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PREFACE

The development of ecostratigraphy and its ever-growing popularity are character-
istic of the stratigraphy of the past decade. We entirely accept B. Sokolov's stand-
point who believes +that the success of ecostratigraphy is due to "an effort of the
present-day geologists and palaeontologists to wunderstand the life in geological past
not only as the history of a separate phylum or a set of "guide fossil associations",
characteristic of different levels of stratigraphical scale, but as a system of mutual
links between evolving communities and changing environmental conditions" (Cokonos,
1980). System approach, search for general patterns governing both biotic and abiotic
life elements and their application to biochron correlation at the ecosystem level
seem to be the most characteristic features of ecostratigraphy. True enough, the con-
tent and methods of ecostratigraphy have been a subject of discussicns. However, di-
versity of opinions is rather advantage than disadvantage of ecostratigraphy, since it
is just the discussion that has often accompanied and stimulated the development of a
branch of science.

A part of the material published here was reported in brief at the Project
Ecostratigraphy Meeting on Gotland, August, 1981. The papers present the results ob-
tained at the first stage of the ecostratigraphical research in the East Baltic area
giving much attention to the study of the relations between the distribution of
organisms and facies. The main approaches used were as follows:

1) subdivision of sections into 1litho- and cyclostrafigraphical units (formations,
members, cyclothems) ;

2) environmental interpretation of rocks on the basis of the facies-sedimentary model
of the Baltic Silurian Basin;

3) cbmpilation of lithofacies maps to show distribution of facies in the basin;

4) biozonation to generalize vertical distribution of fossil organisms;

5) establishing of communities to show geographical distribution of fossil organisms,
their relations with enviromment, and to understand the nature of the boundaries
of stratigraphical units.

By these means we have obtained rather good knowledge of the distribution of
stromatoporoids, tabulate corals, brachiopods, trilobites, ostracodes, conodonts,
chitinozoans, graptolites and vertebrates. It contributes to better understanding of
causal and historical background of the changes in the paleobasin. As to stratigraph-
ical correlations the following should be mentioned: if the boundaries of different
biozones are coinciding and also with those of lithostratigraphical units, it refers
to the facies nature of such boundaries. As a rule, they are diachronous and only to a
smaller extent synchronous (the boundaries of cyclothems).

The Baltic pericontinental Silurian basin which embraces besides the East Baltic
area also Gotland and a part of Poland may serve as a test basin for ecostratigraphi-
cal investigations. This 1is justified by a wide set of different facies enabling to
study deposits from primary dolomites of tidal flat up to mudstones and shales rich
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in organic matter of the central depression of the basin. The small number of longer
hiatuses, rich and well preserved fauna, numerous cutcrops and borings create favour-
able conditions for the elaboration of many problems of ecostratigraphy, especially
correlation of the different facies. We think the latter 1is one of the main tasks of
ecostraticraphy. 1It is also favoured by a long-term stratigraphical study of the area.
The current stratigraphical scheme of the East Baltic Silurian is presented here in
order to facilitate the orientation of a reader in the names of units, their hierarchy
and correlation (Table). 1Its left side shows the relations between the basic strati-
graphical units of the East Baltic Silurian Basin =~ regional stages - and Silurian
standard units, whereas the right side presents the correlation of local strati-
graphical units. A regional stage is treated as a chronostratigraphical unit more or
less within the limits of which 1lithostratigraphical or local units, such as forma-
tions, members, beds are distinguished in different parts of the basin. In essence the
cgiven scheme repeats the wunified stratig;aphical scheme for the East Baltic (see
PemeHust . ..., 1978), although the recent studies claim to the introduction of some cor-
rections. Since, for the tasks of the present book the majority of these corrections
is not of essential importance, we have introduced only one adjustment: Ventspils Beds
(Ludlow) in the area of West-Latvia - West Lithuania are raised from the level of the
Paadla Regional Stage to that of the Kuressaare Regional Stage. This correction is
proved by a complex of palaeontological evidence obtained through the study of verte-
brates, conodonts, <chitinozoans and trilobites. 1In the area of carbonate (shelly)
facies the correlation of many East Baltic regional stages with the graptolite stan-
dard of the British Isles is only approximate. For this reason the boundaries which are
poorly motivated due to the lack of more precise data are given in a broken line. The
reaaer will find in the left side of the scheme the indexes of all stratigraphical
units (regional stages and their subdivisions) wused 1in the present book. In the text
they will not be dealt with any more. With respect to terminology we beg the reader to
consider that frequently occurring term "regional stage" (in Estonian "lade", in Rus-
sian "ropusoHT") is shortened to "stage" for the sake of briefness.

And, at last, we hope that the scheme presented will contribute to correct spel-
ling of names of stratigraphical units of the. Silurian of Estonia, Latvia and Lithu-
ania in languages which use the Latin alphabet.

We thank Helle Kukk, Dr. Elga Kurik and Anne Noor for translations and other
linguistic help, Ludmilla Lippert and Mare Saare for drawings and different technical

assistance.

Dimitri Kaljo

Einar Klaamann






ECOSTRATIGRAPHY - SOME ASPECTS FROM EAST BALTIC PRACTICE
D. Kaljo

Up to now there 1is no unambiguous understanding of the content and essence of
ecostratigraphy. The attempts (Hoffman, 1980; Kpacumnos, 1977; Menen, 1980, etc.) to
elucidate its conceptual basis and 1limits have revealed only more distinctly the
multifacetness of ecostratigraphy as "a broad movement among scientists" (Martinsson,
1978). Although the author is thinking that the theory of ecostratigraphy needs
further development, and, in view of hitherto opinions the creation of a common theory
is undoubtedly possible, he regards the existence of different approaches quite nor-
mal. The search for different possibilities is always welcome, especially in case of
ecostratigraphy as a working direction which is still in the stage of its development.

Considering the present state of the theory of ecostratigraphy, a comprehensive
analysis and generalization are necessary - it is favoured by the accumulation of
rather solid material. We hope that the completion of the project "Ecostratigraphy" of
the International Geological Correlation Programme which is soon to take place will
stimulate our colleagues for the above studies. 1In the present paper we shall confine
ourselves to the presentation of the content and aims of the studies carried out in
the East Balitic, in the first place at the Institute of Geology of the Academy of
Sciences of the Estonian SSR attemptingto show the possibilities they offer as a di-
rection of ecostratigraphy.

In our discussion we shall proceed from the opinion that ecostratigraphy is a
part cf stratigraphy, to be more exact -~ a part of biostratigraphy and it has its
specific tasks. For that reason ecostratigraphy cannot be identified neither with
biostratonomy nor with palaeoecology, although the distribution of fossils in rocks
and ecology of fossil organisms serve as its main methods. Ecostratigraphy pursues
stratigraphical not biological goals.

On the other hand, we do not think, as some authors do, that the main task of
ecostratigraphy is to create a new stratigraphy with its own (special) method and ter-
minology. For example, J. B. Waterhouse (1976) considered ecostratigraphy as the
fourth independent category of stratigraphy between litho- and biostratigraphy. He de-
fined it as a study of fossil ecosystems in a chronological and stratigraphical frame-
work, and for that purpose introduced a set of special terminology and classification
of units.

The above definition 1is quite acceptable, however, to our mind the existing
stratigraphical codes and guides (e.g. Hedberg, 1976; Xamorma u nOp., 1977) which com-
prise different sets of stratons, accept (of course, depending on category to a cer-
tain extent) the facial (resp. ecological) principle of determining the boundaries of
those units. Consequeritly, the main task 1is the improvement of the present strati-
graphy by using of data on ecology of fossil organisms and analyses of palaeoecosys-
tems but not its substitution with a new one. To our mind the key of progress in the



stratigraphy hides itself in a complex and supple application of different methods
(see also T'ekkep, 1980; another interpretation of ecostratigraphy is not so important
in this case). Although ecology, the data about ecological control of the distribution
of organisms were used in stratigraphy already 1long ago, it has been evidently in-
sufficient.

As the main task in ecostratigraphy our working group at the Institute of Geology
of the Academy of Sciences of the Estonian SSR regards the elaboration of the methods
of so-called basin analyses, especially the correlation of formations of different
facies origin (or the crossing of facies boundaries or tracing of synchronous levels)
and the improvement of stratigraphical schemes (Kanvo, 1979%a).

Our investigations are aimed at solving the following problems:

1. Elucidation of stratigraphical and areal distribution of communities in depen-
dence of facial conditions; compilation of 2zonal stratigraphical schemes by single
groups of organisms (graptolite, ostracode etc. zonations), their correlation.

2. Improvement of sedimentary-facies model and compilation of lithofacies maps
(by time intervals or short events) reflecting facies structure and the evolution of
the basin.

3. Analyses of palaeoecosystems of basin, their correlation and interpretation
from stratigraphical and other points of view.

Our aim is to give an integral treatment of the basin - to describe the evolution
of the fauna and environment and to show the result of it, i.e. to characterize the
geological structure of the basin proceeding, first of all, from a stratigraphical
framework.

Striving for the aim we do not confine ourselves to the application of ecological
information only, but take advantage of all the other methods which enable to elucidate
different parameters of 1life environmment, to adjust the dating of geological events
and reconstruct processes of geological history as stressed B. S. Sokolov in the pro-
gramme of the Soviet National Working Group of the project "Ecostratigraphy" in 1975.

Speaking about basin analysis as one potential working direction we do not ex-
clude other possible approaches, vice versa, we accept the development of several
different methods (resp. approaches) which, this o. that way use ecological informa-
tion. We agree that from ecostratigraphical point of view extensive, purely des-
criptive taxonomical, 1lithological, etc. preliminary work is also of necessity. Nihil-
istic attitude towards the latter favours, by no means, good results. On the contrary,

ecostratigraphy requires a real complexity.
On ecosystems in stratigraphy

A. Martinsson (1973) defined ecostratigraphy as a part of stratigraphy which
deals with the correlation of fossil ecosystems and their arrangement in a geochrono-
logical framework, as well as with the elucidation of the levels of timeplanes through
environmentally defined stratigraphical units.

In connection with the above statement there arise two questions: firstly, how
to understand the term "fossil ecosystem", and secondly, how to correlate them, i.e.
how to solve the most complicated stratigraphical problems with greatly differing
facies.

In the following we shall confine ourselves to the first problem as the second
one has been discussed elsewhere (Kanpo, in press). Let us only note in connection
with the latter that alongside other possibilities (e.g. several inorganic effects
such 2, cyclicity, 1layers of volcanic ash, Krasilov's 1977 suggestion to use syn-
chronous changes of cliseries) we have used the different amplitudes of -the facies

distribution of fossils based on different degree of ecological tolerance of orga-

10



nisms. It enables to cross facies boundaries correlating biczonations of the different
groups.

The main idea of ecosystem was given by Evans (1956) when he wrote that Tansley
proposed ecosvstem as a name for the interacting system comprising 1living things to-
gether with their nonliving habitat.

Of course, such a simple definition cannot reflect the entire complexity of dif-
ferent ecosystems, but it is important that each ecosystem has its own specific nature
unlike the others. If, in order to get a complete idea about an ecosystem, we must
know very much (from a list of components up to metabolism and energy flow) then for
bringing out its specific nature (sometimes even only preliminary one). we need con-
siderably less.

To our mind just the last matter is of interest for ecostratigraphers who have no
possibilities to reveal the majority, 1let alone all biotic and abiotic components and
relations, occurring in ecosys.ems. Thus, speaking about the usage of ecosys:tems (or
palaeocecosystems) in stratigraphy a detailed description of an ecosystem is of no
need; it will be enough to know its main features enabling to reveal its nature, and
to define it, i.e. to recognize it among the others.

Having set up the task of the study of a palaeoecosystem on the level of its
characterization and definition we do not share the pessimism of some authors but are
of opinion that palaeocecosystems may be sufficiently studied and used in Palaeozoic
stratigraphy as well.

In proof of the above we should like to present some material on the East Baltic
Silurian to show what the most important "living and nonliving" components of some
palaeocecosystems 1look like and how they change in space and time. Firstly let me refer
‘to a series of lithofacies maps of the East Baltic Silurian (Kanwo, Bprenccon, 1977).
These maps show that nonliving components of ecosystems - nowaday's rocks reflecting
environmental conditions of sedimentation, form belts or areas of different composi-
tion. Their sequence reflects zonal change in essential characteristic features of
the environment - depth, type of bottom, wave energy, chemical composition of water,
etc. It is clearly seen from the maps that environmental parameters experience regular
mutual changes, and the corditions of the same type localize in certain areas.

Let us reproduce here only one example (ﬁig. according to Kanwo, Oprescos, 1977,
simplified) on the Jaagarahu Stage.

I. Shoal deposits: pure, often well-sorted grained limestones (sparites); organic
buildups with stromatoporoids (Vikingia tenue Community) and some rugose corals (Acer-
vularia ananas). Outside bioherms abundant tabulate (Halysites junior Community) and
rugose corals (Microplasma schmidti and Kodonophyllum truncatum Community) and brachio-
pods (Stegerhynchus Community), etc. occur.

Some bioherms are rich in algae.

These rocks have formed in nearshore high energy sea where the water depth does
not exceed 20 m (it was about 10 m, prevailingly), water was well lighted and rich in
oxvgen. The bottom was prevailingly hard, coarse-grained to shingle, mud occurred only
in patches; its amount increases towards the open sea, and landwards in the shade of
reefs.

II. Open-shelf deposits: prevailingly clayey nodular limestones, to a greater or
smaller extent detritic (biomicrites), wpoorly sorted, in places marls with limestone
intercalations. Fauna has a variegated group composition - first of all brachiopods
(Whitfieldella Community) and ostracodes (Leptobolbina quadricuspidata, Clavofabella
Jjuvenca, etc.) occur, however, other groups (especially crinoids, corals, bryozoans,

trilobites and molluscs) are also rather abundant and diverse.
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These rocks were formed in the shelf sea, up to 180 m in depth (Kaljo, 1978), its
water mass belongs to the euphotic zone, however, near the bottom (below wave base)
the water activity was insignificant. Still, the content of oxygen was sufficient for
abundant bottom fauna. The sea bottom was muddy with sand and rather abundant gravel
grains.

III. and IV. Deposits of transitional {slope?) belt and deep basin. In the first
one - mainly green marls with rare detritus, in places with limestone intercalations,
in the second one - marls (prevailingly gray) and clays (argillites). In the slope
belt dominated the association of brachiopods (Dicocleesia - Skenidioides Community),
ostracodes (podocopids) and trilobites (Calymene orithomarginata Community) in places
also crinoids and some other benthic groups, and rare graptolites occur.

The number of the latter grew with the depth, at the same time benthos showed
decreas«< in abundance and diversity, and practically disappeared in deep water sedi-
ments. Occurred only grantolites with rare brachiopods (lingulids), hyolithids and
some o:hers.

12



These deposits were formed in the low energy deep water area of the basin which,
according to oceanographical terminology should be referred to the gentle slope, where
the water depth exceed 200 m (HecTtop, d#HactTo, 1977; Kaljo, 1978). In the near-bottom
layer the oxygen content was low (the content of organic carbon in grey marls is 7 %,
in graptolitic argillites up to 18 %). It accounts for the disappearance of the
benthos. The bottom was soft and muddy.

Summarizing the data on the second component of an ecosystem - "livimg things" of
the palaeobasin described above, and the data published in a lot of papers, especially
in two books - "Facies and fauna of the East Baltic Silurian" (Kanso, pen., 1977) and
"Communities and biozones of the East Baltic Silurian" (Kanso, KimaamanH, pem. 1982),
we can see clearly, as it is already well-known from the world practice in the field
of palaeofaunistics and palaeoecology, that the composition of fauna (group, species
and trophic composition, distribution of communities) varies within the limits of a
basin, it differs with facies belts in dependance of the changes in environmental con-
ditions. In other words, every part (facies) of the basin is characterized by a spe-
cific association of organisms.

Generalizing the given data on the living and nonliving components of an eco-
system, we <can see that certain parts of the basin are of specific character, which
distinguishes them from one another. We think it is possible to treat them as palaeo-
ecosystems.

Boundaries between palaeoecosystems may be transitional or distinct, depending on
the rate of changes 1in the characteristic parametres, at the first place of the litho-
logical composition. To a certain extent distinctness of the boundary depends also on
the rank of an palaeoecosystem - usually smaller units (of lower rank) have more dis-
tinct boundaries.

In contrast to contemporary ecosystems, palaeoecosystems have also duration and,
as we say in geology, lower and upper boundaries. As the boundaries of ecosystems are
determined ecologically, then, as a rule, they are diachronous and only in certain
cases synchronous, when the change of the environment has been due to a specific
reason, e.g. rapid enough change of climate (Kpacumnos, 1977).

It is easy to see that palaeoecosystems are rather similar in character to litho-
stratigraphical (according to Hedberg's, 1976, guide) or local stratigraphical subdi-
visions according to the stratigraphical code of the U.S.S.R. (Xamoitma u mp., 1977).
According to the above examples, the ecosystem of shoal inshore belt corresponds to
the Jaagarahu Formation, but the ecosystem of open shelf to the S8rve Formation,
the ecosystem of deep sea corresponds to the Riga Formation, etc. Here our viewpoint
does not fully coincide with the opinion Ly V. A. Krasilov (Kpacuno, 1970) who consid-
ered chronostratigraphical, facial and regional stratigraphical wunits as palaeoecosys—
tems. This conclusion acknowledges boundaries of all given units, among them those of
chronostratigraphical ones, facial in essence, only this contradicts to the idea of
chronostratigraphy.itself.

Therefore I should formulate this in principle correct conclusion with the con-
sideration of the character of boundaries. Palaeoecosystems have natural, more or less
distinct, boundaries.

The same type of boundaries (facial) have also local stratons (according to the
code of the U.S.S.R., Xamonnma u mp., 1977), but, not always chronostratigraphical ones
(general and regional according to Xamo#tma m op., 1977). Quite often the boundaries of
stages or regional stages do not coincide with those of formations (see Fig. 3 in Hol-
land, 1978). _

As already said, we see almost full coincidence of ecosystems with lithostrati-

graphical units, especially with formations according to Soviet code. The basic dif-
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ference lies in the estimation of palaeontological and ecological information - as is
known, the true lithostratigraphy neglects it, the Soviet code takes it into account
but far insufficiently.

In our practice of East Baltic Silurian stratigraphy we consiaer that 1local
stratigraphical subdivisions (especially formations and members) should have facially
(resp. ecologically) defined boundaries. With this we take palaeoecosystems as a basis
for those units. V. Krasilov regards the cdevelopment of th=2 biosphere as a continuous
and discontinuous process, which 1is distributed into several stages. To these stages
correspond (in an ideal case) chronostratigraphical units, which, in essence, serve as
palaeobiospheres (Kpacunoe, 1970). We entirely acknowledge this interpretation of a
chronostratigraphical straton. From above follows that synchroneity not ecological
(facial) basis are takan into consideration for the determination of the boundaries of
such units. Indeed, here the regional stage which connects synchronous, but being of
different facies origin, rocks serves as a good example (Xamornua u mp., 1977; Kanwo,
1979 6).

Thus, two different interpretations of a palaeoecosystem should be acknowledged -
the first one which is based on the internal unity and mutual dependence of the de-
velopment of environment and biota on the discrete units of these and makes a bhasis
for local or 1lithostratigraphy, and th2 second one which takes advantage of the evo-
lution of an ecosystem as a biosovhere (sequence of palaeoecosystems) and serves as a
basis for chronostratigraphy.

From the above follows that we do not need any special ecostratigraphical units
and thus we do not think it necessary to classify ecostratigraphy as a special ca-
tegory of stratigraphy. Instead of it ecostratigraphy may play a very positive role as
a method of correlation and basis of stratigraphical units.
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SKOCTPATUT'PAOUA - HEKOTOPHE ACIEKTH U3 MNPUBAJITUNCKOM IIPAKTUKHU
I. Kanso

I';maBHasg uOoes 3KOCTpaTHrpadHH 3aKyOUYaeTCss B YyCOBEPHUIEHCTBOBAHHH cTpaTHrpaduu nyTem
HCIIOJNIb 30BaHUA HHPOpMaALMH O6 SKOJIOTHH HCKOIAaeMHX OPraHH3MOB H aHasyIM3a MAaJIEO3KOCHCTEM.
CymecTBYIOT pa3HHE MOHHMAaHHA SKocTpaTurpad¢um; B MHHCTHTYyTe reosioruu AH 3CCP Uesbl 3KO-
cTpaTHIrpadHUeCKHUX HCCJIeNOBaHUM ABJIAETCA LEJIOCTHOE ONHCaHue CeOWMEeHTalMOHHOro 6accenHa,
ero danuf, reoJyIOTHUYEeCKOr'o CTPOEHHSA H SBOJIOIHH OHOTH. 1A 3TOrO H3y4YawTCA: CTpaTHrpadu-
yeckoe u reorpadpuueckce pacrnpocTpaHeHHe COO6mecCTB, HMX 3aBHCHMOCTBL OT dauuil, 6HO3OHALHA;
COCTAaBJIATCA JIMTOJIOrO-danuHasbHHE KapTH, OTpaxamwmhe lnocjenoBaTesIbHOe H3MeHeHHe CpelH;
AHAJIM3HUPYITCA MaJlIeO3KOCHCTEeMH 6accelida, NPOBOOHTCHA HMX CTpaTHrpadHueckass HHTeprpeTalHs.

puBeneH KPaTKHII aHaJM3 IaJIeO3KOCHCTEM CpEenHEeBEHJIOKCKOIr'o farapaxyckoro ropu3oHTa
Ipu6asyITUKH.

Hcxons U3 pa3HOr'O XapaKTepa I'PaHHI, MECTHHX /JIHTOCTpaTHrpaduyeckux,/ M. obmHMX /XPOHO-
cTpaTUrpaduueckux,/ CTPAaTOHOB, BO3MOXHH JBa Pa3JIMYHHX TOJIKOBAHHA NaJleO3KOCHCTeM. llep-
Boe - Gasupywmee Ha BHyTpéHHeM €OUHCTBE U B3aUMOTBA3aHHOM H3MEeHEeHHH CpelH M pachnpocTpa-
HEeHHA OHOTH, CJIYXHT OCHOBOM MeCTHON cCcTpaTHUrpaduu /nmUToCcTpaTHI'paduu/, BTOpoOe - paccMmaT-
pHBamee 3KOCHCTEMY Kak 6uocdepy, a ee pa3BHTHE KaK II0OCJIeNOBATEJIbHOCTH IaJIEO3KOCHCTEM

/naneo6Hocdep/, CoOCTaBJISAET OCHOBY IJIg XPOHOCTPaTHrpadHH.
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YOK 651.461.8:551.733.3/474/

APPLICATICN OF SHELF AND SLOPE CONCEPTS TO THE SILURIAN BALTIC BASIN

H. Nestor, R. Einasto

Shelf, slope and depression serve as the basic concepts in oceanography and marine
geology. However, unambiguous application of these concepts to the basins of geological
past is somewhat complicated. Firstly, it is due to the diversity of situations at re-
cent continental margins. Secondly,it should be considered that present-day situations
m - prove unrepresentative for the geological past. Particularly great difficulties
urise in connection with the application of actualistic concepts to such a distant past
as Early Paleozoic. Last years disagreements have been arisen with regards to defining
the shelf and slope in the Silurian Baltic Basin. This basin was situated at the
vestern margin of the East Furopean Craton and included North Poland, East Baltic, Got-
land and the areas of the nresent Baltic Sea. The basin was directly connected with the
Central-European Hercynian Geosynclinal Basin, the origin of which is still disputable.
Some investigators (Berry and Boucot, 1967; Krebs and Wachendorf, 1973; Matthews, Chau-
vel, Robardet, 198C and others) supposed that the Mid-European Paleozoic marine basin
developed wholly on the continental crust due to intraplate tectonics and the existence
of a real ocean in this area, at least during the Early Paleozoic, is fairly problema-
tic. Others (Burrett, 1972; McKerrow, Ziegler, 1972; Johnson, 1973; Ziegler et al.,
1677; Tomczyk and Tomczykowa, 1979; Cogne and Wright, 1980; Bard, Burg, Matte, Ribeiro,
1980) assume the presence of a Paleozoic ocean (Rheic, proto-Tethys or paleo-Tethys) in
Middle Furope that <closed during the Hercynian Orogeny. The last point of view seems
quite acceptable for us and we consider the Baltic Basin in Silurian as a marginal sea
of this ocean with clearly distinguished shelf, slope and depression environments.

In 1977 the authors of the present pmaper published a facies-sedimentary model of
the Silurian Baltic Basin (HecTtop, 3#HacTto, 1977).

According to the model, the Baltic Basin was characterized by the lateral succes-
sion of 5 macrofacies belts which we have interpreted as follows: 1) littoral-lagoonal
belt with argillaceous dolomitic sediments; 2) inshore shoal belt with various sparitic
calcarenites, sometimes including reefs; 3) open shelf with nodular micritic calcare-
nites and thin argillaceous intercalations; 4) basin slope with calcareous mudstones,
argillaceous calcilutites or clays; 5) central depression of the basin with graptolitic
mudstones. At that predominantly carbonate sediments of the first three facies belts
were regarded as shelf deposits, whereas fine-clastic deposits of the fourth and fifth
belts distributed mainly within the boundaries of the Baltic Syneclise were already
taken for bathyal deposits. More common is the opinion that the shelf included the
whole cratonic Baltic Basin up to the T&rnquist Line, and the continental slope, if it
existed, started from the Tdrnouist Line. This approach is based on the argument that
the phenomena characteristic of the continental slope (gravity slides, slumps, breccias
and turbidites) are not established within the boundaries of the Baltic Basin.

However, it seems to us that this approach makes the shelf too wide and it does
not coincide with the actualistic shelf conception. According to the fundamental hand-
book of marine geology by F. P. Shepard (llerapn, 1976) the shelf stretches up to the_
first clear break in the gradient of the sea bottom profile. The average width of pre-
sent day shelves is about 75 km, the average depth of their flat part about 60 m, the
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depth of the shelf edge ranges from 20 to 600 m, being 130 m on an average. Continental
slope may be rather wide and within it several terraces may occur. In this case only
the uppermost brzak in the bottom gradient serves as the boundary between the shelf and
slope, whereas the other terraces are included to the continental slope. At places the
continents may be edged by deeply subsided blocks of continental crust, e.g. Blake
Plateau at the eastern coast of Florida, its width is up to 300 km, depth 750-1,000 m.
In a wider sense these plateaus are considered as a part of the continental slope, not
of the shelf. As a rule, slopes are covered by finer-grain deposits than shelves. Sands
are typical of the present-day shelves, muds prevail on slopes. The accumulation of de-
posits is highly dependent upon the gradient of the slope (Stanley and Unrug, 1972). On
a steep slope deposits may be entirely lacking, the thickest deposits are concentrated
on the continental rise. Gravity slides, slumps and turbidites are characteristic
namely of such slopes. If the bottom is gently sloping the deposits may accumulate in
great thickness already on the slope itself as a result of which the slope progrades
offshore direction. Deposits are often lacking at shelf edges and on the upper slope.

Let us try to estimate the position of shelf and slope in the Silurian Baltic Ba-
sin in the light of these data, starting with the most offshore member of the facies
succession, the graptolitic mudstones of the fifth facies belt. Silurian graptolitic
shales and mudstones are prevailingly geosynclinal deposits which reach only as tongues
to the craton margins. It is reasonable to suppose that typical graptolitic shales re-
present the main Silurian oceanic deposits. It could be well seen from the schematic
geological section compiled by H. Jaeger (1976, Fig. 6) from Sweden through Paleotethys
to the Sahara. It shows that at the time when more than 1,000 m of carbonate and clas-
tic sediments accumulated at the margins of Fenno-Sarmatia and Gondwana cratons, the
thickness of the complete Silurian sequence was only 50-70 m of monotonous graptolitic
shales and "ockerkalk" within Paleotethys from Thyringia to Sardinia (see also Fig. 1B
in the present work). It permits to make a conclusion that these were obviously depo-
sits of abyssal plain. On continental margins within the boundaries of continental rise
and bathyal the thickness of graptolitic sediments considerably increases in connection
with the growing intensity of the accumulation of fine-clastic material towards the
source area, however, the basic type of the sediment remains the same. Since graptoli-
tic mudstones accumulated within the boundaries of the Baltic Syneclise on a wide area
and during most of Silurian (about 30 million years) we obviously have not to deal with
a closed shelf depression, but most likely it was a deep-water continental margin pla-
teau immediately connected with the Gentral European oceanic basin.

Evidently the Paleo-Baltic Basin formed in Early Paleozoic as a result of an in-
complete development of rifting in the course of the opening of the Paleotethys (Rheic)
Ocean. In this respect the schemes by E. and H. Tomczyk (1979, Figs 2, 3, 4) on the
development of the Prototethys Ocean are of interest. According to the first scheme
corresponding to the Caradocian the Baltic Basin 1laid on the extension of the opening
Prototethys Ocean and was probably originated by prerift downwarping. Its development
probably stopped while a side rift was formed later in the Silurian (see also Fig. 1A
in the present work).

The bathyal origin of the axial part of the Baltic Basin is also proved by the
history of its development. From North Poland to West Latvia the thickness of the Lower
and Middle Llandovery dark graptolitic shales is only 5-15 m while in Central and South
Estonia the marginal area of the basin, the thickness of contemporaneous carbonate se-
diments is up to 10 times greater (see Fig. 1B, 1C and 2). It shows that a depression
where subsiding was not compensated with the sediment loading developed here at the
initial stage of the Silurian transgression. In the Late Silurian in the course of ful-
filling of the depression in North Poland depositea very thick (up to 1,500 m) flysh-
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like interlayering graptolitic mudstones and siltstones of Siedlce series that could be
interpreted as marginal turbidites.

Thus, the development of the axial part of the Baltic Basin in the Silurian period
includes the elements typical of the development of a depression and it can be con-
sidered as a tongue of the North European miogeosynclinal depression which extends far
into the area of the East European Craton. Regarding this area of the basip as a part
of the shelf would be evidently misleading.

