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PREFACE 

The development of ecostratigraphy and i t s  ever-growing popu l a r i ty are charac ter­

i s tic of the s trat igraphy o f  the pas t  decade. We entirely aecept B .  Sokolov ' s  s tand­

po int who b e l i eves that the succe s s  of eco s tratigraphy i s  due to "an effor.t of the 

present-day geologi s t s  and palaeonto log i s t s  to unders tand the l i fe i n  geolog i c a l  pa st 

not only a s  the h i s tory o f  a s eparate phylurn or a s et o f  "guide f os s i l  a s s o c iat ions" , 

character i s tic of d i f f erent level s  o f  s tr a tigraph i c al sca l e , but as a sys tem of mutual 

l i nks b etween evo lving cornrnu n i t i e s  and changi ng envi ronrnental cond i t ions" (CoK onoB , 

1980). Sys tem approach , s earch for general patterns governing both b iotic and ab iotic 

l i fe e lements and the ir appl icat ion to b i ochron correlation at the ecosystem level 

seem to b e  the mos t  character i s t i c  feature s o f  eco s tratigraphy . True enough , the con­

tent and methods o f  ecoptratigraphy have been a sub j e c t  o f  d i s cus s ions. How ever ,  di­

vers i ty of opinions i s  rather advantage than d i s advantage of ecos trat igraphy , s i nce i t  

is jus t  t h e  d i s c u s s ion that h a s  often accompanied and s t imul ated t h e  deve lopment o f  a 

branch o f  s c i ence . 

A part o f  the mate r i a l  pub l i shed here was reported in brief at th e Project 

Ecostratigraphy Mee t i ng on Got l and , Augu s t , 1981. The papers pre s ent the r e s u l t s  ob­

tained at the f ir s t s tage o f  the eco s tratigraphical r e s earch in the Eas t  B a l t i c  area 

g iving much a ttention to the s tudy o f  the re l a tions between the d i s tribution of 

organisms and fac i e s . The mai n  approaches u s ed were as fol lows: 

1 )  s ubdiv i s ion o f  sect ions into l i tho- and cyc l o s tratigraphic a l  units (f ormat ions , 

mernber s , cyclothems ) 1 

2 )  environrnental i n terpretation of rock s  on the basi s of the fac i e s - s edimentary model 

of the Baltic S i lurian Bas i n1 

3 )  cornpi lation of l i thofac ies maps to show d i s tr ibution of f a c i e s  in the bas in1 

4) bio zona t ion to genera l i z e  vertical d i s tr ibut.ion o f  fos s i l  organi sms; 

5 )  es tab lis h i n� of cornrnunities to s how geograph ical di s tr ibution o f  fos sil organi sms , 

their r e l a t ions w i th environment , and to understand the nature of the boundar i e s  

o f  strat igraph i c a l  units . 

By thes e  means we have oht a i ned rather good knowl edge of the di stribut ion of 

s tromatoporo ids , tabulate cora l s , brachiopods ,  tr i l ob i te s , o s tracodes , conodonts , 

chitino zoans , grapto l i tes and vertebrates . I t  contr ibutes to better u nders tanding of 

cau s a l  and h i s tor i e a l  background of the changes in the pal eoba s i n . As to s tratigraph­

ical correlat ions the fol lowing shou ld be mentioned : if the bounda r i e s  of different 

bio zones are coinciding and also w i th tho s e  of l i thos trRtigraph i c a l  units , i t  refers 

to the facies nature o f  such bounda r i e s . As a rul e , they are di achronous and only to a 

smal l er extent synchronous ( the boundar i e s  of cyc l o thems) . 

The Baltic pericont i nenta l S i lurian b a s i n  which embraces bes ides the Eas t Baltic 

area a l so Gotland and a part of Poland 

eal inve s t igations . Th i s  is j u s t i f ied 

may s erve as a tes t  bas in for ecos tratigraph i ­

b y  a wide s e t  o f  d i f f erent fac i e s  enab l ing to 

of t idal f l a t  up to mudstones and sha l e s  rich s tudy depo s i t s  from pr imary do lomites 
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i n  orga nic matter of the central depress ian of the basin. �hc small number of longer 

hiatus es, ri ch and well preserved fauna, 

able conditions for the e l abora tion of 

numerous cuterops and borings create favour­

many probl ems of ecostratigraphy , espec ial ly 

correlation of the different facies. We think the l a t ter is one of the main tasks of 

ecostratigraphy. It is also favoured by a long-term s tratigraphic a l  s tudy of the area. 

The current s tratigraph i c a l  s cheme of the Eas t  Ba ltic Si lurian is presented here in 

order to fac ilit a t e  the orient a t ion of a reader in the name s of units , their hierarchy 

a nd corre lation (Tab l e )  . I t s  le f t  side shows the re lations betwee n the basic s trati­

graph i c a l  un its o f  the East Ba ltic S i luri a n  Bas i n  reg i o n a l  stages - and S i lurian 

standard un its, whereas the right side presents the corre l a tio n of loca l  strati ­

graphi c a l  units. A reg ional stage i s  treated as a chronostra t igraph i c a l  uni t mare or 

less w i thin the 11mits o f  wh ich l ithostratigraph i c al or l o c a l  un its , such as forma­

t i ons , members , beds are distingu ished i n  d i f f erent parts o f  the b asi n . I n  ess enee the 

<;iven scheme repeats the un i f i ed stratig
,
raph i c a l  s cheme for the East Baltic (see 

P eweHHR .... , 1978), a lthough the recent studies c l a im to the i ntroduction o f  some cor­

rections . Since , for the tasks of the present book the majori ty of the s e  corrections 

is not o f  e s s ent i a l  importance ,  we have i ntroduc ed only one adjustment : Ve n t s p i ls Beds 

(Ludlow) in the are a  of We s t-Latvi a  - West Li thua n i a  are ra i s ed from the leve l of the 

Paad l a  Reg ional Stage to that o f  the Kuressaare Reg iona l Stage . Thi s  eerreetian i s  

proved by a comp l ex o f  pa laeonto lo g i c a l  evidence ohta i ned through the s tudy o f  verte­

brates , conodonts , chitino zo ans a nd tri l ob ites. In the area of c arbonate (sh e l ly) 

f a c i e s  the corre l ation of many Eas t  Baltic reg i o n a l  s tage s  with the grap to l i t e sta n­

dard of the Bri t i sh I s l es is o n l y  approx imate . For this rea s a n  the boundari e s wh i ch are 

poorly motivated due to the l ack o f  more pre c i s e  data are g iven in a broken l i ne . The 

reaaer wi l l  f i nd in the left s ide of the s cheme the indexes of a l l s tratigraphical 

un its (re g i ona l stag es and the ir s ubdiv isi ons) used in the pres e nt book . In  the text 

they wi l l  not be dea lt with any mare . With respeet to term i no l ogy we b eg the reader to 

consider that frequent l y  occurring term "reg ional stage" (in Estonian "lade" , i n  Rus­

sia, "ropH30HT") i s  shortened to "stage" for the sake of bri efne s s .  

And , at l a s t , w e  hope that the scheme pres e nted wi l l  contri bute to eerreet spe l ­

ling o f  names o f  stratigraph i c a l  units o f  the Silur i a n  o f  E s toni a ,  Latv i a  a nd L i thu­

a n i a  in languages whi ch use the La t i n  a l phabet . 

We thank He l l e  Kukk , Dr. Elga Kurik and Anne Noor for transl ations a nd other 

l i nguist i c  he l p ,  Ludmi l l a  Li ppert and �are Saare for draw ing s and di f f erent techn i c a l  

assistance . 

D imitri Kaljo 

Einar Klaamann 





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 

9 



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-

10 



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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Fig. 
Fac i es b e l t s  a nd d is t rib ut ion 

of dominant fos s il 

the Jaagarahu t ime 

Ea st Balt i c \. 

g roups o f  

(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-
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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 . 

References 

Evans , F .  G .  Ecosys tem as the bas ic unit in ecolo gy . 

p .  1 1 2 7- 1 1 28 .  

Science , 1 9 5 6 , vo l.  12 3 ,  

Hedberg,  H .  D . , Ed i t . I nternationa l  S trat i graphic Guide . - New York , London ,  S ydney , 

Toronto . J .  W i ley and sons , 1 9 7 6 , 20 0 p .  

Hof fmann , .A . Eco s trati graphy : the lim i t s  o f  applicab i lit y . - Ac ta Geo l .  Polon . , 1 98 0 ,  

vol .  30 , p . 9 7- 1 09 .  

Ho lland , e. H .  S trat i graph i c a l  c la s s i f ication and a ll that . 

p .  8 5- 90 . 

Lethaia , 1 9 78 ,  vo l . 1 1 , 

Ka lj o ,  D .  On the b athymetric d i stribution o f  grapto lites . - Act a  palaeont . Polon . ,  

1 9 78 ,  vo l .  2 3 , p .  5 2 3 - 5 3 1 . 

Martinsson , A .  Ecostratigraphy . - Lethaia , 1 9 7 3 , vo l .  6 ,  p. 4 4 1- 4 43 .  

Martinsson ,  A. Pro ject Ecos trat i gr aph y. - Le thaia,  1 9 7 8 ,  vo l . 1 1 , P· 84 .  

Waterhous e , J .  B .  The s ign i f icance o f  ecostrat i graph y  and the need for b ios tratigra­

ph ic hierarchy in s tr a t i graph i c  nomenc la t ure. - Leth ai a ,  19 76 ,  vo l .  9 , p .  3 1 7 - 3 2 5 . 

reKKep P .  �. 9KOnOrHH Hacene HHH �peB HHX õacceRHOB H CTpaTHrpa$HH. - B. KH.: 9KOCTPaTH­

rpa �HH H aKonorH�eCKHe CHCTe� reonorH�ec�oro npownoro. n., HayKa, 1 98 0 ,  e. 12 - 20 .  

�aMOR�a A .  H . , Ko BaneBCKHR 0 .  TI., MoHcee aa A. H., HpKHH B .  H .  CTpaTHrpa$H�eeKHR KO�eKC 

CCCP . n., BCErEH , 1 9 7 7 , 80 e. 

KanbO �. n. Oõ 9KOCTpaTHrpa�HH . - H 3 B . AH 9CCP . reon . , 1 9 7 9  a , T .  28 , e .  7 5 . 

KanbO �. n. 0 C TpaTHrpa�H H  CHnypa TipHõa ,,THKH H COO T HO I!IeHHHX pa sHblX THnOB C TpaTOHO B .  -

H s a .  AH Kas CCP , cep . reon., 1 9 7 9  õ, e .  10 7 - 1 1 5 . 

1 4  



Kar.bO �. n. nH030H� H KOpper.�J�H� pa3HO�a�Ha1lb�X eBHT. - B .  KH.: CoBpeMeHHOe 3HaqeBHe 

naneOH'IOJIOrHH .IVI� eTpaTHrpa�HH. n. , HayKa, B neqaTri. 

KanbO �. n., KnaaMaHH 3. P., pe�. Coo6�eeTBa H 0H030H� B eHnype llpHOanTHKH, - T&nnHH, 

Banrye, 1 98 2, e. 8- 1 1 . 

KanbO �. n. , pe�. �a�HH H �ayHa eHnypa llpHOanTHKH. TannHH, AH �CCP, 1 9 7 7 , 28 6 e. 

KanbO )l. n. , IOpreHeOH 3. A. �<l�Ha1lbHa� 30HanbHOeTb eHnypa DpHOanTHKH. - B KH.: �a�HH H 

�ayHa eHnypa üpHOanTHKH. TannHH, AH 3CCP, 1 9 7 7 , e. 1 22 - 1 48 . 

KpaeHJICB B .  A. nansosKOeHeTe�. - H3B. AH CCCP. Cep. reon. ,• 1 9 7 0 , e. 1 4 4- 1 5 0 . 

KpaeHnoB B .  A. 3 BoniD�H� H �HOeTpaTHrpa�H�. M., HayKa, 1 9 7 7 , 2 5 6  e. 

MeReH C. B .  3KOeHeTe� H npHH�Hn B3aHM03aMeH�eMOeTH npH3HAKOB. - B KH.: 3KOeHeT� B 

cTpaTHrpa�HH. Bn�HBOeToK, AH CCCP, 1 98 0 ,  e. 16-2 1 .  

HeeTOP X. 3., 3RHaeTO P. 3. �a�HaJibHO-ee�HMeHTOJIOrHqeeKa� MO�eJib eHnypHReKOrO Daneo­

OanTHAeKoro nepHKOHTHHeHTAnbhOrO OaeeeHHa. - B KH. : �a�HH H wayHa eHnypa llpH0anTH­

KH. TannHH, AH 3CCP, 1 9 7 7 , e. 8 9- 1 2 1 . 

1 5  



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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APPL I C AT I ON OF SHELF AND S L OPE CÖNCEPTS T O  THE S IL ÖRI �� B ALT IC B AS IN 

H .  Nes tor , R .  Eina s te 

She l f , s lope and depr e s s ian s erve as the bas i c  concepts in o ceanography and marine 

geology . H owever , unamb iguou s appl ication of thes e  concepts to t he basins of geolog ical 

pas t  i s  somewhat comp l icated . F i r s tly , it is due to the d iver s i ty o f  s ituations at re­

cent continenta l marg ins . Seco ndly , it s r.ould be cons idered that pres ent-day s ituations 

rn· " prove unrepr e s entative for the geo l'o gical pas t . Particular ly great d i f f icu l t i e s  

ur i se in connec tion wi th t h e  application of actua l i stic concepts to s u c h  a d i s tant p a s t  

as E a r l y  Pa leozoic . La s t  years di sagreements have been ari s en with r e gards to defini ng 

the she l f  and s l ope in the S i lurian Ba ltic Bas i n . Th i s  bas i n  was s i tua ted at the 

l·'es tern marg in o f  the East European Craton and i nc luded North Poland, Eas t Baltic , Got­

land and the areas of the �r e s ent Baltic Sea . The basin wa s directly connec ted wi th the 

Central-Europ�a n He rcynian Geosync l i nal Ba s i n , the origin of which is sti l l  d i sputabl e . 

Some inve s t igat ors (Berr y and Boucot , 1 9 6 7; Krebs and Wachendorf ,  1 9 7 3; Hatthews , Chau­

v el , Robardet , 1 980 and other s )  suppo s ed tha t the Mid-European Paleozoic mar ine bas in 

developed who l ly on the cont inenta l crust due to intraplate tectonic s and the exi s tence 

of a real ocean in th i s  area , a t  least dur i ng the Ear ly Paleo z o i c ,  i s  fairly probl ema­

tic . Others ( Burrett , 19 7 2; HcKerrow , Z iegl er ,  1 9 7 2; Johnson , 1 9 7 3; Z i egler et al . ,  

19 7 7; Tomc zyk and To mc zykowa , 1 9 7 9 ; Cogne and Wr ight , 1 98 0; Bard , Burg , Matte , Ribeiro , 

1 98 0 )  as sume the pr esenc e o f  a Paleozoic ocean ( Rheic , proto-Tethys or paleo-Tethys ) in 

tUdd l e  Europe that c l o s ed dur ing the Hercyn ian Orogeny . The last point o f  v iew s eems 

quite acc epta bl e  for us and we cons ider the Baltic Basin in S i lur ian as a marg ina l  s ea 

of th i s  ocean with c l early d i s t i.ngu i s hed s h e l f , s lope and d epres s ian environments . 

In 1 9 7 7  the authors of the pres ent ?aper pub l ished a f ac i e s - s e dimentary model of 

the S i lurian Ba l t i c  Ba s in ( H ecTop , 9�Hac To , 19 7 7 ) . 

Accor ding to the mo del , 

s ion of 5 macro fac i es belts 

the Baltic Bas �n was cha racter iz ed by the lateral succ es­

wh ich we have inter preted a s  fol lows : 1 )  l i ttoral- lagoonal 

belt with arg i llac eous do lomitic sediment s ;  2 )  inshor e s hoal belt with var iaus s paritic 

calcarenit e s , somet i me s  includ ing reefs ; 3 )  o pe n  shelf with nodu lar mic r itic calcare­

nites and th in argil l aceous intercalations ; 4 )  ba s in s lope with eal eareaus muds tones , 

arg i l l �c eous calc ilutites or c l ays ; 5 )  central d epres s ian of the bas i n  with graptol itic 

mud s tone s .  At that pr edominantly carbonate s ediments of the first thre e  facies belts 

wer e r egarded as s h e l f  depos i ts , whereas fine-c las tic depo s i ts of the fourth and f i f th 

belts d i s tr ibuted ma inly within the boundar ies of the Baltic Synec l i s e  were a lready 

taken for bathya l depo s i t s .  More common is  the opinion that the she l f  inc luded the 

who l e  cratonic Ba l t ic Bas in up to the Törnqu i s t  Line , and the continental s lope , i f  it 

ex i s ted , s tarted from the T ör n qu i s t  Line . Th is approach is ba sed on th e argument that 

t he pheno rnena charac ter i s t ic of the continenta l s lo pe (gravity s l ides , s l umps , breccias 

and t urb idite s )  are no t e s tab l i shed within the boundar ies of the Ba ltic Bas in . 

However , it s e ems to us that th i s  approach makes the shelf too wide and it does 

no t co inc ide with the actua l is t ic shelf conc e pt ion . According to the fundamental h and­

ho ok of mar i ne geo logy b y  F. P .  Shepard ( IIIe r.ap.r:t, 1 9 7 6 )  the she l f  stretches up to the 
f i r s t  c l ear break i n  the gradient o f  the s ea bottom prof i l e . The av erage width of pre­

s ent day shelves i s  abou t 7 5  km , the average depth o f  the ir f l a t  part a bout 60 m ,  the 
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depth of the shel f edge r ang es fro m  20 to 600 m, being 130 m on an avera ge . Continental 

s lo pe m�y be rather w i de and wi thin it s everal terraces may occur.  I n  thi s  c ase only 

the up permo s t  br eak in the bottom gradient s erves as the böundary b etwee n  the she l f  and 

s l ope , whereas the other terrace s  are inc l uded to the cont�ne r,ta l s lope , At places th e 

continents may be edg e d  by dee p l y  sub s i ded blocks of conti nenta l crus t, e . �. Blake 

P l a teau at the e a s tern coa s t  o f  Flor i da ,  its wi dth is up to 3 00 km , depth 7 50- 1 , 000 m .  

I n  a wider sense the se plateaus are cons i dered a s  a part o f  the continental s lope , not 

of the she l f . As a rule , s l o pe s  are c overe d  by f i ner-grain depos i ts than shelve s . S an ds 

are typi cal of the pre sent-day shelve s , muä s preva i l  on s lopes . The accumulation o f  de­

pos i t s  is highly dependent upon the gradient of the s lope (S tanley and Unrug , 1 9 7 2 ) . On 

a s �eep s lope depo s i t s  may bP. entirely lacking , the thickes t  depo s i t s  are concentrated 

on the conti nenta l r i s e . Gravity s l i de s, s lumps and turbidites a r e  charactens tic 

namely o f  such s lo pe s . I f  the bottom i s  gently s loping the depo s i t s  may accumulate i n  

grea t thi ckne s s  alrea dy on t h e  s lope i t s e �f a s  a result of wh ich t h e  s l ope prog rades 

off shore direc tion . Depo s i ts are o f ten.lack i ng at she l f  edges and on the upper s lope . 

Le t us try to e s t i �ate the po s i tian of she l f  and s lope in the S i luri an Baltic Ba­

sin in the l i ght o f  the se da ta , starting with the mo s t  o f f shore member of the fac ies 

succ e s s ion , t l1e grapto l i ti c  muds tones o f  the f i fth facies belt . S i luri an grapto l itic 

sha l e s  and mu ds to ne s  are preva i l i ng ly geosync l inal depo s i ts which reach only a s  tongue s 

to the craton marg i n s . It i s  reasonab le to suppas e  that typical grapto l i t i c  shales re­

pre s ent the ma i n  S i lurian oc eanic de po s i t s . It could be we l l  seen from the schematic 

geolog i c a l  section c o mpi l e d  by H .  Jaeger ( 1 9 7 6 , Fig . 6 )  from Sweden through P a leotethy s  

to the Sahara . I t  s hows tha t at the time whe n  more than 1 , 000 m of carbonate and c la s ­

t i c  s e diments accumu lated a t  the marg ins o f  Fenno-S armatia and Gondwana craton s , the 

thi cknes s o f  the comp l e te S i lurian sequence wa s onl y  50- 7 0  m of monotonous grapto l i ti c  

s ha l e s  and " ockerka l k "  wi thin l'a leotethys from Thyringia t o  S ardinia ( see a l s o  F ig . I B  

in the present work ) . I t  permits to make a cone lusian t hat the s e  were obviou s ly depo­

s i t s  of aby s s a l  plain.  On continental margins within the boundar i e s  of continenta l r i s e  

and bathya l the th i c kn e s s  o f  grapto l itic s ediments cons iderably increa s e s  i n  connection 

with the growi ng inten s i ty o f  the accumulation of fine-clastic mater ial towards the 

source area , how.ever , the b a s i c  t ype of the s ediment remains the s ame . S ince grapto l i ­

t i c  mud s tones accumulated within the bou ndar i e s  o f  the Ba ltic S yne c l i s e  on a wide area 

and duri ng mo s t  of S i lurian ( about 30 mi l l ion year s) we obvious ly have not to deal wi th 

a c l o sed she l f  depre s s ion , but mo s t  likely i t  was a deep-water continental margin pla­

teau immediately connected with the Gentral European oceanic basin . 

Evidentl y  the P a leo-Ba l t i c  Ba s i n  formed in Ear ly Paleozoic as a result of an in­

complete development o f  r i fting in the cour s e  of the open ing of the Paleote thys ( Rhe i c ) 

Ocean . I n  thi s re spee t the s cheme s by E. and H .  Tomc zyk ( 1 9 7 9 , Figs 2 ,  3 ,  4 )  on the 

devel o pment of the Prototethys Ocean are of interes t . According to the f i r s t  scheme 

corre spondi ng to the Caradoc i an the Baltic Ba s i n  laid on the extension of the opening 

Prototethys Ocean and wa s probab ly originated by prer i f t  downwarping . I t s  deve lopment 

probably s topped whi le a s ide r ift wa s formed later in the S i lur ian ( see also Fig . lA 
in the pr esent work ) • 

The bathyal origin o f  the axial part o f  the Ba ltic Ba s i n  i s  a l s o  proved by the 

h i s tory of i t s  development .  From North Poland to We s t  Latvia the thi ckne s s  of the Lower 

a nd Mid dle Ll andovery dark grapto l i t i c  sha l e s  is only 5 - 1 5 m whi le in Ce ntra l  and South 

E s tonia the marg inal area of the ba s in , the thickne s s  o f  contemporaneous carbonate se­

diments is up to 1 0  time s greater ( see Fig . 1 B ,  lC and 2 ) . I t  shows that a depr e s s ian 

where sub s i di ng was not c ompe nsated w i th the s e diment loading deve loped here at the 

ini tial s tage o f  the S i lurian transgre s s ion . I n  the Late S i lur ian in the cour se o f  fu l ­

f i l l ing o f  the depr e s s ian in Nor th Polan d depos i te a  very thi c k  ( up t o  1 , 5 00 m )  flysh-

1 8  



"'
 

SX?.<:Y
�

 
Tör

nq
uis

f 
f 

, ,.
. 

A\
 

Li n
 e

 

t.P.
.U
�A

 
�

-
L
- I I I 
dw

 
I I I I 

I 
I 

I 
I 

I I I 
I 

I 
I I 

I 

I 
I 

I 
I 

I 
I 

·A
 

//
 

l d2
 

.;.-
Thu

rin
gia

 
..

... 
l d1

 

w
 

-
-

· 
-

-
--",-

-
-

-
-

-
--

-

Vl
NTS

I'I
LS

 
KI

LK
A 

Offi
AARE

 
LE,B

ORK
 

STO
NIS

KIA
I 

%/J/f
f!ll'rPAVILOST

A 
. V

EN
TS

PI
LS

 
+ 

·�
-

· 
...

.
. 

Cy
cl

es
 

�
 

-
�

 
�

 
r:=

=:::===J 
r=-=1

 
�

 1 
2 

6:5
553 J 

t2i
i:J + 

�
 5 

r:
::::=:::::J 6 

�
 7 

�
 8 

�
 9

 
..

............. 10
 TT

T1'rrnTr 11
 

F
i

g
. 

1
.

 M
i

d
d

l
e

 
S

i
l

u
r

i
a

n
 

p
a

l
e

o
g

e
o

g
r

a
p

h
i

c
a

l
 

s
i

t
u

a
t

i
o

n
 

in
 

E
u

r
o

p
e

 
a

f
t

e
r

 
T

o
m

c
zy

k
 

a
n

d
 

T
o

m
c

z
y

k
o

w
a

 
(1

9
7

9
) 

(A
) 

a
n

d
 

g
e

n
e

r
a

l
i

z
e

d
 

s
e

c
t

i
o

n
 

a
c

r
o

s
s

 
t

h
e

 
p

e
r

i
c

o
h

t
i

n
e

n
t

a
l 

B
a

l
t

i
c

 
B

a
s

i
n

 
i

n
t

o
 

C
e

n
t

r
a

l
 

E
u

r
o

p
e

a
n

 
G

e
o

s
y

n
c

l
i

n
a

l
 

B
a

s
i

n
 

(B
, 

C
)

. 
1

-
c

r
a

t
o

n
i

c
 

l
o

w
la

n
d

; 
2

-
i

n
t

e
r

-
�

e
o

s
y

n
c

l
i

n
a

l
 

m
R

s
s

i
f

s 
(m

i
c

r
o

c
o

n
t

i
n

e
n

t
s

)
; 

3
-

c
a

r
b

o
n

a
t

e
 

s
h

e
l

f
 

d
e

p
o

s
i

t
s

; 
4

-
t

e
r

r
i

�
e

n
o

u
s 

s
h

e
l

f 
d

e
p

o
s

i
t

s
; 

5
-

s
i

l
t

y
 m

u
d

s
 

o
f 

t
h

e
 

b
a

s
i

n
 

f
i

l
l

i
n

g
 

p
h

a
s

e
; 

6
-

p
e

l
l

i
t

i
c

 
d

e
p

o
s

i
t

s
 

o
f 

t
h

e
 

s
l

o
p

e
; 

7
-

g
r

a
p

t
o

l
i

t
i

c
 

m
u

d
s

 
o

f
 

t
h

e
 

d
e

p
r

e
s

s
i

o
n

; 
8

-
s

h
a

l
y

 
g

r
a

p
t

o
l

i
t

i
c

 
d

e
p

o
s

i
t

s
; 

9
-

h
a

r
d

g
r

o
u

n
d

s
; 

1
0

-
p

o
s

t
-

S
i

l
u

r
i

a
n

 
e

r
r

o
s

i
o

n
 

s
u

r
i

a
ce

; 
1

1
-

Tö
r

n
q

u
i

s
t

 
L

i
n

e
. 



"'
 

0
 

·�
 

·a.
. 

�
 e: � 

-:
:;:-

U)
 

"' a.
. 

... ::: ·e;,
 

e: S2.
 

K 
K3

bl
2. 

" 

"' :i:
 

f .. 
� 

e'!
 

"' 
K3

bl
1 

��
����������������K�3��- zK3b 

::J 
-;:;

 
"'

�
 

.. 
-;

;; 
-"

 ::J 
>

 
::J

 
:J 

IS2d
w 

J5
 

�
 

-"
 

.. 
-"

 -"'
 

L.
 

"' 
� 

:E
 

:J 
:; 

� 
&

 
::2

 <
 a.

 
K3

b 

K 1
Sn

 
KV

 
K1

Vt
•K

n 
J:;

 
Jz

M
 kJzY 

Kl
 K Jz

 IS
1w 

J, N 
J,

 

0 
20

 
4(1

 
60

 
10 

10
0k

M 

1 
.·.

·.·
.·.

 2
 

-
3 

-
�

 4
 

- -
' 

' 
5 

6 
7 

[TI]
 c=J

...
. 

[21
-

�
 �

 �
 E§

 
..

..
 

-
-

-
" 

-
:=

.J 
�

 
�-·

-1 
..

............. ,,
 �

12
 

,.
. "

 
'1

4 
0

15
 

��
8 �

9 
7-::!:

-;-
10

 
16

 ==
=917

 
• 1

8
. 

F
i

g
. 

2
.

 
C

r
o

s
s 

s
e

c
t

i
o

n
 

o
f 

t
h

e
 

S
il

u
r

i
a

n
 

f
a

c
i

e
s

 
o

n
 

t
h

e
 

n
o

r
t

h
e

r
n

 
f

l
a

n
k

 
o

f 
t

h
e

 
B

a
l

t
i

c
 

B
a

s
i

n
 

f
r

o
m

 
�!

e
s

t
 

E
s

t
o

n
i

a
 

(r
i

g
h

t
) 

t
o

 
K

u
r

z
e

m
e

 
P

e
n

i
n

s
u

l
a 

i
n

 
L

a
t

v
i

a
. 

1
-

l
i

t
t

o
r

a
l

-
l

a
q

o
o

n
a

l
 a

r
q

i
l

l
a

c
e

o
u

s 
d

o
lo

m
i

t
e

s
; 

2
-

s
p

a
r

i
t

i
c

 
c

a
l

c
a

r
e

n
i

t
e

s
 

o
f 

t
h

e
 

s
h

o
a

l 
b

e
l

t
; 

3
-

b
i

o
t

u
r

b
a

t
e

d
a

r
g

i
l

l
a

c
e

o
u

s
­

c
a

l
c

a
r

e
o

u
s 

r
e

s
t

r
i

c
t

e
d

 
s

h
e

l
f 

s
e

d
im

e
n

t
s

; 
4

-
o

r
g

a
n

i
c

 
b

u
i

l
d

u
p

s 
w

i
t

h
 

b
a

c
k

-
r

e
e

f
 

s
e

d
i

m
e

n
t

s
; 

5
-

n
o

d
u

l
a

r
 

m
i

c
r

i
t

i
c

 
c

a
l

c
a

r
e

n
i

t
e

s
 

o
f

 
t

h
e

 
o

p
e

n
 

s
h

e
l

f
; 

6
-

n
o

d
u

l
a

r 
c

a
l

c
i

l
u

t
i

t
e

s
 

o
f

 
t

h
e

 
o

p
e

n
 

s
h

e
l

f
; 

7
-

i
n

t
e

r
c

a
l

a
t

i
n

g
 

c
a

c
c

i
l

u
t

i
t

e
s

 
a

n
d

 
g

r
a

p
t

o
l

i
t

i
c

 
m

u
d

s
t

o
n

e
s

 
o

f
 

t
h

e
 

s
l

o
p

e
; 

8
-

c
a

l
c

a
r

e
o

u
s 

m
u

d
s

t
o

n
e

s
 

o
f 

t
h

e
 

s
l

o
p

e
; 

9
-

g
r

a
p

t
o

l
i

t
i

c
 

m
u

d
s

t
o

n
e

s 
o

f 
t

h
e

 
d

e
p

r
e

s
s

i
o

n
; 

1
0

-
s

i
l

t
y

 
m

u
d

s
t

o
n

e
s

 
o

f
 

t
h

e
 

b
a

s
i

n
 

f
i

l
l

i
n

g
 

p
h

a
s

e
; 

1
1

-
h

a
r

d
g

r
o

u
n

d
s

; 
1

2
-

p
o

s
t

-
S

i
l

u
r

i
a

n
 

e
r

r
o

=
i

o
n

a
l

 
s

u
r

f
a

c
�

; 
13

-
b

r
a

c
h

i
o

p
o

d
 

b
a

n
k

s
; 

1
4

-
s

k
e

l
e

t
o

n
 

d
e

t
r

i
­

�u
s

; 
1

5
-

c
o

n
g

l
o

m
e

r
a

t
e

; 
1

6
-

s
t

r
o

m
a

t
o

l
i

t
e

 
l

a
y

e
r

s
; 

1
7

-
b

o
u

n
d

a
r

i
e

s
 

o
f 

m
a

c
r

o
c

y
c

l
e

s
; 

1
8

-
s

e
c

t
i

o
n

s
 

w
i

t
h

 
t

h
e

 
m

a
x

im
um

 
t

h
i

c
k

n
e

s
s

 
o

f
 

s
e

r
i

e
s

. 



like interla.yering 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 t;ypical of the development of a deprP.ssion 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 plätform, could be reyond 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 Baain and in the north-westernpart of 

the present Black Sea. The flat relief of the surrounding area and wide extension of 

�he lagoonal coast, 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 (�ep6aKoB H ,J:tp., 1978). The content of shells deereases abruptly on the 

co�tinental slope that begins at the depth of 100 m on an average and is covered with 

argillaceouscoccolite rnuds. The distributioll 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 arnount deereases abruptly. F. Shepard (lllenap.J:t: 1976), J. Stanley, R. Unrug (1972) 

and others have also shown that the arnount of coarse- and medium-grained materio.l, 

among this skeltal sand, deereases abruptly with the transition from shelf to slope. 

The sam; phenomenon is typical of the eastern coast of the Caspian 

1962; JieCie,J:teB rl ,J:tp., 1973). 

Sea (AneKCHHa, 

The resülts ohtained 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 take s place on the. trans i tion to carbonate-terrigenous muds of the fourth bel t. We 

connect it with the change in 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 ühesaare 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 no�thern 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.1e 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 i� 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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belts also speak t.he evidenees ohtained through the a"nalyses of the dj.stribution of 

benthic organisms. If the second and third facies belts are inhabited by a diverse bot­

·i:om fauna and benthic algae, then in the fourth belt colonial corals, strornatoporoids, 

algae, bryozoans all potential reef-building organisrns are practically lacking.'lhe 

disappearance of benthic algae shows that the boundary between the third and fourth 

facies helts is close to that of the photic zone and thus its absolute depth approaches 

tr) 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 r.arbonate sedimentation 

was prevailing. 

The concept of the continental slope is not as clear as that of shelf. From the 

teetonieal 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 marginai plateau or represents the inner slope of the con­

tinental margin sea, while the other lies between the marginai plateau and ocean floor 

and forms the outer slope of the marginai sea. 

