value of the association is reduced due to its relatively 
long vertical range. In Estonia it occurs in the Jaani and Jaagarahu stages, in other 
regions its members are found almost throughout the Wenlock.

The most deep-water Wenlock association is dominated by Calymene orthomarginata3
theC. mimaspera and Dalmanites punotim Schrank. In Estonia it is recorded only from

subsurface argillites in the southwestern part (Ohesaare and Ruhnu boreholes), but it is 
very numerous in the corresponding sediments of West Latvia and Lithuania. The named 
species are still known and originally described from the erratic boulders of North-Ger
man Plain (Schrank, 1970, 1972). The association ranges also from the Jaani into the 
Jaagarahu Stage (Mannil, 1982).

Besides, the younger marlstones of the Jaagarahu Stage have yielded an association 
with a more restricted stratigraphic and areal distribution. It is represented by Enori
nurus baltious Mannil, Cyphoproetus insterianus Schrank, C. latifrontalis Schrank and 
Calymene minimarginata Schrank, and outside the East Baltic recorded only from the er
ratic boulders of North Germany.

Due to continuing regression the upper Wenlock is poor in trilobites. Only numerous 
finds of Pseudotupoliahas ornatus (Angelin) have been made locally in biqherms of the 
Jaagarahu Stage and Warburgella estonioa MSnnil in the Maasi Beds of the Stage. In the 
RootsikUla Stage trilobites have not been found.

Ludlow and Pridoli faunas. The Upper Silurian trilobite faunas of Estonia are of 
shallow water origin and generically monotonous, differing notably from those of the 
transitional belt sediments of the Wenlock as well as of the Ludlow of Latvia. Greatly 
dominating are calymenids and proetids.
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The Wenlock/Ludlow boundary is not defined by trilobites because they are unknown 
from the uppermost Wenlock and two lower beds of the Paadla Stage. Earliest to appear 
are rare specimens of Balizomc obtusus (Angelin) , Proetus (s.l.) piiloher Nieszkowski, 
unnamed Calymene, etc. B. obtusus is known from the Hemse and Eke beds on Gotland (most
ly from calcarenites, indicating ecological relationship to a high energy environment; 
Ramskdld, 1985). The species occurs abundantly also in the open shelf sediments of the 
Mali no vets' Formation of Podolia (Gritsenko et al., 1987) .

Trilobites of the Kuressaare Stage are of very low diversity. Only two species - 
Calymene ftabeliata Mannil and Froetus kuressaarensis MSnnil have been described from 
the Kudjape Beds.

In the Pridoli the diversity and frequency of trilobites have increased considerab
ly. The open shelf biomicrites of the Kaugatuma Stage have yielded numerous Proetus 
(s.l.) nicszkowskii M&nnil, Calymene sohmidti MSnnil and C. kaugatumensis Mannil, accom
panied by rare C. dnestroviana Balashova, Eophaoops helmuti MSnnil and Aaaste dayiana R. 
et E. Richter. Outside Estonia a comparable association occurs in the Zvenigorod Forma
tion of Podolia with the common species C, dnestroviana and A. dayiana (Gritsenko et 
al., 1987).

In calcareous mudstones and biomicrites of the Ohesaare Stage Calymene oonspiaua 
Schmidt is common, co-occurring with C. soervensis MSnnil, Eophaaope serotinus Mannil, 
etc. A generically similar fauna is characteristic also of the Zvenigorod Formation of 
Podolia.
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ORDOVICIAN CHITINOZOANS

J. Nolvak

Chitinozoans are geographically widespread and have proved to be a useful tool for 
the correlation of the Ordovician-Devonian rocks although their mode of life and syste
matic affinities 'probably polyphyletic group) are controversial. They were discovered by
A. Eisenack in 1929. His first studies were based on insoluble residues from the Ordovi
cian and Silurian glacial erratics occurring along the southeast coast of the Baltic Sea 
(see Eisenack, 1937). For over forty years he continued to publish also numerous studies 
of Ordovician chitinozoans (Eisenack, 1955-1976; see Grahn, 1980, p. 39). Later import
ant publications (R. Kozlowski, S. Laufeld, R. MSnnil, R. Wrona, N. Umnova, Y. Grahn: 
see Grahn, 1984, p. 30) have provided a substantial degree of maturity to Chitinozoa 
knowledge from the Baltic region.

Up to date, the chitinozoan succession in the East Baltic sequences through the en
tire Ordovician is not fully documented, More detailed work has been done mainly in the 
Middle and Upper Ordovician (Nolvak, 1980; Meinnil, 1986), 
quate descriptive and/or illustrative support, except Grahn (1984) 
of the Ordovician from Tallinn area.

The information about the level of the first appearance of chitinozoans in diffe
rent Ordovician confacies belts on the East-European Platform is somewhat confused. In 
Moscow Basin it is pointed out by N. Umnova (1981) in the Leetse Stage 
the Tremadoc. (1) Now the term "Leetse" is used as a formation name. (2) If these beds 
with chitinozoans belong ro the Leetse Formation they must be related to the Latorp 
Stage and to the lowermost Arenig (see also MSnnil, 1966; Achab, 1986, Fig. 3). In North 
Estonia chitinozoans appear in the rocks of the Leetse Formation (Latorp Regional Stage 
in East Baltic-Hunneberg Stage in Sweden, see Grahn, 1984).

The following account of chitinozoans from the North-Est.onian Confacies Belt is 
based on the information from Rapla core through the entire Ordovician and data from 
more than 20 Estonian upper Ordovician sections. Rapla borehole is situated 60 km south 
of Tallinn. 215 rock samples (of 350-500 g weight) were obtained from the entire 160.3 m 
thick Post--Temadocian sequence. In this comparatively well documented section the litho
logical differentiation is relatively great (Polma, 1972) and portions of the sequence 
are rich in fossils, except the Latorp and the lower part of the Volkhov stages and also 
the Porkuni Stage. The lack of chitinozoans was caused by locally developed strong dolo- 
mitization. As pointed out by L. P&lma (1972), the Ordovician carbonate sedimen
tation was interrupted by frequent breaks and more agitated environments (than in the 
Central Confacies Belt) were prevailing. In the Rapla sequence at many levels a chang.e 
in lithology is associated with a change in the distribution of chitinozoans. Besides, 
the taxonomic diversity of chitinozoans is wider and the number of taxa with short ver
tical ranges is higher in the lower part of 'the Ordovician, as it is Known for some 
other faunal groups.

So, the lower boundaries of the stages Volkhov-Idavere and also Oandu-Pirgu (Fig, 
14) can be drawn relatively precisely, except for -che boundary between the LasnamSgi and 
Uhaku stages. The chitinozoan association in the interval from the upper substage cf the 
Idavere to Oandu is relatively stable.

but mostly with very few ade- 
from the lower part

and in
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Fig. 14. Stratigraphical ranges of the selected chitinozoan species in the northern East 
Baltic Ordovician. Stratigraphy according to Resheniya (1987) and Bruton (1984).

can be followed at the base of the
boundary.

The most pronounced change in chitinozoan fauna 
Oandu Stage (see Hints et al., 1989, Fig. 2)
Only some species of Cyathochitincij Annyvoohitina3 probably Coronoahitina and Conoohiti-

and at the Ordovician-Silurian

na are found in the lowermost Silurian. Totally 110 species and subspecies have been re
corded and at least five taxa can be added on account of the layers in the uppermost Or
dovician, which are locally absent in the Rapla section. Among chitinozoans 12 taxa 
(from 76 recorded in the interval Volkhov-Keila and 34 in Oandu-Pirgu) have wide vertical 
ranges - almost through the entire Ordovician, which at the same time are somewhat frag
mentary: they are not found in every bed. Most of the taxa range through 2-5 stages and 
may prove to be useful stratigraphical markers, at least locally. Selected short-ranging 
species are presented in Fig. 14 and Plate 13. The well-known fact is confirmed, that 
chitinozoan associations commonly consist of relatively few species: about 7 on average 
and rarely as many as 16 (Fig. 14). The abundance of specimens of different species 
fluctuates greatly, even in the samples from the units with the same lithology. The do
minance of one species in the carbonate deposits of open sea facies belts is also great
ly variable and has probably no stratigraphical value. However, these questions need 
more detailed analysis (layer by layer), but the size of samples is important and the 
widely used amount (50 grams) seems to be insufficient.

The associations and abundance of chitinozoans in the northern East-Baltic sections 
show a great similarity to those from equivalent beds in Sweden (Laufeld, 1967), but the 
stratigraphical ranges of some species are considered to be wider (Grahn, 1982). Except 
subjective views in taxonomy, these differences may be 'explained by future studies from
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the same confacies belt (from the Latvian sections) and the direct comparison is appro
priate .• Thi-s is essential before defining zonal boundaries.

Conclusions based on data presented by many authors (Jenkins, 1967, 1969; Paris, 
1979, 1981; Achab, 1986, 1987; Hart, 1986 etc.) support the opinion, that the lateral 
distributions of species are apparently independent of minor facies changes, many spe
cies are known from a wide variety of depositional environments. They are widely distri
buted on large areas of northern Europe and North America and there is also much in com
mon in faunal development in the different parts of the Ordovician.
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SILURIAN CHIT1N0Z0ANS

V. Nestor

Some Silurj.an rock-samples from Estonia have been studied already by A. Elsenack in 
his initial works on Chitinozoa (1931, etc.). Investigation of Silurian chitinozoans of 
Estonia were continued by R. MSnnil (1970) and by the author (Nestor 1976, 1982, 1987, 
etc.) .

The present review is based on the material from more than 50 outcrops and core- 
sections „ Lower Silurian chitinozoans are better known (Nestor 1976-1987), whereas the 
Upper Silurian ones have been examined in 6 core-sections and some outcrops only.

Distribution and facies control

Throughout the whole Silurian sequence of Estonia chitinozoans are of wide distri
bution, though their frequency and diversity are well controlled by rock types. The 
abunaance and taxonomic variability of chitinozoans reach the maximum in the sections of 
South and South-West Estonia, where marls and mudstones are predominating. In more car
bonate sections of Middle Estonia their diversity and number decrease, the occurrence 
becomes more sporadic. Chitinozoans were not found from the lagoonal dolomites, winnowed 
clastic, skeletal and pelletal grainstores, bioherms and marine redbeds.

Lateral chitinozoan commuhities have not been distinguished, except for one example 
at the level of the lowermost Raikktila Regional Stage (Nestor, in press) .

Biozonation

In the Silurian sequence of the East Baltic area 31 chitinozoan zonal units have 
been distinguished, five oi which are called interzones as they contain scarce chitino
zoans without specific forms. The lower limit of the zone is usually defined by the 
first appearance of the zonal species or disappearance of a number of species occurring 
in the previous zone (interzone). Unfortunately, the restricted space of this paper does 
net enable to characterize Silurian chitinozoan zonaticn in detail.

Fig. 15 shows the stratigraphical range of 60 selected chitinozoan species, al
though the total number of species occurring 
more than twice greater (see also Plates 14, 15).

Chitinozoan biozones are correlated with regional graptolite zonation (data by 
R. Ulst, 1987; D. Kaljo, 1970 and pers. comm.) on the basis of their co-occurrence in 
some sections (Ohesaare, Ikla, Ventspils borings, etc.) and are linked to the standard 
scale according to the correlation chart of the East-European Platform (Resheniya .. 
1987) .

in the East-Baltic Silurian sections is

Fig. 15 
tigraphic units.

shows also the correspondence between chitinozoan biozones and local stra-
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Correlation

Wide distribution of many characteristic chitinozoan species, first of all within 
the North-Europe;n Paleobiogeographical Province, North America and China allows to use 
them as a good Liostratigraphic tool. For example, recently F. Paris (1 989) selected 50 
Silurian taxa, mostly from Baltoscandia and North Gondvana and showed the total range 
of each species, linking them to the British standard stratigraphic scale and graptolite 
biozonation.

Below brief comments will be given on the distribution of some chitinozoan taxa, 
more useful for correlacive purposes.

Typical of the Estonian Juuru Regional Stage Conoohitina postrobusta Nestor and An
oyroohitina laevaensis Nestor were identified from the early Llandovery of Libya (Paris, 
in Hill et al., 1985). C. postrobusta (determined as C. aspera Nestor) was also estab
lished from the lower Llandovery (aouminatus and vesioulosus zones) of China, Yangzi re-

and from the lowermost Silurian of Brabant Massif, Belgium (de-gion (Geng & Cai, 1988) 
termined as C. robusta by Martin, 1973).

Conoohitina electa Nestor, succeeded by Coronoohitina maenn.ili Nestor is known from 
the Llandovery Brassfield Formation of southern Ohio (Grahn, 1985), similarly to the 
sections of the Raikkiila Regional Stage in Estonia, at the boundary of the oyphus and 
gregarius zones. Some Raikk'ila species can be identified also in the Anticosti succes
sion. A. Achab (1981) listed Conoohitina sp. Z (= C. eleota?) from the upper part of 
Becscie Formation and Conoohitina iklaensis Nestor and Anoyroohitina sp. 1 (= A.sp.D in 
this paper) from the Gun River Formation,.

The Conoohitina iklaensis ~ C. emmastensis Zone was established in China, in the 
Yangzi region (Geng & Cai, 1989), where it coincides with the sedgwiokii graptolite Zone 
in Estonian sections corresponding to the lowermost Adavere Regional Stage. A very cha
racteristic chitinozoan assemblage consisting of Angoohitina longioollis Eisenack, Des- 
moohitina dense Eisenack and Conoohitina probosoifera Eisenack occurs in the Velise For
mation of the Adavere Suage and has been reported from many regions (Doming, 1981; Ver
niers, 1982; Hill et al., 1985; Mabillard & Aldridge, 1985; Grahn, 1985,etc.).

The similar successive appearance of a number of species in the Wenlock and Ludlow 
of Estonia and Gotland (Laufeld, 1974) allowed reliable correlation of these sections 
(Nestor, 1 982) .

A lot of good correlative levels can be traced also in other regions. Analogically 
to the basal part of the Jaani Regional Stage, coincident disappearance of Angoohitina 
longioollisConoohitina visbyensis Laufeld and C. acuminata Exsenack in the lowermost 
Wenlock is recorded also from Great Britain (Aldridge et al., 1979) , Brabant Massif, 
Belgium (Verniers, 1982), northern Kentucky, USA (Grahn, 1985), China (Geng & Cai, 
1988). The disappearance of Conoohitina proboscifera in the riocartonensis Zone is an
other good stratigraphic level, recorded from Great Britain (Doming, 1981) and Belgium 
(Verniers, 1982).

At the bas3 of the Jaagarahu Regional Stage, in the flexilis Zone Clathroohitina 
olathrata Eisenack, Gotlandoohitina martinssoni Laufeld and Linoohitina oingulata (Eise
nack) appear successively in the lower part of the Slite Beds (Laufeld, 1974) and in the 
Coalbrookdale Formation of Great Britain (Doming, 1981).

The basal parl. of the Paadla Formation of Estonia contains Conoohitina latifrons 
Eisenack, Angoohitina elongc.ta Eisenack and Anoyroohitina diabolus Eisenack, which in 
the Latvian VentspiIs section appear in the topmost part of the soanicus Zone (see Ulst 
in Gailite et al., 1987) in the sequence of Great Britain - in the Middle Elton Forma
tion (Doming, 1981) and in Gotland - in the lower part of the Hemse Beds.
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At the base of the Kuressaare Regional Stage Eisenackitina lagencmorpha (Eisenack) 
and E.philipi Laufeld replace Conochitina latifrons Eisenack and C. lauensis 
A similar succession has been reported from the boundary of the Bringewood Formation and 
Leintwardine Beds (Doming, 1981) in Great Britain and from the topmost part of toe 
Hemse Beds of Gotland (Laufeld, 1974).

Ftevoc'mtina pei ivelata (Eisenack) , one of the index species of the Pridoli Series 
(Paris, 1981; Kriz et al., 1986) in East-Baltic sections appears already in the lower
most part of the Kuressaare Regional Stage. Nevertheless, the successive appearance of 
Conochitina granosa Laufeld, Sphaerochitina sphaerocephala Eisenack, 
villo3a. Laufeld in the same stage allows to correlate it with the late Ludlow of Britain 
(Doming, 1981) and Eke, Hamra and Sundre beds of Gotland (Laufeld, 1974) .

In the Ohesaare core the section of the Kaugatuma Regional Stage contains Ancyro- 
chitina fragilis Eisenack, Eisenackitina filifera (Eisenack) and Fungochitir.a pistilli- 
formis (Eisenack), not recorded from Gotland, but constituting the assemblage of the so- 
called Beyrichia Limestone described by A. Eisenack (1955) from the erratic boulders of 
Pridoli age.

Unfortunately, Urnochitina urna Eisenack, the most characteristic species of the 
type area of the Pridoli Series (Paris in Kriz et al., 1986) has not yet been identified 
from the East Baltic sections.

In the Ohesaare Regional Stage at the lowermost part of the Ohesaare cliff species 
of Urnochitina appear for the first time. Representatives of this genus, earlier known 
only from the Lower Devonian of North Africa (Taugourdeau et Jekhowsky, 1960) and Poland 
(Wrona, 1980), have been found recently also from the early Ludlow strata (Y. Grahn, 
pers. comm.) of the Brasilian Silurian sequence.

In summary, stratigraphic ranges of selected chitinozoan species in Gotland (Lau
feld, 1974), Great Britain (Aldridge et al., 1979; Doming, 1981), Belgium (Verniers, 
1982), China (Geng & Cai, 1988), Anticosti (Achab, 1981), USA (Grahn, 1985) show rather 
good similarity with the East Baltic chitinozoan succession. Their good relationship 
with the standard graptolite zones allows to use them for age determination in shelly 
sequences.

Laufeld.

Gotlandochitina

83



CCNODONTS

P. MSnnik, V. Viira

Ordovician and Silurian conodonts of Estonia have been studied continuously during 
the last 25 years. The first decade was devoted to the Ordovician conoconts (Viira, 
1966, 1974), later mostly to Silurian ones (Viira, 1982 a, b, 1983? MSnnik, Aldridge, 
1989). In the course of the Cambrian-Ordovician boundary studies conodonts from the cor
responding beds have gained much attention also in Estonia (Viira, Sergeeva, Popov, 
1987) .

In general, conodonts are well-preserved, CAI is as low as 1-2 (see Pl. 16-18). 
Distribution and abundance are clearly controlled by facies. According to prelimina
ry data maximum abundances lay within shoal and open shelf belts, but minimum in the dee
per part of a basin (Kaljo et al., 1986).

Lower and Middle Ordovician Biostratigraphic zonation is presented in Table 12. 
Weakly cemented quartz sandstones of the Kailavere Formation contain mostly species of 
the genus Cordylodus. The distribution of conodonts in the rock is uneven, in places 
they occur very abundantly, but there are some barren samples as well. All the Cordylo
dus zones from andresi until rotundatus-angulatus are represented in the Kallavere For
mation, therefore Cambrian-Ordovician boundary will fall within this un.it, no matter at 
which level it will be drawn. It is important that depending on the sedimentation pro
cess and later denudation there is no continuous Cordylodus zonation in a particular 
sections (Kaljo et al., 1986).

Recovery of conodonts from the argillites of the Tiirisalu Formation (= Dietyonema 
shale) is complicated. The study has shown that the base of the shale falls within 
rotundatus-C. angulatus Zone.

Conodonts of the Varangu Formation belong to the Drepanoistodus deltifer Zone and 
are represented by two complexes of different age (Viira, Kivimagi, Loog, 1970; Viira,

C.

1970). The lower complex comprises D. deltifer pristinus Viira (= Soandodus varanguensis
Viira, 1970) and C. anoulatus Pander, C. rotundatus Pander, and others. The upper com
plex includes D. deltifer deltifer Lindstrom, Paroistodus numarcuatus Linistrtim, Oneoto-
dus oariabilis Lindstrdm, etc. Our subdivision well corresponds to those established by 
H„ Szaniawski (1980) in the Chalcedon Beds (Holy Cross Mountains, Poland).

Glauconite sands of the Leetse Formation contain a diverse conodont fauna referable 
to the Paroistodus proteus Lindstrom, Prioniodus elegans Lindstrom and Oepikod.us evae
LindstrQm zones. The first conodonts described by C. Pander in 1856 come from thesensands in the Leningrad Region. There are some features in common between conodont assem
blages of the Leetse Formation and of the North-Atlantic and Midcontinent Provinces.

Limestones of Toila Formation represent the beginning of the Ordovician carbonates 
containing a very diverse and rich conodont assemblages, unfortunately many of them are 
still poorly studied.

In the Sillaoru Formation stratigraphically the lowermost appearance of Eoplaaogna- 
thu8 has been recorded by S. MMgi (1984),

In the Napa Formation Polonodus alivosus Viira has been identified.
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BIII
Napa E. paeudoplanus_ 

E.? variabilisSillacru
P. originalia

Toila B. navis
B, triangularis
P. flabellum
0. evae

LeetoeBI P. elegans

P. proteus

Dll
% B. alobatus

Vasavere A. tvaerensisGIII B. gerdaeTatruse______
Cjl Viivikonna

Korge kal].as

B. variabilis

P. anserinus
B. iindstroemi

GtCI
E. robustus

P. serraVao E. reclinatus
C-rb E. foliaceus

Aseri E, suecicusCxa

Formations Zones Subzones
&Se

ries
Graptolittrilobite zones

D. muitidens

N. gracilis

G. teretiuscuius

D* murchisoni

D. "bifidus"

D. hirundo

D. extensus

T.approximatus

Angelina sedgwicki D.deltifer deltiferVarangu D. deltiferShumardia pusilla A D deltifer pristi- 
______ nusIII

Turisalu v. angulatus -
C. tenellus
D. flabelliforme C. lindstromi

C. interaediusKallavereAII
C. proavus
C. andresi

Table 12. Conodont zonation for the Lower and Middle Ordovician in northern Estonia

in Ontika section Microzarkodina flabellum parva 
from a corresponding subzone established by

- S. Magi (1984) established 
2 - Microzarkodina ozarkodella

A. Lofgren (1978) is common in many sections of Estonia.
1

Zone.

Skeletal limestones of the Vao Formation contain a very diverse conodont fauna cor
responding to the Pygodus serra Zone and Eoplaaognathus foliaceus (Fclhraeus) , E. recli
natus Fahraeus, E. robustus Bergstrom and E. Iindstroemi (Hamar)
R. Mannil between the latter two subzones there is an interval with

subzones. According to
E. miaopoensis An,

Du, Gao, Chen et Lee (= E. bergstroemi Mannil, 1986).
From the Saku Member of the 

been identified, containing, i.a. 
perba Rhodes.

Vasalemma Formation a peculiar conodont assemblage has 
Ozarkodina aff. rhodesi Lindstrom, Icriodella cf. su-
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T'able 13. Correlation of the Upper Ordovician and Lower Silurian conodont zonations
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Upper Ordovician

A correlation chart for Upper Ordovician and Lower Silurian is presented in Table 
13. Conodonts in the Upper Caradocian-Ashgillian (E - F^) are mostly represented by 
long-ranging species Belodina eompressa (Brakson et Mehl), Birksfeldia cf. eii-cumplicata 
(Orchard) , Deoorieonvs aostulatus (Rexroad), Drepanoistodus subereetus (Brakson et Mehl), 
Eoearniodus gracilis (Rhodes) , Walliserodus cf. amplissimus (Serpogli) , abundant Pande
rodus sp.sp. and the fragments of Amorphognathodus sp.

Rare diagnostic species appear at some levels. E.g. in the Paekna and Saunja forma
tions Hamarodus europaeus (Serpagli) occurs, in the Korgessaare and Tudulinra formations 
(corresponding to the greatest Late Ordovician transgression), there appeared a rich co- 
nodont fauna with Plectodina teamis (?) (Branson et Mehl), Ieviodella sp.n.Rhodes and 
Ieviodella aff. superba Rhodes occurring only in these beds. The lowermost identifiable 
Amorphognathus ordovicicus Branson et Mehl in Estonia is also established from this in
terval .

The number of conodonts decreases rapidly in the overlying Moe, Oostriku, Adila and 
Halliku formations. Besides rare specimens of the long-ranging species, Pseudooneotudus 
mttratus (Moskalenko) and StvaehanogrL.ath.us parvus Rhodes occur. Prom South Estonia also 
Ieviodella sp.n. has been established.

In the shallow-water ftrina Formation, corresponding to the final stage of the Late Or
dovician regression, conodonts are extremely rare. Only a few specimens of Ozarkodina 
cf. pseudofissilis (Lindstrom), Birksfeldia cf. circumplicatas Decoriconus cortulatus3 
Belodina ? sp. and Waluiserodus sp. are established in a fauna dominated by Panderodus 
sp.

Silurian

In the Varbola, Tamsalu and Ohne formations conodonts occur rarely. Only a few spe
cimens of Distomodus kentuakyensis Branson et Branson, Oulodus ? cf. kentuckryensis 
(Branson et Branson), and more abundant Panderodus cf. unicortatus (Branson et Mehl) are 
found. Rare Ozarkodina ex. gr. oldhamensis (Rexroad) appear in the lowermost part of the 
Ohne Formation (in the Ruja Member) in the sections of Central and South Estonia.

In the basal part of the Raikkiila Formation there appears a quite rich concdont as
semblage containing Ozarkodina ex. gr, oldhamensis, Koekelella manitoulviensis Pollock, 
Rexroad et Nicoll, Ozarkodina exaavata ssp.n., Oulodus ? cf. kentuakyensis3 Pranognathus 
teruis Aldridge et Mannil, Ieviodella sp., Panderodus cf. unieostatus and some new, un
described species. In the upper part of the formation Oulodus ? sp. A Uyeno and Barnes 
cones in. In the cryptocrystalline limestones and marls of the Saarde Formation, south
ward replacing the Raikkiila Formation very rare conodonts - only Panderodus sp. and pro
bably Distomodus cf. kentuakyensis have been established.

The samples from the overlying Rumba Formation, as a rule, do not contain cono
donts. Only a few small specimens of Panderodus sp. and Ozarkodina sp. are recorded from 
some sections.

An extremely rich eelloni- and amorphognathoides fauna was brought to the Baltic 
Basin by the Late Llandovery transgression. Characteristic of the marls of the Velise
Formation and the lower part of the overlying Mustjala Member iJaani Formation) are Pte-

Walli-rospathodus eelloni Walliser, P. amorphognathoides Walliser, Carniodus earnulus 
ser, Distomodus staurognathoides (Walliser), Ozarkodina polinelinata (Nicoll et Rexroad) 
and Oulodus ? spp. As a rule, the fauna is dominated by Panderodus cf. unieostatus. In 
the deepwater carbonate clays the last one is replaced by P. spasovi Drygant and Pteros-- 
pathodus amorphognathoides by P. procerus (Walliser). Only from the lowermost beds of 
the Velise Formation Astropentagnathus irregularis Mostler and Aulaaognathus 
Mostler are established. Apsidognathus tuberculatus Walliser occurs in the eelloni Zone

kuehni
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Table 14. Correlation of the Wenlock and Upper Silurian conoaont zcnations
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only. It is replaced by A, walmsleyi Aldridge and A. rugirosus Mabillard et Aldridge in 
the amorphognathoides zone interval. The first elements of Kockelella ranuliformis (Wal- 
liser) appear in the upper part of the celloni Zone and Ozarkodina exoavata (Branson et 
Mehl) in the arnor.phognathoid.es Zone,

The boundary between the celloni and amorphognathoides zones lies in the upper 
part of the Velise Formation. The upper boundary of the amorphognathoides Zone is deter
mined by almost total disappearance of the rich zonal assemblage of conodonts. Only 
Ozarkodina exoavata, Kockelella ranuliformis, Walliserodus cf. sancticlairi Cooper, Pan
der odus sp- and a few other simple cones continue into the overlying sediments.

Correlation chart for upper Silurian (starting with Upper Wenlock) is presented in
Table 14.

The Jaagarahu Formation is characterized by a relatively poor conodont assemblage. 
The Vilsandi Beds comprise Ozarkodina sagitta rhenana Walliser, occurring in shallow- 
water bioherm facies, therefore being not easilv-used for standard zonation. J. Barrick 
and G. Klapper (1976) used for this purpose Kockelella which is more tolerant to facies. 
On Saaremaa Kockelella is found in deeper-water sediments. Thus, the Jamaja Formation 
has yielded K. walliseri Helfrich and the Serve Formation K. amsdeni Barrick et Klapper. 
The latter is recovered also from the Maasi Beds of the Jaagarahu Formation. Thus K. 
aff. amsdeni is known from Kurevere cliff section and K. ranuliformis (Walliser) from 
Sepise outcrop.

Dolomitic rocks of the Sakla Formation have yielded Ozarkodina confluens bucerus 
(Viira), in places occurring in great numbers.

The Viita Beds of the Rootsiktila Formation are characterized by the zonal species
0. bohemica bohemica (Walliser) concurring with 0. confluens densidentatus (Viira), 0. 
e. exoavata (Walliser), Oulodus siluricus (Walliser) and the earliest Ctenognathodus 
murchisoni (Pander). The Kuusnomme Beds contain the same association except 0. e. exca- 
vata, but several species have certain characteristic morphological features. From the 
Vesiku Beds a shallow-water "ecological specialist" C. murchisoni was described (Viira, 
1982) .

The rich and diverse conodont fauna of the Paadla Formation on Saaremaa Island 
stands out among the Ludlow conodonts. This is firstly due to identification of a very 
big (3-4 mm) "Ozarkodina" sp. S. from the Sauvere Beds at Roopa cliff, and now being de
scribed as a new genus. Secondly, the Paadla Formation is characterized by morphologic 
diversity of 0. confluens (Branson et Mehl) referring to shallow shelf conditions. In 
the Ludlow of Saaremaa the deep water zonal species Ancoradella ploeckensis Walliser, 
Polygnathoides siluricus Walliser and Pedavis latialata Walliser have not been recorded, 
but the second species was identified from Latvia and by A. Brazauskas (1987) from Li
thuania. Characteristic for shelf facies are 0. crispa (Walliser) and long-ranging 0. 
aff. snag dr i. The first occurs only in the Upper Paadla Formation (outcrop KaraJ.a, bo
rings Ohesaare, Kaugatuma).

Three succeeding formations 
few species. Ozarkodina eosteinhornensis (Walliser) as well as Oulodus elegans (Walli
ser) appear in the Tahula Beds ranging to the end of Silurian. 0. confluens, a long- 
ranging species from the Wenlock and Ludlow, continues in the Pridoli. Abundance of all 
these species depends on the rock type. 0. confluens is common in skeletal limestones 
and totally lacking in mudstones. 0. eosteinhornensis, on the contrary, is more frequent 
in argillaceous rocks. Systematic study of 0. eosteinhornensis enabled to distinguish 
four subzones in the eosteinhornensis Zone (Viira, 1982a).

Kuressaare, Kaugatuma and Ohesaare - contain mostly
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GRAPT0L1TES

D. Kaljo, R. Mannil

In the Ordovician and Silurian of Estonia, mostly represented by carbonate rocks, 
graptolites occur abundantly in argillite and marlstone interlayers at certain levels 
only, sporadically also in carbonate rocks. Basing on the studies of graptolite facies 
of the neighbouring areas, particularly Latvia, Lithuania, Poland and Scandinavia, Esto
nian graptolites as well are of great significance for the chronostratigraphic and fa
cies correlation.

Tremadoc
The oldest nematophorous dendroid graptolite Gorgonia flabelliformift3 described by

E. Eichwald in the middle of the 1 nth century, has played an important role in the Tre
madoc stratigraphy, serving as a basis for the erection of the Dictyonema resp. R.habdi- 
nopora flabelliform's graptolite Zone. Rather often this zone is considered as the be
ginning of the Ordovician.

Only a part of Tremadoc of Estonia is grapto1itc-bearing: the so-called Dictyonema 
Shale and its interlayers ir sandstone 5 of the Pakerort Stage (Turisalu and Kallavere 
formations) and in clays-argillites of the Varangu Stage.

For the last 50 years taxonomy of Estonian graptolites has been studied mainly by 
foreign geologists, the most prominent being O.M.B. Buliran (1 966, ate.) and A.M. Obut 
(1953,. etc.), recently also B.-D. Erdtmann (1982, etc.). Biostratigraphy of Tremadoc 
graptolites has found repeated treatment in connection with the Carcbrian/Ordovician 
boundary problems (Kaljo, Kivimagi 1970; 1976; Kaljo et al., 1986).

The Turisalu Formation of the Pakerort Stage contains a very rich yet specific as
semblage of Rhabdinopoi‘a - earlier forms (parabola group) and Anisograptus are practi
cally lacking, frequent are R. flabeliiformisj R. novvegica. and R. multitheocita, rarely 
occur R. sooiale. R. desmograptoides3 R. angl-ica, abundant are also transition forms be
tween certain species.

Generally the species and subspecies appear in a typical order: socialis + flabel- 
liformisy norvegica, anglloa + multdthscata. This succession can be treated as subdivi 
sions of the R. fiaballiformis Zone.

The upper part of the Ttirisalu Formation, chronostratigraphically belonging already 
to the upper Tremadoc Varangu Stage, and the Varangu Formation contain the so-called 
Clonogvaptus-Didymograptna fauna: Kiaercgraptus kiaeri 1= or partly not "Didymograptus" 
primigenius)3 . Clonegraptus sarmentosus group, Bvyograp bus bvfiggevi, etc. The relations 
between their distribution levels are not clear yet, as well as the transition to the 
overlying Arenig graptolite zones. The Estonian sections are of little help for sol
ving the last problem, but correlation with Central Russian sections, where representa
tives of the T etvagvap bv.s appvoximo.tus Zone appear above the Adslogvaptus benellus Zone 
(Kaljo, 1974), seems to have more perspective.

At present we consider it correct to distinguish only one Adslograptus-Kiaerograp- 
tus Zone at the level of the Ceratopyge Beds in Estonia.
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Post-Tremadoc Ordovician

In the East-Baltic area the upper I.ower Ordovician (Ontikan) graptoiites are well 
represented only in tne subsurface of the Central Confacies Belt in western Latvia and 
North-West Lithuania. In this sequence the complete succession of the lower and middle 
Arenig graptolite zones from the approxLmatus Zone to the angustifolius elcngatus Zone 
are well recognized by the presence of Tetragraptus phyllograptoides 3 Didymograptus bal- 
tious3 etc, A higher extremely graptolitiferous interval in this sequence corresponds to 
the upper part of the extensus and the lower part of the artus ("bifidus") zones and has 
yielded a typical assemblage (Gailite,. Ulst, 1975; Uist ot al. , 1 982;
1976) .

Paskevicius,

In the Ontikan carbonate sequence of northern Estonia so fonly rare finds of 
graptoiites have been reported (dpik, 1927; Jaanusson, 1960; Mannil, unpublished). The
Volkhov Stage has yielded Didymcgraptus sp. indet. and Meandrograptus ? genioula i-us3 the 
middle Kunda Stage Didymograptus yakrianus 3 D. cf. artus3 Holmograptus cf. Ien1;us3 
etc. The rocks containing these graptoloids belong to the hirundo and artus zones, res
pectively, and are well correlatable with the Central Confacies Belt sequences of west
ern Latvia and 9land.

In the Middle and Upper Ordovician carbonate sequence of Estonia graptoloids have 
been reported only by occasional rhabdosome finds. Graptoloid rhabdosomes have been 
found in outcrop sections of the Aseri to Johvi stages and they are currently identified

Climaoograptus distiohus (C^b) , Gymnograptus linnarssoni 
Climacograptus kuokersianus (Cii-Ciii'• Pseudooli- 

maoograptus cf. soharenbergi (Dj) and Amplexograptus cf. fallax (D^-D.^.) . Most of these 
species are useful index fossils although generally they are represented in the collec
tions by few specimens only and have a restricted correlative value. From the beginning 
of late 1960s new information about the diversity and distribution patterns of grapto
loids of the carbonate sequence of Estonia became available due to processing of outcrop 
and drilling core samples for obtaining organic-walled microfossils. Most of the preli
minary information about graptoloids obtained up to 1973 and some additional data have 
been published by Mannil (1976, 1986, 1988). In the following the most essential results 
with some comments on correlations are briefly summarized.

In most samples of the Aseri Stage and in some of the Lower Lasmmagi (=Climaco
graptus distiohus range zone) Stage didymograptid siculae are common indicating the rr.v.r- 
ohisoni Zone. Higher up an interval follows which corresponds to the Eoplaoognatus 
clinatus Subzone and has so far yielded beside Glyptograptus sp. only rare specimens v±. 
Dicaulcgraptus hystrix and Lasiograptus haplus not found elsewhere. The base of this in
terval coincides with the top of the "Dolomite Bank" of the middle Lasnamagi and its 
thickness is 1.3 m m the Lasnamagi quarry and 0.5 m in the Osrnussaare section. The ton 
of this interval is marked by the appearance of Gymnograptus linnarssoni and its asso
ciates and coincides with the reolinatus/robustus subzonal boundary (- the base of the 
Uhaku Stage)„ This boundary level is well defined by graptoloids and/or zonal conodonts 
in all studied sections of both the North Estonian and Centra1 Confacies belts as well 
as in Scania (Jaanusson, I960; Bergstrom - 1971 , 1973; . The interval under consideration 
seems to correspond to the upper Folkeslunda limestone of 9land and the murohisoni—tnre- 
tiusauluc "interregnum" of the sequence of the Bunth and Shelve inliers of Wales (see 
Hughes, 1989).