On the other hand, the I-III facies belts (lagoons, shoals and open shelf) of our
model, forming carbonate platform, could be keyond doubt referred to the shelf. In geo-
logical papers the distribution of the shelf is often restricted to the area of car-
bonate deposits rich in shelly fauna. Interesting parallels can be drawn between the
distribution of sediments in the Silurian Baltic Basin and in the north-western part of
the present Black Sea. The flat relief of the surrounding area and wide extension of
Lhe lagoonal cecast, where muds are the prevailing deposits, prevents the transport of
terrigenous material to the open shelf of north-western Black Sea. For these purposes
the latter is mainly covered with carbonate deposits, 30-80 % of which form shells and
their debris (llep6akoB ¥ Op., 1978). The content of shells decreases abruptly on the
continental slope that begins at the depth of 100 m on an average and is covered with
argillaceouscoccolite muds. The distribution of skeletal material is more or less si-
milar in the Silurian Baltic Basin, the first - lagoonal belt is relatively poor in it,
in the second and third facies belts it plays an important role and in the fourth belt
its amount decreases abruptly. F. Shepard (lWlemapm. 1976), J. Stanley, R. Unrug (1972)
and others have also shown that the amount of coarse- and medium-grained material,
among this skeltal sand, decreases abruptly with the transition from shelf to slope.
The sam= phenomenon is typical of the eastern coast of the Caspian Sea (AnekcwuHa,
1962; JlebemeB 4 mp., 1973).

The results obtained through the analyses of the thicknesses of deposits lead to
the same conclusion. In the Baltic Basin the thickness of the deposits of the three on-
shore facies belts grows rather evenly with the depth. A more abrupt increase of thick-
ness takes place on the transition to carbonate-terrigenous muds of the fourth belt. We
connect it with the change irn the sea bottom gradient at the shelf edge. In favour of
the above interpretation speaks the fact that in the onshore sections of the basin the
rocks of the I-III facies belts are interbedding rather frequently, whereas the sec-
tions of its central part with deposits of the fourth and especially of the fifth
facies belt are much more monotonous. This is well known from the section of Wenlock
and Ludlow deposits at the northern margin of the Baltic Basin which shows a distinct
cyclic change of carbonate facies in Estonian sections as far as Ohesaare boring (Fig.
2) . At the same time relatively monotonous argillaceous deposits of the fifth and
fourt facies belts accumulated in West Latvia. To our mind it enables to differentiate
the northern part of the section as the shelf platform on which the comparatively minor
changes in water level gave rise to an extensive facies oscillation that is not re-
flected in bathyal sections in the central part of the basin due to the relatively ab-
rupt increase in depth.

In t.ae same section, given more generalized in Fig. 1 of the present paper, it be-
comes evident that the belt of the greatest thicknesses which coincides with the dis-
tribution of marls and argillaceous calcilutites of the fourth facies belt migrates
gradually towards the basin centre. Evidently it is a reflection of the lenticular de-
position of hemipelagic sediments on the flat basin slope that results in the prograda-
tion of the slope and migration of the shelf edge towards the central part of the ba-
sin.

In favour of the location of the shelf edge between the third and fourth facies
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beits also speak the evidences obtained through the analyses of the distribution of
benthic corganisms. If the second and third facies belts are inhabited by a diverse bot-
iom fauna and benthic algae, then in the fourth belt colonial corals, stromatoporoids,
algae, bryozoans -~ all potential reef-building organisms are practically lacking.The
disappearance of benthic algae shows that the boundary between the third and fourth
facies belts is close to that of the photic zone and thus its absolute depth approaches
te the average values of the outer edge of the recent shelves.

These were the most essential considerations that made us restrict the shelf in
the Silurian Baltic Basin to the I-III facies belts where the carbonate sedimentation
was prevailing.

The concept of the continental slope 1is not as clear as that of shelf. From the
tectonical point of view the continental slope includes the whole subsided part of the
continental crust that remains beyond the shelf edge. In these cases when the deep-sub-
sided plateau is situated at the continental margin, continental slope as a purely geo-
morphological element is actually divided into two independent parts, one of which re-
mains between the shelf and marginal plateau or represents the inner slope of the con-
tinental margin sea, while the other lies between the marginal plateau and ocean floor
and forms the outer slope of the marginal sea.

It is quite possible that such a complicated situation with two-stage slope was
also characteristic of the Silurian Baltjc Basin where the first stage roughly coin-
cides with the boundary of the Baltic Syneclise, the other with the Tdrnquist Line.
Speaking of the slope of the Baltic Basin in a narrow sense, we keep in view the first
one coinciding with our fourth facies belt. The existence of the second slope behind
the Térnquist Line is yet to be proved as there are cases (e.g. the present-day Zam-
besi-Mosambique Channel Basin - Scrutton, Dingle, 1976) when the marginal block of the
continent has subsided to the level of the ocean bottom and the topographical slope is
practically lacking between the marginal plateau and ocean floor.

Summarizing the analysis above one may conclude that according to the strict shelf
definition of the recent oceanography, that fits the shelf edge with the first clear
break in the gradient of the sea bottom profile, it is reasonable to restrict the shelf
in the Silurian Baltic Basin with the belt of shelly carbonate sediments in the margi-
nal part of the basin. The central part of the basin within the Baltic Syneclise, where
graptolitic mudstones accumulated, has been treated here as a tongue of the North
European miocgeosynclinal depression. Probably the slope between the shelf and depres-
sion had a very low gradient and it was hardly comparable to the continental slopes of
the recent oceans. The reason could be the extremely low relief of the Silurian conti-

nents and much less depth of the oceans comparing with nowadays.
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NMPUMEHEHUE KOHIEIIWHK DIEJIBGA U CKJIOHA K CHIIYPUNCKOMY BAJITUFZCKOMY
BACCENMHY
X. Hectop, P. 3mHaAcTO

. Cunypunckup BaJITHACKHZ 6GaCCenH pacnosiarajics Ha NacCHBHON OKkpanHe KOHTHHEHTa U OT-—
KPHBAJICA HENOCPEeNCTBEHHO B lleHTpPanbHO-EBPONENCKHN I'€OCHHKJIAHANBbHHA GacCelH OKeaHHYSCKON
npupodun. Takas MO3HUHA MO3BOJISET HHTEpPNpeTHpOBaTh EanTHUACKHN 6accelH B CHJIype KaK IepH-
KOHTHHEHTAJIbHOe MOpe C O6O0COGJIeHHEM 1eslIbdOM H MATEePHKOBHM CKJIOHOM. MH CYHTaeM, 4YTO
menesd MOI CkOpee Rcero coBnagaTh C IIOSCOM B OCHOBHOM Kap60OHATHOM CeOUMEHTAUHH, KOTOPHHA
npHyieran K IeHeIJIeHH3HWPOBaHHOMYy ©®eHHo-CapMaTCKOMy MaTepHky. OceBasa 4acTb BanTHRCKOro
6acceltHa C rpanTOJIMTOCONEpPXaMHMM CJIaHLlaMH M aprHJUJIMTaAaMH MOXeT OHTh pacCMOTpPeHa Kak Fiay-
60KO ONnymeHHHN O6JIOK MaTEepPHKOBON OKpPaNHh, KOTOPHM TEKTOHHUYECKH OTHOCHJICA K MaTEepPHKOBOMY
CKJIOHY, HO CeOHMMEeHTOJIOTAYEeCKH NpelcTaBHJI C CO6ON fA3HK KPYINHOR ceBepOeBpPONeNCKON HeKOM-—
NMeHCH)OBaHHON nenpeccuu, IMpPOHHKAaKMEell B CeBepO-BOCTOYHOM HamnpaBJIEHHH BHYTPh BOcCToOYHO-
eBpone#ckon rmuatdopmu. CKIIOH BGacce@tHa B ero 6osee y3KOM, IreoMopdosIOrHYeCKOM MNOHHMaHHH,
BEpPOSTHO, OXBATHBAJI MOAC CEeIOHMEHTALHH H3BECTKOTIO-IJIHHHCTHX HJIOB Mexny wesbPOBHMH Kap6o-
HaTHEMM H IDANTOJIMTOBEMHM NEJMTOBHMH OCaAKaMM LEHTPaJbHON MenpeccHH GaccefHa. 3SppO3HOH-
HHEe KaHaJlH, TYPOHLUHUTH H IOpyTrHe ABJIEHHd, XapaKTepHHEe KPYyTHM MaTEepPHMKOBHM CKJIOHaAM, B Ban-
THHUCKOM CHJIYPHMCKOM 6accefiHe OTCYTCTBOBAJIH H3-3a OTHOCHTEJILHO IIOJIOrOr'o HakKJIOHa MOPCKOI'O

AHG .
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VIK 652.64:549/1/:651.733.3/474.2+486.92/

DISTRIBUTION AND MINERALOGY OF SILT-SIZED TERRIGENOUS MATERIAL
IN THE NORTH BALTIC UPPER SILURIAN DEPOSITS

E. JlUrgenson

The Upper Silurian section in the North Baltic area consists primarily of biogenic
calcarenites and calcilutites interbedded with thin lithocalcirudites and interlayers
of marl. Reef-limestones are not uncommon. The content of terrigenous material varies
between 3-5 % in reef-limestones and 70-90 % in marls and clays. Most of the terrigenous
material is represented by clay fraction with clay minerals, such as illite and
chlorite. Grains in silt- and sand-size are commonly minor increasing upwards in the
section.

In the course of a general study of the Baltic Silurian carbonate rocks a special
study of its terrigenous material (insoluble residue) was carried out (Kprescos, 1970,
1977). The present study is based on the granulometric and mineralogical investigation
of Upper Silurian silt fraction. Samples were collected from 9 boreholes of Western
Estonia (Saaremaa, Ruhnu) and South-Western Latvia (Fig. ). In order to compare the
material with neighbouring areas a series of determinations was made in samples from
Lithuania and Gotland. At the author's disposal were some samples from the Silurian
sequence of Gotland, kindly given her by Dr. Einar Klaamann and Dr. Sven Laufeld.

250 samples were acidized in the standard manner with 3.5 $ HCl. Granulometric
analyses were performed by pipetting and sieving. For the mineralogical analyses the
clay fraction was washed out and the rest of residues separated into two classes: sand
(grains with diameter over 0.1 mm) and silt (0.01-0.1 mm). The presence of sand grains
is commonly rare, their content does not exceed 10 %, even in the deposits known as
Ohesaare Sandstones from Saaremaa and the Burgsvik Sandstone from Ronehamn, samples
analysed by the author of the present paper.

The silt fraction of the insoluble residue varies between 5 % and 90 %. We can
calculate the real content of silt fraction of terrigenous material after the identifi-
cation and exclusion of authigenic minerals (pyrite, chalcedony). The maximum silt
fraction in the North Baltic occurs in the‘'Ohesaare Stage as 88-93 % (Fig.). Taking
into account the carbonate component the silt content in the whole rock does not exceed
60 %. Calcareous siltstones are known in the Ohesaare Stage from boreholes Ohesaare-2
(4.6-5.2 m) and Kaavi (7.8-8.9 and 17.5-18.0 m) in the thickness of about 0.5-1 m. The
carbonate component consists mainly of sparry calcite with skeletal detritus in Ohesaa-
re-2 and dolomite crystals in Kaavi. The calcareous siltstones of Gotland are ‘older and
occur mainly 3in Burgsvik Beds (the stratigraphic nomenclature and correlation used in
this paper is that proposed in PeweHus..., 1978). A. Hadding gives the thickness of
Burgsvik Sandstones about 40 m (Hadding, 1941). The content of sand-silt fraction in
the total rocks reaches 80 % (after Stel, 1978). In the sample from Ronehamn analysed
by author the content of sandsilt fraction in the sandstone was 46.2 %. The silt con-
tent in the deposits of the same age in the East Baltic area does not exceed 10-15 % of
the total rock.

Local maxima of the silt content occurred in the Kaugatuma Stage in the bor»eholes
of Ohesaare, Kolka and Ventspils (26-37 % of total rock) (Fig.). In Lithuania the maxi-
mum of silt content in terrigenous material of Upper Silurian deposits was established,
in most cases, in the beds analogous to the Kaugatuma Stage. Further to the south (bore-

25



*Spaq SUO3S3TTIS SNO8IBOTRD - J {3 (G IDdA0 - 3 {3 0G-0€ - P ‘% 0€-0¢2
- 0 {3 0Z-0T - 9 ‘% 0T ueyyl SSO] - B :TETIS3RW SNOUSHTIIS] UT UOTJORIAT pez1IS-3TTS-pues JO 3ua3juod YL
*STTAds3usA - O1 ‘ey1oy
- 6 ‘nuyny - g ‘adInL - [ ‘SI5ATEA - 9 ‘eumnjebne)y - g ‘TarERY - § ‘Z-9IrES9YQ - £ ‘DaeesayQ - gz :sbutaog -spunt
- @ ‘uweysuoy - D ‘SAIeSTIPH - g ‘°9AIeS}O0 - Y "puellon Jo sdoxdjno ur patpnis sarduwes syz Jo UOTISSIDONS - 1
‘pueTloo pue OT3Ted Y3ION JO SOOI ajeu

-0qaed uetanTTs xaddn ay3z uT uoT3lORII PIBZTS-3TTS-puBS 3Y3} JO UOTINGIIISTP pue pPOTPNIS SUOTIODSS BY3l JO uoT3led0T *bT1Jg

or
§
JER PR s | /\ %
- IIII\.-\\ ¥ o
s alen) e[ 5 _
a3 Lon
: T
™
. 9 — ® z V{ee® m
L | D glso.
Nt g .
_.lﬂral : -[o¢ m
e . il B
eotss ety o fOf pEy S
oo’s] ! 9%y ay ]
o e [085 roR 0% =
>
2.0, tats a4z ar W
oMoMo >
oo |ggp o6v a
ooooo Qh.u\
2220 1055 L
I”.”. ﬂ 00000
eee % b.h%. - - TR QN
e PO R
AGT - 5 7z ar
(-1 ) 00
= aw 3
oo o o o

26



hole Virbalis 875.5 m} the maximum occurs. in calcareous marls corresponding to the
Paadla Stage.

There is no definite relationship between grain size and amount of terrigenous ma-
terial. We can preliminarilv distinguish two main types of the accumulation of sand-
silt-sized material. The first type is connected with an intensive accumulation of ter-
rigenous material (20-80 %) . These are the argillaceous limestones and marls of trans-
gressive character distributed mainly in the lower part of the Paadla Stage, in the Ku-
ressaare Stage and in the lower part of the Ohesaare Stage. The second type of accumu-
lation exists in limestones containing terrigenous material moderately (15-30 %); these
are the coarse crystalline limestones, particularly some lithocalcarenites of regres-
sive character occurring in the upper part of the Paadla Stage, in the Kaugatumahstage
and some uppermost beds in the Chesaare Stage (Ventspils 271.0 m).

According to the granulometric analysis carried out by pipetting and direct mea-
surements made under the microscope, the most frequent diameter of the silt grains is
0.03-0.08 mm. The material is coarser in the calcareous siltstones, with median grain
size of Ohesaare siltstone 0.05-1.0 mm and Burgsvik Sandstone 0.08-0.115 mm (after
Stel, 1978). The silty ooidal limestones from the upper part of the Burgsvik Beds con-
tain quartz grains with diameter about 0.05 mm (Hadding, 1941). Biocalcarenitic 1lime-
stone with ooids at the boundary of Burgsvik and Hamra Beds, analysed by the author, in
a sample from Lunde contained quartz grains with diameter about 0.8-1.2 mm.

The mineralogical identification of the sand-silt-sized fraction was carried out
under a microscope; the grains were mounted in immersion-liquids. The light and heavy
minerals were not separated with bromoform (Bpreuscon, 1976). More than 500 light and
100 heavy mineral grains were counted in each sample. The relative frequencies (per-
cent) of different minerals were computed separately for the light and heavy fractions.
It must be noted that heavy minerals are concentrated mostly in the smaller size frac-
tions (< 0.05 mm). '

The light mineral fraction of the terrigenous material accounts for about 98-99 %
of the total number of silt grains in most of the samples studied. Of this total, the
light fraction 1less than 1-2 percent is composed of mica (muscovite, chlorite). The con
tent of quartz and feldspar varies between 30-40 % and 60-70 %. In most cases the quartz
prevails. In the sandclass the content of quartz is higher, reaching 99 %. The index of
maturity (guartz: feldspar) varies in the Upper Silurian terrigenous material from
1.5 to 4.7, increasing in younger deposits. More remarkable concentrations of silt are
often characterized by a high index of maturity (over 3), only in samples with a
notable content of mica (biotite, muscovite) the values of indexes are moderate (1-3).

Quartz grains are mostly subangular cr angular. Rounded grains occur as a rule in
the sand class. Inclusions of gas and rutile, and traces of solution and overgrowths of
chlorite are typical of quartz grains. The wavy extinction is not rare. Grains with
microcrystalline texture were found in the Kuressaare and Kaugatuma Stages.

Feldspars are represented mainly by orthoclase. Grains of plagioclase occur spora-
dically. In general the grains of feldspar are subangular and moderately or strongly
weathered. Grains with traces of solution and secondary overgrowths are known from
the terrigenous material of the Paadla Stage.

Muscovite is common in many of the samples as well rounded colourless flakes.
Chlorite is represented by greenish flakes, partly allothigenous, partly occurring as a
weathering product of biotite. Fragments of extremely fine-granular siltstone are pre-
sent in many samples of the Upper Silurian terrigenous material (boreholes of Kaugatuma,
Tulpe, Ventspils). The diameter of the siltgrains does not exceed 0.02 mm and they
are cemented mostly by silicious material, which is sometimes weakly phosphatic. The

diameter of the siltstone particles varies between 0.03-0.06 mm. In the Burgsvik Sand-
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stone of Ronehamn siltstone fragments were noticed in the sand class (diam. 1.0-1.7 mm)
composed of guartzouse grains with diameter 0.05-0.08 mm (~-15 % of the light frac-
tion). The first-mentioned siltstone fragments are well rounded and most likely of all-
ochthonous origin. The siltstone fragments in Burgsvik Sandstone seem to be more com-
pactly cemented particles of autochthonous origin.

The non-opaque heavy mineral suite observed in samrles taken from the Upper Si-
lurian silt-sized terrigenous material 1is characterized by a biotite-zircon-garnet-
tourmaline association (Table). The content of biotite prevails in most samples taken
from the central part of the Paadla Stage (excluding boreholes of Kaugatuma, Kolka,
Ruhnu). In the Kuressaare Stage it prevails only in samples taken from boreholes more
closely situated to the probable shore line (Vaivere, Tulpe). The amount of biotite is
higher in the Kaugatuma Stage and in the Ohesaare Stage (Kaavi and Ventspils) not in-
cluding the uppermost beds of the sequence. There is much biotite in samples taken from
the Burgsvik Beds. Brown-coloured biotite is more common in the deposits of the Paadla
Stage, the greencoloured variety is more frequent in younger deposits. Many of the
flakes of biotite are attacked by weathering. Abundant bleached biotite has been no-
ticed in the deposits of the Kuressaare Stage which has entirely lost colour.

The highest precentages of zircon in the Upper Silurian are found in the Paadla
Stage (Table) where the maximum values reach 60-70 8. 60 % of zircon was also noticed
in the samples from the upper part of the Hemse Beds of Gotland. The zircons studied
were of two types: slightly rounded colourless fragments and idiomorphic crystals.
Fragmental rounded zircons are more common and distributed throughout all the size
classes whereas the idiomorphic crystals are rere and confined to the upper limits of
the silt size grains.

As a rule the garnet is less abundantly distributed in the Upper Silurian than
zircon. Most frequently it varies between 10-20 %. Only in the boreholes of Vaivere and
Ruhnu does garnet prevail over zircon in some samples from the Paadla and Kuressaare
Stages. The highest content of garnet in the analysed samples of Gotland occurred in
the Hemse Beds from Ocksarve. The grains of garnet are very often subangular with
traces of solution; the colourless or yellowish grossular is most widely distributed.
Rare grains of brown andradite have been also found.

Tourmaline is a minor component of the heavy mineral association, the average con-
tent usuallv does not exceed 10 %. The amount of tourmaline is higher in the Paadla
Stage in boreholes of Ruhnu, Kolka and Kaugatuma. Most tourmalines occur as subangular
prismatic grains with a pleochroism from green to brown. Blue-coloured varieties are
rare and they are known only from the Ohesaare Stage.

Titaniferous minerals are represented by rutile, brukite, anatas, titanite and
leucoxene. Most common of them are rutile, titanite and leucoxene, the latter as a
weathering product of ilmenite and rutile. The average amount of titaniferous minerals
varies from 4.2 to 22.4 %, it seems to have local concentrations in the boreholes of
Ruhnu and Ohesaare. The rutile and brukite are represented mainly by reddish brown
little prismatic grains (0.01-0.05 mm).

The occurrence of amphiboles and pyroxenes is in most cases sporadic. Average con-
tent does not exceed 2 %. Of the amphibole group the green hornblende is most common.
The pyroxenes are represented mainly by augite and hypersthene; diopside was identified
in the deposits of the Ohesaare Stage.

The average content of corundum may reach 19.0 % among the non-opaque heavy mine-
rals of Upper Silurian deposits. 1In the former investigations it was noted (Kprencos,
1977) that corundum is concentrated in the Upper Wenlock deposits in the north-western
part of the Silurian sedimentation basin (Ohesaare, Kipi) where the maximum content
reaches up to 80 % of the heavy mineral fraction. The average abundance of corundum is
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considerably high in the section of Ohesaare, even in the Paadla and Kuressaare Stages,
and decreases at the lower boundary of the Kaugatuma Stage. The analyses from samples
of Gotland do not indicate corundum in Ludlow. However, it is present in the terrigen-
ous material of the Slite and H&gklint limestones. Corundum occurs as colourless an-
gular grains with relatively high diameters compared with zircon, garnet and other
heavies.

The rest of the non-opaque heavy fraction is represented by staurolite, disthene,
epidote, sillimanite, apatite and monacite. Staurolite and disthene are commonly pre-
sent in transgressive deposits at the lower boundary of the Kuressaare Stage and the
Ohesaare Stage. The appearance of these minerals is mainly connected with the beginning
of megacycles of sedimentation. Disthene occurs in slablike little grains, colourless
or pale bluish. Staurolite was found as prismatic grains, slightly rounded, pleochroic
from dark brown to yellowish-grey.

The presence of epidote and sillimanite is of occasional character. Grains of
epidote are well rounded pale green, and weakly pleochroic. Sillimanite was mainly
identified in the Ohesaare Stage as little prismatic grains.

The presence of apatite and monacite in the insoluble residue of carbonate rocks
depends on the activity of the solution process. Dissolvable in dilute hydrochloric
acid the preservation of phosphatic minerals depends mostly on the duration of solution
and lithologic character of the rocks analysed. It is certain that we cannot account
for the absolute amounts of these minerals in such cases.

Based on the accumulated evidence reported in this paper some general conclusions
may be derived. The Upper Silurian rocks in the North Baltic and Gotland are consider-
ably rich in silt-sized terrigenous material, which concentrations occur on several le-
vels as lenses and 1layers of calcareous siltstones. The distribution of the latter is
limited and strictly depends on local hydrodynamic conditions. Owing to that fact they
cannot be~-taken as a very reliable correlation criteria.

The mineralogical composition of silt concentrations may be of two kinds: 1. high
value of maturity index accompanied with much micas (muscovite, biotite, chlorite) and
a mocderate suite of non-opaque heavy minerals and 2. lower value of maturity indexes,
moderate content of micas and a more numerous suite of heavies. The total content of
terrigenous material is higher in the first case.

Comparison of heavy mineral suites might afford a basis for correlation when there
has been a major change in conditions of sedimentation (transgression, regression).

The non-opaque heavy minerals have long been used as valuable indices to provenance
or source areas. Their usefulness is greatly reduced in our case, because many of them
are most likely to be derived from olde:r sedimentary rocks. The heavy mineral suites
observed in samples taken from the deposits in the North Baltic and Gotland contained
nearly the same minerals but in varying frequencies. It seems very likely thdt a great
part of the silt fraction was derived almost entirely from one and the same source
area, though the guantity and coarseness of the silt fraction is greater in the depo-
sits of Gotland.
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PACNPELEJIEHUE U MUHEPAJIBHHHA CCCTOB 'AJJEBPUTOBOWl ®PAKIMM TEPPUTEHHOI'O MATEPHAIJIA
B BEPXHECUJIYPUACKUX OTJIOXEHUAX CEBEPHOM NTPUBANTUKHU

2. A. IOPTEHCOH

liccnegoBaH rpaHyJIOMETPHUYECKHNM H MHUHEepaJiIbHHII COCTaBH AJIEBPUTOBOM (paKUHUH BepXHeCcH-
NTYPHACKHX KapbOHATHHX OTJIOKEeHHY 3ananson 3CcTOHHMM M CeBepo-3ananHon JlaTBuu. Ui cpaBHe-
HUA NpuUBedeH pfAn JaHHHX HW3 COOTBEETCTBYWUWHUX OTJIOXKEHHUM JINTBHW M OocTpoBa I'ornaHna. Makcu-
MasibHasi KOHLUEHTpaUusa aJIeBpUTOBOW (QpakKLHM ycTaHOBJIeHa B CeBepHoON I[IpubaZITuke B OayHTOHe,
B OXecaapeCKOM TroOpU30HTe /puc./, Ha ocTpoBe T'OTJlaHO - B H3BECTKOBOM aJIeBpPOJIUTE CJIOEB
ByprcBUK /AyIOJIOBCKHM Apyc/.

MuHepanbHHN COCTaB TeppUIeHHOro Marepuasnia CeBepHO® I[IpubanTtuku M I'oTiaHOa Masjo OT-
JIMYyaeTca Mexnay co60oF. B OCHOBHOM B&PBUPYKWTCHA KOJIMYECTBO M YacyoTa BCTpedYaeMOCTH OTHellb-—
HHX MHHepasioB. [I[po3padyHHEe ajiJIOTUIeHHHEe MHHepashn TaAxenol JGpakKuuHu npencTaBJ/IeHH GHOTHT-—
LHUPKOH-TpaHaT-TYpPMaJMHOBON accouuauuen /rtaén. 1/. MOxXHO mnpennonaraTh, 4YTO 6GOJIBWHHCTBO
TEeppPUTeHHOI'O MaTepHaljla NMPOMCXOOUT M3 OOHOI'O ¥ TOI'O Xe HMCTOUYUHHKA, pacrnojorasuerocs, BU-
IouMo, 6rauxe k T'ornadny, 4deMm IllpubarsiTHke, TakKk KaK ero KOJIMYeCTBO U pa3Mep 3epeH B I[1epBOM
palioHe 6GoJblie.
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CORAL REEFS OF BALTIC SILURIAN (STRUCTURE, FACIES RELATIONS)

E. Klaamann, R. Einasto

According to recent ideas the Baltic Silurian basin was a typical Early Paleozoic
pericontinental sea. At the time of its maximum distribution the sea cut deep into the
peneplaned Fenno-Sarmatian continent. As a. result of the continental uplift the sea
gradually retreated to the south-west, towards the Central-European Hercynian Geo-
synclinal Basin (Walter, 1972; HecTop, 3#HacTto, 1977; Kanbo, lOpreHcoH, 1977). Repre-
senting a near-equatorial shallow platform-sea, the Baltic Silurian basin offered
favourable conditions for the development of tabulate corals, stromatoporoids, rugose
corals, bryozoans and calcareous algae capable of constructing the frame of various
organic buildups: bioherms, biostromes, banks, and more seldom small bioherm complexes,
further conditionally called reefs. These buildups are mostly unstratified small bodies
3-5 m, rarely 10 m high, some tens of metres across and are enclosed in well-bedded
biodetritic, biomorphous and pelletal limestones poor in terrigenous admixture. They
are less numerous in nodular muddy bioclastic limestones. These relations show a com-
paratively wide facial range of the development of organic buildups: from shoal bar-
riers (overwhelming majority of buildups) to extensive open shelf, incl. (in press).
Thus, shoal and shelf reefs can be distinguished in the Baltic Silurian basin. Applying
facial'analysis it was established that shoal sedimentary barriers with reefs developed
in the highest energy wave activity zone. Being narrow (to 10 km) they ran many hundred
kilometres. In addition to characteristic carbonate sediments the formation of chains
of different organic buildups resembling modern réef barriers evidently took place just
in this part of the basin. However, denetically authentic barrier reefs did not exist
here. Unlike, e.g. the Great Barrier Reef of Australia running along the steep outer
margin of the Coral Sea shelf, most of the Paleobaltic Silurian organic buildups devel-
oped within the stable shelf basin at the gentle slope of the sea bottom. Thereby, they
resemble the patch reefs particularly numerous in the wide southern part of the eastern
shelf of Australia between the continent and the Great Barrier Reef.

At times, the Silurian shoal barriers and associated organic buildups were very
extensive (Fig. 1). E.g., the Wenlock and Middle Ludlow bioherms form distinct shoal
barriers from Gotland through Saaremaa and the southern Baltic to Volyno-Podolia, i.e.
within a distance -of approx. 1,500 km (3fHacTo M Ap., 1980). During recurrent trans-
gressions and regressions the shoal barriers removed considerably. The most favourable
conditions for the formation of organic buildups existed at the regressive phases of
the basin development. This is evidenced by the regular position of the shoal reefs in
sedimentary cycles: the reefs are underlain by nodular open-shelf limestones and over-
lain by lagoonal primary dolomites (see Nestor, Einasto in this book, Fig. 2).

Middle Wenlock and Middle Ludlow were the epochs of the maximum reef development.
In between these epochs the shoal facies belt, most suitable for the reef formation,
migrated in the East Baltic for a distance of 300 km but on Gotland and in Podolia only
for 15-40 Kkm. Supposedly, this difference indicated the presence of a much steeper con-
tinental slope in the latter.