It is quite possible that such a complicated situation with two-stage slope was 

also characteristic of the Silurian Balt�c Basin where the first stage roughly coin­

cides with the boundary of the Baltic Syneclise, the other with the Törnquist 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 Törnquist Line is yet to be proved as there are cases (e.g. the present-day Zam­

besi-Mosambique ehannel Basin - Scrutton, Dingle, 1976) when th.e marginai block of the 

continent has subsided to the level of the ocean bottom and the topographical slope is 

practically laeking between the marginai plateau and ocean floor. 

Summarizing the analysis above one may conelude 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 \olithin the Baltic Syneclise, where 

g:r-aptolitic mudstones accumulated, has been treated here as a tongue of the North 

European miogeosynclinal depression. Probably the slope between the shelf and depres­

sian 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 cornparing with nowadays. 
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ПРИМЕНЕНИЕ КОНЦЕПЦИИ ШЕЛЬФА И СКЛОНА К СИ�JРИйСКОМУ RАЛТИР.СКОМУ 

БАССЕЙНУ 
х. Нестор, Р. Эйнасто 

. Силурийский Балтийский бассейн раслолагался на лассивной окрайне контине�та и от­
крывался непосредственно в Цент9ально-Евролейский геосинклинальный бассейн океанич�ской 
лрироды. Такая позиция позволяет интерпретировать Балтийский бассейн в силуре как лери­
континентальное море с обособленным шельфом и материковым склоном. Мы считаем, что 

шельф мог скорее �сего совладать с поясом в основном карбонатной седиментации, который 

лрилегал к ленелленизированному Фенно-Сарматскому материку. Осевая часть Балтийского 
бассейна с гралтолитосодержащими сланцами и аргиллитами может быть рассмотрена как глу­
боко опущенный блок �1атериковой окрайны, который тектонически относился к материковому 
склону, но седиментологически представил с собой язык крупной севераевропейской неком­
ленси�ованной депрессии, лроникающей в северо-�осточном направлении внутрь Восточно­
европейской платформы. Склон бассе�на в его более узком, геоморфологическом лонимании, 
вероятно, охватывал пояс седиментации известкаго-глинистых илов между шельфовыми карбо­

натными и гралтолитовыми пелитовымя осадками центральной делреесии бассейна. Эррозион­
ные каналы, турбидиты и другие явления, характерные крутым материковым склонам, в Бал­
тииском силурийском бассейне отсутствовали из-за относительно поЛогого наклона морского 
дна. 
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D I STRIBUTION AND MINERALOGY OF S ILT-S I Z ED TERRIGENOUS MATERIAL 

I N  THE NORTH BJI.LT IC UPPER S I LU�IAN DEPOS ITS 

E .  Jürgensan 

The Upper S i lurian section in the North Baltic area cons i s t s  pr imar i ly o f  b i ogenic 

c a l caren i t e s  and c a l c i lut i t e s  i nterbedded with thin l i thocalc irud i t e s  and inter layer s 

of mar l . Reef - l imes tone s are not uncommon . The content of terr igenous mater i a l  var i e s  

between 3 - 5 % i n  reef - l imes tones and 7 0 - 9 0  % i n  mar l s  and c l ays . �1os t  o f  the terr i genous 

mater i a l  is repr e s ented by c lay fraction wi th c l ay m inera l s , such as i l l i te and 

chlor i te . Gra ins in s i l t- and sand- s i ze are commonly minor increa s ing upwards in the 

section .  

I n  the cour s e  o f  a genera l s tudy o f  the B a l t i c  S i lurian carbonate rocks a spe c i a l  

study of i t s  terr igenou s mater i a l  ( insoluble res idue ) wa s carried o u t  ( �pre HcoH , 1 9 7 0 , 

1 9 7 7 ) . The present s tudy i s  based on the granulometric and mineralog i c a l  i nve stiga tion 

of Upper S i lurian s i l t  fraction . Samples were c o l l e c ted from 9 borehol e s  of We s tern 

Estonia ( Saaremaa , Ruhnu ) and South-We s tern Latvia ( F i g . ) . I n  order to compare the 

ma te r i a l  with neighbouring areas a ser i e s  of determinations was made i n  samp les from 

Lithuania and Gotland . At the author ' s  d i sposal were some s amp l e s  from the S i lurian 

sequence of Gotl and , kindly q iven her by Dr . E inar Klaamann and Dr . Sven Lau f e l d . 

2 5 0 samp l e s  were a c i d i zed in the s tandard manner w i th 3 . 5  % HC l . Granu lometric 

analyses were performed by pipetting and s i eving . For the minera log i c a l  ana l y s e s  the 

c iay fraction wa s wa shed ou t and the re s t  o f  r e s idues s eparated into two c l a s se s : sand 

( grains with d i ame ter over 0 . 1  mm )  and s i l t  ( 0 . 0 1 - 0 . 1  mm ) . The pre s ence of sand grains 

i s  c ommonly rare , the i r  content doe s not exceed 1 0 % ,  even in the depos i t s  known as 

ühe s aare Sands tone s from Saaremaa and the Burgsvik S and s tone from Ronehamn , samp l e s  

analysed b y  the author of the present paper . 

The s i l t  fraction of the inso luble r e s idu.e var i e s  between 5 % and 9 0  % .  We can 

calcul ate the real content o f  s i l t  fract ion of ter r igenous materi a l  a f ter the identi f i ­

cation and exc l u s ion of authigenic minera l s  ( pyr i te , chal cedony ) . The max imum s i lt 

fraction in the North Ba l t i c  occurs in the • ohe s aare S tage as B B - 9 3  % ( F ig . ) . Tak ing 

into account the carbonate component the s i l t  content in the who le rock does not exceed 

60 % .  eale areaus s i l t s tone s are known in the ühe saare S tage from boreho l e s  Ohe saare - 2 

( 4 . 6 - 5 . 2  m )  and Kaavi ( 7 . 8 - 8 . 9  and 1 7 . 5 - 1 8 . 0  m )  in the thicknes s  of about 0 . 5 - 1 m .  The 

carbonate companent con s i s ts mainly of sparry c a l c i te wi th ske letal detr i tus in Ohesaa­

re- 2 and dolomi te c ry s t a l s  in Kaavi . The ealeareaus s i l t s tones of Got l and are · o lder and 

occur mainly l n  Burgsvik Beds ( the s tratigraph i c  nomenc l a ture and correlation used in 

thi s  paper is that
. propesed in Pe�eHH� . . . , 1 9 7 8 ) . A .  Hadd i ng give s the thicknes s  gf 

Burg svik Sand s tones about 40 m ( Hadd ing , 1 9 4 1 ) . The content of sand - s i l t  fract ion in 
the total rocks reache a 80 % ( af ter S te l , 1 9 7 8 ) . In the s ample from Roneharon analysed 

by author the content o f  sand s i l t  fraction in the s a nd s tone was 4 6 . 2  % .  The s i l t  con­

tent in the depo s i ts o f  the s ame age in the E a s t  Baltic area does not exceed 1 0 - 1 5  % of 

the tota l rock . 

Loc a l  max irna of the s i l t  content occurred in the Kauga tuma S tage in the bo�eho les 

of Ohe saare , Ko lka and Ventsp i l s  ( 2 6 - 3 7  % o f tota l rock ) ( F ig . ) . I n  Li thuania the max i ­

mum of s i l t  content i n  terr igenou s material o f  Upper S i lurian depo s i t s  w a s  e s tabli shed , 

in mos t  c a s e s , in the beds ana logous to the Kauga tuma S tage . Further to the south (bo� 
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hol e  Virba l i s  8 7 5 . 5  m )  

Paad l a  S tag e . 

the max imum occur s . in c a l c areous mar l s  corr espond ing to the 

There is no d e f i n i  te r e l a t ionship be tv1een gr ain s i z e  and arnount of terr ig enous ma -

ter ia l .  We can pre l iminar i ly d i s tingu i s h  two ma in types o f  the accumul ation o f  sand­

s i l t - s i z ed mater ia l .  The f i r s t  type is connected wi th an intens ive accumu l ation o f  ter­

rigenous mater i a l  ( 2 0 - 8 0  %) • The se are the arg i l l aceous l ime s tones and mar l s  of tran s ­

gre s s i ve character d i s tr ibuted m a i n l y  in t h e  l ower part of t h e  P a a d l a  S tage, i n  the Ku­

res saare S tage and in th e l ower par t of the ühe saare S tage . The second type of accumu­

lation exi s t s  in l imes tone § conta i n ing terr igenous material moderately ( 1 5 - 3 0  % )  ; the se 

are the coar se cry s ta l l ine l imes tone s , particularly some l i thoca l careni tes o f  regr e s ­

s ive character occurr ing in the upper part o f  t h e  Paadla S tage , in t h e  Kaugatuma S tage 

and some uppermo s t  bed s  in the ühe s aare S tage ( Ventspi l s  2 7 1 . 0  m ) . 

Ac cording to the granu l ome tric ana l ys i s  carried out by pipett ing and direet mea­

surements made under the microscope , the mos t fr equent diameter o f  the s i l t grains i s  

0 . 0 3 - 0 . 0 8 mm . The material i s  coarser in the cal careous s i l t s tone s , with med ian grain 

s i ze of ühe saare s i l t s tone 0 . 0 5 - 1 . 0  mm and Burg svik Sands tone 0 . 0 8 - 0 . 1 1 5  mm ( a f ter 

Stel , 1 9 7 8 ) . The s i l ty oo i J a l  l ime s tones from the upper part of the Burgsvik Beds con­

tain quar t z  grains w i th d i a;ne ter about 0 . 0 5 mm ( Hadd ing , 1 9 4 1 ) . Biocalcaren i t i c  l ime­

s tone wj th ooids at the boundary of Burg svik and Hamra Beds , ana l y s ed by the author , in 

a samp le from Lunde contai ned quar t z  grains wi th di ame ter about 0 . 8 - 1 . 2  mm .  

The minera log i sa l  i d e nti f i c at i on o f  the s and- s i l t - s i zed fraction wa s carried out 

under a microscope ;  the grains were mounted in immer si on- l iqu ids . The l ight and he avy 

miner a l s  were not separa ted with bromo form ( DpreHcoH , 1 9 7 6 ) . More than 5 0 0  l ight and 

1 0 0  heavy mineral g r a i n s  were counted in each s ample . The re la tive frequenc ies ( per­

cent ) o f  d i f ferent minera l s  wer e  compu ted separately for the l ight and heavy fractions . 

I t  mu st be noted that heavy mine r a l s  are concentrated mo s t ly in the sma l l er s i z e  frac ­

tions ( < 0 . 0 5 mm ) . 

The l ight minera l fraction of the terrigenous mater i a l  accounts for about 9 8 - 9 9  % 
of the tota l number o f  s i l t  grains in mo st of the samples studied . Of thi s  to tal , the 

l ight frac t i on l e s s  than 1 - 2 pe reent is compe s ed of mica ( muscov i te , chlor i te ) . The con­

tent o f  quar t z  and f e l d s par v a r i e s  between 3 0 - 4 0  %
·

and 6 0 - 7 0  % .  In mo s t  c a s e s  the quar t z  

prevai l s . In t h e  sandc l a s s  the content of quar t z  i s  higher , reaching 9 9  % .  The index o f  

matur i ty ( quar t z : feld spar ) var i e s  in the Upper S i lur ian terri genous mate r i a l  from 

1 . 5  to 4 . 7 ,  increas ing in younger depos i ts . More remarkab l e  concentrations of s i l t  are 

o f ten charac ter i z ec by a high index of ma tur i ty ( over 3 ) , only in samples w i th a 

notab le content of m i c a  ( b ioti te , mu scovite ) the values of indexe s  are moderate ( 1 - 3 ) . 

n.uar t z  grains are mo s t l y  subangu lar e� angu l ar . Rounded grains occur as a rule in 

the sand c l a s s . Inclus ions o f  gas and rut i l e , and traces o f  so lution and overqrow th s of 

chlor i te are typica l o f  quar t z  grains . The wavy ex t i nc t ion is not rare . Gra ins wi th 

microcry s t a l l ine tex ture were found in the Kur e s s aare and Kaugatuma S tage s . 

Feldspars are repres ented mainly by or thoc l a s e . Gra ins of p lagioc lase occur spora ­

d i c a l ly . In general the grains o f  feldspar are subangular and moderate ly or strong ly 

weathered . Gra ins with trace s or solution and s econdary overgrowths are known from 

the terrigenous mate r i a l  o f  the Paadla S tage . 

Muscovi te i s  common in many o f  the s amp l e s  as we l l  rounded co laur l e s s  f l akes . 

Chlorite i s  repre s en ted by greenish f l ake s , partly a l lothigenous , partly occurr lng as a 

weather i ng produc t o f  b i o t i te . Fr agments of extremely f ine -granular s i l t s tone are pre­

sent in many s amp l e s  o f  the Upper S i lurian terrig enous mater i a l  ( boreholes  of Kaugatuma , 

Tulpe , Ventspi l s ) . The d i ameter o f  the s i l tgrains doe s not ex ceed 0 . 0 2 mm and they 

are cemented mo s t l y  by s i l ic ious mater i a l , which i s  some time s weak ly phosphat ic . The 

d i ameter o f  the s i l t s tone partic l e s  var i e s  between 0 . 0 3 -0 . 0 6 mm .  I n  the Burg svik Sand-
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s tone o f  Roneharon s i l t s tone fragments were not i ced in the sand c l a s s  ( d i arn .  1 . 0 - 1 . ?  mm )  

compes ed of quar tzouse g r a i n s  with d i arneter 0 .  0 5 - 0 . 0 8 mm ( " '  1 5  % of t h e  1 igh·t frac­

tio n ) . The f i r s t -mentioned s i l t s tone fragment s  are we l l  rounded and mo s t  likely o f  a l l ­

ochthonous origin . T h e  s i l t s tone fragmen t s  in Bur gsvik S and s tone s eem t o  b e  more com­

pac t l y  cemented pa r t i c l e s  of autoch thonou s oriq i n .  

The non-opaqu e b eavy mineral s u i te ob scrved in s amp l e s  taken fr"om the Upper S i ­

luiian s i l t - s i z ed terrigenou s mater i a l  i s  character i zed b y  a biotite - z i rcon-garnet­

tourma l ine a s s o c i ation ( Table ) . The content o f  biotite preva i l s  in mos t  s arnp l e s  taken 

from the centr a l  part of the Paad la S tage ( exc luding boreho l e s  o f  Kaugatuma , Kolka , 

Ruhnu ) . I n  the Kur � s s aare S tage i t  preva i l s  only in samp l e s  taken from boreho l e s  mor e 

c �o s e l y  s i tuated to the probab l e  s hore l i ne (Vaivere , Tulpe ) . The arnount of biotite i s  

higher in t h e  Kaugatuma S tage and i n  the ühe saare S tage ( Kaavi and Ventsp i l s )  n o t  in­

c lud i ng the uppermos t  beds o f  the s equence . There is much biotite in s amp l e s  taken from 

the Burg svik Bed s . Brown-coloured biotite i s  more common in the depo s i t s  of the Paadla 

Stag e , the g r eenco loured var i e ty i s  more frequent i n  younge r  depos i t s . Many o f  the 

f lake s o f  b i o t i te are a ttacked by weathering . Abundant bleached biotite has been no­

t i ced in the depo s i t s  o f  the Kur e s s aare S tage which has entirely lost colour . 

The highe s t  precentag e s  o f  z ircon in the Upper S i lurian are found in the Paadla 

S tage { Tab l e ) where the max imum values reach 6 0 - 7 0  % .  6 0  % o f  z ircon was a l so not iced 

in the s arnp l e s  from the upper part o f  the Hemse Beds of Gotland . The z ircons studied 

were o f  two type s : s l ightly rounded colaur l e s s  fragments and idiomorphic crys tal s .  

Fragmental rounded z ircons are more common and d i s tr ibuted throughout a l l  the s i ze 

e l a s s e s  whereas the idiomorphic cry s ta l s  are rere and conf ined to the upper l imits of 

the s i l t  s i z e  grains . 

As a ru l e  the garnet i s  l e s s  abundant ly d i s tr i buted in the Upper S i lurian than 

z ircon . Mos t  frequently it varies between 1 0 - 2 0  � .  On ly in the boreho l e s  o f  Vaivere and 

Ruhnu does garnet prevai l  over z i rcon i n  s ome s arnples from the Paad l a  and Kure s s aare 

Stages . The highes t content of garnet in the ana l y s ed sarnples o f  Got land occurred in 

the Hemse Beds from Ocks arve . The grains o f  garnet are very o f ten subangular with 

tr aces of sol ution ; the colaur l e s s  or yel lowi sh gros sular i s  mo s t  wide ly d i s tr ibuted . 

Rare grains of brown andrad i te have been a l s o  found . 

Tourma l i ne i s  a minor companent of the heavy mineral a s soc iati �n , the average con­

tent usua l lv does not exceed 1 0  % .  The arnount of tourmal ine is h igher in the Paad l a  

S tage in boreho l e s  of Ruhnu , Kolka and Kauga tuma . Mos t  tourma l ines occur a s  subangular 

pr i smatle grains wi th a pleochro i sm from green to brown . B lue -coloured var i e t i e s  are 

rare and they are known only from the ühe s aare Stage . 

T i tanif erous miner a l s  are represented by ruti l e , bruk i te , anatas , ti tan ite and 

l eucoxene . Mos t  common of them are rut i l e , t i tanite and leucoxene , the latter as a 

weathering product of i lmen i te and rut i l e . The average arnount of t i taniferous miner a l s  

var i e s  from 4 . 2  to 2 2 . 4  % ,  i t  seems t o  have loc a l  concentrations in t h e  boreho l e s  o f  

Ruhnu and Ohesaare . T h e  rut i l e  and bruk i te a r e  repr e s e n ted mainly by redd i s h  brown 

l i tt l e  pr i sma t l e  grains { 0 . 0 1 - 0 . 0 5  mm ) . 

The occurrence of arnph i bo l e s  and pyroxenes i s  in mo s t  c a s e s  sporadi c .  Average con­

tent doe s not exceed 2 % .  O f  the arnph ibo l e  group the green hornb lende i s  mo s t  common . 

The pyroxenes are repr e sented ma inly by aug i te and hype r s thene ; diops ide was ident i f i ed 

in the depo s i t s  o f  the ühe saare S tage . 

The average content of corundum may reach 1 9 . 0  % among the non-opaque heavy mine­

ra l s  o f  Upper S i lurian depos its . In the former inve s t igations it was noted { �preHcoH , 

1 9 7 7 ) tha t corundum i s  concentrated in the Upper Wenlock depo s i t s  in the nor th -wes tern 

par t of the S i l ur i an sedimentat ion b a s i n  ( Ohe saare , Kip i )  where the max imum content 

reaches up to 8 0  % of the heavy mineral fraction . The average abundance of corundum is 
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con s iderably high in the sect ion o f  ühe s aare , even in the Paad l a  and Kur e s s a are S tage s , 

and deerea s e s  at the lower boundary o f  the Kaugatuma S tage . The analys es from s amp l e s  

of Gotland do n o t  indicate corundum in Ludlow . However ,  i t  i s  pres ent in t h e  terrigen­

ous mater i a l  of the S l i te and Högkl int l ime s tone s . Corundum occurs as eeleur l e s s  an­

gular grains with r e l a t ively h igh d i ame ter s compared wi th z i rcon , garnet and other 

heavie s .  

The r e s t  o f  the non-opaque heavy fraction i s  represented by stauro l i te , d i s thene , 

epidote , s i l l iman i t e , apa tite and monac i te . S tauro l i te and d i s thene are common ly pre ­

sent in transgr e s s ive depo s i t s  at the lower boundary of the Kur e s s aare S tage and the 

ühe saare S tage . The appearänce o f  the se minera l s  i s  ma inly connected w i th the beginning 

of megacyc l e s  of sedimentation . D i s thene occurs in s l ab l ike l i tt l e  grains , ee leur l e s s  

o r  pa l e  b l u i s h . S tauro l i te was found as pr i smatic grains , s l ightly rounded , p l eochroic 

from d�rk brown to yel lowi sh- grey . 

The presence of epidote and s i l l imani t e  i s  of occas ional character . Grains of 

epidote are we l l  rounded pale gree n , and weak l y  pl eochro i c . S i l l imani te was mainly 

identi f ied i n  the ühe s aare S tage a s  l i tt l e  pri smatic grains . 

The pre sence of apa t i te and mona c i te in the inso lub l e  r e s idue of carbonate rocks 

depend s on the activity of the solution proce s s . Dis solvab l e  i n  d i lute hydrochloric 

acid the pre s ervation of phosphatic miner a l s  depends mos t l y  on the duration o f  solut ion 

and l i tholog i c  charac ter of the rocks ana lysed . It is certain that we c annot account 

for the ab solute amounts of these minera l s  in such c a s e s . 

B a s ed on the accumul a ted evidence reported in thi s  paper some general conc lus ions 

may be der ived . The Upper S i lurian rocks i n  the North Baltic and Got land are cons ider­

ably r i c h  in s i l t- s i zed terrigenous ma ter ia l ,  which concentrations occur on s everal l e ­

vel s  a s  lenses and l ayers of c a l c areous s i l t s tone s . T h e  d i s tr ibution o f  t h e  l atter i s  

l imi ted and s tr i c t ly depend s  on local hydrodynamic cond i tions . üwi ng t o  that f a c t  they 

cannot be - taken a s  a very r e l i ab l e  corre lation c r i teria . 

The miner a l og i c a l  compos i tion of s i l t  concentra tions may be of two kind s : 1 .  h igh 

value of ma tur i ty index accompanied w i th much micas (muscov i te , biotite , chlor i t e )  and 

a mocerate suite of non-opaque heavy miner a l s  and 2 .  lower va lue of matur i ty indexe s , 

moderate content of micas and a mere numerous suite of heavi e s . The total content o f  

terrigenous mater i a l  i s  h i gher in t h e  f i r s t  c a s e . 

Compari son of heavy mineral suites might a f ford a ba s i s  for corr e l ation when there 

has been a ma j or change in cond i t ions of s ed imenta tion ( transgre s s i on ,  regre s s i on ) . 

The non-opaque heavy rninerals have long been u s ed a s  valuable ind i c e s  to provenanee 

or source areas . The i r  u s e fulne s s  is gr eatly reduced in our case , because many o f  thern 

are mo s t  l i kely to be der ived from o ldcL sed imentary rocks . The heavy minera l suites 

observed in s amp l e s  taken from the depo s i t s  in the Nor th Baltic and Gotland contained 

near ly the s ame minera l s  but in varying frequenc i e s . It s eems very l ikely tha t a great 

par t o f  the s i l t  fraction wa s derived a lmo s t  entirely from one and the same source 

area , though the quanti ty and coar sene & s  o f  the s i l t  fraction i s  greater i n  the depo ­

s i t s  of Gotland . 
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РАСПРЕДЕЛЕНИЕ И МИНЕРАЛЬНЫЙ СОСТОВ 'АЛЕВРИТОВОЙ ФРАКЦИИ ТЕРРИГЕИНОГО НАТЕРИАЛА 

В I3ЕРХН_ЕСИЛУРИйСКИХ ОТЛШШНИЯХ СЕ ВЕРНОЙ ПРИБАШИКИ 

Э. А. ЮРГЕНСОН 

Исследован гранулометрический и минеральный составы 'lлевритовой фракции верхнеси­

лурийских карбонатных отложений Западной Эстонии и Сеnеро-Западной Латвии. Для сравне­

ния приведен ряд данных из соответствующих отложений Литвы и острова Готланд. Макси­

мальная концентрация алевритовой фракции установлена в Северной Прибалтике в даунтоне, 

в охесаареском горизонте /рис./, на острове Готланд - в известковом алевролите слоев 

Бургсвик /лудловский ярус/. 

Минеральный состав терригеиного материала Северной Прибалтики и Готланда мало от­

личдется между собоР:. В основном в<:рьируются количество и частота встречаемости отдель­

ных минералов. Прозрачные аллотигенные минР.ралы тяжелой фракции представлены биотит­

циркон-гранат-турмалиновой ассоциацией /табл. 1/. f1ожно предполагать, что большинство 

терригеиного материала происходит из одного и того же источника, распологавыегося, ви-

димо, ближе к Готла�ду, чем Прибалтике, так как его количество и размер зерен в первом 

районе больые. 

33 





YaH 5 6 3 . 6 7 + 5 6 3 . 71 3 : 5 5 1 . 7 3 3 . 3 /4 74 +4 8 6 . 9 2 /  

CORAL REEFS O F  BALT IC S I LURIAN ( STRUCTURE , FACIES RELAT IONS ) 

E .  K laamann , R .  E inas te 

According to recent ideas the Baltic S i lur ian bas in was a typ i c a l  Early P aleozoic 

per icont l.nenta l &ea . At the time of i t s  maximum d i s tr ibut ion the sea cut deep into the 

penep l aned Fenno-S a rmat i an continent . As a .  result of the cont inental npl i f t  the sea 

gradu a l ly retreated to the south-we s t , towards the Central-European Hercynian Geo­

synclinal Bas in ( Wa lter , 1 9 7 2 ;  HecTop , 3RHacTo , 1 9 7 7 � Kanho , IOpreHCOH , 1 9 7 7 ) . Repre ­

senting a near- equator i a l  sh� l low platform- sea , t h e  Baltic S i lur i an bas in of fered 

favourable cond it ions for the deve lopment of tabu late corals , stromatoporoids , rugose 

cora l s , bryozoans ana c a l c areous a lgae capab le of cons tructing the frame of various 

organ ic bu i ldups : bioherrns , bios tromes , banks , and more s e ldom sma l l  bioherm complexe s ,  

further cond i t iona l l y  c a l l ed ree f s . The se bu i ldups are mostly unstrati f ied sma l l  bod ies 

3 -5 m, rarely 1 0  m' high , some tens of metres across and are enelesed in we l l-bedded 

biodetr itic , biomorphou s and pel letal l imes tone s poor in terr igenous admixtur e . They 

are l e s s  numerou s in nodu lar muddy bioclastic l imes tone s . The se relation s  show a com� 

par a t ive ly wide f a c i a l  range of the development of organ i c  bu i ldups : from shoal bar­

riers ( overwhe lming ma j or i ty of bui ldups ) to extens ive open s he l f ,  inc l .  ( in pres s ) . 

Thu s , shoa l and she l f  r e e f s  can be d i s t ingu i shed in the Baltic S i lurian b a s in . Applying 

f a c i a l  analy s i s  it was estab l i shed that shoa l sedimentary barr iers with r e e f s  deve loped 

in the highe s t  energy wave activity zone . Being narrow ( to 1 0  km ) they ran many hundred 

ki lometre s . In add ition to character i s t i c  carbonate sed iment·s the format ion of chains 

of d i f ferent organ i c  bui ldups resemb l ing modern reef barriers evidently took place j ust 

in t h i s  part of the basin . However , genet i c a l ly authent ic barr ier ree f s  dia not exist 

here . Unl ike , e . g .  the Great Barrier Reef o! Aus t r a l l a  running along the s teep outer 

marg in of the Cor a l  Sea she l f , mos t  of the P a l eeba l t i c  S i lurian organic bu i ldups deve l­

oped within the stab l e  she l f  bas in at the gent le s lope o f  the sea bottom . Thereby , they 

resemb le the patch reef s  particularly numerous in the wide s outhern part of the eas tern 

she lf of Aus tra l l a  between the contlnent and the Great Barrier Reef . 

At time s , the S i lurian shoa l barriers and as soc iated organ ic bu i ldups were very 

exten s ive ( F ig . 1 ) . E . g . , the Wen lock and Midd l e  Lud low bioherms form d i s t inct shoa l 

barr iers from Got land through Saaremaa and the southern B a l t i c  to Vo lyno-Podo l i a , i . e .  

within a d i s ·tance · o f  approx . 1 , 500 km (3nHacTo H �p . ,  1 9 80 ) . During r ecurrent tran s­

gr e s s ions and regre s s ions the shoal barriers removed cons iderably . The mos t  f avourable 

cond i t ions for the format ion of organ ic bu i ldups existed at the regr e s s ive phases of 

the ba s in development . This i s  evidenced by the regu lar pos ition of the s hoal reefs in 

sedimentary cyc l e s : the ree f s  are underiain by nodu lar open-she l f  l ime stones and ever­

lain by lagoonal pr imary dolomites ( see Nes tor , E i naste in thi� book , F i g . 2 ) . 

Midd le Wenlock and Midd l e  Lud low were the epochs of the maximum reef deve lopment . 

In between the se epoch s the shoa l facies bel t ,  most suitable for the reef format ion , 

migrated in the E a s t  B a l t i c  for a d i s tance of 300 km bu t on Got l and and in Pod o l i a  only 

for 1 5- 40 km . Suppos ed iy , this difference indicated the presence of a muc h  s teeper con­

t inental s l6pe in the latter . 

Further from the shoa l barrier towards the outer shel f  edge the s he l f  reefs were 

located . More prec i s e ly , they occupied the centra l  part of the she l f , and probab ly its 
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� l eva ted port.. ions ( dome or bar-shaped s t ructure s )  . The she l f  re e f s  were sma l l  bod i e s  

( b ios trome s , bioherms ) vary.ing from s ome metres to some t e n s  o f  metres in d i ameter , and 

cons i s t ing ma i n ly of dendro id or bu sh-shaped tabu late s . Stromatoporoids were rare . 

These organ ic bui ldups are mo st s imi lar to the mode rn patch-reef s .  

The se are genera l cons iderations of the reef development in the S i lur i an Palee­

ba l t i c  b a s i n . Further , we s ha l l  present mare ·spe c i f i c  data by ana lys ing the Wen lock and 

Lud low on Got l and and in the E a s t  B a l t i c  from the comparat ive aspect . 

The e ar l i e s t  lvenlock ree f s  on Got l and are known from the Upper Vi sby Mar l s  

( F ig . 2 ) � formed i n  the inner area of the open she l f . They are sma l l  bui ldups of kno l l , 

cone or lens - shaped compe sed c h i e f l v  of tabu late cor a l s  ( ha l v s i t l d s , f avo s i t id s )  and 

he l io l itids , i . e .  of an a s s emb l age character i z ed by a h iqher toleranee to muädy sub­

s trate ( Manten , 1 9 7 1 ; S te l , 1 9 7 8 ) . The max imum , he ight of the bu i ldups is 3 . 5  m but fre­

quently t hey are much sma l ler . V .  Jaanu s s an ( 1 9 7 9 )  having s tud ied t hem in detai l c a l led 

the se unstrat if ied bod i e s  kno l l s  and mounds . He supposed that on forming they r i s ed on­

ly s l igh t l y  from the sea bottom . By our ident i f i cat ions in the se bui ldups predominate s  

f avos itid A n g o p o ra h i s i n g e r i  a s s o c i ated w i t h  P l a na l v e o l i t e s  fo u g h t i ,  He l i o l i tea de ­

a i p i s n a ,  S te l l i p o re l l a  sp . , rare Ca tenip ora and f a i r l y  sma l l  s tromatoporoid coeno s tea . 

The ske letons o f  the a s soc iated spec ies did not con s t i tu te mar e  than 10 - 1 5 % of the 

volume o f  bui ldups . 

Bui ldups of the s ame hab i t , s tructure and ana loqous facies r e l a t ions have been 

e s tab l i s hed in the nodu lar c l ayey l imes tone s of the Jaani S tage ( the Parama j a Forma­

t ion ) at the base of the S i lur ian c l i f f  on Saaremaa ( F ig . 2 ) . 

On Go t l and the Ear ly S i lurian reef deve lopment cu lminated in Högk l int t ime . Huge 

a lga l - s tromatoporoid-cor a l  bu i ldups up to 2 0  m high and s ever a l  hundred metr e s  long 

often take the ir beg inn ing from the very ba s e of the Högk l int. Beds . They are we l l  ex ­

pos ed in the NW c l i f f s  of Got l and and thorough ly studied by many author s ( Hadd ing , 

1 9 50 ; Ru tten , 1 9 58 ;  Hanten , 1 9 7 1 ; Eriks son , Lau f e ld , 1 9 78 ;  S t e l , 1 9 7 8, e tc . ) . By 

K .  Mor i ( 1 9 6 8 )  the ma in reefbui lder was the stromatoporoid Vi k i n g i a  t e n u e ,  in the 

inter-reef areas dominated Den s a a t roma p e x i aum and Simp l e xodi a t y o n  aimp l ex .  O f  tabu­

lates Fav o a i tea m i r a n d u s  i s  a s s o c i ated with ree f s . c .- 0 . Eriks son and S .  Lau f e ld ( 1 9 78 ) 

have demons trated that the Högk l int reefs occvpied a be l t  10 km wide and a lmos t  pa­

ra l l e l  to shore l ine . 

An ana logous reef a s s emb lage i s  known from the East Baltic ( F ig . 2 ) . However , in 

th i s  region it appears somewhat later in campari san with Got land . In the N inase Member 

of the Jaani S tage (KnaaMaH H ,  1 9 7 7 )  the equ ivalent of Högkl int " a " with reefs o f  

Vi k i n g i a  i s  lack ing . Instead of them there occur sma l l  bryoz oan bioherms ( 1 - 2 m in dia­

meter ) . S tromatoporoid r e e f s  are a l s o  ab sent in the ove r lying part of the Jaan i  S tage . 

Vi k i n g i a  reefs appear in the basal  por tian of the Jaagarahu S t age , �n the Vi l s andi 

Beds . Jaagarahu reefs are huge : 10- 1 6  m high and s everal km acro s s  (Aano3 , 1 9 7 0 ) . The 

main ree fbu i lders are Vi k i n g i a  t e n u e  and s tromato l i t e s ; Fa v o s i t e s  mirandu a ,  Coen i tea 

j u n i p e r i n u s  and colonial ruga s e  coral A a e r v u l a r i a  a n a n a s  are rarer . The Early Jaagarahu 

reef s form a long chain runn ing through the who le northern part of Saaremaa , and con­

t inuing in the roa inl and o f  E s tonia and to the SSW of it . Bor ings have shown that the 

reefs repr e s ent a be l t  at least 10 km in width . Unfortunate ly , mo st of the organ ic 

bui ldups in the terr itcry of E s tonia are heav i l y  do lomit i z ed and , therefore it is hard ­

ly pos s i b l e  to iden t i f y  the ree f - f orming organ i sms even on the group leve l . I t  seems 

that to the east o f  the we s tern coast of Saaremaa the role of the e a l eareaus a lgae , 

halys i t ids and so l i tary ruge se cor a l s  increases and that of Vi k i n g i a  tenu e decrease s .  

