
ECOS:'f�TIGRJI.PHY - Sm1F. ASPECTS FROM EAST BALT I C  PRACTI CE 

D .  Kal j o  

Up t o  now there i s  no unamb i guous unders tanding o f  t he content and e s s enee o f  

ecos tratig raph y .  The atternpts ( Ho f fman , 1980; Kpac Hno a ,  1977; Me�eH , 1980, e tc . )  to 
e l ucidate its concept ual bas i s  and l imits have revealed only mor e  d i s t inctly t he 

mul t i face tne s s  of ecos tratigraphy as " a  broad movement among s c i e nt i s ts " (Mar t i nsson , 

1978). Although the a uthor is t hink i ng that the thecry o f  ecostrati graphy needs 

f urther development , a nd , in view of hi therto opinions t he creation of a common thecry 

i s  undoubted l y  po s s ib l e , he regards the exi stence o f  d i f ferent approaches quite nor 

ma! .  Th e s earch f o r  d i f ferent pos s fr>ilit ie s i s  alway s welcome , espe c i a l ly in c a s e  o f  

eco s tratigraphy as a working d i r e c t ion which i s  s t i l l  i n  the s tage of its deve lopment . 

Cons idering the pr e s ent s ta te o f  the thecry o f  ecostratigraphy , a compreh ens i ve 

ana l ys i s and genera l i zation are nece s s ary i t  i s  favoured by the acc umul ation of 

rath er solid materia l . We hope tha t  the completion o f  the pro j ect " Ecostratigraphy " o f  

the I nterna t iona l  Geo log i ca l  Corre lation Programme wh ich i s  s o o n  t o  take p l a c e  w i l l  

s timulate o u r  co l l eag ue s  f o r  the above s tudies . I n  the pre s ent paper we s ha l l  con f i ne 

our s e lves to the pre s entation o "f the co ntent and aims o f  the studies carried o ut in 

th e Eas t Baltic , in the f i rs t  place at the I ns t i tute o f  Geology o f  the Academy of 

Sc iences o f  the Es tonian SSR attemptingto show the po s s ib i l i ti e s  they o f f er as a di

rection o f  ecos trat igraphy . 

In o ur d i s c us s ion we shall  proceed f rom the opinion that ecos tratigraphy is a 

part ef s tratigraphy , to be more exact a part o f  biostratigraph y and i t  has i t s  

s pec i f i c  tas ks . F o r  that r easen e co s tratigraphy cannot be ident i f i e d  n e i ther with 

bios tratono my nor w i th pa laeoecology , a l tho ugh the d i s tr i b ution of fos s i l s  i n  rocks 

and ecology o f  fos s i l  organi sms s erve a s  its main me thods . Eco s tratigraphy purs ues 

s t ra t igraphical not biological goa l s .  

O n  the o t her h and , w e  d o  no t  th ink , as s ome au thor s do , that th e mai n  task o f  

ecostrat igraphy i s  to create a new s tratigraphy w i th i ts own ( s pecia l )  method and ter

minology . For examp l e , J .  B .  Waterhou s e  ( 19 7 6 )  cons idered ecos trati graphy as the 

fo urth independent category o f  s tratigraphy between l i t ho- and b i o s trat igraphy . He de

fi ned i t  as a s t ud y  o f  fos s i l  ecosys tems i n  a chronolog ical and s tratigraph i c a l  f rame 

work , and for that purpo s e  introd uced a s e t  of spe c i a l  terminology and c l as s i f i cation 

o f  un its . 