The basal Uhakuan Gymnograptus linnarssoni Range Zone contains in Estonia an assem
blage of graptoloids completely different from that of the Folkeslunda Limestone, 
sisting of Dioellograptus sp. sp., Nemagraptus3 Dinemagraptus3 Dioranograptuc3 A.zygo- 
graptus (?), etc. The base of the upper Uhaku which roughly corresponds to the serra/an-

as Didymograptus acutus (C^) ,
(CjC) , Amplexograptus bekkeri (C^) ,

re-

con-
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serinus zonal boundary of the conodont succession j s marked by the presence of a not yet 
identified species of Pseudoclimacograptus, the correlative value of which is unclear so 
fr';r .

Near che base of the overlying Kukruse Stage a new assemblage of graptoloids ap
pears including Nemagraptus gracilis 3 Orthograptus uplandicus and Amplexograptuz bekke- 
ri.,. in the upper part of che stage supplemented with Leptograptus 3 Pseudoclimacograptus 
and Nanograptus. This assemblage indicates directly the gracilis Zone, although its up
per limit is currently in Estonia not yet possible to draw on graptolite evidence.

The Johvi and Keila stages are characterized in the type area by the presence of 
Amplexograptus cf. fallax which has been recorded in at least five different levels 
throughout the whole sequence, corresponding according to indirect correlations to the 
upper multidens and the lower clingani zones.

In the uppermost Viruan sequence Climacograptus spiniferus (= C. diplacanthus) has 
to be mentioned, which according to finds of its specific siculae seems to range from 
the lower Rakvere up to the very top of the lower Nabala Stage. At the last mentioned 
level, corresponding to the base of the Saunja Formation, a new assemblage of grapto
loids including Climacograptus sp. n. aff. C. kuckersianus (with a sicula having a se
condary nema developed from one prosicular thread), Rectograptus gracilis and Archire- 
tiolites regimontanus appears. It seems reasonable to assume that this stratigraphic le
vel of the Estonian sequence correlates with the clingani/linearis zonal boundary and 
according to the definition of the Upper Ordovician (Harjuan) series by Jaanusson 
(1960), it corresponds to the base of the latter.

Of the members of the last mentioned assemblage in the Estonian sequence at least 
Rectograptus gracilis seems to range upward to the top of the lower Pirgu Stage, which 
according to indirect correlations seems to represent an equivalent of the complanatus 
Zone. In the overlying beds in Estonia only Climacograptus supernus has been recorded 
which probably indicates an anceps or even a somewhat younger age.

Silurian

A detailed review about the East Baltic Silurian graptolite zones and their study 
history was recently published by D. Kaljo, I. Paskevicius and R. Ulst (1984). Among 
taxonomic studies basing on the Estonian material, the most outstanding is the paper by 
A.M. Obut and Y.V. Rytzk (1960) on dendroid graptolites.

In the Estonian Silurian graptolites are of a rather restricted occurrence as the 
corresponding deep-water facies only "touches" the study area (see the above paper, also

particularly in the.region ofKaljo- ed., 1970; Bassett, Kaljo, Teller, 1989, etc.)
Sorve Peninsula and in the south-western part of South Estonia, correspondingly in the 
upper Llandovery-lower Wenlock and in the middle Llandovery and somewhat higher.

Sporadic graptolite finds come from the Llandovery of Middle Estonia (Raikkiila and 
Adavere stages) and very rarely from the upper Wenlock. These recordings, often made 
during the study of chitinozoans from carbonate rocks, refer to the possibility of using 
graptolites more widely in the correlation of the Silurian shelly facies like in the Or
dovician. The corresponding materials are still being worked at or were presented above 
in the comments to the Silurian stratigraphic chart of Estonia (Table 2), therefore they 
are not repeated here.

As graptolites are highly significant in orthostratigraphy, the main task of the 
study of Estonian graptolites, mostly coming from the area with carbonate rocks and 
shelly fauna, is to correlate graptolite zonation with biozor.al schemes of other gvoups. 
The relations between different biczonations help to settle several problems rising in 
practical as well as in theoretic stratigraphy.
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VERTEBRATES

T. M&ros

The study of Estonian Silurian (in the present sense) vertebrates started 136 years 
ago, the first paper was published by E. Eichwald in 1854. A short review of the most 
essential works is given below.

C. Pander (1856) was the first to describe the vertebrates from Saaremaa Island, 
showing the morphological and microstruetural features of their skeletal remains. 
J.V. Rohon (1892, 1893) was interested in the position of Silurian fishes in the zoolo
gical system and their phylogenetic relationships.

Undoubtedly, of great significance in the study of Silurian fishes was the discove
ry of the Himmiste locality by A. Luha in 1929 containing abundant thelodont Phlvbolepis 
elegans and several - osteostracans. Fishes collected from the Himmiste (Loc. 6:6), 
and also the Viita quarry (Loc. 6:5) can be seen now in many geological museums of the 
world and these have been widely used in research.

G.M. Robertson (1938, 1950, plus about 20 papers) described the morphology of the 
head shields of Saaremaa osteostracans (to some extent also of anaspid fragments) and 
gave the criteria of the species. R. Denison (1951) also treated the exoskeleton morpho
logy of our osteostracans but reviewed the habitat of fishes as well (Denison,- 1956).

In 1931 K.-H. Hoppe, having visited Saaremaa, published data on stratigraphy, pa
leontology and paleogeography but also interpretation of living conditions of organisms.

Papers by W. Gross (1967, 1971, etc.) and V. Karatajute-Talimaa (1978), dealing 
with the morphology and microstructure of fish remains cover also the Estonian material.

By now the Silurian fishes of Estonia and of the whole East-Baltic area have been 
studied rather thoroughly. In the last decades a list of thelodont and fish species was 
established together with their stratigraphic and facies distribution, the zonal scheme 
was elaborated and the possible correlations were brought out (Mark-Kurik, 1969; Karata
jute-Talimaa, 1978; MSrss, 1982, 1986, 1989, etc.). A relatively high level of fish stu
dies has allowed to propose the vertebrate-bearing sections of East-Baltic Silurian 
and Devonian for the standard of biostratigraphical zonation based on vertebrates (Blieck 
et al., 1988).

The oldest skeletal fragments of Silurian vertebrates have been recorded in Estonia 
from the Middle Llandovery. Only scarce finds come from the Llandovery, Lower and Middle 
Wenloek. In the Upper Wenlock and Lower Ludlow (up to the Himmiste Beds of the Paadla 
Regional Stage) less than 1/3 of the samples yielded vertebrates. In this interval spe
cies diversity is poor and the number of specimens is low. Higher in the Ludlow, the 
amount of samples with vertebrate scales and skeletal fragments reaches 3/4, in the Pri- 
doli, however, almost 9/10 of the whole lot. Analogically grow the abundance and species 
diversity of vertebrates.

The increase in the significance of agnathans and fishes in time obviously had evo
lutionary reasons.- Ecological factors seem to have played a secondary role, although at 
certain levels they are quite essential for the formation of faunal assemblages.

Among Silurian vertebrates articulated specimens occur rarely. Mostly we can find 
scattered elements of the exoskeleton: shield fragments, plates, tesserae, scales, fin
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spines, jaw tones, teeth, etc. As the endoskeleton of Silurian vertebrates was not ossi
fied, it has not preserved in the rocks. In the Silurian of Estonia all groups of agna- 
thans are represented: Thelodonti, Heterostraci, Osteostraci and Anaspida. Of Gnathosto- 
mi occur Acanthodei and Osteichtnyes (subclass Actinopterygii). The oldest occurrences
of both agnathans and gnathostomes come from the Llandovery.

fishes constitute a rather heterogenous group of vertebra
tes. Differing from each othe>_ morphologically, they had also different modes and habi
tats of life. In the Silurian of Estonia and Latvia the transition and depression facies 
have been studied insufficiently and therefore we have no complete picture about the 
facies distribution of their animals.

Thelodunts and acanthodians were of the widest occurrence (Table 15), whereas the 
older beds were dominated by thelodoncs, the younger ones by acanthodians. In younger 
beds the predominance of acanthodians shifted coastwards.

Silurian agnathans and

Table 15. Frequency of vertebrates in different facies
low the bold line thelodonts preponderate over acanthodians, 
vice versa
T - Thelodonti, H - Heterostracij 0 - Osteostracij A - Anaspida3 Ac - Acantho- 
deiy Os - Osteichthyes. The groups have been arranged in order of frequency.

of the East-sBaltic Silurian. Be- 
above the line -

In Estonia the first thelodonts were recorded from the grained skeletal grain- 
stones of the shoal facies belt of the Llandovery Raikkiila Regional Stage, the first 
acanthodians were found in the nodular limestone of the open shelf facies belt of the 
Adavere Regional Stage. In the Wenlock thelodonts and less numerous acanthodians occur 
in all facies. The Ludlow Xuressaare time was the most favourable period for thelodonts. 
Their maximum was in the near-shore facies belts. Acanthodians, however, occurred the 
most abundantly in the Pridoli shallow and open shelf sediments. In bioclastic, skeletal 
floatstones and skeletal grainstcnes of the shallow facies belt accumulations of skele
tal fragments - Bone Beds - were formed.
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Heteros tracans are at present the oldest discovered vertebrates in the world, de
scribed. from the iddle Ordovician of North and South America and Australia (Denison, 
1967; Lehtoia, 1973, 1983; Ritchie, Gilbert-Tomlinson, 1977; Gagnier et al., 1986). In 
the East-Baltic area they have been found in the Uduvere Beds of Paadla Regional Stage, 
in the rocks of transition and open shelf facies belts, in higher strata occurring also 
in the sediments of the lagoonal and shoal facies. The most abundant finds were recorded 
from the latter facies.

The oldest osteostracans and anaspids in Estonia were found in the Wenlock Jaaga- 
rahu Regional Stage from the rocks of the open shelf facies belt. In the Ludlow and 
higher they are more numerous in the deposits of the lagoonal and shoal facies belts, 
decreasing in number in offshore direction.

Osteichthyans, at present the dominating group of fishes, are represented by the 
oldest actinopterygians in the world (in Estonia beginning with the Ludlow Paadla time). 
From the Silurian only 2 genera with 3 species are known, mostly from the shelf and 
transition facies.

Due to their wide facies distribution thelodonts, acanthodians and osteichthyans 
have been used for the elaboration of the zonal scheme (Marss, 1982, 1989) presented 
here with some supplements. Below follow some comments on this scheme (Table 16).

The genus names Logania (Gross, 1967) and Loganclla (Turner, Peel, 1986) were occu
pied, therefore these names have been replaced by Loganellia now (Turner, in press). The 
latter has been used by D. Fredholm (1989, 1990, in press) and in present review and 
scheme.

Obviously in the Middle and Upper Llandovery we can distinguish the L. seotioa Bio
zone. It is given here provisionally without boundaries.

D. Fredholm (1990, in press) has described a new species of Loganell-ia from the 
upper part of the Slite Beds as it was different from L. taiti* originally described by
H.C. Stetson (1931) from Scotland. As the whole genus Loganellia needs revision and 
L. taiti is to be redescribed, there seem to be no reason to change the name of this 
animal now. The thelodont, recorded from the middle Wenlock of the East Baltic, Gotland, 
Ringerike, Timan-Pechora region and Severnaya Zemlya, is one and the same species, serv
ing as a good index-species.

On Saaremaa Island, in the upper part of the Sauvere Beds of the Paadla Regional 
Stage and on Gotland Island in the lower part of the Hemse Beds (b and c, Fredholm, 
1988) in several sections Phlebolepis oryata precedes P. elegans. Obviously it would be 
expedient to distinguish it here as a separate zone. P. ovnata seems to be related to 
the reef facies sediments.

A conodont sample of Ludlow age belonging to R.J. ^Idridge (Nottingham) contains 
also scales of Phlebolepis elegans. This confirms the occurrence of that important spe
cies on the British Isles as well.

T. admira.bilis occurs parallel to T. soulptilis, although appearing somewhat later. 
It is used as a local index-species. This and other vertebrates are depicted in PI.
19.
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Table 16. Correlation of the Silurian and lowermost Devonian vertebrate zonations.
Data by V. Karatajute-Talimaa (1983; Talimaa, Melnikov, 1987), S. Turner (1973; Aldridge, Turner, 1975; Siveter, 
Turner, 1 982; Turner, ,Turner, 1974) and D. Fredholm (1988, 1989) were used, 
strated in Plate 19
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CALCAREOUS ALGAE

A. Korts, R. Einasto, R. Mannil, E. radionova

Though the Ordovician calcareous algae of the Baltic Region 
from the bedrock of Estonia (Eichwaid, 1840)

first described came 
them (Stolley, 1893-

1898, and others) has been carried out on the basis of erratic rocks which origin and age
the main research on

is not precisely known. In the 20th century some new information on the occurrences of 
the algae in Ordovician, bedrock has been added (Bekker, 1924; Opik and Thomson, 1933; 
Moskalenko, 1956; Mannil, 1961), but the taxonomy and distribution patterns of most 
forms remain obscure due to the absence of systematic study and unsufficient preserva
tion of algal remains.

Silurian calcareous algae of the Baltic Region were first described by A. Rothpletz 
(1908, 1913), but on the whole they remained poorly examined for a long time, while only 
V. Maslov (1956, 1962) recorded some red algae from the Silurian of Saarenaa. Thorough 
paleontological studies on calcareous algae of Wenlock and Ludlow were started by E. Ra
dionova in the 1970s (Radionova, Einasto, 1986, 1988). As a result of these studies cal
careous algae were distinguished in the rocks of all three main shallow-water facies 
belts - lagoonal, shoal and of open shelf.

Stratigraphic remarks

Calcareous algae are present in the Ordovician sequence starting with the Middle 
Ordovician Aseri Stage, where Coelosphaeriaium excavatum appears (see Fig.. 16), Up to 
now no answer has been found to the question, wh> calcareous algae have not been dis
tinguished in the Lower Ordovician. It does not seem convincing to say that they did 
not exist there at all. Probably they didn't preserve or their occurrences are too rare.

Starting with the Idavere Stage the diversity of calcareous algae increases includ
ing the first appearance of red algae - Solenopcra filiform is.

As already known from the studies by E. Stolley the aasyclad algae represent in the 
Viru and Harju Series of the Baltic area two different floras: the first being characte
rized by the presence of Coelosphoeridium, Mastopora and Cycloorinites (C^a-E), the se
cond
of Dasyporella ana Palaeopor-ella (F-^a-F^j) .

Many species such as Coelosphaeridium kohtlcnse (C^) , Cycloorinites porsus (D^.) , 
C. balticus (E), C. spasskii (E) and some others have been so far recorded from certain 
stages only and they may be considered as index resp. zonal species. Still all such re
cords need further confirmation.

As a rare exception Mastopora ooncava may be considered as a common and .important 
indicator of the Idavere and Johvi stages and lower Keila beds. Among the other strati- 
graphically important cyclocrinitids the rich occurrence of Cycloorinites spasskii in 
the lowermost Rakvere Stage of North-Western Estonia and that of Coelosphaeridium itesen- 
bergense in the same stage of Eastern Estonia has to be mentioned. Rocks yielding these 
algae have beer, termed the Cycloorinites - limestone (Eichwaid, 1840) and Ccelosphaeri- 

limestone, accordingly. In the same stage Vermiporella is first recorded. Vermi- 
pnrella is rock-building in the middle and upper Pirgu as well as in many smali carbo
nate mounds of Porkuni age.

by the absence of cyclocrinitids and the dominance of Vermiporella and presence

dium
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Calcareous algae identified as Dasyporellu and/or Palaeoporella make their first 
rare occurrences probably in the Rakvere Stage and become stratigraphicallv important 
starting with the lower Pirgu ("Palaeoporella"-limestone). In the North Estonia Confacies 
Belt they are known as characteristic fossils of the early Pirguan Moe Formation, as 
well as of the contemporaneous rocks in Scandinavia. Owing to almost complete recrys
tallization of these algal remains their identification even on the genus resp. family 
level has so far not been possible, Following the suggestion by E. Stolley (1898) and 
T. Moskalenko (1956) about the absence of. Palaeoporella in rocks older than the Porkuni 
Stage the occurrences in the Pirgu have been usually considered as belonging to the ge
nus Dasyporella (see Pdlma, 1982).

In addition to the already mentioned genera in the Harjuan bedrock of Northern Es
tonia also Rhabdopcrella (at least 3 species) and Dimarphosiphon are present. Finds of 
calcareous algae in Llandovery, although not very numerous, enable to presume that most 
of the Late Ordovician flora remained flourishing during the Llandovery as well. Cyclo- 
orinites occurs in calcareous mudstones of the lower" part of the Raikkiila Stage (Seliste 
and Varbla cores). Juuru, Raikkiila and Adavere stages (Kirikukiila, Seliste and Varbla co
res) have yielded Vermiporella, Rhabdoporella paohyderma, Rh. intermedia, Rh. flexuosa, 
Rothpletzella3 ' Girvanella and Wstheredella. Rhabdoporella seems to be abundant on some 
levels in Adavere and Vermiporella in the Juuru Stage.

The diversity of calcareous algae increased during the following Wenlockian regres
sion and lasted till the end of Ludlow (see the next chapter).

Facial remarks

During the temperate Middle Ordovician time when argillaceous calcareous shallow 
open shelf facies were widespread the most common representatives of calcareous algae 
were Coelosphaeridium, Cyolocrinites 3 Mastopora and Solenopora. The content of algal 
skeletal debris in the Middle Ordovician rocks is 1-2 % but in the Upper Ordovician 
45-90 % (Pdlma, 1 982) .

Late Ordovician as well as Llandovsrian tropical climate and widespread shallow 
open and restricted shelf lime mud areas and skeletal sand shoals with small reefs 

FjC, Fjj, G1 _2 r G^)formed a suitable environment for dasyclads Verrr,iporella3 Rhab~
more

characteristic to the following regressive Wenlock, started to appear already during 
Llandovery in shoaly and lagoonai parts of the basin.

Wenlock and Ludlow were characterized by the maximum diversity of shoal facies and 
respectively the calcareous algae as well. As a result of intense regression at the end 
of Wenlock, wide areas were covered with shallow-water lagoonai sediments. Rocks of la
goonai origin (Vesiku Beds of the Rootsiktila Stage) yield laminated stromatolites and 
oncolites containing Bevooastria amplefuroata. Microcrystalline skeletal wackestone of 
backreef (Maasi Beds of Jaagarahu, Vesiku and Soeginina Beds of Roots iktila and Sauvere 
and Himmiste Beds of the Paadla Stage) contain Rothpletzella (PI. 22), Rhabdoporella-, 
skeletal stromatolites and oncolites with Hedstroemia (see PI. 23). Paraohaetetes (PI. 
20) and Solenopora are found forming -the nucleus of bigger oncolites, while Bevooastria 
(PI. 22), Hedstroemia and Ortonella (Pi. 22) are common in their outer layers. In bio- 

(Sauvere and Uduvere Beds of the Paadla Stage) algae occur in the form of 
bushy fragments of Ortonella3 Hedstroemia3 Paraohaetetes gotlandious, as well 

as in oncolites (Bevooastria, Ortonella). Solenopora filiformis3 Wetheredella multiforma 
and Rothpletzella munthei form encrusting sheets on stromatoporoids and corals.

In coarse-grained skeletal grainstones of forereef origin (Sauvere and Uduvere Beds 
of the Paadla Stage) Paraohaetetes oompaotus3 P. gotlandious, Hedstroemia halimedoidea 
(PI. 23) .and Ortonella aff. furoata are common.

(DIII'
doporella and Palaeoporella. Encrusting algae Wetheredella and Rothpletzella being

hermai rocks 
debris
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Oncol.ites of Ninase Beds (the: Jaani Stage) that formed surrounding brachio’-ad-shells 
contain Girvanella ducii (PI. 21), Girvanella wetheredii (PI. 22) , Rothpletzella gotlan- 
dioa, hedstroemia and Wether edella. Forereef has yielded a si.igle and the only specimen 
of Dimorphosiphon rectangulare.

Calcareous algae have been noticed to disappear in the Silurian sequence of Estonia 
at the boundary of the Kuressaare and Kaugatuma stages. This event was probably the re
sult of the increasing terrigeneous matter influx (Radionova, Einasto, 1986).
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ACRITARCHS

I. Paalits

Acid-resistant microfossils, included to a formal group Acritarcha are known from 
Vendian to Silurian rocks of Estonia. Excellent•preservation of acritarchs and their pre
sence in the most types of rocks except coarse-grained sandstones, red-coloured deposits 
and dolomitized carbonate rocks make them a useful tool for correlation. After the pio
neer works by A. Eisenack (1932,1934), acritarchs from Estonian carbonate sequence 
rather poorly studied. Last years 
tarchs.

are
some attention has been paid to Ordovician acri-

In the Ordovician, two major stages of acritarch evolution can be distinguished. 
Diacroids (e.g. genera Aoanthodiaorodium, Dasydiaorodium, Arbusculidium)acritarchs 
with macropylom (genera Stelliferidium, Cymatogalea) and other acantomorphs (Vulcani- 
sphaera3 Goniosphaeridium) are appearing in the Upper Cambrian and are characteristic of 
the Tremadocian (Plate 24, Fig. 1-6, too), Most of these genera are disappearing on the 
Tremadoc/Arenig boundary. The genera Baltisphaeridium and Peteinosphaeridium appearing 
in the Arenig are also typical of Middle and Upper Ordovician. These changes occurring 
in the Tremadoc/Arenig boundary may reflect global phenomena, but more likely the switch 
from terrigenous to carbonate sedimentation in the local paleobasin. For providing more 
detailed acritarch zonality, further research is needed.

The dependence of acritarchs on depositional environments is illustrated by the 
following examples. The organic-rich argillites of the Turisalu Formation (approximately 
corresponding to C.rotundatus - C.angulatus conodont Zone) yield a specific assemblage 
of acritarchs where the dominating species Leiosphaeridia tenuissima Eisenack and Lo- 
phosphaeridium zaieskyi (Naumova) Umnova (Plate 24, Fig. 7, 8) are represented by thou
sands of specimens per 30 g sample. Morphologically simple, these species are of little 
stratigraphic value. In this assemblage, diacroids, acanthomorphs and acritarchs with 
macropylom (Plate 24, Figs 1-6, 9) widely distributed in underlying and overlying beds 
are very rare. The high dominance but low diversity of these two species in the assem
blage refers to specific depositional environment for the argillites of the Tiirisalu 
Formation. Some geochemical features indicate the same.

In the Upper Ordoviciap, the Adila Formation (Pirgu Stage) yields abundant acri
tarchs from the genera Miorhy stridium, Baltisphaeridium, Orthosphaeridium, Veryhaohium, 
Multiplicisphaeridium, Goniosphaeridium and Diexallophasis (PI. 24, Figs 14, 15) and 
leiosphaerids, unidentifiable on species level. This kind of assemblage is considered to
be normal marine and especially characteristic of shelf facies (Staplin, 1961; Smith and 
Saunders, 1970). In the Arina Formation (Porkuni Stage), possibly due to dolomitization, 
organic-walled microfossils are lacking, with the exception of the Vohilaid Member. The 
latter yields a low diversity acritarch assemblage containing abundant specimens of lei
osphaerids referred to reef facies (Staplin, 1961), Consequently, the differences be
tween the acritarch assemblages of the Pirgu and Porkuni stages can be explained first 
of all by different depositional environments.
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COMPOSITE STANDARD

M. Rubel

Let define a local range of a taxon as an interval between its first and last occur
rences in every section. Let its total range represent a projection >f all local ranges 
of the same taxon onto the common time axes (Shaw, 196^). Then the mutual position of 
total ranges (the temporal sequence of taxa) comprises a paleontological time scale, by 
means of which the time-rock correlation can be realized.

There exist many algorithms on the basis of which such paleontological time scales 
can be constructed, including those designed as a composite standard (see Tipper, 
1988). The Baltic Silurian data set (Table 17) has been used for the elaboration as well 
as testing of these algorithms, too (Rubel and Pak, 1984; Gradstein et al., 1985). The 
main goal here was formulated in the following ways: to subdivide the sections (mostly 
wells) by their fossil content into regional stages which in turn have to be defined by 
their lower boundary stratotype in the sections studied. Realization of that task means 
to draw isochrones through every boundary stratotype in all section. It can be made 
using some kind of time scales. The composite standard discussed above is one of such 
scales.

In the Baltic Silurian data set (Table 17) there is a number of taxa occurring only 
in one section. It is a good idea to exclude them from the further processing as they 
are useless in correlation of a finite number of sections. Let try now to arrange 196 
taxa remained into the composite standard by the algorithm accepted here and by the cor
responding programme DISTR written by Dr. D.N. Pak (Tadjikistan State University) for IBM 
PC/XT.
eluded into one standard.

Doing it the consumer must take into consideration that not all taxa can be in-
Because of that the consumer must drive the selection of taxa

to construct the standard so that the most informative (in his mind) data would be in
cluded into the standard. According to the programme the selection can be realized pre
ferring the taxa with wide (in all sections) occurrence, or maximizing the number of 
taxa in the standard but usually excluding some taxa with wide distribution, or select
ing first of all the eurytopic species before those of one community.

The standard considered here (see Table 19) has been formed starting from the taxa 
occurring in all sections studied. As a result 101 species from the 196 possible ones 
were included into the Late Silurian Standard for the five sections of the North-East 
Baltic. The standard that generalizes the temporal succession of species is subdivided 
into .intervals got after the dating of each boundary stratotype accepted for this study. 
These intervals are designed as follows: K2 - the Paadla, K3a - the Kuressaare, K3b - 
the Kaugatuma and K4 - the Ohesaare times. The possible position of the lower boundaries 
in another than stratotype sections can be dated by means of the standard in the limits
of the resolution determined by the number of samples and taxa in them (see Table 18 and 
Fig. 17). It is noteworthy that the boundaries of formations or members are not in all 
cases coinciding with the intervals for the stage boundaries.

The Late Silurian Paleontological Standard for the five sections studied is an
example of the use of fossils in regional geochronology. In general such standards allow 
to summarize distributional data of all fossil groups into one succession which gives
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the most detailed scale for the dating of any geological events including boundary stra- 
totypes. Isochrones drawed through such stratotypes subdivide the sections into time- 
rock units, in the given case, into regional stages.
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Table 18. The intervals for the lower boundaries of stages. Fixed 
boundaries are marked by asterisk

STAGE KOI.KA-54KAUGATUMA OHESSAARE VENTSPILS PAVILOSTA

3.10 309.60
205.40XK4

3.70 5.00 319.10 512.00

623.0058.50 260.50 417.50
37.20XK3b

488.8080.00 281.00 726.50

51,70 282.90 488.80 726.50
95.10XK3a

57.20 300.60 756.40490.00

57.30 284.50 560.00 750.60
118.40XK2

125.00 375.40 574.30 756.40

Table 19. Ranges of 101 species (x) in form of standard subdivided into time intervals 
K2...K4 by corresponding boundary stratotypes

K3aK2 K3b K4

•Monogratus unoinatus x 
Colonograptus colonus x 

Neodiversograptus wilssoni xx 
Saotograptus varians xxx 

Pristiograptus dublus xxxxx 
Bohemograptus boheaiaus bohemiaus xxxxxxx 

Leonaspis mutiaa xxxxxxxx 
Strophoahonetes oingulatus xxxxxxxxxxx 

Eopleatodonta sp. sp. xxxxxxxxxxx 
Monograptus micropoma xxx 

Saotograptus ahimaera chimaera xxx

Lobograptus progenitor xxxxx 
Saotograptus ahimaera salweyi xx

Aegiria grayi xxxx 
Enarinurus ruhnuensis xxxxx 

Dalmanites cf. oaudatus xxxxxx 
Calymene blumenbaahi xxxxxxxxx 

Monoolimaoia tauragensis xxx 
Pristiograptus dubius xx 

Pristiograptus tumesaens miner x 
Proetus conoinnus osiliensis xx 

Enarinurus punaiatus xxx

Daleyina hybrida xxxxxxxxxxxxxxxxxxxxxxx 
Ozarkodina aonfluens xxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

Microsphaeridiorhynahus nuaula

Ozarkodina sagitta bohemioa xx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxx

104



Table 19 continued

K2 K3a K3b K4

Thelodus laevis. xxx 
Logania martinsson-i xxx 

Ctenognathodus murchisoni x

Conoahitina lauensis xx 
Czarkodina sp. 5 xxx 

Protoahonetes aingulatus xxxx 
Didymothyris didyrra xxxxx 

Distomodus dubius xxxxxx 
Spathognathodus aff. snag dri xxxxxxxxxxxxx

Anayroakitina diabolus xxxxxxxxxxxxxxxxxx 
Orcofabella obsaura xxxxxxxxxxxxxxxxxxxxx 
Cytherellina rnagna. xxxxxxxxxxxxxxxxxxxxx 

Salopina aonservatrix xxxxxxxxxxxxxxxxxxxxxxxxx 
Amygdal el la subclusa xxxxxxxxxxxxxxxxxxxxxxxxxx 

Conoahitina sp. A xx j 
Cyathaspidinae xxxxxx 

"Ortonaria" perplexa xxxxxxxxxxxxx 
Angoahitina eehinata xxxxxxxxxxxxxxxxx

De'lthyris elevata xxxxx xxxxxxxxxxxxxxxxx 
Cavellina o-ivoulata xxxxxxxxxxxxxxxxxxxxxxx 

Conoahitina intermedia xxxxxxxxxxxxxxxxxxxxxxx 
Thelodus parvidens xxxxxxxxxxxxxxxxxxxxxxxx 

Eisenaakitina lagenomorpha xxxxxxxxxxxxxxxxxxxxxxxx 
Anayroakitina brevispinosa 

Homoeospira baylei 
Anaspidae sp. A 

Thelodus saulptilis 
Gomphonaus hoppei-Paracanthodes porosus 

Plicibeyrichia numerosa 
Calaaribeyriahia altonodo3a 

Cavellina angulata 
Leiooyamus limpidus 

Czarkodina steinhornensis eosteinhornensis

Oulodus elegans 
Clavofabella maxima 
Clavofabella nodosa 
Hemsiella loensis 
Hebellum tetragona 

Retisaaculus semiaolonatus 
Pteroohitina perivelata 
Eisenaakitina oviformis 

Protoahonetes piltenensis 
Delthyris magna 

Thelodus admirabilis 
Hemsiella margaritae 

Eisenaakitina af. bursa 
Sleia inermis 

Beyriohia globifera

xxxxxx
xxxxxxxxxxxxxxxxxxxxxx
xx

xxxxxxxx

xxxxxxxxxxxxxxxx

xxxxx

xxxxxxxxxxxxx
xxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxx
xxx
xxxxx

xxxxx

xxxxxx

xxxxxxx

xxxxxxxxxxxx

xxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxx
xxxxxxx
xxxxxxxx
xxxxxxxxxx

xxxxxxxxxxxxxx
'X
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Table 19 continued

K3b K4K2 K3a:

Beyrichia venusta 
Neobeyrichia bulbata 

Retisacculus sulcatus 
Shaleria dzwinogrodensis 
Clavofabella 7 lativelata 

Scipionis profundigenus 
Sphoere chitina sphaeroaephala 

Amygdalellu soliaa 
Amygdalella nasuta 

Macrypsilon salteriana 
Hemsiella maccoyiana 
Frcstiella plioulata 

Fungochiiina pistilliformis 
Nostolepis gracilis 

Conochitina aff. granosa 
Anayrochitina aff, fragilia 

Strosipherus indetatus 
Lopkosteus superbus 

Goniporus alatus 
Dicygopleura opportuna 

Nodibeyrichia jurassica 
Gomphcnchus hoppei 
Plectospathodus sp 

Ozarkodina sp. 
Tylodus deltoides 
Nostolepis sp■. n. 

Katoporus timanicus

xxx

xxxx

xxxxxxxxxxxxx
xxxxdxxxxxxxx

xxxx

xxxxxxx

xxxxxxxxxxxxx
xxxxxxxxx

xxxxxxxl

xxxxxxxxxx

xxxxxxxxxxxx
xxxxcxxxxx

xxxxxxxx

xxxxxxxxxxx

xxx
xxxxxxxx

xxxxxxxx

xxxxxxxx

xxx

xxxxxxx

xxxxxx

xxxx
X

xxx

XX

■ V
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EXCURSION GUIDE

ITINERARY and PROGRAMME

Sunday August 19
Assembly in Tallinn, accommodation at Olympia Hotel. In the afternoon sightseeing tour 

in old town, short, introduction to excursion.

Monday August 20
Excursion (Day 1): Cambrian/Ordovician boundary. Lower and middle Ordovician in the 

mits of Tallinn.
Localities: Ulgase (C^-O-j) • Maardu and Suhkrumagi (0^ ) , Maekalda (0^_9).
Overnight at Olympia Hotel.

li-

Tuesday August 21
Excursion (Day 2) : middle and upper Ordovician west of Tallinn, lunch and short sight

seeing in Haapsalu.
Localities: Peetri (Kukruae-Johvi stages), Vasalemma (Oandu Stage), Aulepa (Nabala and 

Vormsi stages), Ristna (Johvi and Keila stages).
Overnight at Olympia Hotel.

Wednesday August 22
Excursion (Day 3): upper Ordovician south of Tallinn 

field-station, Par.iu District.
Localities: Paekna (Rakvere and Nabala stages). 

haua.
Overnight at Olympia Hotel.

and borehole sections at Sarghaua

Lohu (Pirgu Stage) / boreholes at SSrg-

Thursday August 23
Excursion (Day 4): Ordovician and lower Silurian in East Estonia. 
Localities: Kohtla (Kukruse Stage) , Cntika (0 

ru Stage).
Overnight at Olympia Hotel.

) , Porkuni (Porkuni Stage) , Karinu (Juu-1-2

Friday August 24 and Saturday August 25
Indoor sessions at House of Tourism, Tallinn .

Sunday August 26
Excursion (Day 5): Wenlock on the islands of Saaremaa and Muhu.
Localities: Koguva, Pulli (Jaani and Jaagarahu stages), Paramaja (Jaani Stage), Tagavere 

(Jaagarahu Stage).
Sightseeing: Koguva village, Kaali meteorite craters.
Overnight at a camping near Vohma.
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Monday August 27
Excursion (Day 6): Wenlock and Ludlow on Saaremaa Island.
Localities: Panga (Jaani and Jaagarahu stages) , Abu la, Jaagarahu/ Sepise (Jaagarahu

Stage), Viita (Rootsiktila Stage), Himmiste, Kogula (Paadla Stage).
Overnight at a camping near Kuressaare.

Tuesday August 28
Excursion (Day 7): Ludlow and Pridoli on Saaremaa Island.
Localities: Kaarma (Paadla Stage), Kudjape (Kuressaare Stage), Ohesaare (Ohesaare Stage), 

Kaugatuma (Kaugatuma Stage).
Sightseeing: Kuressaare castle.
Overnight at the camping.

Wednesday August 29
Excursion (Day 8): Llandovery and Wenlock in West Estonia.
Localities: P&ri (Adavere Stage) , PakamSgi (Raikkilla Stage) , Valgu (Adavere Stage) , 

Anelema (Jaani Stage).
Overnight at SSrghaua field-station.

Thursday August 30
Excursion (Day 9) : borehole sections at SS.rghaua 
Arrival at the Institute of Geology, Tallinn, before 15.00 . 
Dispersal of participants.

field-station.
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x s
■,
 -T

fi
: 

* a
f1 

*-
r>

^
i&

JW
 

‘' 
•>
 *f

-^
 x

^ v
 
^ W

cm
m

Mi
s22

it



Plate 7

C3
IN
)

to
Q©

^4

P

m

i
I

11

1

S;

mm

M

%

5

H
:

'

CN

C
js

I
4s

U3



V1'
CM

CO

|U
f *̂

gJ
j

I

I

3

:

C

1

,

ep
i

I 
:

V
..
. 3

fit
I

8®

|
H1

1

>

QO

04
<u
n

to



Plate 9

>•
'__

_
tO

ii

.

.

I ji

CD

*

">
3

Ol

CO
<X1

: 
i

m
i#

i



Plate 10

7

2
.

1

*

3

C-
3

Mr:

-4
>

i



2z »
, .a i *...jM

3

I
1

A
.-,3.

1 1j
■

f' .. P1
f j

1
\

11
1

p5 1 =Q
:

sAS

73

' ™ * Sik". Iv
I

.

.
, /5

•^Zzy**,i,Nk . i ^ 20-
I

IS

19

%■■■

,.

Plate 11

*

Ol
 U-,

Ki

*~
-4
,

*~
~4
:



,, [<M y:;'

■y
* b - w■ i

j1

.2 1
vj

I ’ 1k......

a?w"*5**#>•*" 5• 5- .j
j

.

ZZz3
.. .

J 6 57

z H
, ■!

/:

V f ? j■
■

i;:I .41 < *.f U
t *-jr\.i i

: swrp i
11SM

i)«
: I*22* I

d
I

«■ i*SIx SR. E :»J*y-k toi./ r
I;

fc ’
2

2Z?.■ ;>

22 \M
1 2JZ!

y 24^ 25

Plate 12

*-̂
4

►>
 •*

> ■
*



Plate 13

r« H

1
1

:

N

0

i

f s

>£

y 32

ii

18

0

;
;

i

3 :v

1,:

7

33

J

30

.J
k

- 
CN O)

,



Plate 14

^4
to
o

Na
, I

' „
I

p

y • 
■- 

- 
n

? 
*'*'' 

w
■ 

..
-■■-»' 

'•' - 
,„, 

•:,,, 
:. 

■ 
■ 

-

01

N

03

Qa
03tX3

l
Ns

I
w

I
:

£*
*

f\
>|

F

<4
3

m
W

?
ill

E2

r
i

&
m

a

:V 19
*

. i
r.̂

2

[£2
■

>

ES
/>

1
I 1

r i
,

K
rj

■u
fl

*
w

1M
r.

H

-

■ p
w

35
fc
§

9 .
.. ̂



j

7

jfe. ‘ :
sii :

;» '

'&IH

:

n ■fli iFt:.