By l i tho log i c a l  characters ( s ee Jaanus son , 1 9 7 9 )  th · depos its enclos ing Högkl int 

bioherms are ma inly spar ite l imes tone s ;  so , they may be cons idered according to the 

facie s model of the basin C.HecTop , 3A:HacTo , 1 9 7 7) as be long ing to the shoal be lt . To 



this conelusian seems to contradict the presence in H6gklint reefs of Vicoeloaia 

verneuliana which has been taken as an indica tor of the quiet-water environment in 

Wales and Welsh Borderland (Hurst, 1975). One can evidently agree with J. Stel (1978) 

who �ointed out that not all Dieoelosia-species had the same facies range. However, the 

absence of D. vernui�iana in t e n ue-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 

bastn occurs on Gotland in the Slite Beds, part icularly 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 halysiti.ds, teciids, 

favositids, auloporids and rugese corals. Stromatoporoids are of secondary signific­

ance. In the coral assemblage Halysites junior and Theeia eonfluens predominate but 

dendroid Barrandeolites bowerbanki, Palaeofavosites eollatatus, Pf. tersus, Subal­

veolites sokolovi, Heliolites decipiens, Aulopora enodis, tetracoral Mieroplasma 

sahmidti, etc. are also numerous. Large bioherms with Halysites junior are developed 

only in the very south-western part of the region (Stora Kalsö Island) . As te their 

facies positian the junior-eonfluens-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 direet analogs of t.hem in the vvenlock of the East Baltic. Halla bioherms 

(Hörsne outcrop) differ from the others in large number of small dendroid and encrust­

ing tabulates and bryozoans: Parastriatopora priva, Theaia expatiata, Coenites junipe� 

rinus, Palaeofavosites asper, Desmidopora aeuminata, etc. Judging by the first three 

species, these buildups may be situated on the level of the uppermost part of the Maaai 

Beds in the East Baltic. Taking into account the small size of Halla coelenterates and 

bryozoans, the morphology of their colonies, and analogous positian 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 

laqoon (KnaaMaHH, 1982). 

From the Mulde Beds only one orqanic builduo (Bl�häll outcrop) is known. It is a 

thin (0.25 m) biostrome consistinq of dendroid proporids (heliolitids), not identified 

on species level so far. It is enelesed in monotonous mudstone full of uniained meshes 

of halvsitids (Halysites latieatenatus) and hemispheric colonies of Favosftes qothlan­

diaus. 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

sus, partl y also thin dendroid corals and bryozoans, closely resembling those in the 

bioherms of the Halla Beds at Hörsne. 

'rhe second maximum of reefbuilding in the Baltic Si.lurian basin took place in the 

Ludlm.;, part.i.cular ly 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

gl.ons reveal some differences. E.g., on Gotland the bioherms analogous to those of 

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

podo l-iaum and a rich asi1fC'c'blage ::>f other strornatoporoids, a:r:-e not. e stahl i shed. · B'lt 'il­

most i.dentical are the assemblages of reef-forming coelenterates in the Uduvere Beds 

and those of the Hemse Beds on the �stergarn Peninsula and in Linde area. In this as-

semblage predomi.na':e massive or encrusting stro:natoporo.ids (P l eetos troma-species, 



Syringoatromella borea?is, Lophiostroma, e: e.). Between them occur gatherings ot 

cylindric tabulates Laceripora c ribro s a and Parastriatcpora coreaniformis and bushes 

of syringoporids. If in the East Baltic the buildup_s of this content are represer!ted 

by thin (approx. 1 m high) biostromes, these on Gotland reach the thickness of 4-5 m. 

Being enelesed in well-bedded limestones these biostrornes might. possibly develop in 

shoal environment. 

The organic buildups in the Eke Beds of Gotland are known to us from the local­

ities surrounding Laubackar "(Hallsarve, Källstäde, B�vide). The moundlike bodies con­

sist of rnarls 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 alveolitids which in the East 

Baltic Silurian are mostly connected with lagoonal facies belt call for location of 

these buildups in the near-shore though quietwater part of sea (onshore side of shoal 

barrier?). 

On Gotland the upperrnost Silurian is represented by the Hamra and Sundre Beds 

which are also rich in buildups (Fig. 2). The number of reetbuilding species is limited 

but the individuals are numerous. Most important are stromatoporoids among which en­

crusting coenostea dominate (Pleetostroma seaniense, Parallelostroma typieum, Lophio­

stroma sehmidtij. Tabulate corals "Palaeofavosites" moribundus, Favosites similis. 

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 territcry of Estonia. 

In conelusian 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 successian on Gotland and in Estonia shows 

the presence of reef belts situated roughly parallel to the shore line. This successian 

was partly interrupted at the end of the Wenlock at the time of Silurian maximum re­

gression (in Rootsiküla 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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КОРАЛЛОВЫЕ РИФЫ В СИЛУРИЙСКОМ БАССЕЙIШ БАЛТИКИ 

/СТРОЕНИЕ, ФАЦИАЛЬН&q ПРИУРОЧЕННОСТЬ/ 

Э. клааманн ,· Р. Эйнасто 

Органогенные nостройки /биогермы, бисстремы - условно-названные как рифы/ nриуро­

чены в силуре Балтоскандии :к двум фациальным зонам: 1/ к nодвижноводной отмельной зоне 

/nреобладающее большинство/ и 2/ к открытому шельфу. 

Отмельная зона nредставлена детритовыма криноидными и ра:кушечно-детритовыми из­

вестняками, с которыми ассоциируются кораллово-строматоnоровые биогермы. Внутренняя 

сторона зоны, в основном с водорослевыми биогермами, сложена илисто-детритовыми, биту­

минозн�ш глинистыми известняками и мергелями, nереходящими в сторону берега в однород­

ные доломитовые мергели. Органогенные nостройки отмели являются наиболее круnными в си­

луре Балтоскандии и отличаются заметно линеарным расnространением /в частности бисгермы 

слоев хёгклинт и яагарахуского горизонта/ /рис. 1/. 

Рифы открытого шельфа небольшие, наnомина1�щие т.н. доскутные рифы, бугры или воз­

вышения дна современных морей. Они вероятно, лишь немного возвышались над дном силу­

рийского моря. в разрезе nодобные nостройки заключены в комковатых известняках и мерге­

лях. Сложены они nлоскими колониями фавозитид, корковидными альвеолитидами, толстостен­

ными хализитидами и кустистыми сирингоnоридами /nостройки Верхних мергелей Висбю, мер­

гелей Хемсе, вентсnилской свиты лудлова и др./. 

В течение nочти всего силурийского nериода органические nостройки были особенно 

nолно nредставлены в северной части Палеебалтики - в частности в районе Готланда, где 

сохранились следы по �1еньшей мере восьми разновозрастных рифов /рис. 2/. 

Бисгермы и бисстремы силура Балтоскандии формирсвались в регрессивных фазах разви­

тия бассейна. максимумы рифеобразования были в среднем венлеке и среднем лудлове. В те­

чение этого интервала времени наиболее nодходящая для рифестроителей отмельная зона 

мигрировала в nределах Прибалтики около 300 км, а на Готланде и в Подолии лишь 15-40 км 

/рис. 1/. Думается, что в двух nоследних реги�нах материковый склон был заметно более 

крутым и стабильным. 

41 





YPK 5 6 3 . 7 1 3 : 5 5 1 . 7 3 3 . 3 1 /4 7 4 . 2 + 4 7 4 . 8 6/ 

THE BALT I C  MI DDLE S I LURIAN ST ROMATOPOROID SUCCE S S I ON 

H. Nes tor 

Al though a r emarkab le number of regional taxonomical and b i o strat igraphical paper s 

has been pub l i shed on the S i lurian stromatoporoids during l a s t  decade s , there doe s not 

s t i l l  ex i s t  a formal z onal s tromatoporoid standard for any region . The Baltic area of­

fers g ood oppor tunit i e s  for e l abor ating such a standard for stromatopor oid stratigraphy 

due to r e l at ively detai led r e s e arches cover ing S i lur ian outcrop areas on both s ides of 

the Baltic Sea ( PH6HHHH , 1 9 5 1 ; H ecTop , 1 9 6 4 , 1 9 6 6 ,  1 9 70 ; Nes tor , 1 9 7 9 ;  Mor i , 1 9 6 8 , 1 9 6 9, 

1 9 70 , 1 9 7 8 ) . 

The aim o f  the present paper i s  to summar i z e  the ex i s t ing data on the d i s tr ibution 

of stromatöporoids in the B a l t i c  midd l e  S i lur ian (Wen lock ) . The main attention i s  paid 

to the �pec i e s  d i s tr ibuted both in the East B a l t i c  and Got l and sequence s .  

General r emark s  on the s tromatoporoid d i s t r ibution 

Due to their relatively narrow ecological range s s tromatoporoids are d i str ibuted 

in S i lurian rocks rather unevenly . The r i che s t  and the mos t  d iverse stromatoporoid a s ­

s emb lage occur s in t h e  spar it i c , b iomi c r i t i c  and arg i l l aceous l ime s tone s of shal low 

water genes i s , d i s t r ibuted in the border areas of the Baltic S i lurian sed imentary 

basin . According to the genera l i z e d  f a c i e s - s edimentary roodel of the basin (HecTop , 

3ttHacTo , 1 9 7 7 )  the se rocks formed in the h igh energy shoal environments and in the 

moderate to low-energy open- she l f  environments (Nes tor , 1 9 7 7 ) . I n  the terr itcry of Got­

l and and E s tonian . outcrop areas such cond i t i ons prev a i l ed a lmost throughout the who le 

S i lurian per iod . The s e  areas offer the best pos s ib i l i t i e s  for fol lowing the succe s s ian 

of s tromatoporoid f auna s in the shal low water optima l conditions . As for the E s tonian 

sequence its stromatoporoid success ian is not so complete as in the Got l and sequence . 

There are s everal gaps in the s trat igraphical distr ibution of s tromatoporoids caused by 

the pres ence of tongue s of l agoon a l  or restricted-she l f  depo s i t s  ( various dolomitic 

sediment s ) in whic h s tromatoporoids are lacking . The latter are more common for the 

Wen lock-Lud low boundary beds , i . e .  for the Jaagarahu , Roots ikü l a  and Paad l a  Formation s . 

In the Got land area S i lu r i an sed iments accumu l ated a lmo s t  without exc ept ion in the 

norma l -mar ine anvironments and therefor e  they contain a very rich s tromatoporoid f auna . 

Towards the centre of the Baltic B a s i n  biomi critic nodu lar l ime s tone s of the open 

she l f  are replaced with mar l s tone s , cons idered a s  depo s i t s  of a r e l a t ively gent l e  basin 

s lope ( HecTop , 3�HacTo , 1 9 7 7 )  and the latter , in turn , with graptolite bear ing mud­

s tone s and shales of the axial depr e s s ian of the gu l f - l ike basin . As a rule , the latter 

facies do not contain s t�omatoporoids . Therefore s tromatoporoids are laeking in the 

midd l e  S i lur ian o f  Latvia , We s t  L i thuan ia and S cania . The tran s i t ion belt from the 

she l f  l ime s tone s to the s lope mudstone s is character i z ed by improver i s hed fauna of com­

paratively long-range spe c i e s  of s tromatoporoids , giving a spe c i f i c  succe s s ian of 

deeper water a s s emb lage s . Such l atera l  d i f ferent iation of s trcmatoporoid fauna ·was 

ear l i e r  mentioned by K .  Mor i ( 1 9 70 ) , who not iced that in we s tern Got l and mar l s  and mar­

ly l ime s tone s inc lude on ly a f ew spec ies o f  s tromatoporoids , wh ich all be l ong to the 

comparat ive ly l ong-ranging one s , whi le the r i ch and diver s e  s tromatoporoid f auna in 
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mas s ive reef l ime s tone s and in surround ing s trat i f ied l ime s tone s  of eas tern Got l and 

change s more r ap i d ly . In the present paper two paral l e l  succe s s ions of z onal a s s em­

b lages have been d i s tingui shed ( T able 1 ) : one for shal low water , another for deeper water 

depos its . Actua lly there does not e x i s t  any d i s t inct boundary between the s e  contempo­

raneous lateral a s s emb lages and par t l y  deeper water spe c i e s  occur a l s o together with the 

shal low water ones , gradua l ly replac ing each other . 

Compo s i t ian o f  the z onal s t andard 

The mos t  wide- spread spe c i e s  of 

stromatoporoids wer e  preferred f or out-" 

work ing o f  the z onal standard , given in 

Tabl e  1 .  The med i um column o f  the 

table l i s t s  all spec i e s  common for the 

corre spond ing stratigraph i c a l  units of 

the E s tonian and Got land s equences , 

presented in the l e f t  and r i ght column s 

of the table , corre spond ingly . 

According to the r ecent s tratigra­

phical scheme r egional s t ages of E s tonia 

are subd ivided into beds or format ions 

( Aano3 H �p . , 1 9 7 6 ) . I t  enables  a more 

detai led corr e lat ion o f  sequences than 

ear lier . Unfor tunately in E s tonian 

sect ions stromatoporoids occur and are 

studied rather unevenly . The name s o f  

the strat igraph i c a l  un i t s  wh ich a r e  not 

characte r i z ed by s tromatopor oids yet , 

have been s hown in Tab l e  1 in 

square bracket s . Spe c i e s  are d i s tr ibuted 

in sect ions rather spar s e ly and mo s t ly 

they do not o f f e r  any po s s i b i l ity for 

tracing exact boundar ies between the 

stromatoporoid b i o z one s . Conventiona l ly 

the latter are considered coinc idental 

with the boundar i e s  of the local topo-

Tahte 1 
The Baltic middle Si/urian stromatoporoid communities 

and species common for Estonia and IJofland 

Com.nunifies end common species 
B o f/an d  E s fo n ia 

Shallo'N wafer l Deepu 
wster [Soeginina J Araneosu - Parallelo - ·� 

.!!! e; �  : ::::, Vesilw stroma stroma ::::, .._ Kiin fe -
-li: 

Kuusnõmme .s telli - tenellum "' "'  'ii; e:: .::: berg .... parratum "' "' 
"" ""1::::1 :> I "" Vii t a  � � . I t::: r- - - - -

j.abechia ;;;� I "'  "1:J 
con{erfa 

1j lli  r ;  · - e:: 
::. [Tagsvere] not sfudied Stelodic�on '1::1 "' Halla I �  t:::J � 

striatel um t::: :;g I .e: C!athrodictyon �·� l:l.... i ;.;: 
Il! vesicu/osum ":_� 
'- [cclimadicty,on r t'1l Haas i asrrolax u m  "' �  S lif e 
t:n [. macrotuberculafum · �  � 
t'1l Simp/exodicfyon va!idum � ·-l:l!. "'  t'1l Vik ingia ten uis Tofta 

t'1l t:: !"') Viise n di V. vikingi e; -� tlögklinf 
Syringosfromelle yavorskyi .. .... .... . !:;! 

"'- ""1::::1 - - - - -

[ Nin a s e  J S�omafuRora imP-exa "' "'  
· - tll l... 
t::: .Pse,udolabechia" hess/andi 

"' :!:: U. Vishy t'1l Parsmaja t::: t'1l "' <1J Clafhrodicfyon linnarssoni 1::::1 t::l !"') 

stratigraph i c a l  un i t s . I f  the unf i t  of the boundary i s  obv ious or i f  i t s  p o s i t ian i s  

very obscur e , i t  is shown in Table 1 by the broken l ine . I f  in the table the co lumn of 

the sha l l ow water z onal a s s emb lages is divided into two parts by doub le l ine then on 

such stratigraph ical leve l s  there do not ex i s t  stromatopuroid spe c i e s  common for both 

the E a s t  B a l t i c  and Got l and areas and the spe c i e s  l i s ted on both s ides of the doub le 

l ine occur on ly in the corre sponding area . 

Succe s s ian of s tromatoporoid commun i t i e s  

Deta i led d a t a  on t h e  d i str ibut ion of stromatoporöid spe c i e s  in loca l i t i e s  o f  Got-

land and E s tonia have been pre sented in the specia l  papers (Mor i , 1 9 6 8 , 1 9 7 0 ;  Hec Top , 

1 9 6 6 ,  1 9 7 0 ; Nes tor , 1 9 7 9 )  and they are not repeated here . Add it ional data are commented 

below i f  neces sary . 
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The S t roma t .:;;p o ra lmp exa Corn.,mn i ty 

On Got l and the e a r l i e s t  stromatoporoids hi ther t o  known a r e  t h e s e  of the Uppe1 
Vi sby Mar l s . It i s  remarkab le that a lmo s t  all the Upper V i sby spec i e s  o c c u r  a l s o  1 n  

s im i l ar nodular l ime s tone s and mar l s  of the E s ton i an Jaan i Forma t icn , expo sed i n  the 
c l i f f s  o f  the northern coa s t  o f  Saaremaa ( L i iva , Panga , Suur iku ) immed iat e l y  b e l ow the 
lower boundary o f  the N inase 

h e s s l a n d i  and C la t hrodi az y o n  

Member .  S ome o f  these spe c i e s  such as "Pu e u do Z a b e c h ·i a " 
l i n nar s s o n i  have not been descr ibed in the au t hor ' s  

ear l ie r  paper ( HecTop , 1 9 6 6 ) due to some taxonomical d i f f icu l t i e s . Now the ir pr e s e n c e  i s  
we l l  e s tab l i s hed i n  the E s ton ian sequence . 

Actually the mos t  common stromatoporoid s pe c i e s  in the Upper V i s by Beds and Jaan i 

Format i on are D e n sa s t roma p e x i sum and Cla t hrodi a t y o n  s i mp l e x ,  but these spe c i e s  have a 

wider strat igraphical and ecolog i c a l  range , and are cons idered here as the ma i n  repre­
sentat ives o f  the Lower We nlock deeper water stromatoporoid as semb lage ( p . 44 ) . At the 
s ame t ime such rather wide- spread spe c i e s  as S t roma t o p o ra imp e x a ,  C la t hrodi a t y o n  l i n ­
nar s s o n i  and "Ps�do lab e a h ia "  h e s s landi are mo s t ly conf ined t o  the Upper Visby and 
Jaani leve l s  and could be treated as the z onal a s s emb lage of a mere s ha l l ow-wa t e r:  

faunal succ�s s ion . A f e w  specimen s o f  the se species have a l s o  b e e n  r eported from the 

basal part of the Högk l int Beds . Therefore the upper boundary of the S t r o ma t o p o ra i m ­
p e xa Z one may actua l ly l ay within the 1 1mits o f the Högk l int Beds and may coinc ide with 

the boundary between its  " a "  and " b "  or even " b "  and " e "  units . In the E s tonian se­

quence the boundary probab ly coincides with the base o f  the Jaagar ahu Stage . 

H i therto spec i e s  typical of the S t roma t o p o ."'a imp e xa Commun i ty have not been r e ­

port ed from the other regions . 

The Vi k i n g ia t e n u i s  Community 

Vi k i n g ia t e n u i s  i s  the mo s t  common spe c i e s  in the Högk l int and Tofta Beds o f  Got­

land , part icularly in the ma s s ive reef l ime s tones o f the former and in the S pong iostroma 

L ime stone of the latter . In E s tonia the s ame s pe c i e s  occurs abundantly in reef ! ime ­

stone s and 3 S soc iated rocks in the V i l s and i Beds of the ear ly Jaagarahu age . In places 

Vi k i n g ia t e n u < s  i s  accompanied by Vi k i n g ia v i k i n g ·i and Sy r i n g o s trome  'l l a yav o r s k y i . In 

E s tonia the latter spec i e s  was not earlier ·s eparated from Vi k i n g ia t e n u i s  but a s  the 

latter examinat ion o f  the co l lect ion has confirmed , it d e f initely occur s in Jaagarahu 

loca l i ty besides V .  t e n u i s .  On Got l and a few spec imens of V i k i n g ia t e n u i s  have also 

been recorded from the uppermo s t  par t  o f  the Visby Beds and from the lower part o f  the 

S l ite Beds ( Mer i , 1 9 6 8 ) . Thus there is a certain over lap of the strat igraphical range s 

o f  the z onal stromatoporoid spec i e s  and the both boundar i e s  of the Vi k i n g ia t e n u i s  Z one 

cou ld be f i tted with the bounda r i e s  o f  the topo s tratigraph ical units only conventiona l ­

ly . 

The Vi k i n g ia t e n u i s  Community i s  apparently r a t her spe c i a l i z ed ecologically and it 

is ma inly r e s t r i c ted to the reef f a c i e s . At the s ame t ime it has a ra ther narrow strat i ­

graph ical range , a s  it  h a s  n o t  b e e n  recorded ne ither from the sma l l  Upper Vi sby patch 
reefs be low ,  nor from the ree f s  o f  the S l i te Group b igher in the s equence . There fore 

the opinion abou t d i f ferent age o f  the Vi k i n g ia t e n u i s  Commu n i ty in Got l and and E s tonian 

sequenc e s , expr e s sed ear l ier by Kal j o  (Kanoo , 1 9 70 ,  p .  1 9 8 )  on the ba s i s  o f  the in­

direct corre lat ions o f  the outcrop sect ions , does not evident ly have enough ground . 

The data ohtained through the inve s t igation o f  tabulate cor a l s  ( KnaaMaHH , 1 9 7 7 )  and 

chitinozoans ( V .  N e s tor , 1 9 8 2 )  conf irm the same . 

'l'he e l ements of the fauna with Vi k i n g 1: a  t e md s  have not been r ecorded from other 

regions . Some s im i l ar spe c i e s  ( Vi k i n g ia d e m s h y n e n s i s ,  11Pse ud� l a b e a h i a " n i k i fo r o v a e )  ee­
eur in the Re s tevo and Demsha Beds of  the K i ta i gorod S t age o f  Podo l ia ( Bom:,tuaKoB a ,  
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1 9 7 3 ) , wh ieh are rough ly eontemporaneous to the Vi k i n gi a  t e n u i s  Z one but are rcpre ­

sented by d i f f erent l i thof ae ie s . 

The Eaa l imadi a t y o n  a s t ro l axum Community 

Rather th iek and var i ab le S l ite Group of Gotland eontains d iverse s tromatoporo id 
fauna . Unfortunat e l y  mos t  of the stromatop9roid apee ies in the S l ite Group occur in a 
s ing.le or in very few loeal i t ies and therefore are not of interest as zona l forms . Only 

such speeies as Stroma t op ara ef . p s udo t u b e rc u l a t a ,  Eca l imadi c t y on a s t r o laxum, 

E.  macro t u b e ra u l a t um,  D e n s a s t roma p o do l i cum, D . p e x i s um ,  Simp Z e xodi c t y o n  s imp l e x are 

mere wide - spread . The latter four are o f  rather wide strat igraphieal range and are 

therefore of l e s s  intere s t . Therefore Ecc l imadi c t y o n  a s t r o l axum is the most eharaeter­

i s t i e  spee i e s  for t h e  strat igraph i c a l  interval eons idered . I n  Eston ia i t  i s  rather 

abundant in some cuterops ( T6re , Sepi s e )  o f the Maa s i  Beds o f  midd le Jaagarahu age . 

Aeeording to the data by K .  Mor i ( 1 9 6 8 )  Eac Z imad i c t y o n  a s t ro laxum oceurs both in 

the lower and in the upper parts of the S l ite Group wh i l e  many other spee ies are re­

strieted to one o f  the parts . Unfor tunate ly at the present t ime the data are too scanty 

for a more detai led subd i v i s ion of the S l ite Group by s tromatoporoids . 

Bes ides Ea c Z imadi c t y o n  a s t r o Zaxum there are some other speeies common for the 

S l i te and Maa s i  Beds . Ecc Z i ma d i c t y o n  macro.t ub e rcu l a t um and Simp Z exodi c t y o n  va l i dum are 

more notab l e . Eviden t l y  spee imens of the latter spee ies were descr ibed by K .  Mor i  

( 1 9 6 8 )  a s  representatives of C Za t hr o di c t y o n  e f . a rg u t u lum and Dip l o s t roma y a v o r s k y i . 
Both stratigraph i e a l  un i t s  eontain a l s o  D e n s a s t roma p e x i s um and S i mp l exodi c t y o n  s imp Z e x  

o f  wide s trat igraph i e a l  range .  

One of the eharaeter i s t i e  features o f  the strat igraphical interva l cons idered i s  

very diverse f auna o f  the repre sentat ives o f  Eca l imadi c t y o n  and some related genera .  

The same phenomenon has been observed in many other regions , par t icularly iil the Arctic 

areas , the Ura l s , S iber ia , Central As ia where the so-ca l led " Wenloekian fauna " of 

stromatoporoids eontains abundant ly representat ives of Ec c l imadic t y o n , N e o b e a t r i c e a  and 

A c t i n o d i a t y o n .  Obv iou s ly the midd l e  Wenlock was one of the ages of nearly cosmopo l i t i c  

d i str ibution of certain s tromatoporoid species .  Unfortunately iden t i f ication of the 

spe e i e s  of Ecc l ima d i a t y o n  and r e lated genera is very d i f f icult and they are of les s  

eorre lat ive s ign i f ieance than many other stromatoporoids . 

The D e n s a s t roma p ex i s u m  Commun ity 

In many part s  o f  the Upper Visby and S l ite Beds the mos t  common stromatoporoid 

spe e i e s  are D e n s a s t r oma p ex i s um and Simp l exodi c t y o n  s i mp l e x . A few specj mens of these 

spe e i e s  oeeur a l s o  in the Hõgk l int Beds . In the Upper Visby Mar l s  these apec iea occur 
partly together with the representat ives of the S t roma t op o ra imp exa Commun ity ( Snäck­

gard sbaden , Vat ten fa l let , Kne ippbyn , Högk l int ) .  In S l i te Mar l s  in the we stern part of 

Go t land (,We s tergarn , K l inteby ) these spec ies are the only representat ive s of stroma to­

poroids . In the Lerberget Mar l s  of Stora Kar l sö D .  p ex i s um and C l a t hrodi a t y o n  s i mp Z e x  

have been met together with the spe e i f i e  forms F e r e s t roma t op o r a  i n s u l a r i s  and P l u ma t a ­

Z i n i a  de n s a . I t  i s  reasonab l e  t o  suppese that D e n s a s t roma p e x i s um and C l a t h rod i c t y o n  

s i mp Z e x  inhab ited the mos t  deep wa ter marginal areas of s tromatoporo id sett lement dur­

ing the who le ear ly Wen loek time . Towards the shore s tromatoporoid f auna gradua l ly en­

r i ehed with more short-range spee ie s , whi l e  the role o f  deepe r  water e l ements deereaaed 

respe e t i ve ly . Consequently , the fauna with D e n s a s t roma p exi s um may be treated as a 

deeper wa ter equiva lent of the sha l lower water S t roma t op o ra i mp exa - �'i k i n g i a  t e n u i s  -
Ec c Z i m a d i c t y o n  a s t r o l a x u m  s u � e e s s ion . 

In Podo l i a n  sequence D ,:; n s a s t r o ma p e x 1: s u m has been ment ioned from the Chercha Bed s 
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of the Kitaigorod Stage (BoroxsneHcKaH, 1�76). In the same beds and lower, in the 

Demsha Beds C"lathPodictyon micPos tPiate "l "lum occurs, .which is very similar and even may 

be conspecific with C"lathPodictyon simp"le#:. Presumably the major part of the Kitaigorod-· 

Stage roughly coincides with the range of the Densastrama pexisum Community and is also 

ecologically comparable. 

The Labechia �or.fePta Community 

In the East-Baltic area stromatoporoids are insufficiently known from the upper 

part of the Wenlock (nassa/"ludensis 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 Rootsikülal. In the shallow water sequence of Gotland 

the stromatoporoid successian is more complete. Here the fauna with Ecc"limadictyon 

astPo"laxum is directly f�llowed by the Labechia confePta 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

fePta is the most common species in the Halla Beds. CZathPodictyon stPiatellum ( = Ste­

lodiatyon Bogoyavlenskaya, 1969), C"lathPodictyon vesiculosum and St1'omatopo1'a 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 

macl'otuberculatum in the Slite Beds} and bigher (Stelodictyon stPiateZZum in the Klin­

teberg Beds at Klinte), as the whole, the Labechia confePta Community is comparatively 

distinct. 

It is remarkable that all the most common species of the Halla Beds (L. confePta, 

cz. vesiculosum, S. striateZZum) have been described by H. Nicholson (1886-1891} from 

the �enlock 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 Labechia con­

fePta 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 

ratper unitary and does not contain typical represe�tatives of neither Slite nor Klin­

teberg faunas of Gotland. 

In Pc-'iolian sequence Labechia confePta is common in the Muksha Beds (BoroxsneHcKaH, 

1976 and author's data). On the same stratigraphical level I have identified Stelo­

dictyon striatetlum (loe. Bagovizal. 

Consequen tly, 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 .·'ar>'l :.zc lostroma tene llum Community 

On Gotland the !.a/.r c:h1:a ::nrzf.;rota Community is succeedcd by those of the PaPal Zelo­

nl:rom.�r. tc:>: .. li'-!m. Taxonomical content and distr ibution of the fauna with ParaZZelostPoma 

�nwell4m are rather badly delimi�ed. P. teneZZum itself is distributed in the middle 

and upper parts of the Klinteberg Beds and occurs in the cuterops of the middle part of 

tl.e island. Some other species specific to the Klinteberg Beds (Plumata"linia ba"ltici­

vaga. Actinosrroma botvaldavikense) have been known by a few specimens f�om a limited 

number of localities. Quite a lot of the Klinteberg species pass over into above laying 

limestones of the Hem se Group. Those are Syringostromella boPeaZis, StPomatopoPa ve­

nukovi, ParalleZostroma typiaum, Stromatopora cartel'i, ClathPodiatyon convictum, Eacli­

mad?>tyon robustum, suggesting great affinity of the Klinteberg stromatoporoid fauna to 
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the succeed ing Lud lovian one s . True enough , S � roma t op o ra car teri i s  one o f  the spP c i e s  

erected o n  the bas i s  of t h e  mate r i a l  f r om t h e  Wen lock L ime s tone o f  t h e  We lsh border­

l and , but exact ident i f i cat ion o f  .that spec ies i s  extreme ly comp l ic ated as very s imi l ar 

forms are d i str ibuted from Wenlock to Givet . 

The A ra n e o s u s t roma s t e Z Z ip a rra t um Community 

I n  E s tonian s equenc e  Para l l e l o s troma t e n e Z Z u m  has not been f ound yet . I n  the local 

stromatoporoid success ian his pos i t ian i s  probably occupied by the A raneo s u s t roma s t e l ­

Z iparra t u m  Commun ity . The latter spe c i e s  i t s e l f , ear l i er descr ibed a s  C l a t hr o d i c t y o n  ? 
s te Z Z i p a rra t um i s  mos t  common in the Kuusn6mme Beds o f  the Roots iküla S tage , but a f ew 

specimens have a l s o  been f ound f rom the Paad l a  St age ( HecTop , 1 9 6 6 ) . The fauna with 

Araneo s u s t roma s te Z Z ip a rra t um i s  s c anty . Besides A .  s te Z Z ip a rr a t um it only contains 

Eq a l inadi c t y o n  r o b u s t um and D e n s a s t roma p o do l i aum o f  a comparatively wide s tratigra­

phica l  range . 

It seems that the A r a neo s u s t roma s te l l iparra t um Commun ity i s  a lateral equ ivalent 

of the Par a Z Ze l o s t roma tene l l u m  Commun i ty and it probab ly inhab i ted a more r e s tric ted , 

near - s hore part o f . the s e a . Such op inion i s  supported by new data coneerning the d i s ­

tribution of s t romatoporoids i n  a sect ion o f  the S outhern part o f  Novaya Z emlya 

( He cTop , 1 9 8 2 , in pres s ) . There , in the sect ion of peninsula Khatan z e i  Para l l e l o s t roma 

tene l l um and A r an e o s u s t r oma ex gr . s te Z Ziparra t um have been found together in the upper 

part o f  the K lenov Format ion , represented by inte r l ayer ing lagoonal and norma l -marine 

carbonate depos i t s . 

The "Py c n o di a t y o n " de n s um Commun ity 

The Lab e a h i a  c o n fe r t a  and Para l l e l o s t r o ma ten e Z Z um . Communi ty were treated as suc­

ceeding sha l low water s tromatoporoid commun i t i e s . The ir lateral , deeper water analogue 

may be the "Py an o di c t y o n " de n s um Community ( probab ly synonym of D e n s a s t ro ma ) , wh ich oc­

curs in the Mulde Mar l s  o f  Got land and a l s o  pas s e s  over into the Hemse Mar l s . B e s ides 

"Py anodi a t y o n " den s um A a t i n o s t r o me l l a a f f . v a i v e r e n a i s  is another common spec i. e s  for 

Mu lde and Hemse Mar l s . The s e  two f ine-ret iculate stromatoporoids are mos t  frequent in 

cuterops o f  the we stern part o f  Got land , whereas other species are found there in a ve ­

ry few spec imen s . 

In the deeper water succe s s ian the "Py a n o di c t y o n " d e n sum Commun ity replace s the 

Den s a s t roma pex i s um Commun ity strat igraph i c a l ly . Both have rather wide strat igraphical 

range corre spond ing to three or more stromatoporoid z ones in the shal low water succe s ­

s ion . 