Further from the shoal barrier towards the outer shelf edge the shelf reefs were
located. More precisely, they occupied the central part of the shelf, and probably its
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elevated portions (dome or bar-shaped structures)., The shelf reefs were small bodies
(biostromes, bioherms) varying from some metres to some tens of metres in diameter, and
consisting mainly of dendroid or bush-shaped tabulates. Stromatoporcids were rare.
These organic buildups are most similar to the modern patch-reefs.

These are general considerations of the reef development in the Silurian Paleo-
baltic basin. Further, we shall present more specific data by analysing the Wenlock and
Ludlow on Gotland and in the East Baltic from the comparative aspect.

The earliest Wenlock reefs on Gotland are known from the Upper Visby Marls
(Fig. 2), formed in the inner area of the open shelf. They are small buildups of knoll,
cone or lens - shaped composed chiefly of tabulate corals (halysitids, favositids) and
heliolitids, i.e. of an assemblage characterized by a higher tolerance to muddy sub-
strate (Manten, 1971; Stel, 1978). The maximum.height of the buildups is 3.5 m but fre-
quently they are much smaller. V. Jaanusson (1979) having studied them in detail called
these unstratified bodies knolls and mounds. He supposed that on forming they rised on-
ly slightly from the sea bottom. By our identifications in these buildups predominates
favositid Angopora hisingeri associated with Planalveolites foughti, Heliolites de-
cipigng, Stelliporella sp., rare Catenipora and fairly small stromatoporoid coenostea.
The skeletons of the associated species did not constitute more than 10-15 & of the
volume of buildups.

Buildups of the same habit, structure and analogous facies relations have been
established in the nodular clayey limestones of the Jaani Stage (the Paramaja Forma-
tion) at the base of the Silurian cliff on Saaremaa (Fig. 2).

On Gotland the Early Silurian reef development culminated in H6gklint time. Huge
algal-stromatoporoid-coral buildups up to 20 m high and several hundred metres long
often take their beginning from the very base of the H6gklint Beds. They are well ex-
posed in the NW cliffs of Gotland and thoroughly studied by many authors (Hadding,
1950; Rutten, 1958; Manten, 1971; Eriksson, Laufeld, 1978; Stel, 1978, etc.). By
K. Mori (1968) the main reefbuilder was the stromatoporoid Vikingia tenue, in the
inter-reef areas dominated Densastroma pexisum and Simplexodictyon simplex. Of tabu-
lates Favosites mirandus is associated with reefs. C.-0. Eriksson and S. Laufeld (1978)
have demonstrated that the H&gklint reefs occypied a belt 10 km wide and almost pa-
rallel to shore line.

An analogous reef assemblage is known from the East Baltic (Fig. 2). However, in
this region it appears somewhat later in comparison with Gotland. In the Ninase Member
of the Jaani Stage (KmaamanH, 1977) the equivalent of HO6gklint "a" with reefs of
Vikingia is lacking. Instead of them there occur small bryozoan bioherms (1-2 m in dia-
meter). Stromatoporoid reefs are also absent in the overlying part of the Jaani Stage.
Vikingia reefs appear in the basal portion of the Jaagarahu Stage, in the Vilsandi
Beds. Jaagarahu reefs are huge: 10-16 m high and several km across (Aanos, 1970). The
main reefbuilders are Vikingia tenue and stromatolites; Favosites mirandus, Coenites
Juniperinus and colonial rugose coral Acervularia ananas are rarer. The Early Jaagarahu
reefs form a long chain running . through the whole northern part of Saaremaa, and con-
tinuing in the mainland of Estonia and to the SSW of it. Borings have shown that the
reefs represent a belt at least 10 km in width. Unfortunately, most of the organic
buildups in the territory of Estonia are heavily dolomitized and, therefore it is hard-
ly possible to identify the reef-forming organisms even on the group level. It seems
that to the east of the western coast of Saaremaa the role of the calcareous algae,
halysitids and solitary rugose corals increases and that of VZikingia tenue decreases.

By lithological characters (see Jaanusson, 1979) th~ deposits enclosing Hogklint
bioherms are mainly sparite 1limestones; so, they may be considered according to the
facies model of the basin (HecTop, 3#HacTto, 1977) as belonging to the shoal belt. To
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this conclusion seems to contradict the presence in Hogklint reefs of Dicoelosia
verneuliana which has been taken as an indicator of the gquiet-water environment in
Wales and Welsh Borderland (Hurst, 1975). One can evidently agree with J. Stel (1978)
who pointed out that not all Dicoelosia-species had the same facies range. However, the
absence of D. vernuiliana in tenue-reefs of the East Baltic may indicate that these
buildups, occupying somewhat higher stratigraphical position, were perhaps located
closer to the shore than the reefs of analogous species content on Gotland.

The next reef level well defined in the whole northern part of the Silurian Baltic
basin occurs on Gotland in the Slite Beds, particularly in Slite "d" and "g", and on
Saaremaa in the Maasi Beds of the Jaagarahu Stage (Fig. 2). By their shape these build-
ups may be called biostromes. They are flat bodies full of halysitids, teciids,
favositids, auloporids and rugose corals. Stromatoporoids are of secondary signific-
ance. In the coral assemblage Halysites junior and Thecia confluens predominate but
dendroid Barrandeolites bowerbanki, Palaeofavosites collatatus, Pf. tersus, Subal-
veolites sokolovi, Heliolites decipiens, Aulopora enodis, tetracoral Microplasma
echmidti, etc. are also numerous. Large bioherms with Halysites junior are developed
only in the very south-western part of the region (Stora Kals® Island). As tc their
facies position the junior-confluens-reefs are shoal ones. Upwards of the Slite Beds in
the Wenlock of Gotland the organic buildups of three stratigraphical levels are known
to us. These come from (1) Halla "b", (2) the Mulde Beds, and (3) the middle of the
Klinteberg Beds (Fig. 2).

Common features for these buildups are: small size, peculiar species content, and
the absence of direct analogs of them in the Wenlock of the East Baltic. Halla bioherms
(Horsne outcrop) differ from the others in large number of small dendroid and encrust-
ing tabulates and bryozoans: Parastriatopora priva, Thecia expatiata, Coenites junipe-=
rinus, Palaeofavosites asper, Desmidopora acuminata, etc. Judging by the first three
species, these buildups may be situated on the level of the uppermost part of the Maasi
Beds in the East Baltic. Taking into account the small size of Halla coelenterates and
bryozoans, the morphology of their colonies, and analogous position in modern reefs of
similar adaptions, it can be supposed that the bioherms built by above-mentioned or-
ganisms were located in the onshore side of shoal barrier or in the outshore of a
lagoon (KnaamanH, 1982).

From the Mulde Beds only one organic buildup (B1§h&1ll outcroo) is known. It is a
thin (0.25 m) biostrome consisting of dendroid proporids (heliolitids), not identified
on species level so far. It is enclosed in monotonous mudstone full of unjoined meshes
of halvsitids (Halysites laticatenatus) and hemispheric colonies of Favosttes gothlan-
diecus. The enclosing rock seems to suggest this biostrome as the most open sea buildup
in the Baltic Silurian, formed at the outer margin of the open shelf.

The bioherms of shoal facies belt occur at Klinte and Hunninge (the Klinteberg
Beds). Of the reefbuilders dominate Halysites klintebergensis and Palaeofavosites ter-
sug, partly also thin dendroid corals and bryozoans, closely resembling those in the
bioherms of the Halla Beds at HOrsne.

The second maximum of reefbuilding in the Baltic Silurian basin took place in the
Ludlow, particularly in Hemse and Paadla times when bioherms and biostromes were equal-
ly well developed on Gotland and in the East Baltic. However, the reefs of these re-
gions reveal socme differences. E.g., on Gotland the bioherms analogous to those of

Early Paadla time, and consisting of Thecia swindereniana, Subalveolites, Densastroma

podolicum and a rich asse~blage of other stromatoporoids, are not estahlished. But al-
most identical are the assemblages of reef-forming coelenterates in the Uduvere Beds
and those of the Hemse Beds on the Ostergarn Peninsula and in Linde area. In this as-

semblage predominate massive or encrusting stromatoporoids (Plectostroma-species,



Syringostromella borealis, Lophiostroma, «'=.). Between them occur gatherings cof
cylindric tabulates Laceripora cribreosa and Parastriatcpora coreantformis and bushes
of syringoporids. If in the East Baltic the buildups of this content are represented
by thin (approx. 1 m high) bicstromes, thcse on Gotland reach the thickness of 4-5 m.
Being enclosed in well-bedded limestcnes these biostromes might possibly develop in
shoal environment.

The organic buildups 1in the Eke Beds ‘of Gotland are known to us from the local-
ities surrounding Laubackar “(Hallsarve, Kdllstdde, Botvide). The moundlike bodies con-
sist of marls and contain numerous small mushroom shaped or encrusting colonies of
alveolitids and heliolitids. Stromatoporoids are of secondary significance. The facies
position of Eke reef in unclear. Abundant encrusting alveclitids which in the East
Baltic Silurian are mostly connected with lagoonal facies belt call for 1location of
these buildups in the near-shore though quietwater part of sea (onshore side of shoal
barrier?).

On Gotland the uppermost Silurian 1is represented by the Hamra and Sundre Beds
which are also rich in buildups (Fig. 2). The number of reefbuilding species is limited
but the individuals are numerous. Most important are stromatoporoids among which en-
crusting coenostea dominate (Plectostroma scaniense, Parallelostroma typicum, Lophio-
stroma schmidti). Tabulate corals "Palaeofavosites" moribundus, Favosites simil<is,
alveolitids and syringoporids are of note. All of these coelenterates are known in the
Silurian of Gotland from the Eke Beds and overlying ones. In Estonia this kind of bio-
herms is not known though the majority of species are frequent in the uppermost part of
the Paadla Stage and above it. But in West Latvia the buildups of almost identical
species content have been discovered by boring (Ventspils core). These buildups are
the youngest by their age in the East Baltic Silurian (Ventspils Formation, the topmost
Ludlow) . Evidently, in the northern Baltic the regression of the sea at the end of
the Ludlow (in Kuressaare time) was so rapid that the most favourable conditions for
reef building occurred already southwards the territory of Estonia.

In conclusion it can be said that during the whole Wenlock and Ludlow reefs were
characteristic of the northern part of the Paleobaltic. They are especially abundant on
Gotland where at least 9 levels with reefs of different age have been preserved. Sug-
gesting general regression of the basin, they replaced regularly each other towards the
south and south-west. The coincidence of the succession on Gotland and in Estonia shows
the presence of reef belts situated roughly parallel to the shore line. This succession
was partly interrupted at the end of the Wenlock at the time of Silurian maximum re-
gression (in Rootsikiila time) when reef formation took place only on Gotland (evidenced
by buildups in the uppermost Halla Beds, the Mulde and Klinteberg Beds).
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KOPAJUIOBHEE PUOH B CUJIIVPUACKOM BACCEMHE BAJITUKHU
/CTPOEHUE, OAIUWAJILHAS MPUYPOYEHHOCTB/

3. KnaamaHH, P. 3MHacCTO

OpraHoreHHHe NOCTPOFKH /GHOTepMH, GHOCTDPOMH — YCJOBHO Ha3BaHHHE KaxK DPHQE/ NPHYpPO-—
YeHH B Cuilype BajToOCKaHOWM Kk OBYM dauuanbHeEM 30Ham: 1/ k NMOOBHXHOBOOHOM OTMEeNbHOM 30HE
/npeo6nanawmee 60JBUHHCTBO/ U 2/ K OTKPHTOMY Wenbdy.

OTMenbHAsAs 30HaA MNpencTaBjleHa OEeTPUTOBEMH KPHHOMOHHMH H pPaKYyWEeYHO-OEeTPHTOBEIMM H3-
BEeCTHIKaMH, C KOTOPHMH AaCCOLMHPYWTCSA KOpPalJIOBO-CTPOMAaTONOPOBHE O6HOTI'€pMH. BHYTpPEHHAA
CTOpPOHA 30HH, B OCHOBHOM C BOIOPOCJIEBEHIMH 6HOTe€pMaMH, CJIOXEHA HJIMCTO-OETPUTOBHEMH, OGHUTY-
MHHO3HHMH TJIMHUCTHMH H3BEeCTHAKAMH H MepressaMHM, lepexOonsumuMH B CTOPOHY 6epera B OOHOpPOI-
HHE QOOJIOMHUTOBHE Mepresyii. OpraHOreHHHEe INOCTPOMKH OTMEJIH ABJIAWNTCA Haubosiee KPYNHHMH B CH—
nype BanToCKaHOMH M OTJIMYAKWTCA 3aMeTHO JIMHeAapHHM pacClpOCTpaHeHHEeM /B YaCTHOCTH OGHOTEepMH
cjloeB XErkJIMHT M sfarapaxyCKoro ropusoHTa/ /puc. 1/.

Pudn OTKpHTOr'O menbda HeboOJblIHE, HANOMHHapmpe T.H. JOCKYyTHHE pPHOH, O6YyrpH HJIM BO3-
BHIIEHUA OHA COBPEMEHHHX Moper. OHH BEepOATHO, JIMWb HEMHOI'O BO3BHIIAJIUCH HaO OHOM CHIIY-
PHUACKOr'o Mopsi. B pa3pe3e nomo6HHE MNOCTPONKH 3aKJIOUEeHH B KOMKOBaTHX H3BEeCTHAKAaX U Mepre-
nax. CJ/IOXeHH OHH IIJIOCKHMH KOJIOHHAMHM (GaBO3HUTHJI, KOPKOBHIOHEHMH aJlbBEOJIMTHOAMH, TOJICTOCTEH-
HHMH XaJIM3UTHOAMH M KYCTHCTHIMH CHPHHIONOpPHOAMH /IIOCTPORKH BepxHiiX Mepresne# Buc6tbw, Mep-
renein XemMce, BEHTCHHJICKON CBHTH JIyOJIOBa U Op./.

B TeyeHHe MOUTH BCEro CHJIYPHHCKOI'O IIepHoma OpraHHYeCKHEe IOCTPOWKH OHJIH OCOOBEHHO
MOJIHO NpEencTaBJIEHH B CeBEepHOI yacTu [laneo6asITUKH - B YAaCTHOCTH B paroHe I'oTjaHma, rnoe
COXPAHWJIUCH CJIedn IO MEeHblEeN Mepe BOCHBMH Pa3HOBO3pacCTHHX pudoB /puc. 2/.

BuorepMnl ¥ GHOCTPOMH cuiypa BanTockaHgunu (opMHMpOBAJIMCh B perpeccHuBHHX ¢$pazax pa3BHU-
TUaA 6accerHa. MakcuMyMH pHPoob6pa3oBaHHUA OHUIM B CpeOHEM BEHJIOKE M CpelHeM JynnoBe. B Te-
4YeHHe 3TOro HHTepBajla BpeMeHH Haubosee nonxonﬂméx ona pudocTpouTeneir oOTMeNbHas 30HA
MUTpPHpOBAaJila B npeneniax [Ipub6anTuku okosio 300 kM, a Ha I'oTrsaHne ¥ B Illomosmu Jjuumb 15-40 kM
/puc. 1/. IymMaeTcs, 4YTO B OBYX MOCJIeOHHX DPEerMOHAX MATEPHUKOBHH CKJIOH OHJI 3aMeTHO 6oJee

KPYTHM M CTaOGHUJIbHHM.
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THE BALTIC MIDDLE SILURIAN STROMATOPOROID SUCCESSION

H. Nestor

Although a remarkable number of regional taxonomical and biostratigraphical papers
has been published on the Silurian stromatoporoids during last decades, there does not
still exist a formal zonal stromatoporoid standard for any region. The Baltic area of-
fers good opportunities for elaborating such a standard for stromatoporoid stratigraphy
due to relatively detailed researches covering Silurian outcrop areas on both sides of
the Baltic Sea (Pa6uHuH, 1951; HecTop, 1964, 1966, 1970; Nestor, 1979; Mori, 1968, 1969,
1970, 1978).

The aim of the present paper is to summarize the existing data on the distribution
of stromatoporoids in the Baltic middle Silurian (Wenlock). The main attention is paid
to the species distributed both in the East Baltic and Gotland sequences.

General remarks on the stromatoporoid distribution

Due to their relatively narrow ecological ranges stromatoporoids are distributed
in Silurian rocks rather unevenly. The richest and the most diverse stromatoporoid as-
semblage occurs in the sparitic, biomicritic and argillaceous limestones of shallow
water genesis, distributed in the border areas of the Baltic Silurian sedimentary
basin. According to the generalized facies-sedimentary model of the basin (Hecrop,
SnuHacTo, 1977) these rocks formed in the high energy shoal environments and in the
moderate to low-energy open-shelf environments (Nestor, 1977). In the territory of Got-
land and Estonian .outcrop areas such conditions prevailed almost throughout the whole
Silurian period. These areas offer the best possibilities for following the succession
of stromatoporoid faunas in the shallow water optimal conditions. As for the Estonian
sequence its stromatoporoid succession 1is not so complete as in the Gotland sequence.
There are several gaps in the stratigraphical distribution of stromatoporoids caused by
the presence of £ongues of lagoonal or restricted-shelf deposits (various dolomitic
sediments) in which stromatoporoids are lacking. The latter are more common for the
Wenlock-Ludlow boundary beds, i.e. for the Jaagarahu, Rootsikiila and Paadla Formations.
In the Gotland area Silurian sediments accumulated almost without exception in the
normal-marine environments and therefore they contain a very rich stromatoporoid fauna.

Towards the centre of the Baltic Basin biomicritic nodular limestones of the open
shelf are replaced with marlstones, considered as deposits of a relatively gentle basin
slope (Hectop, D3nHacTto, 1977) and the latter, in turn, with graptolite bearing mud-
stones and shales of the axial depression of the gulf-like basin. As a rule, the latter
facies do not contain stromatoporoids. Therefore stromatoporoids are lacking in the
middle Silurian of Latvia, West Lithuania and Scania. The transition belt from the
shelf limestones to the slope mudstones is characterized by improverished fauna of com-
paratively 1long-range species of stromatoporoids, giving a specific succession of
deeper water assemblages. Such lateral differentiation of strcmatoporoid fauna was
earlier mentioned by K. Mori (1970), who noticed that in western Gotland marls and mar-
ly limestones include only a few species of stromatoporoids, which all belong to the
comparatively long-ranging ones, while the rich and diverse stromatoporoid fauna in
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massive reef 1limestones and in surrounding stratified limestones of eastern Gotland
changes more rapidly. In the present paper two parallel successions of zonal assem-
blages have been distinguished (Table 1):one for shallow water, another for deeper water
deposits. Actually there does not exist any distinct boundary between these contempo-
raneous lateral assemblages and partly deeper water species occur also togethér with the
shallow water ones, gradually replacing each other.

Composition of the zonal standard

The most wide-spread species of

stromatoporoids were preferred for out-

Table 1
working of the zonal standard iven in . . o . o
B ) ' 9 The Baltic middle Silurian stromatoporoid communities
Table 1. The medium column of the and species common for Estonia and Gotland
table lists all species common for the — -
corresponding stratigraphical units of Estonia Lomaunities and comman ;ﬁ‘::f Gotland
the Estonian and Gotland sequences, _ Shallow water |‘"”’m
presented in the left and right columns o SWWU””H Araneosu- Farallels- E‘E )
. 3 || Vesiku strama stroma | 3 S| Klinte-
of the table, correspondingly. x Kuusnimme stelli - tenellum ‘é’.i‘ ber
According to the recent stratigra- g parratum - 8 g
phical scheme regional stages of Estonia El Viita ‘:tE |
e o : w
are subdivided into beds or formations Labechia ..?:'%; I'E
(Aanos u np., 1976) It enables a more conferta :g g IS
i : i - |[Tagavere)| not studied || Stelodictyon | S| Halla =
detailed correlation of sequences than - Striatellum E‘é |
Y e
earlier. Unfortunately in Estonian o €g¢;5%§?£n_.§
sections stromatoporoids occur and are ~ Ecclimadictyon %
studied rather unevenly. The names of U\ Maasi asfralaxum S|| Jlite
o E. macrofuberculatum @ E'
the stratigraphical units which are not w Simplexodictyan validum E.‘T’
characterized by stromatoporoids yet, L Vikingia tenuis m-':'- Tofta
have been shown in Table 1 in |\ Vilsandi | V. .Wk'”.g’ ) EE" Hégklint
square brackets.Species are distributed Syr/ngasframflla yavarskyi -E%' _____
» [=]
in sections rather sparsely and mostly r= [Ninasg] M%&E . :__FL: UVisby
they do not offer any possibility for o | Paramaja "Z,fef-l/;dﬂjb" = .ESS/and’. é-ﬂ
. ) — athrodictyon linnarssoni |1
tracing exact boundaries between the

stromatoporoid biozones. Conventionally
the latter are considered coincidental
with the boundaries of the local topo-
stratigraphical units. If the unfit of the boundary 1is obvious or if its position is
very obscure, it is shown in Table 1 by the broken line. If in the table the column of
the shallow water 2zonal assemblages is divided into two parts by double line then on
such stratigraphical levels there do not exist stromatopuroid species common for both
the East Baltic and Gotland areas and the species listed on both sides of the double

line occur only in the corresponding area.
Succession of stromatoporoid communities

Detailed data on the distribution of stromatoporoid species in localities of Got-
land and Estonia have been presented in the special papers (Mori, 1968, 1970; HecTop,
1966, 1970; Nestor, 1979) and they are not repeated here. Additional data are commented
below if necessary.
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The Stromatopora impexa Community

On Gotland the earliest stromatoporoids hitherto known are these of the Upper
Visby Marls. It is remarkable that almost all the Upper Vishy species cccur also in
similar nodular limestones and marls of the Estonian Jaani Formaticn, exposed in the
cliffs of the northern coast of Saaremaa {Liiva, Panga, Suuriku) immediately below the
lower boundary of the Ninase Member. Some of these species such as "Pseudoiabechia’
hessland? and Clathrodictyon Linnarssoni have not been described in the author's
earlier paper (Hectop, 1966) due to some taxonomical difficulties. Now their presence is
well established in the Estonian sequence.

Actually the most common stromatoporoid species in the Upper Visby Beds and Jaani
Formation are Pensastroma pexisum and Clathrodictyon simplex, but these species have a
wider stratigraphical and ecological range. and are considered here as the main repre-
sentatives of the Lower Wenlock deeper water stromatoporoid assemblage (p. 44 ). At the
same time such rather wide-spread species as Stromatopora impexa, Clathrodictyon Llin-
narssoni and "Pseudolabechia" hesslandi? are mostly confined to the Upper Visby and
Jaani levels and could be treated as the zonal assemblage of a more shallow-water
faunal succgssion. A few specimens of these species have also been reported from the
basal part of the Hogklint Beds. Therefore the upper boundary of the Stromatopora im-
pexa Zone may actually lay within the limits of the H&gklint Beds and may coincide with

the boundary between its "a" and "b" or even "b" and "c" units. 1In the Estonian se-
quence the boundary probably coincides with the base of the Jaagarahu Stage.
Hitherto species typical of the Stromatopora impexa Community have not been re-

ported from the other regions.
The Vikingia tenuis Community

Vikingia tenuis 1is the most common species in the H&gklint and Tofta Beds of Got-
land, particularly in the massive reef limestones of the former and in the Spongiostroma
Limestone of the latter. 1In Estonia the same species occurs abundantly in reef lime-
stones and associated rocks in the Vilsandi Bedé of the early Jaagarahu age. In places
Vikingia tenu-s 1is accompanied by Vikingia vikingi and Syringostromella yavorskyi. In
Estonia the latter species was not earlier ‘separated from VikingZa tenuis but as the
latter examination of the collection has confirmed, it definitely occurs in Jaagarahu
locality besides V. tenuis. On Gotland a few specimens of V<Zkingia tenuis have also
been recorded from the uppermost part of the Visby Beds and from the lower part of the
Slite Beds (Mori, 1968). Thus there is a certain overlap of the stratigraphical ranges
of the zonal stromatoporoid species and the both boundaries of the Vikingia tenuis Zone
could be fitted with the boundaries of the topostratigraphical units only conventional-
ly.

The Vikingia-tenuis Community is apparently raether specialized ecologically and it
is mainly restricted to the reef facies. At the same time it has arather narrow strati-
graphical range, as it has not been recorded neither from the small Upper Visby patch
reefs below, nor from the reefs of the Slite Group higher in the sequence. Therefore
the opinion about different age of the Vikingia tenuis Community in Gotland and Estonian
sequences, expressed earlier by Kaljo (Kaneo, 1970, p. 198) on the basis of the in-
direct correlations of the outcrop sections, does not evidently have enough ground.
The data obtained through the investigation of tabulate corals (KnaamanH, 1977) and
chitinozoans (V. Nestor, 1982) confirm the .same.

The elements of the fauna with VZkingia tenuis have not been recorded from other
regions. Some similar species (Vikingia demshynensis, "FPseudnlabechia" nikiforcvae) oc

cur in the Restevo and Demsha Beds of the Kitaigorod Stage of Podolia (Bonmuwakosa,
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1973), which are roughly contemporaneous to the Vikingia tenuis Zone but are rcpre-
sented by different lithofacies.

The Ecclimadictyon astrolarum Community

Rather thick and variable Slite Group of Gotland contains diverse stromatoporoid
fauna. Unfortunately most of the stromatoporoid species in the Slite Group occur in a
single or in very few localities and therefore are not of interest as zonal forms. Only
such species as Stromatopora cf. psudotuberculata, Ecclimadictyon astrolaxum,
E. macrotuberculatum, Densastroma podolicum, D. pexisum, Simplexodictyon simplex are
moré wide-spread. The latter four are of rather wide stratigraphical range and are
therefore of less interest. Therefore Ecclimadictyon astrolaxum is the most character-
istic species for the stratigraphical interval considered. 1In Estonia it is rather
abundant in some outcrops (T86re, Sepise) of the Maasi Beds of middle Jaagarahu age.

According to the data by K. Mori (1968) Ecclimadiectyon astrolaxum occurs both in
the lower and in the upper parts of the Slite Group while many other species are re-
stricted to one of the parts. Unfortunately at the present time the data are too scanty
for a more detailed subdivision of the Slite Group by stromatoporoids.

Besides FEceclimadictyon astrolaxum there are some other species common for the
Slite and Maasi Beds. Ecclimadictyon macrotuberculatum and Simplexodietyon validum are
more notable. Evidently specimens of the latter species were described by K. Mori
(1968) as representatives of C(lathrodictyon cf. argutulum and Diplostroma yavorskyt.
Both stratigraphical units contain also Densastroma pexisum and Simplexodictyon simplex
of wide stratigraphical range.

One of the characteristic features of the stratigraphical interval considered is
very diverse fauna of the representatives of Ecclimadictyon and some related genera.
The same phenomenon has been observed in many other regions, particularly in the Arctic
areas, the Urals, Siberia, Central Asia where the so-called "Wenlockian fauna" of
stromatoporoids contains abundantly representatives of Ecelimadietyon, Neobeatricea and
Actinodictyon. Obviously the middle Wenlock was one of the ages of nearly cosmopolitic
distribution of certain stromatoporoid species. Unfortunately identification of the
species of Ecelimadietyon and related genera is very difficult and they are of less
correlative significance than many other stromatoporoids.

The Densastroma pexisum Community

In many parts of the Upper Visby and Slite Beds the most common stromatoporoid
species are Densastroma pexisum and Simplexodictyon simplex. A few specimens of these
species occur also in the Hbgklint Beds. In the Upper Visby Marls these species occur
partly together with the representatives of the Stromatopora impera Community (Sn¥ck-
gardsbaden, Vattenfallet, Kneippbyn, H8gklint). 1In Slite Marls in the western part of
Gotland (Westergarn, Klinteby) these species are the only representatives of stromato-
poroids. In the Lerberget Marls of Stora Karlsd D. pexisum and Clathrodictyon simplex
have been met together with the specific forms Ferestromatopora insularis and Flumata-
linia densa. It is reasonable to suppose that Densastroma pexisum and Clathredictyon
simplex inhabited the most deep water marginal areas of stromatoporoid settlement dur-
ing the whole early Wenlock time. Towards the shore stromatoporoid fauna gradually en-
riched with more short-range species, while the role of deeper water elements decreased
respectively. Consequently, the fauna with Densastroma pexisum may be treated as a
deeper water equivalent of the shallower water Stromatopora impexa - Vikingia tenutis -
Ecclimadictyon astrolarum succession.

In Podolian sequence Densastroma pexisum has been mentioned from the Chercha Beds
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of the Kitaigorod Stage (BorosasneHckas, 1976). In the same beds and lower, in the
Demsha Beds C(Clathrodictyon microstriatellum occurs, which is very similar and even may
be conspecific with Clathrodictyon simplex. Presumably the major part of the Kitaigorod-
Stage roughly coincides with the range of the Densastroma pexisum Community and is also
ecologically comparable.

The Lebeehiq eonferta Community

In the East-Baltic area stromatoporoids are insufficiently known from the upper
part of the Wenlock (naaea/iudensis Zones of the graptolite succession). Hitherto there
are no data on their occurrence in the Tagavere Beds (upper Jaagarahu) and very few
evidence in the Viita Beds (lower Rootsikiila). In the shallow water sequence of Gotland
the stromatoporoid succession is more complete. Here the fauna with £ecelimadietyon
astrolaxum is directly followed by the Labechia conferta Community, which occurs in the
Halla Beds. Stromatoporoids of this stratigraphical level mostly occur in coral and
reef limestones and are even partly connected with oolitic limestones. Labechia con-
ferta is the most common species in the Halla Beds. Clathrodictyon striatellum (= Ste-
lodietyon Bogoyavlenskaya, 1969), Clathrodictyon vesiculosum and Stromatopora antiqua
are the other species, typical of that part of the sequence.

Although some of the Halla species also occur in the sequence lower (Ecclimadictyon
maerotuberculatum in the Slite Beds) and higher (Stelodictyon striatellum in the Klin-
teberg Beds at Klinte), as the whole, the Labechia conferta Community is comparatively
distinct.