The above defini tion is q uite acc eptab l e , however , to o ur mi nd the exi s t i ng 

s tratigraphical codes and g uides ( e .g .  Hedb erg , 1976; �aMo��a H �p . ,  1977) wh i ch com

pr i s e  d i f f erent s ets of s tratons , aecept (of cours e , depend i ng on category to a c e r 

t a i n  extent ) the fac i a l  ( re s p . ecolog ical ) principle o f  de termining t h e  boundar i e s  of 

tho s e  un i t s . Cons eque nt l y ,  the mai n  tas k  i s  the improvement o f  the pr es ent s trati

graphy b y  us ing o f  data on ecology o f  fos s i l  org anisms and analys e s  o f  pa laeoeco s y s 

tems b ut no t  i t s  s ub s t i t ution with a new one . T o  o ur mind the k e y  o f  progres s i n  the 
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stratigraphy hides itself in a cornplex and supple application of different rnethods 

(see also reKKep, 1980; another interpretation of ecostratigraphy is not so important 

in this case) . Although ecology, the data about ecolagieal control of the distribution 

of organisrns were used in stratigraphy already long ago, it has been evidently in

sufficient. 

As the rnain 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 di.fferent 

facies origin (or the crossing of facies boundaries or tracing of synchronous levels) 

and the irnprovernent of stratigraphical schernes (Kanbo, 1979a). 

Our investigations are airned at solving the following problems: 

1. Elucidation of stratigraphical and areal distribution of cornrnunities in depen

dence of facial conditions; cornpilation of zonal stratigraphical schernes by single 

groups of organisrns (graptolite, ostracode etc. zonations), their correlation. 

2. Irnprovernent of sedirnentary-facies roodel and cornpilation of lithofacies rnaps 

(by time intervals or short events) reflecting facies structure and the evolutio� of 

the basin. 

3. Analyses of palaeoecosysterns of basin, their correlation and interpretation 

from stratigraphical and other points of view. 

Our airn is to give an integral treatrnent of the ba3in - 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 stratigraph.ical 

frarnework. 

Striving for the airn we do not confine ourselves to the application of ecolagieal 

inforrnation only, but take advantage of all the other methods which enable to elucidate 

different pararneters of life environment, to adjust the dating of geological events 

and reconstruct proeesses 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 nirection we do not ex

clude other possible approaches, vice versa, we aecept the developrnent of several 

different rnethods (resp. approaches) which, this OL that way use ecolagieal inforrna

tion. We agree that from ecostratigraphical point of view extensive, purely des

criptive taxonornical, lithological, etc. prelirninary work is also of necessity. Nihil

istic attitude towards the latter favours, by no rneans, good results. On the contrary, 

ecostratigraphy requires a real complexity. 

On ecosystems in stratigraphy 

A. l1artinsson (1973) defined ecostratigraphy as a part of stratigraphy which 

deals with the correlation of fossil ecosystems and their arrangernent in a geochrono

logical frarnework, as well as with the elucidation of the levels of tirneplanes through 

environmentally defined stratigraphical units. 

In connection with the above staternent there arise two questions: firstly, how 

to understand the terrn "fossil ecosystern", and secondly, how to correlate thern, i.e. 

how to solve the most cornplicated stratigraphical problerns with greatly differing 

facies. 

In the following we shall confine ourselves to the first problem as the second 

one has been discussed elsewhere (Kanbo, in press). Let us only note in connection 

with the latter that alongside other possibilities (e.g. several inorganic effects 

such ", cyclicity, layers of volcanic ash, Krasilov's 1977 suggestion to use syn

ch�onous changes of cliseries) we have used the different arnplitudes of ·the fa�ies 

distribution of fossils based on different degree of ecolagieal toleranee of orga-
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n i sms . It enable s  to c ro s s  f a c i e s  boundar i e s  corr e lating b iozonat ions of the d i.f f e :tent 

groups . 

The ma in idea o f  eco s ys t em  was given b y  Evans ( 1 9 5 6 )  wh en he wrote that Tan s l ey 

propo s e d  eco s ystem as a name for the interacting system compr i s ing l iving things to

gether with the ir nonliv ing hab i tat . 

Of cours e ,  such a s i rnple definition.cannot r e f lect the entire compl ex ity of d i f 

fer ent e co s y stem s , b u t  it i s  important that each eco s ys t em  h a s  i t s  own s pe c if ic nature 

uniike the other s . I f , in order t CJ get a complete idea abo ut an ecosystem, we mus t  

know very m uch ( from a list o f  components up to metabo l i sm and ener gy f low ) then for 

b r inging o ut its s pec i f i c  nat ur e  ( somEt imes even onl y pre liminar y one ) we need con

s iderab ly le s s . 