The d i s t inct ion o f  the f ine-reticulate spec ies o f  D e n s a s t roma p e x i s um and "Py a n o ­

d i c t y o n " de n s um Commun ity is rather compl icated , espec i a l ly when the mater ial i s  re­

crysta l l i z ed . Therefore in E s tonian sequence "Py c n o d i c t y o n " densum wa s not d i s t in­

gui shed . Probably spe c imen s  o f  th i s  spec ies were ear l i er l inked with the spec ies D e n s ­

a s t roma p o do l i c um .  
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Summary 

The present paper d i s t inguishes f ive succe s s ive stromatoporo id communit i e s  spread 

in the shallow water sections o f  the Baltic S i lur ian .Ba s in , in the strat igraph ical in­

terval corresponding to the Wenlock S e r i e s  by now accepted corre lations . In the asc�nd­

ing order they are : S t r o ma t op o r a  imp e x a ,  Vi k i n g i a  t e n u i s ,  Ea a t imadi a t yo n  a s t r o t ��um; 

Lab e a h i a  a o n fe r t a  and Para t t e t o s troma t e n e t tum Communities . However , there is a pos s i ­

b i l ity that the l a s t  community already be longs to the lowermes t  Ludlow . Potent ially 

the s e  commun i t i e s  may s erve 

Ba ltic and adj acent regions . 

as a bas i s  f or a z onal stromatoporoid standard of the 

In the s ame s trat igraph ical interval in deeper water , 

marginal areas o f  the d i s tribution of stromatoporo ids two commun ities - . D e n s a s t r o ma 

p e x i s um and "Py a n o d i a t y o n " d e n s u m  are d i s t ingu ished . 
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ПОСЛЕДОВАТЕЛЬНОСТЬ СТРОМАТОПОРАТ В СРЕДНЕМ СИЛУРЕ БАЛТИКИ 

Х. Э. Нестор 

В мелководных разрезах Балтийского силурийского бассейна в стратиграфическом ин­

тервале no nринятой в настоящее время корреляции соответствующем венлоку, выделено·nять 

nоследовательных соо(lществ строматоnорат. Снизу вверх это сообщества Stromatopora im­

pexa, Vikingia tenuiг, EccZimadictyon aвtroZaxum, Labechia conferta, ParaZZez·oвtroma 

teneZZum. Не исключено, что nоследнее из них имеет уже раннелудловскнй возраст. Потен­

циально эти соо�ества могут служить основой для зонального стандарта строматоnорат в 

Балтийском и соседних регионах. 

В более глубоководных разрезах расnространяются сообщества Denвaвtroma pexiвum и 

"Pycnodictyon" denвum, nричем nервое из них соответствует зонам S. impexa, v. tenuiв и 

Е. aвtroZaxum, вторая - зонам L. aonferta и Р. teneZZum в мелководной nоследовательно­

сти. 
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T H E  SUCCE S S I ON O F  BRACHIOPODS A S  A TOOL FOR CORRELAT ION 

IN THE S I LURIAN OF THE EAST BALT I C  

M .  Rube l  

Fos s i l  t axa c an be grouped together i n  relation to the ir s eguential occurence as 

observed in studied sections , f or instance , into z on al scheme s . They may a l s o  be ar­

ranged into various communi t i e s  based on the ir spatial coex i stence . When cons idered 

separ ately , the s e  two arrangements repres ent e i ther purely temporal or pure l y  envi ron­

mental aspects of strat igraphi cal s tudy respect ively . 

I t  i s  d i f f i cu l t  to def ine such as t ime and env ironment in a strict s ens e . But ac­

c ording to the main the s i s  of thi s p aper it is nece s s ary to estimate temporal and en­

vi ronment al f a ctors s ep arate ly . · Moreover , it mu st be done in a certain order . Thu s ,  i f  

one obs erve s  d i f f erences in content of fos s i l s  f rom two exposures then it i s  d i f f i cult 

to s ay immed i ately whether the d i f f erences · are tempo ral or environmental . But , a s  s oon 

as dat ing of the expo sures is po s s ible , some paleogeographical conc lu s ions can be 

achieved , and only then . Because of thi s  the temporal a spect mu s t  be ranked f ir s t  in 

al l kinds of stratigraphical corre lations , inc luding ecos tratigraphical ones . 

Any strat igraph i c a l  event s in the Baltic S i lurian as we l l  as in many other regions 

may be d ated eas i ly re lat ive to ex i s ting strat igraphical scale s , and the nece s s ity of 

ana lys ing the d i f f erent aspects in a astrict order may therefore seem to be puz z l ing. 

However , if one wants to improve on the ex i s ting scales then it mu s t  be done not on ly 

through e lucidation of tempora l ly contro l led succe s s ions o f  taxa a s  a f i r s t  step , but 

al s o  independently of the existing scales . 

The Upper S i lurian example di scus sed be low shows that only a minor part o f  the 

brachiopods forms such a we l l  def ined temporal succe s s ion that can be used unambiguou s ­

l y  in intrareg ional correlations . 
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Material 

The d i s tr ibution of 74 brach iopods was studied in 1 6  bor ing s located throughout 

the East Baltic region ( s ee Table 1 ) . Their succe s s ion in the borings was a l s o  checked 

by the ir occurrence in the outcrop area on the I s l and o f  Saaremaa . Range char t s  of the 

spe c i e s  in each sect ion are stored at the Institute of Geology , T a l l inn . 
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Tab l e  1 .  Frequeney of braeh iopod oeeurrenee and washed s arnp l e s , and stratigraphy in the 

borings 

A - pereentage o f  inter va l s  w i t h  braehiopod s from the to tal  interval s tudied . 

B - pereen tage of wa shed s arnples from the total number o f  s amples with bra-

ehiopod s . 

e - s tratigraphy : D - Downton , L - Lud low , W - Wen loek . 

M - number o f  iden t i f ied spe e i e s  or taxa . 

Q s tud ied interval of the bor ing in meter s . 

No . Bor ing A B e M Q 

1 .  P.::.ad l a  8 0  0 L 4 0 . 0  - 1 0 . 0 

2 .  K ing i s  s epp 6 2  7 L+D 1 1  0 . 0  - 2 6 . 0  

3 .  Kaugatuma 6 3  1 8  L+D 2 0  0 . 0  - 7 1  . 0  

4 .  Ohesaare- 1 5 9  0 W+L+D 4 3  o . o  - 3 30 . 0  

5 .  Kolka- 5 4  4 ts  0 L+D 3 2  1 70 . 0  - 4 70 . 0  

6 .  Ko lka- 4 3 7  0 L+D 3 4  1 80 . 0  - 5 20 . 0  

7 .  Ventspi l s  2 3  1 1 L+D 3 2  2 7 0 . 0  - 6 4 0 . 0  

8 .  P i l tene- 1 1 8  0 W+L+D 2 8  4 1 6 . 0 - 8 2 7 . 5  

9 .  Pavi l o s ta 4 4  5 L+D 3 4  4 8 7 . 5  - 8 00 . 0  

1 0 .  E z ere 3 3  1 7  L+D 2 7  9 2 5 . 0  - 1 1 3 0 . 0  

1 1 .  Pa�a l tuon i s - 9 4  3 2  0 L 2 5  1 1 00 . 0  - 1 2 7 0 . 0  

1 2 .  Gird�a i - 5 0  1 1  4 0  L 2 7  9 50 . 0  - 1 1 1 0 . 0  

1 3 .  Geluva- 9 9  5 2  0 W+L+D 4 3 6 4 4 . 0  - 1 02 0 . 0  

1 4 .  Virba l i s  3 7  0 W+L+D 3 5  7 0 5 . 0  - 1 1 5 5 . 0 

1 5 .  Kalvar i j a 5 7  1 00 w 2 5  6 9 5 . 0  - a 5 o . o  

1 6 .  Dubov s ko j e 1 2  1 00 D 1 5  9 7 9 . 0  - 1 3 1 2 . 0 

Systematie notes 

The f o l l owing l i s t  o f  s pe e i e s  or the ir groups gives the bas i s  for the s tudy . Eaeh 

taxon has a eode number , and those oeeurr ing in less than f ive sect ions have the ir code 

number in bracket s .  The references quoted give the author ity on wh ich the ident if ica­

tion o f  the var iaus spe c ies i s  based . 

- S ha.Z e r i a  sp . sp . : = Bra a hyprion e z e r e n s i s - PblõHHKOB a , 1 9 6 6 : 80 , P l . 1 : 9 , 1 0 ;  1 9 6 7 : 

1 9 3 ,  P l . 2 1 : 1 , 2 ;  = B .  a o s t a t u Z a - PbiÕHHKOBa , 1 9 6 6 : 8 5 ,  P l . 2 : 1 - 3 ;  1 9 6 7 : 1 9 4 ,  P l . 20 

: 1 - 3 ; = Sha l e r i a  a f f . o r n a t e l Z a - Bassett & eoeks , 1 9 7 4 : 1 7 ;  

Harper & Boucot , 1 9 7 8 :  1 6 1 ,  Pl . 3 4 : 1 1 - 2 5 , 2 9 .  

S .  de Z i a a t a  -

( 3 )  - R h i p i di um t e n u i s t r i a t um : Bassett & eocks , 1 9 7 4 : 2 3 , P l . 6 : 1 - 4 ,  P l . 7 : 1 . 

4 - A e gi r i a  grayi : B a s s e t t , 1 9 7 4 : 9 1 , P l . 20 : 8 - 1 5 ;  = P le a t o d o n t a a k n i s t e n s i s - PblõHH­

KOBa , 1 9 6 7 : 1 8 8 ,  P l . 1 9 : 1 - 2 .  

5 G l a s s i a o b o v a t a : = G .  r o t un da - PblõHHKOBa , 1 9 6 7 : 2 0 1 , P l . 2 3 :  2 ;  = G .  m i n u t a  

ib id . : 2 0 3 , P l . 2 3 : 3 ;  = G .  sp . - ibid . : 202 , P l . 2 3 : 4 .  

( 7 )  - A n a s t rop h i a  d e f l exa a Ba s sett & eocks , 1 9 7 4 : 2 2 . 

( 8 )  - Ko z l o w a k i e l l i na d e Z t i d i a l i s : Bassett & eocks , 1 9 7 4 : 3 8 , P l . 1 1 : 1 .  

9 - A t rypa r e t i c u lar i s : AJIHXOB a H �p . , 1 9 5 4 : 4 2 , P l . 2 5 : 3 ;  Bas s e t t % eocks , 1 9 7 4 : 2 8 , 

P l . 9 : 2 ;  = A .  r e t i a u Z a r i a  d z w i nogrode n s i s  - PbiÕ HHKOBa,  1 9 6 7 : 208 , P l . 2 4 : 4 - 6 ; 

A .  r e t i a u l a r i s  a f f . tajn e n s i s  - ib id . : 209 , P l . 2 4 : 7 ;  

Py6eJ!b , 1 9 7 0 : 3 7 ,  P l . 1 9 : 1 - 1 2 ,  P l . 20 : 1 ,  1 2 - 2 1 , 2 3 . 

A .  d z w i n o g r o d e n s i s  -

1 0  - R e s s e r e ?.. Z a  s p . s p . : = Par .rno r t: h i s  e Z e g an l; u l a - AnHxoaa H ,llp . , 1 9 5 4 : 3 5 ,  P l . 2 2 : 1 , 2 ;  

= R e ::: s e r� e Z Z a c o n e t:�. v o e o n. v e ;?.:a -- Py6e..nn , 1 9 6 3 :  1 3 4 ,  P l . 5 : 1 - 7 ;  = R .  e f . c o n c a v o c c n ­

c e xa - P�O HH K O B a , 1 9 6 7 :  1 7 2 ,  P l . 1 4 : 5 ; R .  a a n a l i s  - Wa lms ley & Boucot , 1 9 7 1 : 
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4 9 7 , P l . 9 7 : 1 , 4 - 7 ,  P l . 9 8 : 1 , 2 ,  P l . 1 00 : 4 ;  Bassett & Coeks , 1 9 7 4 : 1 0 ; = R .  e l e gan t u ­

la - Wa lms ley & Boueot , 1 9 7 1 : 4 9 9 , P l . 9 1 : 5 ,  P l . 9 6 : 1 - 4 ,  P l . 1 7 : 2 , 3 ;  Bassett & 
Coeks , 1 9 7 4 : 1 0 ;  = R .  b a s a l i s - Wa lms ley & Boueot , 1 9 7 1 : 5 0 1 , P l . 9 1 : 7 - 1 0 ,  P l . 9 8 :  

7 ,  P l . 9 9 : 2- 6 ,  P l . 1 00 : 3 , 5 ; Bassett & Coek s , 1 9 7 4 : 1 0 .  

1 1  - D i a o e l o s i a  b i l o b a : Rube l ,  1 9 7 1 : 5 5 , P l . 9 : 2 6 - 3 1 , P-1 . 1 0 : 1 - 1 7 ,  non P l . 1 0 : 1 8 - 2 2 ; 

Bassett & Coek s , 1 9 7 4 : 1 1 ;  non P�5HHKOB a , 1 9 6 7 : P l . 1 5 : 1 ;  = D . o k l a ho m e n s i s  

ibid . : 1 7 5 ,  P l . 1 4 : 7 , 8 ;  Rube l ,  1 9 7 1 : 5 7 , P l . 9 : 3 2 ,  P l . 1 0 : 2 3 - 4 0 . 

1 2  - I s o r t h i s  a ra s s a : Hurs t  & Watkins , 1 9 7 8 : . 9 6 , P l . 2 : 2 7 ;  = I .  parvu l u s  - P�6HHKOBa , 

1 9 6 7 : 1 80 ,  P l . 1 6 : 1 0 ,  noq P l . 1 6 : 7 - 9 ;  = I . (Araua l la )  a ra s aa - Walms ley & Boueot , 

1 9 7 5 :  80 , P l . 7 : 1 6 - 2 3 ; = I . · ( Pr o t o a o r t e z o r t hi a )  s l i t e n a i s - ibid . : 6 5 , P l . 3 : 9 - 1 1 ;  

= L e v e n ea mu l d e n a i a - ibid . ; 9 2 , P l . 1 0 : 1 - 1 1 . 

1 3  - Da l e j i n c:  h y b r i da : Bassett & Coeks , 1 9 7 4 ; 1 1 ;  = Rhip i dome l l o i d e a  hybrida - Pyt5enb , 

1 9 6 3 : 1 4 5 ,  P l . 7 : 7 - 1 5 ; = R .  t ripar t i ta - ibid . : 1 4 3 ,  P l . 6 : 1 0- 1 3 ,  P l . 7 : 1 - 6 ,  = R .  

e f . h y br i da - P�t5HHKOBa ,  1 9 6 7 : 1 7 6 ,  P l . 1 s_: 5 - 7 .  

1 4  - Cyr t i a  exporre a t a : A.nHXOBa H ,m> . , 1 9 5 4 .: 3 8 , P l . 2 3 : 2 '; �OHHKOB a , 1 9 6 7 : 2 1 2 ,  P l . 

2 5 : 1; Pyt5enb , 1 9 70 : 5 6 , P l . 3 5 : 1 - 1 1 ;  Bassett & Coeks , 1 9 7 4 : 3 5 ;  = e . trap e z o i da ­

l i a  - Py6enb , 1 9 70 :  5 7 , P l . 3 6 : 1 - 1 5 , P l . 3 8 : 1 - 5 .  

1 5  - S k e n i di o i de a  l e w i s i i : P�6HHKOBa , 1 9 6 7 : 1 6 9 ,  P l . 4 : 1 , non P l . 1 4 : 2 - 4 ;  B a s s ett , 

1 9 7 2 : 3 5 ,  P l . 5 : 1 0 ,  P l . 6 : 1 - 1 2 ;  non Pyt5enb , 1 9 6 3 :  1 2 8 , P l . 3 : 1 - 1 0 .  

( 1 6 ) - P l e a t o d o n t a  sp . 

( 1 7 ) - A t ryp i n a  barrandi i :  = P l e a t a trypa barrandi - A.nHXOBa H ,Ilp . ,  1 9 5 4 : 3 7 , P l . 2 2 : 8 .  

1 8  - e l o r i nda s p .  sp . : = e .  r o t unda - Bassett & Coeks , 1 9 7 4 : 2 5 , P l . 5 : 7 ;  A t rypa ? 

dormi t z e r i - Hede , 1 9 1 7 :  1 7 ,  P l . 1 : 1 5 - 1 9 ;  Bergman , 1 9 80 : Fig . 2 : E .  

1 9  - Gyp i du Z a  ga l e a t a : Py6enb , 1 9 70 : P l . 1 1 : 1 1 - 1 4 ;  Bassett & Coeks , 1 9 7 4 : 2 4 , P l . 5 : 8 ;  

= G .  magna - P�t5HHKOBa ,  1 9 6 7 : 1 8 3 ,  P l . 1 7 : 4 , 5 ;  Py5eJib ,  1 9 70 :  2 1 , P l . 1 1 : 1 - 1 0 ,  P l . 

1 2 : 1 - 1 4 .  

20 - De l t hyri s e l e v a t a : P�t5HHKOBa ,  1 9 6 7 : 2 1 4 ,  P l . 2 5 : 2 , 3 ;  Pyt5enb, 1 9 70 :  6 2 , P l . 3 8 : 6 -1 1 ; 

Bas sett & Coeks , 1 9 7 4 : 3 7 , P l . 1 0 : 6 .  

( 2 1 ) - S t r i i a p i r i fe r  p l i a a t e l l u a : Boueot , 1 9 6 3 : 6 9 6 , P l . 1 00 :  8 , 1 4 , 1 5 ; Bassett & Coeks , 

1 9 7 4 : 3 7 ; = Rede i na p l i a a t e l l a - Brunton & Coeks , 1 9 6 7 : 1 7 2 ,  P l . 3 : 1 - 5 ;  = H .  

ari spa - ibid . : 1 7 1 ,  P l . 2 : 2 8 - 3 3 ;  = S t r i i s p i r i fe r  sp . - Pyt5enb , 1 9 7 0 : 6 1 , P l . 40 : 9 ,  

1 0 ;  = Ma arop l e ura sp . - ibid . : 6 1 , P l . 40 : 1 1 ;  = Stri i ap i r i fe r  ari a p u a - B a s s ett & 
Coeks , 1 9 7 4 : 3 7 ; = s . a tr i o l a t u a  - Bassett. & Coeks , 1 9 7 4 : 3 7 . 

( 2 2 )  - Vi s by e l la v i s b y e n s i s : Wa lms ley et a l . ,  1 9 6 8 : 307 , P l . 60 :  1 - 9 ;  Pyt5enb , 1'9 6 3 : 1 3 7 , 

P l . 5 : 8- 1 6 ;  Bassett & Coeks , 1 9 7 4 : 1 1 .  

2 3  - Stwop h o n e l l a e u g lyp ha : = S . p o do l i a a - P�t5HHKOB a , 1 9 6 6 : 8 7 , P l . 2 : 9 - 1 1 ;  = S . e f . 

p o do l i a a - P�t5HHKOBa ,  1 9 6 7 : 1 9 4 ,  P l . 2 1 : 3 - 5 ;  = S t r o p h o p r i o n  eug l y p ha - Harper & 
Boueot ,  1 9 7 8 : 9 6 , P l . 1 5 : 6 , 7 ,  P l . 1 6 : 1 - 4 , 6 , 7 , 1 1 . 

( 2 5 )  - La n a e o myon i a  s p . 

2 6  - I a o r t h i a  aana l i au l a t a : Wa lms ley & Boueot , 1 9 7 5 :  9 3 ,  P l . 1 0 :  1 2 - 1 8 ;  Hur st & 
Watkin s , 1 9 7 8 :  · 9 5 ; Bassett & Coeks , 1 9 7 4 : 1 0 ;  = P l a t y or t h i a  o v a l i s  - naooK e•Hqmc , 

1 9 6 2 :  3 3 ,  P l . 1 , 2 ;  = P .  e f . o v a l i s - Pyt5enb , 1 9 6 3 : 1 4 9 , P l . 1 : 1 - 4 ;  = I a o r t h i a  u s a ­

r i - ibid . : 1 50 ,  P l . 7 : 1 6 - 2 3 ; = I . o r b i a u lari s o v a l i a - P�t5HHKOBa , 1 9 6 7 : 1 7 8 , , P l . 

1 6 : 4 - 6 ;  = I . par v u l u s - P�OHHKOBa ,  1 9 6 7 : 1 80 ,  P l . 1 6 : 7 - 9 ,  non . P l . 1 6 :  1 0 ;  = L e v e n e a  

aana l i a u l a t a  - Walms ley & Boueot , 1 9 7 5 : 9 3 ; P l . 1 0 : 1 2 � 1 8 .  

2 7  - Dayia . n a v i a u la : P�OHHKOBa ,  1 9 6 7 : 2 1 1 ,  P l . 2 4 : 1 0 , 1 1 ; Bassett & Coeks , 1 9 7 4 : 3 1 ; 

PyOenb , 1 9 7 7 : 2 1 7 ,  P l . 1 : 8 ;  = D . b o h e m i a a - ibid . : 2 1 5 ,  P l . 3 : 1 - 3 ,  P l . 4 : 1 - 1 1 . 

2 8  - Pro t o a h o n e t e a  m i n i mu a : Ba s sett & Coek s , 1 9 7 4 : 2 2 ; = ehon e t e s  g o t tandi a u s  - Hede , 

1 9 1 7 : . 1 6 ,  P l . 1 : 1 4 .  

( 2 9 )  - Strop ho a ho n e t e a  a i ngu la t u a : Muir-Wood , 1 9 6 2 : 4 0 , P l . 2 :  1 0 ; 1 1 ; Bassett & Coeks , 

1 9 7 4 : 2 1 ; Bergman , 1 9 8 0 : F i g . 2 :  .F . 
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30 - Pro t o a ho n e t e s  s t o n i s h k e n s i s : = S t r o p h o a h o n e t e s  s t o n i s h k e n s i s  - P�6HHKOBa , 1 9 6 7 : 

1 9 8 ,  P l . 2 2 : 1 - 3 . 

3 1  - "Bra a hypr i o n " k ur z e m e n s i s : P�6HHKOBa , 1 9 6 6 : 8 2 , P l . 1 :  1 1 - 1 4 ;  1 9 6 7 : 1 9 4 ,  P l . 2 2 : 9 

- 1 2 .  

3 2  - Mi a r o s p h a e r i d i or h y n a h u s  n u a u l a : Sassett & Cocks , 1 9 7 4 : 2 7 ;  = " Camar o t o e a h i a "  

n u au l a - P�6HHKOBa , 1 9 6 7 :  1 9 9 , P l . 2 2 : 8 , 9 ;  = " C "  s p . - P�6HHK O B a , 1 9 6 7 : 1 9 9 .  

3 4  - Pro t o a hon e t e s  p i l te n e n s i s : P�6HHKOBa ,  1 9 6 7 : 1 9 6 ,  P l . 2 2 : 4 ;  = P .  a f f . l u d l o v i e n ­

s i s - ibid . : 1 9 5 ,  P l . 2 2 : 5 - 7 . 

3 5  - Homo e o sp i ra b a y l e i : Py6eJib , 1 9 7 0 : 4 3 , P l . 2 4 : 1 2 , 1 4 , P l . 3 4 : 1 - 2 0 ;  Sassett c. Cocks , 

1 9 7 4 : 3 3 ; = R h y no h o sp i r i n a  b a y l e i  - P�6HHKOB a ,  1 9 6 7 : 2 1 7 ,  Pl . 2 5 : 1 3 - 1 5 ;  = Ho m o e o ­

sp ira e f . b o u a hardi - Py6enb , 1 9 70 : 4 5 ,  P l . 2 3 : 7 - 1 0 ,  P l . 3 4 : 2 1 , P l . 2 4 : 1 3 ,  1 5 - 1 9 .  

3 6  - A t ryp o i d e a  prunum : Copper , 1 9 7 7 : 2 1 , P l . 3 : 5 - 9 , P l . 5 : 6 - i 0 ; = L i s s a t ry p a  sp . -

AJIHXOB a  H �p . ,  1 9 5 4 : 4 2 , P l . 2 6 : 1 - 2 ;  = L .  p r u n um - P�6HHKOBa , 1 9 6 7 : 208 , P l . 2 4 : 2 ,  

3 ;  = A t ryp e l l a prunum - Py6eJib , 1 9 70 : 4 0 , P l . 2 2 : 1 - 1 5 ,  P l . 2 3 : 1 - 6 ;  A t ryp o i de a 

s a a remaa e n s i s  - Copper , 1 9 7 7 : 2 3 , P l . 5 : 1 - 5 .  

3 7  - De Z thyr i s  magna : Py6eJib , 1 9 70 : 6 3 , P l . 3 8 : 1 2 - 1 4 ;  = D . p yram i da Z i s  - �6HHKOB a , 

1 9 6 7 : 2 1 3 ,  P l . 2 5 : 6 - 1 0 .  

3 8  - Sha Z e r i a  " dz w i n o gr o de n s i s " : = Bra a hypr i o n  dzwi n o grode n s i s  - P�6HHKOB a ,  1 9 6 6 ; 8 3 , 

P l . 2 : 4 - 8 ; 1 9 6 7 : 1 9 4 ,  P l . 20 :  4 - 8 . 

( 3 9) - Para s tr op h i n e l la sp . 

40 - Mor i n o r h y n a h u s  o r b i g ny i : = �a h e Z l w i e n e Z Z a sp . - P�6HHKOBa , 1 9 6 6 : 8 8 , P l . 1 : 7 , 8 ;  

1 9 6 7 : 1 9 5 ,  P l . 2 1 : 6 , 7 ;  = Mo r i n o r h y n a h u s  a r i s p u s  Sa s s e t t  & Cocks , 1 9 7 4 : 20 , 

P l . 4 :  1 - 8 ;  M .  adna t u s - Ras sett & Cocks , 1 9 7 4 : 2 1 , P l . 4 : 9 - 1 2 .  

( 4 1 ) - Cran i i da e  

( 4 2 )  S h a gam e l Za m i n o r : S .  l u d l o v i e n s i s  - Soucot & Harper , 1 9 6 8 :  1 6 8 , P l . 2 9 : 4 - 1 2 ;  

S .  e f . Z u d Z o v i e n s i s  - Sassett 1 9 7 7 : 1 6 4 ,  P l . 4 3 : 2 6 - 2 9 . 

( 4 3 )  - Eomar t i n i o p s  Z u d Z o v i e n s i s : P�6aHKOB a ,  1 9 6 7 :  2 1 5 ,  P l . 2 5 : 1 1 , 1 2 .  

4 4  - L e p t a e n a  sp . sp . : = L .  depr e s s a - Sassett & Cocks , 1 9 7 4 : 1 4 ;  Rugo l e p t a e na v e n ­

z a v e n s i s - P�6HHKOBa , 1 9 6 6 : 7 6 , P l . 1 : 1 - 3 ;  L ep t a e n a  a l t e ra - P�6HHKOB a , 1 9 6 6 : 

7 8 ,  P l . 1 : 4 - 6 ;  = L ep t a g oni a  v e n z a v e n s i s  - P�6HHKOB a , 1 9 6 7 : 1 9 2 ,  P l . 1 8 : 1 - 3 ;  L .  

a l t e ra - ibid . : 1 9 3 ,  P l . 1 8 : 4 - 6 ; = L e p t a e na r h o mb o i da Z i s - S a s s et t  & Cockf, 1 9 7 4 : 

1 4 ,  P l . 2 : 7- 8 . 

4 5  - Eo s.p i r ifer radia t u s : AJIHXOB a H �p . ,  1 9 5 4 : J 8 , P l . 2 3 : 1 ; P�6HFKOBa , 1 9 6 7 : 2 1 3 ,  

P l . 2 5 � 4 , 5 1  Py6eJib , 1 9 70 : 5 9 , P l . 3 5 : 1 2 - 1 8 ;  Sassett & Cocks , 1 9 7 4 : 3 5 . 

4 6  - L i ngu l i da e  

4 8  - Howe Z e Z l a sp . sp . :  H .  e Z e gan s . - Py6eJib , 1 9 70 : 5 4 , P l . 3 9 : 1 8 - 2 4 , P l . 4 0 : 1 2 ;  

S a s sett & Cocks , 1 9 7 4 : 3 8 ,  P l . 1 0 : 5 ;  = H .  n u a u Za - Py6enb , 1 9 7 0 : 6 5 ,  P l . 3 9 : 1 3 - 1 7 ; =  

H .  a un e a ta - ibid . : 6 6 ,  P l . 3 9 : 1 - 1 2 ;  = H .  angu l a t a - ibid . : 6 8 , P l . 40 :  1 - 5 ;  

H .  e f . s ub i n s i g n i s  - S a s s ett & Cocks , 1 9 7 4 : 3 8 . 

( 4 9 )  - Sp h a e r i rhyn a h i a  w i Z s o n i : S chmidt , 1 9 5 4 : Abb . 6 .  

( 50 )  - S t e g e r h y n a h u s  d i o d on t u s : Py6enb , PosMaH , 1 9 7 7 : 2 2 7 , P l . 7 :  7 - 1 0 ,  P l . 8 , 9 •  P l . 1 0 � ; 

= Fergan e Z Z a di o d o n t a  - Sassett & Cocks , 1 9 7 4 : 2 6 , P l . 8 : 2 .  

5 1  - Pentamer idae gen . et sp . indet . 

5 2  - Orb i a u Z o i de a  sp . 

( 5 4 ) - Wh i tfi e Z de Z Z a sp . :  Sas sett & Cocks , 1 9 7 4 : 3 4 ;  W .  up s i Zen - Rube l , 1 9 70 : 50 , 

P l . 30; 1 8- 2 7 , P l . 3 1 , P l . 3 2 : 1 8 , 1 9 .  

5 5  - Cran i op s  sp .  sp . 

( 5 6 )  - Co e l o sp i ra p � s i Z Z a :  Sassett & Cocks , 1 9 7 4 : 3 2 , P l . 9 : 4 ;  = C .  b a l t i a a  - P�6 HHKO� a , 

1 9 6 7 : 2 0 9 , P l . 2 4 : 8 - 9 . 

5 8  - D i dymo t h y r i s  d i dyma : Py6enb , Mo� s aneBCKaR , 1 9 6 7 : 2 3 9 , 

Py6eJib , 1 9 7 0 : 5 2 , P l . 2 7 ,  P l . 2 8 :  1 1 - 1 5 ,  P l . 30 : 1 - 1 7 ;  
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P l . 1 : 1 - 1 3 ,  P J . 3 : 1 - 20 ; 

= D .  b i o he r m i.aa - Py6enb , 



t4o,g s anea eKafl , 1 9 6 7 : 2 4 2 , P l . 2 : 1 1 - 20 ;  Pyõem. , 1 9 70 :  5 4 , P l . 2 8 :  1 - 1 0 ;  = .
- D . k G. t,­

r -i e n s i s - Pyõenh , Ho,gs aneaeKafl , 1 9 6 7 : 2 4 3 , P l . 1 : 1 4 - 1 7 , P l . 2 :  1 - 10 ; Pyõeilh , 1 9 70 : 

5 4 , P l . 2 9 :  1 - 1 7 .  

( 6 1 ) - S t e g e r hy n a h u s  p s e u do b i de n t a t u s : Pyõenh , Po sMaH , . 1 9 7 7 : 2 30 ,  P l . 10 : 2 - 7 ; = Cama�o ­

t o e c h i a  ( ? ) p s e ud o b i de n t a t u s - P�6HHKOB a ,  1 9 6 7 : 2 00 , P l . 2 3 : 1 . 

( 6 2 )  - Pro t o a ho n e t e s  s t r i a t g l l u s : Mu ir-Wood ,  1 9 6 2 : 50 , P l . 3 :  6 , 7 ,  P l . 8 : 1 , 2 ;  Böger , 

1 9 6 8 : F i g s  1 - 6 ,  9 - 1 1 ; E a s s e t t  & Coeks , 1 9 7 4 : 2 2 . 

6 3  - Sa l o p i n a  c o n s e r v a t r i x : �.Va lrns ley e t  a l . ,  1 9 6 9 : 505 , P l . 7 7 : 1 5 - 2 2 , P l . 7 8 : 1 - 1 1 ;  

E a s s e t t  & Coeks , 1 9 7 4 :  9 .  
( 6 4 )  - B o u c o t i n s k i a  s u l ca t a : Erunton & Coeks , 1 9 6 7 : 1 80 ;  Ea s sett & Coeks 1 1 9 7 4 : 3 8 , 

P l . 1 1 : 2 ;  = R e d e i n a  c r i s p a - Eoueot , J 9 5 7 : 3 2 4 , P l . 2 : 9 , 1 0 .  

6 6  - .Sep t a t ry p a  s u b a e qu a l i s : Easse·tt , 1 9 7 9 : 2 0 2 , F i g s  6 3 - 6 4 ; = S . s e cr e ta - P�6HHKOBa , 

1 9 6 7 : 205 , P l . 2 3 : 7 , 8 .  

( 6 8 ) - R e s s e r e l l a s awdde n s i s : = R ,  e f . s a b r inae - Eassett , 1 9 7 2 : P l . 1 1 : 1 1 , 1 3 ,  1 4 ;  R .  

s a b r i n a e  sawdde n s i s  - Hur s t , 1 9 7 5 : 3 2 3 , P l . 2 : 1 2 - 1 6 .  

( 6 9 )  - Pro t o z e u ga b i car i na t a : Eassett & Coeks , 1 9 7 4 : 3 2 , P l . 9 : 3 ;  Py6enh , 1 9 7 7 : 2 1 3 ,  

P l . 2 : 1 - 6 ;  = P .  c a r i n a t a - i b id . : 2 1 4 ,  P l . 2 : 7 - 9 . 

( 7 1 ) - P h o l i do s t ro p hi a  (Me s o p h o l ido s t r o p h i a ) l a e v i ga t a : Eassett , 1 9 7 7 : 1 5 5 ,  P l . 4 2 - 1 2 .  

( 7 6 )  - Nuc l e o sp i ra p i s u m : Eas�ett l Coeks , 1 9 7 4 : 3 5 . 

\80 ) - Eop l e a t o do n t a  sp . sp . :  = Sowerb y e l l a tran s v e r-s a l i s  var . l a ta - AnHxoa a H ,gp . , 

1 9 5 4 : 3 6 ,  P l . 2 2 : 6 , 7 ;  = Eop l e c t o d o n t a  t r a n s v e r s a l i s  - Bassett & Coeks , 1 9 7 4 : 1 3 ;  

= E . d u v a t i i - ib id . : 1 3 .  

( 8 7 )  - C o o l i n i a  sp . 

( 88 )  - Cona h i di u m  b i l o c u t a r e : Bassetf & Coeks , 1 9 7 4 : 2 4 . 

( 8 9 ) - Braa hypr i o n  ( Pr o t o m e ga s t r op h i a ) s e m i g l o b o s a : = B .  · ( P . )  e f . s e m i g l o b o s a  - Harper & 

Eoueot , 1 9 7 8 :  P l . 3 8 : 3 - 8 ; "--' B .  ( P . ) sp . - ibid . : P l . 3 7 : 1 - 1 1 ,  P l . 3 8 : 9 .  