It is remarkable that all the most common species of the Halla Beds (L. conferta,
Cl. vesiculosum, S. striatellum) have been described by H. Nicholson (1886-1891) from
the Wenlock Limestone of the Welsh borderland (Dudley, Ironbridge, Much Wenlock,
Dormington) . Thus the correlation of the Halla Beds and the Wenlock Limestone is well
supported by-stromatoporoids. More difficult is the question whether the Lablechia con-
ferta Zone corresponds to the whole extent of the Wenlock Limestone section or only to
some part of it. Relying merely upon the scanty stromatoporoid data the first possibi-
lity seems more likely as the known stromatoporoid-fauna of the Wenlock Limestone looks
rather unitary and does not contain typical representatives of neither Slite nor Klin-
teberg faunas of Gotland.

In Pcdolian sequence Labechia conferta is common in the Muksha Beds (BoroseneHckas,
1976 and author's data). On the same stratigraphical level I have identified Stelo-~
dietyon striatellum (loc. Bagoviza).

Consequently, Labechia conferta Zone is discernable in different regions of Europe
and it roughly coincides with the Halla Beds in Gotland, the Wenlock Limestone in
Britain and the Muksha Beds in Podolia.

The “ara’'leloctroma tenellum Community

On Gotland the Lualrchic zonforta Community is succeeded by those of the Parallelo-
stroms tos.ollum. Taxonomical content and distribution of the fauna with Paralielostroma
tenellum are rather badly delimited. P. tenellum itself is distributed in the middle
and upper parts of the Klinteberg Beds and occurs in the outcrops of the middle part of
the island. Some other species specific to the Klinteberg Beds (Plumatalinia baltici-
vaga, Actincstroma botvaldavikense) have been known by a few specimens from a limited
number of localities. Quite a lot of the Klinteberg species pass over into above laying
limestones cf the Hemse Group. Those are Syringostromella borealis, Stromatopora ve-
nukovi, Parallelostroma typicum, Stromatopora carteri, Clathrodictyon conviectum, Eccli-

madictyon robustum, suggesting great affinity of the Klinteberg stromatoporoid fauna to
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the succeeding Ludlovian ones. True enough, Stromatopora carteri is one of the species
erected on the basis of the material from the Wenlock Limestone of the Welsh border-
land, but exact identification of that species is extremely complicated as very similar

forms are distributed from Wenlock to Givet.
The Araneosustroma stelliparratum Community

In Estonian sequence Parallelostroma tenellum has not been found yet. In the local
stromatoporoid succession his position is probably occupied by the Araneosustroma stel-
liparratum Community. The latter species itself, earlier described as C(lathrodictyon ?
stelliparratum is most common in the Kuusn8mme Beds of the Rootsikiila Stage, but a few
specimens have also been found from the Paadla Stage (HecTop, 1966). The fauna with
Araneosustroma stelliparratum 1is scanty. Besides A. stelliparratum it only contains
Ecelinadictyon robustum and Densastroma podolicum of a comparatively wide stratigra-
phical range.

It seems that the Araneosustroma stelliparratum Community is a lateral equivalent
of the Parallelostroma tenellum Community and it probably inhabited a more restricted,
near-shore part of the sea. Such opinion is supported by new data concerning the dis-
tribuﬁion of stromatoporoids in a section of the Southern part of Novaya Zemlya
(HecTop, 1982, in press). There, in the section of peninsula Khatanzei Parallelostroma
tenellum and Araneosustroma ex gr. stelliparratum have been found together in the upper
part of the Klenov Formation, represented by interlayering lagoonal and normal-marine

carbonate deposits.
The "Pycnodictyon" densum Community

The Labechia conferta and Parallelostroma tenellum.Community weére treated as suc-
ceeding shallow water stromatoporoid communities. Their lateral, deeper water analogue
may be the "Pycnodictyon" densum Community (probably synonym of Densastroma), which oc-
curs in the Mulde Marls of Gotland and also passes over into the Hemse Marls. Besides
"Pyenodictyon" densum Actinostromella aff. vaiverensis is another common species for
Mulde and Hemse Marls. These two fine-reticulate stromatoporoids are most frequent in
outcrops of the western part of Gotland, whereas other species are found there in a ve-
ry few specimens.

In fhe deeper water succession the "Pyenodictyon" densum Community replaces the
Densastroma pexisum Community stratigraphically. Both have rather wide stratigraphical
range corresponding to three or more stromatoporoid zones in the shallow water succes-
sion.

The distinction of the fine-reticulate species of Densastroma pexisum and "Pycno-
dictyon" densum Community is rather complicated, especially when the material is re-
crystallized. Therefore in Estonian sequence "Pycnodictyon" densum was not distin-
guished. Probably specimens of this species were earlier linked with the species Dens-

astroma podolicum.
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Summary

The present paper distinguishes five successive stromatoporoid communities spread
in the shallow water sections of the Baltic Silurian .Basin, in the stratigraphical in-
terval corresponding to the Wenlock Series by now accepted correlations. In the ascend-
ing order they are: Stromatopora impexa, Vikingia tenutis, Ecclimadiectyon astrolatum;
Labechia conferta and Parallelostroma tenellum Communities. However, there is a possi-
bility that the last community already belongs to the lowermost Ludlow. Potentially
these communities may serve as a basis for a zonal stromatoporoid standard of the
Baltic and adjacent regions. 1In the same stratigraphical interval in deeper water,
marginal areas of the distribution of stromatoporoids two communities -.Densastroma

pexisum and "Pyenodictyon'" densum are distinguished.
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TIOCJIENOBATEJIBHOCTE CTPOMATOIIOPAT B CPEINHEM CHIJIYPE BAJITHKH

X. 3. HecTop

B MeNKOBOOHHX pa3pe3ax BaJITHICKOro CHJIYPHHACKOro GacceffHa B CTpaTHrpadUYeCKOM HH-
TepBaJjie 110 NMPHHATON B HACTOAmMEEe BpPEeMsA KODPPEeJIAUHMH COOTBETCTBYKMEM BEHJIOKY, BHIOEJIEHO NATH
nocnenoBaTeNbHHX cCcOooOBMEeCTB CTpoMaTonopaT. CHH3y BBepxX 3TO coofmecTBa Stromatopora im-—
pexa, Vikingia tenuis, Ecclimadictyon astrolaxum, Labechia conferta, Parallelostroma
tenellum. He HCKIMIOUEHO, YTO MOCJIefHEe H3 HHX HMeeT yXe DaHHeNyIUIOBCKHH BO3pacT. IlOTeH-
LIHAJIbHO 3TH CoOOmMEeCTBa MOTYT CJYXHThb OCHOBOI [UIS 30HAJNILHOIO CTaHOapTa CTpPOMAaToOmopaT B
BaJITUACKOM M COCEeOHHX DpermoHax.

B Gonee rnyGOKOBOOHHX paspe3axX pacCHpOCTPAaHAKNTCA coofmecTBa Densastroma pexisum H
"Pycnodietyon" densum, mNpHYeM nepBOoe M3 HHUX COOTBETCTBYeT 30HaM S. impexa, V. tenuis #
E. astrolaxum, BTOpas - 30HaM L. conferta u P. tenellum B MEJIKOBOAHOR MNOCJIeOOBaTeNbHO-
CTH.
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THE SUCCESSION OF BRACHIOPODS AS A TOOL FOR CORRELATION
IN THE SILURIAN OF THE EAST BALTIC

M. Rubel

Fossil taxa can be grouped together in relation to their seguential occurence as
observed in studied sections, for instance, into zonal schemes. They may also be ar-
ranged into various communities based on their spatial coexistence. When considered
separately, these two arrangements represent either purely temporal or purely environ-
mental aspects of stratigraphical study respectively.

It is difficult to define such as time and environment in a strict sense. But ac-
cdrding to the main thesis of this paper it is necessary to estimate temporal and en-
vironmental factors separately. 'Moreover, it must be done in a certain order. Thus, if
one observes differences in content of fossils from two exposures then it is difficult
to say immediately whether the differences "are temporal or environmental. But, as soon
as dating of the exposures is possible, some paleogeographical conclusions can be
achieved, and only then. Because of this the temporal aspect must be ranked first in
all kinds of stratigraphical correlations, including ecostratigraphical ones.

Any stratigraphical events in the Baltic Silurian as well as in many other regions
may be dated easily relative to existing stratigraphical scales, and the necessity of
analysing the different aspects in a astrict order may therefore seem to be puzzling.
However, if one wants to improve on the existing scales then it must be done not only
through elucidation of temporally controlled successions of taxa as a first step, but
also independently of the existing scales.

The Upper Silurian example discussed below shows that only a minor part of the
brachiopods forms such a well defined temporal succesSsion that can be used unambiguous-
ly in intraregional correlations.
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lections. It is a pleasure to record the assistance received from Prof. J. PaBkevicius,
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(Riga), and Dr. L. Sarv (Tallinn). I greatly appreciate the help received from
Dr. M. G. Bassett for the critical reading of my manuscript.

Material

The distribution of 74 brachiopods was studied in 16 borings located throughout
the East Baltic region (see Table 1). Their succession in the borings was also checked
by their occurrence in the outcrop area on the Island of Saaremaa. Range charts of the
species in each section are stored at the Institute of Geology, Tallinn.
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Table 1. Frequency of brachiopod occurrence and washed samples, and stratigraphy in the

borings

A - percentage of intervals with brachiopods from the total interval studied.

B - percentage of washed samples from the total number of samples with bra-
chiopods.

C - stratigraphy: D - Downton, L - Ludlow, W - Wenlock.

M - number of identified species or taxa.

Q - studied interval of the boring in meters.

No. Boring A B C M Q
i Paadla 80 (o} L 4 0.0 - 10.0
2 Kingissepp 62 7 L+D 11 0.0 - 26.0
3. Kaugatuma 63 18 L+D 20 0.0 - 71.0
4. Ohesaare-1 59 (o] W+L+D 43 0.0 - 330.0
5. Kolka-54 48 (o] L+D 32 170.0 - 470.0
6. Kolka-4 37 (0] L+D 34 180.0 - 520.0
7. Ventspils 23 11 L+D 32 270.0 - 640.0
8. Piltene-1 18 (0] W+L+D 28 416.0 - 827.5
9. Pavilosta 44 5 L+D 34 487.5 - 800.0
10. Ezere 33 17 L+D 27 925.0 - 1130.0
11. Pa8altuonis-94 32 0 L 25 1100.0 - 1270.0
12. Gird%ai-50 1 40 L 27 950.0 - 1110.0
13. Geluva-99 52 (o] W+L+D 43 644.0 - 1020.0
14. Virbalis 37 (o] W+L+D 35 705.0 - 1155.0
15. Kalvarija 57 100 w 25 695.0 - 3850.0
16. Dubovskoje 12 100 D 15 279.0 - 1312.0

Systematic notes

The following list of species or their groups gives the basis for the study. Each

taxon has a code number, and those occurring in less than five sections have their code

number in brackets. The references quoted give the authority on which the identifica-

tion

1

(3)

(7)
(8)

of the various species is based.

Sha'leria sp. sp.: = Brachyprion ezerensis — Pu6HukoBa, 1966: 80, P1.1:9,10; 1967:
193, P1.21:1,2; = B. costatula - PubHukoBa, 1966: 85, P1.2:1-3; 1967: 194, P1l.20
:1-3; = Shaleria aff. ornatella - Bassett & Cocks, 1974: 17; = S. delicata -
Harper & Boucot, 1978: 161, P1.34:11-25,29.

Rhipidium tenuistriatum: Bassett & Cocks, 1974: 23, Pl.6:1-4, P1.7:1.

Aegiria grayi: Bassett, 1974: 91, P1.20:8-15; = Plectodonta aknistensis - PHOGHU-
koBa, 1967: 188, P1.19:1-2.

Glassta obovata: = G. rotunda - PubHuMkOBa, 1967: 201, Pl.23: 2; =G. minuta -
ibid.: 203, P1.23:3; = G. sp. - ibid.: 202, Pl. 23:4.

Anastrophia deflexar Bassett & Cocks, 1974: 22.

Kozlowskieliina deltidialis: Bassett & Cocks, 1974: 38, Pl. 11:1.
Atrypa_reticularis: AnuxoBa U Op., 1954: 42, P1.25:3; Bassett % Cocks, 1974: 28,

P1.9:2; = 4. reticularis dazwinogrodensis - PrnbHuKkoBa, 1967: 208, P1.24:4-6; =
A. reticularis aff. tagnensis - ibid.: 209, Pl. 24:7; = 4. dzwinogrodersis -
pyeenn, 1970: 37, Pl. 19:1-12, P1.20:1, 12-21, 23.

Resserella sp. sp.: = Parmorthis elegantula — ArmxoBa u mp., 1954: 35, P1.22:1,2;
= Rezserella concavoconvexa - Pybenn, 1963: 134, Pl.5:1-7; = K. cf. coneavocon-
vexra - PHOHUKORBRa, 1967: 172, P1.14:5; = k. caralis - Walmsley & Boucot, 1971:
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11

12

13

14

15
(16)
(17)

18

19

20

(21)

(22)

23

(25)
26

27

28

(29)

497, P1.97:1,4-7, P1.98:1,2, P1.100:4; Bassett & Cocks, 1974: 10; = R. elegantu-
la - Walmsley & Boucot, 1971: 499, P1.91:5, P1l.96:1-4, P1.17:2,3; Bassett &
Cocks, 1974: 10; = R. basalis - Walmsley & Boucot, 1971: 501, P1.91:7-10, P1.98:
7, Pl1. 99:2-6, P1.100:3,5; Bassett & Cocks, 1974: 10.

Dicoelosia biloba: Rubel, 1971: 55, P1.9:26-31, P1.10:1-17, non P1l.10:18-22;
Bassett & Cocks, 1974: 11; non Pu6HukoBa, 1967: P1.15:1; = D. oklahomensis ~-
ibid.: 175, Pl. 14:7,8; Rubel, 1971: 57, P1.9:32, P1.10:23-40.

Isorthis crassa: Hurst & Watkins, 1978: 96, P1.2:27; = I. parvulus - PHOHHKOBA,
1967: 180, P1.16:10, non Pl. 16:7-9; = I. {Arcualla) crassa - Walmsley & Boucot,
1975: 80, P1.7:16-23; = I. -(Protocortezorthis) slitensis —ibid.: 65, Pl. 3:9-11;
= Levenea muldensis - ibid.; 92, Pl. 10:1-11.

Dalejinc hybrida: Bassett & Cocks, 1974; 11; = Rhipidomelloides hybrida - Py6Gens,
1963: 145, P1.7:7-15; = R. tripartita - ibid.: 143, P1.6:10-13, P1.7:1-6, = R.
cf. hybrida - PuGHukoBa, 1967: 176, P1.15:5-7.

Cyrtia exporrecta: AnuxoBa H Op., 1954: 38, P1.23:2; Pu6HHKOBa, 1967: 212, Pl.
25:1; PyGenb, 1970: 56, Pl. 35:1-11; Bassett & Cocks, 1974: 35; = (C. trapezoida-
lie - Py6enn, 1970: 57, P1.36:1-15, P1.38:1-5.

Skenidioides lewisii: PubHHKOBa, 1967: 169, Pl. 4:1, non Pl.14:2-4; Bassett,
1972: 35, P1.5:10, Pl. 6:1-12; non Py6ensn, 1963: 128, Pl. 3:1-10.

Plectodonta sp.

Atrypina barrandii: = Plectatrypa barrandi - AnuxoBa H Op., 1954: 37, P1.22:8.
Clorinda sp. sp.: = C. rotunda - Bassett & Cocks, 1974: 25, Pl1.5:7; = Atrypa ?
dormitzeri - Hede, 1917: 17, Pl. 1:15-19; Bergman, 1980: Fig.2:E.

Gypidula galeata: Py6enb, 1970: P1l.11:11-14; Bassett & Cocks, 1974: 24, P1.5:8;
= G. magna - Pu6bHukoBa, 1967: 183, P1.17:4,5; Py6Genp, 1970: 21, P1l.11:1-10, Pl.
12:1-14.

Delthyris elevata: PuGHHKOBa, 1967: 214, Pl. 25:2,3; Py6Genn, 1970: 62, P1.38:6-11;
Bassett & Cocks, 1974: 37, P1.10:6.

Striispirifer plicatellus: Boucot, 1963: 696, P1.100: 8,14,15; Bassett & Cocks,

1974: 37; = Hedeina plicatella - Brunton & Cocks, 1967: 172, P1.3:1-5; = H.
erispa - ibid.: 171, P1.2:28-33; = Striispirifer sp. - Py6enn, 1970: 61, P1.40:9,
10; = Macropleura sp. - ibid.:61, P1.40:11; = Striispirifer crispus - Bassett &

Cocks, 1974: 37; = S. striolatus - Bassett & Cocks, 1974: 37.

Viebyella visbyensis: Walmsley et al., 1968: 307, P1l.60: 1-9; Py6Genp, 1963: 137,
P1.5:8-16; Bassett & Cocks, 1974: 11.

Stirophonella euglypha: = S. podolica - PuGHukoBa, 1966: 87, P1.2:9-11; = S. cf.
podolica - Pu6HHKOBa, 1967: 194, Pl.21: 3-5; = Strophoprion euglypha - Harper &
Boucot, 1978: 96, P1.15:6,7, P1l. 16:1-4,6,7,11.

Lanceomyonia sp.

Isorthis canaliculata: Walmsley & Boucot, 1975: 63, Pl. 10: 12-18; Hurst &
Watkins, 1978:95; Bassett & Cocks, 1974: 10; = Platyorthis ovalis - NamwkeBHYlC,
1962: 33, P1.1,2; = P. cf. ovalis - PyGenb, 1963: 149, Pl.1:1-4; = Isorthis usa-
ri - ibid.: 150, P1.7:16-23; = I. orbicularis ovalis - PuGHHMKOBa, 1967: 178, Pl.
16:4-6; = I. parvulus - Pu6HukoBa, 1967: 180, P1.16:7-9, non.P1.16: 10; = Levenea
canaliculata - Walmsley & Boucot, 1975: 93, P1.10:12-18.

Dayta navicula: PuGHHKOBa, 1967: 211, Pl. 24:10,11; Bassett & Cocks, 1974: 31;
PyGens, 1977: 217, Pl. 1:8; = D. bohemica - ibid.: 215, P1.3:1-3, Pl.4:1-11.
Protochonetes minimus: Bassett & Cocks, 1974: 22; = Chonetes gotlandicus - Hede,
1917:.16, P1l.1:14.

Strophochonetes cingulatus: Muir-Wood, 1962: 40, P1.2: 10;11; Bassett & Cocks,
1974: 21; Bergman, 1980: Fig. 2: F.
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30

31

32

34

35

36

37

38

(39)

40

(41)

(42)

(43)
44

45

46
48

(49)
(50)

51
52
(54)

55
(56)

58

Protochonetes stonishkensis: = Strophochonetes stonishkensis - PHO6HHKOBa, 1967:
198, P1.22:1-3.

"Brachyprion" kurzemensis: Pu6HukOBa, 1966: 82, Pl. 1: 11-14; 1967: 194, P1.22:9
-12.

Microsphaeridiorhynchus nucula: Bassett & Cocks, 1974: 27; = "Camarotoechia"
nucula - Pu6HMkOBa, 1967: 199, P1.22:8,9; = "“C" sp. - PHOHHKOBa, 1967:199.
Protochonetes piltenensis: Pu6bHHKOBa, 1967: 196, P1.22:4; = P, aff. ludlovien-
sits - ibid.: 195, P1.22:5-7.

Homoeospira baylei: Py6enn, 1970: 43, P1.24:12,14, Pl. 34: 1-20; Bassett & Cocks,
1974: 33; = Rhynchospirina baylei - Pum6HHKOBa, 1967: 217, P1.25:13-15; = Homoeo-
spira cf. bouchardi - Py6enb, 1970: 45, P1.23:7-10, P1.34:21, P1.24:13, 15-19.
Atrypoidea prunum: Copper, 1977: 21, Pl. 3:5-9, P1l.5:6-10; = Lissatrypa sp. -
AnuxoBa ¥ Op., 1954: 42, P1.26:1-2; = L. prunum - Pu6HHKOBa, 1967: 208, P1l.24:2,

3; = Atrypella prunum - Py6enp, 1970: 40, P1.22:1-15, P1l.23:1-6; = Atrypoidea
saaremaaensis - Copper, 1977: 23, P1.5:1-5.

Delthyris magna: Py6enb, 1970: 63, P1.38:12-14; = D. pyramidalis - Pu6GHUKOBA,
1967: 213, P1l.25:6-10.

Shaleria "dawinogrodensis": = Brachyprion dawinogrodensis — Pu6HukoBa, 1966; 83,

P1.2:4-8; 1967: 194, P1.20: 4-8.

Parastrophinella sp.

Morinorhynchus orbignyi: = Schellwienella sp. - PubHwkosa, 1966: 88, Pl.1:7,8;
1967: 195, P1.21:6,7; = Morinorhynchus crispus - Bassett & Cocks, 1974: 20,
Pl. 4: 1-8; M. adnatus - Bassett & Cocks, 1974: 21, P1.4:95-12.

Craniidae

Shagamella minor: = S. ludloviensis - Boucot & Harper, 1968: 168, P1.29:4-12; =
S. cf. ludloviensis - Bassett 1977: 164, P1.43:26-29.

Eomartiniops ludloviensis: Pubdukosa, 1967: 215, P1.25:11,12.

Leptaena sp. sp.: = L. depressa - Bassett & Cocks, 1974: 14; = Rugoleptaena ven-
zavensis - Pm6HHKOBa, 1966: 76, Pl.1:1-3; = Leptaena altera - PubHHKOBa, 1966:
78, Pl1.1:4-6; = Leptagonia venzavensis - Pu6HHKOBa, 1967: 192, P1.18:1-3; L.
altera - ibid.: 193, P1.18:4-6; = Leptaena rhomboidalis - Bassett & Cock?, 1974:
14, P1.2:7-8.

Eospirifer radiatus: AnuxoBa u Op., 1954: 38, P1.23:1; Pu6HrkoBa, 1967: 213,
P1.25¢4,5; Py6enn, 1970: 59, P1.35:12-18; Bassett & Cocks, 1974: 35.

Lingulidae

Howelella sp. sp.: = H. elegans - Py6enp, 1970: 54, P1.39:18-24, P1.40:12;
Bassett & Cocks, 1974: 38, P1.10:5; = H. nucula - Py6enn, 1970: 65, P1.39:13-17;=
H. cuneata - ibid.: 66, P1.39:1-12; = H. angulata - ibid.: 68, P1.40: 1-5; =

H. cf. subinsignis - Bassett & Cocks, 1974: 38.

Sphaerirhynchia wilsoni: Schmidt, 1954: Abb.6.

Stegerhynchus diodontus: Py6enep, Posman, 1977: 227, Pl. 7: 7-10, P1.8,9, Pl.10:1;
= Ferganella diodonta - Bassett & Cocks, 1974: 26, P1.8:2.

Pentameridae gen. et sp. indet.

Orbiculoidea sp.

Whitfieldella sp.: Bassett & Cocks, 1974: 34; = W. upsilon - Rabel, 1970: 50,
P1.30:18-27, P1.31, P1.32:18,19.

Craniovps sp. Sp.

Coelospira pusilla: Bassett & Cocks, 1974: 32, P1.9:4; = C. baltica - PHOHHUKOBA,
1967: 209, P1.24:8-9.

Didymothyrie didyma: Py6enm, MonsanesBckas, 1967: 239, P1l.1:1-13, P1.3:1-20;
Py6enn, 1970: 52, Pl1.27, P1.28: 11-15, P1.30:1-17; = D. biohermica - PyGens,
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(61}

(62)

63

(64)

66

(68)

(69)

(71)

(76)
(80)

(87)
(88)
(89)
(94)
(95)
(97)
(99)
(100)
(101)

(102)

(104)

(105)

(106)

(107)

(108)

(109)

Monsanesckas, 1967: 242, P1.2:11-20; Py6enn, 1970: 54, P1.28: 1-10; = D. kat-
riensis - Py6enp, Monsanesckas, 1967: 243, P1.1:14-17, Pl.2: 1-10; Py6enb, 1970:
54, P1.29: 1-17.

Stegerhynchus pseudobidentatus: Py6enb, PosamaH,. 1977: 230, P1.10:2-7; = Camaro-
toechza (?) pseudobidentatus - Pu6bHUKOBa, 1967: 200, Pl.23}1.

Protochonetes striatéllus: Muir-Wood, 1962: 50, P1l.3: 6,7, P1.8:1,2; Boger,
1968: Figs 1-6, 9-11; Bassett & Cocks, 1974: 22.

Salopina conservatrix: Walmsley et al., 1969: 505, Pl. 77:15-22, P1.78:1-11;
Bassett & Cocks, 1974: 9.

Boucotinskia sulcata: Brunton & Cocks, 1967: 180; Bassett & Cocks, 1974: 38,
P1.11:2; = Hedeina crispa - Boucot, 1957: 324, P1.2:9,10.

Septatrypa subaequalis: Bassett, 1979: 202, Figs 63-64; = S. secreta — PHOHHKOBA,
1967: 205, P1.23:7,8.

Resserella sawddensis: = R. cf. sabrinae - Bassett, 1972: P1.11:11, 13, 14; = R.
sabrinae sawddensis - Hurst, 1975: 323, Pl1.2:12-16.

Protozeuga bicarinata: Bassett & Cocks, 1974: 32, P1.9:3; Py6ens, 1977: 213,
Pl1.2:1-6; = P. carinata - ibid. :214, P1.2:7-9.

Pholidostrophia (Mesopholidostrophia) laevigata: Bassett, 1977: 155, P1.42-12.
Nucleospira pisum: Bassett & Cocks, 1974: 35.

Eoplectodonta sp. sp.: = Sowerbyella transversalis var. Lata - AnUxoBa U [HOp.,
1954: 36, P1.22:6,7; = Eoplectodonta transversalis - Bassett & Cocks, 1974: 13;
= E. duvalii - ibid.: 13.

Coolinia sp.

Conchidium biloculare: Bassett & Cocks, 1974: 24.

Brachyprion (Protomegastrophia) semiglobosa: = B. (P.) cf. semiglobosa - Harper &
Boucot, 1978: P1.38:3-8; == B. (P.) sp. - ibid.: P1.37:1-11, P1.38:9.
Leptostrophia filosa: Bassett & Cocks, 1974: 15.

Plagiorhyncha depressa: = Septatrypa (?) subanaloga - Pm6HMKOBa, 1967: 206, Pl.

23:9; = Plagiorhyncha cordata - Bassett & Cocks, 1974: 28; Bergman, 1980: Fig.
2:A.
Leangella sp. sp.: = L. scissa - PubHukOBa, 1967: 186, Pl. 18:7-10; = L. seg-

mentum - Bassett & Cocks, 1974: 13.

Cyrtia laevis: Py6enp, 1970: 58, P1.37:1-10.
Ptychopleurella sp.
Rhynchotreta ~nuneata: Bassett & Cocks, 1974: 25; Py6ens, PosmaH, 1977: 214, PL
1:1-3; = R. gracilis - ibid.: 216, P1.2:1-4, P1.3:1-6.

- Estonirhynchia estonica: = Sphaerirhynchia (Estonirhynchia) estonica - Schmidt,
1954: 236, Fig. 1-5,7,9-12.
- Stegerhynchus borealis: Py6enn, Po3mMaH, 1977: 222, Pl.6:4,5; = Ferganella bo-

realis - Bassett & Cocks, 1974: 26; = Stegerhynchus estonicus - Py6enst, Po3MaH,
1977: 220, Pl1. 4:7-10, P1.5; P1l.6:1-3, P1.7:1-6.

- Antirhynchonella linguifera: = A. cf. linguifera - Py6enb, 1970: 25, P1.12:15-
18. _

- Janius barrandi: Bassett & Cocks, 1974: 36, Pl1.i0:3-4; = J. schmidti - Boucot,
1963: 699, P1.101:1-6; = Howelella cuniculi - Py6enp, 1970: 67, P1.40:6-8.

- Meristina obtusa: = Meristella (?) podolica - AmuxoBa W gp., 1954: 39, P1l.23:3;
= Meristina tumida - Py6enn, 1970: 47, P1.26:1-5,11, non P1.26:6-=10: Bassett &
Cocks, 1974: 34, Pl1.9:10.

- Ancillotoechia bidentata: Bassett & Cocks, 1974: 27; Py6enb, PosmaH, 1977: 234,
P1.11:4-8.

- Collarothyris canaliculata: Py6enn, MomsaneBckas, 1967: 245, Pl.4:1-18; = Didy-
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mothyris ? collaris - Py6enb, 1970: 55, P1.29:18-22, P1.33:14-17.
(110) - Quadrithyris sinuata: Py6ennb, 1970: 69, P1.23:11-14.

Temporal aspect

The correlative value of fossils is determined by their rate of evolution and
environmental limitations of distribution. 1In order to estimate the correlative value
of species or any taxa it is necessary to know their total range and occurrence in the
sections studied (McCammon, 1970).

There are two main approaches to estimate the total range of taxa: (1) relative to
existing stratigraphical scales, and (2) with respect to their mutual vertical position
(Blank, 1979). The latter method is used here because such a succession of biostrati-
.graphical events can be plotted before any kind of correlations are made, and there-
fore the succession can be used for the correlation of sections.

In theory, species intervals that are successive (i.e. not overlapping) in the
same order in all sections studied, and successions of which can be arranged mutually
without contradictions, form the standard (Rubel, 1978) or the most likely sequence
(cf. Hay, 1972). The standard for the Upper Silurian brachiopods, based on the 16 Baltic
sections, appears as follows:

E 27 36 13 E_ 20 32 40 35 34 26 31 37 38
D 45 27 36 13 19 20 32 40 35 34 26 E

C_ 12 45 27 36
B 15 12 45 27 36
A 14 15 12 45 27 36

66 14 15 12 45 27 36

13 19 20 32 40 35 34 D
13 19 20 32 40 35 C

13 19 20 32 40 B

13 A

O W VW VW VW v

N;: 6 8 912 8 11121412 912 14 10 13 13 14 6 13 11

Each row of the standard represents a unique association of the species, that is a
time interval of their potential or actual coexistence. The relative total range of
each species 1is determined by the number of rows in which each is written. Thus, the
species 27, 36, 9, 13 occupy the whole time interval considered. At the same time the
first and last occurrences of other species according to the standard form contacts be-
tween their'immediately succeeding total ranges. Such datum planes are denoted here by
the letters A to E. The notation N, denotes the number of sections in which a given
species was found. The species included in the standard have the best correlative
value for the correlation of the Upper Silurian sections studied in that they allow
correlations to be unambiguous. They may be taken as a pure time scale for the same
sections in the sense of Leibniz (Rubel, in press).