■—-'i 72 7J

1 ^

; <

t ]

s I
vl

fT 27719

Plate 15

1
i

’ 5

5

77

i

16 17

21 22

:

■

■i.

i 1

1 - '*

1
I

1

I

X

i

m
-t
H

H
a*

w
i*
.

■

]fn*\
>®
:

hi
B



(■
/

z 66 7 9
91 5 10

15 15a

16b11
15

l 7472A’ •s\ 18

\\ 17
h21 <1 I x

25

1922

ry'

26
29a

. 29b

Cl
'V

25 M
" /;^ V' v C727 25 V O '/ ('7o729

^Cjy 3230

I

r
l

/17
35

/ 38
33 39 L

r

vS Z 37
36

Plate 16

O 
V 
'

k-

\

£
>)



M V

11
*3*W'*'

i

HR -
i

E:: -
5 M

Ei
f

h
*

•'

yVfl&i I

Mw
[

;

ii ■

■

IA
\ atfm

% |^i a

I
■ g ■

m
::,

;
g]

I'

I 2
i

£5 > :

10

%s • m
m

17

A A 1

Plate 17

ip
9

74

25

mm
i



Plate 18

m

1

H
 ̂85

.

..
..

m
 s

IS
'

i

IP

ho
1

L

i
.■

K
1

Hr
 .
J

I
P:

0

#. 1

m
mu



Plate 19

m

m

„ - i

iaL j ;-

o>
Ol

Ns
>4

:

Cm

'-
~4

<d

C\J

th
Qo>~1

i

r 
¥

i

r

11
s03

r--
Oo

ri
”-
~4

 m
 il

I
T\

i

i
i

w
\

“~~
4

Co

»n

4>
C

3
1

—-4



Plate 20

i :iS

- -f *0 i . < r"> Km

C
O

il
f'

v
B,

"K
F>

v;
 -

C
O

* ■:
1H

6,
e;

39
»

sr
q %

> &

«3
fl

R

I*
£t

a
m

mi
m

lKS
£2

*2
is
* !

i
P

f{
J§

iS

m

™ i
-3

mm
-

i

-■
11

m
mm

o 1
M

y
?v

H
•y

it
s

i

p

I8
Q

m

.

, 
-

a

Et
iE

/
1

Ju
» m

t

i?
«L

'>
2

L

B

if
U

>

I
£

IS
1

i
kV

H
H

SS
®

&
r

hJ
B

51
r J

;i

S2
-i

SI
«%

f 
Vi

*1
k

■
m

#•■

, i
 Mi

■£*J

■1
M

r5
Ci

*
i a

R
k.
ti
a

r
 r«s

s.1 
*■<

F
 r

%
ii

I
HE

V
F

1
1

it

=

4X
M

3^

” k
ii



Plate 21
m

5

1
m

m

; I

...
■

s
.

I: iu
. >

£

i
£

Hi
L ■:ESI

* 
4

a
L1

T
m

m
ym

>3
m

i
.:
■

i
Kv

**
 j

'

*

ea

fe
i -

-
F

s
s

1»
^1

2
*

4X

to
'

*

I,,

r
I

Ik
 . ? 

I
EE

m
r

*
■

10
,

V
is
l

r^
JC

I
i

M

F d
7

%
f:
,l

C
O

.

..
. I

I <N

h
,

rx1



el

t ‘ i

F «'

r / T
1«r*.

'

Plate 22

ss-s^yai

-S

1

E

y/
<7

i*

T.

3
s

i A*
W

v ...
*>

HP
?

'

■: 
.y.H 

I
£ 

- <

.

00
* n

t C0
p
. >

A.
.

..
.

, ,

i
?

a*

m
f

■

-
■

■

■

St

I

:
H

m
hi

.

M

i
1

:

i.

M
a.

r

1
f 
*v

m-
M

m

I CM
to

k 
in

mm
m

«p
»i

..
..

WW
'L

m



Plate 23

m
L

4*

CD

I

m

<
“*
0

a
eJ
*|
i

k* 
*

us
a

.

■

■
P*

:

'

1

1

#*
*

I
I

»9

K-

i

;e
»

m
m

m
,

m
j-

iN
Ks
ff

r~
:

he
:

N>
e-
 V

%,
A:
.

CO
%

J

m

m
< 
%

r
■j

9
r-

’S
k

C '<
 
,,;

m
 
•>- 

*

E'

P8
M

*
' 
16
 *
 -
th
t s

1
* 
*

% -
r

*

, 
<F
 ■■
 ■ 
.f
,1

S
i

a
M

v*
;

BS

m£

ft

#

■

X^

i ap
 »>

v
I -

.’X'
f$
|§
*:
’

. >v
,

▲ 
k

&
J

r
tc

|r.

K1

PR
F*
1



Plate 24

ft*■ 5
j

]
■

£A rj
V X 1 2 3

<0
0)

cn

CM

rl

r,
1,

-i
' L

00
01

f

i

L

r
r

o
r

-M

CO

"1
’



PLATE 1 - Stromatoporoids
Vertical sections, magnification x10

1. Clathrodictyon gregale Nestor. Holotype Co 3047, Koigi-Torevere; Porkuni Stage, Arina 
Formation, Torevere Member.
2. Forolinia brevis Nestor. Vanaoue boring, depth 80.85; Juuru Stage, Varbola For
mation.
3. Fachystylo stroma ungerni (Rosen). Holotype Co 3011. Hiiumaa, Suuremoisa; Juuru Stage, 
Tamsalu Formation, Hilliste Member.
4. Intexodictyon avitum Nestor. Holotype Co 3090. PakamMgi (Laukna)'; RaikkUla Stage, up
per part.
5. Clathtrodictyon variolare (Rosen). Holotype Co 3006. Saaremaa, seashore at Jaani; 
drifted material from Adavere Stage, Rumba Formation.
6. "Simplexodictyonn simplex Nestor. Holotype Co 3134. Saaremaa, Liiva cliff; Jaani For
mation, Mustjala Member.
7. Stromatopova impexa Nestor, 1966. Holotype Co 3168. Saaremaa, Liiva cliff; Jaani For
mation, Mustjala Member.
8. Vikingia tenuis (Nestor). Holotype Co 3148. Saaremaa, Jaagarahu quarry; Jaagarahu 
Formation, Vilsandi Beds.
9. Ecolimadictyon astrolaxum Nestor. Holotype Co 3126. Saaremaa, Sepise, Jaagarahu For
mation, Maasi Beds.
10. Araneosustroma stelliparatum (Nestor). Co 3121. Saaremaa, Kuusnomme, Rootsikiila For
mation, Kuusndmme Beds.
11 . Lophiostroma sohmidtii (Nicholson). Co 3177. Saaremaa, RiiumSgi; Paadla Formation, 
Sauvere Beds.
12. Stromatopora bekkeri Nestor. Holotype Co 3172. Saaremaa, Riiumagi; Paadla Formation, 
Sauvere Beds.
13. Simplexodiotyon podolioum (Yavorsky). Co 3140. Saaremaa, Katri cliff; Paadla Forma
tion, Uduvere Beds, Katri Member.
14. Aotinostromella vaiverensis Nestor. Holotype Co 3159. Saaremaa, Vaivere; Kaugatuma 
Formation. Aigu Beds.
15. Farallelostroma tuberculatum (Yavorsky). Co 3166. Saaremaa, Loo cliff; Kaugatuma 
Formation, L6o Beds.

PLATE 2 - Ordovician brachiopods

1-5. Flatystrophia lutkevichi satura Oraspdld. 1-4 - dorsal, anterior, posterior and la
teral views of complete shell, Br 4195; 5 - interior of incomplete dorsal valve, Br
4196. Torma, Nabala Stage, Saunja Member. x2.
6-11. Plaesiomys saxbyana Oraspold. 6-10 - dorsal, ventral, anterior, posterior and la
teral views of complete shell, Br 4197. 11 - ventral interior of incomplete valve,
Br 4198. Viru-Jaagupi, Vormsi Stage, Kdrgessaare Formation. x2.
12-15. Boreadorthis reaula Opik. Ventral, dorsal, posterior, lateral views of complete 
shell, Br 4133. Torma, Nabala Stage, Saunja Member. x2.
16-23. Nicolella oswaldi mediofida Alichova. 16-20 - ventral, dorsal, lateral, posterior 
and anterior views of complete shell, Br 4132. 21, 22 - exterior and interior of dorsal 
valve, Br 4131. 23 - interior of incomplete ventral valve, Br 4130. T&rma, Nabala Stage, 
Saunja Member. x2.
24-29. Skenidioides aff. oelandica Wiman. 24-27 - interior, lateral, posterior and ante
rior views of ventral valve, Br 4127. 28, 29 - exterior and interior of dorsal valve,
Br 4128. Moe, Pirgu Stage, Moe Formation. x9.
30. Vellamo verneuili (Eichwald) . Dorsal interior, Br 4129. Viru-Jaagupi, Vormsi Stage, 
Korgessaare Formation. x2.
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PLATE 3 - Ordovician brachiopods

Sowerbyella (Sowerbyelia) tener-a Roomusoks 
n' and "Rafinesquint" pol.jensis Alichova (Br 

4199; (C). Kuusiku core, depth 14.5 m, Oandu Stage, H.irmuse Formation, x1 .
2-5. Mjoe.tina? inaequialina (Alichova) . Pedicle exterior, lateral and posterior views, 
view on interarea of complete shell, Br 4135. Rakvere, Rakvere Stage, Ragavere For
mation . x2.
6, 7. Daotylcgonio luhai (Sokolskaya). Exterior and interior of dorsal valve, Br 4278. 
Voore (N. 1081) core, depth 7.05 m, Oandu Stage, Vasalemma Formation, Saku Member. x2.
8-12. Eopleatodonta schmidii (Lindstrom). 8-10 - ventral, dorsal and posterior views of
complete shell, Br 4202. Viru-Jc.agupi, Vormsi Stage, Korgessaare Formation. x2„ 11, 12- 
exterior and interior of ventral valve, Br 4203. Vormsi Island,. Paope, Vormsi Stage, 
Korgessaare Formation. x2.
13-19. Camerella dura Oraspold 13-17 - dorsal, ventral , anterior, lateral and posterior 
views of complete shell. Br 4200. Oandu. 18, 19 
valve, Br 4201. Kuusiku core, depth 13.50-13.56 m. Oandu Stage, Hirmuse Formation. x2.
20-24. Triplesia in&ularis (Eichwald). Ventral, dorsal, anterior, posterior and lateral 
views of complete shell, Br 4349. Viru-Jaagupi, Vormsi Stage, K&rgessaare Formation. x2.
25-27. Oxopleoia sp. Exterior, lateral and posterior views of dorsal valve, Br 4262. Vi
ru- Jaagupi, Nabala Stage?. x2.

1. Fossiliferous bedding surface with
Howellites wesenbergensis (Alichova) (B)

(A) ,

interior and exterior views of ventral

PLATE 4 - Silurian brachiopods

1-4. Morinorhynohus orbignyi (Davidson). Uduvere quarry, Paadla Stage. Ventral, dorsal, 
anterior and lateral views of complete shell Br 1534. x3
5-8. Pro batrypa malmoeyensis Boucot., Johnson et Staton. Laeva-19 boring, 55.5 m, Raik- 
kti1a Stage. Ventral, dorsal, anterior and lateral views of complete shell Br 1850. x2.
9-11. Protatrypa malrrioeyensis Boucot, Johnson et Staton. Ruhnu boring, 493.6 m, Raikkiila 
Stage. Ventral, dorsal and lateral views of complete shell Br 1807. x3.
12-15. Resserella sawddensis Hurst. Ruhnu boring, 402.6 m, Jaani Stage. Ventral, dorsal, 
anterior and lateral views of complete shell Br 1798. x5.
16-19. Streptis grayii (Davidson), Ruhnu boring, 402.6 m, Jaani Stage. Ventral, dorsal, 
posterior and anterior views of complete shell Br 1794. x5.
20, 21. Visby&lla visbyensis (LindstrSm). Latikula, Adavere Stage. Ventral and dorsal 
views of complete shell Br 1840. x3.
22. Protochomtee piltenensis Rvbnikova. Ohesaare boring, 25.65-25.68 m,
Stage. Exterior of ventral valves Br 3819 and Br 3817 (smaller) and interior of dorsal 
valve Br 3818. x3.

Kaugatuma

PLATE 5 - Bivalves and gastropos

All figures nat. size, except 11, 12.
1 . Poleumita. discors (Sowerby), apical view, TUG 49/2, Jaagarahu, Vilsandi Beds of 
Jaagarahu Formation.
2. Siluriphorus gotlandious (Lindstrom), side view, TUG 2/163, Jaagarahu, Vilsandi Beds 
of Jaagarahu Formation.
3-4. Euoumphalopterus (Euoumphalopterusalatus (Wahlenberg) , apical and basal views, 
TUG 49/1 , Undva, Ninase Member of Jaani Formation.
5. Bolopea ? undata (Sowerby) side view, TUG 42/5, Kogula, Himmiste Beds of Paadla For
mation.
6. Murahisonia (Horrn.otoma) aompresso. Lindstrom, side view, TUG 2/24, Vana-Ado, Paadla 
Formation.
7. \egalompkala taenia (Lindstrom), side view, TUG 2/27, Uduvere, Uduvere Beds of Paadla 
Formation.
8. Crenilunula limata (Lindstrom), side view, TUG 2/162, Jaagarahu, Vilsandi Beds of 
Jaagarahu Formation.
9. Loxonerna strangulatum Lindstrom, side view, Tt)G 2/26, Sauvere, Sauvere Beds of Paadla 
Formation.
10. Platyceras (Platyostoma) aornuturr (Hisinjer) , apical view, TUG 40/60, Jaani, Parama- 
ja Member of Jaani Formation.
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11. Cyc lonerna (Cyclonema) hiiumaa Teichert, apical view. x2, TOG 40/13, Eiliiste, Varbola 
Formation of Juuru Stage.
12. Muic.eode^s jaanus3oni Pojsta & Runnegar, left-lateral view-. x2, TUG 68/63, Kauga- 
tuma Formation.
13. Murchisonia (Murchisonia) obtusangula Lindstrom, side view, TttG 2/ i 59 , Kubassaare, 
Soeginina Beds of Rootsikiila Formation.
14. Fycncmphalus acutus Linds trom, apical view, Tt)G 2/22, Paadla, Hinuriiste Beds of Paad- 
la Formation.
15. Cardicla signata. Barrande, internal mold of right valve, Piltene core (No. 27, depth 
742.6-746.9 m), Paadla Formation.
16. Mytilarco sp., internal mold of right valve, TOG 2/161 , Vilsandi Beds of Jaagarahu 
Formation,
17. Kogulanychia bekkeri Isakar, internal mold of right valve, La 1603, Kogula, Himmiste 
Beds of Paadla Formation.
18. Grammysia obliqua (McCoy), internal mold of left valve, TUG 47/113, Ohesaare, Ohe- 
saare Formation.
19. Pteronitella retrof'lexa (Wahlenberg) , composite, mold of left valve, TOG 2/164, be
tween Keskvere and Kubassaare, Soeginina Beds of Rootsiktila Formation.
20. Ilionia prisca (Hisingerl, internal mold of right valve with shell material, TOG 
2/158, Paadla, Himmiste Beds cf Paadla Formation.
21. Pelecypod limestone with Pterioidea n.gen. ?, TOG 40/59, Ani.kaitse, Soeginina Beds 
of Rootsikvila Formation.
22. Pclaeopecten sp., internal mold of left valve, Pavilosta core, depth 637.0 m, Kudja- 
pe Beds of Kuressaare Formation.

PLATE 6 - Cephalopoda

1. Gasoonsoaeras obesum Foerste. Jaani Stage, Saaremaa, Jaani.
2. Ophidiooeras cf. simplex (Barrande). Verkne Formation, Lithuania, Vishtites, depth 
1,054 m.
3. Dawsonoceras barrandei Horny. Jaani Stage, Saaremaa, Jaani. Coll. E. Eichwald,
N 1/2536 (Leningrad State University).
4. Kionooeras studenitsense Balashov. Jaani and Jaagarahu stages, South Baltic, So
vetsk, depth 1,081 m.
5. Bic'kmorites falcigerum (Eichwald) . Jaani Stage, Saaremaa, Jaani. Coll. E. Eichwald 
N 1/1115 (Leningrad State University).
6. Phragmooerae munthei Hedstrom. Visby Beds, Gotland, Vlsby. Coll. E. Eichwald,
N 1/1103 (Leningrad State University).
7. Gomphoceras sp. Neris Formation, Ludlow, Lithuania, Virbalis, depth 357 m.

Saaremaa, Jaagarahu. N 40-1-77 (Le-8. Mandaloceras oinotum (Blake), 
ningrad State University).
9. Palaeospyroaeras sp. Paadla Stage, Saaremaa, Kogula. N 
versityi.

Jaagarahu Stage,

8-4-77 (Leningrad State Uni-

10. Temperoceras kybartense (Saladzius). Jaagarahu Stage, Saaremaa, Jaagarahu. Coll.
B.S. Sokolov, 1947, N 4-1-77 (Leningrad State University).
11. Ephippiorthoceras sp. Jaani Stage, Saaremaa, Jaagarahu. Coll, B.S. Sokolov, 1947, 
N 4-1-77 (Leningrad State University),
12. Eushantunqooeras pseuaoimbriaatum (Barrande). Paadla Stage, Saaremaa, Kogula. Coll. 
Z.G. Balashov, 1948, N 8-4-77 (Leningrad State University).
13. Armenocerina danioa (Teichert). Ohesaare Stage, Saaremaa, Ohesaare. N 11-5-77 
ningrad State University).
14. Eushantungooeras uralioum Balashov. Kaugatuma S^uge, Saaremaa, Kaugatuma. N 8500/354 
(Leningrad State University).
15. Armenocerina conica Kiselev. Kaugatuma Stage, Saaremaa, Kaugatuma. N 
(Leningrad State University).
16. Podolianceras brevis (Saladzius). Kaugatuma Stage, Saaremaa, Kaugaoima. M 10-1-77 
(Leningrad State University).
17. Orthodochmioceras 3aaremense Kiselev. Kaugatuma Stage, Saaremaa,
12-2-77 (Leningrad State University).

(Le~

14-3-77

Kaugatuma. N
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PLATE 7 Ostracodes

1 . Steusloffia linnavssoni (Krause, 1 889), right valve Os 3228. x23. Karula boring, 
depth 433.3 m, Uhaku Stage.
2-3. Sigmoopsis perpunctata (Opik, 1937) , right valve Os 2175, lateral.and lateroventral 
views. x40. Lasnamagi, Uhaku Stage.
4-5..Tallinnella reticulata Sarv, 1963. 4 - right heteromorphic valve Os 2796. x23; 5 - 
left tecnomorphic valve Os 2795. x23. Voru boring, depth 403.8 m, Kuv use Stage.
6. Piretella tridactyla Jaanusson, 1957, right heteromorphic valve Os 3227. x29. Otepcia 
boring, depth 497.1 m, Aseri Stage.
7. Tallinnellina primaria (Opik, 1935), left valve Os 2138. x49. Ubari, Volkhov Stage.
8. Bichilina prima Sarv, 1959, right valve Os 2559. x49. Alliku, J6hvi Stage.
9. Tallinnopsis perplana (Neckaja, 1953), left valve Os 3229. x49. Russalu boring, depth 
13-6.55 m, Kukruse Stage.
10-11. Sigmoopsis granulata (Sarv, 1956). 10 - left valve Os 2621. x49; 11 - right valve 
Os 2620. x49. Rakvere, Oandu Stage.
12. Olbia cf.braderupensis fSchallreuter, 1980), carapace Os 3130,.right view.
Vinni boring, depth 40.0 m, Rakvere Stage.

x31 .

PLATE 8 Ostracodes

1. Tetradella plicatula (Krause, 1892), left heteromorphic valve Os 5048. x49. Porkuni, 
Porkuni Stage.
2. Tetradella egorowi Neckaja, 1952, right heteromorphic valve Os 2666. x60. RMgavere, 
Rakvere Stage.
3-4. Uhakiella curta Sidaraviciene, 1975. 3 
Vodja H-190 boring, depth 114..8 m, Vormsi Stage. 4 - right heteromorphic valve Os 3232. 
x29. Vodja H-190 boring, depth 110.3 m, Vormsi Stage.
5. Eoaquapulex frequens (Steusloff, 1894), tecnomorphic carapace Os 3230, left view. 
*29. Aulepa, depth 0.40-0.45 m, Vormsi Stage.
6. Klimphores minimus (Sarv, 1956), right valve Os 2014, x89. Oandu, Oandu Stage.
7. Circulina sp. n., carapace Os 3204, left view. x75. Taagepera boring, depth 419.0 m, 
Porkuni Stage.
8. Medianella aequa (Stumbur, 1956), carapace Os 5076, right view. x40. Porkuni, Porkuni 
Stage.
9-10. Diauleina explicata Sarv, 1959, right valve Os 2419, lateral and lateroventral 
views. x49. Nommekiila, Nabala Stage.
11. Pedomphalella egregia (Sarv, 1963) , right valve Os 2729. x72. Rakvere, Keila Stage.
12. Pinnatulites procera (Kummerow, 1924), carapace Os 2058, right view. x29. Purtse, 
Volkhov Stage.

right heteromorphic valve Os 3230. x29.

PLATE 9 - Ostracodes

1-2. No dibeyrichia protuberans (Boll, 1862). 1 - tecnomorphic left valve Os 5379. x23;
2 - heteromorphic left valve Os 5378. x20. Cliff Ohesaare, Ohesaare Stage.
3. Noaibeyrichia tuberculata (Kldden, 1834). Tecnomorphic right valve Os 5792. x23. Ohe
saare boring, depth 11.95 m, Kaugatuma Stage.
4. Fro8tiella groenvalliana Martinsson, 1963. Heteromorphic left valve Os 5763. x20, &i- 
gu, Kaugatuma Stage.
5-6. Plicibeyrichia numerosa Sarv, 1968. 5 
tecnomorphic right valve Os 5318. x30. Kuressaare, Kuressaare Stage.
7. Neobeyrichia nutans (Kiesow, 1888). Tecnomorphic left valve Os 5768. x23. Ohesaare 
boring, depth 114.95 m, Paadla Stage.
8-9. Beyrichia subornata Martinsson, 1962. 8 
9 - tecnomorphic left valve Os 5902. x30. Ohesaare boring, depth 149,03 m, RootsikUla Stage.
10. Leptobolbina quadricuspidata Martinsson, 1962. Heteromorphic left valve Os 5812. 
Ohesaare boring, depth 169.22 m, Jaagarahu Stage.

heteromorphic left valve Os 5315. x30; 6 -

heteromorphic left valve Os 5901. x30;
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18, 19. Proetus 
ja Member; Paramaja Cliff; 18 - pygidium, Tr 2894.

eoncinnus osiliensis Schmidt,
x4 .

, 4. Calymene ansensis Mannil, 1977. Llandovery, Juuru Stage, Kaugatuma core, depth 
31.8 m; 3 - cranidium, Tr 2670 b. x3.5; 4 - pygidium, Tr 2670 c. x3.5.

5, 6. Enerinurus (Nueleurus) rotundus Mannil, 1977. Llandovery, Juuru Stage, Ohne Forma
tion; 5 - pygidium, Tr 1973. x4; Survaktila core, depth 190.5 m; 6 - holotype specimen, 
Tr 2504. x2; Laeva core, depth 121.2 m.
7, 8. Enerinurus (Nualeurus) selistensis MSnnil, 1977. Llandovery, Raikkiila Stage; 7 - 
holotype cranidium, Tr 2750 a. x3; Seliste core, depth 283.4 m; 8 - pygidium, Tr 2751. 
x3.8; Seliste core, depth 284.1 m.
9, 10. Enerinurus (E.) schisticola Tfirnguist, 1884. Llandovery, Adavere Stage, Velise 
Formation; Konovere River, LStiktlla; 9 - partly enrolled specimen, Tr 2456. x3; 10
incomplete pygidium, Tr 2446 b. x4.
11, 12. Calymene frontosa Lindstrbm, 1885. Llandovery, Adavere Stage, Velise Formation; 
Konovere River, L&tiktila; complete enrolled specimen, Tr 1963 . x3 .
13-15. Aeernaspis konoverensis M&nnii, 1970. Llandovery, Adavere Stage, Velise Forma
tion; Konovere River, LMtikiila; 13 - pygidium, Tr 2460. x4; 14 - holotype cranidium, Tr 
2458 a. x4; 15 - lateral view of enrolled specimen, Tr 2465. x4.
16, 17. Enorinurus (E.) punetatus (Wahlenberg, 1818). Wenlock, Jaani Stage, Paramaja 
Member; Paramaja Cliff; 16 - partly enrolled specimen, Tr 2775. x2.6; 17 - pygidium, 
Tr 2782. x2.5.

PLATE 10 - Ostracodes

heteromorphic right valve Os1-2. Craspedobolbina mueronulata Martinsson, 1962. 1
5852. x42; 2 - tecnomorphic left valve Os 5853. x42. Haapsa, Jaani Stage (erratic).

heteromorphic left valve Os 5864. x23; 4 -3-4. Beyriehia valguensis Sarv, 1968. 3 
tecnomorphic right valve Os 5866. x23. Valgu, Adavere Stage.

(Krandijevsky, 1963). Left valve. x70. PSrnu boring, depth5. Thlipsureides walensis
124.30 m, Adavere Stage.
6-7• Longisceila caudalis (Jones, 1889). 6
dorsal view. x42. PSrnu boring, depth 124.30 m, Adavere Stage.

carapace, left view, x42; 7 - carapace,

8-9. Bythoeyproidea sarvi Neckaja, 1966. 8
dorsal view. x50. Parnu boring, depth 155,0 m, Raikkiila Stage.
10. Monoceratella edita Sarv, 1962. Carapace Os 5031, right view. x56. Vahtrepa, Juuru 
Stage.
11. Steusloffina eris Neckaja, 1966. Carapace, right view. x5C. Asukiila boring, depth 
9.25 m, Juuru Stage.

carapace, right vi-ew. x50; 9 - carapace,

PLATE 11 - Trilobites

Llandovery, Juuru Stage, Ohne Formation, Abja1, 2. Aeernaspis estoniea MSnnil, 
core, depth 3TO.2 m; Holotype cephalon, Tr 2472. x4.

1970.

20, 21. Calymene blumenbaahii Brongniart, 1822. Wenlock, Jaani Stage, Paramaja Member; 
Paramaja Cliff; 20 - complete enrolled specimen, Tr 2800. x1.5; 21 - posterior view of 
partly enrolled specimen, Tr 2673. x3.

PLATE 12 - Trilobites

1. Cyphoproetus insterianus Schrank, 1972. Wenlock, Jaagarahu Stage, JMmaja Formation; 
Ohesaare core, depth 268.8 m; almost complete specimen, Tr 2580. x6.
2, 3. Enerinurus (E.) baltious Mannil, 1978. Wenlock, Jaagarahu Stage, Jamaja Formation; 
2 •• holotype cranidium, Tr 1998. x4; Kolka core, depth 428.8 m; 3 - pygidium, Tr 2872. 
x4. Kolka core, depth 440.9 m.
4. Dalmanites cf. eaudatus (Briinnich, 1781) . Wenlock, Jaagarahu Stage, Jamaja Formation; 
Ohesaare core, depth 292.7 m; incomplete pygidium, Tr 2574. x2.
5. Calymene restevensis Balashova, 1975. Wenlock, Jaani Stage, Mustja.la Formation; P3rnu 
(Livonia) core, depth 116.6 m; cranidium, Tr 2602. x2.
6. 7. Calymene erthomarginata Schrank, 1970. Wenlock, Jaani Stage, Jaani Formation; 2- 
cranidium, Tr 2587. x2.5; Kolka core, depth 521.7 m; 7 - pygidium, Tr 2692. x3; Kolka 
core; depth 500.2 m.
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8, 9. Calymene mimaspera Schrank, 1970. Wenlock, uaani Stage; Jaani Formation; 8 - 
nidium, Tr 2667. x2.5, Ruhnu core, depth 433.3 m; 9 - pygidium, Tr 2666. x2.5; 
core, depth 434.8 m.
10, 11. Warburgella estonioa Mannil, 1979. Wenlock, Jaagarahu Stage, Maasi Beds; Taga- 
moisa ditch; 10 - cranidium, Tr 1890 a. xo; 11 - pygidium, Tr 1890 b.' x6.
12. Balizoma obtusus (Abgelin, 1851). Ludlow, Paadla Stage, Uduvere Beds; Katri Cliff; 
pygidium, Tr 3341. x3.
13. Proetus (s.l.) puloher Nieszkowski, 1857. Ludlow, Paadla Stage, Uduvere Beds; Uduvere locality; incomplete enrolled specimen, Tr 2880. x4.
14. Calymene sp. Ludlow, Kuressaare Stage, Kudjape Beds; Kudjape ditch; pygidium, Tr 
2747. x3.
15. Calymene flabellata Mannil, 1983. Ludlow, Kuressaare Stage, • Kudjape Beds; Kudjape 
ditch; holotype cranidium, Tr 2728. x3.
16. 17. Proetus (s.l.) kuressaarensis Mannil, 1981. Ludlow, Kuressaare Stage, Kud jape 
Beds; Ohesaare core, depth 68.8 m; 16 - holotype cranidium, Tr 2920 a. x5; 17 - pygi
dium, Tr 2920 b. x4.
18, 19. Calymene kaugaturr.cnsis M&nnil, 1983 . Pridoli, Kaugatuma Stage, &igu Beds; near 
Kaugatuma Cliff; 18 - pygidium, Tr 2705. x3; 19 - cranidium, Tr 2702. x3.
20. Calymene sohmidti M&nnil, 1983. Pridoli, Kaugatuma Stage, fiigu Beds; same locality 
as Figs 18, 19; holotype cranidium, Tr 2723. x2.
21. Eophacop8 helmuti Mannil, 1987. Pridoli, Kaugatuma Stage, ftigu Beds; same locality 
as Figs 18, 19; cephalon, Tr 3330. x4.
22. Proetus (s.l.) nieszkowskii Mannil, 1981. Pridoli, Kaugatuma Stage, Aigu Beds; same 
locality as Figs 18, 19; cranidium, Tr 2826. x4.3.
23. Calymene .dnsstroviana Balashova, 1968. Pridoli, Kaugatuma Stage, Aigu Beds; same lo
cality as Figs 18, 19. Incomplete cranidium, Tr 2706. x3.
24. 25. Calymene oenspicua Schmidt, 1894. Pridoli, Ohesaare Stage, Ohesaare Cliff; 24 - 
complete specimen, Tr 1938. x2; 25 - incomplete cranidium, Tr 2719. x1.5.

cra-
Ruhnu

PLATE 13 - Ordovician chitinozoans

1. "Conoohitina" taugourdeaui Eisenack 1968. Rapla, 37.1 m; Pirgu Stage. Ch 1051/7302. 
x1 80.
2. Anoyroohitina anoyrea (Eisenack 1931). Rapla, 66.0 m; Pirgu Stage. 
x290.
3. Aoanthoohitina barbata Eisenack 1931. Rapla, 78.4 m; Vormsi Stage. Ch 1058/7753. 
x70.
4. 5. Tanuohitina bergstroemi Laufeld 1967. Rapla, 72.9 m; Pirgu Stage. Ch 1009/7760. 
x60;
6. Coronoohitina ooronata (Eisenack 1931). Rapla, 49,0 m; Pirgu Stage. Ch 1040/7780. 
x11 5.
7. Lagenoohitina baltioa Eisenack 1931. Rapla, 95.5 m; Nabala Stage. Ch 1092/7735. 
x200»

Ch 1060/7766.

x 500.

8. Conoohitina robusta Eisenack 1959 . Rapla, 125.4 m; Rakvere Stage. Ch 1 116/7703. x160.
9. Conoohitina sp, Poltsamaa, 125.0 m; Pirgu Stage. Ch 1374/7914. x170.

Nabala Stage. Ch 1099/7722.10. Cyathoohitina retioulifera Grahn 1981. Rapla, 106.6 m; 
x1 45.
11. Fungoahitina fungiformis (Eisenack 1931). Rapla, 95.5 m; Nabala Stage. Ch 1082/7735. 
x 210.
12. Cyathoohitina cf. calix (Eisenack 1931) . Rapla, 114.8 m; Rakvere Stage. Ch 1 134/7713 . 
x230.
13. "Illiohitina" multiplex Schallreuter 1963. Viki, 329.6 m; Keila Stage. Ch 0980/7915. 
x80.
14. Spinachitina oervioornis (Eisenack 1931). Rapla, 137.5 m; Keila Stage. Ch 1 150/7690.
x200.
15. Desmochitina nodosa Eisenack 1931. Rapla, 128.0 m; Keila Stage. Ch 1131/7696. x110.
16, 17. Cyathoohitina aff. retioulifera Grahn 1981. Imavere, 215.7 m; Idavere Stage. Ch
0774/7422. x170; x4000.
18. "Eremoohitina" dalbyensis Laufeld 1967. Rapla, 153.9 m; Idavere Stage. Ch 1404/7670, 
x1 60.
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19. Eisenaokitina oelandica (Eisenack 1955). Rapla, 167.3 m; Kukruse Stage.Ch 1260/7652.
x400. .
20. Cyathochitina sebyensia Grahn 1981. Rapla, 18C.2 m; Aserl Stage. Ch 1491/7909. xlOO.
21. "Sagenachitina” sp. Rapla, 179.2 m; Lasnam&gi Stage. Ch 1416/7631 . x80.
22. 23. Conochitina tuberculata Eisenack 1962. Rapla,172.8 m; Uhaku Stage. Ch 1222/7643. 
x75; x480.
24. Cyathochitina atentor (Eisenack 1937). Rapla, 167.3 m; Kukruse Stage. Ch 1250/7652.. 
x3 5.
25, 26. Conochitina clavaherculi Eisenack 1959. Rapla, 175.3 m; Uhaku Stage. Ch 1279/7639. 
x50; x300.
27. Halochitina retracta (Eisenack 1955). Rapla, 167.3 m; Kukruse Stage. Ch 1240/7652. 
x300.
28. Conochitina arinita Grahn 1984. Rapla, 181.6 m; Aseri Stage. Ch 1364/7627. x180.
29. Linochitiha sp. Rapla, 182.6 m; Kunda Stage. Ch 1386/7625. x200.
30. Desmochitina papilla Grahn 1984. Rapla, 189.1 m; Volkhov Stage. Ch 1471/7904. x320.
31. Cyathochitina regnelli Eisenack 1955. Rapla, 188.4 m; Kunda Stage. Ch 
x300,
32. Conochitina cucumis Grahn 1984. Rapla, 189.5 m; Volkhov Stage Ch 1479/7903. x140.
33. Vistillachitina pistillifrons (Eisenack 1939). Rapla, 182.1 m;
1493/7626. x100.
34. Lagenoohitina eathonica Eisenack 1955. Rapla, 185.5 m; Kunda Stage. Ch 1297/7622. 
x65.

1318/7619.

Aseri Stage. Ch

PLATE 14- Silurian Chitinozoans

1. Coronochibina fragilis Nestor, 1980. Ch 9/1983 (HT). x140. Ohesaare boring, depth
446.5 m, Juuru Stage, Puikule Member.
2. Conochitina aspera Nestor, 1980. Ch 21/1431 (HT). x195. Ikla boring, depth 514.6 m, 
Juuru Stage, Ohne Formation.
3. Conochiting. pcstrobusta Nestor, 1980. Ch 299/1430. x125. Ikla boring, depth 515.7 m, 
Juuru Stage, Ohne Formation.
4. Ancyrochitina laevaensia Nestor, 1980. Ch 11/8009. x230. Laeva boring, depth 122.5 m, 
Juuru Stage, Ohne Formation.
5. Ancyrochitina sp. C. Ch 253/1437. x250. Ikla boring, depth 505.7 m, Juuru
Ohne Formation.
6. Conochitina iklaenais Nestor, 1980. Ch 39/1445. x125. Ikla boring, depth 492 m, Raik- 
kiila Stage, Slitere Member.
7. Conochitina electa Nestor, 1980. Ch 298/1355. x135. Varbla boring, depth 212.9 m, 
Raikkiila Stage, Slitere Member.
8. Coronochitina maennili Nestor, 1980. Ch 297/1686. x135. Ruhnu boring, depth 573.3 m, 
Raikkiila Stage, Slitere Member.
9. Ancyrochitina sp. D. Ch 474/1456. x245. Ikla boring, depth 472.6 m, Raikkiila Stage, 
Kolka Member.
10. Ancyrochitina oonvexa Nestor, 1980. Ch 14/1810. x230. Ruhnu boring, depth 536 m, 
Raikkiila Stage, Ikla Member.
11. Conochitina edjelensis Taugourdeau, 1963. Ch 32/1926. x230. Varbla boring. depth
176.05 m, Raikkiila Stage, Ikla Member.
12. Conochitina cf. protracta (Zaslavskaya, 1980). Ch 306/9053. x165. H5Sdemeeste bor
ing, depth 232.4 m, Raikkiila Stage, Lemme Member.
13. Conochitina emmaatensis Nestor, 1982. Ch 181/1385. x125.
159.55 m, Adavere Stage, Rumba Formation.
14. Eisenaokitina dolioliformi8 Umnova, 1976.
141.35 m, Adavere Stage, Velise Formation.
15. Ancyrochitina sp. A. Ch 277/1385. x125.
Stage, Rumba Formation.
16. Angochitina longicollis Eisenack, 1959.
49.5 m, Jaani Stage, Mustjala Member.