To o ur mind j us t  the la s t  matter i s  o f  interest for eco s trat i graphers who have no 

po s s i b i li t i e s  to revea l  the ma jor i ty , let alone a l l  biotic and ab iotic components and 

r e lations , occ urr ing in ecosys ... ems . Thus , s peak ing abo ut the usa ge of ecosy s tems (or 

pala eoecosys tem s ) in stra t i gr aphy a deta i l ed descr i ption o f  an eco system i s  o f  no 

need ; it wil l  be eno ugh to know i t s  ma in features enab l i n g  to r eveal its nature , and 

to define i t , i . e .  to recogn i z e  it arnong the other s . 

Hav ing s e t  up the tas k  o f  the s tud y o f  a pa laeoecosys tem on the level o f  i ts 

character i z at ion and defin i t ion we do not s hare the pes s imi sm o f  some a uthor s b ut are 

o f  opinion that pa la eoeco s ys t ems may be s uf f i c iently s t ud ied and used in Palaeozoic 

strat i graphy a s well .  

I n  proof of the above w e  sho uld like t o  pre s ent some mater ial on the East Balt ic 

S i lur ian to show what the rnos t  important " liv ing and nonliving" components of s ome 

pa laeoeco s y s t e ms look like and how they change in s pace and t ime . Firstly let me refer 

·to a ser i e s  o f  li thofac i cs maps o f  the Ea s t  Balt ic S ilur ian ( Kanbo , �)pre H C OH ,  1 9 7 7 ) . 

The s e  maps s ho w  that nonliv ing components o f  ecosystems - nowaday ' s  rocks r e f lecting 

environmental cond i t ions o f  s e dimentation , form bel t s  or areas of d i f f erent compo s i 

t ion . Their s e guence r e f lects zonal change in e s s ent ial character i s t ic fea t ur e s  of 

the env iro nment depth , type o f  bottom , wave energy , chemi c a l  compos it ian o f  water , 

etc . I t  is c lear ly seen from the maps that environmenta l parameter s exper ience r eg ular 

mut ua l  change s , and the cordi t i ons of the same type loc a li z e  in cert ain areas . 

Let us r eprod uc e  here onl y one example (F ig . accord ing to Kanbo , �reHCOH , 197 7 , 

s impli f ied ) on the Jaagarahu Stage . 

I .  Shoa l depos i t s : pure , often well- s or ted gra i ned lime stones ( spar ites ) ;  organic 

bui l d ups loTi th s troma toporo ids ( Vi k i n g i a  ·ten u e  Commun i t y )  and some r ugo s e  corals (Aaer 

vu l a r i a  ana n a s ) .  Out s ide bioherms abundant tab ulate (Ha l y s i tes j u n i o r  Comm unity )  and 

r ugo se corals (Mi c r op l a sma s c hm i dt i  and Ko do nophy llum t ru naa t um Community)  and brach io

pods ( S t e g e r h y n a h u s  Co mmunity ) , etc . occ ur .  

Some b ioherm s  are r i ch in a lgae . 

These rocks have formed in nearshore h i gh ener gy sea where the water depth do es 

not exc eed 20 m ( i t:  was abo ut 10 m ,  preva i lingly ) , wat cr was 1.,e l l  l i ghted and r ich i n  

ox �gen . The bottom wa s preva i lingly hard , coar s e - grained t o  shingle , m ud occurred only 

i ü  patche s ; i t s  arno unt increa s e s  toward s the open s ea , and landwards in the shade o f  

reefs . 