Taxa 1, 44, 46, 48, 51, 52, 55 are not included in the standard because they are
as yet not studied in detail and because of this their ranges are equal to the con-
sidered time interval, or even longer. The species occurring in five or less sections
were not taken into consideration because of their poorly known distribution with res-
pect to the studied sections.

The remaining species constitute the so-called contradictory species and their
relationships to the species in the standard include some information relating to the

environmental factors (see below).
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Correlation

The use of the standard for stratigraphical correlation 1lies in the plotting of
the datum planes A to E in every section studied according to the. first and last occur-

rences of the standard species (text-Fig. 1 and Table 2).

Fig. 1. Correlation of sections (1) to (16) by the datum planes A, D and E. The
code numbers of species on the right side of the columns denote their
appearance, and those on the left sides indicate their disappearance.

From these datum planes only three that can be traced most easily are drawn in
text-Fig. 2. The intervals for the datum planes B and C, both dated by only two species
(respectively, 35/14 and 34/15) and often overlapped by the intervals of the preceeding
or succeeding datum planes, have little independent correlative value.

Of the three traceable datum planes A, D and E, D has the most restricted interval
in the sections. Because of this only plane D was chosen for further analysis. It is
dated by occurrences of two species: 12 = Isorthis crassa and 26 = I. canaliculata,
both occurring also in sections on the Island of Gotland (see: Hurst and Watkins, 1978:
Fig. 5). These successive species were considered by Hurst and Watkins (1978) as biolo-
gical species with a complicated intraspecific structure. The use of the concept of
biological species for the classification of fossil brachiopods often leads to many
complications. However, it is accepted here and used for groups of brachiopods that can

be differentiated clearly on the basis of morphology. Such an approach has at least one
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obvious advantage: it leads to an increase in the number of common species in sections
and, therefore, to an increase of unoonditicnal prerequisites for any kind of strati-

graphical correlation.

Table 2. Species used for extraction of the datum planes A to E in the sections (1) to
(16) , and the traceability of the datum planes (lower part of table)

A B C D E
(1) 32/- - - - -
(2) - - = - 37/-
(3) - - - - 37/-
(4) 32/- -/14 - -/12  37/-
(5) 32/66 -/14 34/15 ~/12 38/45
(6) - - -/15 26712  37/19
(7) 40/- -/14 34715  26/12  37/-
(8) 20/66 - 34/- 26/712 31/45
(9) 19/- -/14 -/15 26/12 31/13
(10) 20/- 30/14 - 26/- 38,31/-
(11) 19/66 = - 26/12 31/-
(12) 19/- L - -/12 31/-
(13) 32/66 35/14 -/i5 26/12  38/-
(14) 19/66 - -/15 26/12 37/-
(15) -/66 - - -/12 -
(16) = 30/- = 26/- 38/-
X/ 6 2 1 2 10 .
-/x: 1 4 4 4 0o
X/X: 5 2 2 7 4

.S_“_:_12 3 7 13 14

On the other hand, the larger the species grouping the longer its total range. But
if any one species has a preceeding and/or succeeding species and if their respective
appearances (and disappearances) do not coincide in time (cf. Shaw, 1964; Hay, 11972)
then the possibilities of plotting the succession by means of them dces not depend on
their duration.

The requirement of having a preceeding and succeeding species restricted the use
of the standard here, so that only its medial part works sufficiently well. Further re-
finement of the standard for Baltic Silurian brachiopods can be extended only into
older beds, but there are no obstacles for its extension in both directions by means of
corresponding data from other regions.

Environmental aspect

The position of species 1in the standard expresses their purely temporal relation-
ships according to their known total ranges in the area studied. But it is usually im-
possible to discover such a position unambiguously for all species because all re-
lationships needed are not yet examined in the sections, or sometimes the actual dis-
tribution of species makes it impossible (see Rubel, 1978). The latter case is related
to the environmental limitations of species distribution and is illustrated below.

Such a distribution is assumed for two contradictory species: 58 = Didymothyris
didyma and 27 = Dayia navicula. According to the known relationships, species 58 must
preceed species 27 and coexist at least with species 19, 20, 32, 40 and 35. It is im-
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possible to carry out these requirements in the standard. There are two ways to eli-
minate the contradictions: to exclude species 27 from the standard or to exclude the
use of species 58. As species 27 cccurcs in many more sections than 58,then the latter
was excluded from further study. Similar exclusions were made with species 10, 1, 18,
4, 5, 23, 28, 30 and 63 toco.

Fig. 2. Occurrence of the species 27 and 58.

Text-Fig. 2 explains the possible reason for the contradiction between species 58
and 27: due to their quite different ecological positions that probably reflect only
short transgressive conditions in sections (6) and (3), neither temporal nor environ-
mental coexistence of these species can be deduced in any sections (cf. Rubel, 1978,
Text-Fig. 2).

Therefore, the contradictions that arose during the composing of the standard may
already 1indicate relationships that can be interpreted in terms of environmental
factors (ecology, biogeography, migrational rates, etc.). But, as there are many
reasons for the contradictions then it is not easy to say for every case which of them
is operating.
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NOCJIENOBATEJIbHOCTb BPAXHONOR KAK MHCTPYMEHT KOPPEJIILMH CHIIYPA NPHEAJTHKH

M. PyGens

B unensax OLEHKH 3HAY&HHA O6paxXHonol MNPH KOPPEeJIAUHH yOaJNleHHHX H pa3HodauHalibHHX pa3-
pPes3oB OHJIO H3YYEeHO pacnpenesieHye 77 BHOOB BepXHeCHAYPHRCKHX OpaxHonon B Dpa3pe3ax 14
CKBaxHH [IpaGanmruku. HX KoppensuHoOHHas 3KAYHMMOCTDH BHBOLMJIACH, C OOHOR CTOPOHH, OLE€HKCH
OTHOCHTEJILHOH ONMTEJILHOCTH (IOJIHHX HHTEPBAJIOB CYyMECTBOBAHHA YyCTAHOBJIEHHHX TaKCOHOB H, C
Opyroff, BCTPEYaeMOCTLIH TAKCOHOB mnNO H3yYEeHHHM pa3pe3aM. EC/iH B nmepBOM CJllyu&ae Mul IMOJIYYHM
YUCTO BpPEMEHHHE COOTHOMIEHHA Mexay TaKCOHaMH, TO BO BTOPOM OIpeleJIeHHyK POJIb Hrpajlo Ha-
JIHYHEe nomxomfAmeN cpemH IJIA TeX HMJH OPYrHx O6paxeonon.

[lonHHe HHTEepBa/KM CYyMECTBOBAHHA OLEHHBAJIMCh Ha OCHOBE B3aWMONOJJIOKEHHA TaKCOHOB B
YacTHHX pa3pesax. Oka3anoch, YTO H3 BCE€X PACCMOTPEHHHX TOJbKO MOJIHHE HHTepBasiu 19 umpo-
KOpPaCnpoOCTPAHEHHHX BHOOB MOTYyT OHTb YHNODPANOYEHH TaK, YTOOH HX MOCAEROBATEJIbHOCTL He
najla npu KOPPEeJIAUHH H3YYEeHHHX pa3pe30B NPOTHBOPEYHBHX pPe3ynbTaTOB.

Ha oCHOBe TaKHX KOoppenauHii MOXHO ROKasaTh, 4YTO MHOrHe, B TOM 4YHCJIeé H UHMpOKoOpac-
NnpoCTPpaHeHHHe OpPaxXHOMOOH, HMEWT B yOAAEHHHX pa3pe3axX COABKHYTHe BO BPEMEHH HEeMNOJIHHE HH-
TepBaJIl CymecCTBOBaHHA. B TO Xe BpeMA HMEHHO IO HENpHMEHEHHHM NpPH KOppeNAuHH BHOAM Jiervye

BCero yCTaHOBHTHh XapaKTepHHE IJIA TeX HMAH OPYrHxX dauuit coobmecTBa OpPAXHONON.
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YOK 565.398:551.733.3(474)

WENLOCK AND LATE SILURIAN TRILOBITE ASSOCIATIONS OF THE EAST
BALTIC AREA AND THEIR.STRATIGRAPHICAL VALUE

Reet Mdnnil

So far 1little attention has been paid to Silurian facies-controlled trilobite
associations. Among the few exceptions are the papers on British Wenlock trilobite
associations by A. T. Thomas (1979), trilobite ecology in the Ludlow of the Welsh
Borderland by D. G. Mikulic and R. Watkins (1981) and the trilobite associations of the
Thornton Reef in Illinois and in Paleozoic carbonate buildups by D. G. Mikulic (1976,
1980). A comparison of the trilobite associations presented in these papers with the
East Baltic Silurian ones shows a taxonomic and morphologic similarity between those
from related lithofacies of different regions, and evidences of their value in strati-
graphic correlations.

Generally trilobites are of wide environmental range occurring from basinal grap-
tolite mudstones up to the shoal biohermal limestones. At the same time their species
are highly sensitive to facial conditions and their diversity and abundance remarkably
differ in different environmental zones. The studied East Baltic Silurian trilobites
came predominantly from the subsurface. In accordance with this the distribution pat-
tern, demonstrated herein, is based mainly on the beds relatively rich in trilobites.

TALLINN

oPRIEKULE
CEZERE

Fig. 1
Outcrops (dots) and borings (circles)
studied,
1 - limit of the present distribution
of the middle Wenlock deposits; 2 -

contour aof complete thickness of cor- GIRDZIAI o UKMERGE
o

responding rocks.
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This paper presents an example of the environmental coatrol on trilobite distri-

bution in the Wenlock and Late Silurian on the basis of a cross-section from Paramaja

cliff to Pavilosta boring (Figs 1, 2). 1In the section (Fig. 2) mainly the areal dis-
tribution of the species is shown (the verticel ranges are given approximately) as well
as the vertical and areal distribution of the twelve recognized associations. This
mcdel is based on the following facies belts (according to Nestor and Einasto, 1977):
lagoon-littoral (I), shoal (II), open shelf (ITI), slope (IV) and depression (V). Fa-
cial interpretation of sti.died sections was performed by R. Einasto, thicknesses of
stages and series are given according to Kaljo et al. (Kanbo, 1970), Gailite et al.
(Tainute u op., 1367), Sarv (Caps, 1977), etc.
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Fig. 2. Areal ranges of Wenlock and Upper Silurian trilobite species and associations
between Saaremaa and Pavilosta boring (West Latvia). The thickness of range
lines shows the relative abundance of the species; the areal and stratigra-

phical distribution of the associations is contoured by dotted line.

Associations:

A - Arctinurus ornatus; B - Encrinurus punctatus: C - Leonaspis mutica: D -
Encrinurus balticus; E - Calymene orthomarginata; F = Proetus pulcher; G - En-
erinurus macrourus; H - "Spathacalymene", I - Proetus kuressaarensis; J - Caly-

mene latvica; K - Proetus signatus; L - Acaste dayiana.
Facies belts: I - lagoonal - littoral, II shoal, III - open shelf, IV. - slope,
V - depression.
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Associations

Wenlock. In the East Baltic Wenlock five trilobite associations have been recog-
nized. They are treated in more detail in a forthcoming paper (M&nnil, 1982). From
nearshore area in the direction of the open sea the associations are arranged as
follows:

A. Arctinurus ornatus association occurs in nearshore reefs. It is of a rather

restricted distribution and is nearly monospecific, as the nominal species (sporadical-
ly abundant) is accompanied only by rare specimens of Calymene.

B. Encrinurus punctatus association occurs in light-grey calcareous marls of the

transitional area from the open shelf to the slope. It consists of E. punctatus, Caly-
mene blumenbachi, Proetus concinnus ostiliensis, Bumastus cf. barriensis and Harpidella
elegantula and is best developed in the type area of the Jaani Formation (Paramaja
cliff) on the northern coast of Saaremaa. This association is comparable with Proetus/
Warburgella association in British Wenlock (Thomas, 1979).

C. Leonaspis mutica association is restricted to the grey marls of the slope facies

belt. It is represented by Leonaspis mutica, Calymene restevensis (= C. mimaspera livo-
nica Mannil, 1977), Dalmanites cf. caudatus and Encrinurus ruhnuensis. It must be noted
that in all studied sections (. restevensis partially precedes other species of this
association, being one of the rare Early Wenlock trilobites in the East Baltic. As the
association closely overlaps with lateral ones its recognition is often rather diffi-
cult.

D. Encrinurus balticus association is developed in greenish-grey marls of the

slope facies belt. The most common species are E. balticus, Cyphoproetus insterianus
and (. latifrontalis, accompanied by rare specimens of Calymene minimarginata and Dal-
manites sSp.

E. Calymene orthomarginata association 1is the most offshore one, occurring in

dark-grey mudstones of the inner part of the depression facies area, often containing
fragments of ~graptolite rhabdosoms. This association, low in diversity, consists of
abundant Dalmanites punctim, C. orthomarginata and Calymene mimaspera (which appears by
analogy with Calymene restevensis already in the Early Wenlock). Towards the central
part of the basin the amount of other species decreases and finally the association
becomes monospecific, being represented only by nominal species (in Ventspils boring).

This association is comparable with Dalmanites/Raphiophorus association in British
Wenlock (Thomas, 1979). In the latter the calymenids of nodulosa-type (= Tapinocalymene
Siveter, 1980) are of the same morphotype as the most deep-water calymenids of the East
Baltic, having long preglabellar area, wide and long proximal part of fixed cheek rela-
tive to the glabella, etc. (C. latigenata, C. orthomarginatd, "Spathacalymene" sp.) ..

Generally the East Baltic Wenlock trilobites are gquite closely comparable with
contemporaneous British trilobites, however their diversity is much lower. Such genera
as Trimerus, Schizoproetus, Decoroproetus, Raphiophorus, Radnoria and the representa-
tives of the Delops/Miraspis association have never been recorded from the East Baltic.
This is evidently caused by more homogenous environmental conditions and by restricted
collections from deep-water deposits in the East Baltic.

Ludlow. In the East Baltic Ludlow the following six trilobite associations are
recognized.

F. Proetus pulcher association. It occurs in the shoal limestones of the Paadlia

Formation, is low in diversity and abundance. Proetus pulcher is the dominant, associ-
ated with rare specimens of Encrinurus obtusus and Calymene sp.

G. Encrinurus macrourus association is developed in the grey marls of Dubysa and

Engure Formations of the slope facies belt of the Paadla stage and consists mainly of
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E. macrourus, Dalmanites cf. obtusus and Calymene neointermedia.
H. "Spathacclymene" association. It is the most offshore association in Ludlow,

occurring in the dark-grey marls of the inner part of the depression facies belt. It is
mainly monospecific, as besides the nominal species only rare remains of Dalmanites sp.
and Calymene cf. neointermedia have been found.

I. Proetus kuressaarensis association -is low indiversity, occurs in clayey nodular

limestones of the open shelf of the outcrop area of the Kuressaare Formation (Kudjape
Member). It consists mainly of two species: P. kuressaarensis and Calymene flabellata.

J. Calymene latviea association occurs in greenish-grey marls of the slope facies

belt of the Pagegiai Formation of the Kuressaare Stage. It is highly diverse and abun-
dant. The association is represented by rather deep-water, mainly undescribed species:
Cheirurus sp., Ananasptis sp., Harpidella sp., Coniproetus sp., Calymene latvica, Proe-
tus cf. signatus, Acastella cf. prima, etc.

K. Proetus signatus association occurs in grey calcareous marls of the transitio-

nal area between the open shelf and slope facies belt of the same formation. The nomi-
nal species is dominant, associated with A4castella prima, Encrinurus sp., Harpidella
sp. and Calymene sp.

On the whole, the offshore Ludlow trilobite associations of the East Baltic are
taxonomically (by the presence of Dalmanites cf. obtusus, Harpidella sp., Leonaspis Sp.,
Ananagpis sp.) quite similar to Ludlow association of mudstone and laminated shale
facies in Welsh Borderland (Mikulic and Watkins, 1981).

Downton. In the studied area Downton deposits belong mainly to the open shelf
belt. In accordance with this, their trilobite fauna is rather monotonous and repre-
sented mainly by species of genera Calymene, Proetus and Acaste. The most characteris-
tic species with wide horizontal distribution are Acaste dayiana and Proetus niesz-
kowskii (obviously occurring both in the Kaugatuma and the Ohesaare Stages). Thus, the
whole Downton trilobite fauna has been trated as Acaste dayiana association (L.).

Additional trilobites are of somewhat more restricted lateral and vertical ranges,
among them the relatively common C(Calymene kaugatumensis and C. schmidti (Kaugatuma
Stage) and Calymene conspicua (Ohesaare Stage).

Correlational comments

A number of trilobite species and their associations, distinquished in the East
Baltic Wenlock and Late Silurian, are known from similar lithofacies in other regions,
yvielding important data for correlation.

The most offshore Wenlock associations of Calymene orthomarginata and Encrinurus
balticus are probably endemic. Outside the East Baltic their members are so far known
only from erratic boulders in the territory of the German Democratic Republic (Schrank,
1970, 1972). More onshore species are of wider distribution. Thus, Calymene restevenstis,
which marks the base of the Wenlock of the East Baltic, has been described from the
Restevo Beds of Podolia (Bamamosa, 1975). The Enerinurus punctatus association is of
the widest geographical distribution. Most species of this association occur in H&g-
klint, Mulde and Slite Beds of Gotland (Lindstr®m, 1885; Hede, 1960; Tripp, 1962; Bruton,
Jaanusson, Owens, Siveter, Tripp, 1979), in Wenlock of England: Bumastus barriensis in
Woolhope and Barr Limestones (Thomas, 1978); Proetus conecinnus in Woolhope Limestone,
Coalbrookdale Formation, Much Wenlock Limestone and Lower Elton Beds (Thomas, 1978);
Calymene blumenbachi in Much Wenlock Limestone (Shirley, 1933) and in Woolhope Lir astone
Formation (C. blumenbachi subsp. n., Sivester, 1980, pl. 100, Figs 12, 14, 16). It
should be noted that the latter subspecies is probably identical with morpha of C.
blumenbachi from Paramaja cliff. All the species of the E. punctatus association, known
from the East Baltic, have been also found in the upper part of Restevo Beds, Demshin
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Beds and lower part of the Vrublevets Beds of Podolia (BanamosBa, 1975; L. Konstanti-
nenko, nersonal communication).

Arctinurus ornatus, occurring in reefs of the Jaagurahu Stage, has been found in
Tofta and Slite Beds of Gotland (Hede, 1960). The slope facies marls of the upper part
of the same stage have vielded Warburgella stokesii calva, which is closely related to
W. stokesii from the topmost Coalbrockdale Formation and Much Wenlock Limestone of Eng-
land as well as from Halla unit "b" of Gotland (Thomas, 1978).

A representative of the uncommon genus."Spathacalymene” occurs in the Ludlow deep-
water deposits (scanicus and tumescens graptolite Zones) 1in South-West Latvian cores.
Up to the present this genus is known only from Upper Mielnik Beds of North-East Poland.
"Spathacalymene" brevis, the species most similar to the Latvian one occurs in the
Cucullograptus aversus and Saetograptus leintwardinensis Zones (Tomczykowa, 1970).

In onshore direction the "Spathacalymene" range partially coincides with the range
of the Encrinurus macrourus association, which extends from the scanicus Zone almost up
to the lauensis-ctenophora ostracode Zone. Members of this association have been long
known from the Hemse Marls of Gotland (Lindstr®&m, 1885; Schmidt, 1359). It should be
noted that Dalmanites cf. obtusus, which is rather frequent in Latvian borings but occur-
ring mainly as indeterminate fragments, seems to be closely related to (if not identi-
cal with) Dalmanites myops, the most abundant species in mudstone, laminated shale and
bioturbated siltstone facies of the Middle and Upper Elton and Lower Bringewood Beds in
the Welsh Borderland. There is also Calymene neointermedia in the Upper Leintwardine
Beds of the same region (Mikulic & Watkins, 1981). Encrinurus macrourus is known also
from the Mielnik Beds of Poland (Alberti et al., 1982) and nrobably from Sokol Beds of
Podolia (Konstantinenko, nersonal communication).

Encrinurus obtusus from the shoal facies of the Paadla Formation is known from the
Hemse and Eke Beds of Gotland (Hede, 1960; Schrank, 1972).

The species of the most deep-water, Calymene latvica association of the Kuressaare
Stage has obviously not been found in other areas so far. The main members of the sub-
sequent P. signatus association - P. signatus and Acastella prima are of wider geogra-
phical distribution. They occur outside the East Baltic also in Burgsvik, Hamra and
Sundre Beds of Gotland and Upper Sieldce and Lower- Podlasie Beds (formosus and ultimus
graptolite Zones) of Poland (Tomczykowa, 1962; Alberti et al., 1982), and apparently
also in Grintshuk of Podolia.

The trilobites from the outcrop area of the Kuressaare Stage show generally low
abundance and are evidently of more restricted distribution. However, P. kuressaarensis
has been founded from Grintshuk Beds of Podolia and a species closely related to it (P.
pulcher subsp. sensu Schrank, 1972) from the Sundre Beds of Gotland (according to
H. Alberti's unpublished data).

In Downton of the East Baltic Acaste dayiana is of maximum areal and vertical dis-
tribution. This species associated with Calymene beyeri (s.l.) characterizes Lower
Podlasie and Upper -Rzepin Beds in Poland (Tomczykowa & Witwicka, 1974; Alberti et al.,
1982), and together with Proetus scalicus the Skala Stage in Podolia (Banamosa, 1968).
The latter is closely related to another typical species of the East Baltic Downton =
Proetus nieszkowskiz.

From the above follows that trilobite species occurring in similar 1lithofacies
have gquite coeval stratigraphical ranges in rather distant se.tions. Trilobites occur-
ring in the open shelf and slope facies belts are of widest geographical distribution,
thus being the most valuable for stratiqgraphical correlations. These are mainly the
representatives of the Encrinurus punctatus, E. macrourus and Proetus signatus associ-

ations.
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BEHJIOKCKHE H BEPXHECHJIYPHACKHE ACCOLMALIMM TPHUIIOBHTOB
NNPUBAJITHKH

P33T MAHHUN

TPHUJIOGHTH B L€JIOM OTJIMYAKWTCA UMPOKOR dauHarbHOR aMIJIKHTYOOH, HO OTOENBbHHEe HX BHIH
NMPHYPOYEHH K ONnpenejylIeHHEM JHTodauusM, raoe o6pasywT O6cCyee HIH MeHee YeTKHe aCCOLHALHH.
B BeHsyiIOke H BepxHeM cuinype I[Ipu6arITHKH BHOEJIEHH OBEHanuaTh TPHJIOGHTOBHX accouuauuft, 3sa-
MemaKpmUxXx OpYyr Opyra B NPOCTPaHCTBE M BpeMeHH /pHCc. 2/.

3a npenenamu [IpHGaNTHKH MHOTHE BHIHW M HEKOTOpPHE acCCOLHaUMH BCTPEYanTCsA B aHaJIorHy=
HHX JIuTodanmMAX TOro ke CcTpaTHrpadHuueckoro MHTeppasna. Haubosee uMpoOko pacnpoCTpaHeHH
NPenCcTaBUTENIH OTKPHTOWENbPOBHX H CKJIIOHOBHX acCOLHAaUMM, IMpexae BCero accounauus Encri-

nurus punctatus B BEHJIOKe M accouuauuu E. macrourus U Proetus signatus B JIYIJIOBEe.
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YIOK 565.33:561.733(474+486.92)

ON OSTRACODE ZONATION OF THE EAST BALTIC UPPER SILURIAN

L. Sarv

Ostracodes are of great significance in the classification and correlation of the
East Baltic Upper Silurian. Here special attention has been paid to the index-species
which serve as a basis for the establishment of the ostracode zonation. The data for
the present paper come from the borings of Stoni§kiai, Virbalis, Kunkoiai, Ezere,
Ventspils (pers. comm. by L. Gailite), Piltene-1, -31 and -32, Kolka-4 and -54, Ohesaa-
re and Kaugatuma (see Fig. presenting more important ones of them).

For the first time ostracode zones of the Upper Silurian of the East Baltic were
proposed by L. Gailite (Tanmnure, 1964, 1965; IansuTe M Op., 1967) using the sections of
West Latvia. The distinguished subdivisions were defined more precisely in her later
works (Tapnute, 1978; ramnuTe u YnbcT, 1974). D. Kaljo (1978) supplemented the zonation
mainly on the basis of the Estonian data. The most important ostracode zones of the East
Baltic Upper Silurian and their approximate analogous units on Gotland are given in the
Table.

Analvsing ostracode zonation of the East Baltic Upper Silurian we used also data
obtained by A. Martinsson (1967) on ostracode successions in the Silurian of Sweden,
and by E. Tomczykowa, E. Witwicka (1972) and B. Zbikowska (1973) on the Upper Silurian
ostracode zones of North Poland.

Craspedobolbina lietuvensis Zone

The first Upper Silurian ostracode zone with C(Craspedobolbina lietuvensis has been
determined in West Latvia and Lithuania in the Kolka=-4, Virbalis and Kunkoiai and less
distinctly in the Ventspils boring (see Tamnure, Ynbct, 1974; CapB, 1977). With this
zonal species associate Craspedobolbina percurrens, Beyrichia snoderniana, Paraparchi-
tes gregarius, Silenis ex. gr. subtriangulatus. Stratigraphical position of the zone is
still indistinct. L. Gailite compares it with the Neodiversograptus nilssoni? and Lobo-
graptus scanicus Zones, evidently increasing its extent. According to D. Kaljo (1978)
the C. lZetuveneis Zone corresponds to the uppermost Wenlockian and only to a part of
the N. nilesoni Zone. Such a conclusion is more acceptable as it is confirmed by the
distribution of Beyrichia snoderniana on Gotland, in the Halla and Mulde Beds (= upper-
most Wenlock) and the lowermost Hemse Beds (Martinsson, 1962, 1967).

Evidently the topmost part of C. lZetuvensis range overlap with the interval of
the distribution of Amphitoxotis curvata. In the East Baltic the latter species occurs
only in sections of the Kunkoiai and Virbalis borings. In Gotland A. curvata occurs in
the lower part of the Hemse Beds, containing numerous graptolites (Neodiversograptus
nilssont, Saetograptus chimaera, etc.; Martinsson, 1967). It enables to correlate the
interval with A. curvata in the East Baltic approximately with the topmost beds of the
N. nilgsoni and part of Lobograptus scanicus Zones.
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Craspedobolbina ezerensis Zone

The following zonal species C(raspedobolbina ezerensis occurs in sections of Vir-
balis, Ezere, Ventspils and Kolka-4 together with Microcheilinella lacrima, Primitiopsis
ezerensis, Pseudorayella acuta, Hammariella pulchrivelata. It is of comparatively re-
stricted vertical distribution but almost all accompanying species existed during a
fairly long time. Only Hammariella pulchrivelata occupies in a number of sections a
short interval but on different levels. For instance, in the Ezere boring it is found
below the C. ezerensis Zone, in the Virbalis boring - together with C. ezerensis, Hem-
giella anterovelata and Neobeyrichia ctenophora - N. lauensis, in the Ohesaare boring
and on Gotland together with Neobeyrichia nutans. How far H. pulechrivelata occurs to-
gether with two zonal species (C. ezerensig, N. ctenophora) obviously of different ages
it would be better not to use it as an index-species.

Craspedobolbina ezerengis does not occur anywhere together with Amphitoxotis cur-
vata, however, their being of almost the sanie age is not excluded either. In the Kolka-4
boring C. ezerensis appears immediately after (. lZetuvensis. In the Virbalis boring
there is a noticeable interval between them, but the range of C. ezerensgis is evidently
restricted there. 4. curvata has been also found in the Virbalis boring, however, only
one specimen and in the topmost beds of the interval of distribution of C. lZetuvensis.

The above Early Ludlow 2zonal species are known only from the sections of West
Latvia and Lithuania. According to D. Kaljo and E. Jlirgenson (Kanwo u lOpreHcoH, 1977)
this is the avea of the transitional (=slope) facies belt of marls and clays with lime-
stone nodules, being formed in rather offshore conditions. The above-mentioned zonal
and some accompanying species were, evidently, tied to this facies belt and only rather
rare occur in other ones. Therefore, they are not found from more northern sections of
the East Baltic (Piltene-1, Kolka-54, Ohesaare, Kaugatuma).

Neobeyrichia ctenophora - N. lauensis Zone

The zone Neobeyrichia ctenophora - Neobeyrichia lauensis follows immediately above
the zone (. ezerensis in the Central and South East Baltic. It embraces a fairly small
interval (up to 20 m) in the Piltene and Ezere borings and is seldom found in the Vir-
balis and Ventspils borings. 1In the latter together with N. ctenophora L. Gailite has
identified Neobeyrichia scissa. They are accompanied by Hemsiella hemsiensis, Hamma-
riella pulechrivelata, Microcheilinella lacrima, Primitiopsis ezerensis but in the Vir-
balis and Kunkoiai borings also by Hoburgiella tenerrima.

On Gotland N. lauensis and N. scissa mark the upper part of the Hemse Beds (Mar-
tinsson, 1967). N. ctenophora is there of wider vertical distribution occurring also in
the overlying Eke, Hamra and Sundre Beds. In the Virbalis and Kunkoiai borings together
with Neobeyrichia ctenophora and N. lauensis there are found Hoburgiella tenerrima and
Scaldianella personata, rather wide-spread species in the overlying beds.