Stage,

Varbla boring, depth

Ch 296/1395. x135. Varbla boring, depth

Varbla boring, depth 159.55 m, Adavere

Ch 468/10661. x250. Jaagarahu boring, depth
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17. Deamoohitina opaoa Laufeld, 1974. Ch 471/10676. x250. Jaagarahu boring, depth 35.7 m, 
Jaani Stage, Mustjala Member.
18. Conoohitina probosoifera Eisenack, 1937. Ch 101/1542. x100. Kipi boring, depth
136.85 m, Jaani Stage, Mustjala Member.
19. Gotlandochitina ruhnuensis Nestor, 1982. Ch 465/10662. x280. Jaagarahu boring, depth
48.5 m, Jaani Stage, Mustjala Member.
20. Conoohitina viabyenaia Laufeld, 1974. Ch 459/10665. x290. Jaagarahu boring, depth
46.4 m, Jaani Stage, Mustjala Member.
21. Anoyroohitina sp. E. Ch 274/1730. x230. Ruhnu boring, depth 465.4 m, Adavere Stage, 
Velise Formation.
22. Gotlandochitina magnifioa Nestor, 1982. Ch 113/1736 (HT). x140, Ruhnu boring, depth 
454 m, Jaani Stage, Tolla Member.
23. Margaohitina margaritana (Eisenack, 1 937) . Ch 108/9269. x230. Ohesaare boring, depth 
300.7 m, Jaani Stage, Paramaja Member.
24. Desmochitina aoollaris Eisenack, 1959. Ch 148/1826. x230. Ruhnu boring, depth
417.5 m, Jaani Stage, Paramaja Member.
25. Conoohitina tuba Eisenack, 1932. Ch.31 5/1765. x130. Ruhnu boring, depth 356 m, Jaa- 
rahu Stage, Jamaja Formation.
26. Conoohitina cf. mamilla Laufeld, 1974.Ch 358/1552. x70. Kipi boring, depth 115.15 m, 
Jaani Stage, Ninase Member.
27. Conoohitina olaviformis Eisenack, 1931. Ch 202/9086. x135. HSSdemeeste boring, depth 
141 m, Jaagarahu Stage, JMmaja Formation.
28. Linoohitina oingulata
359.25 m, Jaagarahu Stage, Jamaja Formation.
29. Clathvoohitina olathrata Eisenack, 1959. Ch 153/1572. x315. Ohesaare boring, depth
291.4 m, Jaagarahu Stage, Jamaja Formation.
30. Gotlandochitina martinsaoni Laufeld, 1974. Ch 1 56/1 572. x365. Ohesaare boring, depth 
291,3 m, Jaagarahu Stage, Jamaja Formation.
31. Anoyroohitina gutnioa Laufeld, 1974. Ch 251/1760. x285. Ruhnu boring, depth 371.5 m, 
Jaagarahu Stage, Jamaja Formation.
32. Conoohitina lagena Eisenack, 1 968. Ch 130/1763 . x135. Ruhnu boring, depth 361.9 m, 
Jaagarahu Stage, JSmaja Formation.

(Eisenack, 1937). Ch 406/1764. x265. Ruhnu boring, depth

PLATE 15 - Silurian Chitinozoans

1964. Ch 203/1773. x250. Ruhnu boring, depth1. Conoohitina paohyoephala Eisenack,
333 m, Jaagarahu Stage, Jamaja Formation.

.2. Conoohitina suboyatha Nestor, 1982. Ch 168/773. x255. Ruhnu boring, depth 333 m, Jaa
garahu Stage, Jamaja Formation.
3. Conoohitina oribroaa Nestor, 1982. Ch 178/1598. x255. Ohesaare boring, depth 188.2 m. 
Jaagarahu Stage, S6rve Formation.
4. Sphaeroohitina indecora Nestor, 1982. Ch 164/650 (HT). x335. Ohesaare boring, depth 
169.-5 m, Jaagarahu Stage, Sorve Formation.
5. Conoohitina cf. argitlophila Laufeld, 1974. Ch 201/10904. x500. Ohesaare boring, depth
159.6 m, Jaagarahu Stage, Jaagarahu Formation.
6. Gotlandochitina militarie Laufeld, 1974. Ch 500/9867. x370. Ventspils boring, depth 
613 m, Paadla Stage, Dubysa Formation.
7. Conoohitina latifrons Eisenack, 1964. Ch 501/1631. x230. Ohesaare boring, depth
110.4 m, Paadla Stage, Torgu Formation.
8. Anoyroohitina diabolu8 Eisenack, 1937. Ch 502/1640. x330. Ohesaare boring, depth
97.65 m, Paadla Stage, Torgu Formation.
9. Conoohitina lauenei8 Laufeld, 1974. Ch 503/1640. x230. Ohesaare boring, depth 97.65 m, 
Paadla Stage, Torgu Formation.
10. Angoohitina elongata Eisenack,
81.10 m, Paadla Stage, Sauvere Beds.
11. Conoohitina intermedia Eisenack, 1955. Ch 505/1640. x330. Ohesaare boring, depth
97.65 m, Paadla Stage, Torgu Formation.
12. Eisenaokitina lagencmorpha (Eisenack, 1931). Ch 506/9738. x330. Kolka boring, depth 
282.9 m, Kuressaare Stage, Tahula Beds.
13., Eisenaokitina cf. philipi Laufeld,
261.3 m, Kuressaare Stage, Tahula Beds.

1931. Ch 504/10035. x330. Kaugatuma boring, depth

1974. Ch 507/9731. x33C. Kolka boring, depth
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14. Anoyrochitina brevispinosa Eisenack, 1968, Ch 508/10055. x330. Kaugatuma boring,
depth 51o4 m, Kuressaare Stage, Tahula Beds.
15. Pteroohitina perivelata (Eisenack, 1937) . Ch 509/9738„ x330. Kolka boring, depih
282.2 m, Kuressaare Stage, Tahula Beds.
16. Conochltina granosa Laufeld, 1974. Ch 510/778. x330. Ohesaare boring, depth 79.2 in, 
Kuressaare Stage, Kudjape Beds.
17. Sphaeroohitina sphaercoephala (Eisenack, 1932). Ch 511/918. x330. Kolka boring,
depth 238 m, Kaugatuma Stage, ftigu Beds.
18. Eisenaokitina sp. 3. Ch 512/9721. x330. Kolka boring, depth 217.5 m, Kaugatuma Stage, 
Loo Beds.
19. Eisenaokitina sp., aff. elongata Eisenack, 1972. Ch 513/9738.. x230. Kolka boring, 
depth 253.6 m, Kaugatuma Stage, Aigu Beds.
20. Anoyrochitina fragilis Eisenack, 1955. Ch 514/1658. x330. Ohesaare boring, depth
65.7 m. Kaugatuma Stage, Aigu Becjs.
21. Fungoohitina pistilliformis (Eisenack, 1931) , Ch 515/1670. x330. Ohesaare boring,
depth 26.2 m, Kaugatuma Stage, Loo Beds.
22. Eisenaokitina filifera (Eisenack, 1931). Ch 516/1664. x230. Ohesaare boring, depth 
40.1 m, Kaugatuma Stage, Aigu Beds.

PLATE 16 -- Conodonts

I, 2„ Cordylodus andresi Viira et Sergeyeva. x35. Kallavere Formation, outcrop Vinula.
3, 4. Cordylodus proavus Mtiller. x35. Kallavere Formation, outcrop Toolse.
5. Cordylodus proavus aff. C. primitivus Bagnoli, Barnes et Stevens. x40. Kallavere For
mation, outcrop Saka.
6, 7. Cordylodus intermedius Furnish. x35. Kallavere Formation, outcrop Mti.eka.lda.
8, 9. Cordylodus lindstromi Druce et Jones. x35. Kallavere Formation, 8 - outcrop Tool
se, 9 - outcrop Maekalda.
10. Cordylodus rotundatus Pander. x35. Kallavere Formation, outcrop Suhkrumtigi.
II. Cord"lodus angulatus Pander. x35. Kallavere Formation, outcrop Suhkrumtigi.
12. Drepanoistodus dsltifer pristinus Viira. x40. Varangu Formation, Toolse 420 bo
ring, depth 18.6-18.85 m.
13. Drepanoistodus deltifer deltifer (Lindstrtim). x40. Varangu Formation, Toolse 420 
boring, depth 16.3-16.5 m.
14. Paroistodus proteus (Lindstrtim). x40. Leetse Formation, Karuia boring, depth 495.5 m.
15. Prioniodus elegans Pander. x35. Leetse Formation, Sturi boring, depth 1144,55 m.
16. Oepikodus evae (Lindstrom). x35. Leetse Formation, Kaagvere boring, depth 349.9 m.
17. Paroistodus originalis (Sergeyeva). x40, Toila Formation, Kaagvere boring, depth
347.7 m.
18. Baltoniodus navis (Lindstrom). x40. Toila Formation, Ohesaare boring, depth 517.25m.
19. Periodon flabellum (Lindstrom). x45. Toila Formation, Ohesaare boring, depth 
518.19 m.
20. Microzarkodina ozarkodella Lindstrtim. x45. Loo Formation, Ohesaare boring, depth 
510.44 m.
21. Eoplaoognathus variabilis (Sergeeva). x40. Loobu Formation, Ohesaare boring, depth 
511 .14 m.
22. Eoplaoognathus aff. variabilis (Sergeeva). x40. Aseri Formation, Ohesaare boring,
depth 505.06 m.
23. Eoplaoognathus pseudoplanus (Viira). x45. Loobu Formation, Ohesaare boring, depth 
508.87 m.
24a,b. Eoplaoognathus suecicus Bergstrtim. x45. Aseri Formation, Ohesaare boring, depth 
505.06 m.
25, 26. Eoplaoognathus filiaceus (Fahraeus). x45. VSo Formation, 25 - outcrop Suhkrumti
gi, 26 - Karuia boring, depth 444.6 m.
27, 28. Eoplaoognathus reolinathus (Fahraeus). x40. Vtio Formation, Ohesaare boring,
depth 500.0 m.
29, 30. Eoplaoognathus robustus Bergstrtim. x40. Vtio Formation, Ohesaare boring; depth 
497.23 m.
31. Pygodus serra (Hadding). x45. Vtio Formation, Ohesaare boring, depth 494.8 m.
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32. Pygodus anserinus (Lair.ont et Lindstrom). x45. K&rgekallas Formation, Karula boring, 
depth 426.5 m.
33, 34. Eoplacognathus lindstroemi (Hamar) . x40. Vao Formation, 33 - Aiamaa boring,
depth 224.0 m, 34 - Ohesaare boring, depth 495.95 m.
35. Prioniodus variabilis Bergstrom. x40. Kukruse Regional Stage, Kaagvere boring, depth 
296.8 m.
36. Prioniodus gerdae Bergstrom. x40. Tatruse Formation, Kaagvere boring, depth 294.5 m.
37. 38. Amorphognathus tvaerensis Bergstr6m. 37 - x40, 38 - x45. Kukruse Regional Stage, 
37 - Aiamaa boring, depth 210.83 m, 38 - Kaagvere boring, depth 298.2 m.

PLATE 17 - Conodonts

1,8. Amorphognathus ordovicicus Branson et Mehl. x100. Korgessaare Formation, outcrop
Paope.
2. Phragmodus cf. undatus Branson et Mehl. x100. Adila Formation, Kirikukiila boring, 
depth 138.2 m.
3. Hamarodus europaeus (Serpagli). x100. Saun^a Formation, Sturi boring, depth 1003.3 m.
4. 7. Ozarkodina cf. pseudofissilis (Lindstr6m). x100. Arina Formation, outcrop Porkuni.
5. Icriodella aff. superba Rhodes. x100. Korgessaare Formation, outcrop Paluktila.
6. Plectodina ? tenuis (Branson et Mehl). x100. Korgessaare Formation, outcrop 
la.
9.. Ozarkodina aff. hassi (Pollock, Rexroad et Nicoll) . x100. Raikkula Formation, outcrop 
Mlindi.

Palukii-

boring 43, 10, 15, 17, 2010, 15, 17, 19, 20. Ozarkodina sp. x100. 
depth 9.5 m, 19 - depth 5.3 m.
11, 13. Birksfeldia cf. oiroumplioata Orchard. x100. Arina Formation, outcrop Porkuni.

Rumba Formation,

i2. Eocarniodus gracilis (Rhodes). x100. Korgessaare Formation, outcrop Paope.
14. Ozarkodina ex gr. oldhamensis (Rexroad). x1G0. Varbola (?) Formation, outcrop Kal- 
laste.
16. Kockelella manitoulinensis (Pollock, Rexroad et Nicoll). x100. Raikkiila Formation, 
outcrop Pusku.
18, 21. Pterospathcdus celloni (Walliser). x100. Velise Formation, J6hve boring, depth
82.2 m.
22. Carniodus carnulus Walliser. x100. Velise (?) Formation, Viki boring, depth 153.35 m.
23. 26. Ozarkodina polinclinata (Nicoll et Rexroad). xlOO. 23 
ring, depth 123.25 m, 26 - Velise Formation, Viki boring, depth 168.6 m.
24. Astropentagnathus irregularis Mostler. x 100. Velise Formation, Kaugatuma boring-, 
depth 269.05 m.
25. Apsidognathus ruginosus Mabillard et Aldridge. x100. Mustjala Beds, Viki boring, 
depth 124.6 m.
27. Apsidognathus walmsleyi Aldridge. x100. Mustjala Beds, Viki boring, depth 125.6 m.
28. 32. Pterospathodus amorphognathoides Walliser. xl00. Mustjala Beds, 28 - J6hve bor
ing, depth 50.15 m, 32 - Jaagarahu boring, depth 42.6 m.
29. Pterospathodus procerus (Walliser). x100. Velise Formation, Ohesaare boring, depth 
352.0 m.
30. Apsidognathus tuberculatus Walliser. x50. Velise Formation, outcrop Velise-Korgekal- 
da.
31. Kockelella ranuliformi3 (Walliser). x50. Mustjala Beds, outcrop Panga.

Mustjala Beds, Viki bo-

PLATE 18- Conodonts

1. Distomcdus staurognathoides (Walliser). x50. Mustjala Beds, Jaagarahu boring, depth 
44.6 m.
2. Ozarkodina aff. gulletensis Aldridge. x50. Ninase Formation, outcrop Panga.
3. Ozarkodina sagitta rhenana Walliser. x50. Vilsandi Beds, Vesiku boring, depth 78.4 m.
4. 5. Ozarkodina excavata excavata (Walliser). x50. Paadla Formation, outcrop Karala.
6. Kockelella walliseri (Helfrich). x50. Ninase Formation, Johve boring, depth 25.5 m.
7. Kockelella aff. ranuliformis (Walliser). x50. Jaagarahu Formation, outcrop Sepise.
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Sakla boring, depth8. Ozarkodina aonfluens buoerus Viira. x70. Jaagarahu Formation,
71.79 m.
9. Ctenognathodue murohisoni (Pander). x50. Rootsikiila Formation, outcrop Vesiku.
10a,b. Ozarkodina aff. snajdri (Walliser). x70. Paadla Formation, outcrop Karala.
11. Ozarkodina aonfluens densidcntatus Viira. x50. Rootsikiila Formation, Ohesaare bor
ing, depth 144.05 m.
12-14. Ozarkodina aonfluens oornidantatus Viira. 
tion, 12,14 - Ohesaare boring, depth 106.23 m, 13 - outcrop Uniniae.
15. Ozarkodina aonfluens ambiquus Viira. x40. Kaugatuma Formation, Ohesaare boring, 
depth 67.4 m.
16, 17. Distoncdus dubius (Rhodes). x50. Paadla Formation, Sakla boring, depth 14.47 m.
18. Ozarkodina eosteinhornensis eosteinhornensis (Walliser). x50. Kaugatuma Formation, 
Kaugatuma boring, depth 33.75 m.
19, 20. Ozarkodina eosteinhornensis remscheidensis (Ziegler). x50. Ohesaare Formation, 
19- outcrop Loode, 20 - outcrop Ohesaare.
21. Ozarkodina aonfluens nasutus Viira. x50. Ohesaare Formation, outcrop Ohesaare.
22-24. Oulodus elegans (Walliser). x50. 22,23 
24 - Kuressaare Formation, Ohesaare boring, depth 81.7 m.

x50. Paadla Forma-x40, 1312,14

Ohesaare Formation, outcrop Ohesaare,

PLATE 19 - Vertebrates

1. Kaboporus timaniaus (Kar.-Tal.), Pi 6893. x100. Ventspils boring, depth 273.6 m, Pi"i- 
doli, Ohesaare Regional Stage, Targale Formation, Luzni Beds.
2. Poraaanthodes punatatus Brotzen, Pi 6234. x26 . Kaavi-568 boring, depth 42.2-42.4 m, 
Ptidoli, Kaugatuma Regional Stage, Loo Beds.
3. Nostolepis gracilis Gross, Pi 7035. x80. Loo cliff, Pridcli, Kaugatuma Regional
Stage, L6c Beds.
4-6. Thelodus admirabilis MSrss, Pi 6500, Pi 6505, Pi 6506, appr. x60. Sakla boring, 
depth 6.2, Ludlow, Kuressaare Regional Stage, Tahula Beds.
7. Thelodus saulptilis Gross, Pi 6512. x80. Sdrve-514 boring, depth 138.8-139.0 m, Lud
low, Kuressaare Regional Stage, Tahula Beds.
8. Loganellia ludlowiensis (Gross), Pi 7149. x70. Ohesaare boring, depth 94.45-94.48 m, 
Ludlow, Kuressaare Regional Stage, Tahula Beds.
9. Anareolepis hedei Gross, Pi 7152, Mikhailovsk pond, southern section, sample 911-E-18, 
Ludlow, Kuba Beds.
10. Phlebolepis elegans Pander, Pi 7150, Mikhailovsk pond, southern section, sample 
3182, Ludlow, Kuba Beds.
11. 12. Phlebolepis ornata M&rss, Pi 5826, Pi 5818. x44. Ohesaare boring, depth 111.8 m, 
Ludlow, Paadla Regional Stage, Sauvere Beds.
13-15. Loganellia martinssvni (Gross), Pi 7025. x110. Pi 7024, Pi 7027. x120. 13,14 - 
Kaarmise boring, depth 2.9-3.1 m; 15- Varbla-502 boring, depth 32.3 m, Ludlow, Paadla 
Regional Stage, Himmiste Beds.
16-13. Loganellia taiti (Stetson) , Pi 6*545, Pi 6557, Pi 6554. x100. 16 - Sakla boring,
depth 72.6 m; 18, 19 - Sakla boring, depth 62.55-62.70 m, Wenlock, Jaagarahu Regional
Stage, Tagavere Beds.

PLATE 20 - Algae

1-2. Paraahaetetes gotlandiaus (Rothpletz). Kipi core, depth 4.6-4.9 m; Paadla Stage, 
Uduvere Beds. I - x32; 2 - x66.
3-5. Paraahaetetes compaotus (Rothpletz). Ltimanda quarry; Paadla Stage, Uduvere Beds.

fragment of the colony, x14; 4 - longitudinal section with sporangia, x33; 5 -
transverse section, x40.
6. Dimorphosiph.cn reota-ngulare Hoeg. Saia core, depth 63.3-63.8 m; Jaagarahu Stage, Maa- 
si Beds, xl6.

3

PLATE 21 - Algae

1-4. Garwoodia aff. gregaria (Nicholson). Kingissepa core, depth 76.2-76.3 m; Rootsikiila 
Stage, Viita Beds. 1 - x12; 2-3 - x35; 4 - x40.
5. Girvanella ducii Wethered. Saia core, depth 63.3-63.8 m; Jaagarahu Staae, Maasi Beds, 
x1 80.
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PLATE 22 - Algae

1. Ortonella aff. furcata Garwood. Saia core, depth 74.9-75.0 m; Jaagarahu Stage, Maasi 
Beds, x56.
2. Bevocastria conglobata Garwood. Kipi core, depth 40.6-40.7 m; Rootsiktila Stage, Kuus- 
nomme Beds.
3. Wetheredella silurioa Wood. Suuriku cliff; Jaani Stage.
4. Wetheredella silurica Wood and Rothpletzella gotlandica Wood. Kingissepa core, depth 
76.18-76.22 m; RootslkUla Stage, Viita Beds, x56.
5. Rothpletzella munthei (Rothpletz). Kaugatuma core, depth 30.0-30.2 m;
Stage, Kudjape Beds, x56.
6. Girvanella wetheredii Chapman. Kaugatuma core, depth 33.3-33.4 m; Kuressaare Stage, 
x1 80.

Kuressaare

PLATE 23 - Algae

1-4. Hedstroemia bifilosa Rothpletz. 1 - forming outer layers of a nodule; Saia core,
depth 79.0 m; Jaagarahu Stage, Vilsandi Beds, x15. 2 - forming nucleus of a nodule; Saia 
core, depth 74.5 m, x20. 3 - transverse section; Saia core, 74.8, x25; 4 - longitudinal 
section; Pahkla quarry; Paadla Stage, Uduvere Beds, x33.
5. Hedstroemia halimedoidea Rothpletz. Kipi core, depth 5.6 m; Paadla Stage, Uduvere 
Beds, x20.
6-7. Halysis sp. Suuriku cliff; Jaani Stage, Ninase Member, x80.

PLATE 24 - Acritarchs

1. Vulcanisphaera turbata Martin. Ulgase Formation (Upper Cambrian), Valkla outcrop.
2. Gymathogalea sp. Ulgase Formation (Upper Cambrian), Valkla outcrop.
3. Cymathogalea virgulta Martin. Ulgase Formation (Upper Cambrian) , Valkla outcrop.
4. Stelliferidium sp. Lamoshka Formation (Upper Cambrian), Lamoshka outcrop.
5. Acanthodiacrodium sp. Lamoshka Formation (Upper Cambrian), Lamoshka outcrop.
6. Acanthodiacrodium aff. timoveevii Volkova & Golub. Lamoshka Formation (Upper Camb
rian) , Lamoshka outcrop.
7. Lophosphaeridium zaleskyi (Naumova) Umnova. Tiirisalu Formation (Tremadoc) , 
outcrop.
8. Leio8phaeridia tenuissima Eisenack. Tiirisalu Formation (Tremadoc) , Aseri outcrop.
9. Stelliferidium bifurcatum. Varangu Formation (Tremadoc), Aseri outcrop.
10. ? Stelliferidium sp. Aseri Stage, Leningrad District, boring 111.
11. Baltisphaeridium sp. Kunda Stage, Illuka boring.

,12. Goniosphaeridium sp. Kunda Stage, Illuka boring..13. Goniosphaeridium sp. Aseri Stage. Leningrad District, boring 111.
14. Goniosphaeridium sp. Pirgu Stage (Adila Formation), Nurme boring.
15. Diexallepha8i8 denticulata. Pirgu Stage (Adila Formation), Nurme boring.

Aseri

Bar denotes 20 microns.
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FIRST DAY

Lower and Middle Ordovician localities of the Tallinn area will be studied

LOCALITY 1:1 ULGASE OUTCROP

near the ruins of a disused con-The outcrop is located 18-20 km east of Tallinn, 
centration plant of Uigase phosphorite mine.

of two parts. In the upper part the Cambrian Ordovi-
cono-

The outcrop section consists
cian boundary is exposed (tentatively placed at the base of the Cordylodus proavus 
dont Zone). This part is the stratotype of the Kailavere Formation and the neostratotype
of its Maardu Member.

is the stratotype ofThe lower part of the section (exposed about 100 m eastwards) 
the Uigase Formation (C^iil) .

In 1925 A. Opik visited the outcrop. and lj.thostrati-He published the first bio
graphic subdivision of the Obolus-sandstone (Opik, 1929).

The upper Cambrian Uigase Formation, 6.5 m in thickness, is represented by quart- 
zose siltstones with fragments or complete shells of inarticulate brachiopods (Oepiki- 
tesj Ungula, Angulotreta). The basal and upper parts of the formation contain clay in
terbeds. The upper boundary of the Formation sharp and uneven. Higher the section is as 
follows (from bottom, Fig. 18):

Kailavere Formation (C^-O^kl)
Maardu Member (-C^-O^klM)

1. Fine-grained quartzose sandstone with brachiopod coquina ("Obolus conglomerate") con
taining abundant shells and skeletal debris of Ungula and Sohmidtites.

2. Fine-grained quartzose sandstone with graptolitic argillite interbeds in the lower 
part.

3. "Obolus conglomerate". The base coincides with that of the Cordylodus proavus Zone.
4. Fine-grained quartzose sandstone and siltstone in the upper part with graptolitic ar

gillite interbeds.
Suurjogi Member (O^klS)

5. Medium-fine-grained cross-bedded quartzose sandstone with well-sorted skeletal debris 
of brachiopods ("Skeletal debris-bed). The top of the bed is strongly pyritized, thin

The base of the bed coincides with that of the Cordylodusargillite interbeds occur.
rotundatus - C. angulatv.s Zone *

Turisalu Formation (O^tr) 
Tabasalu Member (O^trT)

6. Graptolitic argillite (Dictyonema shale).

Bed 1 and partly also bed 2 are observable in the adit, the others are exposed by 
stripping the clint of overburden.

H. Heinsalu
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Fig. 18. Olgase outcrop. For the lithological legend see Fig. 19.-Conodonts identified 
by V. Viira (Tremadoc) and S. Sergeeva (ftlgase Fm.) , brachiopods - by I.Puura.

LOCALITY 1:2 MAARDU QUARRY

The section is best exposed in the northeastern part of the northern quarry, about 
1.5 km southwest of Olgase outcrop.

In the Maardu quarry (Fig. 19) the same rocks of the Kallavere Formation kl)
are exposed as in Olgase outcrop, but of a wdder distribution. Characteristic is the ap
pearance and thinning out of separate argillite interbeds, a coquina lense,etc. Grapto- 
litic argillites of the Tiirisalu Formation are exposed here in the complete thickness 
(about 3m). Graptolites, however, occur extremely rarely.

In the Kallavere Formation beds 1-5 are distinguished analogously with the Olgase 
outcrop (Fig. 18). Occurrence of Graptolit.ic argillite interbeds in cross-bedded . skele-
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5Fig. 19. Maardu quarry.
Legend: 1 - glauconitic sandstone, 2

silty clay, 3 - graptolite argillite (Dic- 
tyonema Shale), 4
debris sandstone, 5 - sandstone or siltstone 
with argillite interbeds, 6 - "Obolus cong
lomerate", 7 
skeletal debris and (b) complete valves of 
brachiopods, 9 - pyrite lenses and concre
tions, 10
transition from the upper 
lower one (Ulgase locality).

cross-bedded skeletal
Fig. 20. Suhrumagi outcrop.

For the lithological legend 
see Fig. 19. Graptolites iden
tified by D. Kaljo, concdonts 
by V. Viira, brachiopods by 
I. Puura.

clayey siltstone, 8 - (a)

discontinuity surfaces, 11 - 
outcrop to the

tai sandstones of the Suurjogi Member (bed 5) 
nia.

is generally uncommon in West Esto-

In places the Turisalu argillites are overlain by 0.2 m greyish-green silty clays 
of the Varangu Stage (O^vr).

H. Heinsalu

LOCALITY 1 : 3 SCJHKRUMAGI OUTCROP

The outcrop is located in the ciint wall, in the eastern part of Tallinn near the 
song festival dais.

The section of the KaHavere Formation at SuhkrumSgi differs from the Maardu and 
Ulgase section in the lack of the "Obolus conglomerate". Thus, a different type of the 
Cambrian/Ordovician boundary, without lithological changes, is seen here (Fig. 20).

The Maardu Member is represented here by quartzose five-grained sandstones or silt- 
stones with scattered skeletal debris or complete shells of brachiopods, characteristic 
are dark graptolitic argillite interbeds.
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The Suurjogi Member is similar to that described at Ulgase and Maardu (bed 5). 
Higher in the section there are graptolitic argillites of the Tiirisalu Formation 

and a thin bed (0.15 m) of silty glaucomitic compact clay of the Varangu Formation re
presented.

H. Heinsalu

M&EKALDA ROAD EXCAVATIONLOCALITY 1:4

Maekalda exposure is located in the eastern part of Tallinn alongside the ramp des
cending downtown from the new, Lasnamae district of Tallinn. The.total thickness of the 
exposed section is 15-20 m ranging from the base of the Ordovician to the lowermost- part 
of the Korgekalda Formation (= Tremadoc, Arenig and Llanvirn). For over a century Lasna
mae limestone quarries and clint have been studied and visited by many world-famous geo
logists, the nearby Suhkrumae outcrop has twice been the object of . the International 
Geological Congress excursions (Schmidt, 1897; Kaljo, ed., 1984).

The abandoned Lasnamae quarry, located near the Maekalda outcrop, is the stratotype 
of the Lasnamae Stage. Limestone of the Lasnamae quarry has for centuries been used as 
the main building material of Tallinn. All the quarried limestone layers had individual 
popular names, mostly reflecting their specific features (thickness, colour, usage, 
etc.). Fig. 21 gives the subdivision of the quarry section into layers and the names of 
marker beds. The numbers correspond to the layers from top to base quarried by hand in 
the southern Lasnamae quarry (Jurgenson, Mols, 1947). Most of the paleontological data, 
recorded below,comes from the adjacent sections of Suhkrumae and Lasnamae clint and Las- 
namae quarries. Conodonts are mostly identified by V. Viira (1966), chitinozoans by 
Y. Grahn (1982), ostracodes by L. Sarv (1959) , articulate brachiopods by M. Rubel (1961) .

Description of the Maekalda section (Fig. 22) (from top to base):

Uhaku Stage. Korgekalda Formation
0.5+ m - Koljala Member: Greenish-grey variabily argillaceous, fine-grained skeletal 
packstone with irregularly-nodular or wave-bedded structure marked by argillaceous part- 

: ings. Eight pyrite or phosphate impregnated discontinuity surfaces occur at the base.

Uhaku Stage (lower part), Lasnamae Stage. Vao Formation
8.45 m - Various skeletal packstones with frequent wavy argillaceous partings and single 
up to 3 cm thick marlstone interlayers (Fig. 21). Characteristic are up to 7 cm thick 
interbeds pockets and lenses of skeletal grainstone (beds 16, 20, 21, 23), numerous (up 
to 89) phosphate impregnated and some (6) pyrite impregnated discontinuity surfaces. The 
rock is almost completely bioturbated containing numerous subvertical brownish burrows 
with clayey filling (particularly bed 34).

At the base (0.2 m) there occur rare white and brown goethite ooids.
The whole section is characterized by microcyclic structure, mostly revealed in the 

changes of clay content, amount, size and degree of sorting of skeletal aebris. Bounda
ries of the cycles are often marked by discontinuity surfaces, covered with a thin 
gillaceous interlayer in the lower part along which the layers get detached by quarrying. 
The upper part of the formation is more pure, rich in skeletal debris.

The Vao Formation is subdivided into three members.
5.7 m - Kostivere Member: pure thick-bedded limestone.
0.6 m - Pae Member; secondarily dolomitized limestone, in weathered state brown, good 
marker bed.
2.1 m - Rebala Member; more argillaceous, medium-bedded limestone.

ar-
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Fig. 21. Maekalda section (upper part, after 
R. Einasto and T. Saadre). For legend see 
Fig. 3. Wavy-lined - interbeds of marl; double 
and threefold - thicker beds of marl. Discon
tinuity surfaces: thick line - pyritic; thin 
line - phosphatic. Traditional bed names are 
shown left from the column.

Aseri Stage. Aseri Formation
In North-West Estonia only upper

most part of the formation is represent
ed .
0.46 m - Cjakiila Member: grey, fine
grained skeletal-oolitic packstone? 
middle part is rich in goethite ooids, 
lower part contains rare fine glauconite 
grains. Three levels with limonitized 
hardgrounds indicate sedimentation breaks. 
Asaphus (Neoasaphus) kowalevskii Lawrow, 
A. (cf.) latus Pander, Chasmops nasutue 
(Schmidt), lllaenus sinuatue Holm, J. 
ariensis Holm, Orthoceras regulare 
Schloth., Cyriocera.3 teres (Eichw.), Lev- 
testia humboldti (Verneuil), Plectambo- 
nites planissirnus Pander, Revalocrinus 
costatus Jaeckel, Bucania salpinx Koken, 
Proturritella reticulata (Koken) have 
been recorded from the outcrops of Tal
linn (Roomusoks, 1970).

Kunda Stage. Considerable parts of 
the lower and upper substages are lack
ing in the vicinity of Tallinn.

Loobu Formation (= Vaginaturn or "En- 
doceras" Limestone).
0.35 m - Valgejoe Member: 
fine-grained thick-bedded, in lower part 
bioturbated skeletal packstone with rare 
fine grains of glauconite, white phos
phate ooids, phosphatized skeletal de
bris, rare pebbles and discontinuity 
surfaces (more distinct in the middle 
part of the member);
0.6 m - Ubari Member: dark-grey skeletal 
packstone, containing glauconite grains, 
rich in endoceratide cephalopods, chi- 
tinezoans, phosphatized skeletal debris 
and discontinuity surfaces. The abund
ance and coarseness of skeletal partic
les decrease downwards in the section.

light-grey,

at the top andThe lower part is bioturbated. Distinct discontinuity surfaces are found 
at the base of the member, the latter with deep (to 20 era) irregular pockets.

Loobu Formation in Tallinn is characterized by Pseudoasaphus globifrons (Eichw.), 
Pliomera fischeri (Eichw.), lllaenus wahlenbergi (Holm), Homalopijge sta.cyi (Schm.) .• An- 
tigonambonites aequistriatus (Gagel) , Pseudocrania antiquissima (Eichw.), Lycophorio. nu- 
cella (Dalm.), Glyptograptus dentatus (Brogniart), Eoplacognathus variabilis (Sergeeva), 
Lobocuclendoceras buchi (Lessnikowa), hoiotypes of L. kundense Balashov, Paracyclendoce- 
ras cancellatum (Eichw.), Protocyclendoceras iruense Ba l., Dideroceras ainplum Eal.
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see Fig. 3.
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Pakri Formation occurs only 
North-West Estonia.

in

Kallaste Member; grey fine-0.4 m
grained skeletal packstone with numerous

In thick-beddeddiscontinuity surfaces. 
upper part there occurs admixture of
quartz grains, fine glauconite, pyritiz- 
ed and phosphatic skeletal debris; lower 

phosphate ooids and pebb-part contains 
les; between the lowermost discontinuity
surfaces there is glauconitic grainstone. 
Fragments of numerous brachiopods, tr.i- 
lobites and graptolites occur. Charac
teristic species is Eoplacognathus vari- 
abilis (Sergeeva).

Volkhov Stage. Toila Formation (= 
"Glauconite" or "Megistaspis Limestone").
0.4 m - Lahepere Member: light-grey, do- 
lomitized fine-grained thick-bedded ske
letal packstone with lenses and patches 
of glauconite, pyritized and phosphate 
surfaces. Contain ostracodes Conchopri- 
mitia gammas gammae Opik, conodonts Soo- 
topodus cornuformis (Sergeeva); trilobi-
tes Asaphus (A.) lepidurus Nieszkowski, 
Ptychopyge truncat.a Nieszk., Megistaspis 
gibba (Scnm.) and others.

Telinomme Member: light-grey, 
seminodular

1 .3 m
fine-grained thick-bedded 
skeletal packstone with sparse glauco
nite grains and greenish-grey argillace
ous intercalations; lower part is dolo-
mitized, with green or beige burrows. 
Characteristic are numerous brachiopods 
Productorthis obtusa (Pander), Pauror- 
this parva (Pander), P. parallella (Pan
der) , Ranorthis oarinata Rubel, Pauror- 
this valida Rubel, Eosiphonotreta verru
cosa (Eichvz.) , trilobites Asaphus brOg- 
geri Schm., Megistaspis limbata (Broeck), 
ostracodes Protallinnella grewinkii 
(Bock) , Tallinnellina palmata (Krause), 
T. primaria (Opik), Rigidslla mitis 
(Opik), conodonts of the Paroistodus 
originalis Zone and fragments of grapto
lites .

At the base (0.2 m) abundant coarse 
glauconite grains occur.
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0,8m- Saka Member: dark-grey, hard dolomite with glauconite and noticeable occurrence 
of fine brachiopods Aorotretid.ee. Lower part light-grey, at the base (0.15 m) pink, do- 
lomitized, fine-grained skeletal packstone with abundant glauconite grains. Rough phos
phor it i zed , partly limonitized discontinuity surfaces occur 4-6 cm below the tcp and 
above the base of the member. The lowermost smooth surface with numerous vertical bur
rows /so-called "piistakkiht" by Orviku (1929)/, is covered with rare pebbles of skele
tal packstone forming •"interformational conglomerate" (Orviku, 1960a). Characteristic 
fossils are: Produotoithis aculeata (Pander), Glossorthis sohmidti (Wys.) , M* crozcrk^di- 
na flabellum (Lindstrom). '

LaLorp Regional Stage
Paite Member: grey, partly nodular, hard dolomit.ized fine-grained skeletal 

packstone, with fragments of brachiopods (often Aero tret i.dae) , trilobites and crinoids,- 
lower part contains quartz grains, abundant glauconite, many phosphate 
surfaces and clayey intercalations (4—10 cm). Panderina tetragona (Pander), Megistaspic 
estonioa (Tjernvik), Periodon flabellum (Lindstrom) occur.

0.35 m

discontinuity

Leetse Formation
0.35-0.4 m - Maekiila Member: above (0.1 m) - dark green sandy glauconite clay with pack
stone nodules; in the middle (0.13-0.15 m) - thick-bedded varigrained glauconitic pack
stone containing numerous brachiopods Ranorthis parvula (Laitiansky) , Paurorthina resima 
Rubel, Prantlina nasuta Rubel, Panderina boaki (Lamansky), P. abscissa (Pander), Angus- 
tiaardinia recta (Pander), A. striata (Pander); below (0.1-0.17 m) silty and fine
grained nodular glauconite sandstone with clayey and argillaceous intercalations and 
white phosphatized smooth discontinuity surface with vertical Amphora-like burrows
(1-2 cm) similar to "piistakkiht". Characteristic conodonts Oepikodus evae (Lindstrdm) , 
0istodu3 lanoeolatus Pander and brachiopods Apheorthina ? daunus (Wale.) are found from 
Maekiila Member (Rubel, 1961) or from lower-lying transition beds.