II . Open- she l f  d e po s its : preva i l ingly c l a yey nodular lime stones , to a greater or 

sma ller extent d ctritic ( biomicr ites ) , poorly sorted , in plac e s  mar ls with 11mes tone 

intercalat ions . F a una has a var i e ga ted gro up compos it ian - f ir s t  o f  a ll brach iopods 

(Wh i t fi eldella Community) and o s tracod es ( L ep t o b olb i na quadriau spi da t a, C l a v ofab e l l a 

ju v e n c a ,  etc . ) o c c ur ,  however ,  other groups ( e spec ially c r ino id s , cora ls , bryo z oans , 

t r i l ob i t e s  and mo llus c s ) are a l s o  rather ab undant and d iver s e . 
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(Wenlock 

1-boreholes; 2-limit o f  faci e s  

belt; 3 - l im i t  of th e pre s ent 

d istribut ion of corres ponding 

ro ck s ;  4 - s t roma to poro ids ; 5-ta

bulate cora l s ;  6 -brach iopods ; 

7 -o s tr a code s ;  8 -tr i lob ites ; 9 -

e chinoderms ; 1 0- graptol i tes ; 

1 1 -fa ci e s  belts d e s cr ibed i n  

L---------------------------------------------------------� text . Dominant groups are s hown 

in circ les.  

T he s e  roc ks wer e  formed in the s he l f  s ea ,  up to 1 80 m in depth (Kal j o ,  1 9 7 8 ) , its  

wa t e r  ma s s  be long s t o  the eupho tic zone , however , near the bottom ( b elow wave bas e )  

the water activi ty wa s ins ig n i f icant. S t i ll ,  the content o f  ox ygen was su ffi cient for 

ab undant bo ttom fauna . T he sea bottom �·a s muddy with sand and rather abund ant grave l  

gra i n s . 

I I I .  a nd I V. Depos its o f  tra ns i t ional (s l o pe ? )  b e l t  and deep bas i n . In the f i r s t  

one - mainly g·ceen mar l s  w i t h  r a r e  detr itus , in pl aces with 11mestone i n ter ca l at i ons , 

in the second one mar l s  

be l t  domina ted t he as soc iation 

(preva i l ing ly gray ) 

of bra ch i o pods 

and clays ( argi l l ites ) .  In the s lope 

(D1:coc lot�-ia - Skenidioides C ollUilunity ) , 

o s t racode s  (podo copids ) and tr i lob ites ( Calymene orthomarginata Co llUiluni ty )  in pl aces 

a l so c r ino ids and s ome o t her b enthic gro ups , and rare grapto l ites o ccur . 

The num be r  o f  the l a tter g rew w i t h  th e de pth , at the s ame t ime b enthos showed 

dec rea s•� in ab undanc e and diver s ity , and pra ct i ca l ly d i s a ppeared in deep water s edi 

�e�ts. Ocr.urr�d o nly gra�to l ites w i t h  rare brac hiopods (l i n gu lids ) ,  hyol i thid s  and 

some o:hecs. 
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Th e s e  depo s its were formed in the lo w ener gy deep water area of the b a s i n  which , 

accordi n g  to o c eanograph ical te rmino logy sho uld be ref erred to th e gentle s lope , where 

the wat er d e pt h  exceed 200 m (Hec Top , 3�Ha cTo ,  1 9 7 7 ; Kalj o ,  1 9 7 8 ). In the near-bottom 

la yer the oxy gen content was low 

in grapto li t i c  ar gi llites up 

( the content 

to 1 8  %) • It 

b entho s . The bottom wa s soft and muddy . 

of organic carbon in grey mar ls i s  7 %, 
accounts for the d i sappearance o f  the 

Summar i z ing the data on the s econd companent o f  an ecosys tem - " livi rrg  things "  of 

the pa laeobas i n  descr ibed ab ove , and the da ta pub li s hed in a lot o f  paper s , e s pecia l l y  

in two books - " F a c i e s  and f auna o f  the Eas t  Balt i c  S i lur ian" ( Kan:&o , p �,Il. , 1977) and 

" Commun i t i e s  and bio zones o f  the Eas t Balt ic S i lur ian" ( Kan:&o , KJlaaMaHH , pe,Il. 198 2 ) , 

we can s e e  c lear ly , a s  i t  i s  a lready we ll-known from the world pract i c e  i n  the fi eld 

of palaeofauni s t i c s  and pal aeoeco lo gy , that the compo s i tian o f  fauna ( group , s pec i e s  

and trophic compo s i t ion , d i s tr i b ution o f  commun i t ie s )  var i e s  wi th in t h e  l i mi t s  o f  a 

ba s in ,  it d if f er s  w i th facies  belt s  in dependance o f  the change s  in environmental con

d i t ions . I n  other word s , every part ( facies ) o f  the basin i s  character i z ed b y  a s re

c i f i c  a s sociation o f  o r ganisms . 