( 9 4 )  - L e p t o s t r o p h i a  fi l o s a : Eas sett & Coeks , 1 9 7 4 : 1 5 .  

( 9 5 )  - P l a g i o r h y n c h a  d e p r e s s a : = S e p ta t ryp a ( ? )  s u b a n a l o ga - P�6HHKOB a ,  1 9 6 7 : 206 , P l . 

2 3 : 9 ;  = P l a g i o r h y n c ha c o rda t a  - Eassett & Coeks , 1 9 7 4 : 2 8 ;  Bergman , 1 9 8(}: F i.g . 

2 : A .  

( 9 7 ) - L e a n g e Z Za sp . sp . : = L .  s a i s a a - P�6HHKOBa , 1 9 6 7 : 186 , P l . 1 8 : 7 - 1 0 ;  

m e n t um - E a s s e t t  & Coeks , 1 9 7 4 : 1 3 .  

( 9 9 )  - Cy r t i a  t a e v i s : P y6enb , 1 9 70 :  5 8 , P l . 3 7 : 1 - 1 0 .  

( 1 00 ) - P t y c hop l e u r e Z t a sp . 

L. . a e g -

( 1 0 1 ) - Rhy n a ho t r e t a  "Unea t a : Bassett & Coeks ,  1 9 7 4 : 2 5 ;  Py6enh , PosMaH , 1 9 7 7 : 2 1 4 ,  P L  
1 : 1 - 3 ;  = R .  gra c i Z i s - ibid . : 2 1 6 ,  P l . 2 : 1 - 4 ,  P l . 3 : 1 - 6 .  

( 1 02 )  - Es t o n i r h y n c h i a  e s t o n i a a : = Sp h a e r i r h y n c h i a  ( Es t on i r hyn c h i a )  e s t o n i a a  - Sehrnid� 

1 9 5 4 : 2 3 6 , Fig . 1 - 5 , 7 , 9 - 1 2 .  

( 1 04 )  - S t e g e r h y n a h u s  b or e a Z i s : Py6enb , PosMaH , 1 9 7 7 : 2 2 2 , P l . 6 : 4 , 5 ;  Fergane Z Za b o -

r e a Z i s  - Eassett & Coeks , 1 9 7 4 : 2 6 ;  = S t e g e r h y n a hu s e s t o n i a u s  - Pyõen& , PosMaH 1  

1 9 7 7 : 2 20 r  P l . 4 : 7 - 1 0 , P l . S ;  P l . 6 : 1 - 3 ,  P l . 7 : 1 - 6 .  

( 1 0 5 ) - A n t i r hy n a h o n e Z 1 a  Z i n g u i fe r a : = A .  e f .  Z i ng u i fe ra - Pydenb , 1 9 7 0 : 2 5 , Pl . 1 2 : 1 5-

1 8 .  

( 1 06 ) - Janius  barrandi : B a s s e t t  & Coek s , 1 9 7 4 : 3 6 , P l . I 0 : 3 - 4 ; = J . s a hm i d t i - Böueot, 

1 9 6 3 : 6 9 9 , P l . 1 0 1 : 1 - 6 ;  = Howe Z e Z Z a a u n i a u Z i - Pyõenb ,  1 9 70 :  6 7 , P l . 4 0 : 6 - 8 :  

( 1 07 )  - Me r i s t i na o b t.;< s a : = Me r i s t e l l a ( ? )  p o do Z i a a - AnHXOBa H ,gp . ,  1 9 5 4 : 3 9 , P l . 213 : 3 ;  

= Meri s t i n a  t um i da - Pyõenb , 1 9 70 : 4 7 , P l . 2 6 : 1 - 5 , 1 1 ,  non P l . 2 6 : 6 � 1 o :  Bassett & 

Coeks , 1 9 7 4 : 3 4 , P l . 9 : 1 0 .  

( 1 0 8 )  - A n a i Z Z o t o e a h i a  b i d e n t a t a 1 Bassett & Coeks , 1 9 7 4 : 2 7 ; Py6enh , PosMaH , 1 9 7 7 : 2 3 4 , 

P l . 1 1  : 4 - 8 . 

( 1 09 ) - Co Z Z a r o t hy r i s  c a n a Z i a u Z a t a : Pyõenb , Mo,gs anea eKafl , 1 9 6 7 : 2 4 5 ,  P l . 4 : 1 - 1 8 ;  D i dy -
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mo t hy r i s  ? a o Z Zari s - Py6enb , 1 9 70 : 5 5 , P l . 2 9 : 1 8 - 2 2 , P l . 3 3 : 1 4 - 1 7 .  

( 1 1 0 )  - Quadr i t hy r i s  s i n u a t a : Py6enb , 1 9 70 : 6 9 , P l . 2 3 : 1 1 - 1 4 .  

Tempora l  aspect 

Tbe corr e l a t ive value of fos s i l s  i s  de termined by the ir rate o f  evalut ian and 

environmental l imitat ions of d i s tr ibution . In order to e s t imate the corre l a t ive value 

o f  spe c i e s  or any taxa it is nece s s ary to know the ir total range and occurrence in the 

sect ions studied ( Mceammon , 1 9 7 0 ) . 

There are two rr.ain approaches to e s t imate the total range of taxa : ( 1 ) relative to 

existing strat igraph i c a l  s c a le s , and ( 2 )  w i th re speet to the ir mutual vertical pos i t ian 

( B l ank , 1 9 7 9 ) . The latter method is u sed here because such a succe s s ian of biostrat i­

, graph i c a l  event s can be p l otted before any k ind of corre lat ions are made , and there­

fore the succe s s ian can be u sed for the corre lation of sect ions . 

In theory , spe c i e s  interv a l s  that are succe s s ive ( i . e . not ove r lapping ) in the 

s ame order in a l l  sect ion s s tudied , and succe s s ions of wh ich can be arranged mutu a l ly 

•t�i thout contrad i c t ions , f orm the standard ( Rube l ,  1 9 7 8 )  or the mos t  l ikely s equence 

( ef . Hay , 1 9 7 2 ) . The s t andard for the Upper S i luri an brachiopod s , based on the 1 6  B a l t i c  

section s , appears a s  f o l l ows : 

E 2 7  3 6  9 1 3  E 2 0  3 2  4 0 3 5 3 4  2 6  3 1  3 7  3 8  

D 4 5  2 7  3 6  9 1 3  1 9  20 3 2  40 3 5  3 4  2 6  E 

e 1 2  4 5  2 7  _) 6  9 1 3  1 9  20 3 2  40 3 5  3 4  D 

B 1 5  1 2  4 5  2 7  3 6  9 1 3  1 9  2 0  3 2  40 3 5  e 

A 1 4 1 5  1 2  4 5  2 7  3 6  9 1 3 1 9  20 3 2  4 0  B 

6 6  1 4  1 5  1 2  4 5  2 7  3 6  9 1 3  A 

N i : 6 8 9 1 2 8 1 1  1 2  1 4  1 2  9 1 2  1 4  1 0  1 3  1 3  1 4  6 1 3  1 1  

Each r ow o f  the s t andard represents a un ique as sociat ion of the spe c i e s , that i s  a 

t ime interval of the i r  poten t i a l  or actual coex i s tence . The r e l a t ive total r ange of 

each spe c i e s  i s  determined by the number o f  rows in which each i s  wr itten . Thus , the 

spec ies 2 7 , 3 6 , 9 , . 1 3  occupy the who le t ime interv a l  cons idered . At the s ame t ime the 

f ir s t  and l a s t  occurrences o f  other species according to the s tandard form contact s be­

tween the ir irnmed iately succeed ing total range s . Such datum p l anes are denoted here by 

the letters A to E .  The notation N i denotes the number of sections in wh i ch a 9 iven 

species was found . The spe c i e s  included in the s tandard have the best correlative 

value for the corre l a t i on of the Upper S i lur ian sect ions s tud i ed in that they a l l ow 

corre lations to be unamb iguou s . They may be taken as a pure t ime s c a l e  for the aarne 

sections in the sense o f  Le ibn i z  ( Rube l , in pr e s s ) . 

Taxa 1 ,  4 4 , 4 6 , 4 8 , 5 1 , 5 2 , 5 5  are not inc luded in the s tandard because they are 

as yet not s tud ied in deta i l  and because bf this their ranges are equal to the con­

s idered t ime interva l ,  or even l onger . The spe c i e s  occurring in f ive or less sect ions 

were not taken into con s ideration because o f  the ir poor l y  known d i s tr ibut ion with r e s ­

peet to t h e  stud ied section s . 

The rema ining spec i e s  con s t itute the so- c a l l ed contrad ictory species and their 

relationships to the spec i e s  in the standard inc lude some informat ion relat ing to the 

environmental f actors ( s ee b e l ow )  . 
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Corre lat ion 

The use o f  the s iandard for strat igraph i c a l  correlat ion l i e s  in the plotting of 

the datum p l anes A to E in every sect ion stud ied according to the . first and l a s t  occur­

rences o f  the s tandard spe c i e s  ( text-F i g . 1 and Tab l e  2 ) . 

m 

12 ? 

t [  
sl 1:::::· D 

•• • !JII A 
I 

F ig .  1 .  Correlat ion of section s  ( 1 )  to ( 1 6 ) by the datum p lanes A ,  D and E .  The 

code number s o f  spec ies on the r ight s ide of the columns denote their 

appearance , and those on the left s ides indicate the ir d i s appearance . 

From the s e  datum p l anes on ly three that can be traced mos t  eas i l y  are drawn in 

text-F i g . 2 .  The interva l s  for the datum p lanes B and e ,  both dated by only two spe c i e s  

( respe c t ive ly ,  3 5 / 1 4 and 3 4 / 1 5 )  and often ove r l apped b y  the interva l s  of t h e  preceed ing 

or succeed ing datum plane s , have l i ttle independent corre lative value . 

Of the three traceable datum p l anes A ,  D and E ,  D has the mos t  restri cted interval 

in the section s . Because of this only p l ane D was chosen for further analys i s . It is 

dated by occurrences o f  two spe c ie s : 1 2  = I s or t h i s  erassa and 2 6  = I .  eana l i e u l a t a ,  

both occurr ing a l s o  i n  sect ions o n  the I s l and o f  Got land ( s ee : Hur s t  and Watk i n s , 1 9 7 8 :  

F i g . 5 ) . The se succe s s ive spe c i e s  were cons idered by Hur st and Watkins ( 1 9 7 8 )  as bio lo­

gical spec i e s  with a comp l i cated intraspe c i f i c  s tructure . The use o f  the concept of 

biolog i c a l  spec i e s  for the c l as s i f ication of fos s i l  brachiopod s often leads to many 

comp l i c a t ions . However , it is accepted here and used for groups of brach iopods that can 

be d i f f erentiated c learly on the bas i s  of morpho logy . Such an approach has at least one 
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obvious advanta ge : it leads to an i ncrease in the number of common spec i e s  in s � c t i on s  

and , the r e f ore , to a n  increase o f  unoond i t ic�al prerequ i s i t e s  f o r  any kind o f  s trati­

graph i c a l  �or r e l at ion . 

Table 2 .  Spe c i e s  used for extract ion of the da�uw planes A to E in the s e c t ion s ( 1 )  to 

( 1 6 ) , and the traceab i l ity of the datum p l anes ( lower part o f  t ab l e )  

( 1 ) 

( 2 )  

( 3 )  

( 4 )  

( 5 )  

( 6 )  

( 7 )  

( 8 )  

( 9 )  

( 1 0 )  

( 1 1  ) 

( 1 2 ) 

( 1 3 )  

( 1 4 )  

( 1 5 ) 

( 1 6 ) 

A 

3 2 / -

3 2 / -

3 2 / 6 6  

4 0/-

2 0/ 6 6  

1 9 / -

20/-

1 9 / 6 6  

1 9 / -

3 2 / 6 6  

1 9 / 6 6  

- / 6 6  

x/- : 6 

- /x : 
x/x : 5 

z;-; 2 

B 

- / 1 4 

- / 1 4  

- / 1 4  

-/ 1 4  

3 0/ 1 4 

3 5 / 1 4 

10/-

2 

4 

2 

e 

3 4 / 1 5 

-/ 1 5 

3 4 / 1 5 

3 4 / ­

- / 1 5  

- / i S  

-/ 1 5 

4 

2 

7 

D 

-/ 1 2  

- / � 2 

2 6 / 1 2 

2 6 / 1 2  

2 6 / i 2 

2 6 / 1 2 

2 6 / -

2 6 / 1 2 

- / 1 2 

2 6 / 1 2  

2 6 / 1 2  

- / 1 2  

2 6 / -

2 

4 

7 

1 3  

E 

3 7 / -

3 7 / -

3 7 / -

3 8 / 4 5  

3 7 / 1 ')  

3 7 / -

3 1 / 4 5  

3 1 / 1 9 

3 8 , 3 1 / -

3 1 / -

3 1 / -

3 8 / -

3 7 / -

3 8 / -

1 0  

0 

4 

1 4  

On the other hand , the l arger th� spe c i e s  grouping the longer i t s  tota: range . But 

if any one spe c i e s  has a preceed ing and/0r succeed ing spec i e s  �nd if the ir respect ive 

appearances ( and d i s appearanc e s ) do not coinc ide · in t ime ( e f . Staw , 1 9 6 4 ; Hay , � 9 7 2 )  

then the pos s i b i l i t i e s  o f  plott .' .ng the s::..c c e s s ion by means o f  them does not depeud on 

the ir duration . 

The requirement o f  hav ing a preceed ing and succeed ing spe c i e s  r e s tr icted the use 

o f  the s t andard here , so that only i t s  med i a l  part works s u f f i c iently \'/e l l . Further re­

f inement o f  the s tandard for Baltic S i lur i �n brachiopods can be extended only into 

older beds , but there are no obs tacles for its extens ion in both direct ions by meaP s of 

corre spond ing data from other reg ions . 

Environmental aspect 

The po s i t ion o f  spec i e s  in the s tandard expr e s s e s  the ir pur e l y  tempor al r e l at ion­

ships according to the ir known total ranges in the ar ea s tud ied . But it i s  usua l ly im­

pos s ib l e  to d i s cover such a po s i t ion unamb iguous ly for a l l  spec i e s  becau s e  a l l  re­
lationships needed are not yet examined in the s e c t ions , or somet ime s the actual d i s ­

tribution of spe c i e s  roakes i t  impos s ible ( s e e  Rube l ,  1 9 7 8 ) . The latter case i s  re lated 

to the environment a l  l imitat ions o f  spec ies d i s tr ibut ion and i s  i l lus trated be low . 

Such a d i s tr ibut ion i s  a s s umed for two contrad i ctory spec i e s : 5 8  = D i dymo t h y r i s  

di dyma and 2 7  = Day i a  n a v i a u Z a . According t o  t h e  known relat ionship s ,  spec i e s  5 8  mu s t  

preceed spec i e s  2 7  and coex i s t  at l e a s t  w i t h  spe c i e s  1 9 ,  20 , 3 2 , 40 and 3 5 . I t  i s  im-
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pos s ible to carry out the s e  requiremen ts in the s t andard . There a� e two ways to e l i ­

minate the contr �d i c t i on s : to exc lude spec i e s  2 7  from the s t andard o r  t o  exc lude tbe 

�se of spec i e s  5 8 . As s pe c i e s  27 cccurs in many more s e c t i ocs than 5 8 , then the la tter 

wa s exc luded frum further s tudy . S i� i lar exc lus ions were made wi th spec i e s  1 0 ,  1 1 ,  1 8 ,  

4 ,  5 ,  2 3 , 2 8 ,  3 0  and 6 3  too . 

�l 
27-
27 
27 27 
f.7 '1.7 
27 
27 '!.7 
27 
27 

'0 .... lill ' iS 
.... 

27 
'0 

F ig .  L .  O�curren�e of the spec i e s  2 7  and 5 8 . 

•rext- F i g . 2 explains the pos s ib l e  reason for the contr ad i c t i on between species 5 8  

a�d 2 7 : due t o  the ir quite d i f ferent ecolag i e a l  pos i t ions that probab ly r e f lect only 

short transgre s s ive cond it ions in sect ions ( 6 )  and { 3 ) , ne i ther tempor a l  nor environ­

mental coex i s tence o f  the s e  spe c i e s  can be deduced in any s e c t i ons ( e f . Rube l ,  1 9 7 8 ,  

Text-F ig . 2 ) . 

Therefore , the contrad ict ions that arose dur ing the compo s ing of the s tandard may 

already ind i c a t e  r e l at ionships that can be interpreted in terms o f  envir onmental 

factor s ( e co logy , b iogeography , migrat ional rate s , etc . ) . But , as there are many 

reason s  for the contrad ict ions then it is not easy to s ay f or every case wh ich of them 

i s  operat ing . 
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ПОСЛЕДОВАТЕЛЬНОСТЬ БРАХИvПОД КАК ИНСТРУМЕНТ КОРРЕЛЯЦИИ СИЛУРА ПРИБАЛТИКИ 

М. Рубель 

В целях оценки знач�ния брахиоnод nри корреляции удаленных и раэнофациальных раз­

резов было изучено расnределение 77 видов верхнесилурийских брахиоnод в разрезах 14 

скв�н Пр�б�ики. Их корреляционная значимость выаодилась, с одной стороны, оценкой 

относительной длительности nолных интервалов существования установленных таксонов и, с 

другой, встречаемостью таксонов по изученным разрезам. Если в nервом случае мы nолучим 

чисто временные соотношения между таксонами,. то во втором оnределенную роль играло на­

личие nодходящей среды для тех или других брахиоnод. 

Полные интервалы существования оценивались на основе взаимоn�ложений таксоков в 

частных разрезах. Оказалось, что из всех рассмотренных только nолные интервалы 19 широ­

корасnространенных видов могут быть уnорядочены так, чтобы их nоследовательность не 

дала nри корреляции изученных разрезов nротиворечивых результатов. 

На основе таких корреляций можно nоказать, что многие, в том числе и широкорас­

nространенные брахиоnоды, имеют в удаяенных разрезах сдвкнутые во времени неnолные ин­

тервалы суЩествования. В то же время именно по неnримененным nри корреляции видам легче 

всего установить характерные для тех или других фаций сообщества брахиоnод. 
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WENLOCK AND LA�E S I LURIAN TRILOB ITE AS SOC IAT IONS OF THE EAST 

BALTIC AREA AND THE I R - STRATIGR�PHICAL VALUE 

Reet Männ i !  

S o  f a r  l i ttle attention h a s  been paid t o  S i lurian facies -contro l led tri lobite 

associations . Among the few exceptions are the papers on British Wenlock tr i lob ite 

a s s o c i ations b y A.  T .  Thomas ( 1 9 7 9 ) , tri lob i te ecoloqy in the Lud low o f  the We l sh 

Border land by D .  G .  Miku l i c  and R .  Wa tk ins ( 1 9 8 1 ) and the tri lobite as soc iat ions of the 

Thornton Ree f  in I l l ino i s  and in Paleozoic c arbonate bui l d up s  by D .  G .  Miku l i c  ( 1 9 7 6 , 
1 9 8 0 ) . A campari san o f  the tri l obite as soc iations pre sented in these papers wi th the 

East Baltic S i lurian one s shows a taxonomic and morpho log i c  s imilarity between tho se 

from related l i tho facies o f  di f ferent regions , and evidenees o f  their value in s trati­

graphi c  corre lations . 

Generally tr i lob i te s  are of wide environmental range occurr ing from basinal grap­

to l i te muds tone s up to the shoa l bioherma l l ime s tone s .  At the same time their spec ies 

are highly sens i tive to facial condi tions and the ir diver s i ty and abundance remarkab ly 

di f fer in d i f ferent environmental zone s . The s tudied East Baltic S i lur ian tri lobites 

come predomi.nantly from the subsurface . In accordance with th i s  the d i s tribution pat­

tern , demons trated herein , is based ma inly on the beds relatively rich in tr i lob i te s . 

F ig .  1 
Outcrops ( dots ) and bor ings ( c ircles ) 

studied , 

1 - l imit of the present d i s tribution 

of the midd le Wenlock depo s i t s ; 2 -

contour o f  comp lete th i ckne s s  o f  cor­

re sponding rocks . 
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Th i s  paper presents an examp le o f  the environ�ental co•trol on t r i l ob i te d i s t r i ­
bu t ion in the Wen l ock a n d  L a t e  S i lurian o n  the bas i s  o f  a cro s s - sec tion from varama j a  
c l i f f  t o  P av i l o s ta bor ing ( F i g s  : , 2 ) . I n  the sec tion ( F i g . 2 )  mainly the areal d i s ­
tribut ion o f  t h e  spe c i e s  i s  shown ( t! 1e  ver t i c e l range s o r e  g iven approx imate ly ) as  we l l  
a s  the ver t i c a l  and areal  d i s tr ibution o f  the twe l ve recogn i z ed as sociations . This  
mod e l  is  based on the f o l l owing fac ies b e l t s  ( according to Nes tor and Einasto , 1 9 7 7 ) : 
l agoon- l i ttor a l  ( I ) , shoa l ( I I ) , open she l f  ( I I I ) , s lope ( IV )  and depr e s s ian ( V )  . Fa-
cial interpretation o f  s t,:d ied sec tions was per formed 

s taqes and ser i e s  are g iven according to Kal j o  et a l . 

{ fa�nH Te H �p . ,  1 9 6 7 ) , S arv ( CapB , 1 9 7 7 ) , etc . 

Ot;fcrop Kaugatuma Ohesaarl! Ka/ka Ovisi area 

(j) 

J 

by R .  Einas to , 

( Kanbo , 1 9 7 0 ) , 

thi cknP s s e s  o f  

Ga i l i te e t  a l . 
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F i g . 2 .  Are a l  range s  o f  Wenlock and Upper S i lur ian tri lobite 

betwee n  Saaremaa and Pavi losta boring ( We s t  Latv i a )  • 

l ines shows the r e l at ive abundance o f  the spec i e s ; 

spe c i e s  and as socia tions 

The thickne s s  of range 

the areal and s tratigra-

phi c a l  d i s tribution o f  the a s s oc iation s  i s  contoured by dotted l ine . 

A s s o c i a t ions : 

A - A r c t i n u r u s  orna t u s ;  B - En c r i n u r u s  p u n c t a t u s : C - L e o na s p i s  mu t i ca : D -

En c r i n u r u s  b a l t i c u s ;  E - Cal y m e n e  o r t homargi n a t a ;  F Pr o e t u s  p u l c h e r ;  G - En -

c r i n u r u s  m a c r o u r u s ;  H - "Sp a t ha c a l y m e n e " ,  I - Pro e t u s  k u r e s s a a r e n s i s ;  J - Ca l y ­

m e n e  l a t v i c a ;  K - Pr o e t u s  s igna t u s ;  L - A c a s t e  da y i ana . 

F a c i e s  b e l t s : I - lagoona l - l i ttora l , I I  shoal , I I I  - open she l f , rv. - s lope , 

V - depre s s ion . 
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Associa tions 

Wenlock . I n  the East B a l t i c  Wenlock f ive tri lob i te as sociations have been recog­

n i z ed . They are treated i n  more deta i l  in a forthcoming paper ( Männi l ,  1 9 8 2 ) . From 

near shore area in the direc tion of the open sea the as soci ations are arrang ed as 

follows : 

A .  A r c t i n u r u s  o rna t u s  a s s oc i a ti on occurs in near shore ree f s . I t  i s  of a rather 

restricted d i s tr ibution and is nearly mono spec i f i c , as  the nominal spec i e s  ( sporadical­

ly abundan t )  i s  accompan ie� only by rare spec imens o f  ea � y m e n e . 

B .  En c r i n u r u s  pu n c t a t u s  as sociat ion occurs in l ight-grey ealeareaus mar l s  of the 

tran s i tional area from the open she l f  to the s lope . I t  con s i s t s  of E .  p u n c t a t u s ,  ea � y ­

m e n e  b � u m e n b a c h i ,  Pr o e t u s  c o n c i n n u s  o s i � i e n s i s ,  Buma s t u s  e f . barri e n s i s  and Harp i de � � a 

e � e ga n t u � a  and i s  be s t  deve loped in the type area o f  the Jaani Formation ( P arama j a  

c l i f f )  o n  the northern coast o f  S aaremaa . Thi s  a s socia tion i s  comparab le w i th Pro e t u sj 

Wa rburg e l l a association in British Wen lock (Thomas , 1 9 7 9 ) . 

C .  L e o n a sp i s  mu t i ca a s s oc i a tion i s  r e s tr i c ted t o  the grey mar l s of the s lope facies 

belt . I t  i s  represented by L e o n a s p i s  mu t i c a ,  ea � y m e n e  r e s t e v e n s i s  (= e.  mimasp e ra � i v o ­

n i c a  Männ i l , 1 9 7 7 ) , Da �mani t e s  e f . c a u da t u s  and En c r i n u r u s  r u h n u e n s i s .  I t  mu s t  b e  noted 

that in a l l  s tudied sect ions e .  r e s t e v e n s i s  par t i a l ly precedes other spec i e s  of this 

as sociat ion , be i ng one o f  the rare Early Wenlock tri lobites in the East Baltic . As the 

as sociat ion c lo s e ly over laps with lateral ones i t s  recogn i tion is o f ten rather d i f f i ­

cu l t .  

D .  Enc r i n u r u s  b a � t i c u s  as sociat ion i s  deve loped i n  greeni sh-grey mar l s  o f  the 

s lope facies be l t . The mo s t  common spe c i e s  are E .  b a � t i c u s ,  eyp hop ro e t u s  i n s t e r i a n u s  

and e .  � a t i fr o n t a � i s ,  accompanied b y  rare spec imens o f  ea � y m e n e  m i n imarg i n a t a  and Da � ­

ma n i t e s  sp . 

E .  ea � y m e n e  o r t homarg i n a t a  a s s oc i at ion i s  the mo s t  o f f shore one , occurring in 

dark-grey mud s tones o f  the inner part o f  the depre s s ian facies  area , o f ten contain ing 

fragments of . grapto l i te rhabdosoms . Th i s  a s s o c i at ion , low in diver s i ty ,  con s i sts of 

abundant Da lma n i t e s  pu n c t i m ,  e.  o r t homarg i na t a  and ea � y m e n e  m i ma s p e ra ( which appears by 

analogy with ea l y m e n e  r e s t e v e n s i s  already in the Early Wen lock ) . Towards the central 

part o f  the b a s i n  the arnount o f  other species deerea s e s  and finally the a s s o c i at ion 

be come s mono spe c i f i c , being represented only by nominal spec i e s  ( in Ventspi l s  bor ing ) . 

Thi s  a s s o c i at i on i s  comparab le w i th Da lma n i t e s /Rap h i o p h o r u s  as sociat ion in British 

Wenlock ( Thoma s , 1 9 7 9 ) . In  the latter the ca lymenids of nodu losa- type (=  Tap i n o c a l y m e n e  

S iveter , 1 9 8 0 )  a r e  o f  the s ame morphotype as the mos t  deep-water ca lymenids of the E a s t  

Balti c , having long preq labe l lar area , wide and lonq orox ima l part of f ixed cheek rela­

tive to the q labe l l a , etc . ( e .  l a t i g e n a t a ,  e .  o r t homarg i n a t a ,  "Sp a t ha c a l y m e n e " sp . ) . · 

Gene r a l ly the E a s t  Baltic Wenlock tri lob i te s  are gu ite c losely comparab le with 

con temporaneous B r i t i s h  ·tr i lob i te s , howeve r the ir d iver s i ty i s  much lower . Such qenera 

as Trim e ru s ,  S c h i ? o p ro e t u s ,  D e c o r o p r o e t u s ,  Rap h i o p hor u s ,  Radn o r i a  and the repre senta­

tives o f  the De l o p s /Mi ra s p i s  as socia tion have never been recorded from the East Baltic . 

Thi s i s  evidently caused by more homogenous environmenta l cond i t ions and by r e s tricted 

eelleetions from deep-wa ter depo s i t s  in the E a s t  Baltic . 

Lud low . In the E a s t  B a l t i c  Lud low the following s i x  tri lobite associ at ions are 

re.cogn i z ed . 

F .  Pro e t u s  p u l c h e r  a s s ociation . I t  occur s in the shoal l ime stones of the Paad l �  

Formation , i s  low in d iver s i ty a n d  abundanc e .  Pr o e t u s  p u l c h e r  i s  t h e  dominant , a s s o c i ­

ated with r a r e  spe c imens o f  En c r i n u r u s  o b t u s u s  arid ea lym e n e  sp . 

G .  En c r i n u r u s  m a c r o u r u s  a s soci ation i s  deve loped in the grey mar l s  of Dubysa and 

Engure Format ions of the s lope facies b e l t  of the Paadla s tage and cons i s t s  ma inly o f  
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E .  macrouru s ,  Da lman i t e s  e f . o b t u s u s  and ea lymene n e o i n t ermedi a . 

H .  "Spa t ha c a Z um e n e '' a s sociation . I t  i s  the most o f f shore as sociat ion in Ludlow , 

occurring in the dark-grey mar l s  of the inner part of the depre s s ian facies b e l t . I t  i s  

mainly monospe c i f i c , a s  bes ides the nomina l  spec i e s  o n l y  rare remains of Da lman i t e s  sp . 

and ea l y m e n e  e f . n e oi n t e rm e d i a  have been found . 

'I .  Pro e t u s  kure s s aaren a i s  as sociation i s  low in d iver s i ty ,  occur s in c layey nodular 

l ime s tone s of the open she l f  of the outcrop area o f  the Kure s s aare Formation ( Kudj ape 

Member ) .  It cons i s ts mainly of two spec i e s : P. kure s s aa r e n a i s  and ea t y m e n e  f l a b e l l a t a . 

J .  ea lym e n e  l a t v i ca a s soc i at ion occurs i n  greenish-grey mar l s  of the s lope f a c i e s  

b e l t  of t h e  P a g e g i a i  Formation of t h e  Kur e s s aare S tage . I t  i s  h i g h l y  d i v e r s e  and abun­

dant . The a s s o c i ation is repre sented by rather deep-water , mainly undes c r ibep spec i e s : 

ehe iruruB sp . , A n a n a sp i s  sp . , Harp i de l l a sp . , eonipro e t u s  sp . , ea lymene l a t v i c a ,  Pro e ­

t u s  e f . s i gna t u s ,  A c a s t e l l a e f . prima,  e tc . 

K . Pr a e t u s  s igna t u-s a s sociation occurs in grey e a leareaus mar l s  of the t.rans itio­

nal ar.ea between the open she l f  and s lope faci e s  be l t  of the same format ion . The nomi­

nal spec i e s  i s  dominan t , as sociated with A c a s t e l l a prima, En crinurus  sp . ,  Harp ide l t a 

sp . and ea l y m e n e  sp . 

On the who l e , the o f f s hore Ludlow tri lob i te a s soc iations of the East Baltic are 

taxonomi c a l l y  ( by the pre sence of Da l ma n i t e s  e f . o b t u s u s ,  Harp ide l la sp . , L e o n a sp i s  sp . ,  

A n a n a sp i s  sp . )  qui te s im i l a r  to Lud low a S $OCiat ion o f  muds tone and laminated shale 

fac i e s  in We l s h  Borderland (Miku l i c  and Watkins , 1 9 8 1 ) . 

Downton . In the s tudied area Downton depo s i t s  be long mainly to the open she l f  

be l t .  In accordance with thi s , the i r  tri lob i te fauna i s  rather monotonous and repre ­

sented mai n l y  by spe c i e s  o f  genera ea l ym e n e ,  Pro e t u s  and A c a s t e . The mos t  characteri s ­

t i c  spec i e s  wi th wide hor i z ental d i s tribution are A c a s t e  day i a n a  and Pro e t u s  n i e s z ­

kow s k i i  ( obviou s ly occurr ing both in the Kaugatuma and the ühe saare S tage s ) . Thus ,. the 

who le Downton tr i lob i te f auna has been trated as A ca s t e  day iana as sociation ( L . ) . 

Addi tiona l tri lob ites are of sornewhat more restricted lateral and vertical ranqe s , 

amonq them the r e l at ive ly common ea l ym e n e  kaugatume n s i s  and C .  s c hm i d t i  ( Kaug atuma 

S tage ) and Ca l y m e n e  c o n s p i cua ( Ohesaare Stag e ) . 

Corre lational comments 

A number o f  tri lobi te s pecies and thei r  a s s ociations , d i s'tinqui shed in the East 

Baltic Wenlock and Late S i lur i an , are known from s im i l ar l i thofac ies in other reqions , 

yieldinq important data for correlation . 

The mo s t  o f f shore Wen lock as soc iations of Ca lymene o r t homarg i n a t a  and En crinurus 

ba l t i a u s  are probab ly endemic .  Outs ide - the East Baltic the i r  member s  are so far known 

only from errat i c  boulders in the terri tcry of the German Democratic Repub l i c  (Schrank , 

1 9 7 0 , 1 9 7 2 ) . More onshore spec i e s  are of wider d i s tribution . Thu s , ea tymene r e s t e v e nsi s,  

which marks t h e  base of t h e  Wen lock of t h e  East B a l t i c , h a s  been described from the 

Re s tevo Beds of Podo l i a  ( B anawoBa , 1 9 7 5 ) . The En crinuru s pun c t a t u s a s sociation is of 

the wides t  geograph i c a l  d i s tribution . Mos t  spec ies of thi s  association occur in HBg­

k l int ; Mulde and S l i te Beds of Got land ( Lind s trBm ,  1 8 8 5 �  Hede , 1 9 6 0 �  Tr ipp , 1 9 6 2 ; Bruton , 

Jaanus son , Owens , S iveter , Tr ipp , 1 9 7 9 ) , in Wenlock of Eng land : Buma s t u s  barr i e n s i s  in 

Woo lhope and Barr Lime s tone s ( Thoma s , 1 9 7 8 ) ; Pro e t u s  c o n c i nnu s in Woolhope Lime stone , 

Coalbrookda l e  Formation , Much Wenlock Lime s tone and Lower E l ton Beds ( Thoma s , 1 9 7 8 ) ; 

ea lymene b l um e n b a e h i  in Much Wen lock Limes tone ( Shir ley , 1 9 3 3 )  and in Woolhope Lip a s tone 

Formation ( e .  b l umenba e h i  subsp . n . , S ive s ter , 1 9 8 0 , p l . 1 0 0 , Figs 1 2 , 1 4 ,  1 6 ) . I t  

shou ld b e  noted that the l atter subspe c i e s  i s  probab ly identical with morph� o f  e .  

b t um e n b a c h i  f rom Parama j a  c l i f f . A l l  the spe c i e s  o f  the E .  punc t a t u s  associat ion , known 

from the E a s t  Baltic , have been a l s o  found in the upper part of Res tevo Beds , Demshin 
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Beds and lower part o f  the Vrublevets Beds of Podo l i a  ( BanawoB a ,  1 9 7 5 ; L .  Kon s tanti­

nenko , �ersonal communication)  • 

A r a t i n u r u s  orna t u s ,  occurrinq in ree f s  of the Jaagur ahu S taqe ,  has beei found in 

Tofta and S l i te Beds o f  Gotland ( Hede , 1 9 6 0 ) . The s lope facies mar l s  of the upper part 

of the s arne s taqe have vie lded Warburg e Z Z a s t o k e s i i  a a Z v a ,  which is c l o s e lv related to 

w.  s t o ke s i i  from the topmos t  Coalbrockdale Formation and Much Wen lock Lime s tone of Enq­

l and a s  we l l  as f rom H a l l a  uni t  " b " of Gotl and ( Thoma s , 1 9 7 8 ) . 