0.3 m Transition beds (from Maekiila to Joa members) : dark green clayey glauconite 
silt with nodular intercalations of glauconitic sandstone and limonitized surface with 
pebbles at the base; fossils of the Prioniodus elegans Zone are characteristic of the 
bed.
1.0 m - Joa Member: clayey and silty glauconite sand; upper part greenish grey with 
sparse phosphatic nodules; lower part dark-green, more coarse-grained, rich in fragments 
of lingulid inarticulate brachiopods. In the middle of the member light-grey phosphatic, 
more clayey interbed occurs; at the base - conglomerate of phosphate and pyritized peb
bles is present. Thysanotos siluricus (Eichw.), Lingulella (L.) tetragona Gorjansky, 
Lingulella (Leptembo'lon) lingulaeformis (Mickwitz) , problematic forms (spongia ?) Sipho- 
nia cylindrica Eichw., conodonts of the Paroistodus proteus (Lindstrom) Zone have been 
recorded from the member.
0.12-0.18 m - Klooga Member: greenish dark-green quartz-glauconitic siltstone, in the 
upper part more abundant in glauconite. At the top and at the base limonitized smooth 
discontinuity surfaces occur with rounded phosphate pebbles.

Varangu Regional Stage. Varangu Formation 
0.12-0.25 m Beige argillite with Drepanois odus deltifer (Lindstrom), at the base a 
smooth yellow-stained limonitized discontinuity surface is visible. Bryograptus cf. 
broeggeri Monsen, Clonograptus sp. have been recorded from the nearby Suhkrumagi outcrop 
(Kaljo, Kivimagi, 1976).

Pakerort Regional Stage. Tiirisalu Formation
1.5+ m - Tabasalu Member; dark-brown kerogenous argillite ("Dictyonema shale"). Dictyc- 
nema sp. is found 0.5 m below the top.

S. Magi
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The Ordovician rocks at Peetri Hill were mentioned by N. Pogrebov (1920), later 
the section and fossils were studied by H. Bekker (1921), A. Opik (1930) and others. The 
section characterizes quite well the corresponding stratigraphical interval in area lo
cated west of Tallinn. Here the Jdhvi Stage has the greatest thickness in North Estonia 
(max 15.1 m in the NiitvSlja core; Sarv, P&lma, Hints, 1988, p. 43), the boundary of 
the Idavere and Kukruse stages is marked by a remarkable hiatus, mostly of Idavere age. 
The Kukruse Stage with total thickness of 11.3 m in the core of Peetri Hill boring (No 
"100; Fig. 24) is in the outcrop^ 8.23 m thick and contains the upper and middle - Peetri 
and Meidla members of the stage. For the first member the Peetri section serves as a 
stratotype (Mannil, Roomusoks, 1984).

There are two sections in the locality. One section (A; Fig. 24) comprising the 
Johvi and Idavere (?) stages and the upper beds of the Kukruse Stage, is exposed in the 
walls of the deep trench. The other section (B), located south of the trench can be ob
served in zhe walls of an inclinal pit. This section displays the Kukruse Stage and its 
upper boundary which in the current stratigraphical scheme (Resheniya.., 1987) corre
sponds to the Llandeilo-Caradoc boundary.

The description of the Peetri section is based on the data by a. Roomusoks 
(1970, p. 1 32-135) and unpublished data of L. Polma (see also Polina, Sarv, Hijits, 1988,

. 18) .
Section A
Johvi Stage. Johvi Formation. Aluvere Member 

1. 0.00-2.95 m - Light-grey to greenish-grey, fine-grained, medium-bedded (2-10 cm), ar
gillaceous biomicritic limestone with distinct intercalations 
tides are sometimes pyritized.

of marl. Skeletal par-
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SECOND DAY

Middle and Upper Ordovician westwards of Tallinn

LOCALITY 2;1 PEETRI HILL

In the northern slope of Peetri Hill, 0.3 Ion west of the Tallinn-Keila road 
(Fig. 23) a sequence of the Llandeilo-Caradoc boundary beds,
Kukruse to Johvi is exposed to a total thickness of up to 13 m. The section was excavat
ed due to construction of a Russian fortification system in 1912-1918.

the regional stages from

f
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TALL/m2:1
PEETRI 7/

\
xJ •ms2:k

^KE/LA
RISTNA 1098A> Fig. 23

Sketch map showing the 
location of the outcrops 
and boreholes in North- 
West Estonia. I-I and 
II-II - see Figs 27 and 
31; dotted line - limits 
of shoal belt with 
mounds.
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Fig. 24. Correlation of the sequences of the Viivikonna, Vasavere and Joivi formations 
in the Peetri Hill sections
A. Haas), (A) trench and (B) inclinal pit sections. Numbers 1 
les) - distinguished lithounits. Right - faunal, log (Chitinozcars, Grapti loids' 
of the Idavere and lower Johvi strata. For legend see Fig. 3.

core of borehole (No 1100; unpublisied data of
7 (in circ-

2. 2.95-4.40 (1 .45) m Light-grey,• fine-grained, medium to highly argillaceous bio- 
micritic limestone with rare intercalations of marl. At a depth of 3.85 m, a discon
tinuity surface is observed, The lower boundary is marked by a metabentonite layer 
(3-5 cm).
Idavere Stage. Vasavere Formation

3. 4.40-4.85 (0.45) m Light-grey, fine-grained, argillaceous biomicricic limestone. 
In the lower part the limestone is slightly kerogenous. At a depth of 4.75 m, a meta- 
bentcnite layer (3-5 cm) is observed. The lower boundary is marked by a pyritized 
discontinuity surface.

Section B
Kukruse Stage. Viivikonna Formation. Peetri Member

4. 4.85-6.27 (1 .42) m Light-grey to buff-grey, thin to medium-bedded, pure to argil-
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laceous bioturbated limestone with thin (2-3 cm) kukersite layers and lenses. The 
texture is wavy-bedded, rarely seminodular. The upper boundary is marked by a com
plex of at least 6 pyr.itized discontinuity surfaces.

5. 6.25-9.1 2 (2.87) m - Intercalation of light-grey, fine-grained, thin to medium-bed
ded biomicritic limestone and buff-grey, seminodular, pure to argillaceous keroge- 
nous limestone with thin (2-3 cm) layers of kukersite. The lower boundary of the 
Peetri Member is placed below III kukersite seam (Mann.il, Bauert, 1 986) which is 
the thickest (0.82 m) kukersite-bearing unit of the Viivikonna Formation in this area.
Maidla Member

6. 9.12-10.62 (1.50) m Light-grey (seldom buff-grey), pure to argillaceous, biotur- 
bated biomicritic limestone with rare, thin kukersite layers and lenses. Bicturbation
is exhibited by burrows with kukersite fillings. Pyritized discontinuity surfaces 
are observed at the upper and lower boundaries.

7. 10.62-13.18 (2.46) m - Interbedding of pale buff-grey, thick-bedded, bioturbated, 
pure micritic limestone and light-grey, medium-bedded argillaceous limestone. The 
latter is partly of seminodular texture. Close to the lower and upper boundaries kero- 
genous limestone beds are observable.

The most complete list of fossils in Peetri Hill locality is given by A. Roomusoks 
(1970). In the Johvi Stage the species known from the underlying stage - Clitamhonites 
s'chmidti epigcnus tipik, Platy sirophia chama (Eichwald) , P. lynx lynx (Eichwald) , Asa- 
phus (Necasaphus) nieszkowskii Schmidt, Tetrada memorabilis (Neck.), Sigmoopsis rostrata 
(Krause), Disulcina auvicularis a.c. are distributed together with the new elements 
of the Middle Ordovician fauna - Clinambon anomalus (Schl.), Nicolella alliku Oraspold, 
Toxochasmops maximus (Schm.), Baltioella binodis (Krause), Neotsitrella longota (Roomus- 
oks, 1970; Polma, Sarv, Hints, 1988). The occurrence of numerous disarticulated pelmato- 
zoan skeletal elements, especially the columnals of Ristnacrinus and Babanicrinus 
rucrinus: Rozhnov, 1990) is very characteristic of the Aluvere Member.

The only 0.45 m thick Idavere Stage lacks diagnostic species. All species of the 
rich ostracode association are also represented in the Johvi Stage (Jaanusson, 1976; 
Polma, Sarv, Hints, 1 988), e.g. Platy str-ophia chama mentioned by A. Roomusoks in both 
stages in Peetri locality.

The fossils of the Kukruse Stage have been studied unevenly. Most of the brachio- 
pods - Bilobia musca (tipik.) , Clitambonites s. schmidti (Panlen), C. squamatus (Pahlen) , 
Estlandia marginata magna (Opik), Kullervo lacunata Opik, Oepikina d. dorsata (Bekker), 
Paucicrura navis (Opik) and trilobites Achatella kuckersiana (Schm.), Atractopyge reva- 
liensis (Schm.), Estoniops exilis (Schm.) are known from the upper part of the Peetri 
Member (unit 4) (Roomusoks, 1970, Table 10). The other groups of macrofossils are less 
known.

The assemblage of chitinozoans in the unit 3 and the lowermost unit 2 (Fig. 24) is 
dominated by taxa ranging from the Kukruse to the Johvi and Keila stages, except Spina- 
chitina multiradiata (Eisenack) , De smochitina minor nodosa Eisenack, Conochitina comma 
Eisenack. These appear in the Idavere Stage, but the former makes its debut earlier than 
suggested by R. Mannil (1986) . The relatively rich assemblage of chitinozoans (with 
"Eremochitina" dalbyensis Laufeld), known from the lower substage of the Idavere Stage, 
is absent in the Peetri section. Interesting is the occurrence of Amplexograputs cf. 
fallax below and between the metabentonite layers at Peetri, but it is also recorded in 
the same position from some other sections (Aluvere quarry and cores Moigu, Keila, 
No 1149) . Previously the appearance of this species was marked at the base of the Johvi 
Stage in the East Baltic (Mannil, 1976), above the metabentonite layer "b" in North Es
tonia (Mannil, 1986, p. 20). The new occurrences show the need to revise the biostrati-
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graphical criteria of the lower Boundary of the Johvi Stage, especially in rhe area (in 
North-West Estonia)where the thickness of the Idavere Stage is reduced. However, the ab
sence of the latter is not excluded either (see also Schmidt, 1881).

So, by acid-resistant microfossils the level and nature of the faunal change be
tween the Idavere and Johvi stages is at present difficult to define.

L. Hints, J. Nolvak

LOCALITY 2:2 VASALEMMA QUARRY

In the quarries of Vasalemma, 40 km southwest of Tallinn, the Middle Caradocian Va
sa lemma Formation of Late Keila and Oandu ages crops out to a thickness of 4-6 m. A to
tal thickness of the formation is up to 15 m. . Hard, bedded limestones of the formation 
have been well-known to builders and craftsmen for centuries as a good face-stone, per
fect material for window and door frames, also for tombstones. As building material this 
limestone was used also outside Estonia (in Russia, Latvia, Finland, East Prussia).

In the 18th century in geological literature rocks of the Vasalemma Formation are 
known as "Hemicosmitenkalk" (Eichwald, 1854; Schmidt, 1881) and later as "Cystoid-lime- 
stone" or "marble of Vasalemma". The current understanding of the Formation is based 
mostly on the studies of A. Opik (1934a, 1952), R. Mannil (1960), A. Poomusoks (1970) and 
also on the prospecting work of the Geological Survey (A. Haas, T. Lodjak).

The Vasalemma Formation (Lower, Middle and Upper Vasalemma and Saku members) is 
distributed in North-West Estonia as a 40 km long narrow belt spreading from Risti 
settlement in the west to Saku settlement in the east (Fig. 23). In this shallow water 
belt the carbonate mud mounds surrounded by skeletal sand are distributed. These irregu
lar-form mounds of aphanitic limestone, reaching 10 m in heigth and 50-60 m (occasional
ly 300 m) in width are treated as reefs (Opik, 1952), "bioherms" (Mannil, 1960) or "mud 
mound" (Polma, Hints, 1984). By L. Polma skeletons of different organisms in these lime
stones seem to have never formed a real frame and therefore those bodies may be con
sidered as carbonate mounds. The term is used here conventionally.

In the Vasalemma quarry the pure predominantly massive aphanitic .limestone of 
"mounds" and the bedded skeletal grainstone ("marble of Vasalemma") represent two main 
rock types (Fig. 25). The greenish-grey (in places bluish) thin-bedded to massive apha
nitic limestone contains up to 6 % of terrigenous material, fine, mostly unrounded ske
letal debris is considerably rare (4-10 %; Fig. 26, thin section No 25), but in places 
coarse skeletal material forms 25 or more per cent of the whole bulk of rocks. Some of 
the "carbonate mounds" are rich in skeletons of Cyathoaystis vhizophora Schmidt (Edrias- 
teroidea), quite common are tabulate corals Eofletoheria ovvikui (Sokolov) and Lyo- 
pora tulaensis Sokolov (in the Upper Vasalemma Member), trilobite Stenopareia ava (Holm) 
and also alga Solenopora. In the upper part of the formation in the marginal areas of 
the "mounds", greenish-grey argillaceous marls are distributed locally m the form of 
irregular inclusions, lenses and intercalations. Apart from brachiopods Pleotoglosea? 
sp, Vellamo sp. , Saukrodictya ' sp. these marls yielded Ro stricellula nob-Llis (Oraspold) , 
the common species also in the Saku Me Tiber.

The second type of the rocks - light- or dark -grey, in weathered parts yellowish, 
medium- to thick-bedded skeletal grainstone contains terrigenous material usually be
low 2 %, the skeletal debris amounts to 50-60 %, sometimes up to 90 % and the content 
of medium-crystalline sparry calcite (in some sections dolomite) reaches 10-15 % (Pol
ina, 1977; Polma, Hints, 1984; Fig. 26). In the lower part of the formation bry- 
ozoans debris is prevailing, upwards it is replaced by pelmatozoan debris. In these 
grainstoneo (mostly in the Lower Member) brachiopods are represented by Sowerbyella, 
rare Vellamo, Povambonites and some dalmanellids and scrophomenids, which are less known.
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letal grainstone, 2 - "mud mound". For legend see Fig, 3).

In cores of about 50 boreholes the thickness of grainstones varies from 0.10 to 
60m and they form about 2/3 of the extent of the Vasalemma Formation.

In two described rock types, in the lower and middle parts of the Vasalemma Forma
tion, intercalations of the argillaceous greenish-grey biomicritic seminodular limestone
occur in thickness of 0.10-1.00 m (Fig. 27). They contain a number of species common 
the Keila Formation

to
Esilandia pyron silicifieata Cpik, Clinambon anomalus (Schl.), Hor- 
(Alichova) , Sower-byelladevleyella? kegelens is (5. ) cf. ferurri Roomusoks a.o. These
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Fig. 27. Correlation of the sequences of the Vasalemma and Keila Formations in cores 
between Risti and Keila (line I-I, Fig. 23). 1 - skeletal grainstone, 2 - "mud 
mound". For legend see Fig. 3.

species are the most important arguments for including the lowermost and middle parts of 
the Vasalemma Formation to the Keila Stage. Possible coexistence of the Keila and Vasa
lemma faunas was first mentioned by V. Jaanusson (1945, textab. on p. 223).

The lower boundary of the Vasalemma Formation is diachronous. In the easternmost 
sections it coincides with the upper boundary of the Paaskula Member, in the westernmost 

with the upper boundary of the Saue or Lehtmetsa members of the Keila Formation 
(Fig. 27). The upper boundary is fixed only in a few sections where the Formation is 
overlain by the Torremagi Member of the Oandu Stage.

The subdivision of the Vasalemma Formation into the Lower, Middle and Upper members 
is based on gradual decrease in frequency of the interlayers of argillaceous limestones 
and decrease in grain size of the grainstones and replacement of the little Bryozoa-rich 
mounds of the Lower Member with large mounds containing the first tabulate corals and 
receptaculitids in the Upper Member (Mannil, Roomusoks, 1984, p. 52). In spite of these 
differences we often have difficulties in determining the boundaries between the two lo
wer members and also between the Middle and Upper members comprising the Keila-Oandu 
boundary. Usually in the northern Baltic the last boundary is marked by the most re
markable exchange of the Middle Ordovician fauna.

ones

L. Hints •
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LOCALITY 2:3 AULEPA

The Aulepa quarry is situated 75 km south-west of Tallinn, 15 km north of Haapsalu. 
In a section between Aulepa and Nommkula villages the uppermost part of the Saunja For
mation. of the Nabala Stage and. the lower part of the Korgessaare Formation of the Vorm- 
ii Stage crop out.

The Aulepa quarry was first mentioned by V. Joannsson in 1956. Later A. Roomusoks 
described the section and gave the list of fossils in his manuscript (1966). By his de
scription limestones of the Korgessaare Formation were exposed there in a thickness of 
0.4 m.

Recently the quarry has been expanded and nowadays the following section can be re
cognized (in descending order);

Vormsi Regional Stage. Korgessaare Formation
C.45 m - Light-grey medium-bedded (2-10 cm) slightly argillaceous fine-grained skeletal 
limestone (wackestone). The lower boundary of the interval is transitional.
0.45 m - Light-grey medium-bedded (2-10 cm) fine-grained skeletal wackestone (pure lime
stone) . 
face.

The lower boundary of the interval is marked by a pvritized discontinuity sur-

Nabaia Regional Stage. Saunja Formation
0.70+ m - Brownish-grev medium-bedded (2-10 cm) cryptocrystalline (aphanitic) limestone.

In the Aulepa section the Korgessaare Formation is quite rich in macrofossils. The 
noticeable increase in the role of corals in the East Baltic Upper Ordovician macrofauna 
during the Vormsi age is marked here after A. Roomusoks by the appearance of the species 
Proheliolites dubius (Schm.) Kenophyllum siluricum (Dybowski) and Streptelasmo (Strepte- 
lasma) distine turn Wilson accompanied by the Kenophyllum subeylindviaum Dybowski appear
ing in the Nabala Stage. New elements of the diverse brachiopod fauna are represented 
by Eoplectodonta schmidti (Lindstrom), Tviplesia sp., Eospirigerina of. sulevi Jaanusson 
in Alichova. The specimens of Eospirigerina in the Aulepa and also Korgessaare sections 
(Hiiumaa Island) are the lowermost finds of that genus in the East Baltic. The whole 
Estonian material on "Pleetatrypa" (=Eospirigerina) needs revision and therefore it is 
difficult to estimate the stratigraphic value of the mentioned specimens, Brachiopods 
Bekkeromena semipartita (Rcemer) ,
(Buch) , Orthamoonites (=Sulevorthis) lyokholmiensis (Wysogorski) , Pseudolingula quadra- 
ta (Eichw.), and also trilobites Toxoohasmops eiehwaldi (Schm.), Illaenus angustifrons 
angustifrons Holm, are common to the Nabala and Vormsi stages, but in the Aulepa section 
they are at present met only in the Korgessaare Formation, of the last stage.

The aphanitic limestone of the Saunja Member seems to be poor in macrofossils. Only 
some poorly preserved gastropods and small echinoderm cclumnals have been noticed.

In the Aulepa section a rich ostracode fauna has been discovered (Fig. 28). The 
cryptocrystalline limestone of the Saunja Formation has yielded over 30 ostracode spe
cies of wide stratigraphies 1 distribution, among them Brevibolbina dimorpha dimorpha 
Sarv, which in North-Estonian sections seems to disappear at this level. In the lime
stones of the Korgessaare Formation the number of ostracode species increases to more 
than 40. In audition to the species common in both above-mentioned stages, Tvaerenella 
expedite. Sarv, Eoaquapulex frequens (Steusloff) and Brevibolbina dimovpha altonodosa. 
Sarv were recorded, which in several sections of North Estonia mark the lower boundary 
of the Vormsi Stage.

Most taxa of chitinozoans recorded from the samples cross the boundary between the 
Nabala and Vormsi stages, except for the appearance of Conochitina 
known from the Vormsi and lower Pirgu strata in North Estonia (Fig. 29). The absence of

Plaesiomys Solaris (Buch) Nicolella cswaldi oswaldi

n., which issp.
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Fig. 29. Faunal log (Chitinozoans and Conodonts) of the Aulepa quarry.
the characteristic species (Conochitimx cactaoea Eis.) which in Estonian sections disap
pears at the top of the Nabala Stage (Saunja Formation) may be due to its low frequency. 
Both the association of chitinozoans and the assemblage of other acid-resistant microfos- 

(acritarchs, radiolarians, foraminifers, scolecodonts, etc.) are similar to those 
identified at the same stratigraphical level in other Estonian sections.
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Conodonts in the Aulepa section are represented by long-ranging taxa (Fix. 29). 
The number of specimens increases in the Korgessaare Formation. Usually several new spe
cies appear at this level, but they are not discovered in the Aulepa section.

The whole available information confirms faunal difference between the Nabala and 
Vormsi stages, and the stratigraphical distribution of different fossil groups investi
gated exactly marks the lower boundary of the Vormsi Stage.

T. Meidla, L. Hints," P. Mannik, J. Nolvak

LOCALITY 2:4 RISTNA CLIFF

The westernmost outcrop of the Keila Stage is situated on the eastern coast of the 
Ristna headland in North-West Estonia (Fig. 23). During last decades the section has 
been somewhat neglected, but in earlier study it served as stratotype of the Ristna Mem
ber (beds) (Jaanusson, 1945; Mannil, 1958; Roomusoks, 1970). The section deserves at
tention as the best section for collecting fossils and paleoecological observations of 
'the early Keila fauna. The interlayers of the aphanitic limestone, uneven distribution 
of skeletal debris and occurrence of large number of shells and skeletons on some bed- 
ding-planes are essential features in the Ristna section characterizing the second half 
of the Ordovician (Polma, 1982).

In the Ristna section the Kurtna Member of the Keila Formation is exposed in thick
ness over 3.5 :n. The section continues in the sea floor as stepped plateaus. Due to un
commonly great inclination of the strata, considerably effected by block faulting in 
North-West Estonia, in the northern and southern parts of the headland the strata have 
different ages. In the northern part the older beds are exposed.

In the section four units were distinguished (Fig. 30). The uppermost (first) unit 
can be followed along the seaco^st, northwards gradually decreasing in thickness.

Keila Regional Stage. Keila Formation. Kurtna Member
1. 1.40+ m - Light-grey with yellowish shade, thin-bedded argillaceous micritic lime-

is sporadically distributed.
Alternation of light-grey and yellowish slightly argillaceous 

and pure, by layers micritic limestones. Partly silicified, rarely pyritized skeletal 
debris is finer in pure limestones, than in argillaceous limestone. Accumulations of 
valves and shells of Sowerbyella (Sowerbyella) trivia Roomusoks occur in the upper

stone. Fine, partly pyritized skeletal debris 
2. 1 .40-2.70 (1 .30) m

part of the unit (Fig. 30). Some layers contain abundant columnals of Ristnaorinus. 
3. 2.70-2.75 (0.05) m Yellowish-grey metabentonite (layer "e"; Jiirgenson, 1958) with 

rare biotite; lower part of the metabentonite is hard with a distinct lower con
tact. Upper half is partly dolomitized with silicified fragments of bryozoa and cri- 
noid columnals, brachiopods Sowerbyella (S.) trivia and Horderleyella? kegelensis occur 
(Roomusoks, 1970). Metabentonite is well exposed in a deep abrasional niche in the
northern part of the cliff. 

4. 2.75-3.50 (0.75) m Greenish-grey, by layers yellowish medium-bedded, slightly ar
gillaceous, micritic limestone. Upper 0.15 m are represented by aphanitic limestone 
with fine rare skeletal debris. By layers skeletal debris is coarse, partly silici-
fied, on some bedding planes occur numerous columnals and stems of Ristnaorinus mari- 
nus and fragments of alga Mastopora. 0.35-0.45 m from the top of the unit the burrows 
contain kerogen of kukersite.

During the Ordovician study in North Estonia the age of the rocks at Ristna cliff 
have been interpreted differently: as rocks of the Johvi Stage (Schmidt, 1881; Opik, 
1'934a) , or as boundary beds of the Johvi and Keila stages (Mannil, 1958; Jaanusson,
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4 - distinguished lithounits. Number of ostracode spe- 

and large (10 or more specimens) circles; opencimens is shown by small (1-9) 
circles identified as cf. For legend see Fig. 3.

1945). Small thickness of the metabentonite layer, occurrence of typical Keila brachio - 
pods in it (Sowerbyella (S.) trivia, Horaerleyella? kegelsnsis) allow to correlate this 
section with the stratotype sections containing "e" bentonite at Keila and Paaskiila (Fig. 
31). This viewpoint, expressed by A. Roomusoks (1970), was confirmed also by recent new 
data on ostracodes and chitinozoans (Fig. 30).

List of macrofossils in the Ristna section was given by A. Roomusoks (1970, p. 253). 
It contains brachiopods and trilobites in units 1 and 2 - Eetlandia pyron siliaifioava
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KEILARISTNA
Opik, Porambonites ventricosus Kutorga, Cli- 

(Schloth.), Asaphus (Neo- 
asaphus) nieszkowskii (Schrn.), Atractopyge 
dentata (Esmark),Chasmops emarginatus (Schm.) 
a. o. Ristna is the topotypic section for 
Ristnaerinus marinus Opik (Opik, 1934b). In 
addition to the mentioned species brachiopods 
Saukrodiatya. sp. Platystrophia ex gr. denta
ta, small dalmanellids and columnals of Bal- 
toorinus hreviaaensis (Yelt.) and Babaniari- 
nus (=?Viruarinus) cf. kegelensis '(Yelt.) ha-

core

0.2 nambon anomalus

PaasKiila Member

o

0.0 o 6
6 63.

=-rr^ar~.ZL'i— d 9 ? 6
/7.7 - ve been establisned in units 2-4 (Fig. 30). 

The data on macrofossils in the
AK —

3.5 HZ77—-C 6 Ristna
section are very similar to that in the stra- 
totype at the Keila Stage in the core of Kei- 
la borehole, in the strata above and below 
the metabentonite layer at a depth of 7.08 m 
(Fig. 31). The occurrence of Baltocrinus hre- 
vioaensis and lack or sparsity of Virucrinus? 
below, metabentonite in both sections are no-

<S Cn 
too

Kurina Member rô1
-Sttj t; tj^ ea ^ 

V ^ C ta

jJSKEILA STAGE jL12.9
JOHVI STAGE •Sa 5.5to .

1
t-a K

ticable and presumably have bicstratigrrphic 
importance in North-West Estonia. Virucrinus- 
like columnals are very common in the Johvi 
Stage and in the upper half of the Keila 
Stage (Polma, Sarv, Hints, 1988).

Ostracodes established in the units 2-4
v, MB

are represented first of all by species ap
pearing already in the Idavere Stage (Biohi- 
lina prima Sarv,Sigmoopsis vostvata (Krause), 
Polyoeratella aluverensis Sarv, Braderupia 
asymmetrica (Neckaja), Pedomphalella egregia 
(Sarv) or in the upper part of the Johvi

BoIbina

C?

Fig. 31. Correlation of the sequences 
of the Kurtna Member in Ristna cliff 
and Keila boring sections and distribu
tion of macrofossils in the latter (see 
Polma, Sarv, Hints, 1988, Fig. 25). 
"d-1 and "e" - metabentonite layers (by 
Jurgenson, 1958).For legend see Fig. 3.

Stage (Tetrada krausei (Steusloff), 
major (Krause) (Fig. 30). New elements in 
ostracode fauna are Tetrada grandis (Sarv), 

Leperditella prima Sarv,Tvaerenella lenga tonga Sarv and Tetrada harpa (Krause), which, 
accordi.il to L. Sarv (in Polma, Sarv, Hints, 1988, p. 60-61) confirm the Keila age of the
strata. In the Ristna section beside the mentioned ostracode taxa several species like 
Snaidar radians (Krause), Oepikella? canaliculata (Krause), Easohmidtella 
and Bolbina crnata (Krause) are established the 
known in East Baltic.

lata (Neckaja) 
distribution of which is as yet poorly

The early Keila age of the Ristna section 
sociation (Fig. 30).

is confirmed also by the c’nitinozoan
other sections in the lower

as-
It consists of taxa established in the

part of the Keila Stage containing the metabentonite layer. The lack of microfossils in 
three samples can be possibly explained by weathering taking place right near the meta
bentonite interalyer.

L. Hints, T. Meidla, J. Nolvak
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THIRD DAY

Upper-Ordovician south from Tallinn and boring cores at Sarghaua field-station

LOCALITY 3:1 PAEKNA QUARRY

The Paekna quarry lies on the north side of the road between Todva and Nabala vill
ages, 3.5 km east of the Tallinn-Kohiia highway. Nowadays this sequence, first mentioned 
by V. Jaanusson (1944, p. .95), exposes the boundary beds of the Rakvere and Nabala stag
es, representing uppermost Caradocian, D. olingani zone (see also Mannil, 1976, p.118).

Nabala Stage, Paekna Formation
Uppermost part of the quarry (Fig. 32) offers an exposure of about 0.6 m limestones 

of the Paekna Formation (type section) of the Nabala Stage (uppermost Middle Ordovician). 
This part of the section was described by V. Jaanusson (1944) under the name "Paekna 
Schicliten" and was not mentioned by R. Mannil (1 958). These light yellowish-grey (in 
weathered state) medium-bedded (2-10 cm) microcrystalline limestones are medium argil
laceous, with fine skeletal detritus (12-16 %), with thin (up to 1.5 cm) intercalations 
of marl.

The lower boundary is marked by the complex of highly irregular, undulating discon
tinuity surfaces (2-4), with yellowish-brown (weathered), thin, originally pyrite im
pregnation zone with Tvypanites borings and pits, which extend up to 12 cm and are fil
led with coarse skeletal detritus, prevailingly consisting of brachiopods, 
echinoderms, ostracodes, algae, etc. The rock between the discontinuity surfaces (about 
10 cm) is similar to the underlying rocks of the Rakvere Stage and macrofossils, record
ed by V. Jaanusson (1 944, p. 95) from this locality came probably from this part of the 
section (see also Mannil, 1958, p. 6: layer 1).

bryozoans,

Fig. 32. Cross-section through the Paekna (Nommkiila) quarry (data by L. Polrna was used).
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Fig. 33. Faunal log (Chitinozoans) of the Paekna quarry and Nabala-16 core. Open rec
tangle - conform!s.
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Rakvere Stage. Ragavere Formation. Tudu Member
limestones (calcilutites)Main part, of the section is represented by aphanitic 

which crop out in the thickness of up to 3.1 m. According to the new data these beds be
long to the upper part of the RSgavere Formation, opposite to our earlier consideration 
(Polma, Nolvak, 1984, p. 57). The rock is light-grey (white), slightly yellowish, within 
the topmost 1 m weakly weathered, thin to medium-bedded (2-10 cm) pure (CaCO^ more than 
80 %), cryptocrystaliine (aphanitic) limestone, with sparse (abput 5 %) fine skeletal 
detritus (prevailingly Vermiporella). Less pronounced four pyritized discontinuity sur
faces occur in the interval from 2.05 to 2.35 m from the top of the member.

The rocks of the RSgavere Formation are referred to shelf deposits of medium depth, 
where the influx of terrigenous material was more limited comparing with the overlying 
part of the section (Paekna Formation). The previous list of macrofossils needs a revi
sion according to a new interpretation.

Most of the taxa recorded from the present locality presented have wider stratigra- 
phical ranges (see Fig. 33, 34) as shows comparison with the faunal log of the Nabala-16 
boring, which is situated 0.7 km southeast of the outcrop. (1) The beds of the RSgavere For
mation in the core are characterized by the increasing taxonomic diversity of microfossils 
and this change seems to be in correlation with a decrease in the rate of sedimentation. 
(2) It should be mentioned that there are no principal differences in diversity in spite 
of the sample densities: 14 samples for chitinozoans and 8 for ostracodes from the quar
ry section are compared with 2 core samples from the upper 1.6-2 m part of the Tudu Mem
ber (between the complexes of the discontinuity surfaces, Fig. 33, 34). The size of the 
samples was roughly the same. (3) Among chitinozoans (Fig. 33) the boundary between the 
Rakvere and Nabala stages is best defined by disappearance of Conochitina robusta Eise-

Grahn (Plate 13, 
the disappearance of

nack (Plate 13, Fig. 8) and appearance of Cyathoohitina reticulifera 
Fig. 10? = C. dispar in Mannil, 1976, p. 118) and among ostracodes 
disuloina perita (Sarv) and the appearance of Disuloina explioata Sarv (Fig. 34). Accor-

East Baltic they seemding to the data from the other sections at least in the northern 
to be good biostratigraphic tools.

J. Nolvak, T. Meidla

LOCALITY 3:2 LOHU OUTCROP

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 
Stage.

The sequence is characterized (see Fig. 35) by prevailingly pure, micro- to crypto
crystalline, fine organodetritic (predominantly algal fragments), in the lower part fine 
organodetrital,light-grey, with slightly yellowish (in the upper part) or slightly brow-

medium-bedded to medium nodular limestone. Anish (in the lower part) shades of colour, 
pyritized discontinuity surface is observed at about 0.7 m from the bottom of the quar
ry.

The section continues in a small overgrown quarry with an old lime-kiln. 50 m to
wards the road there is an outcrop of pure, prevailingly microcrystalline, fine orga
nodetritic, thin to medium-bedded, light-grey limestone of a slightly brownish shade of 
colour, exposed in a thickness of 0.90 m. They belong probably to the lowermost part of 
the Adila Formation of the Pirgu Stage.

The rocks in Lohu quarries are assigned to the regressive deposits of a partly iso
lated, relatively shallow-water shelf.
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The following fossils have been reported in the Lohu quarry: Aulaoopium aurantium 
Oswald,' Stromatocerium oanadense Nichols et Murie, Plectatrypa sulevi Jaanusson, Cono~ 
chitina wesenbergensis brevis Eisenack, Tanuchitina bergstroemi Laufeld, etc.

L. Polina, J. Nolvak

LOCALITY 3:3 SARGHAUA FIELD STATION
.Geological setting and sightseeing

The Sarghaua Field Station of the Institute of Geology is situated in central Esto
nia, approximately 100 km south of Tallinn, at the PSrnu River. The site lies about 15 km 
south-west of the drumlin field of Tiiri and belongs to the West-Estonian Lowland in the 
limits of the maximal range area of the Baltic Ice Lake (about 10,000 to 11,000 years 
ago). The bedrock in the surroundings of the field station is represented by the late 
Llandovery (Telychian) Adavere Stage, consisting of dolomitized limestones which yield 
a.o. CostistricklancLia. The bedrock is exposed in many places at the Parnu River and its 
tributaries (the localities lie at 5-10 km from the station).

At a distance of one km from the Sarghaua Field Station the Museum of Kurgja, a 
farmstead of the prominent Estonia 19th century public figure C.R. Jakobson (1841-1882) 
is situated.

The Sarghaua Field Station represents the site of a 18-19th centuries farm with its 
different buildings, some of which are reconstructed for the institute's needs. The 
oldest existing wooden buildings come from the middle of the 19th century, the oldest 
known planted trees in the farm park date from the beginning of the same century 
(1806... 1837). The stone buildings have been constructed in 1881 (the meat barn) and 
1923-1926 (the main stone building was used up to 1943 as a complex of creamery, cow
house, and piggery). In 1972, when the Institute of Geology got possession of the site, 
the farm buildings were in tumbledown condition, the present state being a result of the 
reconstruction of stone buildings carried out by a local state building organization in 
the period of 1974-1979, 1984, and 1988, and the enthusiastic activity of the insti
tute's staff interested in the functioning of the field station.

The field station serves for the maintenance and study of borehole cores and diffe
rent lithological and paleontological collection, coming mainly from the Ordovician and 
Silurian subsurface of central and southern Estonia.

At the field station core sections representing different East Baltic Ordovician 
and Silurian confacies belt sequences will be demonstrated.

The Ordovician sequences (Loc. 3:3)
In the East Baltic area the presence of different cdhfacies belts, earlier referred 

to as facies regions, or according to Soviet usage "the structural-facies 
been first recognized in the early 1960s (Mannil, 1963, 1966). Two main confacies belts 
have been distinguished and currently used in the East Baltic, which are here refer-

zones" have

red to,as eastern and western (central) confacies belts. The eastern (when concerning the
the northern) belt includes the surface bedrock of northern Esto-Estonian territory

nia, and subsurface of eastern Latvia and south-eastern Lithuania and consists mainly of 
grev-coloured shallow-water calcarenites. The western belt includes subsurface of south
ern Estonia, western Latvia and western Lithuania and consists in its considerable part 
of clayey and argillaceous, often red-coloured deposits, calcilutites. The viestern belt 
represents an eastern (Livonian) tongue of the Central Baltoscandian Confacies Belt ac
cording to terminology introduced by Jaanusson (1 976) . It corresponds to the Swedish- 
Latvian facial zone of Mannil (1966). The boundaries between the main confacies belts
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are not linear and accordingly a comparatively narrow transitional zone between the 
belts may be distinguished (Polina, 1 967).

A comparative study of the lithology including characteristics of skeletal debris 
content of the confacies belts based mainly on Rapla and Engure core, sections has been 
carried out by Poima (1972 a,b, 1973, 1982). The subsurface lithology and faunas of the 
belts on the Latvian territory have been summarized by Ulst, Gaiiite, and Yakovleva 
(1982) .