Neobeyrichia lauensis does not occur in sections of the Saaremaa Island. A prob-
able find of N. ctenophora has been made from Kdrkkfila outcrop (Paadla Stage, Uduvere
Beds) .

Neobeyrichia nutans Zone

The zone contains a rich association of ostracodes with species characteristic of
the Hemse Beds: Hemsiella hemsiensis, Beyrichia eteliana, B. grogarniana, Calcaribey-
richia simplicior, Neobeyrichiua nutans, and numerous species of wider vertical distri-
bution (Capm, 1971) occurring in the upper part of the Paadla Stage in the Ohesaare
boring (Uduvere Beds).
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A. Martinsson (1967) treated Neobeyrichia nutans together with Hammariella pulchri-
velata as an index-species for the middle part of Hemse Beds. 1In the Southern East
Baltic this species occurs in the Kunkoiai boring in a short interval above the zone
Amphitoxotis curvata, but below the occurrences of WNeobeyrichia cf. ctenophora which
approximately corresponds to the level of distribution of Neobeyriéhia nutans on Got-
land. In the Ohesaare boring the interval of the distribution of this species is wider
and embraces the whole middle and upper parts of the Paadla Formation. However, V. nu-
tans 1is lacking in the wupper part of the Pag&giai Formation of central and Southern
East Baltic (TamnuTe u VYancT, 1974) and cannot serve as a zonal species there. It may
serve as a zonal species only for sections of the Saaremaa Island where it together with
Hemsiella hemsiensis, Moorea bisculata and other species characterizes the middle and
upper parts of the Paadla Stage.

Absence of N. ctenophora and N. lauensis 1in sections of the Saaremaa Island and
scarcity of ~N. nutans in sections of the Central and Southern East Baltic can be ex-
plained by facies zonality of the basin - first two species are distributed in offshore,
the latter more often in nearshore facies.

Undulirete balticum and Plicibeyrichia numerosa Zones

L. Gailite (Tarmmute um VYnbct, 1974) has distinguished both WNeobeyrichia nutans and
Hoburgiella anterovelata as of the same age zonal species. The latter is evidently con-
specific with Hoburgiella tenerrima identified from the Eke, Hamra and Sundre Beds on
Gotland. H. anterovelata (=tenerrimal) 1is known in the sections Piltene-1 and Ezere,
rarely also from the Virbalis and Kunkoiai sections. Frequently it occurs together with
considerably wide-spread Undulirete balticum, which has also been proposed as zonal
species (Kaljo, 1978). In the Northern East Baltic the U. baltZcum Zone is replaced
by Plicibeyrichia numerosa Zone.

Age relations between species Neobeyrichia ctenophora and N. lcuensis, N. nutans,
Hoburgiella tenerrima and Undulirete balticum are as follows. In the section of the
Piltene-1 H. tenerrima appears somewhat earlier than U. balticum but not .before the
disappearance of N. lauensis and N. ctenophora. In the Virbalis boring H#. tenerrima
occurs in the same sample together with the last specimens of N. lauensis and N. cteno-
phora, whereas U. balticum 1is found somewhat higher in the section. In the Ezere boring
H. tenerrima is met in a short interval together with the last specimens of U. baltZcum.
Neobeyrichia nutans is older than N. lauensis and N. ctenophora but the upper part of
its distribution coincides with the range of the latter.

Hemsiella margaritae - Neobeyrichia alia Zone

L. Gailite (Tamnure u YnbcT, 1974) determined Hemsiella margaritae and Neobeyrichia
alia as zonal species within the Minija Formation of the Central and South East Baltic.
However, H. margaritae has rather noticeable intraspecific variation and it is doubt-
less closely related to H. loensgis and H. maccoyiana. Thus the scope of H. margaritae
is treated differently by different researchers. Vertical distribution of this species
is wide. It has been determined in many sections already in the topmost beds of the
Pagégiai Formation (StoniSkiai, Kolka-54, Ventspils) but in the majority of cases in
the..lower half of the Minija Formation. In the Northern East Baltic it occurs in the
Kuressaare Stage and in the 1lower half of the Xigu Beds of the Kaugatuma Stage (laps,
1968, 1971).

Neobeyrichia alia is of the same age as H. margaritae and of analogous vertical
distribution: the uppermost beds of the Pagégiai and the lowermost beds of the Minija

Formations in the sections of the StoniSkiai and Ventspils borings but in the Vifbalis,

74



Ezere, Piltene-1 and -31, Kolka-4 sections it occurs only in the Minija Formation. An
exception is the Piltene-1 boring where N. alZa has evidently been identified in one
sample from the lowermost beds of the Jira Formatiu. (Fagnure m ap., 1967).

In sections of the Virbalis, Ezere and Piltene-1 Hemsiella margaritae - Neobey-
richia alia appear immediately after the zonal species Undulirete balticum but in the
Kolka-4 boring (ratnute u YnaecT, 1974) N. alia occurs tocether with U. balticum whereas
H. margaritae appears somewhat later. The above serves as an evidence of inconstancy of
the lower boundarv of the zone H. margaritae - N. alia.

Frostiella groenvalliana Zone

Species characterizing the former zone occur together with Frostiella groenvallia-
na which,besides the sections of the North East Baltic (Ohesaare and Kaugatuma borings),
is rarely found also in the sections of the Stonifkiai, Ezere and Ventspils borings but
in the section of the Piltene-1 boring L. Gailite determined a similar species Fros-
tiella lebiensis. Distinction of F. groenvall<ana in the role of a zonal species (Kaljo,
1978) for the lower part of the Kaugatuma Formation and its analogs (the Minija Forma-
tion) is justified as this species, despite its scarcity in the East Baltic, is known
from the Upper Silurian of Southern Sweden, England and Canada. In the East Baltic to-
gether with it for the first time appear such wide-known species as WNeobeyrichia bu-

chiana, Macrypsilon salterianum, Hemsiella maccoyiana.

Nodibeyrichia tuberculata Zone

The following Nodibeyrichia tuberculata Zone is more constant in the whole East
Baltic. On the Saaremaa Tsland this species characterizes the L3o Beds of the Kaugatuma
Formation, in North-West Latvia it is distributed in masses in the lower part of the
Jira Formation which therefore are considered synchronous with the Ldo Beds. The zone
is established in the Piltene-1 and -32, Kolka-4 and -54, Ventspils borings and also in
some sections of the Southern East Baltic (Stonifkiai boring; Caps, 1967).

Nodibeyrichia jurassica Zone

The top of the East Baltic Silurian is considered by L. Gailite (Tattnure, 1965)
Nodibeyrichia jurassica Zone. In the Piltene-1 boring the zone occupies the upper part
of the Jira Formation with the thickness of 43 m. Approximately of the same extent is
this zone in the Piltene-32, Kolka-4 and -54, Ventspils borings. The Nodibeyrichia ju-
rassica Zone in North-West Latvia and on the Saaremaa Island corresponds to the Ohe-
saare Stage. The distribution of zonal association besides index-species (Dizygopleura
opportuna, Juviella piltenensis, Kloedenia leptosoma and some others) permits to assume
that in the Ohesaare stratotype section the beds of Nodibeyrichia jurassica age, despite
their relatively small thickness (6 m), contain the whole complex of characteristic
ostracode species.

The above shows that.differences in the distribution of 2zonal ostracode species in
various areas of the Late Silurian Baltic basin existed in the Ludlow and, partially,
in the Downton time. Thus the determination of zonal ostracode species for different
areas of the mentioned basin will be expedient. The present paper gives such species
separately for the North East Baltic and for the Central and South East Baltic areas
(see Table).
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Table. The ostracode zones in the Upper Silurian of the East Baltic

Ostracode zones Gotland
a | 3| Regional Stratigraphy (ratmure, 1965-1978: Kaljo,1978;emend.) | (Martinsson, 1967)
3 A
O |u
N1 Stage Graptolite North East Central and South East| Strati-| Ostracode
o g zone Baltic Baltic graphy | succession
Ohesaare Wodibeyriehia | Nodibeyrichia
Jurassica Jurassica
I3 Kloed=Nodzi
wret plicul
o ———— For-
0 -
“ odibeyrichia Nodibeyrichia tion
g tuberculata tuberculata
A| Kaugatuma groenvall-
Frostiella Hemsiell a leb-kies
= broenvalliana margaritae - Minija maccoy-regn
o Neobey- |Forma-
= Monocl. Plietbeyrichia rzg?zg Elon Sundre Juvens-regn
H Kuressaare|ultimus numerosa Undu- Hamra
- c , .
: D = urgsvik | temila
tanerr
] | e T ;; ________________
- e
i I R F——— Neobeyrichia Pig?
Monogr. etenophora - g lau-
4 4 orm. G
balticus oot N. lauenstis sciss
I Weobeyrichia
Paadla |27 =7TTTTT nutans
i Monocl Craspedobolbina e
z E ;:;gg; ezerensis Dubysa Hemse EE?E_fi:fti_
s I3 = D - ornas haidby
2 L.scanticus tion | @00 i oo
N.nilssont  Graspedobolbina | curv-rob
Rootsiklila|M. ludenstsg lietuvensis
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K 3O0HAJIbHOMY PACYJIEHEHH BEPXHEI'O CHJIYPA
NPHEAJITUKH 10 OCTPAKOIOAM

JI. CapB

OCTpakOIOBHE 30OHH BEpXHEro cunypa [pHGanTHKH ycTaHoOBJeHH JI. K. Tamnute (1964, 1965,
1978; Trajtnute u mp., 1967; TainuTe W YabcT, 1974) B paspesax 3ananHor JlaTBuu u JIMTBH.
O6beM 3THX 30H yTouHeH H..Jl. Kanpo/Kaljo, 1978/; HM xe BmOoelleHH HEKOTOpPHE HOBHE 30HH, B
OCHOBHOM, B pa3pe3aX DCTOHHH.

B mAaHHOM CTaThe NpOBeldeHH PEBH3HA BEPXHECHJIYPHHCKHX OCTPAKOMOBHX 3OH M INepeoleHKa
HX CTpaTHrpadHYeCKOM M KODPPEJIALLMOHHON 3HAUMMOCTH Ha OCHOBEe HCCNedoBaHus 12-u GypoBHX
paspe3oB (CcM. puc.). MlokasaHa LEJECOO6PAa3HOCTh BHOEJIEHHA B pasHoOdauHaNbHHX OTJIOKEHHAX
HEKOTOPHX YYaCTKOB pa3pesa MNapaJuUleJIbHHX, 6oJjlee-MeHee OOHOBO3PACTHHX OCTPAKOMOBHX 3O0H.

PaHHeNyUIOBCKHE 30HaNbHHE BHUIOW Craspedobolbina lietuvensis M C. ezerensis HU3BECTHH
TOJILKO H3 pa3pe3oB CpenHeR H IOXxHOR [pHGANTHKH. TaM Xe PACNPOCTPAHANTCA MNO3IOHEyIJIOBCKHE
Neobeyrichia ctenophora - N. lauensis (cm. Ta6a.). JlyosoBCckue OTnOxeHHA CeBepHoR IIpu-
6aJITUKH XapaKTEepU3YKWTCA 3O0HANbBHHM BUIOOM Neobeyrichia nutans. Pa3HHE OCTPaKOLOBHE 30HH
BHIEJIEHH U B paHHEOAYHTOHCKHX OTJIOKEHHAX: B CeBepHolt IIpuGanTuke 30HH Plicibeyrichia nu-
merosa u Frostiella groenvalliano, B CpenHeit M l0OxHOR [IpHGANTHKH - 30HH Undulirete bal-
ticum u Hemsiella margaritae - Neobeyrichia alia. Ilo3nHemayHTOHCKHe OTJIOXeHusa Ilpuban-
THKH COOepXaT TaKHe MMPOKOPACNPOCTPaHEeHHHEe 3O0HaJNbHHE BHIOH, Kak Nodibeyrichia tubercula-

ta u N. jurassica.
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YUK 56.016:56591,62:551.733.33(474)

LATE SILURIAN SHALLOW AND DEEP WATER CONODONTS
OF THE EAST BALTIC

V. Viira

The present paper deals with the zonation of the East Baltic Upper Silurian cono-
donts and their facies dependence. A large number of samples were studied for to ‘' char-
acterize all facies belts from near-shore up to basin one. They come from 7 borings of
Saaremaa {(Ohesaare, Kaugatuma, Kingissepa, Sakla) and North-West Latvia (Kolka-54,
Ventspils, Pavilosta) and also from more than 30 localities of Saaremaa (Fig. 1). Pub-
lished information is available only on conodonts from Kolka-4 (ragnure, Yaecr, 1974)
and Ohesaare boring (Bumpa, 1977), on the Upper Silurian spathognathodians (Bu#tpa,
1982 a), and the apparatus Ctenognathodus murchisoni (Bumtpa 1982 6).

Saaremaa

Estania

U

Fig. 1
Location map of outcrops (quadrangles)

Latvia

and borings (circles). Explanation of

locality numbers see in Fig. 3.

General distribution

Ludlow and Downton conodont faunas show high abundances and rather low diversity.
They are characterized by bar and blade elements, whereas platform elements nopear to
be of very limited distribution. Carbonate deposits of the shelf area ccntain the rich-
est fauna where the prevalence of multielement genera Ozarkodina and Oulodus is typical

of the given region. The Ludlow part of the section is rich in the longranging appara-
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tuses Ozarkodina confluens, 0. e. excavata, Oulodus siluricus. In the East Baltic they
appear gradually beginning with the Lower Wenlock but the largest gatherings occur just
in the Ludlow. The Downtoncontains besides 0. confiuens also abundant 0. s. eostetnhor-
nensis and Oul. elegans. On Gotland different Ozarkodina and Oulodus (=Hindeodella and
Ligonodina) also occur nearly in the same quantity as in Estonia (Jeppson, 1969, 1972,
1974).

Two distinct changes are observable in stratigraphic range of the Upper Silurian
conodonts of the northern East Baltic. The first is expressed by replacement of the
Upper Wenlock shallow water C(tenognathodus murchisoni association with a rich Ludlow
fauna containing 0. confluzne, 0. e. excavata and Oul. siluricus. These apparatuses are
known already from the underlying Wenlock deposits but in specific condition of the
Rootsikllla time they were rare or lacking. The second change is more distinct. It is
defined by the appearance of conodonts of the eosteinhornensis Zone. Besides the index-
species 0. s. eosteinhornensis, Oul. elegans makes its first appearance on this level.
The named two taxa in association with 0. confluens form the rich Downton fauna. All
three apparatuses occur up to the uppermost beds of the Silurian.

Taxonomic notes

In the northern East Baltic at the present stage of study the following appara-
tuses and their component elements have been identified.

1. Ozarkodina excavata excavata (Branson et Mehl):

Spathognathodus <nclinatus inclinatus (Rhodes),
Ozarkodina media Walliser,

Neoprioniodus excavatus (Branson et Mehl),
Hindeodella equidentata Rhodes,

Plectospathodus extensus Rhodes,

Trichonodella excavata (Branson et Mehl).

The apparatus ranges from the Jaani Stage (Lower Wenlock) into the Kuressaare Stage
(uppermost Ludlow) .

2. Ozarkodina confluens (Branson et Mehl):

Spathognathodus primus (Branson et Mehl),
Ozarkodina typica Branson et Mehl,
Neoprioniodus bicurvatus (Branson et Mehl),
Hindeodella confluens (Branson et Mehl),
Plectospathodus flexuosus Branson et Mehl,
Trichonodella symmetrica (Branson et Mehl).

Most characteristic part of the apparatus is its spathognathodontan element S. pri-
mug. On the basis of morphological differences in 5. primus 5 morphotypes (Klapper,
Murphy, 1974) and three subspecies (Helfrich, 1975) have been established. In the north-
ern East Baltic 6 chronological subspecies: S. primus bucerus (Wenlock), S. primus den-
sidentatus (Uppermost Wenlock), S. primus retroversus (Uppermost Wenlock), S. primus
cornidentatus (Ludlow), S. primus ambiquus (uppermost Ludlow) and S. primus nasutus
(Downton) have been proposed (Bumpa, 1982 a). 0. confluens makes its first appearance
in the lowermost beds of the Jaagarahu Stage (Wenlock) and is present up to the end of
the Silurian.

3. Ozarkodina steinhornensis eosteinhornensis (Walliser):

Spathognathodus steinhornensis eosteinhornensis Walliser,
Ozarkodina typica denckmanni Ziegler,
Neoprioniodus arisaigensis Legault,

Hindeodella priscilla Stauffer,
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Plectospathodus alternatus Walliser,
Trichonodella symmetrica (Branson et Mehl).

The characteristic element is 5. s. eosteinhornensis in which 4 varieties are dis-
tinguished (Buantpa, 1982 a). The apparatus occurs in the Kuressaare, Kaugatuma and Che-
saare Stages.

4. Ozarkodina sp. S :

Neoprioniodus ? sp. S viira, 1977,
Ligonodina sp. S Viira, 1977,
Trichonodella sp. S Viira, 1977.

Undescribed apparatus, evidently containing six robust elements. The apparatus is
restricted to the lower half of the Paadla Stage.

5. Oulodus siluricus (Branson et Mehl):

Lonchodina walliseri Ziegler,
Lonchodina greilingi Walliser,
Neoprioniodus multiformis Walliser,
Ligonodina silurica Branson et Mehl,
Trichonodella inconstans Walliser.

The complete apparatus is illustrated by Chlupa@, KfiZ und Schdénlaub (1980, Table
17, Fig. 20). In the East Baltic Silurian it ranges from the Jaagarahu Stage up to the
uppermost beds of the Paadla Stage.

6. Oulodus elegans (Walliser):

Lonchodina detorta Walliser,
Ozarkodina ortuformis Walliser,
Neoprioniodus williamsi Legault,
Ligonodina elegans Walliser,
Trichonodella inconstans Walliser.

The apparatus occurs in the Kuressaare, Kaugatuma and Ohesaare Stages.

7. Ctenognathodus murchisoni (Pander):

Spathognathodus murchisoni (Pander),
Ligonodina sp. n. L Viira, 1977,

Lonchodina ? sp. n. N Viira, 1977,
Trichonodella sp. n. V Viira, 1977.

The apparatus is described and illustrated in the paper on the Upper Wenlock shal-
low water conodonts (Buitpa, 1982 6). C. murchisonit is a guide fossil for the Rootsikiila-
Formation.

Besides the above named ones elements of the following apparatuses have been found:

Distomodus dubius (Rhodes),
Pelekysgnathus dubius Jeppsson,
Kockelella variabilis Walliser,
Polygnathoides silunicus Branson et Mehl.

Names of conodonts interpreted by formal taxonomy are given in inverted commas.

Associations

In the East Baltic Wenlock and Upper Silurian the environmental types of conodonts
are distinguished: lagoonal, shoal-shelf and slope ones. Terms come from facies belts of
the Silurian Paleobaltic Basin (HecTop, 3nHacTto, 1977). From the shallow inshore towards
the continental slope the associations are as follows: (1) Ctenognathodus, (2) Ozarko-
dina and Oulodus, (3) Kockelella and Polygnathoides.

Lagoonal type is represented by Ctenograthodus association known from the Upper
Wenlock so far. Besides lagoon it occurs also in the transiticnal area to the shoal
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belt (Bumpa, 1982 6). Typical representative of this association is (Ctenognathodus mur—
chisoni, other conodonts are rare. 0. confluens with a spathognathodontan element "S."
primus retroversus OCcurs sometimes.

Shoal-shelf type of concdonts 1is mostly represented by Ozarkodina and Culodus.
These two multielement genera are distributed in the whoule mentioned area. The shoal
belt is rich in 0. confluens association, which is rather commorn in the open shelf as
well. It occurs in detritic, nodular and clayey limestones. The 0. e. excavata associa-
tion is more characteristic of the open shelf belt of Ludlow age but it is found also
in the shoal belt. However, 0. e excavata does not occur in Downton and its ecological
niche is occupiad by the 9. s. eosteinhornensis association. These two associations are
characterized by a wider facies affiliation as compared with the 0. confluens associa-
tion and they may occur also in clays and marls of the slope belt.

Conodonts of the multielement genus Oulodus, being frequent in the shoal and open
shelf belts, are mostly represented by species Oul. siluricus (Ludlow) and Oul. elegans
(Downton) . Oul. siluricus has nearly the same ecological position as 0. confluens. 0Oul.
elegans is more connected with the 0. s. eosteinhornensis association.

Offshore part of the basin (slcope facies belt) was inhabited by the association of

Kockelella variabilis and Polygnathoides siluricus in Ludlow.

Zonation

The abundance of conodonts decreases from the shallow part of the basin towards
the open sea. Such a situation is especially characteristic of Ludlow conodonts. Simul-
taneously with decreasing of their numker a taxonomic change takes place: in offshore
facies platform conodonts appear. Therefore we have presented two zonal schemes: one

for shallow and the other for deeper water sediments (Table).

Taole

Northern East Baltic Upper Silurian conodont zanes

%) . . .
W | Regional sfratigraphic | SHELF AREA BASIN AREA
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2 - N
= Lao § canadensis
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Zones with sagitta, eosgteinhcrnensie and siiuricus were established in the Carnic
Alps by O. Walliser (1964), later on they are recognized in many parts of the world.
Other Upper Silurian zones of the northern East Baltic are local. They are assemblage
zones presumably. Subzones of the eosteinhorrnensics Zone are based on the replacement of
different "Srathognathodus” s. eosteinhornensis morphotypes.

An important guide fossil is "Spathognathodus" aff. sncjdri. Rmong conodonts iden-
tified as "S." aff. swajdri{ two morphological types similar *o "5." snajdri and "S."
crispus are established. 1In literature both they are interpreted as zonal ones whereas
"s3," ecrispus is considered stratigraphically younger than "S."” snajdri (Walliser, 1964;
Helfrich, 1975; Chlupal, Kfiz, Schénlaub, 1980). In our material there is no clear suc-
cession of the above species. E.g. in 15 kg of sample dissolved from Karala locality
among hurdred specimenc of "5."” aff. snajdri both element types occurred. Thus for as-
certaining the position of "S$."” snajdri and "S." crispus we mark our forms in the open
nomenclature.

"S." aff. smajdri ranges from the lower part of the Paadla Stage up to lowermost
Kaugatuma Stage. It has been identified in all studied sections of northern East Baltic,
including more offshore ones, but also in a number cf 1localities of the Saaremaa (Fig.
2, 3). The lower limit of the "S." aff. snajdri range is recognized in the studied bor-
ings on the following levels: Sakla 33.2 m, Kingissepa 329.2 m, Ohesaare 113.3 m, Kolka
289.8 m, Ventspils 464.2 m, Pavilosta 622.7 m. Relative to the lower boundary of the
Paadla Stage in above sections the species appears step by step higher towards the
central part of the basin. The upper limit of the "S5." aff. snajdri range is more uni-
form. The latest specimens occur in the lowermost part of the Kigu Beds: Kaugatuma
28.9 m, Ohesaare 61.2 m, Kolka 2£3.6 m, Ventspils 406.0 m, Pavilosta 604.0 m.

Shelf zones

Ctenognathodus mirchisoni Zone

The base of the murchisoni Zone (Burpa, 1982 6) is defined by the appearance of (.
murchisoni. The fauna of the zone is dominated by index-species. 0. confluens is repre-
sented hy subspecies with a spathognathodontan element ”S."” primus retroversus. 0. sa-
gitta bohemica and 0. e. excavata are rare.

The zone corresponds to the Rootsikila Formation (excl. lowermost part).

The stratotype for the zone is Vesiku outcrop.
Ozarkodina sp. S = 0. confluens cornidentatus Zone

The zone is defined primarily on the ranges of the Ozarkodina sp. S apparatus. The
base of the zone is determined by the first appearance of Ozarkodina sp. S or.0. con-
fluens cornidentatus. The latter subspecies appears in Fig. 2 given borings on levels:
Ohesaare 118.0 m, Kaugatuma 81.2 m, Kingissepa 43.3 m, Sakla 34.1 m, Kolka 304.2 m.

The zone is rich in two nominate species. 0. e. excavata and Oul. siluricus are
frequent. "S." aff. snajdri first appears in this zone.

The zone covers the Sauvere and Himmiste Beds and the lower part of the Torgu
Formation. It may be distinguished in the near-shore and shelf areas only. The strato-
type of the zone is Roopa cliff.

Distomodus dubius - "Belodus" sp. Zone

The zone is characterized by the occurrence of Distomodus dubius, Pelekysgnathus
dubius and "Belodus" sp. Its lower boundary is marked by the first appearance of D.
dubius or "Belodus" sp., in case the former is lacking. The base of the zone lies in
borings (Fig. 2) as follows: Ohesaare 106.5 m, Kaugatuma 57.5 m, Kingissepa 35.0 m,
Sakla 19.9 m, Kolka 294.6 m.
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Besides the two index species the zone contains P. dubius, 0. confluens cornidenta-
tus, 0. e. excavata, Oul. siluricus. All these conodonts disappear at the upper bound-
ary.

D. dubius - "Belodus" sp. Zone occupies the Uduvere Beds and upper part of the
Torgu Formation. The zone has been determined in the sections of the shelf area.

The stratotype of the zone is Unimde abandoned quarry.
Ozarkodina steinhornensis eosteinhornensis Zone

In the East Baltic the lower boundary is well distinguished by the appearance of
numerous specimens of all zonal apparatus elements and those of usually accompanying it
Oul. elegans. The third, more frequent apparatus is 0. confluens with two spathognatho-
dontan elements on subspecies level "S." primus ambiquus and "S." primus nasutus. Be-
sides them there occur "S5." aff. snajdri (inthe lower subzone) and undescribed new mppa-
ratus of Ozarkodina (at least two taxa).

The eosteinhornensis Zone reaches the uppermost beds of the Silurian section of
the northern East Baltic. 1In the East BRaltic basin it has been identified in all the
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studied sections. However, the investigations revealed a difference in the frequency of
occurrence: while in relatively shallow water sections (Kaugatuma, Ohesaare, Kolka) it
is common and found almost in all samples, in places even in great abundances, then in
deeper water deposits (Pavilosta) it is rare and occurs, by no means, in all samples.

On the basis of the stratigraphical distribution of morphotypes of the "S.” s.
eosteinhornensis element subzones are distinguished in the shelf deposits (Bufpa, 1982 a).
However, as differences between morphotypes have transitional character the limits of
subzones are not always clear.

Ozarkodina s. eosteinhornensis aff. 0. s. scanica Subtone. The lower boundary
coincides with that of the eosteinhornensis Zone. The subzone corresponds to the inter-
val of the occurrence of the earliest morphotype. By its morphology the spathognatho-
dontan element of 0. s. eosteinhornensis aff. 0. s. scanica is similar to that of Hin-
deodella steinhornensis scanica apparatus described by L. Jeppsson (1974) from the Oved.
Rams8sa Group at Bjasjélaggrd, Klinta and Tullesbo in Sk&ne.

The subzonal association consists besides the index-species of 0. confluens amli-
quus, Oul. elegans, "S." aff. snajdri, Ozarkodina sp. Stratigraphically the subzone
occupies nearly all of the Kuressaare Formation (except ots uppermost part).

Ozarkodina s. eosteinhornensis s. str. Subzone. The lower boundary is determined
by the appearance of specimens of the typical subspecies in the topmost part of the
Kuressaare Formation. "S." aff. snajdri terminate within this subzone. The subzone
corresponds to the XAigu Beds of the Kaugatuma Formation.

Ozarkodina s. eosteinhornensis canadensis Subzone. This subzone determined by
canadensis morphotype, covers the L6o Beds of the Kaugatuma Formation. The lower and
upper boundaries are indistinct as the appearance of canadensis and remscheidensis
morphotypes is gradual. Besides the index morphotype there can also be found the rem-
scheidensis morphotype but in small numbers.

Ozarkodina s. eosteinhornensis remscheidensis Subzone. The subzone isdistinguished
by the predominance of the remscheidensis morphotype at which the canadensis morphotype
continues their existence. A characteristic feature of this subzone is that 0. confluens
is represented by subspecies with a spathognathodontan element "S." primus nasutus
appearing in the upper part of the canadensis Subzone.

Basin zones
Polygnathoides siluricus Zone

This zone is defined on the occurrences of the index-species in two sections:
Pavilosta (Latvia), depth 756.0 m (2 specimens) and Vidukle (Lithuania), depth 1166.2 m
(1 specimen). Besides the index-species "P." emarginatus (Pavilosta, depth 750.3 m) and
D. dubius, P. dubius (Vidukle, depth 1166.2 m) have been identified. The last two give
reason for correlation the sZluricus Zone with the D. dubius Subzone of the shelf area,
at least with a part of it.

Ozarkodina s. eosteinhornensis Zone

The zone was described above in more detail. In general the conodont complex is
analogous with that of the shelf area. However, offshore deposits finds of all
conodonts, also of the index-species, are comparatively rare. Thus reliability of draw-

inf zonal boundaries depends, first of all, on the frequency and sizes of samples.
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BEPXHECHJIYPUACKHE MEJIKOBOMOELIE M I'JIYEOKOBOAHHE KOHOJIIOHT
NNPUBAJITUKHU

B. Bumrpa

BepXHeCHNYPUACKHE KOHOOOHTH CeBepHOn IIpu6aJjyiTMKH aHaJM3UPOBAHH Ha OCHOBE 6oraTtci#
KOJUIEKLHH, TNPOHCXOXsAMEer M3 pa3pe30B 7 GYDPOBHX CKBaxMH u Sosiee 4em 30 o6HaxeHuw /pHC. 1,
2, 3/. PaccMOTpeHO pacmnpenejleHHe KOHOOOHTOE B 3a3HCHMOCTH OT GanHanbHOM 3 JHaJl. HOCTH
NNaneo6anTHRCKOro 6acceiHa. Coo6mecTBO Ctenognathodus pacCnpoOCTpaHEHO B JlalyHHOM H OT-
MeJNbHCH, coo6.ecTBa Ozarkodina u Oulodus B OTMEJIbLHOM H OTKPHTOENbPOBON 3CHax. KoOHOZOH-
TH CKJIOHOBOHM 3OHH MNpelCTaBJIeHH coobmecCTBoM Kockelellua um Polygnathoides.