A repre sentat ive o f  the uncommon genus . " Sp a t ha a a Z y m e n e " occurs in the Lud low deep­

water depo s i t s  ( s a a n i a u s  and t um e s a e n s  grapto l i te Z one s )  in South-We s t  Latvian cores . 

Up to the present thi s  genus i s  known only from Upper Mielnik Beds of North-East Poland . 

"Sp a t haaa Zyme n e " b r e v i s ,  the spec i e s  mos t  s imilar to the Latvian one occurs in the 

Cu a u Z Z ograp t u s  a v e r s u s  and Sa e t o grap t us Z e i n twardi n e n s i s  Z ones ( Tomc zykowa , 1 9 7 0 ) . 

In onshore direct ion the "Sp a t haaa Z y m e n e " range part i a l ly coincides wi th the range 

of the En c r i n u r u s  ma a r o u r u s  a s sociation , which extends from the s a a n i a u s  Z one a lmo s t  up 

to the Z a u e n s i s - a t e n o p h o r a  os tracode Z one . Mernber s  of thi s  as sociation have been long 

known from the Hemse Mar l s  of Gotland ( Linds trõm , 1 8 8 5 ; Schmidt , 1 8 5 9 ) . I t  should be 

noted that Da Zma n i t e s  e f . o b t u s u s ,  which is rather frequent in Latv i an borings but occur­

r ing mainly as indeterminate fragments , seems to be c losely r e l ated to ( i f  not identi­

cal with )  Da Zman i t e s  myop s ,  the mos t  abundant spec i e s  in muds tone , larninated shale and 

bioturbated s i l t s tone facies of the Middle and Upper E l ton and Lower Bringewood Beds in 

the We l s h  Border land . There is a l s o  Ca Z y m e n e  n e o i n t e rm e d i a  in the Upper Le intwardine 

Beds o f  the same region (Miku l i c  & Watkin s ,  1 9 8 1 ) . En a r i n u r u s  maarourus  is known a l s o  

from the M i e l n i k  B e d s  of Poland (Alberti e t  a l . ,  1 9 8 2 )  and �robab ly from Soko l B e d s  of 

Podo l i a  ( Kons tantinenko , personal communication ) • 

En a r i n u r u s  o b t u s u s  from the shoa l facies of the Paadla Formation i s  known from the 

Hemse and Eke Beds of Gotland ( Hede , 1 9 6 0 ; S chrank , 1 9 7 2 ) . 

The spec i e s  of the mos t  deep-water , Ca Z y m e n e  Z a t v i a a  associ ation of the Kure s s aare 

S tage has obvious ly not been found in other areas so f ar .  The main mernbers of the sub­

sequent P. s ig n a t u s  a s soci ation - P. s i gna t u s  and A a a s t e Z Z a p r i m a  are of wider geogra­

phical d i s tr ibution . They occur outs ide the East Baltic a l s o  in Burgsvik , Harnra and 

Sundre Beds o f  Gotland and Upper S i e ldce and Lower· Pod l a s i e  Beds ( fo rm o s u s  and u Z timu s 

grapto l i te Z one s )  o f  Poland (Tomc z ykowa , 1 9 6 2 ; Alberti e t  a l . ,  1 9 8 2 ) , and apparently 

a l s o  in Grintshuk o f  Podo l ia . 

The tr i lob i te s  from the outcrop area o f  the Kur e s s aare S taqe show qeneral ly low 

abundance and are evidentlv of more res tricted d i s tr ibution . However , P .  k u r e s s aa r e n s i s  

has been founded from Gr intshuk Beds o f  Podo l i a  and a speci e s  c losely r e lated to i t  ( P .  

p u Z c h e r  subsp . sensu S chrank , 1 9 7 2 )  from the Sundre Beds of Gotland ( according to 

H .  Alberti ' s  unpub l i s.hed data ) . 

I n  Downton o f  the E a s t  Baltic A c a s t e  day i a n a  i s  of maximurn areal and verti cal d i s ­

tribution . Thi s spec i e s  a s sociated wi th Ca Z y m e n e  b e y e r i  ( s . l . )  character i z e s  Lower 

Podlasie and Upper -Rz epin Beds in Poland ( Tomc z ykowa & Wi twicka , 1 9 7 4 ; Alberti e t  a l . ,  

1 9 8 2 ) , and toge ther with Pro e t u s  s a a l i a u s  the Skala S tage in Podolia ( BanawoBa , 1 9 6 8 ) . 

The latter i s  c losely re lated to another typical species of the East Baltic Downton 

Pro e tu s  n i e s z k o w s k i i . 

From the above fol lows that tri lob i te spe c i e s  occurring in s imilar l i tho facies 

have quite coeval s tratigraphical range s in rather d i s tant s e . · t ions . Tri lobites occur­

ring in the open she l f  and s lope fac i e s  belts are of wide s t  qeoqraphical d i s tr ibution , 

thus beinq the mos t  valuab le for s tratiqraphical corre lations . The se are mainly the 

repre sentat ive s of the En a r i n u r u s  p un a t a t u s ,  E .  maarourus and Pr o e t u s  s i gna t u s  a s s o c i ­

ations . 
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ВЕНЛОКСКИЕ И ВЕРХНЕСИЛУРИйСКИЕ АССОЦИАЦИИ ТРИЛОБИТОВ 

ПРИБАЛТИКИ 

Рээт Мяннил 

Трипобиты в целом отличаются широкой фациальной амnлитудой, но отдельные их виды 

приурочены к определенным литофациям, где образуют белее или менее четкие ассоциации. 

В венлеке и верхнем силуре Прибалтики выделены двенадцать трипобитовых ассоциаций, за­

мещающих друг друга в пространстве и времени /рис. 2/. 

За пределами Прибалтики многие виды и некоторые ассоциации встречаются в аналогич-

ных литофациях того же стратиграфического интервала. Наиболее широко распространены 

представители открытошельфовых и склоновых ассоциаций, прежде всего ассоциация Enari­

nuruв punatatuв в венлеке и ассоциации Е. maarouruв и Proetuв вignatuв в лудлове. 
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YPH 5 6 5 . 3 3 : 5 5 1 . ? 3 3 ( 4 7 4 + 4 8 6 . 9 2 )  

ON OSTRACODE Z ONAT ION OF THE EAST BALT IC UPPER S ILURIAN 

L .  S arv 

Os tracode s are of great s igni f i cance in the c l as s i f icat ion and corre lation of the 

East Baltic Upper S i lurian . Here spec ial attention has been paid to the index- spec i e s  

wh ich serve a s  a bas i s  for the e s tab l i shment of the os tracode z onation . The data for 

the pre sent paper come from the bor ing s  of S toni skiai , Virba l i s , Kunkoiai , E z ere , 

Ventspi l s  ( pe r s . comm . by L .  Gai l i te ) , P i l tene- 1 , - 3 1  and - 3 2 , Kolka•4 and - 5 4 , ühe saa­

re and Kaugatuma ( s ee F ig . presenting more important one s of them ) . 

For the f i r s t  time o s tracode zones of the Upper S i lurian of the East Baltic were 

proposed by L .  Gai l i te ( rannH Te , 1 9 6 4 , 1 9 6 5 : raRnHTe H J:tp . ,  1 9 6 7 )  us ing the sect ions of 

Wes t  Latvia .  The d i s tingui shed subdivi s ions were def ined more prec i s e l y  i n  her later 

work s  ( raRnHTe , 1 9 7 8 ; raRnHTe H Yn&cT , 1 9 7 4 ) . D .  Ka l j o  ( 1 9 7 8 )  supp lemented the z onat ion 

ma i nly on the bas i s  of the E s tonian data . The mos t  important ostracode z ones of the East 

Ba ltic Upper S i lurian and the ir approx imate ana logous units on Gotland are g iven in the 

Tab l e . 

Ana lvsing o s tracode z onation o f  the Eas t Baltic Upper S i lur ian we used a l s o  data 

obtained by A .  Martins son ( 1 9 6 7 )  on os tracode succe s s ions in the S i lur i an of Swede� 

and by E .  Tomc zykowa , E .  Wi twicka ( 1 9 7 2 )  and B .  Zbikowska ( 1 9 7 3 )  on the Upper S i lurian 

os tracode z ones of North Poland . 

Cra s p e do b o L b i na L i e t u� e n s i s  Z one 

The f i r s t  Upper S i lur ian os tracode z one with era sp e do b o � b ina � i e t u v e n s i s  has been 

de termined in We s t  Latvia and Li thuania in the Kolka- 4 , Virba l i s  and Kunkoiai and le s s  

d i s tinctly in the Ventsp i l s  bor ing ( see raRnHTe , Ynb CT , 1 9 7 4 ; CapB , 1 9 7 7 ) . With th i s  

zonal spe c i e s  3 s soc iate era sp e do b o � b i na p e r c u rr e n s ,  B e y r i e h i a  snodern i a n a ,  Paraparc h i ­

t e s  gregar i u s ,  Si i e n i s  ex . gr . s u b t r i a n g u � a t u s . S trat igraphical posi tian of the z one i s  

s t i l l  ind i s tinct . L .  Gai l i te compare s i t  wi th the N e o di v e r s ograp t u s  n i � s s o n i  and L o b o ­

grap t u s  s e a n i a u s  Z one s , evidently increas ing i ts extent . According to D .  Kal j o  ( 1 9 7 8 )  

the e .  Z i e t u v e n a i s  Z one corresponds to the uppermo s t  Wenlockian and only to a part of 

the N .  n i � e s o n i  Z one . Such a conc lusion i s  more acceptab le as i t  i s  con f i rmed by the 

d i s tribution of B e y r i c h i a  s n o de r n i ana on Gotland , in the Ha l l a  and Mulde Beds ( = upper­

mos t  Wen lock ) and the lowermes t  Hemse Beds (Martin s s on , 1 9 6 2 , 1 9 6 7 ) . 

Evidently the topmos t  part o f  e .  � i e t u v e n s i s  range over lap with the interval of 

the d i s tribution o f  Amp h i t oxo t i s  e u r v a ta . In the East Baltic the latter spec ies occurs 

only in sections o f  the Kunkoiai and Vi rba l i s  bor ings . In Got l and A .  eur v a t a  occurs in 

the lower part o f  the Hemse Bed s , containing numerous grapto l i tes ( N e o d i v e r s ograp t u s  

n i � s s o n i ,  Sa e t ograp t ua e hima• r a ,  e tc . ;  Martinsson , 1 9 6 7 ) . I t  enab l e s  t o  correlate th e 

interval with A .  a u r v a t a  in the East Baltic approximately with the topmo s t  beds of the 

N. n i L s s o n i  and part o f  L o b o grap t u s  s e a n i e u s  Zone s . 
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era a p e do b o l b i n a  e z e r e n a i s  Z one 

The fol lowing zonal spec i e s  era ap e do b o l bi na e z e r e n s i a  occurs i n  sect ions o f  Vir­

bal i s , E zere , Ventspi l s  and Kolka- 4 together with Mi c r o c h e i l i n e l l a l a c r i m a ,  Pr i m i t i op s i s  

e z ere n a i a ,  Ps e u do r ay e l la a c u t a ,  Hammar i e l Z a p u l c h r i �e l a t a . I t  i s  of comparat ive ly re­

s tricted vertical d i s tr ibution but a lmo s t  a l l  accompanying spec i e s  ex i s ted during a 

fair ly long time . Only Rammari e l l a p u l c hri v e l a t a  occupies in a number of sections a 

short interva l but on d i f ferent leve l s . For ins tance , in the E zere bor ing i t  i s  found 

be low the e. e z e r e n a i a  Z one , in the Virbal i s  bor ing - together w i th e .  e z e r e n s i s ,  H e rn ­

e i e l l a a n t e r a v e l a t a  and Ne o b e y r i c h i a  c t e nop hora N .  l a u e n s i s ,  in the ühe s aare boring 

and on Gotland together wi th N e o b e y r i c h i a  n u t an s . How far H .  p u Z c hr i v e l a t a  occurs to­

gether with two zona l species ( e .  e z e r en s i a ,  N. c t e nop hora ) obvi ou s ly of d i f ferent ages 

it would be better not to use i t  as an index- species . 

era e p e d� b o l b i n a  e z er e n a i a  does not occur anywhere together w i th A mp h i t oxo t i s  c u r ­

va t a ,  however ,  the i r  be ing o f  a lmos t  the s ame age i s  not exc luded e i ther . In the Kolka- 4 

boring e .  e z e r e n s i e  appears irnrnediately a f ter e .  l i e t u v e n s i s .  I n  the Virba l i s  bor ing 

there i s  a noticeab l e  interval between them , but the range o f  e .  e z e re n a i s  is evidently 

restricted there . A. curva t a  has been also found in the Virba l i s  bori ng , however , only 

one spec imen and in the topmo s t  beds o f  the interva l o f  d i s tr ibution o f  e. Z i e t u v e n s i s . 

The above Early Ludlow zonal species are known only from the sections of We s t  

Latvia and L i thuan i a . According t o  D .  Kal j o  and E .  JUrgenson { Kanbo H !OpreHcoH , 1 9 7 7 ) 

thi s i s  the a�ea of the tran s i tional { =s lope ) fac i e s  b e l t  of mar l s  and c l ay s  w i th ! ime ­

s tone nodules ,  being formed in rather o f f shore cond i tions . The above-mentioned z ona l 

and some accompanying spec ies were , evidently , tied to thi s  fac i e s  b e l t  and only rather 

rare occur in other one s . Therefore , they are not found from more northern s e c t i ons o f  

the E a s t  Baltic { P i l tene- 1 ,  Kolka- 5 4 , Ohes aare , Kaugaturna ) . 

N e o b e y r i c h i a  c t e n o p h o r a  - N .  l a u e n s i s  Z one 

The zone N e o b e y r i c h i a  c t e n op h o ra - N e o b e y r i c h i a  l a u e n s i s  fol lows irnrnedi ately above 

the zone e .  e z e r e n a i s  in the Central and S outh E a s t  Baltic . It ernbraces a f a i r l y  sma l l  

interva l ( up t o  2 0  m )  i n  the P i l tene and E z ere bor i ngs and i s  seldom found in the Vir­

bal i s  aPd Ventspi l s  borlngs . In the latter together wi th N .  c t e n o p hora L �  Gai l i te has 

ident i f ied N e o b e y r i c h i a  s c i a a a . They are accompanied by Hem s i e l l a h e ma i e n s i s ,  Hamma -

r i e l l a p u l c hr i v e Z a t a ,  Mi c r o c h e i l in e l l a Z a c r i m a ,  Pr imi t i op a i a  e z e r e n s i s  b u t  i n  the Vir­

bal i s  and Kunkoi a i  borings a l s o  by Ho b u r g i e l l a t e n e rrima . 

On Gotland N .  Z a u e n s i s  and N .  s c i s s a  mark the upper part of the Hemse Beds {Mar­

tins son , 1 9 6 7 ) . N. c t e n o p h o r a  is there of wider ver tical d i s tr ibution occurring also in 

the overlying Eke , Hamra and Sundre Beds . I n  the Virba l i s  and Kunkoi a i  boring� toge ther 

with Ne o b e y r i c h i a  c t e n o p h o ra and N. Z a u e n s i s  there are found H o b u r g i e l l a t e n e r r i ma and 

Sca l d i a n e l l a p e r a o n a t a ,  rather wide- spread species in the over lying beds . 

N e o b e y r i c h i a  l a u e n s i s  does not occur in sections of the S aaremaa I s land . A prob­

able f ind of N .  c t e n o p h o r a  has been made from KõrkkU la outcrop { Paad l a  S tage , Uduvere 

Beds ) . 

Ne o b e y r i c h i a  n u t a n s  Z one 

The zone contains a r ich as sociation of os tracodes with spec ies character i s ti. c  o f  

the Hemse Beds : H e ms i e l l a h e ma i e n s i s ,  

r i c h i a  a i mp l i c i o r ,  Ne o b e y r � c h i a  n u t a n s ,  

bution { CapB , 1 9 7 1 ) occurr ing in the 

boring { Uduvere Beds ) . 

B e y r i c h i a  e t e l ia n a ,  B .  g r o garn i a n a ,  ea Z c a r i b e y ­

and nurnerous spe c i e s  o f  wider vertical d i s t r i ­

upper par t of the Paad l a  Stage i n  the ühe saare 
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A .  t-1artins son ( 1 9 6 7 )  treated N e o b e y r i c h i a  n u t a n s together wi.th Hamma r i e l Z a  p u Z c h r i ­

v e l a t a  as an index - spe c i e s  for the midd le part o :F  Hemse Beds . In the S outhern E a s t  

B a l t i c  thi s  spe c i e s  occurs in the Kunko iai boring in a short interval above t h e  z ane 

Amp h i t o xo t i s  c u r v a t a ,  but b e low the occurrences of N e o b e y r i c h i a  e f . c t e n o p h o r a  wh ich 

approximately corre sponds to the leve l o f  d i s tr ibution of Ne o b e y r ·i c h i a  n u t a n s  on Got­

land . I n  the ühe saare bor ing the interva l o f  the d i s tr ibut ion o f  th i s  spe c i e s  is wider 
and ernbraces the who l e  midd l e  and upper parts o f  the Paad la Formation . However , N .  n u ­

t a n s  i s  laek ing in the upper part of the Pageg iai Formation o f  central and Southern 

East Baltic ( ra�nH T e  H Ynb c T , 1 9 7 4 }  and cannot serve as a z ona l spe c i e s  there . I t  may 

serve as a z onal spe c i e s  only for sect ions of the Saaremaa I s land where it togethe1· wi th 

Hem s i e l l a h e m s i e n s i s ,  Ma o r e a  b i s a u l a t a  and other spec i e s  character i z e s  the midd l e  and 

upper parts of the Paadla S tage . 

Absence of N .  c t e n o p hora and N .  l a u e n s i s  in sections of the S aaremaa I s land and 

s c ar c i ty of N .  n u t a n s  in sections of the Central and S outhern East Baltic can be ex­

p l ained by fac i e s  zona l i ty o f  the basin - f i r s t  two s·pec ies are d i s tr ibuted in o f f shore , 
the latter mare o f ten in nearshore fac i e s . 

Un du l i r e t e  b a Z t i c um and P l i c i b e y r i c h i a  nume r o s a  Z ones  

L .  Gai l i te ( raPnHT e  H Ynb cT , 1 9 7 4 }  has d i s t ingui shed both N e o b e y r i c h i a  n u t a n s  and 

Hoburg i e  l l a an t e ro v e  la ta a s of the s ame age zonal spe c i e s .  _The latter is eviden tly con­

spec i f i c  with H o b u rg i e l l a t e ne rr i ma identi f i ed from the Eke , Hamra and Sundre Beds on 

Gotland . H .  a n t e ra v e l a t a  (=t e n e rr i ma ]  is known in the sections P i l tene - I  and E z ere , 

rarely a l s o  from the Vi rba l i s  and Kunko i a i  sections . Frequently i t  occurs together wi th 

cons iderab ly wide- spread Undu l i r e t e  b a l t i c um , wh ich has a lso been propo s e d  as zonal 

spe c i e s  ( Ka l j o ,  I 9 7 8 ) . I n  the Northern E a s t  Baltic the U.  b a l t i cum Z one i s  replaced 

by P l i c i b e y r i c h i a  n u m e r o s a  Z ane . 

Age relat ions between spe c i e s  N e o b e y r i c h i a  c t e n op ho r a  and N .  Z c u e n s i s ,  N .  n u t a n s ,  

Hoburg i e l l a t e n e rrima and Undu l i r e t e  b a l t i cum are a s  follows . I n  the sect ion o f  the 

P i l tene- I 8. t e n e rr i ma appears somewhat earlier than U .  b a l t i c um but not .be fore the 

d i s appearance of N .  l a u e n s i s  and N .  c t e n op hora . In the Virba l i s  boring H .  t e n e rr im a  

occurs in the s ame s ample toge ther wi th the last specimens o f  N .  l a u e n s i s  and N.  c t e n o ­
p h o r a ,  whereas U .  b a l t i c um i s  found somewhat higher in the sect ion . In the ' E z ere boring 

H. t e n e rr ima is met in a short interval together wi th the l a s t  specimens of U .  b a l t i c um .  

N e o b e y r i c h i a  n u t a n s  i s  older than N .  l a u e n s i s  and N .  c t e nop h o r a  but the upper part o f  
its d i s tr ibution coincides with the r ange of the latter . 

H e m si e l l a marga r i t � e  - Ne o b e y r i c h i a  a l i a Zane 

L. Gai l i te ( ra�nHTe H YnbCT , 1 9 7 4 )  determined He m s i e Z Z a margar i t a e  and Ne o b e y r i c h i a  

a l i a  a s  zonal s pe c i e s  within the Mini j a  Formation o f  the Central and South E a s t  Balti c . 

However , H .  marga r i t a e  has rather no ticeable intraspe c i f i c  var iation and i t  i s  doub t­

l e s s  c lo s e l.y r e lated to H. l o e n e i s  and H. ma c c o y i a n a . Thus the s cope o f  H .  marg a ro i t a e  

i s  treated d i f ferently b y  d i f ferent re searcher s .  Vertical d i s tribution o f  thi s  spe c i e s  

i s  wide . I t  has been de termined in many sections already in the topmos t  beds of the 

Pageg i a i  Formation ( S toni sk i a i , Ko lka- 5 4 , Ventspi l s )  but in the ma j or i ty of c a se s ·  in 

the . .  lower half o f  the Mini j a Formation . In the Northern East Baltic i t  occurs. i n  the 

Kure s s aare S tage and in the lower ha l f  o f  the Äigu Beds of the Kauga tuma S tage ( C apB , 

I 9 6 8 ,  I 9 7 I ) . 

Ne o b e y r i c h i a  a Z i a  i s  o f  the s ame age as H .  m a r g a r i t a e  and of analogous vert�cal 

di s ·tribution : the uppermos t  beds of the Pageg i a i  and the lowerme s t  beds of the Mini j a  

Formations i n  the s e c tions o f  the S toni sk i a i  and Ventsp i l s  borings but i n  the V i r b a l i s , 
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E z ere , P i l tene- 1 and - 3 1 , Ko lka- 4 sec tions i t  occur s only in the Mini j a  Formation . An 
exception i s  the P i l tene - 1  böring where N .  a 'li a  has evidently been iden t i f i ed in one 

s ample from the lowermes t  beds of the Jüra Format iv•l · ( ra1l:JIHTe H llP · ,  1 9 6 7 ) . 

In s e c t ions of the Virbal i s , E z ere and P i l tene - 1  He m s i e  ll - a  margar i t a  e - Ne o b e y ­

r i c hi a  a l i a  appear irnrnediately a f ter the zonal spec i e s  Undu l ir e t e  b a l t i aum but i n  the 

Kolka- 4 bor ing ( r a1l:JIHTe H YJibCT , 1 9 7 4 )  N. a l i a  occurs toqether . with U .  ba l t i a um whereas 

H .  marqa r i t a e  appears somewhat later . The above serves a s  an evidence of inconstancv of 

the lower boundarv of the zone H.  marqar i t a e  - N .  a l i a .  

Pr o s t i e l l a qro e n va l l ia n a  Zone 

Spec i e s  characte r i z inq the former zone occur toqether with Pro s tie l la g r o e n v a l l i a ­

n a  whi ch , be s ides the sect ions of the North E a s t  Baltic ( Ohesaare and Kaugaturna bor ings ) ,  

i s  rarely found a l s o  in the sect ions of the S toni�kiai , E zere and Vents� i l s  borings but 

in the sec tion o f  the P i l tene - 1  boring L .  Ga i l i te determined a s imilar spec ies Pro s ­

t i e l l a l e b i e n s i s . D i s tinct ion o f  P .  gro e n v a l l� a n a  i n  the role of a zonal spec i e s  ( Ka l j o , 

1 9 7 8 )  for the lower part o f  the Kaugatuma Format ion and i t s  analogs ( the Mini j a  Forma­

tion ) is j us t i f ied as thi s  spe c i e s ,  despite i t s  scar c i ty in the ' Ea s t  Baltic , is known 

from the Upper S i lurian of Southern Sweden , Eng land and Canada . I n  the E a s t  Baltic to­

gether wi th it for the f i r s t  time appear such wide -known spec i e s  a s  N e o b e y r i a h i a  b u ­

c h i a n a ,  Ma c r yp s i l o n  s a l t e r i a num,  Hern a i e l l a ma c c o y i ana . 

Nodi b e y r i c h i a  t u b e r c u l a t a  Z one 

The fol lowing Nodi b e y r i c h i a  t u b e r c u l a t a  Zone i s  more cons tant in the who le East 

B a l t i c . On the Saaremaa T s l and thi s  spe c i e s  characte r i z e s  the LÕo Beds of the Kaugaturna 

Formation , in North-We s t  Latvia it is d i s tributed in mas s e s  i n  the lower part of the 

Jüra Forma t i on wh ich there fore are cons idered synchronous with the LÕo Beds . The z one 

i s  e s tab l i shed in the P i l tene- 1 and - 3 2 , Ko lka-4 and - 5 4 , Ventspi l s  borings and a l s o  in 

some sect ions of the Southern East Ba l tic ( S toni skiai boring 1 Caps , 1 9 6 7 ) . 

Nodi b e y r i a h i a  j u ra s s i a a  Z one 

The top of the E a s t  Baltic S i lurian is considered by L . Ga i l i te ( ra1l:JIHTe , 1 9 6 5 )  

Nodi b e y r i a h i a  j u ra s s i a a  Z one . I n  the P i l tene - 1  bor ing the z one occupies the upper part 

of the Jüra Formation with the thi ckne s s  o f  4 3  m .  Approx imately of the same extent i s  

th i s  zone in the P i ltene- 3 2 , Kolka- 4 and - S 4 , Ventsp i l s  boring s . The N o di b e y r i a h i a  j u ­

ra s s i a a  Z one in North-We s t  Latvia and o n  the Saaremaa I s land corresponds t o  the ühe ­

saare S tage . The d i s tribution of z o n a l  a s sociat ion be s ides index-species ( D i z ygop Z eura 

opp o r t u n a ,  Juv i e l l a p i l t e n e n s i s ,  K Z o e d e n i a  Z e p t o s oma and some others ) permi ts to a s sume 

that in the ühe s aare s tratatype section the beds of Nodi b e y r i a h i a  j u ra s s i aa age , despi te 

the ir relative ly sma l l  thi ckne s s  ( 6  m ) , contain the who le comp lex of characteri s t i c  

os tracode spe c ie s . 

The above shows that . di f ferences in the d i s tribution of zonal os tracode spec ies in 

variaus areas o f  the Late S i lur ian Baltic basin e xi s ted in the Ludlow and , partia lly , 

in the Downton t ime . Thus the deterrnination of zonal os tracode spec ies for d i f ferent 

areas of the menti oned basin wi l l  be expedient . The present paper g ive s such spec ies 

separately for the North E a s t  Baltic and for the Central and S ou th East Baltic areas 

( se e  Tab l e ) . 
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Tab l e . The os tracode z one� in the Upper S i lurian of the E a s t  Ba ltic 

Ostracode zones 
o. � Regiona l S trat ig.raphy. (raa.nuTe , 1 9 6 5 - 1 9 7 e ; Ka .lj o , l .9 7 8 ; emend . ) 

Got l and 
(Martins son ; 1 9 6 7 )  

g -� ----------�------------�--------------�-----------------------i--------�-------------
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Mo n o c Z. .  
t a u r a ­
g_e n s i s  
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H s B . AH naTB . CCP , 1 9 6 4 , � 1 1 / 2 0 8 / , e. 6 5 - 7 2 . 

raanH Te n .  K .  CTpaTH rpa�HqecKaR npHypoqeHHOCTh ocTpaKo� ceMeacTBa 8eyrichi idae B CHny­

pHaCKHX oTno*eHHRX naTBHH . - H s B . AH naTB . CCP , 1 9 6 5 , � 2 / 2 1 1 / , e. 6 8 - 7 4 . 

raanHTe n .  K .  0CTpaKO�OBble S OHbl np*H�Ona naTBHH . 

�anTHKl L PHra·, 3HHaTHe , 1 9 7 8 , e .  1 3 - 2 1 . 

8 K H . :  CTpaTHrpa�HR �aHepOS OR fipH-

raamfTe n .  K . , Pbl� HHKOBa M .  8 . , Yn& cT P .  r.: .  CTpaTHrpa�HR , �ayHa H ycnoBHII o�pa s oB aHHR 

CHJIYPHaCKHX nopo� Cpe�He$1: TIPH �anTHKH . PHra , 3H HaT He ,  1 9 6 7 , 3 0 4  C .  

7 6  



raR:1!HTe JI .  K . , Yn:&e T  P .  )li .  30Han::& H!>te no�pa:a�eneHH.R B epxHero eHJIYpa B JlaTBHH . - B K H . !  

PerHoHa1!:& HaJI reonorKR llpK(SanTHKH . PHra , ·  3HHaTHe , 1 9 7 4 , e. 3 8 - 4 4 . 

Kan:&O � .  Jl . , IOpreHeOH 9 .  A .  CllaiJ;Ha1!:&HaJI 30Ha1l:&HOeT:& eH1!ypa llpR0a11THKH . B K H . !  ellaUHH H 

�ayHa eHnypa llpH0a1!THKH . Ta1111HH 1  1 9 7 7 , e .  1 2 2 -1 4 8 . 

CapB JI .  H .  OeTpaKO.tlti Craspedoõolbinidae , Beyriehiidae. H Primitiopsidae CHJJ Y .->a 9cToHHH . 

TannH H , Banrye , 1 9 6 8 ,  1o4 e .  

CapB JI .  H .  CH11YPHAeKHe OCTpaKO,ttti B pa:ape :a e  CKB . Oxecaape . H :a B . AH 9CCP , T ,  2 0 , 

XHM . reon . , 1 9 7 1 , � 1 ,  e .  3 4 9 - 3 5 5 . 

77 



К ЗОНАЛЬНОМУ РАСЧЛЕНЕНИЮ ВЕРХНЕГО СИЛУРА 
ПРИБАЛТИКИ ПО ОСТРАКО�� 

Л. Сарв 

Остракодовые зоны верхнего силура Прибалжики установлены Л. к. Гайлите ( 1964, 1965, 
1978; Гайлите и др. , 1967; Гайлите и Ульет, 1974) в разрезах Заnадной Латвии и Литвы. 

Объем этих зон уточненд�.л. Кальо/Каljо, 197 8/; им же выделены некоторые новые зоны, в 

основном, в разрезах Эстонии. 

В данной статье nроведены ревизия верхнесилурийских остракодовых зон и nереоценка 

их стратиграфической и корреляционной значимости на основе исследования 12-и буровых 

разрезов (см. рис. ). показана целесообразность выделения в разнофациальных отложениях 

некоторых участков разреза nараллельных, более-менее одновозрастных остракодовых зон. 

Раннелудловские зональные виды CraspedoboZbina Zietuvensis и С. eзerensis известны 

только из разрезов Средней и Южной Прибалтики. там же расnространяются nозднелудловские 

NeobeyPiahia atenophora - N. Zauensis (см. табл.). Лудловекие отложения Северной При­

балтики характеризуются зональным видом Neobeyrichia nutans. Разные остракодовые зоны 

выделены и в раннедаунтонских отложениях: в Северной Прибалтике зоны Pli·aibeyriahia nu­

merosa и Frostiella gPoenvalliana, в Средней и Южной Прибалтики - зоны Undulirete bal­

tiaum и Hemsiella margaPitae - Neobeyriahia alia. Позднедаунтонские отложения Прибал­

тики содержат такие широкорасnространенные зональные виды, как Nodibeyrichia tuberaula­

ta .и N. jurassiaa. 

78 



Y).IK 5 6 . 0 1 6 : 5 9 1 . 5 2 : 5 5 1 .  ?3 3 . 3 3 ( 4?4 ) 

LATE S I LURIAN SHALLOW AND DEEP WATER CONODONTS 

OF THE EAST BALT IC 

V .  Viira 

The present paper deal s  wi th the zonation o f  the E a s t  Ba l t i c  Upper S i lurian cona­

dants and the ir fac i e s  dependence . A large number of s amp l e s  were s tudied for to · char­

acter i z e  all fac i e s  be l t s  from near- shore up to basin one . They come from 7 bor ings of 

S aaremaa tOhes aare , Kaugatuma , Kingi s s epa , S ak l a )  and North-We s t  Latvia ( Kolka- 5 4 ,  

Ventsp i l s , Pav i l o s ta }  and a l so from mare than 3 0  local i ti e s  of S a aremaa ( F i q . 1 ) . Pub-

l i shed in formation i s  ava i lable only 

and ühesaare boring ( BHRpa , 1 9 7 7 ) , 
on conodonts from Kolka- 4 ( raanHTe, Yn&eT, 1 9 7 4 ) 

on the Upper S i lurian spathoqnathod ians ( BHRpa , 
1 9 8 2  a ) , and the apparatus C t e n o g n a t h o du s  m u r a h i s o n i ( BKRpa 1 9 8 2  0 ) . 