The significant lithological and faunal differences existing between the different 
confacies belts despite of the presence of core sections of transitional character (e.g.
Laeva and Butkunai cores) cause serious problems in the correlation of different sequen-

by Jaanusson (1960, 1976), Mannil (1977, 1972), 
and others, many of them are still in urgent need

ces. Some problems have been discussed 
Bergstrom (1971), Ulst et al. (1982), 
of special studies.

In the field station two Ordovician drilling cores will be demonstrated: the Kulla- 
maa core of western Estonia, and the Aizpute core of western Latvia representing the
East Baltic eastern and western (central) confacies belts, accordingly. A schematic cor
relation of the core sections together with outlines of the local stratigraphic classi
fication of the successions, characteristic biofacies indices (mainly trilobites, in 
part brachiopods or ostracodes), and selected correlational biostratigraphic tie points 
rasp faunal marker horizons is given in a figure provided separately (see 
pages 1 30. ... 1 93) .

Fig. 60 on

R. Mannil
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FOURTH DAY

Middle and Upper Ordovician and Llandovery outcrops in North-East Estonia

LOCALITIES.4:1 A and B KOHTLA AND MAIDLA QUARRIES

Vicinity of Kohtla-JSrve, nowadays a mining and chemical industry centre, is a his
torical area of oil shale geology studies (see Bekker, 1921; Opik, 1925; Rddmusoks, 1970 
et al.). From a lot of quarries and outcrops two were chosen for this excursion.

Kohtla quarry (4:1A) is located 1 km south of Kohtia railway station and 7 km 
south-west of town Kohtla-JMrve. Kukersite is excavated in this small quarry at present, 
but it is a suitable place for collecting fossils as well. The section presents the lo
wermost part (the Kividli Member) of the Kukruse Stage. 34 alternating limestone and ku
kersite beds (from "A" to "K0") can be distinguished here, 14 of what are brownish ku
kersite beds (Fig. 36). The Kivioli Member has its maximum thickness in this region. To
wards east, south and west it decreases from 6 m to 1-1.5 m.

Maidla quarry (4:1B) is situated 10 km south-west of Kohtla quarry. Besides expos
ing the Maidla Member of the Kukruse Stage this big quarry is an example of wasteful ex
cavation. The section presents the middle part of the Kukruse Stage - the Maidla Member 
(from "K/L" to "III") in its whole thickness of 6 m. Here kukersite beds are thinner and 
limestones (incl. kukersineousx) prevail (Fig. 37).

Kukersite is a unic mixed rock that consists of the following 3 main components:
1) organic matter of algal and/or microbial origin and of specific outlook (25-65 %)
2) terrigeneous matter, mainly pelitic (15-50 %)
3) calcareous component that consists mainly of calcitic matrix and skeletal remains 

(15-50 %) .
Kukersite beds contain nodules of kukersineous limestone, lenses of densely packed ske
letal debris or show horizontal lamination stressed by the accumulations of skeletal 
fragments. Kerogeneous matter of kukersite consists of yellow to brownish isolated glo
bular and aggregate-like particles called "kuckers". Average diameter of kuckers varies 
from 40 to 200 microns. Inner structure of simple globules is homogeneous, aggregate- . 
like ones show differentiated structure of algal and/or microbial origin. The latter are 
most common in calcareous kukersites, simple globules in kukersite beds "B", "G", "III".

The section (see Fig. 37) consists of following rock types:
1) kukersite (organic matter (OM) - 25-65 %)

a) kukersinite (OM - 50-65 %) 
in beds "B", "e"

b) argillaceous kukersite with sparse and few skeletal debris (OM - 25-50 %)
"Gr

c) calcareous kukersite rich in skeletal debris, its lenses and laminations (OM - 25-
50 %)
in beds "A", "C", "F1", "G2",

in beds "A", "D",

"H2"
2) kukersineous limestone (OM - 5-25 %)

a) kukersineous fine-grained argillaceous skeletal wackestone in beds 
"C/D", "D/E"

b) kukersineous unsorted skeletal wackestone 
in beds "B/C", "E/F", "F3", nG^/G2"

3) limestone (with few kuckers or without them; OM - 5 %)

"A/B", "B/C",

x derived from the word "kukersine" that marks the kerogeneous component of kukersite 
comprised of specific globular and aggregate-like particles
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Fig. 36.
Kohtla quarry section. 
For legend see Fig. 3.
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Maidla quarry section. 
For legend see Fig. 36.
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a) fine-grained argillaceous skeletal wackestone 
in beds "C/D, the lower", "F2/F3", "F4/F5"

b) unsorted skeletal wackestone 
in beds "F3/F4", "G/H", "H/I"

4) skeletal grainstone (might be kukersineous) 
lenses in beds "B", "C", "E/F"

Nearly all beds of the sections are more or less bioturbated.
Kohtla and Maidla sections yield a diverse and abundant fossil assemblage. Over 200 

species (trilobites, ostracodes, brachiopods, gastropods, 
bryozoans, pelmatozoans, sponges etc.)
(Roomusoks, 1970).

Detailed sampling has been carried out in these quarries (see Figs 36, 37). Using 
appearance of definite ostracode species two levels of changes in the taxonomic composi
tion have been depicted. These levels can be well followed along the North-Estonian Con- 
facies Belt (from Tallinn to Leningrad Region). The content and abundance of macrofos
sils, as well as the amount and composition of skeletal debris vary greatly through the 
'sequence. To get an idea about it, preliminary and empirical estimates on macrofossil 
distribution (gained from ostracode samples and polished rock samples) have been added.

Kukersite of the lower part of the Kohtla section (beds "B", "C") is rich in cryp
to s tome (Graptodiotya, Pachydietya, Phaenopora) and some ramose bryozoans (Homotrypa, 
Nematotrypa), shown already by H. Bekker (1921), as well as pelmatozoan debris (Bistna- 
orinus, Baltocrinus) . Especially the latter accumulations refer to the fluctuating ener
gy levels that existed during the Kukruse Age. Kukersineous limestone beds contain most
ly trepostome bryozoans, microgastropods, small trilobites, brachiopods.

pelecypods, cephalcpods, 
have been recorded from the Kohtla-Jarve section

The middle part of the Kohtla section (beds "D", "E", 
pods (Sowerbyella, Oepikina). Here

"F.j ") is dominated by brachio-
AnotherBilobia mueca and Paucicrura navis appear.

good stratigraphical marker level follows, while ostracodes Sigmoopsis rostrata, Polyos-

- "f3".ratella bioornis and Airina amabilis make their first appearance in beds "F2/F3"
Starting with the beds "F^" - "G^" Kullervo panderi can be distinguished.

show a remarkably great content ofKukersite beds ”f4", "V"G2" and
debris (eocrinoiis, stylophorans, homoiostelean and asteroid species).

echinoderm

The commonest species of the Kividli Member Chasmatopora furoata, Pseudohornera bi

fidaj Diplotrypa petropolitana petropolitanaMesotrypa excentrica, Biouspina dorsata, 
Bilobia musoa, Cyrtonotella kuokersiana kuokersiana, Asaphus (N.nieszkowskii, Atraoto- 
pyge rex, Chasmops aff. odini odini etc. occur also in the Maidla Member (Roomusoks, 
1970) .

The Maidla Member is poorer in fossils, but it must be added that its macrofauna is 
less known, too. Beds "0", "P", "I" form an important stratigraphical level, where ost
racodes Polyoeratella aluverensis, Baltiaella binodis and Braderupia asymmetrica appear.

A. Korts, R. Einasto

LOCALITY 4:2 CNTIKA CLINT

The stratotype section of the Ontika Subseries is situated at the highest point of 
the North Estonian clint (56.4 m) near Ontika village, 15 km north of Kohtla-Jarve town.

Ordovician Ontika beds (the Kunda,Volkhov, Latorp stages) 
posed. In the topmost part of the escarpment the above-lying middle Ordovician Aseri and 
Lasnamagi stages are overgrown with brushwood and can be observed only in pits excavated 
in the limestone plateau. The lower part of the clinc is represented by terrigenous Tre- 
madoc and Cambrian rocks.

In the section lower are ex-
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A pioneer work on the Lower Ordovician • stratigraphy of North-Estonian clint was 
done by F. Schmidt, later improved by W. Lamansky (1905), P. Raymond (1916) and K. Orvi- 
ku (Jaanson-Orviku, 1927; Orviku, 1929, 1940; 1960a, b). Articulate brachiopods, found 
in nearby outcrops, are here given alter M. Rubel (1961), trilobites, partly according 
to R. Mannil (1963). Describing the present section and microfauna the author used iden
tifications of ostracodes revised by L.. Sarv (see Fig. 38). In descending order there are 
exposed;

Aseri Stage. Aseri Formation (forms together with the lower-lying Napa Formation 
the classical "Upper Oolitic Bed")
0.2+ m - Grey dolomitized skeletal packstone, with limonite ooids and pseudo-ooids con
tains Panderina cf. sulcatus, Periodon aculeatus, Longiscula sp., Polyceratella sp. At 
the base there is a shaxp rough limonitized discontinuity surface.

Kunda Stage at Ontika is more complete than in West Estonia (Loc. 1:4 and Table 1) 
Napa Formation

2.35 m - Grey argillaceous skeletal packstone with various amount of limonite pseudo-
ooids, ooids and argillaceous intercalations. In the upper (1.1 m) and dolomitized lower 
(0.5 m) parts the rock is thick-bedded (5-8 cm), in the middle part (0.75 m) 
lar, thin- and medium-bedded. The quantity of ooids increases from top to base, that of 
pseudo-ooids and coarse-grained skeletal material decreases. Eoplacognathus suecicus, 
Microzarkodina ozarkodella are the most topical conodonts, Pliomera fischeri (Eichw.),

Productcrtkis eminens (Pander), Lycophoria globosa 
and from the upper part Euprimites effusus, Pinnatulites vrocera, Aulacopcis 

simplex, Steusloffia levis, Desmochitina cocoa were identified.

seminodu-

Pseudasaphus globifrons (Eichw.), 
(Eichw.)

Loobu Formation (= "Vaginatum" or "Endoceras" Limestone ) forms together with the 
underlying Sillaoru Formation - the Kunda Formation according to P. Raymond, 1916.

Loobu Formation (= "Vaginatum" or "Endoceras" limestQne)
2.0 m - Valgejoe Member: Grey, dolomitized coarse-grained skeletal packstone with soft 
argillaceous intercalations (especially frequent in the middle part) contains limonitic 
grains and burrows, rare fine glauconite and partly pyritized or glauconitized fragments 
of echinoderms, ostracodes, bryozoans, brachiopods, trilobites, numerous endoceratide 
cephalopods. Upper part is rich in ostracodes (Euprimites effusus, Ogmoopsis variabilis, 
Steusloffia acuta, Pinnatulites procera); lower part - in chitinczoans 
esthonica longa, Rhabdochitina gracilis, Desmochitina minor). Bentoceras rubeli Stumbur 
occurs.
2.5 m - Utria Member; Grey, generally varigrained, hard dolomitized skeletal packstone, 
more rich in cephalopods than the uppermost member. Upper 0.6-0.7 m is thick-bedded 
(5-10 cm), with limonitic burrows, molds of microgastropods, fine inarticulate brachio
pods, ostracodes Primitiella fastidiosa, fragments of graptolites. Following bed (0.6 m) 
contains argillaceous intercalations, coarse grains of glauconite, single limonitic 
ooids, numerous cephalopods, fragments of graptolites Glyptograptus sp., ostracodes Au- 
lacopsis simplex. The next 0.8 m is thick-bedded (18-20 cm), with numerous rough phos- 
phatic discontinuity surfaces.

Lower part (0.4 m) is medium-bedded, with argillaceous intercalations (1 cm), rich 
in trilobites and cephalopods; a rough phosphatic discontinuity surface occurs.

Most abundant cephalopods of the Loobu Formation are Paracyclendoceras cancellatum 
(Eichw.), Protocyclendoceras balticum Balashov, Dideroceras longispiculum Balashov (Ba
lashov, 1968) , brachiopods Lycophoria nucellc (Dalm.), Cyrtonotella 
(Eichw.), trilobites Megistaspis gibba (Schmidt).

(Lagenochitina

semicircular is
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For lithological legend see Fig. 3. Ranges of fossilsj
I Conodonts: 1 - Drepanoistodus deltifer (Pander),2 - Drepanoistodus acuminatus (Pander), 3 - Aaodus deltatus (Lindstrom)t

4 - Paroistodus cf, proteus (Lindstrom) , 5 - Drepanoistodus forceps (Lindstrom) , 6 - Drepanodus arcuatus ,Pander, 7- Prioniodus 
elegans Pander, 8 - Scolopodus rex Lindstrom, 9 - Oepikodus evae (Lindstrdm), 10 - Oistodus lanceolatus Pander, 11 - Periodon 
flabellum (Lindstrom), 12 - Stolodus stola (Lindstrom), 13 - Baltoniodus triangularis (Lindstrom), 14 - Protopanderodus longi- 
basis fLindstrom) , 15 - Baltoniodus navis (Lindstrom), 16 - Milaculum scandicum Muller, 17 - Protopanderodus rectus ('Lind
strom), 18 - Microzarkodina flabellum (LindstrOm), 19 - Triangulodus brevibasis3 20 - Paroistodus originalis (Sergeeva), 21 - 
Scalpellodus latus (van Wamel), 22 - Microzarkodina cf. parva (Lindstrom), 23 - Baltoniodus prevariabilis norrlandicus Lof- 
gren, 24 - Protopanderodus cf. varicostatus (Sweet et BergstrOm), 25 - Drepanoistodus basiovalis (Sergeeva), 26 - Scolopodus 
cornuformi8 (Sergeeva), 27 - Scalpellodus gracilis (Sergeeva), 28 - Milaculum sp. a v.d. Boogard, 29 - Amorphcgnathus (Eopla- 
cognathus?) variabilis (Sergeeva), 30 - Baltoniodus variabilis medius Dzik, 31 - Scolopodus cf. bulbosus Lofgren, 32 - Be-
lodella cf. jemtlandica Lofgren, 33' - Microzarkodina ozarkodella Lindstrom 34 - Eoplacognathus cf. suecicus Bergstrom, 35 
Polonodus clivosus „(Viira), 36 - Walliserodus cf. iniquus (Viira), 37 - Panderodus cp. (cf. compressus Branson et Mehl), 38 - 
Panderodus cf. sulcatus (Fahraeus), 39 - Baltoniodus prevariabilis prevariabilis Fahraeus, 40 - Periodon aculeatus Hadding, 
41 - Acontiodus sp.;

II Inarticulate brachiopods; 42 - Siphonotreta unguiculata (Eichwald), 43 - Spondylotreta faceta Gorjansky, 44 - Scaphe-
lasma septatum septatum Gorjansky, 45 - Myotreta crassa Gorjansky, 46 - Biernatia rossicum (Gorjansky), 47 - Leptembolon rec
ta (Gorjansky), 48 - Eoconulus cryptomus Gorjansky, 49 — Eosiphonotreta cf. verrucosa (Eichw.), 50 - Paterula sp.; 51 - Biei•- 
natia mi:-or Cooper, 52 - 'Scaphelasma septatum rUgosum Gorjansky, 53 - Rowellella sp. (cf. rugosa Gorjansky), 54 
mica Gorjansky,> 5E? - Orbiculoidea cf. schallochensis Reed;

III Chitinozoans: 56 - Conochitina primitiva Eisenack, 57 - Lagenochitina esthonica Eisenack, 58 - De.smochitina elongata 
Eisenack"^ 59 - Rhabdochitina magna + R. striata Eisenack, 60 - Scolecodonts (Anisocerasites ? - Bjj), 61 - Cyathochitina ca- 
lix (Eisenack), 62 - Desmochitina minor Eisenack, 63 - Rhabdochitina gracilis Eisenack, 64 - Cyathochitina cf. regnelli Eise
nack, 65 - Cyathochitina campanulaeformis (Eisenack), 66 - Glyptograptus sp., 67 - Lagenochitina esthonica longa Eisenack, 68 
- Desmochitina cocoa Eisenack, 69 - Pistillifrons pistillifrons (Eisenack);

IV Ostracodes; 70 - Conchoprimitia gammae Opik, 71 - Tallinnellina palmata (Krause), 72 -Rigidella mitis Opik, 73 - Gloss-
omorphites ? cf. grandispinosa (Hessland), 74 - Ogmoopsis bocki (Opik), 75 - Regiopis ? cf. oepiki Sarv, 76 
primaria (Opik), 77 - Bolbina crassq Sarv, 78 - Glossomorphites ? cf. tenuilimbata Hessland, 79 - Ogmoopsis variabilis 
80 - Steusloffia levis Sarv, 81 - Tallinnellina divelata Sarv, 82 - Steusloffia acuta (Krause), 83 
lacopsis simplex (Krause), 85 - Primitiella fastidiosa Sarv, 86 - Pinnatulites procera (Kummerow),87 - Euprimites effusus Jaa- 
nusson, 88 - Longiscula sp., 89 - Baltonotella sp., 90 - Euprimites £_?., 91 -» Polyceratella sp.;

Peteinosphaeridium sp., 94 - Tasmanites cf. trematu3 
Eisenack, 97 - L. baltica Eisenack, 98 - Baltisphae-.

Conotreta

Ta l linne Hina
Sarv,

Uhakiella sp., 84 - Au-

V Acritarchs: 92 - Leiosphaeridia sp. (cf. leptotheca Eisenack), 93 
Eisenack, 95 - Leiosphaeridia cf. cylindrosum Eisenack, *iS - L. cf. vc 
ridium sp.

Fig. 38. Stratotypical section of Ontika Subseries

i
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Sillacru Formation (= "Lower Oolitic Bed")
0.48 m - Voka Member; Dark brownish-grey dolomitized thin- and medium-bedded nodular ar
gillaceous oolite bed with abundant (to 80 %) limonice (generally goethite) ooids and a 
limonitized discontinuity surface in the medium part. Above the surface there occur
Glyptograptus sp., Cyathochitina regnelli, G. campanulaeformis; below the surface - Des- 
mochitina minor, Cystioamara acollis. Lycophoria nucella (Dalm.), Platystrophia oostata 
(Pander) occur.
0.07 m - Pada Member: Grey dolomitized, hard, thick-bedded fine-grained skeletal pack- 
stone abounding in fine glauconite grains, pseuao-ooids; contains fragments of echino- 
derms, brachiopods, algae and limonitized molds of ostracodes, algae, brachiopods Or this 
callactis (?) Dalm., trilobites Ptychopyge angustifrons Dalm.

Volkhov Stage. Toila Formation forms together with the underlying Paite and Maekiila 
members the "Glauconi te Limestone" or "Megalaspis Megistaspis) Limestone", and these, 
according to R. Raymond (1916), 
mation.

together with glauconitic Joa Member - the Walchow For-

0.68 m - Kalvi Member: Grey, fine-grained hard, thick-bedded skeletal packstone, with 
thin argillaceous intercalations, rich in glauconite (often glauconitized moulds of 
microgastropods) and rough phosphatic discontinuity surfaces. Characteristic fossils 
are: Ptychopyge trunoata Nieszkowski, Nileus armadillo Dalm., Productorthis parallela 
(Pander), Microzarkodina parva, Baltoniodus navis, Milaculum scandicum, Rowellella■ cf. 
rugosa, Tallinnellina primaria, Ogmoopsis bocki; in the upper part there is an abundance 
of Cyathochitina calix, Rhabdochitina sp. (cf. striata), Desmochitina minor elongata. 
In the lower half of the member glauconitic spicules of sponges, Tasmanites sp., Scolo- 
podus cornuformis, Protopanderodus cf. va^icostatus have been recorded.
0.5 m - Ktinnapohja Member: Grey dolomitized packstone. Upper part (0.3 m) is thin-bedded
with argillaceous intercalations, lower part is medium- and thick-bedded with 7 rough 
limonitic discontinuity surfaces and limonitized skeletal debris (pseudo-ooids). Most 
characteristic conodcnts are Paroistodus originalis, Scandodus brevibasis.
0.3 m - Telimomme Member: Light-grey thin- and medium-bedded (5-6 cm) seminodular dolo- 

packstone, with argillaceous intercalations (clayey marls), 
of glauconite; besides microfossils Scandodus brevibasis, Paroistodus originalis, Micro- 
zai-kodina flabellum3 Baltoniodus navis3 Ogmoopsis bocki, Tallinnellina palmata, Lageno- 
chitina esthonica, inarticulate brachiopods Eosiphonotreta verrucosa, Eoccnulus crupto- 
myus, Biernatia minor have been identified. Smooth and rough limonitized surfaces occur 
in the lower half.
0.95-1.06 m - Saka Member: Grey dolomite with numerous coarse glauconite grains (often 
moulds of microgastropods). In the upper part (0.6 m) the rock is thick-bedded (5-10 cm) 
with rose stripes; in the lower part (0.45 m) thin argillaceous intercalations and rough 
limonitic surfaces occur. Conodonts Baltoniodus triangularis, B. navis, Microzarkodina 
flabellum are common.

mitized skeletal patches

Latorp Stage
0.35 m Paite Member: Grey, with rose patches and stripes thick-bedded 
fine-grained skeletal packstone, containing glauconite. Characteristic conodonts are

dolomitized

Scolopodus rex, Drepancistodus forceps, Oistodus lanceolatus, rare Periodon < flabellum; 
Inarticulate brachiopods Spondylotreta faceta, Myotreta crassa are also common. Lower 
part is rich in echinoderm fragments. At the top there occurs a smooth discontinuity 
surface with reguiar vertical Amphora-like glauconitic burrows (depth to 6 cm) ("pustak- 
kiht" after X. Orviku, 1929).
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Leetse Formation

0.5 m - Maekhla Member: At the ten (0.1 m) is a transition bed from glauconitic lime 
stone to glauconitic sandstone. The main part of the member is represented by dark- green 
nodular glauconite sandstone with dolomitized carbonate cement. Many fragments of 
brachiopods Ranorthis parvula (Lamansky) , Spondylc+veta faoeta, conouonts Oistodv.e lan- 
ceolatus, Periodon flabellum, Oepikcdus evae, echinoderms have been established.

dark-green glauconitic sandy and 
clayey silt, in the upper part with Prioniodus eleqans and fragments of graptolites, be
low with yellow or grey clayey and sandy intercalations and lenses. Most of rhe fraction 
(0.1 iron = 65-80 %) contains glauconite to 90 %, quartz 10-20 %; coarser materia cn tains 
dark-brown collophane fragments of inarticulate brachiopods and pebbles, pyrite, co ;c- 
donts Aoodus deltatuss Drepanoaus arcuatuc,

1.0m (= "Glauconite" or "Greensand")Joa Member:

Paro'stcdus cf. proteuc et al.
Varangu and Pakerort stages. Turisalu Formation (= 'Dictycnema Shales')

1.9-2.8 m - Dark-brown kerogenous argillite, in the upper part with concretions of do- 
lomiti zed anthraconite. Not far to the east, in the upper part of the formation Ci-o- 
nograptus sp. and C. cf. sarmentosus were found (Kaljo, Kivin agi, 1976) .

Kallavere Formation (= "Cbolus Sandstone")
1 .0+ m - Light-grained quartziferous silty sand and sandstone with phosphate skeletal 
debris of articulate brachiopods.

S. Magi

LOCALITY 4:3 PORKfJNI QUARRY

In an abandoned quarry located on the western slope of the river valley by the Tam- 
salu-Kullenga road i km west of Lake Porkuni various skeletal and reef limestones of the 
Arina Formation of the Porkuni Stage are exposed.

The outcrop serves as a stratotype of the Porkuni Stage - the uppermost regional 
stage in the East Baltic Ordovician. It was well known to E. Eichwald (1854) and
F. Schmidt (1858) already and the section was described in detail by A. Wahl (1923). In 
the course of years a very rich assemblage of fossils has been established here includ - 
ing more than 150 species, among them at least 45 holotypes.

In the Arina Formation five members are distinguished, the four lower membersiRoa, Vohilaid, Singe, Torevere being exposed in the Porkuni quarry (see Fig. 39). The 
Roa Member is sometimes attributed to the underlying Firgu Stage.

In the middle of the western quarry wall there are exposed (from top):
Torevere Member

1.0-1.0 (1.0+ m) - Light-grey indistinctly wave-bedded to massive coral - stromato- 
poroid limestone with microcrystalline matrix (skeletal wackestone). The rock is partly 
silicified, contains abundantly stromatoporoids, tabulate and rugose corals. Particular
ly typical are Clathrod.ictyon gregale Nestor, Eoc Limadiotyon porkuni Nestor, Eocateni- 
pora parallela (Schmidt) , Mesofavosites nikitim Sokolov, Rhabdotetradium fvutex Kla&m., 
Holacanthia tubula (Dybowski) , Lich eno.lia cf. concentrica Hall, Schmidtomena acuteplica- 
ta (Opik), Rafinesquina luna (Lindstrom). The lower boundary of the layer is represented 
by an indistinct hardground.

Siuge Member
2.1 .0-2.6 (1.6 m) Yellowish lenticular-nodular, in places slightly argillaceous fine
grained skeletal packstone with thin wavy intercalations of dolomitic marlstone The 
rock contains small kerogen admixture. The layer has evidently yielded a great part of
the ostracodes, gastropods and trilobite 3 described from the outcrop. P. Mannik has re-
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Fig. 39. Schematic cross-section of the Porkuni quarry exposing the Arina Formation of 
the Porkuni Stage. For legend see Fig. 3.

cently identified the conodonts Ozavkodina cf. pseudofissilis (Lindstrom), Bivksfeldia

Deoovioonus cf. oostulatus and L. Hints has recorded the
Platystvophia cf. humilis Oraspold, 

Schmidtomena aouteplioata (Opik), Stveptis undifeva (Schmidt). From this layer come also 
dendroid graptolites Callogvaptus kaljoi Obut et Rytzk, Mastigogvaptus ovinitus 0. et

cf. oivoumplioata Orchard, 
brachiopods Bavbavovthis povkuniensis Oraspold,

R., Diotyonema delioatulum Lapworth. 
3. 2.6-3.0 (0.4 m) Yellowish-grey horizontal-bedded fine-grained skeletal packstone 
with fragments of pelmatozoans, brachiopods, bryozoans and algae. It serves as a pas
sage bed between the Siuge and Vohilaid members,in the rock texture resembling the first 
member, in the structure the latter.

Vohilaid Member
4. 3.0-3.8 (0.8 m) - Light-grey thick-bedded to massive skeletal grainstone, mostly com
posed of the fragments of pelmatozoans, bryozoans and brachiopods: Platystvophia cf. 
saxbyensis (Oraspdld), Ilmavinia pondevosa Opik, Vellamo siluvica (Opik), Ptyohopleuvel- 
la cf. pirguensis (Roomusoks), Ptilodiotya flab&llata Eichwald, Lioolemella olava Bass- 
ler. Rather often are also corals: Mesofavosites dualis Sokolov, Pvisoosolenia pvisoa 
(Sok.), Palaeopovites estonicus Kiaer, Palaeophyllum fascioulum (Kutorga).

Roa Member
Light-grey massive fine-porous argillaceous dolomite with part-5. 3.8-4.15 (0.35+ m)

ly preserved crinoid columnals. Mjoesina pseudoaltevnata (Schmidt), Thaevodonte nubila

Rdbmusoks, Elsaella bekkevi (Rosenstein), Chasmops eiohwaldi (Schmidt), Pseudoonetodus 
cf. mivabilis, have been identified connecting the R6a Member with the Pirgu Stage.

In the southern wall of the quarry a bioherm is exposed, beginning at the level of 
the Vohilaid Member (bed 4) and extending through the Siuge and T&revere members up to 
the top of the section. The thickness of the bioherm is over 3 m, the visible horizontal 
section exceeds 6 m. The frame is composed of corals, stromatoporoids, bryozoans. The 
basal part of the bioherm exposes the big overturned corallum of the holotype of tabu
late Mesofavosites dualis.
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In the quarry the uppermost Ordovician beds of the outcrop area are exposed. Jud
ging by the nearby Vistla boring, the estimated distance from the outcrop tcp to the Or
dovician/Silurian boundary, makes about 2 m.

Lithologically the Arina Formation of the Porkuni Stage differs considerably from 
the underlying Ordovician • stages, represented by open-shelf nodular packstones and 
wackestones of quiet-water genesis. The appearance of skeletal crinoidal grainstone of 
the Vohilaid Member marks abrupt lowering of the sea level, in the result of which the 
stratotype area fell into the agitated-water environment. In this shoal belt in places 
coral-stromatoporoid bioherms were formed. In quiet-water hollows, remaining between the 
bioherms there accumulated kerogenous muds of the Siuge Member containing skeletal sand 
and coral-rich micritic sediments of the Torevere Member. According to present views the 
deposition of the Arina Formation was followed by a short subaeral break in sedimenta
tion corresponding to the deposition of the Salduse Formation, in the axial part of the 
basin. Thus the sequence of the Porkuni Stage gives evidence of an extensive two-stage 
regression well related to the global glacio-eustatic lowering of sea level at the end 
of the Ordovician in the Hirnantian time.

H. Nestor

LOCALITY 4:4 KARINU QUARRY

A large quarry (500x500 m) of the Rakke Lime Plant situated in Central Estonia, 
4 km north-east of JSrva-Jaani settlement exposes in the lower part coquinite rudstones 
of Borealis borealis (Tammiku Member), in the upper part stromatoporoid framestones and 
pelletal grainstones (Karinu Member) of the Tamsalu Formation constituting upper part of 
the Juuru Stage (lower Llandovery).

The quarry is considered as the stratotype of the Karinu Member and as the neostra-
is quarried in two steps: the upper exposes about

24.5 m of the section. The best studied exposure is in the middle part
totype of the Tammiku Member. The rock 
3 m, the lower 
of the western quarry wall.

In the descending order the section is as follows (Fig. 40):
Tamsalu Formation, Karinu Member

1.3. 0-0.9 (0.9+ m) Light, yellowish-grey, slightly dolomitic fine-grained pelletal 
grainstone comprises rounded pebbles of stromatoporoids, tabulates and heliolitids as

scattered skeletal fragments^of brachiopods, bryqzoans and pelmatozoans. Fossilswell as
identified from the described interval are shown in Fig. 40.

In the northern part of the quarry wall a series of hardgrounds occurs in the 
middle of the interval (bed 2). They separate thin intercalating layers of yellow apha- 
nitic limestone and multicoloured bio- and lithoclastic rudstone. The hardgrounds are 
coated with purple .or yellowish goethite crust. Southwards the interlayer with hard
grounds (maximum thickness 30 cm) thins rapidly out and is replaced by a single hard- 
ground .
4. 0.9-1.2 (0.3-0.4 m) Biostromal bank of stromatoporoids consisted of densely packed 
irregular nodular coenostea, for the most part buried in situ. Rounded and rolled coe- 
nostea occur as well. The matrix consists of greenish-grey dolomitic, argillaceous marl, 
in the upper part - of light pelletal rock. An uneven erosional hardground dissects the 
uppermost coenostea of stromatoporoids and acts as the upper surface of the stromatopo
roid bank. Clathrodiotyon boreale Riab., C. kudriavzevi Riab., Ecclimadictyon miorovesi- 
oulosum (Riab.) and some heliolitoids are the most common frame-builders of the bio- 
strome.
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Tamsalu Formation, Tamm.iku Member
5. 1 .2-7.2 (6.0+ m) White, massive coquinoid rudstone, composed of the whole and
fragmental valves of the brachiopod Borealis borealist forming the famous Borealis-bank. 
The matrix contains pellets and rounded skeletal particles 
white skeletons of stromatoporoids and tabulates occur, 
covered with greenish marl partings, repeated after 10-20 cm, 
internal structure of the bank. The upper surface of the Borealis-bank

in sparry calcite. Scattered 
Broad-wavy stylolitic surfaces 

cause a wavy- lenticular 
is very uneven

erosional surface with purple-reddish goethite impregnation.
The deposits of the Tamsalu Formation, 

present outcrop, 
in the Baltic basin.

exposed in their most typical form in the 
have been accumulated during the first remarkable Silurian shallowing 

They have been deposited in a shallow-water high-energy environ
ment and thus represent typical facies of the shoal belt, 
que fossil coquina bank reaching maximum thickness 
distance of more than 200 km.

The Borealis-bank is a uni- 
up to 13 m and spreading over 

It has attracted attention of the geologists of many
the
ge

nerations .

H. Nestor
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FIFTH DAY

Localities of eastern Saaremaa and Muhu Island will be studied. Also the ancient 
Koguva village on Muhu Island and the famous Kaali meteorite craters in the central part 
of Saaremaa will be visited.

LOCALITY 5:1 KOGUVA QUARRY

A new quarry on the north-western coast of Muhu Island, 2 km northeast of the Kogu
va village exposes a contact of the Wenlock Jaani and Jaagarahu stages represented by 
domerites of the Paramaja Member and reef and flaggy dolomites of the Kesselaid Member 
correspondingly.

The lowermost strata crop out at the north-eastern end of the quarry (Fig. 41, 
point 1) showing the contact between the Paramaja argillaceous domerites and the Kesse
laid mud-mounds and surrounding rocks. The south-eastern quarry wall exposes the upper 
contact of the mud-mounds and above-lying flaggy dolomites (Fig. 41, point 2).

At point 1 dark-grey massive argillaceous domerites (1) crop out at the bottom of 
the quarry (Fig. 41B). They contain Encrinurus punctatus (Wahlenberg), Calymene sp. in- 
det., Leptostrophia filosa (Sowerby) , A.trypa reticularis (L.), Leptaena sp. and chitino- 
zoans Conochitina claviformis Eisenack, Margaohiiina margaritana (Eis.), Ancyrochitina 
sp. sp. The upper surface of the domerite is wavy, dipping down below the mud-mounds of 
the Kesselaid Member and rising in between (amplitude is up to 1.7 m). The uneven sur
face has an intense pyrite-limonite impregnation and is probably erosional marking the 
boundary between the Jaani and Jaagarahu stages.
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In the middle of the north-easterr. wall of the quarry the best exposed mud-mound 
(2) makes its beginning straight from the upper surface of the Paramaja domerites and 
expands upwards (visible dimension are 4.7x11 m). It consists of dark-grey pyrite- 
mottled massive fine- to microcrystalline dolomite (epigenetically dolomitizcd aphanitic 
. Milestone) . The mound lacks visible skeletal framework cf fossils, only Enarinurus sp. 
indet. has been established. The mound rock contains thin discontinuous curved partings 
of domerite.

Surrounding rock for the lower part of the mud-mounds (3) is medium--porous coarse- 
probably epigenetically dolomitized pelmatozoan grainstone. Up

wards and farther from the mounds the rock becomes more fine-grained and seemingly 
grades from the dolomitized grainstone into packstone. Leptaena ? sp., Conoehitino ela- 
viforris Fisenack, C. cf. mamilla Laufeld, Anoyroehitina sp.,. Desmochitina sp. have been 
identified from this bed.

At the same level with the stratifies surrounding rocks a lenticular body of compa
ratively massive porous dolomites (4) can be examined. its relict texture confirms that 
originally it consisted of fine-dendroid fossils (? Coenites) in the lower part and of 
shells (? brachiopods) in the upper part, while the adjoining stratified rock (3) origi
nally consisted mostly of the fragments of pelmatozoans. The contact between those rock 
types is rather sharp, therefore it is possible that the lenticular massive body repre
sents filling sediments of an intermound erosional canal.

crystalline dolomite

Above the described lenticuie a peripheral section of a mud-mound (5) crops out 
with numerous curved partings of domerite marking irregular stratification of mound rock 
in its periphery. In the upper part of the section the intermound rock (6) is represent
ed by flaggy, slightly keiogenous argillaceous dolomite.

At point 2 (south-eastern quarry wall) topmost part of a mud-mound and above-lying 
flaggy dolomites can be observed (Fig. 41). In the ascending order there are exposed: 
(1) 1.2 m - Dark-grey pyrite-mottled massive fine-grained dolomite of the upper part of 
a mud-mound. The upper surface of the mound has very intense pyrite impregnation and 
may be erosional. Conoehitina olaviformis Eisenack and Anoyroehitina sp. have been id
entified. (2) 0.2-0.7 m Grey dolomite with relict fine-grained texture (dolomitized 
packstone or grainstone) which occurs only on the sloping upper surface of the mound. 
(3) 0.8 m - Brownish-grey flaggy fine-crystalline slightly argillaceous dolomite (dolo
mitized wackestone or packstone), which contains specific tubular stylolitic structures 
in the upper part. Enerinurus aff. punetatus (Wahlenberg), Atrypa reticularis (L.), ru- 
gpsae, gastropods and chitinozoans Conoehitina olaviformis Eisenack, C. cf. mamilla Lau
feld,.C. cf. leptosoma Laufeld and Anoyroehitina 
(4) 2.30 m -

sp. have been recorded from the bed. 
Brownish-grey flaggy argillaceous dolomite with partings of brown keroge- 

nous domerite on the bedding planes, containing abundantly problematic plant (?) re
mains. The same species of chitinozoans occur as in the lower-laying strata.

in the present outcrop there can be examined in the regressive succes
sion the replacement of domerites of the transitional

Summing up,
facies belt with the peculiar fa

cies of mud-mounds and this, in turn, with the keregenous argillaceous dolomites of pro
bably restricted shelf genesis. In this succession typical deposits of the open shelf 
are lacking and their place is occupied by the deposits of the mud-mound facies, which 
resemble sediments cf semi-isolated patch-reef environments.