Ha ocHoBaHHMM ¢anuanpHOrO pacrnpenesyieHHss KOHOINOHTOB IIPUBELEHO AgBe 20HaJIbHHE CXEMH :
ona wenbda U O 6aCCEeMHCBCH YacTh /Tacn./. IllepBas cOOEpXuT 30HH C. marchisoni, Ozarko-
dina sp. S - 0. confluens cornidentatus, D. dubius - "Belodus" sp. u 0. s. eostein-
hornensis /c 4YeTHPBMA nonsoHamMu/. Cxema 6aCCeMHOBON YaCTH CONEpPXHT 3OHH sagitta, sTLu-

ricus U eosteinhornensis.
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YOK 56.016:51.733.3(474+486.92)

CORRELATION OF THE EAST-BALTIC AND GOTLAND SILURIAN BY
CHITINOZOANS

V.-K. Nestor

Taxonomy and distribution of chitinozoans in the Silurian of Gotland have been
studied by A. Eisenack (1962, 1964 etc.), P. Taugourdeau and B. Jekhowsky (1964) and
especially by S. Laufeld (1974, 1979 etc.). Chitinozoans of the corresponding part of
the East Baltic Silurian have been mainly studied from the Estonian borings at Ohesaare,
Ruhnu, Varbla, Kipi, Kaugatuma, etc. and also from a number of the borings in West Lat-
via - Pavilosta, Ventspils and Kolka. A part of these materials (MauHuJB, 1970; Nestor,
1975; Hecrop, 1982a, 19826, 1982B), as well as some data based on the outcrops (Eisenack,
1968; 1970 etc.) have been published earlier.

TALLINN
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Q

S0TLAND

OHESAARE

VENTSPILS

Fig. 1
Location of the main boreholes.

Location of the main boreholes is shown in Fig. 1. The Ohesaare and Ventspils
borings were selected as the key sections since the relations between chitinozoa and
graptolite zonation are better known. The succession of selected chitinozoan species in
the Silurian of Gotland and the corresponding part of the Ohesaare boring are given in
Fig. 2. Graptolites from the Ohesaare boring, including those from samples dissolved on
chitinozoans, were identified by D. Kaljo (Kanbo, 1970). The ranges of the selected
¢chitinozoan species in the boundary beds of the Wenlock and Ludlow in the sections of
Ventspils boring and Gotland are shown in Fig. 3. 1In the Ventspils section graptolite
zones are given according to R. Ulst, though these data are still unpublished.

The author expresses her sincere gratitude to R. Ulst and D. Kaljo for the supply
of graptolite data and H. Nestor for critical reading of the manuscript.

The comparison of the stratigraphical ranges of chitinozoan species in the Silur-
ian of the East Baltic and Gotland (Laufeld, 1974, 1979) permits the following conclu-
sions to be made.

The Lower Visby Marls of Gotland are usually correlated with the uppermost beds of
the Adavere Stage (=Regional Stage, see this book, p. 6 ) (Martinsson, 1967; Kanrwo,
1970, etc.). Laufeld (1974) recorded Margachitina margaritana from the topmost part of
the Lower Visby Beds in Buske and about 8 m below the Lower Visby - Upper Visby bound-
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ary in Irevik 3. . The appearance of M. margaritana in Estonian sections marks the base
of the Jaani Stage (MaHHunp, 1970; HecTtop, 1982a). Therefore it is possible that the
uppermost part of the Lower Visby Beds corresponds to the 1lowermost beds of the Jaani
Stage.

In the Upper Visby Marls excluding some topmost meters (Laufeld, 1974, 125) there
occurs Angochitina longicollis, a characteristic species for the Velise Formation of
the Adavere Stage and for the lowermost beds of the Jaani Stage (ManHunwb, 1970; HecTop,
1982a). 1In the latter Angochitina longicollis associates with some other species (Got-
landochitina n. sp. 1, G. n. sp. 2 etc.) and this part of the sequence has been dis-
tinguished as a local zonal unit JlI (Hectop, 1982a), which in the Ohesaare section
coincides with the graptolite zone of C. murchisoni. Therefore we may assume that the
main part of the Upper Visby Beds corresponds to the same stratigraphical interval.

Conochitina proboscifera is the dominant species in the Lower Wenlockian Beds of
Estonia. The beds with abundant C. proboscifera above the range of Angochitina longi-
collis and gotlandochitinas are distinguished as a 1local zonal unit JlII (HecTop,
1982a). Its upper boundary is marked by almost complete disappearance of Conochitina
proboscifera and abundant appearance of Conochitina cf. eclaviformis. In the Ohesaare
section this interval roughly coincides with the graptolite zone of M. riccartonensis.
It is notable that on Gotland, according to S. Laufeld (1974, 1979) (. proboseifera
(s.1.) ranges from the Lower Visby Beds up to the top of the H®gklint Beds, and species
is found also from the lowermost part of the Slite Beds. Only the distribution of C.
proboscifera forma gracilis is restricted to the Upper-Visby Beds and Hogklint ®a". In
Estonian sequence (in the Ohesaare, Ruhnu, Varbla, Kipi, T&lla and Pulli sections) the
continuous range of (. proboscifera (s.l.) is analogous to the range of (. proboscifera
f. gracilis on Gotland. In higher beds of some sections only single scattered specimens
of this species have been found, but different formas of (. proboscifera in Estonian
sections have not been differentiated so far.

In Estonian sequence clear changes of the chitinozoan assemblage take place at the

II III

boundary between the beds J, and Jl in the Ohesaare section (at the depth of

about 330 m, Hectop, 1982a), which coincides there with the Lower- and Middle-Wenlockian
boundary (Kanbo, 1970). Instead of Conochitina proboscifera C. cf. cZaviformisx appears
there in great numbers. Possibly this stratigraphical level can also be traced on Got-
land, at the boundary of the subdivisions "a" and "b" of the H6gklint Beds. H®gklint
"b" and "c" are characterized by Desmochitina densa and Conochitina mamilla (subdivi-
sion b), €. flamma and C. leptosoma (b, c) and Desmochitina acollaris (c) (see Laufeld,

1974, 1979). The uppermost part of the Jaani Stage includes also Conochitina cf. mamil-

la, which is an index-species of the beds JlIII and by Desmochitina acollaris which

Iv III

first occurs in the beds J (HecTtop, 1982a). This allows to correlate beds J1 and

1

JlIV correspondingly with the subdivisions "b" and "c" of the H®&gklint Beds. In the Ohe-

saare core this part of the Jaani Stage contains graptolites (Xanso, 1970). Pristio-

III (327-331 m) and Monograptus flexilis in beds J =Y

graptus sardous occurs in beds I 1

(311.7-8 m).
In the middle part of the Wenlock the rapid renewal of the chitinozoan assemblage
took place. Clathrochitina elathrata, Gotlandochitina martinssoni and Linochitina cin-

gulata appear one after another in the succeeding subdivisions of the Slite Beds (4, e)

SNCE claviformis has not been identified by S. Laufeld (1974) on Gotland but we consid-

er that part of specimens included by him to the species (. leptosoma (Fig. 29-B), C.
aff. proboscifera and probably also C. aff. elegans (the latter from Klinteberg to
middle Hemse) may belong to that species.
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and in the lowermost beds of the Jaagarahu Stage in the Ohesaare core (see Laufeld,

1974:

126; Hectop, 1982a, b). It allows to correlate roughly these parts of sequences

of both areas.

Succession of the appearance of Conochitina argillophila, C. pachycephala and Got-

landochitina tabernaculifera in the uppermost Wenlock is the same in the Ohesaare boring

and on Gotland. 1In the upper part of the Jaagarahu Stage in the Ohesaare core at the

depth of 172.6 m the first representatives of the genus Sphaecrochitina appear. The Esto-

nian species of Sphaerochitina differ from the sphaerochitinas in the Halla and Mulde

Beds on Gotland, but it seems likely that the first appearance of this genus in both

areas indicates a close age of these beds. The Rootsikiila Stage contains only scattered
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2.

Stratigraphical ranges of selected chitinozoan species in Silurian of Gotland
(Laufeld, 1974) compared with Estonian.

I Chitinozoan species: 1 - Angochitina longicollis Eisenack; 2 - Conochitina
proboscifera Eisenack; 3 - Desmochitina densa Eisenack; 4 - Margachitina marga-
ritana (Eisenack); 5 - Conochitina mamiila Laufeld; 6 - Desmochitind acellaris
Eisenack; 7 - Clathrochitina clathrata Eisenack; 8 - Gotlandochitina martinsso-
ni Laufeld; 9 - Linochitina cingulata (Eisenack); 10 - Conochitina argillophila
Laufeld; 11 - Conochitina pachycephala Eisenack; 12 - Gotlandochitina taberna-
culifera Laufeld; 13 - Gotlandochitina militaris Laufeld; 14 - Conochitina la-
tifrons Eisenack; 15 - Angochitina elongata Eisenack; 16 - Ancyrochitina desmea
Eisenack; 17 - Conochitina lauensis Eisenack; 18 - Angochitina echinata Eise-
nack, 19 - Eisenackitina philipi Laufeld; 20 - Eisenackitina lagenomorpha (Ei-
senack); 21 = Conochitina granosa Laufeld; 22 - Conochitina intermedia Eise-
nack; 23 - Sphaerochitina sphaerocephala Eisenack; 24 - Pterochitina pervivela-
ta Eisenack; 25 - Gotlandochitina villosa Laufeld; 27 - Ancyrochitina fragilis
Eisenack; 28 - Eisenackitina cf. elongata Eisenack.

II Graptolite levels: 1 - C. murchissoni Zone; 2 - M. riccartonensis Zone; 3 -
P. sardous Subzone; 4 - interval with M. flexZlis; 5 - interval with M. flemin-
gii and 1its subspecies; 6 - interval with G. nassa; 7-9 - interval presumably
corresponding to the M. ludensis, N. nilssoni and L. scanicus Zones; 10 - in-
terval presumably corresponding to the M. tauragensis Zone.
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specimens and only in its lower part, that do not enable the correlation with the Got-
land sequence. It should be noted that the index-species of the Klinteberg Beds Gotlan-
dichitina tabernaculifera in Estonia occurs already in the uppermost beds of the Jaaga-
rahu Stage.

Craptolites are rare in the upper part of the Wenlock of the Ohesaare core. Ac-
cording to £finds of M. flemingii and its subspecies (see Kanvo, 1970; Hecrtop, 1982b)
the so-called "flemingii Beds" have been distinguished (interval 174-302 m). G. nassa is
found in the Ohesaare boring at the depth of 166.4 m and also in the Ruhnu core (pers.
comm. by D. Kaljo, see HecTtop, 1982b).

The correlation of the Wenlock and Ludlow boundary beds in the East-Baltic and
Gotland is based on the section of the Ventspils boring in West Latvia. In this section
R. Ulst has established Ludlow graptolite zones up to the M. tauragensis Zone (incl.)
(see Fig. 2). On the 1level of the ©N. nilsson?i and L. scanicus Zones (interval
610-662 m) there occur chitinozoans: Conochitina cf. lagena, C. n. sp. 1, Rhabdochitina
sp. 1 and R. sp. 2, which have not been found so far in the Upper Silurian of Estonia
and Gotland. These species associate with Conochitina pachycephala, C. cf. claviformis
(= aff. elegans ?), (. tuba, Ancyrochitina gutnica, which were earlier known from the
Klinteberg Beds. Unfortunately most of the species of Sphaerochitina and Gotlandoechiti-
na, recorded from Gotland, do not occur in the Ventspils core. In the topmost Klinte-
berg Beds there occur together Gotlandochitina militaris, Conochitina latifrons and An-
gochitina elongata. In the Ventspils section these species appear one after another in
the Dubysa Formation in the uppermost part of the L. scanicus and in the lowermost part
of the M. tauragensis Zone. According to that, the greater part of the Klinteberg Beds
is evidently older than the base of M. tauragensis (= tumescens) Zon2 and may corres-
pond to the Lower Ludlow graptolite zones' N. nilssoni and L. scanicus (see also Martins-
son, 1967). It is likely enough that the lowermost Hemse Beds, characterized by Cono-
chitina tuba, C. pachycephala, C. aff. elegans (= C. cf. claviformis), Ancyrochitina
desmea, are missing in Estonia or possibly, partly correlate with the Rootsikiila Stage
(see also Jenkins & Legault, 1979).

In Estonia the next stratigraphical level determined by chitinozoans is the lower-
most part of the Paadla Stage. At that level in the Ohesaare core there appear Conochi-
tina latifrons and Angochitina elongata, whose appearance in the Ventspils section
falls into the range of M. tauragensis. Accordingly, the lower boundary of the Paadla
Stage, as it is defined 1in the Ohesaare core is evidently not older than the M. taura-
gensis Zone. Therefore, in Estonian sections beds, corresponding to the Lower Ludlow
graptolite zones N. nilssoni? and L. scanicus are either missing or correlate with a
certain part of the Rootsikiila Stage.

In the lower - middle part of the Hemse Beds Conochitina lauensis and Angochitina
echinata make their appearance and Conochitina tuba, C. pachycephala, C. aff. elegans
and Ancyrochitina desmea disappear. In the section of Ventspils analogous changes take
place within the interval of about 535-570 m, in the topmost beds of the Dubysa Forma-
tion and lowermost part of the Pagegiai Formation.

Unfortunately the lower and middle beds of the Paadla Stage in the Ohesaare core
contain a reduced number of species. Besides Conochitina latifrans and Angochitina
elongata there occur only Ancyrochitina cf. diabolus and Sphaerochitina sp. Though ap-
pearance of Conochitina lauensis at the depth of 110.5 m is noteworthy, these data are
still not sufficient for exact correlation of the Hemse Beds and the Paadla Stage. In-
terval of the possible position of the base of the Paadla Stage in the Hemse Beds is
given in Fig. 2.

According to S. Laufeld (1974, 127) chitinozoan assemblage of the uppermost- part
of the Hemse Beds and the lower part of the Eke Beds differ a little from one another.
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Sphaerochitina acanthifera appearing in the lowermost Eke Beds, has not been found in
the East Baltic. This species proved to be facies-controlled to a very great extent
(S. Laufeld, 1974:123, 127). The Eke Beds are mainly characterized by i<isenackitina la-
genomorpha, E. philipi, Conochitina Llauensis, C. granosa and Angochitina elongata.
Still, the first species appears already in the uppermost Hemse Beds but is represented
there by untypical specimens (see Laufeld, 1974: 82). Similar untypical form of E. la-
genomorpha appears in the Ventspils boring from the depth of 516 m (one dubious speci-
men already at 532 m) qnd occurs in Ohesaare in the interval of 95.1 - 99.5 m, corres-
ponding to the uppermost part of the Paadla Stage. The Eke assemblage occurs also im
the Ohesaare section, but Conochitina lauensis is there mainly restricted to the Paadla
Stage and Eisenackitina philip? to the lowermost Kuressaare Stage with certain overlap
of the ranges.

The upper boundary of the Eke Beds is characterized by disappearance of Conochiti-
na lauensis and Angochitina elongata. Eisenackitina philipi occurs also in the lower
part of the Burgsvik Beds. According to S. Laufeld (1974:127) the Burgsvik Beds repre;
sent a short time interval with very rapid sedimentation and fossils occurring are

greatly dependent on facies.
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In the Hamra Beas there appear together Sphkaerochitina sphaerccephala, Pterochi.i-
na pervivelata, Gotlandochitina ©villosa and Eisenackitina cviformis. Analogous as-
semblage occurs in the upper part of the Kuressaare Stage in the Ohesaare core. It is
noteworthy that Pterochitina pervivelata and Eisenackitina oviformis are present in
Ohesaare already in the lower part of the Kuressaare Stage, at the depth of 89.3 m. In
conclusion, the succeeding ranges of Eisenackitina philipi, Conochitina granosa and
Sphaerochitina spkaerocephala in Ohesaare core are the most characteristic features of
the Kuressaare Stage.

No new species appear in the Sundre Beds; only .gradual disappearance of taxa is
taking place there. Thus it is difficult to make a certain comparison with the East
Baltdic sections.

In the Kaugatuma Stage of Ohesaare core as well as in the other East Baltic sec-
tions a number of new species appear: Ancyrochitina fragilis, Eisznackitina cf. elonga-
ta, E. filifera, Fungochitina pistilliformis etc., not recorded from Gotland but form-
ing a well-known chitinozoan assemblage of the so-called Beyrichia Limestone described
by A. Eisenack (1955, 1968, 1971) from the upper Silurian erratic boulders.

The present paper deals only with the distribution of more essential species, com-
mon for both areas. The total number of species is much greater than is given in Fig.
1. It should be noted that some of the species recorded from Gotland and not mentioned
here either (1) are rare in the East Baltic (2) occur with some doubt, due to bad pre-
servation; (3) have not been established so far. On the other hand, some of the East
Baltic species are probably new, not recorded from Gotland up tc¢ now.

In summary, notwithstanding certain differences, probably caused partly by sub-
jectivity of interpretation of the material, partly by ecological reasons, in general
the taxonomic content and distribution of chitinozoans of both areas are rather similar
and the differences in our opninion are of no considerable influence on the correlation.

Besides, stratigraphical ranges of the most important chitinozoan species in
Britain (Aldridge et al., 1979) and Belgium (Verniers, 1981) also indicate certain si-
milarities compared with the East Baltic and Gotland. Though these data are given sche-
matically, they show clear difference in Lower Wenlock (Conochitina probosctifera, C.
acuminata, Angochitina longicollis] and Middle Wenlock (Linochitina eingulata, Cono-
chitina tuba, C. gutta etc.) chitinozoan assemblage. Finding out species of worldwide
distribution and establishing sure relationships of their ranges with graptolite zones
very likely enables to wuse chitinozoans for age determination in shelly sequences,

where graptolites are lacking.
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1¢82B, T. 31, (B meuarn).
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KOPPEJIAIUAA PA3PE30B CWIVPA MPHUBAJITHKH H O-BA TOTJIAHL IO XHTHUHO30SIM

B. HecTop

CpaBHeHHe [QaHHHX pacClNpOCTPAaHEHHs XHTHHO30M B CHJIYDHACKHX pa3pesax JCTOHHH /CKB.
Oxecaape/, JlaTBuu /CkB. BeHTcnusic/ M ocTpoBa I'OTJIaHO NMO3BOJIAET CHejlaTh ClenyliHe Koppe-
JNIAIMOHHMEe BWBOIN :

1. OcHOBHas YyacTp Mepresieit BUCO6K0 M CJIOM XELKJIMHT COOTBETCTBYWOT AaHHCKOMY IOPDH3OH-
Ty = SoHaM Conochitina proboscifera u C. claviformis /Hectop, 1982a, 6/.

2. NocnenoBaTenpHOe MoOsBJIeHHEe BHOOB Clathrochitina clathrata, Linochitina cingula-
ta ¥ Ap. KaK B sarapaxyCKOM I'OPH3OHTEe, TaK M B CjiofxXx CIHTE NO3BOJIAET IPy6O COMOCTaBHUTHh
3TH YacTu pa3pesa /CM. puc. 2/.

3. Nockonpbky B DCTOHHMH POOTCHKKJIACKHN I'OPH3OHT OXapaKTepH30BaH XHTHHO3QAMH CJabo,
3Ta YacTh paspesa CONOCTABHMa C rOTJIAaHOCKHM Yepes CKB. BeHTcnuic /cM. puc. 3/, rme no-
rPaHHYHHE CJIOH BEHJIOKA H JIyIJlIoBa coAepxaT M I'PAlNTOJIMTH.

4. Hamume Conochitina lauensis, Eisenackitina lagenomorpha M AP. B CHOAX Xemce M
B MaamiaCkOM TI'OPH3OHTE I[I03BOJAET COMOCTAaBHTh 3TH YacTu pa3pesa /CM. pPHC. 2/.

5. MNocnenosaTenbHOCTH BHAOB Eisenackitina philipi, Conochitina granosa M Sphaero-
chitina sphaerocephala xapakTepHa UIA KypeccaapeCKoro ropu3OHTa M CJIOAM Jke, Byprcsuk,
Xampa u CyHnpe.
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YOH 666:5661.733.3(474)

VERTEBRATE ZONES IN THE EAST BALTIC SILURIAN

T. M&rss

Several attempts have been made to subdivide the Silurian and the lowermost part
of the Devonian using various vertebrates: osteostracans (Bdlau, 1949), heterostracans
and osteostracans (White, 1950), and thelodonts/(Gross, 1947, 1967; KaparawTe-Tanumaa,
1968, 1974 (in Trannurte, YnncTt, 1974), 1978; Turner, 1973/. As these zonal schemes were
largely based on the material from outcrops representing only small parts of the con-
tinuous sections the zonations appeared to be insufficient for a detailed correlation
within a paleobasin and/or for an interregional correlation.

Recent study of rich material from 17 borings and 9 outcrops of the East Baltic
area demonstrates the great stratigraphical value of vertebrates. Nine zones (Fig. 1,
2) are established in an interval from the Lower Wenlock (in Estonia) to the Upper
Downton (in Latvia). Here the Downton/Ditton boundary has been used according to
H. W. Ball and D. L. Dineley (1961). The lower limit of a biostratigraphical zone is
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Fig. 1. The tailzones of index-species in borings and outcrops. For indexes of strati-

graphical subdivisions see Table in Preface.
Vertebrates were used for establishing of the lower boundary of the Kuressgaare

Stage, but not those of other ones.
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defined by the earliest occurrence of the index-species (Hedberg, 1976). Usually the
index-species extends into the succeeding zone. The representatives of various verte-
brates (thelodonts, acanthodians, a heterostracan, an osteichthyid) are used as index-
species.

Vertebrate zones

In Estonia the earliest known vertebrates, i.e. thelodont and acanthodian scales
have been discovered from the Late Llandovery Rumba Formation, and from the upper part
of the Early Wenlock Jaani Stage (Fig. 2). The latter contains conodont Ozarkodina sa-
gitta rhenana (Walliser) (Viira, personal communication). The scarcity of vertebrates
has not enabled to distinguish the zones on these levels. Higher up in sections the
vertebrate fossils are more numerous but in the earliest, Logania taiti zone thev are
still rare.

The Logania taiti Zone (Fig. 2) corresponds to the Maasi (except their base) and
Tagavere Beds of the Jaagarahu Stage, the Wenlock of Estonia. Though the scales of

Logania are known from the upper part of the Jaani Stage, they cannot be referred with
certainty to those of L. taZtZi. In view of this, the lower limit is defined by the
earliest appearance of scales which definitely belong to L. taiti. Of the other spe-
cies, Thelodus laevis, Thelodus sp. ind., Osteostraci gen. et sp. ind. and Saarolepis
oeselensis? are represented. The acanthodians of Nostolepis striata -and Gomphonchus
sandelensis type are known from the Vesiku-507 boring, where the zone has a maximum
thickness (22.5m).In the Sakla and Laimjala-515 borings L. taiti ranges above the
upper boundary of the zone (Fig. 1) (to our mind stratigraphy of the Wenlcck part of
these sections needs a revision). The vertebrates of tha L. tazti Zone occur in lagoon,
shoal and open-shelf deposits.

In Scotland the strata with Logania taiti are referred by A. Ritchie (1967) to the
Upper Wenlock or Lower Ludlow. Recently some scales of this thelodont have been found
by the author from the Slite Beds from Nyggrd 1 and Atlingbo localities on Gotland. Lo-
gantia taiti and L. martinssoni have been listed from 9g and 10 beds in Norway (Turner,
Turner, 1974). According to, J. Bockelie (1973) tne greater part of the whole Stage 9
belongs to the Wenlock, the lowermost part of the Stage 10 to the Lower Ludlow, or pos-
sibly to the uppermost Wenlock. The data on the distribution of vertebrates in Esto-
nia seem to confirm the Wenlock age of 99 beds and partly 10 beds, the Sundvollen For-
mation. On Severnaya Zemlya scales of L. taiti have been found from the section of the
Matusevich River in the middle part of the Samoilovich Formation.

The L. taiti Zone corresponds to the upper part of the level with loganids from
the L. scotica group according to V. Karatajité-Talimaa (KaparawTe-Tanumaa, 1978).

The Logania martinssoni Zone (Fig. 2) occupies the Rootsikiila Stage and the Sau-

vere Beds of the Paadla Stage (excluding the uppermost part of these beds). For the
first time the zone was distinguished by V. Karatajité-Talimaa (KapaTawTe-TamiMaa,

1978) for the uppermost Wenlock and Ludlow of the European biogeographical province.
At present, more detailed zonation, the Logania martinssoni Zone is restricted to the
level indicated above. This 2zone was previously named after two species, Thelodus
sehmidti and Logania martinssoni (Mapcc, 1978). As Th. schmidti appears already in the
underlying strata, it is better to avoid the double name. By the way, Th. schmidtt is
considered as a junior synonym Th. laevis. L. martinssoni is accompanied by thelodonts
Th. laevis, Th. cf. marginatus, osteostracans Tremataspis schmidti, T. milleri, Oese-
laspis pustulata, Thyestes verrucosus and anaspid Saarolepis oeselensis. In the Laim-
jala-515 and Sakla borings in the Viita Beds only scales of L. taiti occur. The whole

listed vertebrate assemblage (except L. taiti) ranges into the succeeding zone. The
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maximum thickness of tne strata corresponding to the Logania martinssoni Zone is 44.9 m
in the Ohesaare boring. Facial distribution of L. martinssoni coincides with that of
L. tait<t.

Outside Estonia L. martinssoni is listed from the Halla Beds of Gotland (Martins-
son, 1966; Gross, 1967, 1968a), and from 9g and 10 beds of the Ringerike district, Nor-
way (Turner, Turner, 1974). The identification of L. martinsson? from the beds 9g needs
a revision. From the Mortimer outcrop area, (loc. 3:4 of Silurian Subcommission locali-
ties), the Middle Eltonian of Welsh Borderland have been found both L. martinssoni and
Thelodus laevis. In the Canadian Arctic they occur in the Upper Wenlock and Lower Lud-
low of the Prince of Wales Island (Turner, Dixon, 1971; Dixon, Williams, Turner, 1972),
in North Timan in the Velikoretskaya Formation (Ludlow) (Koccoso#i, KapaTawTe-Tanumaa,
1977), and in the Ust-Spokoinaya Formation, Ludlow of Severnaya Zemlya (author's iden-
tifications).
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Fig. 2. Subdivision of Silurian deposits based on vertebrates. # - finds of single
scales of Thelodus sp. and Gomphonchus sp., %% - the same + Logania sp. DCSF -
Downton Castle Sandstone Formation, TSF - Temeside Shale Formation. Stratigraphy
and (partly) paleontological data after Ball, Dinely, 1961; Turner, 1973; Tur-
ner, Turner, 1974; Kaljo, 1978; Holland, 1980; TannuTe, VnecT, 1974; MeHHep H
op., 1979; NawkeBuuwc, 1979.

The Phlebolepis elegans Zone (Fig. 2) evidently occupies the topmost part of the

Sauvere Beds, Himmiste Beds and lowermost part of the Uduvere Beds of the Paadla Stage.
Ch. Pander (1856) in his description of Phlebolepis elegans gave for type-locality
"Rootsikiille". Numerous samples from stratotype outcrops and from the cores of more
than 10 boreholes representing the same stage, have not revealed a single scale from
the Rootsikiila level. Maximum thickness of the strata corresponding to the Phlebolepis

elegans Zone is 68.0 m in the Ventspils boring. The other thelodonts, osteostracans,
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anaspid and acanthodians coincide with those of the preceding zone. However, Th. margi-
natus has been identified from the P. elegans Zone with certainty (and not with some
doubt as in the preceding zone). Phlebolepis n. sp., and osteostracans Tremataspis mam-
millata and Dartmuthia gemmifera make their first appearance in this zone. Index-
species ranges into the succeeding zone. Facial range of Phlebolepis elegans is some-
what wider than those of L. ta<tZ and L. martinssoni. It has been found in the deposits
of lagoon, shoal, open-shelf and slope belts of the Paleobaltic Silurian basin.

The Phlebolepis elegans Zone has been established in the Paadla Formation (Ludlow)
of Estonia in numerous boring sections, in the Pagégiai Formation of Latvia in the
Kolka-4 (= Lu2ni) boring (see TlannuTe, YnecT, 1974). In the Ventspils boring (at the
depth 484.5-552.5 m) the zone corresponds to the most of the Dubysa Formation ané the
lower part of the Pagégiai Formation. The Kuba Beds in the Mikhailovsk section, western
slope of the Central Urals, and a part of the Ust-Spokoinaya Formation of the October
Revolution Island, Severnaya Zemlya may be equivalent to the Phlebolepis elegans Zone
of the East Baltic area.

The Andreolepis hedei Zone (Fig. 2) has been determined in the Uduvere Beds (excl.

lowermost part) of the Paadla Stage of the Ludlow. The lower boundary of the zone is
defined by the appearance of Andreolepis hedei. The zonal assemblage includes Upper
Wenlock - Lower Ludlow elements, as well as the earliest Downton ones. The core section
of the Ohesaare boring at the interval 98.9-99.5 m contains Thelodus parvidens, Phle-
bolepis elegans, Cyathaspidinae (Archegonaspis?) sp., Nostolepis striata and Andreole-
pis hedei. In Tahula-709 boring two more agnathans: Osteostraci gen. et sp. ind. and
Anaspida n. sp. A. occur. In the Central Baltic the maximum thickness of the strata
corresponding to this zone is 28.5 m (in Ventspils boring). The index-species comes
from the deposits of shoal, open shelf and slope belts.