F i g . 1 
Location map of outcrops ( quadrang l e s ) 

and bor i ngs ( c i r c l es ) . Explanation o f  

local ity numbers s e e  i n  F ig . 3 .  

General d i s tribution 

L a f v ia 

Lud low and Downtan conodon t faunas show high abundances and ra ther l ow d i. ver s i ty. 

They are character i z ed by bar and b lade e l ements , .,,hereas plat f0rm e l emer> t: s  :: ppear to 

be o f  very l imi ted d i s tribution . Carbonate depo s i t s  of the she l f  area ccn t a i n  the r i c h ­
e s t  fauna where the preva lence o f  mul t i e l ement genera O z a r k o d i n a  a n d  Ou l o d u s  i s  typ i c a l  

o f  the given region . The Lud l ow part o f  the section i s  r i c h  i n  the l ongranging appara-
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tu s e s  O z a r kodina a o n f·Z u e n s ,  0 .  e .  exaavata�  Ou Z o du s  s i Z u r i a u s . In the East Baltic they 

appear gradual ly beginning with the Lower Wen l ock but the large s t gatherings occur just 

in t h e  Lud l ow . T h e  Downton conta i n s  b e s t de s 0 .  aonfZuens also abundant 0 .  s .  e o s t e in h o r ­

n e n si s and Ou Z .  e 1- egan s . O n  Gotland different Ozar kodina and Ou 1- odu s '(=Hindeode Ha and 

L i g o n o d i n a )  a l so occur nearly in the same quanti ty as in Estonia ( Jeppson , 1 � 6 9 , 1 9 7 2 , 

1 9 7 4 ) . 

Two d istinct change s are observable in s tratigraphic range of the Upper S i lurian 

conodonts o f  the northern East Baltic . The first is expres s ed by replacement o f  the 

Upper Wen lock sha l low water C t e n o gn a t hodus mura h i s o n i  a s sociation with a r ich Ludlow 

fauna contain ing o .  aonf�uen s ,  0 .  e .  exaa v a t a  and Ou 'l .  s i 'l u r i a u s . These apparatuses are 

known a lready from the underlying Wen lock depo s i t s  but in specific condition o f  the 

Roots ikü l a  t ime they were rare or lacking . The s econd change i s  more dist�nct . It i s  

def ined b y  the appearance o f  conodon ts o f  the e o s t e i n hornen s i s  Z one .  Besides the index­
spec i e s  o .  s .  e o s t e i n h o r n e n s i s, Ou Z .  e Z egans  ma�e s its first appearance on this leve l . 

The named two taxa in as sociation with 0 .  aonfZ u e n s  form the rich Downtan fauna . Al l 

three apparatuses occur up to the uppermos t  beds of the S i lur ian . 

Taxonomic notes 

In the northern East Baltic a t  the present s tage o f  s tudy the fol lowing appara­

tus e s. and the i r  companent e l ements have been identi f ied . 

1 .  O z a r k o dina e x a av a t a  e x a a v a t a  ( Branson et Mehl ) : 

Spa t ho g n a t ho d u s  ina 'l in a t u s  i n a Z in a t u s  ( Rhodes ) ,  

O z a r k o di n a  m e d i a  Wa l l i ser , 

N e o p r i o n i o du s  e xa a v a t u s ( Branson et Meh l ) , 

Hi n d e o d e Z. Z a e q u i d e n t a t a  Rhodes , 

P 'Le a t o sp a t h o du s  e x t e n su s- Rhodes , 

Tria h o n o d e Z 'l a e xa a v a t a  ( Branson et Meh l ) . 

The apparatus ranges from the Jaani S tage ( Lower Wenlock ) into the Kures s aare Stage 

( uppermo s t  Ludlow )  . 

2 .  O z a r k o di n a  a o n fZ u e n s  ( Branson et Meh l ) : 

Sp a t ho gn a t ho du s  p r i m u s  ( Branson et Meh l )  , 

O z a r k o di n a  t y p i a a  Branson et Mehl , 

N e o p r io n io du s  b i c u r v a t u s  ( Branson e t  Mehl ) , 

Hinde o de 'l 'l a a o n f Z u e n s  (Branson et Mehl ) , 

P Z. e a t o sp a t hodus- f Z e xu o s u s Branson et Mehl , 

Tr i a h o no de Z Z a s ymm e t r i a a  ( Branson et Meh l ) . 

Mo s t  character i s t i c  part o f  the apparatus is i ts spathognathodontan e l ement S .  pri ­

m u s . On the ba s i s  of morphologi cal d i f ferences in S .  p r i m u s  5 morphotypes ( Klapper , 

Murphy , 1 9 7 4 )  and three subspec ie s  ( He l fr ich , 1 9 7 5 )  have been e s tab li shed . In the nprth­

ern E a s t  B a l t i c  6 chrono log i c a l  subspec ie s : S .  p r i m u s  b u a e r u s  ( Wenlock ) ,  S .  primus de n ­

s i de n t a t u s  ( Uppermo s t  Wen loc� , S .  p r i m u s  r e t r o v e r s u s  ( Uppermo s t  Wen lock ) , S .  primus 

a o r n i de n t a t u s  ( Lud low ) , S .  primu s amb i q u u s  ( uppermo s t  Ludlow ) a n d  s .  primus n;a s u t u s  

( Downton ) have been propesed ( BHäpa , 1 9 8 2  a ) . 0 .  a o n f Z u e n s  makes i t s  f i r s t  appearance 

i n  the lowermes t  beds o f  the Jaaqarahu S tage (Wenloc k )  and i s  present up to the end of 

the S i lur i an . 

3 .  O z a r k o dina s t e i n ho r n e n s i s  e o s t e in h o r n e n s i s  ( Wa l l i s er ) : 

Sp a t hogna t ho d u s  s t e in h o r n e n s i s  e o s t e i n horn� n s i s  Wal l iser , 

O z a r k o d i n a  t y p i a a  den a kman n i  Z iegler , 

Ne o p r i o n i o du s  a r i s a i ge n s i s  Legau l t , 
H i n de o de 'l l a pr i s a i Z. Z a Stauf fer , 
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P 'l e e t o s p a t h odu:-s a 'l t e rn a t u s  Wa l l i ser , 

Tr i e h o n o de l l a s y mm e t r i e a  ( Branson et Meh l ) . 

The character i s t i c  e l ement i s  S .  s .  e o s t e i n h o rn e n s i s. in wh ich 4 var ieties are d i s ­

tingui s hed (B:-itl:pa , 1 9 8 2  a ) . The apparatus occurs in the Kur e s s aare , Kaugatuma and Ohe ­

saare S tages . 

4 .  O z a r k o d i n a  sp . S : 
N e o p r i o n i o d u s  ? sp . S Viira , 1 9 7 7 , 

L i g o n o d i n a  sp . S Viira , 1 9 7 7 , 

Tri e ho n o de l l a sp . S Viira , 1 9 7 7 . 

Unde s c ribed apparatu s ,  evidently containing s ix robu s t  e l ements . The appara.tus is 
re s tr i c ted to the lower ha l f  öf the Paadla Stage .  

5 .  Ou 'l o d u s  s i 'l u r i e u s  ( Branson e t  Meh l ) : 

L o n e h o di n a  wa l l i s e r i  Z ieg ler , 

L o n e h o di n a  g r e i l i n g i  Wa l l i s er , 

Ne o p r i o n i o du s  mu 'l t iform i s  Wa l l i s er , 

L i g o n o di n a  s i l ur i e a  Branson et Meh l , 

T r i e h o n o d e Z Z a i n e o n s t a n s  Wa l l iser . 

The c omp lete apparatus i s  i l lus trated by Ch lupa6 , Kri � und S chönlaub ( 1 9 8 0 , Table 

1 7 ,  Fig . 2 0 ) . In  the East Baltic S i lurian i t  range s from the Jaagarahu Stage up to the 

uppermo s t  beds of the Paad l a  S tage . 

6 ,  Ou l o d u s  e l e g a n s  ( Wa l l i s er ) : 

L o n e h o d i n a  de t o r t a  Wa l l i ser , 

O z a r k o di n a  o r t uform i s  Wa l l i ser , 

Ne opr i o n i o du s  wi Z Z i am s i  Legau l t , 

L i g o n o d i n a  e 'l e g a n s  Wa l l iser , 

T r i e h o n o d e Z Z a i n e o n s t a n s  Wa l l i s e r . 

The apparatus occurs in the Kure s s aare , Kaugatuma and ühe saare Stage s . 

7 .  C t e n o gna t h o d u s  mure h i s o n i  ( Pander ) : 

Spa t h o gn a t h o d u s  mure h i s o n i  ( Pander ) , 

L i g o no d i n a  s p . n .  L Viira , 1 9 7 7 , 

L o n e h o d i n a  ? sp . n .  N Viira , 1 9 7 7 , 

Tr i e h o n o de 'l l a sp . n .  V Viira , 1 9 7 7 . 

The apparatus i s  de scr ibed and i l lu s trated in the paper on the Upper Wenlock shal­

low water c onodonts ( BHt!:pa , 1 9 8 2  0 ) . e .  mure h i s o n i  i s  a guide fos s i l  for the Roots iküla 

Formation . 

Be sides the above named ones elements o f  the following apparatus e s  have been found : 

Di a t om a d u s  dub i u s  ( Rhode s ) ,  

Pe l e k y s g n a t h u s  dub i u s  Jepps son , 

K o e k e l e l 'l a v a r i a b i 'l i s  Wal l i s er , 

Po l y g n a t h o ide s s i l u n i e u s  Branson et Meh l . 

Name s o f  conodont s  interpreted by forma l taxonomy are g iven in i nver ted comma s .  

Associ ations 

In the Eas t Baltic Wen lock and Upper S i lurian the environmental types o f  conodonts 

are d i s tingu i shed : lagoona l , shoa l - s he l f  and s lope one s . Terms come from facies belts o f  

the S i lurian Paleeba l t i c  Bas in ( He cTop , 3t!:HacTo , 1 9 7 7 ) . From th e  sha l l ow inshore t.oward s  

the continental s lope t h e  a s s oc iat ions a r e  as fol lows : ( 1 )  C t e n o g n a t h o du s ,  

dina and Ou l o du s ,  ( 3 )  Ko e k e l e H a  and Po l ygna t h o i de s .  

(2 ) O z a :t' k o -

Lagoona l type i s  repres ented b y  C t e n ogna t hodus  as soci ation known from the Upper 

Wenlock s o  far . Be s ides lagoon it occurs a l s o  in the tran s i tional area to the shoa l 
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be l t  (BuApa ,  1 9 8 2  6 ) . Ty p i c a l  repre sentat ive o f  th i s  a s soc i a t i on i s  Ct e n o g n a t h o d u s  m u �  

c h i s o n i .  other conodonts are rare . 0 .  c o n f l u a n s w i th a s pathognathodontan e l emen t  "S . " 
p P i m u s r e t r o v R r s u s  o c c u r s  some time s . 

Shoa l - she l f  type o f  conodonts i s  mos t ly repr e s ented by O z a r k o d i n a  and Ou l o du s . 
T h e s e  two mu l t i e l emen t  genera are d i s tributed i n  th e who le men tioned area . The shoa l 

b e l t  i s  r i c h  in 0 .  c o n f l u e n s a s s o c i ation , wh ich i s  rather commol"! i n  the open she l f  as 

we l l .  I t  o c c u r s  i n  de t r i t i c , nodu lar and c l ayey l imes tone s . The 0 .  e .  e x a a v a t a  as s o c i a ­

t i o n  i s  mere characte r i s t i c  o f  t h e  open she l f  be l t  o f  Lud low age but ' i t i s  found & l s o  
i n  the s h o a ]  be l t . However , 0 .  e e x c a v a t a  d o e s  u o t  o c c u r  i h  Downtori and i t s  ec o l a g i e a l 

n i che i s  occup 1. ed by the 0 .  s .  e o s t e i n h o r n e n s i s  a s soc i n. t ::.on . The s e  tv10 as soci ations are 

charac te r i z ed by a wider fac i e s  a f f i l i ation a s  compa red w i th the 0 .  c o n f l u e n s  a s s o c i a ­

t ion a n d  they m a y  o c c u r  a l s o  i n  c l ays a n d  mar l s  o f  t h e  s lope be l t . 

Conodonts o f  the mu l t i e l ement genus O u l o d u s .  b e i ng frequent in the shoal and open 

s he l f  b e l t s , are mn s t l y  repr e s e n ted by spe c i e s  O u l .  s i l u r i c � s  ( Lud l ow )  and Ou l .  e l e ga n s  

( Downton ) . O u l .  s i l u r i· c u s  ha s n e a r l y  the s ame e c o l agi e a l  po s i tian a s  0 .  c o n f l u e n s . O•< l .  

e l e g a n s  i s  more connected with the 0 .  s .  e o s t e i n h o r n e n s i s  a s s o c i a tion . 

O f f s hore p a r t  o f  the b a s i n  ( s l ope fa c i e s  be l t )  wa s i nha� i ted by the a s s o c i a t ion o f  

Ko e k e l e l l a v a r i a b i l i a  and �o l y g n a t h o i de s  s i l u r i c u s  i n  Lud low . 

Zonation 

The abundance o f  conodonts dee r e a s e s  frvm the shal l ow p a r t  o f  the b a s i n  towards 

the open s e a . Such a s i tuation i s  e s p e c i a l ly charac ter i s t i c  o f  Lud l ow conodonts . S imu l ­

taneou s l y  wi th decrea s i ng o f  the i r  number a taxonomic change takes p l ace : in o f f s hore 

fac i e s  p l a t form conodon t s  appear . There fore we have presented two zonal s�heme s : one 

for s ha l l ow and the other for deeper water s e d iments ( Tab l e )  . 
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Sub z on e 

remscheidensis 
- - -- - - -

can a densis 
r- - - - - -

eosfeinhornensis 
s. str. 1- - - - - -

aff scanica 

D. dubius -.Belodus" sp. 
- - - - - - - -

Dzarkodina sp. S-
a confluens cornidenfafus 

Cfenognafhodus 
murehisuni 

DAS/N A REA 
Z an e  

eosfeinhornensis 

- - - - - -

siluricus 
- - - - - -

- - - - -

s ag i ffa 
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Zones with aagitta, eosteinhornensis and 6iluri�us were established in the Carnic 

AlfS by ü. WaTliser (1964), later on they are recognized in many parts of the world. 

üther Upper Silurian zones o:" the northern East Baltic are local. They are assemblage 

zones presumably. Subzones of the eosteinhOI'Yiens-is Zon·e are based on the replacement of 

different "Srathognathodus" s. eosteinhornens-is morphotypes. 

An important guide fossil is "8pathognathedus11 .aff. snojdr·i. Among conoQoats iden­

tified as "S. " aff. sna,jdri two morphological types sirr.ilar �o 118, " snajdri and "S. " 

crispus are established. In literature both they are interpreted as zonal ones whereas 

"S, " ci'isp!.<s is considered s·tratigraphically younger than "S. " snajdri (Walliser, 1964; 

Helfrict-, 1975; Chlupac , Kr i z , Schönlaub, 1980). In our ma�e:::-ial there is no clear suc­

cessian of the above spe�ies. E.g. in 15 kg of sample dissolved from Karala locality 

among hundred specimen� of "S. " aff. snajdri both element types occur1ed. Thus for as­

certain1ng the positian of "S. " snajdri and "S. " crispus we mark our forms in the open 

nome,nclature. 

"S. " aff. snajdri ranges from the lower part of the Paadla Stage up to lowermest 

Kaugatuma Stage. It has been identified in all studied sections of northern East Baltic, 

including more offshore ones, but also in a number ef localities 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, Kingissep& 39.2 m, ühesaare 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 bigher towards the 

central part of the bas�n. The upper limit of the "S. " aff. snajdri range is more uni­

form. The lates� specimens occur in the lowermest part of the Äigu �eds: Kaugatuma 

28.9 m, ühesaare 61.2 m, Kolka 253.6 m, Ventspils 406.0 m, Pavilosta 604.0 m. 

Shelf zones 

Ctenegnathedus m�rchiseni Zone 

The base of the murchiseni Zone (BH�pa, 1982 6) is defined by the appearance of C. 

murchiseni. The fauna of the zone is dominated by index-species. 0. cenfluens is repre­

sented by subspecies with a spathognathodontan element "S. " primus retreversus. 0. sa­

gitta bohemica and n. e. excavata are rare. 

The zone �orresponds to the Rootsikula Formation (excl. lowermest part). 

The stratatype for the zone is Vesiku outcrop. 

Ozarkedina sp. S - 0. confluens cernidentatus Zone 

The zone is defined primarily on the ranges of the Ozarked-ina sp. S apparatus. The 

base of the zone is determined by the first appearance of Ozarkedina sp. S or - 0. cen­

fluens cernidentatus. The latter subspecies appears in Fig. 2 given borings on levels: 

ühesaare 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. silur•icus 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 strata­

type of the zone is Roopa cliff. 

Distemodus dubius - "Beledus" sp. Zone 

The zone is characterized by the occurrence of Distemodus dubius, Pelekysgnathus 

dubius and "Beledus" sp. Its lower boundary is marked by the first appearance of D. 

dubius or "Beledus" sp., in case the former is lacking. The base of the zone lies in 

borings (Fig. 2) as follows: ühesaare 106.5 m, Kaugatuma 57.5 m, Kingissepa 35.0 �. 

Sakla 19.9 m, Kolka 294.6 m. 
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F i g . 3 .  D i s tr ibution o f  s e l e c t e d  

conodonts i n  t h e  Upper 

S i l u r i a n  loc a l i t i e s  o f  

Saaremaa . 

Klf Lood e �:rr ___ D hesaare � L õo 27 
Kaugafuma 26 

KJb lügu 1 25 
Aijp 2  /'1urafsi 3 24 

f-- Vaivere 23 
Vatsküla 22 
llpla 1 21 
llpla 2 

K5a L ood e Tammik ZQ 
K1�issepa 
Ku rjape 
Laadjala f-- Unimiie 
Katri 1 
Katri 2 
Uduvere 1 
Udu vere 2 
Kara/a 
Piihk/a 1 
Pähk/a 2 
Ans1 

Kz Himmisfe 
Kõrkküla 
Roo pa 
Rli"vmägi 
Afla 
Kärla 
Paad/a 
Koguta 
Kandia 
Sauvere 

A bundsnces 
o rart> 
• common 
ö 11/x!ndanf 
A verg a6vntlllnf 

19 
18 
17 
16 
15 

Jlf 

13 
12 

11 
10 
g 
8 
7 
li 
5 
4 
J 
z 
1 

� 

1 
� 

� I 

I I 
I 

� I 
I i 

I 
I 
I 
I 
I 
I 

� I 
) I 

' � I 
� � 

! I 
� � � 0 

n 
I 

I 

I 
I 

� � i 
� 

I 

Be s id e s  the two i ndex spec i e s  the z one contains P .  d u b i u s ,  0 .  c o n f l u e n s  c o r n i d e n t a ­

t u s ,  0 .  e .  e x c a v a t a ,  O u l .  s i l u r i c u s . Al l the s e  conodonts d i s appear a t  the upper bound­

ary . 

D .  d u b i u s  - " B e l o d u s " s p . Z one occup i e s  the Uduvere Beds and upper part o f  the 

Torgu Forrnat ion . The zone has been deterrnined in the sect ions of the she l f  area . 

The s tr a ta type o f  the zone i s  Unirnae abandoned quarry . 

O z a r k o d i n a  s t e i n h o r n e n s i s  e o s t e i n h o rn e n s i s  Zone 

I n  the East Ba l t i c  the lower boundary i s  we l l  d i s t i ng u i shed by the appe arance o f  

nurnerous spec irnens o f  a l l  z o n a l  appar atus e l ernen t s  and tho s e  o f  usua l ly accornpany ing i t  

O u l .  e l e ga n s . The th ird , rnore frequent appar atus i s  0 .  c o n f l u e n s  w i th two spathognatho­

dontan e l ernents on subspe c i e s  l e ve l  "S . " p r i m u s  a mb i q u u s  and "S . " p r i m u s  n a s u t u s . B e ­

s id e s  thern there o c c u r  "S . " a f f . s n a j d r i  (in t h e  lower s ub z one ) a n d  unde s c r ibed new appa­

ratus o f  O z a r k o d i n a  ( at le a s t  two taxa ) . 

The e o s t e i n h o r n e n s i s  Z on e  r e ache s the upperrno s t  beds o f  the S i lur i a n  s e c t ion o f  

the northern E a s t  B a l t i c . I n  the E a s t  B a l t i c  bas i n  i t  has been identi f i e d  i n  a l l  the 
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s tudied section s . However , the inve s t igations revealed a d i f ference in the frequency o f  

occurrence : whi le in r e l atively shal low water sec tions ( Kaugatuma , Ohesaare , Kol k a )  it 

i s  common and found a lmos t  in all s ampl e s , in places even in great abundances , then in 

deeper water depo s i t s  ( Pavi losta ) it is rare and occur s , by no means , i n  all s amp l e s . 

O:o the ba s i s  o f  the s tratigraph i c a l  d i s tr ibution of morphotypes of the "S . 11 s .  

e o s t e i n h o rn e n s i s  e l emen t subzones are d i s tingu i shed in the s he l f  depo s i ts � BHtl:pa , 1 9 8 2  a ) . 

However , as d i f ferences between morphotype s have tran s i tional character the l imits of 

s ub z ones are not a lways c lear . 

O z a r k o di n a  s .  e o s t e i n h o rn e n s i s  a f f . 0 .  s .  s c a n i c a  Subtone . The lower boundary 

coinc id e s  w i th that of the e o s t e i n h o rn e n s i s  Z ane . The sub zone corresponds to the inter­

val o f  the oc currence o f  the e ar l ie s t  morphotype . By i t s  morphology the spathognatho­

dontan e l ement of 0 .  s .  e o s t e i n ho r n e n s i s  a f f . 0 .  s .  s c a n i c a  is s im i l ar to that of H i n ­

d e o d e Z Z a s t e i n h o rn e n s i s  s ca n i c a  apparatus descr ibed b y  L .  Jepp s s on ( 1 9 7 4 )  from the Oved . 

Ramsgs a  Group at B j äs j ölaggrd , K l inta and Tul le sbo in Skgne . 

The s ub z ona l a s s o c i a t ion con s i s t s  bes ide s the index- spe c i e s  of 0 .  c o n fZ u e n s  am� i ­

q u u s .  Ou Z .  e Z e ga n s .  "S . " a f f . snajdr i .  O z a r k o di n a  sp . Stratigraph i ca l ly the sub zone 

occup i e s  nearly a l l  of the Kure s s aare Formation ( except ots uppermos t  par t )  . 

O z a r k o d i n a  s .  e o s t e i n h o rn e n s i s  s . s tr . Subz one . The lower boundary i s  determined 

by the appearance o f  s pe c imens of the typ i c a l  subspe c i e s  in the topmos t  part of the 

Kures saare Formation . "S . " a f f . s najdri terminate w i thin th i s  subz one . The sub z one 

corres ponds to the Aigu Beds of the Kaugatuma Formation . 

Oz a r k o di n a  s .  e o s t e i n h o r n e n s i s  c a n a de n s i s  Subz one . Th i s  subz one determined by 

c a n a de n s i s  morphotype , cove r s  the Lõo Bed s of the Kaugatuma Formation . The lower and 

upper boundar i e s  are ind i s tinct as the appearance of canade n s i s  and r e m s c h e iden s i s  

morphotypes i s  gradua l .  Be s ide s the index morphotype there c an a l s o  b e  found the r e m ­

s c h e ide n s i s  morphotype b u t  in sma l l  numbers . 

O z a r k o di n a  s .  e o s t e i n h o rn e n s i s  r e m s c h e i de n s i s  S ubzone . The subz one is d i s tingui shed 

by the predominance o f  the r e m s c h e i de n s i s  morphotype at wh ich the canade n s i s  morphotype 

continues the ir exi s tence . A character i s t i c  feature of th i s  subz one is that 0 .  c o n f Z u e n s  

i s  repre sented b y  subspe c i e s  with a spa thognathodontan e l ement "S . " p r imu s n a s u t u s  

appearing i n  the upper part o f  the canad e n s i s  Subzone . 

Basin z one s 

Po Z y gn a t h o i de s  s i Z u r i c u s  Z ane 

This z ane is de f ined on the occurrences of the index -spec i e s  in two s e c t ions : 

Pavi losta ( Latvia ) , depth 7 5 6 . 0  m ( 2  spec imens )  and Viduk l e  ( L i thuania ) ,  depth 1 1 6 6 . 2  m 

( 1  spec imen ) . B e s i d e s the index- spec i e s  "P . " emarg i n a t u s  ( Pavi losta , depth 7 5 0 . 3  m )  and 

D .  dub i u s .  P. du b i u s  ( Vidukle , depth 1 1 6 6 . 2  m )  have been identi f ied . The l a s t  two give 

reasan for correlation the s i Z u r i c u s  Zane with the D .  du b i u s  Subzone of the she l f  area , 

at leas t w i th a par t of i t . 

O z a r k o di n a  s .  e o s t e i n h o rn e n s i s  Z ane 

The zane wa s d e s c r ibed above in mare deta i l . In general the conodont complex i s  

analogous w i th that of the she l f  area . However , o f f shore depo s i t s  f inds o f  a l l  

conodonts , a l s o  of the index- spe c i e s , are comparatively rare . Thu s r e l iabi l i ty o f  draw­

i n f  zona l boundaries depends , f i r s t  of a l l , on the frequency and s i ze s  of samp l e s . 
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ВЕРХНЕСИЛУРИЙСКИЕ МЕЛКОВОДБЫЕ И ГЛУБОКОВОДНЫЕ КОНОДОНТЫ 

ПРИБАЛТИКИ 

В. Вийра 

Верхt:есилурийскиЕ: конодонты Северной Прибал1:ики анализированы на основе богатой 

коллекции, nроисходящей из разрезов 7 буровых скважин и 5олее чем 30 обнажениИ /рис. 1, 

2, 3/. Рассмотрено расnределение конодонтоБ в зазиенмости от фациальной з::>нал.но..:ти 

Палеебалтийского бассейна. Сообщество Ctenognathodus расnространено в лагунной и от­

мельнсй, сооб�ества Ozarkodina и OuZodus в отмельной и открытоruельфовой зонах. Канодон­

ты склонавой зоны nредставлены сообществом KockeZeZZa и PoZygnathoides. 

На основании фациального расnределения конодонтов nриведено две зональные схемы: 

для шельфа и для бассейновей часть /табл./. Первая содержит зоны С. �Archi�oni, Ozarko­

dina sp. S - О. co"fZuens cornidentatus, D. dubius - "Belodus" sp. и О. о. eostein­

hor•nensis /с четырьмя nодзонами/. Схема бассейновой части содержит зоны sagitta, silu­

ricuв и eosteinhornensis. 
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YJJK 56.016:5.1. 733.3(474+486.92) 

CORRELATiüN 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 Gf these materials (MRHHHnb, 1970; Nestor, 

1975; HecTop, 1982a, 19826, 1982B), as well as some data based on thecuterops (Eisenack, 

1968; 1970 etc.) have been published earlier. 

60TLAND 

Fig. 1 

Location of the main boreholes. 

Location of the main boreholes is shown in Fig. 1. The ühesaare and Ventspils 

borings were selected as the key sections since the relations between chitinozoa and 

graptolite zonation are better known. The successian of selected chitinozoan species in 

the Silurian of Gotland and the corresponding part of the ühesaare boring are given in 

Fig. 2. Graptolites from the ühesaare 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. In 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 camparisan of the str�tigraphical 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 hook, p. 6 ) (Martinsson, 1967; Kanbo, 

1970, etc.). Laufeld (1974) recorded Margaahitina 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 .  margar i t a n a  in E s toni an sections marks the base 

o f  the Jaani S tage (MRHHHnb , 1 9 7 0 ; HecTop , 1 9 8 2 a ) . Therefore i t  i s  pos s ible that the 

uppermo s t  part of the Lower Visby Beds corre spond s to the lowerme s t  beds of the Jaani 

S tage . 

In the Upper Vi sby Mar l s  excluding s ome topmos t  meters ( Lauf e ld , 1 9 7 4 , 1 2 5 )  there 

occurs A n g o a h i t i n a  l o n g i a o l l i s ,  a character i s tic spec ies for the Ve l i s e  Formation of 

the .Adavere S tage and for the lowerme s t  beds o f  the Jaani S tage (MRHHHnb , 1 9 7 0 ; HecTop , 

1 9 8 2 a ) . I n  the latter A n g o a h i t i n a  l o n g i a o l l i s  a s s o c i ates with some other spec ies ( Go t ­

l a n do a h i t i n a  n .  sp . 1 ,  G .  n .  sp . 2 e tc . )  and thi s  part o f  the sequence has been d i s ­

tingui shed as a loc a l  zonal uni t  J1
1 ( H ec Top , 1 9 8 2 a ) , which in the ühe saare section 

coincides with the grapto l i te z ane o f  e .  mura h i s o n i . There fore we may a s sume that the 

main part of the Upper Vi sby Beds corre sponds to the s ame s tratigraphical interval . 

C o n o c h i t i na p ro b o s a ifera i s  the dominant spe c i e s  in the Lower Wenlockian Beds o f  

E stoni a . The beds w i th abundant e .  p ro b o s a ifera above the range o f  A n go a h i t i n a  l o n g i ­

o o l l i a  and gotlandochitinas are d i s tingu i shed a s  a local zonal uni t  J 1
I I  ( HecTop ,  

1 9 8 2 a ) . I t s  upper boundary i s  marked by a lmo s t  complete d i s appearance of Con o c h i t i n a  

p ro b o s a i fe r a  a n d  abundant appearance o f  C o n o c h i t i n a  e f . a l a v iformi s .  I n  the ühe saare 

s eet i an thi s  interval roughly c oincides with the grapto l i  te z ane of M .  r i a a a r t o n e n s i s . 

I t  i s  no tab le tha t  on Got land , according to s .  Lau f e ld ( 1 9 7 4 , 1 9 7 9 )  C .  p ro b o s a i fe r a  

( s . l . ) range s from the Lower Vi sby B e d s  u p  t o  the top o f  t h e  Högk lint Bed s , and spe c i e s  

i s  found a l s o  from t h e  lowermes t  p a r t  o f  the S l i te Beds . Only t h e  d i s tr ibution af C . 

p ro b o s a ifera forma grac i l i s  i s  r e s tr i c ted to the Upper-Vi sby Beds and Högk lint w a " . In  

Es tonian s equence ( in the Ohe saare , Ruhnu , Varb l a , Kipi , T õ l l a  and Pu l l i  sections ) the 

continuous range o f  e. p ro b o s a i fe r a  ( s . l . )  is analogous to the range o f  C .  p r o b o s a ife r a  

f .  graai l i s  on Got land . I n  h igher beds o f  some sections only s ingle s cattered specimen s 

of thi s  spe c i e s  have been found , but d i f ferent formas of C .  p r o b o s a i fera in E s ton ian 

sections have not been d i f ferentiated so far . 

I n  E s tonian s equence c lear changes o f  the chitinozoan a s s ernblage take place a t  the 

boundary between the beds J 1
I I  

and J 1
I I I  in the ühes aare section (at the depth of 

about 3 3 0 m ,  HecTop , 1 9 8 2 a ) , which coincides there wi th the Lower- and Middle-Wen lockian 

boundary ( Kanbo , 1 9 7 0 ) . I n s tead o f  Cono c h i t ina p ro b o s a i fe r a  C. e f . a l a v i fo rm i sx appears 

there in great nurnber s . P o s s ibly thi s  s tratigraphical l eve l can a l s o  be traced on Got­

land , at the boundary of the subdivi s ions " a "  and " b "  o f  the Högklint Beds . Högk l int 

" b "  and " e "  are characte r i z ed by De smo a h i t i n a  d e n s a  and Co n o c h i t i n a  mami l l a ( subdivi­

s ion b ) , e.  f lamma and C. l e p t o s oma ( b , e)  and D e s mo a h i t i na a a o l l a r i s  ( e )  ( s ee Laufe ld , 

1 9 7 4 , 1 9 7 9 ) . The uppermos t  part of the Jaani S tage inc ludes a l s o  Cono c h i t i n a  e f . mami l ­

l a , which i s  a n  index-spe c i e s  o f  the beds J
1

I I I  and by D e s m o a h i t i n a  a a o l l a r i s  which 

first occurs in the beds J 1
IV 

( He cTop , 1 9 8 2 a ) . Thi s  a l lows to corre late beds J 1
I I I  and 

. . .  · IV J1 corre spondi ng ly with the 

s aare core thi s  part of the 

grap t u s  s a r d o u s  occurs in beds 
( 3 1 1 . 7 - 8  m ) . 

subdivis ions " b "  and " e "  o f  the Högk lint Beds . In the Ohe­

Jaani S tage contains grapto l i te s  ( Kanbo , 1 9 7 0 ) . Pri s t i o -
I I I  IV J 1 ( 3 2 7 - 3 3 1  m )  and Mo n o grap t u s  f l e x i l i s  in beds J 1 

In the middle part o f  the Wen lock the rapid renewa l of the chitinozoan a s s emb lage 

took place . C l a t hro a h i t i n a  a l a t hr a t a ,  G o t l a n do a h i t i n a  mar t i n s s o n i  and L i n o e h i t i na a i n ­

gu l a t a  appear one a f ter another in the succeeding subdivi s i on s  o f  the S l i te Beds ( d , e )  

x C .  o l a v iform i s  has not been identi fied b y  s .  Lau f e ld ( 1 9 7 4 )  o n  Gotland but we cons id­

. er that part o f  spec imens inc luded by him to the spe c i e s  C. Z e p t o s oma ( F i g . 2 9 -B ) , C .  

a f f . p r o b o s c i fe ra and probab ly a l so C .  a f f . e l e ga n s  ( the latter from K l inteberg to 

midd le Hems e )  may be long to that spec i e s . 
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and in the lowermes t  beds o f  the Jaagarahu S tage in the ühesaare core ( see Lau f e ld , 

1 9 7 4 : 1 2 6 ;  HecTop , 1 9 8 2 a ,  b ) . I t  a l lows to corre late rough ly the s e  par ts of s equences 

o f  both areas . 

