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-
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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.
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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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