H. Nestor
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Fig. 42. Schematic cross-section through a mud-mound exposed in the 
Pulli cliff. For legend see Fig. 3.
Fig. 43. Distribution of chitinozoans 
I. J„P

j.n the core-section of Pulli
Paramaja Member; J_K - Kesselaid Member. Organic-walled 

micrtifossil association in the samples: P, PP - planctic elements 
(mainly chitinozoans) prevailing; B - benthic e2ements (mainly sco- 
leccdonts); T - samples containing no organic-walled microfossils. 
Open circle - species occurrence, closed circle - species dominance.
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Jaagarahu Stage, Kesselaid Member
1 . In the upper part of the section (thickness up to 2 in) upwards expanding mud-mounds 

strike the eye, consisting of grey fine- to microcrystalline fine cavernous dolomite 
with irregular structure and uneven fracture surface. They contain small irregular 
pockets of greenish argillaceous domerite and brownish-grey dolomite.

2. Mud-mounds are underlain and laterally replaced by bluish- to greenish-grey medium- 
bedded fine crystalline cavernous dolomite (thickness about one metre) with relict 
texture of coarse-grained skeletal grainstone and thin discontinuous argillaceous 
partings. The caverns were formed by dissolution of calcitic skeletons of brachio- 
pods, rugosae,. pelamatozoans and bryozoans (Coenites?). Chitinozoans Conochitina ala- 
riformis Eisenack, Ancyrochitina primitiva Sis. and A. cf. pachyderma Laufald 
sen recorded from these dolomites. At the base of the Kesselaid dolomites there is 

an intensely impregnated limonitic discontinuity surface.

hav°
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LOCALITY 5:2 PULLI CLIFF

Pulli (-Oiu) cliff is located in the north-eastern corner of Saaremaa Island, about 
10 km north-west of the Orissaare settlement. The boundary between the Jaani and Jaaga
rahu stages, i.e. the same stratigraphic level as in the Koguva quarry (5:1), is exposed 

The Jaani Stage is represented by domerites of the Paramaja Member, the Jaagarahu 
by stratified cavernous and massive reef dolomites

here.
of the Kesselaid Member ofStage 

the Vilsandi Beds.
The outcrop was first described by Fr. Schmidt (1858) as ujo cliff. A reference was 

made by A. Luha (1930). More detailed stratigraphic subdivision of the Jaani and Jaaga
rahu stages was proposed by A. Aaloe (1960), who distinguished the Paramaja and Kesse
laid members, placing the latter in the lower 
Later the name "Oiu Substage" was not used and the lowermost cycle of the Jaagarahu 
Stage was called the Vilsandi Beds (Aaloe et al., 1976).

The Pulli section reveals a distinct strongly wavy contact between tie Kesselaid 
dolomites ana Paramaja domerites, caused by bending of strata under the weight of mud- 
mounds (Fig. 42). Due to this, the thickness of beds is variable.

Oiu Substage of the Jaagarahu Stage.
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Jaani Stage. Paramaja Member
3. Lower part of the section (1.05+ m) is represented by bluish-grey, in weathered state 

yellowish argillaceous dolomite and dolomitic domerite with scarce pyritized fossil 
fragments (mostly brachiopods and trilobites), pyrite concretions and burrows. 
V. Viira has identified conodonts Kookelella ranuliformis Walliser, Ozarkodina cf. 
exoavata (Branson et Mehl), 0. aonfluens (Branson et Mehl), Pseudoonetoides bioornis
Drygant and Pandevodus sp. from the very top of the bed. Chitinozoans Conoohitina 
olaviformis Eis C. cf. mamilla Laufeld, Margaohitina margaritana (Eis.), Desmochi- 
tina cf. aoollaris Eis., as well as trilobites Enorinurus punotatus (Wahl) and Caly-
mene blumenbachii Brongn. have been recorded.

In order to link the outcrop with the general stratigraphic sequence two boreholes 
were drilled - one on the 4")p of the cliff (Pulli I), the other at its base near the 
sea. Fig. 43 shows the lithological column and distribution of chitinozoans in the sec
tion of Pulli I.

The assemblage of chitinozoans ii the upper part of the Paramaja Member indicates 
the Conoohitina tuba Zone (see Nestor, 1984).

In general, the section of the Pulli cliff like several others located on the 
northern coast of Saaremaa and Muhu Islands, resembles those on the north-western coast 
of Gotland Island where very similar abrupt contact of Visby marls with Hogklint reef 
limestones is exposed. The similarity is only seeming as the Paranaja-Kesselaid (= Jaa
ni- Jaagarahu ) boundary level is stratigraphically younger than the Visby-Hogklint bound
ary (see Nestor, 1984).

E. Jurgenson 
V. Nestor

LOCALITY 5:3 PARAMAJA CLIFF

Paramaja cliff is located at the eastern end of the northern coast of Saaremaa Is
land, about 1 km west of Jaani church. Marlstones of the upper part of the Jaani Stage 
are exposed here. The cliff serves as a stratotype of the Jaani Stage, Jaani Formation 
and Paramaja Member. The cliff and the pebbly coast lying immediately east of it (so- 
called Jaani coast), is known as a rich fossil locality already since the middle of the 
19th century. Trilobites were described from here by J. Nieszkowski (1857) from the fau
na collected by A. Schrenk. Fr. Schmidt (1858) gave the first lithological description 
of the cliff (Paramagi-Pank) and list of fossils collected from Jaani coast. He inclu
des the section into the "Untere Oesel'sche Gruppe" formation comprising the present 
Jaani and Jaagarahu stages. The name "Jaani” was first used by W. Twenhofel (1916)' re
ferring to units of the same extent (St. Johannis Formation). The stage in its present 
range was first treated by A. Luha (1930; Jaani-Mergel). The Jaani Formation which in 
the stratotype area covers the whole stage was established in 1987 (Resheniya, 1987) . Its 
upper part, the Paramaja Member, was distinguished by A. Aaloe in 1960.

The exposed section (by E. Jurgenson): 0.0-0.70 m (0.7) - covering;
(1.3) - bluish-grey (in weathered state buff-grey) calcitic marIstone with argillaceous 
marlstone interlayerr, with scarce argillaceous limestone nodules (10-20 cm in diame
ter) . Common fossils in marlstone are brachiopods, trilobites and corals. Skeletal frag
ments are often pyritized, also pyritized burrows occur.

Lithologic composition of rocks and common articulated brachiopods and trilobite 
carapaces refer to a quiet-water environment at the boundary of the open, shelf and tran
sition belts.

Marlstone contains a diverse and scattered fauna dominated by the following spe
cies: brachiopods (data by M. Rubel) - Mega3trophia fProtomogastrophia) eemiglobosa (Da-

0.7-2.00 m
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vidson) . Atrypa reticularis (Linnaeus) , Dalejina hybrida (J. de C. Sowerby) , Estonirhyn-
(J. dechia e8tonica H. Schmidt, Strophonella euglypha (Dalman) , Dolerorthis rustica

Encrinurus punotatus (Wahlenberg) , Calymene blurr.enbachii 
Brongniart, P-'oetus co-ncinnus osiliensis Schmidt. (the cliff is the type locality of the
E. punotatus trilobite Community, MMnnil, 1982); rugose corals (by D. Kaljo) - 'Rhegma- 
phyllum elitense Wedekind, Neocystiphyllurr keyserlingi (Dybowski) , Phaulactis trochifor- 
mis (M'Coy); tabulate corals and heliolitids - Theda poaolica Sokolov, Favosites goth- 
landicus Lamark, F 3 dsso-latus Klaamann, Heliolives decipiens M'Coy (type locality of the
F. gothlandicus tabulate community, Klaamann, 1986); ostracodes (by L. Sarv) - Craspedo- 
bolbina mucronulata Martinson, Beyrichia suurikuensis Sarv and Silenis subtriangulatus 
Neckaja; gastropods (by M. Isakar) - Platyceras (ViaLyoetoma) cornu turn (Hisinger), Po-

P. sculptum (Sowerby) and Praecordium striatum (Sowerby); 
Kockelella cf. ranuliformis (Walliser), Ozarkodina excavata 

(Branson & Mehl) , Pseudoonectodus bicornis Drygant-, P. beeknanni (Bischoff & Sannemann) ;
Conochitina cf. claviformis Eisenack, Conochitina cf. tuba Eisenack and 

Desmochitina aaollaris Eisenack (Nestor, 1984).
V. Nestor has distinguished four chitinozoan zones in the Jaani Stage. The assemb

lage of microfossils of the Paranaja section shows that the corresponding beds belong to 
the upper, Conochitina tuba Zone and are correlated with the Hogklint "C" Bads on Got
land (Nestor, 1984; herein).

C. Sowerby); trilobites

leumiva discon (Sowerby), 
conodonts (by V. Viira)

chitinozoans

Reet Mannil

LOCALITv 5:4 TAGAVEPE QUARRY

The Tagavere quarry is located in the 
eastern part of Saaremaa, about 10 km south 
of Jaani church. Here dolomite plates are 
produced, widely used as facing material 
e.g. for the building <• f National Library, 
Culture Cen-tre "Sakala", etc. in Tallinn.
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20El2The quarry serves as a stratotype of the Ta

gavere Beds forming the uppermost part of 
the Jaagarahu Stage.

The name "Tagavere" was originally sug
gested by a. Aaloe (I960) for the upper sub
stage of the Jaag,..ahu Stage,
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Pangamae and Maasi members. Later (Aa.loe et 
al. 1976) 15cthe name "Tagavere Beds" was re
stricted to the uppermost (third) cycle of 
the Jaagarahu Formation, represented by no
dular bioturbated and dolomitized skeletal

u /v *•
✓ ,-w

7
limestones (bottom) and primary dolostones. 

Description of the section (Fig. 44) is 
given in descending order, two upper beds 
are exposed only at the southern corner of 
the quarry.
1. 0.15 m Microcrystalline thick-bedded hard 

dolostone.
2. 0.15-C.25 m (0.2)- Argillaceous dolostone 

containing two 1-2 cm thin argillaceous

v-25 '8 ____/j r3
Vu~----U7TT7V / in~

Fig. 44. Lithological log and facies 
curve of the Tagavere quarry. For legend 
see Fig. 3.
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domerite Jnterlayers at the top and at the bottom of the bed. Numerous gastro
pods (Muvchisonia), pelecypodes and Eurypterus fragments occur on the hardground at 
the base.

3 0.35-0.47 m (0.12)-Bioturbated argillaceous dolostone with fine-grained skeletal deb
ris, containing domerite lenses and vertical burrows. Distinct pyritizeti hardground 
at the base is a good marker level,

4. 0.47*0.55 m (0 08)-Bioturbated dolostone with skeletal debris, containing 3 distinct 
hardgrounds with underlying thin interlayers of dolomitized skeletal grainstones.

5. 8.0.55-1.35 m (0.80)-Bioturbated argillaceous dolostone with fine-grained skeletal 
debris, containing pyritized hardgreunds with underlying thin interlayers (1-3 cm) of 
dolomitized skeletal grainstones. Several flat or wavy interlayers and lenses of bio- 
clastic domerite occur.
Thus in .this quarry mostly secondary dolostones of the lower part of the Tagavere 

Beds are exposed, formed in the restricted shelf environment but also primary 1 agoorial 
dolostones of the upper part of these beds are represented (layers 1-2).

The outcrop is poor in micro- and macrofauna. The lower layers have yielded the 
gastropod Murehisonia cf. M. cingulata Hisinger, brachiopod Howellella sp. and nav-ti- 
loids.

Acid-resi'stant microfossils are represented by acritarchs and scolecodonts. Chiti- 
nozoans were recorded from the lower, 80 cm thick interval of the section containing An- 
oyroahitina primitiva Eisenack and A. cf. paohyderma Jaufeld. As the latter species 
disappear already in the C. Icigena Zone which corresponds to the Jamaja Formation in t ie 
southernmost sections of Estonia (Ohesaare, Kihnu, Ruhnu), the Tagavere Beds of the Stra- 
totype area seem to correspond stratigraphically (at least partly) also to the Jamaja 
Formation .

V. Nestor, R. Einasto
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SIXTH-DAY

Wenlock and Ludlow of north and west Saaremaa will be studied

LOCALITY 6:'; PANGA CLIFF

The Panga cliff is the highest (19.8 m) and the most prominent landform on the 
northern coast of Saaremaa Island near Mustjala village ranging arch-shaped!y about 3 km
from north to south along the seashore. As a wonderful sight and an. important object for 
scientific studies, the Panga cliff (also called the Mustjala cliff) has been taken un-

In all cliffs of the northern coast rocks of nearly the same age 
often do!omitized Wenlock carbonate rocks. The lower, more terrigenous

der state protection. 
are exposed
part belong to the Jaani Stage and the upper reef carbonates belong to the Jaagarahu
Stage.

The first escarpment on the seashore is composed of argillaceous dolomites of the 
Jaani Stage. Unfortunately the upper part of the cliff is very difficult to reach. On a 
smaller escarpment remaing inland of the main section, there are exposed cavernous dolo
mites of the Vilsandi Beds of the Jaagarahu Stage containing single bioherms. In the sea 
there is a subwater escarpment marked by a surf zone. Its height does not exceed 10 m 
and it is composed of highly terrigenous dolomitized limestones.

The section given in the figure represent the eastern part of the cliff: from the 
same place also 11 subwater samples were taken (Fig. 45).

The section from base to top:
1. 10m- underwater part of the cliff; according to the samples taken after each metre 

it consists oi grey domerite containing unsorted skeletal debris and skeletal argil
laceous dolostone nodules, lensrs and interbeds; rock is bioturbated.

2. 0.6 m - grey unsorted skeletal argillaceous dolostone.
3. 1.0m- bioturbated skeletal argillaceous dolostone containing 1-3 cm thick domerite 

jnterbeds.
4. 1.8m- skeletal domerite containing up to 5 cr. thick fine-grained skeletal argilla

ceous dolostone interbeds and nodules: denudation-marks at the top surface; beds 2-4 
form a parvacyclite.

5. 1.9 m - a separate parvacyclite, the basal part (0.4 m) of which consists of unsorted 
skeletal argillaceous or fine-grained dolostone (jrainstone) - it is the basal part 
of the Ninase Beds.

The upper part is simila • to bed 3 but contains 35 cm high small "bioherms" 
formed of encrusting tabulate corals.

6= 1.2 m - parvacyclite similar to bed 5; its basal part contains mostly cr.i.noidal deb
ris and domerite of the upper part bryozoan bioherms (1.3x1.2 m).

7. 2.0m - separate parvacyclite that consists of several microcyclites with their ba
sal parts being less argillaceous and comprising coquinoid biomorpheus(?* or skele
tal dolostone; the upper part consists of skeletal argillaceous dolostone with dome
rite interbeds.

8. 1.3 m - parvacyclite similar to bed 7; the tep surface marks the boundary of Ninase 
and Paramaja Beds (?).

9. 0.4 m - bioturbated skeletal argillaceous dolostone.
10. 1.2 m - domerite with scarce skeletal debris; interbeds of skeletal argille"ecus 

dolostone.
11. 2.3 m - grey thinbedded highly argillaceous dolostone containing scarce and fine 

skeletal debris;
the boundary cf rhe Jaani and Jaagarahu stages.

12. 1.5 m - thickbedded skeletal dolostone.
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13, 1.0 m - slightly argillaceous doiostone with unevenly distributed skeletal debris.
14. 1.3m- skeletal cavernous doiostone containing small bioheims.

The whole section was subjected to secondary dolomitization which at least partly 
complicates the paleontological studies. The most fossiliferous seems to be the Mustjala 
Member. In several outcrops and core sections in the upper part of the member there is a 
distinct interlayer containing abundantly tabulate and stromatoporoid colonies. From 
this part the following tabulate corals were identified: Thecia tenuicula, Syringolithes 
kunthianus, Catenipora q^'.adrata, Halysites senior, Syringopvra novella (the holotype of 
the latter, two species comes from this locality) . The stromatoporoids Densastroma pexi- 
sum, Simplexodietyon simplex were also identified from this interlayer. Loose material 

Clathrodictycn variolare, Clathrodic iyon delicatulum and Oslodietyon sue-has yielded
■cicum, which are supposed to be washed out from the Adavere Stage (H. Nestor, pers.comm.,
1990). In the section M. Rubei has identified the following brachiopods: Estonirhynchia 
estonica, Stegerhynohus borealis Atrypa reticularis, Dolerothis rustica, 
diorhv.nch.us nucule, Dalejina hybrido.> Whitfieldella sp. , Resserella sp. , Leptaena
These brachiopods are known from all members of the Jaani Stage. From tne loose mate-

P 3 n g a

Microsphaeri-
sp.

ib e in C a n o d o rtfs Chitin o loans

1.3 £& / alh V "H * iJZK to--il <?-

ft12 1.5 61 8) 'ol o T |3*6)~n—-'W o •52< 5~ZJ ) i:11
thP -c5: 11 $ki ;5 Ho3;10 1.2 < El!10 7 •< Qc —I— * t'A N~3~ UIh

£§•31 1
->£>0 n C

l X-,^, 1 -tl8 I 1.3 * S2m a?
IN 7 ST

2*eK
CO r ^18.5 m X'•OT 2.0 5$n AroJe Co kcyr tiCo AaT — Ym

_» B -*✓ % fjs5 M 1.2 +tt§ i5 m -H.2i: 3 "M

" l!!|" ill iiilfl li51 'lu

o5| !< 5 9.
£10Fm t=L-"r==eH==— _-- —r~~ ~r~ I—:—'jz.J-- ----  C"L ' - - -

"171.3
g $ <5£i

5

I I 5
35^2

7s
NO sea lewd tt kk kS *—■ " IT—- '* n---k _ My.__ 8ll k N

JjW 7 tt-o k1.0 •ft *>
?'*«*!I iSl

5llS;:jia

k 11\ --ir k*M2 I ><Cksea level 1.5*
I ! **Tl CQ<n-5— "\S — *% i i.l$
ITl?

i IT <mini2;_ kk-10m \ _r~ k\ k< | I51„«o i;
3r.1 I I Ikh k/ 4 c CQk IIIl tQ •xI Sc C3I k II k kOCI IC—I kk il7c§

’ gc <r~

I I o A
IIII i 5I ki! k/ 5n;

10c §/ I I_ J' I X3
Ei!IZic

12 dFig. 45, The Panga Cliff section. The facies curve corresponds to the facies belts: la -
shoal, III - open shelf. For legend see Fig. 3. Microcyc-

chitinozoan distribu-
restricted shelf, II 
lit.es (marked i-V) are displayed right and conodont and 
tion and biozones left of the column.

164

stwj



also trilobites Calymene blumenbaohii and Pvoetus conoinnus 
oailiensis have been recorded (Reet Mann11, pers. comm. 1990).

Fig. 45 presents results of the conodont anp chitinpzoan studies provided by 
V. Viira and P. Mannik and V. Nestor (pers. comm. 1990) correspondingly. The conodont 
zones established permit good correlation of the section with the Silurian standard. The 
chitinozoan zones, in turn, link the section to the regional stages. Thus the distinc
tion of the Conochitina probosoifera zone in the lower part of the subwater escarpment 
confirms the assignment of the corresponding beds already to the Adavere Stage (V. Nes
tor, pers. comm., 1990).

In the Panga cliff, like in other cliffs at the northern coast of Saaremaa, we can 
see distinct lateral variability of beds, especially interesting is that of the Ninase 
Member.

rial of the Ninase Member

M. Rubel, R. Einasto

LOCALITY 6:2 ABULA CLIFF

The Abula cliff is situated on the eastern coast of Tagalaht Bay, 3 km north of 
Mustjala-Veere road. The cliff exposes topmost lagoonal dolomitic marls of the Vilsandi 
Beds and the basal part of the Maasi Beds belonging to the Jaagarahu Stage. A. Luha 
(1934) referred to these rocks as to Kurevere Limestone.

The section from top to base (Fig. 46):
1. 0.4+ m - Skeletal wackestone, rich is stromatoporoids, with 0.1 m thick lenses of

a district discontinuity surface,skeletal marl in the lower part; at the base 
a boundary of a microcyclite.

2. 0.7 m - Light-grey wavy-bedded limestone with pelletal structure and several discon
tinuity surfaces in the upper 15-20 cm, stromatoporoids are common, in the middle of 
the bed brachiopod-shell accumulations occur.

3. 0.6 m - Light yellowish-grey fine-nodular pelletal limestone with stromatoporoids, 
tabulate corals (Favosites mirandus is the commonest, according to E. Klaamann),"ost- 
racodes and calcareous algae; the lower 0.1 m contains marl; the upper 0.2 m compri
ses irregularly nodular skeletal wackestone with 0.15 m thick and 1.5 m long skeletal 
grainstone lenses; large Megalomus - shells are found; the bad forms a separate mic
rocyclite.

4. 0.10 - 
elite.

0.15 - Grey fine-grained pelletal limestone the upper part of a microcy-

5. 0.5 - Yellowish-grey fine-nodular pelletal and skeletal, slightly argillaceous lime
stone; brachiopods are common, while tabulate corals are rare; the basal 10-15 cm is 
more argillaceous; a discontinuity surface occurs at base - a boundary of a microcyc
lite.

6. 0.2 - Thin-bedded skeletal (ostracode-) packstone with 1-2 cm thick calcareous marl 
laminations.

7. 0.5 - Yellowish-grey wavy-bedded. pelletal limestone containing large ostracodes and 
gastropods at the base a 3 cm thick ostracode grainstone layer with small oncolites.

8. 0.2 (exposed on the sea bottom) - Greenish-grey calcareous domerite with 1-2 cm len
ses and laminations of fine-grained skeletal and pelletal packstone; large ostracodes 
and Eurypterus - fragments occur.
The last bed (= the top of the Vilsandi Beds) forming the first lagoonal complex in 

the Estonian Wenlock - is presumably of the same age as the Pterygotus - Marl in Gotland. 
Just below these lagoonal domerites a stromatoporoid limestone bed with Viking%a tenue 
occur, exposed north of Abula cliff.
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Abula cliff 
Beds of the Jaagarahu Stage. For legend see

and FangainSgi core of boundary

The bottom part of the Maasi Beds exposed here containing oncolites forms a marker 
level distinguished everywhere in Saaremaa except Sorve Peninsula.

The boundary of the Vilsandi and Maasi Beds is a very distinct event level in the 
Wenlock of Estonia; it is probably synchronous to the Hogklint-Tofta boundary in Got
land. Therefore there have been suggestions to consider it as boundary of the Jaani and 
Jaagarahu stages.

R. Einasto

LOCALITY 6:3 JAAGARAHU QUARRIES

Jaagarahu old quarries are situated on the western coast of Saaremaa, 6 km north
west from the Kihelkonna settlement. In the 1930s limestone was quarried (about 300 tons 
per day) and exported mainly to Sweden, Finland, Poland and Germany. Now these over 3 m
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deep quarries are filled with water but they- still expose the lower part of the middle 
Wenlock Jaagarahu Stage - Vilsand.i Beds, its reefs and the surrounding limestone rich in 
well-preserved algae, corals and stromatoporoids. In the southern corner of the quarry 
lagoonal domer.ites of the topmost Vilsandi Beds are exposed, as well as the basal part 
of the overlying Maasi Beds.(Fig. 46). In this point the following section is described 
(from base):
1. 1.6+ m (mostly under the water only in the eastern part of the quarry partly above 

Light-grey massive boundstone of shoal reef facies. The commonest fossils of
the reef are Vikingia venue, Favosites mirandus, Solenepora filiformis, Wetkeredella 
multiformis, Rothpletzella munthei.

2. 0.8 m (0.4 m above the water) - Bluish-grey tioLomitic skeletal argillaceous packstone 
of backreef origin. The rocks have fine pyritic pattern and contains calcite druses. 
Stromatoporoid and tabulate coral colonies are not in the living position bearing er
osion marks.

3. 0.5 m

it)

or bluish-grey thinbedded argillaceous dolostone or domerite with 
little skeletal debris. Numerous big ostracodes Leperditic occur on some bedding 
planesThe upper surface of the bed shows mud cracks with abraded edges. It marks

Greenish-

the boundary of the Vilsandi and Maasi beds.
4. 0.8+ m - Bluish-grev thickbedded or massive microcrystalline pelletal limestone with 

slight pyritic patterns. The rock contains abundant abraded stromatoporoids and dolo
mite pebbles from the underlying strata. The lower part of the bed is more argillace
ous, contains ostracode debris and abundantly Cladopora perrara (identified by 
E. Klaamann). This kind of a basal bed of a cyclite is only locally spreaded, border
ing a bioherm.
Elsewhere in Saaremaa (except Sorve Peninsula) this basal part of the Maasi Beds 

consists of floatstones and skeletal limestones with discontinuity surfaces and onco- 
litesIt corresponds to the Tofta Limestone of Gotland.

Accordingly, the Vilsandi Beds (bed 3 here) are of the same age as the Pterygot.us- 
Marl of Gotland.

These boundary beds are exposed also at Abula cliff (6:2).

R. Einasto

LOCALITY 6:4 SEPISE

In a thin pine forest at the Kihelkonna-Tagamoisa road, 8 km north of Kihelkonna 
settlement a surface exposure of argillaceous coral limestones of the middle part of the 
Maasi Beds (Jaagarahu Stage) can be observed.

Well-preserved fossils of corals, stromatoporoids and brachiopqds can be collected 
directly from the ground and in small ditches. Skeletons of corals and stromatoporoids 
are relatively small and very often overgrown with each other. A number of holotvpes of 
tabulate and stromatoporoid species come from this outcrop (Klaamann, 1961, Nestor, 
1966). Below they are marked by the abbreviation (H.T.) after the species name. The fol
lowing more frequent and typical species have been recorded: stromatoporoids - Ecclima- 
dictyon astrolaxum Nestor (H.T.), Simplexodictyon validum Nestor (H.T.), Densasiroma 
pexisum (Ya^orsky); tabulates - Theoia confluens (Eichwald), Palaeofavosiies oollatatus 
Klaamann (H.T.), Aulopora enodis Klaam. (H.T.), Halysites junior Klaam. (H.T.), Coenites 
juniperinus Eichwald (neotype); brachiopods. - Stegerhynchus diodonta (Dalm.), Salopina 
conservatrix (Me Learn) , Atrypa reticularis (L.) , Stropkonella euglypha (Dalm.) J'owel- 
lella cuneata Rub el; conodonts - Ozarkodina excavata excavata (Brans, et Mehl), 0 con
fluens (Brans. et Mehl), Kockelella ranuliformis Wall!set.
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part of the Viita Member 
of the Rootsikiila Stage. 
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ponds to the facies belts: 
I - lagoonal, II 
For legend see Fig. 3.
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1. 0.05+ m - Light-grey, cryptocrystalline thin-bedded partly bioturbated limestone, in 
the upper part with small flat pebbles of the underlying rock, psammite, pelletal ma
terial. Discontinuity surface at the upper boundary.

2. 0.08 m - Dark-grey, horizontal-bedded argillaceous limestone with lenses of pure ap- 
hanitic limestone. A distinct discontinuity surface occurs at the upper boundary.

3. 0.12 m - Thin interbedding of bioclastic pelletal tentaculite-limestone, 
flat limestone pebbles, with aphanitic limestone and Eurypterus-dolomite.
Three distinct discontinuity surfaces mark the boundaries of cyclites, underlain by 

argillaceous wackestone and 
layer is highly bioturbated.

4. 0.01 m - Argillaceous domerite interbed.
5. 0.18 m - Horizontal-thin-bedded aphanitic limestone, intercalated with argillaceous 

domerite and skeletal-bioclastic packstone containing small pebbles of aphanitic 
limestone. The upper surface of bioclastic limestone interbeds often bears ripple 
marks.

6. 0.13 m - Thin wavy interbedding of microcrystalline micritic limestone and Eurypte- 
rus-dolomite with lenticular ostracode- and tentaculite-limestone layers, the 
surface of which bears N-S oriented ripple marks.

containing

overlain by sparitic grainstone. The lower part of the

upper
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as one type locality of the Kalysites junior - Palaeofa- 
iwsitee tersus tabulate community (Klaamann, 1986). Tabulates and stromatoporoids enable 
to correlate the section with the Slite Beds of Gotland. E. Klaamann (1986) stressed the 
similarity with the Slite Unit at Stora Myre locality.

The outcrop is considered

H. Nestor

LOCALITY 6:5 VIITA TRENCH

Wartime trenches are located 1.5 km south-west of Kihelkonna church near Ltille Bay.
The Viita quarry, a previously widely known locality of well-preserved eurypterids 

and osteostracans, and the stratotype of the Rootsikiila Stage and the Viita Beds was le
velled during amelioration in the 1970s. At present the Viita trench is demonstrated, 
instead. Here the part of the section lying a little below the quarry section is ex
posed .

Section (Fig. 47) from base to top:
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7. 0.03 m - Dark-grey bioclastic, skeletal packstone with lenses of aphanitic lime
stone . Both boundaries are sharp, wavy.

8. 0.22 m - Wavy-laminated Eurypterus-dolomite with lenses of aphaniti# limestone. To
wards the base bed becomes more calcareous.

9. 0.10 m - Horizontal-laminated Eurypterus-dolomite.
The Viita Beds constitute shallow-water carbonate sediments, deposited in near

shore environment. Pebbles, oolites, mud cracks, discontinuity surfaces give evidence of 
shallow-water conditions.

The Viita trench section is rich in fossils: ostracodes, gastropods* brachiopods 
bryozoans, tentaculit.es, conodonts, eurypterids and fishes. The strata contain the 
brachiopods Howelella cuniculi, Janius barrandi (Verneuil)- ostracodes Hermannina pha- 
seola* eurypterid Baltoeurypt^rus remipes tetragonophthalmus3 tentaculitid Styliolina. 
Conodont fauna includes Ozarkodina bohemioa bohemica (Walliser), Ctenognathodus murchi- 
soni (Pander). The Viita quarry was the type locality of a number of osteostracan spe
cies. Dissolved limestone samples of the lower part of the trench section have yielded 
Thelodus laevis (Pander), Loganellia martinssoni (Gross), Tremataspis schm-Ldti Rbhon, 
Tr. milleri Patten, Oeselaspis pustulata Patten and some birkeniids.

T. MMrss

LOCALITY G:6 HIMMISTE QUARRY

Himmiste quarry is situated in western Saaremaa 3 km east of Karala village. 
In a small peasant quarry the upper part of the Himmiste and the basal part of the 

Uduvere Beds of the Paadla Stage are exposed. The lower part of the section is the stra- 
totype of the Himmiste Lads.

Section (Fig. 48) from base to top:
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The Himmiste quarry sec
tion: the boundary beds of 
the Himmiste and .Uduvere 
Beds of the Paadla Stage. 
The facies curve corres
ponds to the facies belts: 
I - lagoonal, II - shoal, 
III - open shelf. For le
gend see Fig. 3.
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1.0.2 m - Grey thick-bedded microlaminated argillaceous dolostone containing articulat
ed fishes.

2. 0.4 m - Yellow-grey
marked by a discontinuity surface constituting the boundary of 
vere Beds.

3. 0.15 m - Buff-grey skeletal packstone or grainstone with pellets, skeletal psammite, 
pebbles and oncolites; a thin (1 cm) domerite intercalation occurs at the base and a 
sharp discontinuity surface at the top. This bed forms a transgressive basal part of 
mesocyclite.

homogeneous microlaminated argillaceous dolostone, the top is
the Himmiste and Udu-
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4. 0.20+ m - Grey argillaceous nodular limestone with unsorted skeletal debris and some 
lenses of grainstone; a thin (0.5 cm) argillaceous intercalation occurs in the lower 
part.

Rocks of the Himmiste Beds belong' to the shallow quiet-water lagoonal facies belt, 
those of the Uduvere Beds to the agitated water shoal and subturbulent open shelf belts.

The ] jwermost bed (1) in the Himmiste quarry is the famous vertebrate horizon dis
covered by A. Luha in 1929. This dolomite was quarried by W. Patten, USA, during four 
seasons. The result of this work was an enormous collection which contained several 
thousands of specimens including the articulated skeletons of the thelodont Phlebolepis. 
This bed has yielded Thelodus laevis (Pander), T.aarinatus (Pander), Loganellia martins- 
soni Gross, Phlebolepis elegans Pander, Tremataspis mammillata Patten, Tr. milleri Pat
ten, Dartmuthia gemmifera Patten, Oeselaspis pustulata Patten, Witaaspis sahrenkii (Pan
der), 73rocephalaspis oeselensis (Robertson), Birkeniida sp.C and Birkeniida sp.D?, i.e. 
a rich assemblage consisting mainly of thelodonts and osteostracans. Bed 2 contains only 
scales of thelodonts.

The Uduvere Beds (3 and 4) exposed at this locality, contain the stromatoporoids 
Lophiostroma sohrr.idtii (Nich.) , Simplexodictyon podolicum (Yav.), Densastroma himmestum 
(Riab.), Plectostroma intermedium (Yav.), Parallelostroma typicum3 together with the 
tabulate corals Favosites forbesi M.-Edw. et Haime, Favosites similis Sokolov, Syringo- 
pora affabilis Klaam., and molluscs Modiolopsis sp. The conodonts Oulodus siluricus 
(Branson et Mehl), Ozarkodina oonfluens (Branson et Mehl) and Ozarkodina sp. are re
corded from a bed rich in ostracodes. T. Marss, R. Einasto

LOCALITY 6:7 KOGULA QUARRY

The new Kogula quarry is situated 1 km south-west of the main Kogula crossroad. The 
middle part of the Sauvere Beds of the Paadla Stage is exposed.

The sequence is as follows (from base, m, Fig. 49):
1. 0.2+ - Brownish-grey kerogeneous and bioturbated argillaceous dolostone with lenses 

of domerite, discontinuity surface at the top.
2. 0.2 - Bioturbated slightly argillaceous (calcareous ?) dolostone. The upper part of 

the bed is more calcareous; Hermannina3 Didymothyris, branching and massive tabulate 
corals occur.

3. 0.2-1.0 - Light-grey massive rudstone with small bioherms (height 1 m, width from 
some meters to 20 cm); the base of the bioherm consists of rounded tabulate corals 
and stromatoporoids.

4. 0.25 - Greenish-grey bioturbated packstone alternating with wavy dark-grey interbeds 
of fine-grained skeletal grainstone; from the base towards the top packstone beds 
become thinner and those of grainstone thicker.

Greenish-grey bioturbated dolomitic argillaceous wackestone forming wavy 
beds; in the lower part two 1-2 cm interbeds of argillaceous domerite can be dis
tinguished .

6. 0.5 m - Grey bioturbated unsorted packstone at the base and skeletal grainstone at 
the upper part of the beds a pyritic discontinuity surface occurs at the top.

7. 0.15 - Dark limestone, occurring between discontinuity surfaces, at the base - 
grained skeletal grainstone, in the upper part - unsorted skeletal packstone.

8. 0.3 - Strongly bioturbated argillaceous wackestone resembling bed 5, marlstone in
terlayers on both surfaces.

9. 0.2 - Limestone like bed 7, with some pebbles, discontinuity surfaces occur.
10. 0.3 - Homogeneous fine-grained skeletal argillaceous packstone with abundant Ili- 

onia, in the middle occur discontinuity surface and marl interbed.

5. 0.7 m

fine-
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11. 0.5 - Wavy-bedded to lenticular 
nodular bioturbated unsorted 
skeletal wackestone, higher be
coming more argillaceous.

12. 1.0 - Lenticular nodular biotur
bated argillaceous wackestone 
alternating with burrowed marl- 
stone; the most argillaceous 
part in the section, in the up
per part containing lenses of 
Didymo thyris-Limestone.

Fine-grained skeletal 
grainstone at the base argilla- 

Didymothyris-Limestone 
with pebbles in the upper part, 
strongly pyritized discontinuity 
surface occurs in the middle.

14. 0.7 - Resembles bed 12, the 
middle part is the most argilla
ceous, on the upper surface a 
discontinuity surface.

Grey limestone, at the 
base Didymothyris-Limestone, in 
the upper part purer limestone; 
a sharp discontinuity surface 
occurs on the upper boundary.

Argillaceous packstone 
with a discontinuity surface in 
the middle.

17. 1.9 - Like bed 12 with the maxi
mum clay content.

18. 0.2 - At the base packstone with 
pebbles containing two disconti
nuity surfaces, in the upper 
part fine-grained skeletal 
grainstone. On the upper bounda
ry a strongly pyritized double 
discontinuity surface.

19. 0.6 - Wavy-bedded bioturbated ar
gillaceous wackestone and marl 
on the top.
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grainstone of the base, unsorted 
skeletal packstone in the upper 
part and distinct discontinuity 
surface between them.
A cyclic succession of wacke- 

and grainstones (packstones) can be 
seen here. Distinct discontinuity 
surfaces v/ith deep borrows mark 
boundaries of cyclites.

20. 0.4 skeletal
3

0.5+

2 0.2I
5-

0.2 +1

Fig. 49. The Kogula quarry section: middle part 
of the Sauvere Beds of the Paadla Stage. The facies 
curve corresponds to the facies belts: Ia 
goonal, lb - restricted shelf, II 
legend see Fig. 3.

la-
shoal. For
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Palaeontologically this quarry is not well enough studied. Among most common fos
sils found in the old quarry situated 1 km northward (beds 5 to 11 are exposed) are: 
stromatoporoids Araneosustroma stelliparratum3 Stromatopora bekkeri3 Parallelostroma ty- 
piourr.; tabulate corals Theoia swinder.niana3 Favosites kogulaensis 3 F. forbesi3 F. sub- 
go thl andious 3 Syringopora schmidti3 Parastriatopora coreaniformis; brachiopods Didymo- 
thyris didyma3 D. biohermica 3 Protoahonetes striatellus3 Salopina aons ervatrix, Morinor- 
hynohus orbignyi,; molluscs Ildonda prisaa3 Holopea ? undata3 Murahisonia oompressa. 
fishes Phlebolepis ornata3 Thelodus sp.; conodonts Ozarkodina oonfluens3 0. exaavata ex- 
aavata3 Oulodus silurious3 etc.