Andreolepis hedei has been identified by the author from the Ust-Spokoinaya Forma-
tion of the Pioneer Island of Severnaya Zemlya together with Th. marginatus, L. mar-
tinssoni, a heterostracan, an anaspid and an acanthodian of Gomphonchus sandelensis
type, and from the Long Quarry Beds, Capel Horeb Main Quarry, South Wales, together
with Th. parvidens?, Cyathaspididae gen. et sp. ind., Nostolepis striata and Gomphon-
chus sandelensis. W. Gross (1968b) described Andreolepis hedei from the Upper Hemse
Beds of Gotland. According to V. Karatajuté-Talimaa (Koccoso#, KaparawTe-Tanumaa, 1977)
A. hedei occurs in North Timan, together with Th. marginatus, L. martinssoni, P. ele-
gans, etc. in the Velikoretskaya Formation, correlated in recent paper with the upper
part of the Paadla Stage of the East Baltic.

The Thelodus sculptilis Zone (Fig. 2) 1is rather distinct in the Upper Ludlow and

lowermost Downton. The zone occupies the whole Kuressaare Stage, and extends into the
Aigu Beds of the Kaugatuma Stage. V. Karatajité-Talimaa (in Tra#nuTte, YnscTt, 1974) for
the first time distinguished this zone in Latvia in the section of the Kolka-4 boring
at the base of the Minija Beds. Later on, however, she has not mentioned the zone. But,
as Th. sculptilis appears in many borings at the same level and is abundant, it is
worth using this thelodont as an index-species. The maximum thickness of the strata oc-
cupied by the zone is known in the Pavilosta boring, Latvia, (more than 155 m). North-
wards the thickness decreases. In the lower part of the zone the fish assemblage is
very variable and abundant. Almost at the same level with Th. sculptilis appear in Ohe-
saare boring thelodonts Th. traquairi, Logania cuneata and L. ludlowiensis. In the
lowermost part of the zone in the Sakla boring appears Katoporus tricavus, and in Varb-
la-502 boring Logania cuneata. Scales of an acanthodian which may belong either to
Gomphonchus hoppei or Poracanthodes porosus (see Gross, 1971) have been found in many
borings. Somewhat-higher occurs Th. admirabilis. A number of forms, such as Cyathaspi-

dinae (Archegonaspis?) sp., Osteostraci gen. et sp. ind., Nostolepis striata and Gom-
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phonchus sandelensis range into the Thelodus sculptilis Zone from the preceding one.
More characteristic of the zone are Th. sculptilis, Th. admirabilis, L. Ludlowiensis
and the acanthodian of the uncertain systematic position (Gomphonchus hoppei or Pora-
canthodes porosus). The lower boundary of the zone can be defined by the appearance of
these forms (except Th. admirabilis). There is an interval before the succeeding zone
(up to 69.6 m thick in the Pavilosta boring), poor in the characteristic vertebrates.
Th. sculptilis has been found in deposits of all facies belts of the Baltic basin ex-
cept the depression one. It is especially numerous in the first two nearshore belts. In
the other regions of the East Baltic Thelodus sculptilis has been found in the upper
part of the Upper Ludlow Pagégiai Formation and at the base of the Minija Formation,
Downton of Lithuania (Virbalis borinrg, depth 843.6 m), and Latvia (Kolka-4, depth
336.5-338.6 m; Engure, depth 468.5-471.5 m) see Kaparawre-Tanumaa, 1978; it is also
known from borings Sutkai-89, depth 839.7-875.1 m, and Jurbarkas-36, depth 1034.0-
1062.1? m (Karatajité-Talimaa, pers. comm.). The scales of Th. sculptilis have been
discovered by the author also from the Upper Ludlow of the Kunkoiai section (depth
1055.1 m) Lithuania, and from the Demid Beds (Downton) of the Mikhailovsk section, West
Urals. Gross (1967) noted Th. sculptilis from Rams8sa Beds, South Sweden.

V. Karatajuté-Talimaa (KapartawTe-TamumMaa, 1978) distinguished an assemblage with
Logania ludlowiensis for the Early Downton of European biogeographical province. This
assemblage is characteristic of the Lower Downton of Britain. However, the first finds
of Logania ludlowiensis are recorded from the Lower Wenlock (Turner, 1973). Evidently,
in the Wenlock and Ludlow of Welsh Borderland, a number of Logania-species occur (see
Fig. 2). This 1is confirmed by finds of L. martinssoni in the Mortimer Forest outcrop
area, Middle Eltonian (see above) and Logania sp. B in the Sunnyhill Quarry, Upper
Bringewoodian. Scales similar to those of Logania sp. B and L. ifudlowiensis (but not
identical with the latter ones) have been found from the uppermost beds of the Samoilo-
vich Formation or the lowermost beds or the Ust-Spokoinaya Formation of Severnaya Zem-
lya (collections of V. Karatajité-Talimaa). Five scales of Logania ludlowiensis have
been found on Gotland K&llstede locality in the Eke Beds, together with corals. In the
Kuressaare Formation of Estonia, upper part of the Pagégiai Formation of Lithuania and
Latvia, also in boulders of North German lowland L. ludlowiensis is rare, and so it is
difficult to use this thelodont as an index-species.

The Nostolepis gracilis Zone 1is approximately equivalent to the upper half of the

Kaugatuma Stage (Fig. 2). The acanthodians are especially characteristic of the zone.
Rare specimens of Thelodus parvidens occur together with Nostolepis gracilis, N. stria-
ta, and Gomphonchus sandelensis. In the Ohesaare and Ventspils borings Th. traquair<,
Katoporus tricavus, heterostracans Tolypelepis undulata and Strosipherus indentatus ap-
pear at this level. Nostolepis gracilis ranges into the succeeding zones. This acantho-
dian occurs in the first four facial belts.

The vertical distribution of Silurian acanthodians in the North and Central East
Baltic shows, that besides thelodonts some representatives of this group may be well
used for biostratigraphical purposes. They are especially valuable for the lower part
of the Downton where the thelodonts and other vertebrates are rare. W. Gross, V. Kara-
tajité-Talimaa and S. Turner - have indicated in their papers a Downton level rich in
acanthodians. This level, by author, corresponds in Latvia and Lithuania to the upper
part of the Minija and lower part of the Jira Beds, in Britain partly to Eoldgate sand-
stones containing only acanthodians. For the middle part of the Baltic Downton V. Kara-
tajuté-Talimaa (KaparawTe-Tanumaa, 1978) distinguished an assemblage with Katoporus
tricavus. However, finds of K. tricavus are so rare that it is hardly possible to use
this thelodont as a zonal species.
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The Poracanthodes punctctus Zopne (Fig. 2) corresponds to the uppermost beds of the

Kaugatuma and to the greater part of the Ohesaare Stage. The establishment of the lower
boundary of the zone 1is sometimes complicated, as it is not always easy to tell the
difference between Poracanthodes punctatus and che acanthcdian of uncertain systematic
position (Poracanthodes porosus or Gomphonchus hoppei). The strata at the depth of
325.2-276.2 m of the Ventspils boring, and at the depth of 205.9(?)-161.6 m of the
Kolka-54 boring represent the zone entirely. The index-species ranges into the succeed-
ing zone. The zone is characterized by a very variable and rich vertebrate assemblage.
It includes, on the one hand, species, which occur in the Kuressaare Stage, and on the
other hand species, ranging into the Devonian. Thus, beginning with the L&0 time in Es-
tonia, the assemblage with Por. punctatus includes Goniporus alatus, Gomphonchus hop-
pei, Lophosteus superbus. and Tylodus deltoides. In the uppermost part of the zone all
the Thelodus species disappear. Poracanthodes punctatus has been found from the depo-
sits of lagoon, shoal and open shelf facial belts.

The zone evidently corresponds to the upper part of the Katoporus tricavus assem-
blage level distinguished by V. KaratajUté-Talimaa (KapaTawTe-Tanumaa, 1978).

The Katoporus timanicus Zone occurs in the Upper Downton of Latvia (Fig. 2) and

North Timan. It corresponds to the Katoporus lithuanicus Zone of Lithuania, established
by V. Karatajité-Talimaa (KapaTawTe-Tanumaa, 1978). The author of the present paper has
identified scales of K. timanicus from four samples of the Ventspils boring (depth
276.2-269.5 m), and from the Kolka-54 boring (depth 161.6-158.3? m). 2Zcnal assemblage
contains besides the index-species a small number of thelodont scales, fragments of he-
terostracans, numerous acanthodian scales and remains of osteichthyid Lophosteus super-
bus, and sceletal fragments of Tylodus deltoides. They are all known from the preceding
Poracanthodes punctatus Zone. Katoporus timanicus and associated species have been found
from deposits of lagoon, shoal and open-shelf belts.

Vertical distribution of Logania kummerowi, distinguished by W. Gross (1967) as
zonal species for the assemblage lacking Thelodus parvidens, is not fully known. V. Ka-
ratajité-Talimaa (see Tamnute, YnecT, 1974) identified from the Kolka-4 boring together
with Katoporus sp. (? lithuanicus) also Logania kummerowi ? and Traquairaspis sp. ind.
The first one of these three species occurs scmewhat lower in the section. V. Karata-
jité-Talimaa (KapaTawTe-Tanumaa, 1978) changed in the Kolka-4 boring the identification
of the Logania kummerowi ? to L. borealis ? and noted (p. 180) that some scales of Lo-
gania borealis ? in the number and size of lateral spines are reminiscent to the scales
of L. kummerowi. In the Nida and Stoni8kiai borings, Lithuania, L. kummerowi appears
earlier than K. lZthuanicus. According to the data from the Ventspils boring, two types
of Logania scales can also be distinguished, and L. kummerowi occurs higher the mono-
lithic scales of K. timanicus. By S. Turner (1973, p.566) the Goniporus - Katoporus
assemblage, containing L. kummerowi, is distributed in conglomerates of the Upper Red
Downton Group. Higher, in the "Psammosteus" Limestones Group this fauna is associated
with Traquairaspis pococki. Evidently, we are dealing with two species of Logania: (1)
Logania cuneata, which 1is of wide vertical distribution (ranging from the Kuressaare
Stage into the lowermost beds of the Til2é Stage) and (2) Logania kummerowi with a 1li-
mited stratigraphical distribution (from the uppermost beds of the Ohesaare Stage up to
the lowermost beds of the Til2é Stage incl.). As biozones of L. kummerowi, K. timanicus
and K. lithuanicus possibly coincide, but K. timanicus 1is geographically more wide-
spread (North Timan, Latvia, evidently also in Britain, see Turner, 1973, Fig. 7c), the
last has been chosen as an index-species. As to Logania borealis ? indicated by Ka-
ratajité-Talimaa (KapartawTe-Tasumaa, 1978), it must be considered as junior synonym of

L. cuneata.
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The Traquairaspis Zone has been distinguished in the Upper Downton by E. White
(1950) . In the Ventspils boring Traquairaspis sp., Tesseraspis 7 sp. and Turinia paget
are associated with Logania cuneata, L. kummerowi, Goniporus alatus, etc., the Silurian
forms of preceding zone. The Traquairaspis Zone has not been completely studied by the
author so far.

Facies and cyclic distribution of vertebrates

The facies distribution of Silurian vertebrates is rather wide. The majority of
species has veen found from lagoon, shoal and open-shelf deposits, but some of them
/Phlebolepis elegans, Logania sp. ind., Thelodus parvidens, Th. sculptilis, Th. admira-
bilis, Cyathaspidinae (Archegonaspis ?) sp., Nostolepis ctriata, N. gracilis, Gomphon-
chus sandelensis, Andreolepis hedei/ also from the slope facies belt which increases
the correlative value of these vertebrates. It must be taken into account that from the
Late Downton slope facies we have a small number of samples. Thus, data on the distri-
bution of some species are incomplete, e. g. those of the Poracanthodes punctatus Zone.
And so 1is the case with the assemblage of the Andreolepis hedei Zone (lagoon deposits
corresponding to the latter are not known).

The comparison of the environmental changes during the Silurian in Estonia (see
diagram by 3#&HacTto et al., 1978) with the vertical distribution of vertebrates has re-
vealed an interesting coincidence between the appearance of many new genera and species
and transgressions of higher rank. This coincidence is especially clear by the maximum
phase of Ludlow transgression during the Uduvere time when first elements of a new,
Downton vertebrate fauna appear. The next transgression of a higher rank took place in
the Downton in the Kaugatuma time. This transgression is connected with the appearance
of vertebrates ranging into the Devonian. The data from the Wenlock are more limited,
particularly from its lower part. But the appearance of Logania martinssoni in the
Early Viita (Late Werlock) and Phlebolepis elegans in Late Sauvere (Early Ludlow) time
seem to confirm this rule. As to L. taiti, it might appear even during an earlier
transgression in the Late Llandovery or Early Wenlock. It must be kept in mind that it
is not always possible to fix exactly the first appearance of a new vertebrate species
in transgressive deep-water rock where scales are highly scattered (Mspcc,3#tHacTo,
1978). G. Lindberg (Jluumb6epr, 1978, p. 19) writes about the influence of the change of
phases of transgression and regression on the evolution of fish and fish-like animals
as follows: "We have a full right to consider a sudden transgression after a long
lowering of the ocean level as one of possible reasons for the existence of stages in
the development of organic world". Recently it has been demonstrated that extensive
transgressions in the Silurian have been caused by fluctuations of the level of the
world ocean (see AHTOmKkHMHa et al., 1976). Thus, if G. Lindberg's presumption is valid,
the appearance of new contemporary vertebrate genera and species must have taken place
in vast territories.

I thank Dr. E. Kurik for discussions and Dr. V. Viira, M. Pdrnamde and P. Mdnnik
for the specimens of agnathans and fish discovered among conodonts from Estonia and Se-

vernaya Zemlya.
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30HH BEPTEBPAT B CHUJIVPE NPUBAJITUKH

T. Msapcc

Ina BHACHEHHA IOCJIeNOBAaTEIBHOCTH H Ipelejla paCnpoOCTpaHeHHs BHIOOB 6ECYEMOCTHHX H
pu6 B CHIype M CHNype - HHWKHeM neBoHe CeBepHOR M lleHTpasnpHOM [Ipu6GasyiTHKH C 6oJsipmiol Oe-
TaJIbHOCTBI0 ONMPOGOBAJIMCHL pa3pe3n 17 6ypOBHX CKBaxHH /puc. 1/. HauMHasA C sarapaxyckoro
TOPU30OHTaA, HHUKHEro BEHJIOKAa OO THJIBXECKOI'O I'OPH30HTa HHXHEro OeBOHa YCTAHOBJIEHO 9 30H
NMO3BOHOYHHX. HHXHHMe r'paHHLH 30H ONpenesyIeHH MO MepBOMYy MNOSBJIEHHI BHO2 - HHIOEKcCA.

Camas HMXHas, 30Ha Logania taiti COOTBETCTBYeT Maa3HCKHM /6e3 OCHOBaHMs/ M Tara-
BEepPeCKHM CJIOAM SI&arapaXyCKOr'O T'OPHM30OHTa DCTOHHHM /puc. 2/. 30Ha Logania martine :o>ni OXBa-
THBa2eT DPOOTCHKIJIACKHH TOPH3OHT M CayBepecKHe CJIOM MMaamlackoro /3a HCKJINUYEHHEM BEepXOB
3Tux cinoeB/. 30Ha Phlebolepie elegans 3aHUMaeT, BEPOSATHO, BEPXH cayBeperKHX, XHUMMHCTeC-—
KUe H HE2H YIOYBEPEeCKHUX CJIOEB MaamlacKoro IOpH3O0HTa. 30Ha Andreo’/epis hedei BuOoesn-
AeTCsA B yOyBepecCKHX CJyosxX /6e3 HH30B/ [aaminacKoro ropusokTa. 3oHa Thelodus sculpiilic
OMBaTHBaeT BeChb KypeccaapeCKH® H 6GOJNEWY YaCThb 3UIYCKHUX CJIOEB KayraTyMacKOr'oO TI'OpPH3OHTa.
30Ha Nostolepis gracilis BHOeJeHa B BepxXaX 3HIYCKuX H B JIHOCKHMX /3a HCKJIOYEHHEM caMux
BEepxoB/ CJIOEB KayraTyMacKoOro ropu3OHTa. 30Ha Poracanthodes punctatus OXBAaTHBAeT BEpXH
KayraTymMackoro u 6OJbWylw 4YacTb OxXecaapeckoro /6e3 BepxoB/ TI'OpH3OHTOB. 30HY Katoporus
timanicus MOXHO BHOENUTH B BEepXaX OXecaapecKoro ICPH3OHTa. . r1giuiraspis sp. /30Ha Tra-
quairaspis sp./ ONpemeseHO B pa3pe3e CKB. BEHTCHNHUJIC B HU3AX THJILXECKOI'O IOPM3OHTa. B
[IOJIHOM OBbEeMe OHa He H3yvanach.

BOJIBLMHCTBO BHIOOB CHJIYPHACKHX BepTe6paT CBS3aHO C JIar'yHHHMH, OTMEJIbHEMY M OTKPHTO-
wenbPOBHMM OTJIOKEHHUAMH. HeKOTOpHe BHIOH HaWOeHH H H3 OTJIOKEHHA CKJIOHOBOW 30HH. OmHako,
HEeO6XOOUMO HMMEeTb B BHAOY, YTO B BepxXHEeM OAayHTOHEe MH He HMeeM OTJIOKEHHMH CKJIOHOBOM 3O0HH, a
B JIyOJIOBE /B ynyBepeCKHX CJIOAX/ - JIalyHHOM 30HH, M NO3TOMY OaHHHe O (pauuILHOM pacnpe-

AOeJIeHHH HEeKOTOPHX BHOOB HEe IIOJIHH .
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YIOK 56.074.6:551.733.3 /474/

OKOoCTpaTHIrpadus — HEXODTOPHE AaCHeKTH M3 MpHOaNTHACKON npakTHKH. M. Kanso. B KH.: 3KO-

crpaturpadusa cunypa liprubanTtiku. Tamyme, AH 3CCP, UH-T reomn., 1982, p. 9 - 15 /auria.,

pez2. pycck./.

OcHOBHas 3amaya 3KOCTpaTHrpaduH 3akK/nmovyaeTCA B pa3paboTke METOOWKH T.H. 6aCCEeHHOBO-
ro aHajJiu3a, B YaCTHOCTH, KOppeJAUHUH pasHopaluHalbHHX OTJIOKEHHH NyTeM MpeonoJieHus dauu-
aJbHHX TpPaHUl, U TPAaCCHPOBAHHSA CHHXPOHHHX YpOBHEel Yepe3 Bechb najieobacceiiH. MeCTHHE H
pervoHaljibHHe CTpaTHrpadHueCKHe nompasmesieHHs OTpakamwT I1aJIEO3KOCHCTEeMH. UX pacnpocTpaHe-
HHe ¥ 3aMeHa BO BPEeMEeHH M NPOCTPaHCTBE COCTAaBJIA€T OCHOBHOM KapkacC IJia crpaTurpadum bBac-

centHa. 1 puc. Bu6n. 20 HasB.

YOK 551.461.8:551.733.3 /474/

[IpyMeHeHHe KOHLEeNnuuH menbpa M CKJIOHA K CHJIIYypHHCKOMY BanTHHCKOMYy 6accenHy. Hecrtop X.,

3nrHacTto P. B KH.: D3SkocTpaturpad¢ua cunypa IllpubanTuku. Tamiaud, AH 3CCP, WUH-T reoit.,

1982, p. 17 - 24 /aurn., pes. pycck./.

BanTuackuil 6acCenH Culypa HHTEeplIpeTHPpYeTCsI KaK NepUKOHTHHEeHTAaJIbHOe Mope C 060co6-
JIEHHEM wenbPoM MU MATEPHUKOBHM CKJIOHOM. CKJIOH B ero reoMopdosiorndiecCKkoM INOHHMMaHHH, Bepo-
ATHO, OXBaTHBAaJI NOAC CEeOUMEHTAUHH H3BECTKOBO-IJIMHHCTHX HJIOB Mexny wenbPoBHMH kapOGoOHAT-
HHMH M TPANTOJIMTOBHMH MNEJI"ITOBHMH OCalkKaMH LEHTPAJIbHOM Oernpeccuu 6accenHa. 2 puc. Bubia.

18 HasB.

YIOK 552.54:549/1/:551.733.3 /474.2+486.92/

PacnpenesieHye M MHHepaJIbHHP COCTAaB aJIeBpHTOBON ¢paKuMd TEeppHI'€HHOr'O MaTepHalsla B BepXHe-

CHJIIYDHACKHX OTJIOXeHHAX CeBepHoR I[IpuGanTHKH. DpreHcon 3. B kH.: JkocTparurpadus cuinypa

NpuGantuku. TannuH, AH 3CCP. HH-T reon., AH 3CCP, 1982, p. 25 - 33 /aurma., pe3. pycck./.

H3y4YyeHH TIpPaHYJIOMETPHYECKHN H MHHEpaJbHHN COCTABH aJIeBPUTOBOM (paKUM¥ BEepXHECHIIYy-
PHACKHX KapOOHATHHX OTJIOXeHHI 3anagHonl D5CcTOHHM H CeBepo-3ananHon JlaTBuH. A CpaBHEHHA
NMpUBEeOEeHH INaHHHE N0 COOTBETCTBYKWMHM OTJIOKEHHMSAM OCTpPGBa I'oTnaHO. MakCHMalbHas KOHLEHTpa-
UMA aJIeBpUTOBOM ¢paKUMM YyCTaHOBJIeHa B CeBepHon IIpubaJITHKe B OXeCaapeCKOM T'OpPH3OHTEe
/OnayHToH/, Ha Il'oTnaHme = B HU3BEeCTKOBOM alJieBpOJIMTE CJIoeB Byprcsuk /nyanos/. 1 Tatm.,

1 puc. Bubn. 6 HasB.

YIOK 563.67+563.713:551.733.3 /474+4486.92/

KopannoBue pHdu B CHJIYDHACKOM 6GacceitHe BanTHKM /cTpoeHHe, ¢auuanbHas NPHYPOYEHHOCTh/ .

KnaamMaHd 3., DAHAacTo B. B kH.: 3kocTpaTurpadua cunypa lpubantuku. TannuH, AH 3CCP, HH-T

reon., 1982, p. 35 - 41 /aHrn., pe3. pPycck./.

OpraHOreHHHE MOCTPOMKH IPHYPOYEHH B CHJIype BanTockaHOMHM K OByM ¢auuasbHHM 30HaM
/OTMeNnb, OTKPHThM wenbd/ H. BOCBMH CTpATHIpadHUYECKHM YpPOBHAM. OHM GOPMHPOBAJINCH B perpec-
CHBHHX ¢asax pa3BHTHA 6GaccelHa. MakcCHMyMn pHPoOGpa3OBaAHHUA OHJIM B CpeOHEeM BEHJIOKe h24
cCpenHeM JyasioBe. B TeueHHe 3TOrO HHTEepBajla BpEMEHHM Haubosiee nomxonsamas Oy pudocTpouTe-
JIel OTMeJbHAA 30Ha MHI'pPHpOBala B npenenax [Ipubantuku okosio 300 kM, a B panoHe T'oTnaHna
U Momonuu nump 15-40 kM Ha 3ananm WM pro-samnapn. [lpennosiaraeTcs, 4YTO B OBYX NOCJIEOHUX

pafloHaX MATEPHUKOBHHM CKJIOH 6HUI 60Jiee KPYTHM H CTAGWIbHEM. 2 pUC. Bubn. 15 HasB.
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YOK 563.713:551.733.31 /474.2+486.92/

lTocnenoBaTeJNIbHOCTh CTpPOMaTONOpaT B CpeOHeM Cuilype BaJITHKH. HecTtop X. B KH.: 3KOCTpaTH-

rpadua cunypa IlpubanTtuku. TannuH, AH 3CCP, UH-T reon. AH 3CCP, 1982, p. 43 - 50 /aHria.,
pe3. Dpycck./.

B pa3pe3ax BEHJIOKCKHX MEJIKOBOOHHX OTJIOXKeHuit I[Ipu6asiTUKH BHIOEJIEHO NATH NOCjienoBa-
TeJIbHHX COO6mMecTB CTpPOMATONOpaT, KOTOPHE MOTLYT CJIYXUTb OCHOBOH IJiIA pa3pabOTKH 30HAJIbHO-
ro cTaHOgapTa MO 3TON IpPyINle KHWEYHOINOJIOCTHHX B BaJTHUACKOM M COCeOHHX panoHax. 1 Ta6i.

Bu6n. 17 Ha3B.

YOK 551.7.02/03:564.82/85:551.733.3 /474/

[locsienoBaTEJIbPHOCTE OpaXHMOINIOn KAakK MHCTPYMEHT Koppensauun cuinypa lIlpu6anTuku. Py6enp M. B

KH.: 3JkocTpaTturpadusa cunypa IllpubanTuku. Tayums. AH B3CCP, UH-T reon., 1982, p. 51 - 62

/aHrJa., pe3. PYCcCK./.

U3yuasiochk pacnpegnesieHue 77 BUOOB BEpPXHECHJIYPHUCKHX 6paxuomnon B pa3pe3ax 14 CkBaxuH
Npu6anTuku. HX KOppeJsAUHOHHAsA 3HAYMMOCTB OMNpelesiayjlach OLEeHKON OTHOCHTEJIbLHON IJIMTEeJIbHOC-
TH IIOJIHHX HHTEpBAaJIOB CymeCTBOBAHUA TaKCOHOB M MX BCTPEUYAEMOCTH B H3YyYEHHHX pa3pe3ax.
Okasajyioch, UYTO M3 BCeX aHaJIM3MPOBAHHHX TOJILKO MOJIHHE HHTEepBaJiH 19 mMpPOKOpaCHpoOCTpaHeH-
HHX BHOOB MOT'YT OHTBb YIOPANOYEHH TaK, YTOOGH HX IIOCJeNOBAaTEeJIbHOCThL He majla NpH Koppess-
LHH pa3pe30B NMPOTUBOPEUYUBHX pPe3yJIbTATOB. MHOI'Me TAaKCOHH, B TOM YHCJIE H WHPOKOPACIHPOCT-
PaHeHHHEe, MMENT B yIaJIeHHHX pa3pe3axX COBHHYTHE BO BPEMeHM HHTEpBaJll CymeCTBOBAHHA. 2

puc. Bu6n. 40 Has3B.

YIOK 565.393:551.733.3 /474/

BEeHJIOKCKHE M TNO3OHEeCHJIYPHHCKHEe acCOlUHalHUH TPHUJIOOHTOB I[IpHGaAJITUKH M HMX CTpaTurpaduyeckoe

3HauyeHHe. MaHHUNL P33T. B KH.: DkocTpaTurpadus cunypa [pubantuku. TannuH, AH 5CCP, HH-T

reon., 1982, p. 63 - 70 /aHra., pes3., PYycCCk./.

B BEHJIOKe M BepxHeM cuiaype [Ipu6aJITUKH BHOEJIEHO 12 TpHJIOGHMTOBHX accouyalui, 3aMema-
MMX OPYyr Opyra BO BpeMeHH H NpocTpaHcTBe. HauGosiee mMpOKn» pacClIpOCTpPaHeHH NpelcTaBHUTEeJIH
OTKPHTOMENbLPOBHX KM CKJIOHOBHX accouuauuit, B BEHJIOKe acconuauusa Encrinurus punctatus, B

aynjnoBe - accounauuu E. macerourus u Proetus signatus. 2 puc. Bubn. 25 Has3sB.

YOK 565.33:551.733 /474+486.92/

K 30Ha/lbHOMY pacCuJIEHEHMK BepXHero cwiypa IIpu6aJITHKM IO ocTpakomaM. CapB_Jl. B kH.: DKO-
cTpaTurpadus cunypa [pu6anTuku. TasuuH, AE 3CCP, WUH-T reon., 1982,p.71 - 78/aHrn., pes.
PYyCCK./.

PeBU3HUsA BEpPXHECHWJIYPHHACKHX OCTpPAaKOOOBHX 30H [Ipu6aJyITHKH INokasaJa lieylecoo6pa3HOCTH
BHIEJIEHHss B pas3HopalHaJIbHHX OTJIOKEHHAX NapauleJIbHHX, 60Jiee-MeHee OOHOBO3pPaCTHHX 30H. B
JNymjioBe TAaKHX 30H 5, B JmayHTOHe - 7. PaccMaTpHBaeTCs pacCHpOCTpaHeHHEe 30HaJIbHHX W HEKO-
TOPHX ACCOLUHMHPYONHUX C HHMH BHOOB B BEpXHEeM cuilype ocTpoBa I'ornanm. 1 Ta6n. 1 puc. Bu6bi.

11 HasB.

YOK 56.016:591.52:551.733.33 /474/

[IOo3OHECHUIIYPURACKHE MEJIKO—- H I'JIy60KOBOIOHHE KOHOOOHTH IIpu6asiTMkH. Buitpa B. B kH.: DKOCTpa-

THurpadua cunypa Ipubantuku. TayuH, AH 3CCP, HUH-T reon., 1982, p. 79 - 88 /aurm., pes.

pycck./.
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AHaAJIM3UPYEeTCA pacnpoCTpaHeHHe BEepXHECHJIYPHACKHX KOHOOOKTOB B pa’pesax 7 BypOoBHX
CKBaxuH H Gonee 30 o6HameHHUN. BHABJIEH ¢anHaNbHHA KOHTDOME pacClpeleyIeHHsa, O YeM CPuIe-
TeNbCTBYeT HAaJIMYHEe JIa'YHHHX, OTMEJIbHHX, OTKPHTOWE/IbPOBHX H CKJIOHOBHX accouuasu. 3710
o6ycylaBJIHBaeT HEOO6XOOQHMMOCTBL CO3HOaHHUA IOBYX NapaliyleIbHHX MEeCTHHX 3O0HaJIbHHX CXEeM N0 KOHO-
OOHTaM — OOHOM IJIA OTJIOKEHHH wenbda, IOpyroft - mia 6Gojiee I'IyGOKOBOOHHX OTJIOXKEeHHit. 3 pHC.

Bu6n. 12 Has3B.

YIOK 56.016:551.733.3 /474+482.96/

Koppensauua cunypa [IpHu6anTHKH H ocTpoBa T'OTiaHO NO XHTHHO30:sM. HecTop B.-K. B KH.: DKO-
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