Gener a li z in g  the given data on the living and nonliving components o f  an eco

system ,  we can s e e  that certain parts o f  the ba s in are of s pec i f ic character , wh ich 

dist ingu i shes th em from one another . tr-le think i t  i s  pos s ib le to treat them as palaeo

eco s ys t ems . 

Bo undaries between pa laeoecosystems may be tran s i t ional or d i s tinc t , d epending on 

the rate o f  change s  in the character i s tic parametres , at the fir s t  place o f  the l i tho

lo gica l  compo s i t ion . To a certain extent d i s t inctne s s  o f  the boundar y depends also on 

the rank o f  an pa laeoec osys tem - usua lly sma ller units (of lower rank ) have mor e  d i s 

t inct boundar i e s . 

In contr a s t  to contemporary eco s ys tems , pa la eoecosystems have a lso duration and , 

a s  we say in geo lo gy , lower and upper boundar i e s . As the boundar ies of ecos ys tems are 

determined ecolo gica lly , then , as a ru le , the y are diachrono us and onl y in certa i n  

c ases synchrono us , when the change o f  the environment h a s  been d ue t o  a s pec i fic 

reason , e . g . rapid enou gh change o f  c limate ( KpacH JlOB , 1 9 7 7 ) . 

It i s  easy to s e e  that palaeoeco systems are rather s imilar in character to l i tho 

s trat i graph i c a l  ( according to Hedb er g' s ,  1 9 7 6 , guide ) or local s trat i graphical s ubdi 

vis ions a "cording to the s tr a t i graph ic a l  code of the U . S . S . R .  ( >KaMO:A:.Ila H ,Ilp . ,  1977). 

Accord ing to the abo ve examples , the ecosys tem of shoa l inshore belt cor r e s ponds to 

the Jaagarah u Format ion , but the ecos ystem · o f  open s h e lf to the S orve Format ion, 

the ecosys tem o f  deep s e a  corr e s ponds to the Ri ga Format ion , etc . Here o ur viewpo int 

do es no t fu lly co inc ide with the opin ion uy V .  A .  Kra s i lov ( KpacHJlOB , 1 9 70 )  who consid

er ed chronos trat i graphical,  fac ial and r e giona l s tr a t i graphica l units as pal aeoeco s y s 

tems . Th i s  cone lus ian acknow ledge s  bo undar ies of a ll given uni t s ,  among them tho s e  o f  

chrono s tr a t i graphical ones , f a c i a l  in e s s ence , only th i s  contra dic t s  to t h e  idea o f  

chrono s trat igraphy i t s e lf . 

Therefore I sho uld form ula te th i s  in pr inc iple correct cone lus ian w i t h  t h e  con

s ideratian o f  the character of boundar i e s . Pa laeoecosystems have natura l,  more or les s  

d i s t i nc t , boundar i e s . 

Th e same type o f  boundar ies ( fac ia l) have a ls o local s tratons ( accord ing to the 

code o f  t he U .S . S . R . , �aMO:A:,Ila H ,Ilp . ,  1 9 7 7 ) , b ut ,  not a lways chrono s t rat i graph i c a l  ones 

(g eneral and reg iona l accord ing to lKaMO�.Ila H .I{p., 1 9 7 7 ) . Qui t.e often the bo undar i e s  of 

s ta ges or regional s tag es do no t coincide wi th those o f  format ions ( s ee F i g .  3 i n  Hol

land , 1 9 7 8 ) . 

As a lready s a i d , we see a lmo s t  full coinc idence o f  ecosystems w i th li tho s tra t i 

graph ical units , e s pec i a lly with formations according to Sov iet code . Th e bas ic d i f-

1 3  



f erence li e s  in the e s t imation of pa laeontolo gical and ecolog ical information - a s  i s  

known , the true litho s trat i graphy neglects i t , t he Soviet code takes i t  into �cco unt 

but far ins uf f ic iently .  