R. Einasto
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SEVENTH DAY

Ludlow and Pridoli of Saarema will be studied

LOCALITY 7:1 KAARMA QUARRY

by Uduvere-Saia road. 
is exposed in the

The Kaarma quarry is located 12 km north of Kuressaare town,
In this quarry
complete thickness (3.8 m). Kaarma dolostone may be well processed and is weather-resis-

a bed of microbedded lagoonal argillaceous dolostones

tant, therefore being widely used as building and sculpture stone.
Earlier the stratigraphical posit! n 

being attributed to the upper part of the Rootsikiila Stage 
to the Uduvere Beds of the Paadla Stage (Klaamann, 1970). According to the present 
views, Kaarma dolostone represents the upper part of a mesocyclite, tentatively attri

buted to the junction of the Sauvere and 
Himmiste Beds.

The section from top (Fig. 50):
1. 0.85-1.0 m - Yellowish-grey cavernous 
massive secondary dolostone of variable 
texture, the basal layer of the mesocyc
lite mostly unsorted - skeletal to ske
letal micktitic rock containing imprints 
of gastropods, pelecypods, large ostra- 
codes (Herrmannina), bryozoans, calca
reous algae (Solenopora), brachiopods, 
small tabulates and encrusted stromato- 
poroids.

of the bed has been interpreted differently - 
(Bekker, 1925; Luha 1930) or

Kaarma

rr 0 0 W<2^. s2)0/w0.501 kf\K •.7 \r
TTo
0.25

2 OHO

0.003

In the south-eastern part of the 
quarry this bed is partly not dolomiti- 
zed containing up to 0.15 m thick lenses 
and interrupted interbeds of skeletal 
grainstone, and several wavy disconti
nuity surfaces occur.

2,3,4,6,7 - Typical wavy microbed
ded argillaceous Kaarma dolostones with 
distinct irregular lamination and micro
cycles (Fig. 50) greatly resembling al
gal dolomite from Shark Bay (Davies, 
1972) .

0.30

h

0.60

-5- ■m-

0.850

5 - Argillaceous domerite interbed.
8 - Brownish-grey mediumbedded do

lostone, originally pelletal limestone.
Generally the section is poor in 

fossils, only at some levels the lower 
parts of microcycles show moulds of gas
tropods , pelecypods, ostracodes.

0000

7 OM

jIII. Ml.
HE ZEZE

ZEZE ZE
8 ZEZEZEZE

ZEJE 1.50*HEZE HE'JL
ZE ZEZE

ZE ZEZEZE R. Einasto
Fig. 50. The Kaarma quarry section: the 
boundary beds of Sauvere and Himmiste 
Beds of Paadla Stage. For legend see 
Fig* 3
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LOCALITY 7:2 KUDJAPE DITCH

The outcrop is located, north-east of Kuressaare town, by the road leading to Kudja
pe cemetery.

The section of Kudjape ditch is the parastratotype of the Kuressaare Stage (its 
stratotype is the interval 1.5-13.4 m in Kingissepa boring). The upper part of the 
stage, i.e, lower half of the Kudjape Beds is exposed here.

The section (Fig. 51) from base to top:
1 . 0.1+ m Greenish-grey nodular skeletal 
argillaceous packstone with abundant coarse
skeletal debris of crinoids and brachio-

0.28* pods.
2. 0.2 m=l Greenish argillaceous marlstone 
with bioturbated argillaceous limestone no-'rPrV H dules, contains scattered unsorted skeletal 
debris. Both boundaries are transitional.

Wavy-bedded fine-grained skele
tal argillaceous wackestone with frequent 
interbeds of fine-grained skeletal grain- 
stone and coquinoid-skeletal packstone. Cha
racteristic are burrows.
4. 0.28+ m - Greenish-grey fine-grained ske
letal nodular argillaceous limestone with 
abundant fossils.

The skeletal limestones and marlstones 
exposed in Kudjape ditch belong mostly to 
the open shelf facies belt.

- The fauna is dominated by brachiopods of which Delthyris elevata Dalm.is the commo
nest. Trilobites from this locality include Calymene flabellata Mannil and Proetus ku- 
rsssaarsnsis MSnnil, stromatoporoids - Densastroma astroites (Rosen). In the middle part 
of the section trace fossils (of Diplooraterion type?) are frequent. Crinoids, acri- 
tarchs and gastropods (Looonema sp.) also occur. Conodonts are dissolved from the argil- 

. laceous nodular limestone, and include Ozarkodina eosteinhornensis (Walliser), Oulodus 
clegans (Walliser), Ozarkodina aff. snajdri (Walliser) and Ozarkodina oonfluens 
latter dominate). In the marlstone there occur three first of them.

Most common vertebrate remains are scales of Thelodus parvidens Agassiz, T.soulpti- 
lis Gross, T. admirabilis Marss, Nostolepis striata Pander and Comphonohus sandelp.nsis 
(Pander) identified from limestones.

j (p C '\ ^~ n , r K fl0M5 <d=j >-£< yn ze 3. 0.45 m
zr

zc
h'\ — 1C"

2 <f&>j=-'rgr3Z 0.20 ^

i1 ajo+
Fig. 51. The Kudjape trench section: the 
middle part of the Kud jape Beds of the Ku
ressaare Stage. For legend see Fig. 3.

(the

T. Marss, R. Einasto

LOCALITY 7:3 KAUGATUMA CLIFF

is situated on the western coast of Serve Peninsula, 
and about 100 metres from the sea. Rocks of two

The 2.5m high Kaugatuma cliff 
some kilometers southward from its neck
different facies types in the regressive succession can be seen representing t)ie middle 
part of the Aigu Beds of the Kaugatuma Stage. Section (Fig. 52) from the base 1 upwards: 
1. 05+ m Greenish-grey unsorted skeletal medium-nodular argillaceous wackestone 
open shelf origin. Skeletal debris consists mostly of echinoderm and brachiopod frag
ments. Ostracodes, trilobites, gastropods, bryozoans and fishes are not so common. Upper

of

boundary of the bed s a quick transition within a mesocyclite.
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Yellow-grey
wavy-bedded

2. 1.5+ m 
coarse-grained 
crinoidal grainstone of fore
reef origin. Grain size and 
sorting degree of skeletal 
debris vary from bed to bed. 
Some bedding planes show ero
sion marks. In this part of 
the section big colonies of 
Syringopora blanda (0.30 m in 
diameter), massive tabulate 
corals and stromatoporoids oc-

A

V]> ~ *\// g
p/ 0 //\// #\-v

/A// *'\a
+\ #

BB B
Ob W// l-y 1.50*\'y % //t-tlz <Z5di

* \* /✓|/y
cur. Because of the presence 

Crotalocrinites rugosus 
columnals in this rock local 
people call it "ring-rock". 
At Kaugatuma drift beds one 
inclined in the northern di
rection and the lower argil
laceous wackestones are ex
posed for 0.5 km southward on 
the beach. From this point 
many fossils have been col
lected, including trilobites 
by Reet MSnnil: Proetus nie- 
szkowskiiy Calymene schmidtis 
C. kaugatumensis, C. dnestro- 
viana3 Aaaste dayiana and Eo~ 
phacops helmuti.

7T ✓ AnT/
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Fig. 52. (A) The Kaugatuma Cliff section: Upper Aigu 
Beds of the Kaugatuma Stage. For legend see Fig. 3. (B)
Ripple marks exposed at the present sea level.

From the cliff the following vertebrate remains have been found (T. MSrss): Nosto- 
lepis striata, Gomphonchus sayidelensis, Poracanthodus porsusj from the lower part only 
Thelodus parvidens and from the top Nostolepis gracilis.

According to V. Nestor (pers. comm.) most of chitinozoans identified from the sec
tion belong to the wideranging species (Angochitina ancyrea, Eisenackitina lagenomorpha 
etc.), only Eisenackitina filifera from the bed 2 is characteristic of the upper ftigu 
Beds.

About 1 km south of the cliff large east-west directed well-preserved Silurian 
ripple marks are exposed on a 200 m long seashore, observable only during the low stand 
of the sea level. Ripple marks are best preserved in a 30 cm thick interval of the sec
tion, immediately underlying the basal part of the cliff. Distance between the rounded 
crests is 40-60 cm (max up to 80 cm), height up to 10 cm. Under the uneven discontinuity 
surface that forms the base of this ripple mark bed, up to 10 cm of dark-grey unsorted 
skeletal packstone is exposed.

R. Einasto

LOCALITY 7:4 OHESAARE CLIFF

The Ohesaare cliff is located on the western coast of S&rve Peninsula near Ohesaare 
village, 2.5 km southwest of Jamaja church. The cliff is an object of the nature conser
vation .

The lower beds of the Ohesaare Stage, the youngest stage in the Silurian of Estonia 
are exposed here. The outcrop serves as a stratotype of the Ohesaare Stage, being one of
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the best-known Silurian localities in Estonia. As a famous fish locality it is known al
ready since the pioneer work by C. Pander (1856). More recently the Ohesaare section has 
attracted attention in connection with the definition of the Silurian/Devonian boundary 
as the youngest Silurian surface exposure in the whole Baltic area containing a rich as
sociation of different fossils - fishes, ostracodes, conodonts (see Kaljo, Sarv, 1966;
Mark-Kurik, 1970; Kaljo, Klaamann, Sarv, Viira, 1971, etc.). The description of the sec-

Orviku (1934), Kaljo ed. (1970), Mark-tion can be found in the papers by Hoppe (1931) ,
Kurik, Marss (1976) .

The Ohesaare cliff is over 600 m long and up to 4 m high, it is located immediately
by the sea in the zone of storm abrasion.

The total thickness of the exposed bedrock is 3.5 m, whereas the thicknesses of se
parate layers are rather variable throughout the outcrop. The. lithological log (Fig. 53) 
presents the thicknesses of layers in observation points 1 and 2 (the first ones in 
brackets). The section is almost completely observable in the northern part of the cliff 
in a small inlet (pcint 1). Yet, the middle part of the cliff is a better place for the 
studies (point 2). Here, moving southwards of the steep cliff corner ever younger beds 

'become accessible. Between these points there remains a zone with small bedding distur
bances -

The section is characterized by the intercalation of thin-bedded lime- and marl- 
stones. The intervals, containing relatively few or thin marIstone interlayers form 
three cornices in the cliff section; I - beds 2 and 3,11- beds 5-7, III - beds 10-13. 
In the niches the marIstone/limestone ratio changes from equal to predominance of marl- 
stones . In the middle part of the section limestones are mostly with a biomicritic tex
ture (skeletal packstones), but in its upper (bed 2) and especially in the lower parts 
(beds 10 and 13) they are biosparitic (skeletal grainstones). A few lens-shaped interca-

Ostracodes 
(selected species)

ConodontsChitinozoans Vertebrates
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lations of cross-bedded fine-grained pelletal.-skeletal grains tones are found also in the 
middle part Of the section, in beds 7 and 9.

Marlstone interlayers are highly argillaceous, in places reaching the condition of 
the plastic carbonate clays.

In the upper beds of the outcrop (1-4) the rocks are somewhat dolomitized.
In this rather monotonous section there are some clearly traceable interlayers. The 

lower part of the section reveals a layer of coarse-grained skeletal grainstone to co- 
quinoid rudstone (10) with a 3-5 cm thick interbed of argillaceous marlstone in the 
middle. 0.5-1.0 m higher of it there is a 2-5 cm thick interlayer of fine-grained lime
stone (8) pierced by thin vertical burrows filled with light-green marl. Still higher 
(0.3-0.5 m) there is a thin (5 cm) . interlayer (6) of light-green calcareous marlstone 
containing vertical cracks with brownish granular infilling.

In the upper half of the cliff a layer (4) of greenish-grey marlstone forms a dis
tinct niche containing abundantly shells of Grammysia oblique (Me Coy) buried in living 
position.

The section ends up with an up to 20 cm thick layer (1) of fissile wavy- to cross- 
microbedded-laminat.ed calcareous siltstone which has preserved only in the southern end 
of the observation point 2. It is underlain by a 5-15 cm thick interbed (2) of light- 
grey silty skeletal grainstone, the upper surface of which bears large ripple marks and 
the lower boundary displays a hardground.

The Ohesaare clifo. is rich in diverse shelly fauna which has given the main part of 
the fauna recorded from the youngest Silurian Stage in the East Baltic. Of macrofossils 
the most frequent .are brachiopods, represented by Delthyris magna Kozlowsky, D. elevata 
Dalman, Homoeospira haylei (Davidson), Morinorhynohus ovbignyi (Dav.), Isorthis ovalis 
(Paskevicius), Dalejina hybrida (Sowerby), Shaleria dzwinogrodensis (Kozl.), Collarothy- 
ris oollaris (Rubel). As compared to other Silurian sections, relatively numerous are 
here bryozonas Fistulipora tenuilamellata (Bassler), F. aouleata Astrova, Eridotrypa 
parvulipora Ulrich et Bassler, Trematopora porosa (Dybowski) and others and also bival
ves Gvammysia obliqua (McCoy), Cardiola interrupta Sowerby, Falaeopeoten danbyi (McCoy), 
Modiolopsis complanata Sowerby and others. Trilobites are most often represented by -Ca- 
lymens conspicua Schmidt, C. soervensis MSnnil, Acaste dayiana . et E. Richter.

Stromatoporoids have not been recorded from the cliff section, corals occur at cer
tain levels in the middle part and are represented by species having an extensive stra- 
tigraphical distribution: Favosites forbesi M: Edw. et Haime, F. pseudoforbesi Sokolov, 
Entelcphyllum artioulatum (Wahlenberg), E. pseudodianthus (Weissermel). The middle part 
of the section (beds 5-10) has yielded also tentaculites: Tentaoulites scalaris (Schlot- 
heim) and Lowohidium inaequale Eichwald (H.T.).

Very diverse and rich is the characteristic association of microfossils (particu
larly ostracodes) (see Fig. 53). The figure shows no remarkable changes in the vertical 
range of species if not to consider abrupt decrease in the content of fossils in the 
lower and upper beds of the section. This seems to be in direct correlation with the oc
currence of sparitic grainstones at these levels.

From the above-said it can be concluded that the Ohesaare cliff section is charac
terized by sediments of two facies belts. The upper (beds 1 and 2) and lower (beds 
10-13) parts of the section are dominated by sparitic rocks of the high-energy shoal 
belt, whereas in the middle part mostly biomicritic limestones and marls of the open 
shelf belt are represented. Characteristic is the high marls content in the sect- -n, 
possibly caused by intense inflow of clay material into the basin at the final stage of 
its development. The alternation of purer and more argillaceous layers constitutes a 
lower-degree cyclicity of the sequence.
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Notable is the historical significance of the Ohesaare section in stratigraphic 
correlation, as it has permitted the rich fauna described in the 19th century from the 
drift boulders (Beyrichienkalk) in the countries south of the Baltic, to be linked to 
the bedrock stratigraphic sequence (Martinsson, 1963, 1977). Such a correlation, how
ever, was suggested already by Fr. Schmidt (1859).

H. Nestor
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EIGHTH DAY

Silurian outcrops in the western part of Estonia

LOCALITY 8:1 PARI OUTCROP

The outcrop is located 5 km south-west of Kullamaa village on a flat limestone 
hillock. Nearby a disused quarry, there is a recently made ditch on the alvar. In ear
lier German literature the outcrop was known by the name Kattentack and serves as a type 
locality of several species, e.g. coral Darvinia speoiosa, described by W. Dybovski and 
revised recently by C. Scrutton (1988).

Argillaceous nodular limestones, containing Pentamerus oblongus are exposed. They 
belong to the upper part of the Rumba Formation of the Adavere Stage (Fig. 54) .

The following section can be observed in the ditch (from the top, Fig. 54B):
1. 1.30 m - Irregularly nodular argillaceous limestone (skeletal packstone) with lenses 
of Pentamerus-rudstone and skeletal grainstone. The basal 15 cm is highly argillaceous, 
in the uppermost 40 cm grainstone lenses are rare. Fig. 54C shows a detail through a 
ripple mark filled by a Pentamerus-rudstone.
2. 0.05 - argillaceous marl lying on a twofold discontinuity surface.
3. 1.05 Different grey argillaceous, mostly irregularly nodular limestones (pack- 
stones) containing pentamerid and stromatoporoid rudstone lenses, some beds of micro
crystalline limestones and thin marl intercalations.
4. 0.10 - Grey argillaceous limestone with marl intercalations.
5. 1.15 - Greenish-grey irregularly nodular argillaceous skeletal limestone (packstone) 
with lenses of skeletal grainstone (Pentamerus-coquinas). Upper 15 cm contains purer 
limestone with a pyritic discontinuity surface at the top.
6. 0.06 - Bioturbated metabonite bed with fragments of pentamerids.
7. 0.1 - Grey calcitic marl with grainstone nodules.
8. 0.1 - Brownish-grey microcrystalline irregularly nodular limestone (packstone).

The detailed study of the section has revealed rather distinct microcyclicity - 
usually a cycle begins with a thin marlstone layer (No. 2, 4 and 7 in the Figure) higher 
clay content decreases and grainstone lenses and coquinas appear, the cycle ends with 
distinct discontinuity surfaces (hardgrounds) .- Using the metabentonite layer (layer 6) 
as a marker, cycles of the Pari section can be correlated with microcycles IX-XI in the 
Virtsu borehole section (Einasto et al., 1972).

Pari packstones were deposited in the shallower part of the open shelf facies belt 
where some grainstone lenses and coquinas of the shoal belt interfinger with them.

The section is rich in fossils (although intense sampling has considerably reduced 
their abundance), particularly common are typical members of the Pentamerus oblongus 
community, including numerous corals. Characteristic are Clathrodiotyon variolare (Ro
sen), Mesofavosites obliquus Sokolov, Calostylis luhai Kaljo. Rather common are gastro-

etc., also trilobitespods Boiotremus cf. longitudinalis (Lindstrom), Hormotoma 
Calymene frontosa Lindstrom, Enerinurus (Nuoleurus) rumbaensis Rosenstein, etc.

sp. ,
occur.

ostracodes and chitinozoansare rare at Pari - practically no
(Panderodus sp. , Ozarkodina sp.) and thelodonts 

sp.) have been recorded. Was the reason "washing out" or something else needs

Suprisingly microfossils 
have been found, only scanty conodonts 
(Thelodus 
a special study.

D. Kaljo, R. Einasto
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LOCALITY 8:2 LAUKNA (PAKAMAGI CLIFF)

An ancient inland cliff of the Yoldia Stage of the Baltic Sea, 5 km north-east of 
the Kuluvere castle at Tallinn-Virtsu road exposes flaggy aphanitic and coral-strcmato- 
poroid limestones from the middle part of the Raikkiila Formation (middle Llandovery) . 

in descending order there crop out (Fig. 55):
1. 0-1.0 (1.0 m) - Cora1-stromatoporoid biostromal bank of a micritic matrix and nodu
lar structure, consists of tabulates Parastriatopora celebrate Klaamann (H.T.), Sinopora 
operta Klaam. (H.T.), Palaeofavosites balticus Rukhin and stromatoporoids Ecclimadictyon 
macro tuberculatum (Riab.), lntexcdictyon avitum Nestor (H.T.j, J. olevi Nestor (K.T.1, 
buried only partly in life position.
2. 1.0-1.7 (0.7 m) - Light-grey medium-bedded flaggy aphanitic (pelletal?) limestone con
taining scattered skeletal particles. Thickness of the layers is decreasing downwards.
3. 1.7-2.2 (0.5 m) - Grey argillaceous limestone with marl partings in the upper part.
4. 2.2-2.5 (0.3 m) - Flaggy aphanitic limestone, similar to bed 2, but more thin-bedded.
5. 2.5-2.6 (0.1 m) - Interlayer of greenish-grey soft argillaceous marlstone.
6. 2.5-2.9 (0.3 m) - Interlaminated aphanitic limestone and marlstone with polygonal mud
cracks on the upper surface of the bed.
7. 2.9-3.4 (0.5 m) - Light-grey massive aphanitic (pelletal?) limestone with scattered 
skeletal particles.
8. 3.4-3.75 (0.35 m) 
layer 6.
9. 3.75-4.05 (0.3+ m) - Massive argillaceous dolomitic limestone.

Excluding the uppermost bed (1) rich in corals and stromatoporoids, the rest of the 
section contains a very poor assemblage of fossils. Only conodonts (see Fig. 55) and in 
some beds fragments of leperditian ostracodes have been recorded.

The exposed rocks have been formed during a regressive phase of the development of 
the Baltic Silurian Basin and are related to the first tongue of lagoonal/restricted 
shelf deposits which is preserved in the Estonian sequence. The section shows a transi
tion from lagoonal, and restricted shelf deposits (most of the section) to more or less 
normal-marine sediments at the top.

interlaminated aphanitic limestone and marlstone, the same as

H. Nestor

LOCALITY 8:3 VALGU OUTCROP

Three sections at the drainage canal and in the bank of the Valgu River (see Fig. 
56) reflect the development of the Upper Llandovery transgression represented by an al
ternation of open-shelf deposits (the Rumba Formation) with transition belt deposits 
(the Velise Formation).

At point 1 light-grey argillaceous bio- 
clastic Pentamerus Limestone of the upper 
part of the Rumba Formation crops out. in 
the topmost part of the limestone there are 
abundant discontinuity surfaces (hard- 
grounds). They are smooth, with abundant va
riegated holes (up to 2 cm in depth), sur
rounded by intensive biuisn pyrite impregna
tion. Frequently . the abrupt discontinuity 
surface cuts the shells of Pentamerus oblon- 
gus buried in life position. The exposure 
also offers occasional tabulates (Paleofavo- 
sites 8eptosus), stromatoporoids (Actinodic-

Fig. 56. Localities in Valgu village.
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tyon suev-'.oum) and trilobites (Fragisautum vumbaense). The microorganisms are repre
sented by occasional elements of Distomodus staurognathoides etc.

At point 2 Fentamevus 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 (Stegevhynahus 
boreal%a3 Fentlandella tenuistriata3 Dalmenella vosensteinae> etc.), abundant ostracodes 
Beyriohia ( Asperibeyriohia) valguensis, characteristic of the Lower Visby marls of Got
land. Apatobolbina simplioidorsata and an extremely abundant complex of conodonts: Pte- 
rospathodus cf. oelloni3 Aulaaognathus kuehni3 Neospathognathodus oeratoides, etc.

The stratigraphically higher-lying beds of the Velise Formation 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 cephalopod 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

LOCALITY 8:4 ANELEMA QUARRY

The Anelema quarry is situated about 6 km east of the small town of Parnu-Jaagupi. 
The quarry affords road metal for local needs. Earlier the quarry was known as an ex
posure of the Jaagarahu Stage until E. Klaamann in a guidebook for IGC 27 session (Kaljo 
et al., 1984) motivated the Jaani age.

The section exposes dolomitized rocks containing rare specimens of poorly preserved 
shelly fauna, 
are referred to

According to their structure, 
the bahamitic type, 

section is more argillaceous.
The sequence from base to top is as follows (Fig., 57) :

1 . 1.5 m+ - Grey bioturbated argillaceous dolostone alternating with medium-bedded gree-

the rocks of 
consisting of fine pellets.

the upper part of the section 
The lower part of the

nish-grev bioturbated domerite.
2. 3.0 m - Dark-grey medium-bedded (8-20 cm) bioturbated argillaceous dolostone with ho
rizontal 2 cm interbeds of domerite.
3. 0.06 m - Highly argillaceous laminated kerogen-bearing dark dolostone and domerite of 
sublagoonal origins. The bed is considered at the top of a mesocyclite and the Mustjala 
Member.
4. 2.2m- Yellow-grey micro- to finecrystalline medium-bedded (5-12 cm) dolostone al
ternating with dark-grey 1-3 cm domerite laminations.
5. 0.5 m - Microcrystalline thick-bedded dolostone at the top subjected to denudation.
6. 0.8 m - Light yellow-grey microcrystalline thick-bedded dolostone with wavy domerite 
laminations after each 10-20 cm. Dolostone is a little cavernous and contains styloli- 
tes. The basal 5 cm contain domerite lithoclasts.

Three upper-beds belong to the Anelema Formation, three lower beds to the Mustjala
Member.

The scarce shelly fauna, mostly in the lower part of the section, is related to the 
bedding planes. It is dominated by atrypids, dalmanellids, gastropods and cephalopods. 
Microfossils, especially scolecodonts, are abundant (Klaamann in Kaljo et al., 1984). 
V. Viira and P. Mannik identified Kockelella vanulifovmiss Ozarkodina guile ten sis and in 
the upper part (sample 1) 0. sagitta rhenana3 V. Nestor -- 
cf. mamilla etc. This data permits us to refer to the Anelema section, stratotype of the 
Anelema Formation, to the level of the corresponding conodont and chitinozoan biozones

Conochitina alaviformiSj C.
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Mwhich are cor.- elated with M. riceartcnensis 
graptolite Zone of early Wenlock.

The sediments of the Anelema Formation 
were deposited in the eastern part of a 
shallow bay in the restricted shelf environ
ment .

I 1

0.85 rn
/ 0.55 12n Q

IR. Einasto
I

T-r

z ¥

2.2
4 I

I I1

L

0.25
a 0.05 l.?aT

«3
TTT> y,

|V( - -- ft

3.025

— 1 ~ J
1i-p
t~ t — n

_E IHZB

—rvT-i: Vi3[I
w —7 K-— «

15*

y 3 |5a
)

8_ t - tt ~ ft —

Fig. 57.
section: the Mustjala

(Beds 1-3) and " the Anelema Forma- 
(Beds 4-6) of the Jaani Stage. For

The Anelema quarry 
Member 
tion
legend see Fig. 3.

183



NINTH DAY

LOCALITY 9:1 SILURIAN SEQUENCES AT SARGHAUA FIELD STATION

In S&rghau?. field station of the Institute of Geology, Estonian Academy of Scien
ces, two boring cores from Saaremaa Island will be demonstrated in order to give the ge
neral picture of the Silurian sequences in different facies settings: in shallow-water 
northern confacies belt and in transitional area to the deeper-water axial confacies 
belt of the Baltic basin.

The Ohesaare boring (Fig. 58) was drilled on Serve Peninsula of Saaremaa at the 
southern end of Ohesaare cliff and up to now its core is the completest section of the 
Silurian beds in Estonia exposing all Silurian regional stages except che topmost - Ohe
saare Stage. The boring is situated in transitional area from the axial confacies belt 
to the marginal-northern confacies belt.

The lower part of the section (205-448 m) up to the middle of the Jaagarahu Stage 
(middle Wenlock) is represented by the basin-type sediments: marlstones, domerites, mud
stones and aphanitic limestones of the transition facies belt (IV) according to the Si
lurian facies model. The Silurian transgression maximum coincided with the deposition of 
the Velise Formation (Adavere Stage) and To11a Member (Jaani Stage) which contain thin 
interlayers of gray argillite with graptolites allowing to date the uppermost Llandovery 
and the lowermost Wenlock graptolite zones from iurriaulatus to ricoartonenei3 (flexi- 
lie) zones. Chitinozoans, ostracodes, conodontj and other fossils are well represented in 
the lower part of the section. (Suratigraphical ranges of a selected number of guide 
fossils have been shown in Fig. 58). A remarkable local stratigraphic hiatus has been 
established between the RaikkUla and Adavere stages: only a lower half of the former 
being represented in this section.

The upper half of the Ohesaare boring section (1.8-205 m), beginning from the 
middle of the Jaagarahu Stage, is represented by the shelf-type carbonate sediments, 
mostly by nodular, partly argillaceous packstones and wackestones or skeletal marls of 
the open shelf facies belt (III) with diverse shelly fauna. In the uppermost Jaagarahu 
Beds and in the RootsikUla Stage different dolomitized grainstones of shoal facies belt 
fII) cyclically alternate with primary argillaceous dolostones of the lagoonal belt (I) 
designating the maximum shallowing of the basin at the end of the Wenlock. Smaller in
terlay ers and beas of sparitic grainstones and rudstones occur also in the Kuressaare 
and Kaugatuma stages. They are mostly of tempestite origin but in the Kaugatuma Stage 
some thicker bands of crinoidal grainstones occur at the top of the regressive sedimen
tary cycles.

The Viki boring (Fig. 59; was drilled in West Saaremaa near Kihelkonna settlement 
and is a rather typical section of the northern confacies belt. The boring is situated 
on the outcrop area of the RootsikUla Stage and therefore it exposes onry lower Silurian
stages. Unfortunately the most interesting, upper part of the section (~100 m) is high
ly dolomttized as most of Wenlock sections in the outcrop area of Estonia.

Lower and middle Llandovery (the Juuru and RaikkUla stages) are represented by 
open-shelf nodular skeletal packsto les and aphanitic limestones respectively with ero- 
sional sedimentation gaps at their upper boundaries. The section of the Adavere Stage 
shows a rapid basin deepening over the open-shelf skeletal wackestones of the RUmba For
mation (183.5-191•2 m) up to the basin-type red-coloured mudstones of the Velise Forma
tion (153.8-183.5 m). The next, Jaani Stage demonstrates shallowing upwards in the se
quence and grading from marlstones of transition facies belt (the Mustjala Formation: 
99.6-1 53.8 m) up to the dolomitized grainstones of shoal facies belt (Ninase Formation: 
90.0-99.5 m). The uppermost, Jaagarahu and RootsikUla stages have been characterized by
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cyclic alternation of secondary ‘ and primary dolomi
tes of shoal and lagoonal facies belts. By these, 
shallowing-up mesocycles the Jaagarahu Stage has 
be.en subdivided into the Vilsandi., Maasi and Tagave- 
re Beds and the Rootsikiila Stage respectively into 
the Viita, Kuusndmme, Vesiku and Soeginina Beds.

H. Nestor

Fig. 59.
The Viki boring section. For legend see Fig. 3.
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SIGHTSEEINGFORSOMETHING

SAAREMAA

The excursion to Silurian outcrops will last five days, the lajst two days being re- .
in West Estonia and to visit SSrghaua, the field

Yet, the main destina-
stationserved for examining outcrops

cf the Institute of Geology in order to study some boring cores, 
tion of our field excursion is Saaremaa Island (previously Oese.l) which has become a ra
ther exotic place for geologists from abroad. After a long period of about 50 years the 
West Estonian islands are now open to foreign visitors again. Mostly t.ne whole excursion 
is bus-based, only a short boat trip (about 25 minutes) over the 8-km-wide strain takes 
us from the mainland co the port of Kuivastu on MUHU ISLAND, that serves as a gate 
Saaremaa. Although a relatively small island (territory 200 sq km) - Muhu Island, has 
much interesting to offer for tourists. The favourite place for the visitors is Koguva 
village, considered as the oldest monument of peasant architecture of the islands. The 
whole village constitutes a kind of open-air museum with the only difference that all 
houses are still lived in. Koguva is a very old village, first mentioned in the records 
of 1532 when local peasants were freed from serfdom. They had still several tasks to 
fulfil for the landlord including carrying post from Muhu to Saaremaa Island as well as 
to the mainland. Koguva is a typical island village, the so-culled cluster village. Its 
most characteristic feature is numerous stone fences, built of stones collected from the 
fields. The ancient islanders had a belief that stone fences around the farms protected 
them from evil spirits. The buildings are thatched-roof houses, mainly dating from the 
years 1880-1930. The museum was opened at Koguva in 1973.

From Muhu Island we snail travel on to Saaremaa, crossing the strain Detween the 
two islands by road built already in 1894-9G.

SAAREMAA is one of the biggest Baltic islands, 2,668 sq km in area and with the 
pulaticn of 38,000 inhabitants. The island has a deeply indented coastline of 
1,300 km, the longest peninsula being Serve, 32 km. The typical coasts are stony, but 
there are some stretches of nice sandy beaches as well. Numerous steep and picturesque 
cliffs are situated on the northern coast of Muhu and Saaremaa. Several of them have 
been taken under state protection, e.g. tiugu, Rannaniidi, Tupenurme cliffs on Muhu Is
land? Panga, Ohesaare, Soeginina, Kaugatuma cliffs on Saaremaa Island. Saaremaa is sur
rounded by numerous smaller islands, about 500 in number. Due to land uplift new islets 
appear, bays, however, turn gradually into brackish-water coastal lakes.

The formation of the West-Estonian islands began 10,000 years ago when small pie
ces of land in West-Saaremaa rose from the sea. The bedrock is composed of Siluvian 
limestones and dolomite. On the islands, as well as elsewhere on the Estonian territory, 
the bedrock layers are inclined southwards, cropping out on the surface as East-West di
rected belts. The older layers are exposed in the north, the younger ones in the south. 
Thus, moving from the north to the south, we can get a picture abcut the geology of the 
island's bedrock from the older strata to the younger ones.

Because of its maritime climate and variety of soils Saaremaa is rich in plant spe- 
four fifths of the species found in Estonia grow here. 44 per cent of the is

land's area is woodland; fertile agricultural land, however, makes up only a small pro- 
poition. Natural features cf world-wide significance include the alvars covered with 
sparse juniper groves, as well as the nature reserves.of VIIDUMAE and VIL3ANPI. The for

te
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ir.er is the habitat of several rare plant species comprising the greatest rarities of Es
tonian flora. One third of all plant species that have been taken under state protec
tion, are represented here, includina the unique endemic Saaremaa yellow rattle. Viidu- 
magi is also the highest point of the island rising up to 54 m above sea level. 
smaJJ \7iisandi Island constitutes a bird sanctuary founded in 1910 where numerous spe
cies of nestling and migratory birds are protected. The most famous natural attraction, 
however, is the KAALI METEORITE CRATERS (see below).

Saaremaa is rich in archeological monuments. The oldest are the stone age settle
ment sites lying at an altitude of 15-16 m above sea level. 4,000-5,000 years ago, how
ever, they were coastal settlements of hunters and fishermen. The: beginning of the 2nd 
millennium A.D. has left us some monumental fort sites, several of them being linked 
with the Estonians' struggle for freedom. Numerous architectural monuments date from 
the 13th-16th centuries. The most outstanding among them is KURESSAARE CASTLE, the only 
completely preserved medieval stone castle in the Baltic. The castle was built as the 
episcopal residence in the late 14th century when Kuressaare became the centre of the 
Saare-Laane (Oesel-Wiek) bishopric. The surrounding fortifications were added in the 
15th-18 th centuries. The castle is a quadrangular three-storey building with only one 
entrance to the courtyard from the northern side. The first floor of the castle holds 
the living- and reception-rooms, including a big refrectory, dormitories and a church- 
chapel. On the ground floor there were the kitchen, well and other management rooms. The 
topmost floor served as living-rooms for servants and guards. The castle has two tow- 

the main tower at its north-west corner and a smaller one at the south-west cor-

The

ers
ner.

The settlement, present KURESSAARE TOWN, that grew up around the castle, was first 
mentioned in 1424, town status was conferred upon it in 1563. Since 1564 Kuressaare has 
been the administrative centre of the whole Saaremaa county. A new stage in the history 
of the town started in the 19th century with the discovery of curative muds in Kuressaa
re Bay. The first mud-bath sanatorium was established here in 1840. Since then Kuressaa
re has developed as a health and summer resort. Formerly known as the pearl of Livonian 
small towns, Kuressaare has largely retained its particular historical charm, mainly 
thanks to extensive restoration work.

Among the sphere of life of the whole of Saaremaa tourism and the resort industry 
are gradually gaining importance. Having in mind specific natural conditions the island 
in the beginning of 1990 was transformed into an international biosphere protection 
area.

A. Noor

KAALI METEORITE CRATERS

The Kaali meteorite fell about 3,500 years ago from the east-northeast under the 
approximate angle of 35°. The initial weight of the meteorite may have been about 1,000 
tons. In passing through the atmosphere it was hotted up by the air pressure to such an 
extent that at 5-10 km from the earth it broke into pieces and a part of its masses 
melted and evaporated. The pieces came iown as a meteorite fall. The greatest one (ca 
80 tons) fell tc the ground with the approximate velocity of 20 km/sec. At this moment 
due tc immense kinetic energy there occurred a powerful explosion. In the result of it 
the main crater, now Lake Kaali was formed. The’ smaller parts evaporated only partly and 
mostly broke into fine pieces that were scattered about on the ground. In this way eight 
smaller cracers were formed with the diameter of 12-40 m and depth of 1-4 m.

Kaali meteorite craters were formed in thickbedded Silurian dolomite of the Paadla 
Formation covered with clayey till. The wall of the main crater rises 4-7 m above ground
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level. The exterior slope of the crater is comparatively slanting,- the interior is 
steep, gradually slanting towards the bottom. The diameter of the wall from rim to rim 
amounts from 1C5 to 110 metres, the depth of the crater is 22 m. The upper part of the 
crater wall consists of nine huge, about 50 metres wide, tilted dolomite blocks displaced 
by the explosion. They are underlain by a zone of do]omitic meal. Near the bottom, the 
crater filling contains more abundant dolomite splinters with clayey till and coarser 
rock fragments. On the bottom solid rock has remained in situ, although the central part 
of it is shattered and burnt. The hard bottom is covered with a 6.4 m thick layer of mud 
and peat. 2.5 kg of meteoritic material has been collected from the craters. The mass of 
the greatest sample after cleaning it of rust was almost 30 g.

In 1959 a protection area was established at Kaali. A memorial scone near Kaali 
schoolhouse perpetuates the study,of craters by Ivan Relnwald and Ago Aaloe.

R. Tiirmaa
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Fig. 60. The Kullamaa and Rumba boring sections of West 
Estonia. Kullamaa section after L. Polma. Rumba section 
after S. Magi (lithology, stratigraphy), ostracodes after 
K. titumbur; macrofossils after: H. Nestor (stromatoporoids), 
E. Klaamann (tabulates), D. Kaljo (rugosae), A. Rodmusoks, 
M. Rubel, S. MSgi (others).
Number of specimens in the samples:
1 - up to 8

- up to 1
- up to 2

4 up
5 up
6 - over
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