I n  o ur practice o f  Eas t  Baltic S i lur ian s tratigraphy we consicie r t:hat local 

s t ra t i graphica: s ubd i v i s ions ( e spec ia lly forma tionP and rnembers ) should have faci ally 

(res _p .  eco lo gi c a l ly )  de f ined bo undar i es .  With th is we ta Ke pala eoeco s ys tems a s  a b as i s  

for tho s e  unit s . V .  Kras i lov r e gards the cevelo pment o f  th � bios ph er e  a s  a continuo us 

and d i scontinuo us proc es s ,  wh ich i s  d i s tr i b uted into s e veral stages . To the s e  s tages 

c orre s po nd ( in an ideal cas e )  chronostrati graphical units , which , i n  es s ence ,  serve as 

palaeob iosphere s  ( K pa cHnoa , 1 9 70 ) . We ent i rely acknowledge this inter pretation of a 

chr onos tr at i graph 1c al straton . From above follows that synchrone i ty not eco lag ieal 

( facial) bas i s  are tak �n into c ons ideration for the determina t ion o f  the bo un naries of 

s uch uni ts .  I ndeed , here th e reg ional s t a ge which connect s  s ynchronou s, b ut being of 

d i f f erent facies o r ig i n , rocks s erve s  a s  a g0o d example (�aMOR�a H �p . , 1 9 7 7; Kanbo, 

1 9 7 9  õ}. 

Thus , two d i f ferent i nterpre �at ions o f  a pa laeoeco s y s t em  s h uu ld be acknowled ged -

the f ir s t  one wh ich i s  based o� the internal unity and mut ua l  dependence o f  the de

v e lo pment o f  environment and b iota on the d i acrete units o f  the s e  and make s  a bas i s 

for loc a l  or lit hos trati graphy ,  and th � second one which takes advanta ge of the evo

lution o f  an ecosys tem a s  a b io s ohere ( s equence of pa laeo ecos y s tems } and s erves as a 

bas i s  for chrono s trati gr a phy . 

From the above f ollows that we do not need any s pec ial ecos tratigraphical uni �s 

and th us we do not think i t  nece s s ar y  to c la s sify ecos tr atigraph y  as a spec i a l  ca 

tegory o f  strat i graphy . Instead o f  it ecos tr a t 1graph y  ma y pla y  a ver y pos itive role a s  

a method o f  correlat ion and b as i s  o f  s trat igraph i c a l  units . 
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ЭКОСТРАТИГРАФИЯ - НЕКОТОРЫЕ АСПЕКТЫ ИЗ ПРИБАЛТИйСКОЙ ПРАКТИКИ 

д. Кальо 

Главная идея экастратиграфии заключается в усовершенствовании стратиграфии путем 

использования информации об экологии ископаемых организмов и анализа палеоэкосистем. 

Существуют разные понимания экостратиграфии; в Институте геологии АН ЭССР целью эка

стратиграфических исследований является целостное описание седиментационного бассейна, 

его фаций, геологического строения и эволюции биоты. Для этого изучаются: стратиграфи

ческое и географическое распространение сообществ, их зависимость от фаций, биозонация; 

составляются литолого-фациальные карты, отражающие последовательное изменение среды; 

анализируются палеоэкосистемы бассейна, проводится их стратиграфическая интерпретация. 

Приведен краткий анализ палееэкасистем средневенлакского яагарахуского горизонта 

Прибалтики. 

Исходя из разного характера границ местных /литостратиграфических/ и общих jхроно

стратиграфических/ стратонов, возможны два различных толкования палеозкосистен. Пер

вое - базирующее на внутреннем единстве и взаимо�вязанном изменении среды и распростра

нения биоты, служит основой местной стратиграфии /литостратиграфии/, второе - рассмат

ривающее экоеистему как биосферу, а ее развитие как последовательность палееэкасистем 

/палеобносферj, составляет основу для хроностратиграфии. 
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