Succe s s ion o i  the appearance of Cono c h i t i n a  a r g i Z Z op h i l a , C .  p a c hy c e p h a Z a  and Go t ­

lando c h i t i n a  t a b e r n a c u l ifera i n  the uppermos t  Wenlock i s  the s ame in the ühe s aare boring 

and on Got land . In the upper part o f  the Jaagarahu S tage in the ühe s a are core at the 

d.epth of 1 7 2 . 6  m the f i r s t  repre sentatives of the genu s  Sp ha e r o c h i t i na appear . The E s to­

nian spec ies o f  Sp ha e r o c h i t i n a  d i f fer from the sphaeroc h i t inas in the Halla and Mu lde 

Beds on Gotl and , but i t  seems l ikely that the f i r s t  appearance of thi s . genu s in both 

dreas indicates a c lo s e  age o f the se beds . The Root s iküla S tage contains only s cattered 
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F i g . 2 .  Stratigraph i c a l  range s o f  selected chitinozoan spec i e s  in S i lurian of Gotland 
( Laufeld , 1 9 7 4 )  compared with E s tonian . 

I Chitino z oan specie s : 1 - A n go c h i t i n a  Z o n g i c o Z Z i s  E i senack ; 2 - Cono c h i t i n a  
p r o b o s c ifera E i s enack ; 3 - De s mo c h i t i n a  d e n s a  E i senack ; 4 - Ma rga c h i t i n a  marga ­
r i t a n a  ( E i senack ) ; 5 - C o n o c h i t i n a  mami Z Z a Laufeld ; 6 - D e s m o c h i t i n d  a c e Z Z a r i s 
E i senack ; 7 - C Z a t h r o c h i t i n a  c l a t hr a t a  E i s enack ; 8 - G o t l a n do c h i t i n a  ma r t i n s a o ­
n i  Laufe ld ; 9 - L i n o e h i t i n a  c i ngu Z a t a  ( E i senack ) ; 1 ü  - Con o c h i t i n a  a r g i Z Z o p h i Z a  
Lau fe ld ; 1 1  - Con o c h i t i n a  p a c h y c ep h a l a  E i senack ; 1 2  - Go t Z a n do c h i t i n a t a b e r n a ­
c u l i fe r a  Lau f e ld ; 1 3  - Go t l a n do c h i t i n a  m i Z i t a r i s Laufeld ; 1 4  - Co n o c h i t i n a  Z a ­
t i fr o n s  E i s enack ; 1 5  - A n g o c h i t i n a  e l o n g a t a  E i s enack ; 1 6  - A n c y r> o c h i t i n a  d e s m e a  
E i s enack; 1 7  - Con o c h i t i n a  Z a u e n s i s  E i s enack ; 1 8  - Ang o c h i t i n a  e c h i n a t a  E i s e ­
nack , 1 9  - Ei s e n a c k i t i na p h i l ip i  Laufeld ; 2ü - Ei s e n a c k i t i n a  Z a g e n omorpha ( E i ­
senack ) ; 2 1  Cono c h i t i n a  granosa Lau feld ; 2 2  - Con o c h i t i na i n t e rm e d i a  E i s e ­
nack ; 2 3  - Sp ha e r o c h i t i n a  s p h a e r o c e p h a l a  E i senack ; 2 4  - P t e r o c h i t i n a  p e rv i v e l a ­
t a  E i s enack ; 2 5  - Go t l a n do c h i t i na v i l l o s a  Lau f e ld ; 2 7  - A n c y r o c h i t i na fra g i l i s  
E i s enack ; 2 8  - Ei s e n a c k i t i n a  e f . e l o n g a t a  E i s enack . 

I I  Grapto l i te leve l s : 1 - C .  m u r c h i s s o n i  Z one ; 2 - M .  r i c c ar t o n e n s i s  Z one ; 3 -
P .  s a r do u s  Subzone ; 4 - interval wi th M .  f l e x i l i s ; 5 - interva l with M .  f l e m i n ­
g i i  and i t s  subspe c i e s ; 6 - interva l with G .  n a s s a ; 7 - 9  - interval pre s umab ly 
corre sponding to the M. Z u de n s i s ,  N .  n i l s s o n i  and L .  s ca n i c u s  Z ones ; 1 0  - in­
terva l presumab ly corre spond ing to the M. t a u r a g e n s i s  Z one . 
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specimen s  and only in i t s  lower part , that do not enable the corre lation with the Got ­

land s equence . I t  shou ld be noted that t h e  index- spe c i e s  o f  t h e  Kl i nteberg B e d s  Go t � a n ­

di e h i t i n a  t a b e r n a e u � ifera �n E s tonia occurs already i n  the uppermo s t  b e d s  o f  the Jaaga­

rahu S tage . 

Crapto l i t e s  are rare in the upper part of the Wen lock of the ühe saare core . Ac ­

cording to finds of M .  f � e m i ng i i  and i t s  subspe c i e s  ( see Kanbo , 1 9 7 0 ; H e cTop , 1 9 8 2 b )  

the so-called "f� e m i n g i i Beds " h a ve b e e n  d i s tingui shed ( interva l 1 7 4 - 3 0 2  m ) . G .  n a a a a  i s  

found in the ühe saare boring at the depth of 1 6 6 . 4  m and a l  so in "the Ruhnu core (per s . 

cornrn . by D .  Ka l j o ,  s e e  HecTop , 1 9 8 2 b ) . 

The corre l ation o f  the Wen lock and Ludlow boundary beds in the East-Baltic and 

Gotland i s  based on the sect ion of the Ventspi l s  bor ing in We s t  Latvia . In thi s  section 

R. U l s t  has e s tab l i shed Ludlow grapto l i te z ones up to the M. t auragen s i a  Zone ( inc l . )  

( see F i g . 2 ) . On the leve l of the N .  n i � s s o n i  and L .  a e a n i e u a  Z ones ( interval 

6 1 0 - 6 6 2  m ) there occur chitinozoan s : Con o e h i t i n a  e f . � a g e n a ,  e .  n .  sp . 1 ,  Rhabdo e h i t ina 

sp .  1 and R.  sp . 2 ,  which have not been found so far i n  the Upper S i lur i an of · E s tonia 

and Got land . The s e  spe c i e s  associate wi th Cono e h i t i n a  p a e h y e ep ha � a .  e .  e f . e � a v i form i a  

( = a f f . e � e g a n s  ? ) , e .  t u b a ,  A n e y r o c h i t i n a  g u t n i c a ,  which were ear lier known from the 

Klinteberg Beds . Unfortunately mo s t  of the spe c i e s  of Sp h a e ro c h i t i n a  and G o t �andoc h i t i ­

n a ,  recorded from Got land , d o  not occur i n  the Vents p i l s  core . I n  the topmos t  Kl inte­

berg Beds there occur together G o t �ando c h i t in a  m i � i t a r i s ,  Con o e h i t i n a  � a t i fr o n s  and A n ­

g o c h i t in a  e � o n ga t a . I n  the Ventsp i l s  sect ion the s e  spec i e s  appear one after another i n  

the Dubys a  Forrnation i n  the uppermo s t  part of the L .  a c a n i c u a  and in the lowerme s t  part 

o f  the M .  t a u r a g e n s i s  Z one . According to that , the greater part of the Klinteberg Beds 

is evidently older than the base of M. t aurage n a � s  (= t ume s ae n s )  Z one and may corre s ­

pond t o  the Lower Ludlow graptol i te z one s N .  n i t s s o n i  and L .  a e a n i� u s  ( see a l s o  Martins­

son , 1 9 6 7 ) . I t  i s  l ikely enough that the lowerrnost Hemse Beds , characteri z ed by Cono ­

e h i t ina t u b a ,  C .  p a c h y e e p ha � a .  C .  aff . e t e ga n a  ( =  C .  e f . c � av iformi s ) , A n c y ro c h i t i n a  

de smea,  are mi s s ing in E s tonia or po s s ib ly , partly corr e late with t h e  Roots ikül a  Stage 

( see a l s o  Jenkins & Legau l t , 1 9 7 9 ) . 

I n  E s tonia the next stratigraphical l eve l determined by chitinozoans i s  the lower­

mes t  part of the Paadla S tage . At that leve l in the ühes aare core there appear Cono c h i ­

t i n a  � a t i fr o n s  and A n g o c h i t i n a  e � onga t a ,  whose appearance i n  the Ventspi l s  section 

fa l l s  into the range of M. t a u ragena i & .  Accordingly , the lower boundary of the Paadla 

Stage ,  a s  i t  i s  de f ined i n  the ühesaare core i s  evidently not o lder than the M .  t a u ra ­

g e n s i s  Z one . There fore , in E s tonian sections beds , corresponding to the Lower Lud low 

grapto l i te zones N .  n i � s s o n i  and L .  s e a n i e u a  are e i ther m i s s ing o� corre late with a 

certain part o f  the Roots ikü l a  S tage . 

I n  the lower - midd le part o f  the Hemse Beds Con o c h i t in a  � a u e n s i a  and A n go e h i t ina 

e c h in a t a  make the i r  appearance and Cono c h i t i n a  tuba,  e.  p a e h y cep h a t a ,  e.  a f f . e � e g a n a  

and A n c y ro c h i  t i n a  de a m e a  d i s appear . In the section of Ventspi l s  analogous change s take 

place within the interval o f  about 5 3 5 - 5 7 0  m ,  in the topmos t  beds of the Dubys a  Forma­

tian and lowermes t  part of the Pagegiai Forrnation . 

Unfortunate ly the lower and midd le beds of the Paad l a  S tage in the ühe s aare core 

contain a reduced number o f  spe c i e s . Be s ides Cono c h i t in a  t a t i fran s and A n go c h i t in a  

e � onga t a  there occur only A n c y r o c h i t ina e f . d i ab o � u a  and Sp h a e r o e h i t i n a  sp . Though ap­

pearance of C o n o c h i t i n a  � a u e n s i s  at the depth o f 1 1 0 . 5  m i s  noteworthy , the s e  data are 

s t i l l  not suf f i c ient for exact corre lation of the Hemse Beds and the Paadla S tage . In­

terva l o f  the po s s ible pos i t ian o f  the base of the Paad l a  S tage in the Hemse Beds i s  

given in F i g . 2 .  

According to s .  Laufe l d  ( 1 9 7 4 , 1 2 7 )  chitinozoan a s s ernb l age o f  the uppermo s t· part 

of the Hernse Beds and the lower part of the Eke Beds d i f fer a l i ttle from one another . 
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F ig. 3 .  The suc c e s s ian of 
s e lected chitinozoan 
spec ies in Wenlock­
Ludlow boundary beds 
of the Vent spi l s  
section and Got land . 
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Sp h a e ro a h i t i n a  a c a n t h i fe ra appearing in the lowermo st Eke Beds , has not been found in 

the East Baltic . This spec ies proved to be facies-control led to a very great extent 

( S .  Laufeld , 1 9 7 4 : 1 2 3 ,  1 2 7 ) . The Eke Beds are mainly charact er i z ed by Ei s e n a c k i t ina Z a ­

g e n omorp ha ,  E .  p h i Z ip i ,  Co n o c hi t i na Z a u e n s i s ,  C .  gran o s a  and A n go c h i t i n a  e Z ongata . 

S t i l l , the f i r s t  spec ies appears already in the uppermos t  Hemse Beds but i s  represented 

there by untypical specimens ( s ee Lauf e ld , 1 9 7 4 : 8 2 ) . S imilar untypical form of E .  Z a ­

ge nomorp ha appears in the Vent spils bor ing from the depth o f  5 1 6 m ( one dubious spec i­

men already at 5 3 2  m)  and occurs in ühe s aare in the interval of 9 5 . 1  - 9 9 . 5  m,  corres ­

ponding to the uppermos t  part of the Paadla S tage . The Eke assemb lage occurs also i� 
the ühe saare section , but Cono c h i t i n a  Z a u e n s i s  i s  there mainly restric ted to the Paad l a  

Stage and Ei s e n a c k i t i n a  p h i Z i p i  to t h e  lowermos t  Kuressaare Stage with certain overlap 

of the range s . 

The upper boundary of the Eke Beds is character i z ed by d i s appearance of Cono ch i t i -

na Z a u e n s i s  and Ang o a h i t i n a  e Z o n ga t a . Ei s e na c ki t i na p h i Z i p i  occurs a l so i n  the lower 

part of the Burgsvik Beds . According to s .  Laufeld ( 1 9 7 4 : 1 2 7 )  the Burgsvik Beds repre­

s ent a short t ime interval with very rapid sediment�t ion and fos s i l s  occurr ing are . .  

greatly dependent on facies . 
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I n  the Hamr a  Beas there appear together Sp ha e ro c hi t ina  sp h a e r o c ep h a l a ,  P t e r o c h i & i ­

na p er· v i v e l a ta ,  G o t lando c h i t i n a  v i l l o s a  and Ei s e n a c k ?: t i n a  o v i fo rmi s .  Ana l ogous a s ·­

semb lage occur s in the upper part o f  the Kur e s s aare S tage i n  the ühe s aare core . It i s  

noteworthy that P t e r o c h i t ina p e r v i v e l a t a  and Ei s e n a c k i t i n a  o v i fo rm i s  a r e  pre s ent in 

ühes aare already in the lower part o f  the Kur e s s aare S tage , at the depth of 8 9 . 3  m .  I n  
conclusion , t h e  succeeding range s o f  E i s e n ac k i t i n a  p h i l ip i ,  C o n o c h i t i n a  gra n o s a  and 
Sp ha e ro c h i t i n a  sp k a e r o c ep ha l a  in ühe saare core are the mos t  character i s t i c  features o f  

t h e  Kuress aare S tage . 

No new species appear in the Sundre Beds ; on l y  .gradua l  d i s appe arance of taxa i s  

taking place there . Thus i t  i s  d i f f icu lt to make a certain compar i s on with the East 

B&ltJ..c sections . 

In the Kaugatuma Stage o f  ühe saare core as we l l  as in the other East Baltic s e c ­

tions a number o f  n e w  spec i e s  appear : A n c y ro c h i t i na fra g i l i s ,  Ei s z n a c k i t i n a  e f . e l onga ­

t a ,  E .  fi l ife ra , Fun go c h i t i na p i s t i l l i fo rm i s  etc . , not recorded from Got l and but form­

ing a we l l-known chitinozoan assernb l age of the so-cal le d  Beyr ichia L ime s tone descr ibed 

by A. E i s enack ( 1 9 5 5 , 1 9 6 8 , 1 9 7 1 ) from the upper S i lurian errat i c  bou lder s . 

The pre sent paper deal s  only \li th the d i s tr ibution of more es sential spec i e s , com­

mon for both areas . The total number of spec ies i s  much greater than i s  given in F ig . 

1 .  I t  shou ld be noted that some of the species recorded from Got land and not mentioned 

here either ( 1 ) are rare in the East Baltic ( 2 )  occur with some doubt , due to bad pre-

s ervation ; ( 3 )  have not been estab l ished so far . On the other hand , some of the East 

Baltic species are probably new , not recorded from Got l and up to now . 

I n  surnrnary , notwithstanding certain d i f f e�ences , probab ly c aused partly by sub­

j ec t ivity of interpretation of the material , partly by ecological reasons , in general 

the taxonomic content and d i stribution o f  chit ino zoans o f  both areas are rather s im i l a r  

and t h e  d i f ferences in our opinion a r e  of n o  cons iderab l e  inf luence o n  .the corre l at ion . 

Bes ides , strat igraphical ranges of the mos t  important chitinoz oan spec ies in 

Britain ( Aldridge e t  a l . ,  1 9 7 9 )  and Belgiurn ( Vern ier s , 1 9 8 1 ) also ind icate certain s i ­

milarities compared with the East Baltic and Got l and . Though thes e  data are given sche­

matica l ly , ·they show c lear d i f f erence in Lower Wenlock ( Co n o c h i t i n a  p r o b o s c ·i fe r a ,  e .  
a c um i n a t a ,  A ng o c h i t i na l o n g i c o l Z i a l  and Midd le Wen lock ( L i n o c h i t i n a  c i ngu l a t a ,  Con o ­

c h i t in a  t u b a ,  e .  gu t ta e tc . )  chitinozoan a s s emblage . Finding out bpecies of wor ldwide 

d i s tr ibution and e stabl ishing sure relationships of the ir range s  with grapto l i te z on e s  

very l ikel� enab l e s  to u s e  chitinoz oans f o r  a g e  deterrninat ion in she l ly sequenc e s , 

where grapto l ites are lacking . 
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КОРРЕЩЩИЯ РАЗРЕЗОВ СИЛУРА ПРИБАЛТИКИ И 0-ВА ГОТЛАНД ПО ХИТИНОЭОЯМ 

в. Нестор 

Сравнение данных распространения хитиноэой в силурнйсiсих раэ�еэах Эстонии /скв. 

Охесааре/, Латвии /скв. Вентспилс/ и ост�ова Готпанд позволяет сделать следУющие корре­

nяt(Ионнwе вwвод���: 

1. Основная часть мергелей Висбю и спои Хёгкпинт соответствуют яанискому горизон­

ту - зонам Conochitina proboscifera и С. ctaviformis /Нестор, 1982а1 б/. 

2. Последовательное появление видов Ctathrochitina ctathrata. Linochitina cinguta­

ta и др. как в яагарахуском горизонте, так и в споях Спите позволяет грубо сопоставить 

эти части раэреэа /см. рис. 2/. 

З. Поскопъку в Эстонии роотсикюпаский горизонт охарактеризован хитиноэоями слабо, 

эта частъ раsреэа сопоставима с готпандским через скв. Вентспипс /см. рис. 3/, где по­

rраничнwе спои веипока и лудлова содержат и граптопиты. 

4. Наличке Conochitina tauensis. Eisenackitina tagenomorpha и др. в споях Хемсе и 

в паадпаском горизонте позволяет сопоставить эти части раэреэа /см. рис. 2/. 

5. Поспедо•атепьность видов Eisenackitina phitipi, Conochitina granosa и Sphaero­

chitina ephaerocephata характерна для курессаареского горизонта и споям Эке, Бургсвик, 

ХU.Фа и Сундре. 
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Y!JH 5 6 6 : 5 5 1 . 7 3 3 . 3 ( 4 7 4 )  

VERTEBRATE Z ONES IN THE EAST BALT IC S I LURIAN 

T .  J.l1ärss  

S ever a l  attempt s  have been made to subd ivide the S i lurian and the lowermo st part 

of the D evon ian u s ing var ious vertebrate s :  o s teos tracans ( Bö lau , 1 9 4 9 ) , heterostracans 

and osteostracans ( Wh i t e , 1 9 50 ) , and the lodonts / ( Gros s , 1 9 4 7 , 1 9 6 7 ; KapaTawTe-TanHMaa , 

1 9 6 8 , 1 9 7 4  ( in r a�nH T e , Ynb C T , 1 9 7 4 ) , 1 9 7 8 ;  Turner , 1 9 7 3 / . As these z onal s cheme s were 

largely based on the mater i a l  from outcrops repr e s ent ing only sma l l  par t s  of the con­

tinuous sect ions the z onations appeared ta be insu f f i c i ent for a deta i l ed correlat ion 

within a paleobas in and/or for an interregional correlation . 

Recent study of r i ch mate r i a l  from 1 7  bor ings and 9 outcrops of the E a s t  Baltic 

area demonstrates the great s trat igr aph ical value of vertebrate s .  N ine zones ( F ig . 1 ,  

2 )  are estab l i shed in an interva l from the Lower Wen lock ( in E ston i a )  to t h e  Upper 

Downton ( in Latvi a ) . Here the Downton/D i tton boundary has been used according to 

H .  w .  B a l l  and D .  L .  D i n e l ey ( 1 9 6 1 ) . The lower l imit of a b iostratigraph i c a l  z one i s  

1::3 STR AT. � STRATOTYPE SUUR-
KIN615: � UN ITS OUT(�ROPS PAADU LAHE. VARBU KIHNU SAKLA TAHUU KAU6A- OH E. - SÕRVE KD LKA VE.NTS-I 

s PAVILOSTA ." A) 7J8 502 526 70!1 SEPA TUHA SAARE 514 54 PILS "' TIL i.t � Traquairaspis .... � � sp. Z61.+ 
e;, r!'· t!_mamcus �tgfW 

K4 1- - - - - - - - - - r- - - 1- - - - - - - t:-_ - - A+ 1- �·i7t2 - -
� Por. pun:tafus " r� r ::!!: 3: 1---- 2�  
e;, K3b L  1- - - - - 1- - - - - f- - - - - f-. - 1- - - - - - - - - �7 - t;_ZDM_, ��-� 2.0 lLn.r -e;, 1----"' K3bÄ 

K3aK  
� 

- 3: 
e;, 

K3aT 
_, K2U e;, 1---;::, K2H a: _, 1-----=--K2S 

:;, K1Sn 
Vt VS 

-J >e K1Kn l..l 
e;, K1Vt _, � - J2T .... 
3: i---=-lzM 

li] lzV 
t----

F ig . 1 .  

N. graci/is 2 
1- - - - - � - - t- - - 1- -

Th. sculpfilis 1----
I=== f-:s.z-s.J • t9.1 

: 22.0 
A. herlei KAARH/St 

1- - - - - - 1-;tu - n us ' 1 2.7 P. elegans �l u tr 
I 
: I  21.!1 · �  1- - - - - � -

11.8 

LAIMJALA VE'SIKU 
L. marfinssoni 515 507 

8.7 1 8.8  ,.tZ�ZM - - - - 'l6.o- I'D.7- -
L .  f a iti 

' +9.5 • 
• 
• 

- - - - 1- - - f- - t #.2 - -

• I • . . L. faiti 

L. marfinssoni 

: P. elegans 

� A. herlei 
y 

� 
• 8&4 

: 90.1 

1- -

1 93.Z 

f- -

- -

- -

--:;;:--
; t.H 

f4.5·t4.1 
I 20.5 I 1 1 24.0 

1-' �7-

• 58.20 ·- -
• 
• 77.0 

- -

- - f-. -
f-:3:7-

----:-:::-- : 
• 4.7 • 
: : 
: 10.0 : 18.4 

n.6 

nru @ 

1---KIPI 
r== 

t- - f- -
• 57.1 
• • !/1.4 
• fj ?MI  • !/3.0 

f- -

. . . : Th. sculpfths 

� N. gracilis 

�tl = _41:§.. - 1+:!_ - Jl,J� !!,.!_ St!_+ _ 
: JU  : 64.7 • 1J04 z•u +11.6 

• 61llf 

: 56.6 
: 
: 99.5 ' t+U : 2M.5 f!6.D : 7/JS.S ., •1z.• 
I V!,�- I V +7'1.1 " t- - - - - - - - 1 � +8+.5 I 8J.5 I f()S.D J I I I 552.5 

I §!L I toas - - - - - - - - - - ·- -

I 

� 3+%.11 !19.0 I I t- - - t.f:J2_ - - r 1J7.f!_ 1- - - - - -

• 163.3 

1- - - :Et.L - - f- - - - - - - -

0 � � Por: puncf11fus 0 � Tr11quatraspts sp . 

! K. timanicus + 

The ta i l z ones of index - spec i e s  in bor ings and outcrops . For indexes of strat i ­

gr aph i c a l  subd iv i s ions see T ab l e  in Preface . 

vertebrates were u s ed for e s t ab l i sh ing of the lower boundary of the Kures ia•re 

Stage , but not thos e  of other ones . 
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def ined by the ear l i e s t  occurrence of the index-species ( Hedberg , 1 9 7 6 ) . Usually the 

index- spec i e s  extends into the succeeding z one . The repr e s entat ives of var ious verte­

brates ( thelodont s , acanthodi ans , a heteros tracan , an osteichthyid ) are used a s  index­

spec ies . 

Vertebrate z ones 

I n  E s tonia the ear l i e s t  known vertebrate s ,  i . e .  the lodont and ac anthod ian s c a l e s  

have been d i s c overed from t h e  L a t e  L landovery Rumba Formati on , and fr om the upper part 

o f  the Ear ly Wen lock Jaan i S tage ( F ig . 2 ) . The latter contains conodont O z a r k o d in a  s a ­

g i t t a  r h e na n a  ( Wa l l i s er )  (Viira , personal communication ) . The s o ar c i ty of vertebrates 

has not enabled to d i s t ingu i sh the z ones on the s e  l eve l s . Bigher up in s eotions the 

vertebrate fos s i l s  are more numerous but in the ear l i es t , Logania t a i t i  z one they are 

s t i l l  r are .  

The L oga n i a  t a i t i  Z one ( F ig . 2 )  corre sponds t o  the Maa s i  ( except the ir base ) and 

Tagavere Beds of the Jaagar ahu S tage , the Wenlock of E stonia . Though the s c a l e s  of 

L o g a n i a  are known from the upper part o f  the Jaan i Stage , they c annot be r eferred wi th 

certainty to tho s e  of L .  t a i t i . In v i ew of this , the lower l imit is def ined by the 

ear l i e s t  appearance o f  s c a l e s  which def initely belong to L .  t a i t i . Of the other spe­

c i e s , T h e t o du s  t a e v i s ,  T h e t o d u s  sp . ind . , Osteostrac i gen . et sp . ind . and Saaro � e p i s  

o e s e t e n s i s ? a r e  represented . The acanthod i ans o f  No s t o t e p i s s t r i a t a  and Gomp h b n e h u s  

s ande t e n s i s  type a r e  known from t h e  Ves iku- 507 bor ing , where the z one h a s  a maximum 

thickne s s  ( 2 2 . 5 m )  . In the Sakla and Laimj a l a- 5 1 5 borings L .  t a i t i  r ange s above the 

upper boundary o f  the zone ( F ig . 1 )  ( to our mind strat igr aphy o f  the Wen lcck part of 

thes e  s eotion s  needs a r ev i s i on ) . The vertebr ates o f  th� L .  t a i t i  Z one occur in l agoon , 

shoa l and open-shelf  depos i t s . 

In S cot l and the s trata with L o ga n i a  t a i t i  are referred by A .  Ritchie ( 1 9 6 7 )  to the 

Upper Wen lock or Lower Lud low . Recently some s c a l e s  of thi s  the lodont have been found 

by the author from the S l ite Beds from Nyg�rd 1 and At lingbo loc a l i t i e s  on Got land . L o ­

g a n i a  t a i t i  and L .  ma r t i n s s o n i  have been l i sted from 9g and 1 0  beds in Norway ( Turner , 

Turner , 1 9 7 4 ) . According to . J .  Bockel i e  ( 1 9 7 3 )  tne greater part of the who l e  S tage 9 

be longs to the Wen lock , . the lowermos t  part of the Stage 1 0  to the Lower Lud low , or po s ­

s ibly to t h e  uppermo s t  Wenlock . T h e  d a t a  o n  t h e  d i s t r ibut ion of vertebrates in Esto­

n i a  se em to conf irm the Wenlock age o f  9 g  beds and partly 1 0  beds , the Sundvo l l en For­

mat i on . On S evernaya Z emlya scales o f  L .  t a i t i  have been found from the s e c t ion of the 

Matusevich River in the middl e  par t o f  the S amo i lovich Format ion . 

The L .  t a i t i  Z one corresponds to the upper part of the l eve l with logan ids from 

the L .  s e o t i e a  group according to V .  Karata j üte -T a l imaa ( KapaTaroTe-TanHMaa , 1 9 7 8 ) . 

The Loga n i a  mar t i n s s o n i  Z one ( F i g . 2 )  occup i e s  the Root s ikü la Stage and the S au­

vere Beds of the Paad l a  S tage ( exc lud ing the uppermos t  part of the s e  bed s ) . For the 

f i r s t  t ime the z one was d i s t ingui shed by V .  Karata j u te-Ta l imaa ( KapaTaroTe-TaniiMaa , 

1 9 7 8 )  for the uppermos t  Wen lock and Lud low o f  the European b i ogeographical provinc e .  

At present , more deta i l ed z onat ion , the L o g a n i a  mar t i n s s o n i  Z one i s  restricted to the 

leve l ind i c ated above . Th i s  z one was previou s l y  named after two spec i e s , T h e � o du s  

s e hm i d t i  and L o g a n i a  mar t i n s s o n i  (M�pcc ,  1 9 7 8 ) . A s  T h . s e hm i d t i  appear s already i n  the 

under lying strata , it i s  better to avoid the doub le name . By the way , T h . s e hm i d t i  is 

con s idered as a j un ior synonym T h . t a e v i s . L .  ma r t i n s s o n i  i s  accompan ied by thelodonts 

T h . � a e v i s ,  T h . e f . marg i na t u s ,  osteostracans Trema t a sp i s  s e hm i d t i ,  T .  m i � t e r i ,  Oe s e ­

t a sp i s  p u s t u t a t a ,  T hy e s t e s  v e rrue o s u s  and anaspid Saaro � e p i s  o e s e l e n s i s .  I n  the La im­

j al a- 5 1 5 and pakla borings in the V i i t a Beds on ly s c a l e s  of L .  t a i t i  occur . The who le 

l i sted vertebrate a s s emb lage ( except L .  t a i t i )  r ange s into the succeed ing z one . The 
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max imum thickne s s  of the strata corre sponding to the L o g a n i a  mar t i n s s o n i  Z one i s  4 4 . 9  m 

in the ühe saare bor ing . F ac i a l  d i s tr ibution of L .  mar t i n s s a n i  coinc ides with that of 

L .  t a i t i . 

Out s ide E s ton i a  L .  ma r t i n s s a n i  i s  l i sted from the Halla Beds of Got land (Martins­

son , 1 9 6 6 ; Gros s ,  1 9 6 7 , 1 9 6 8 a ) , and from 9 g  and 1 0  beds of the Ringer ike d i s tr ict , Nor­

way (Turner , Turner , 1 9 7 4 ) . The ident i f i cation o f  L .  mart i n s s a n i  from the beds 9 g  need s 

a rev i s ion . From the Mort imer outcrop area , ( loe . 3 : 4  of S i lurian Subcomm i s s ion loc a l i ­

tie s ) , t h e  Midd le E ltonian of We l s h  Borde r land have been found both L .  ma r t i n s s a n i  and 

T h e l a d u s  l a e v i s . In the C anad ian Arctic they occur in the Upper Wenlock and Lower Lud ­

low of the Pr ince of Wa l e s  I s land ( Turner , D ixon , 1 9 7 1 ; D ixon , Wi l l i ams , Turner , 1 9 7 2 ) , 

in North T iman in the Vel ikoretskaya Formation ( Ludlow )  ( KoccoBo� , KapaTaiDTe-TanHMaa , 

1 9 7 7 ) , and in the Ust- Spoko inaya Format ion , Lud low of Severnaya Z emlya ( author ' s  iden­

t i f ications ) . 
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Fig . 2 .  Subd iv i s ion o f  S i lur i an depo s i t s  based on vertebrates . � - f inds of s ingle 
scales o f  T h e l a du s  sp . and Gamp h a n a h u s  sp . ,  �� - the s ame + L a g a n i a  sp . DCSF 
Downtan C a s t l e  S andstone Format ion , TSF - Teme s ide Shale Format ion . S trat igraphy 
and ( par t l y l  paleonto log i c a l  data after Ba l l , Dine ly ,  1 9 6 1 ; Turner , 1 9 7 3 ; Tur­
ner , Turner , 1 9 T4 ; K a l j o ,  1 9 7 8 ;  Holland , 1 9 80 ; ra�nHTe , Ynb c T , 1 9 7 4 ; l1e HHep H 
�p . ,  1 9 7 9 ; ITawK eBHq�c , 1 9 7 9 . 

The Ph l e b a l ep i s  e l e ga n s  Z one ( F ig . 2 )  evidently occup ies the topmos t  part of the 

Sauvere Beds , Himmiste Beds and lowermos t  part o f  the Uduvere Beds of the Paad la Stage . 

Ch . Pander ( 1 8 5 6 )  in h i s  d e s cr iption of Ph l e b a l ep i s  e l e ga n s  gave for type - locality 

" Root s i kü l l e " . Numerous samp l e s  from stratatype ou tcrops and from the cores of mor e  

than 1 0  boreho l e s  repr e s ent ing t h e  same s tage , have n o t  revealed a s ingle scale from 

the Root s ikü l a  leve l . Max imum thickne s s  of the strata corr espond ing to the Ph l e b a l e p i s 

e l e g a n s  Z one i s  6 8 . 0  m in the Ventsp i l s  boring . The other the lodonts , osteostracans , 
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anaspid and acanthod i an s  coinc ide with those o� the preceding z one . However , T h . marg i ­

n a t u s  has been iden t i f i ed from the P .  e l e g a n s  Z one with certainty ( and not with some 

doubt as in the preceding z one ) . P h l e b a l e p i s  n .  sp . ,  and os teostracans Trema t a s p i s  mam­

m i l l a t a  and D a r t mu t h i a  gemmifera make the ir f ir s t  appearance in th i s  z one . Index­

species ranges into the succeed ing z one . Fac i a l  range of Ph l e b a l e p i s  e l e g a n s  is some­

what wider than tho s e  o f  L .  t a i t i  and L .  mar t i n s s a n i . It has been found in the depo s i t s  

o f  l agoon , shoa l , open- she l f  and s lope b e l t s  of t h e  Paleeba l t i c  S i lur i an bas in . 

The Ph l e b a l ep i s  e l e ga n s  Z one has been e s t ab l i shed in the Paad l a  Format ion ( Ludlow )  

of E s ton i a  in numerous boring sections , in the Pageg i a i  Format ion of Latvia in the 

Kolka- 4 ( = Lu2n i )  bor ing ( s ee raAnHTe , YnocT , 1 9 7 4 ) . In  the Vent s p i l s  boring ( at the 

depth 4 8 4 . 5- 5 5 2 . 5  m) the z one corre spond s to the mos t  of the Duby s a  Format ion and the 

lower part o f  the Pageg i a i  Format ion . The Kuba Beds in the Mikha i l ovsk sect ion , wes tern 

s lope o f  the Centr a l  Ural s ,  and a part o f  the U s t - Spoko inaya Formation of the October 

Revo lution I s l and , S evernaya Z emlya may be equ ivalent to the Ph l e b a l e p i s  e l e g a n s  Z one 

of the East B a l t i c  area . 

The Andre a l ep i s  h e d e i Z one ( F i g . 2 )  has been determined i n  the Uduvere Beds ( exc l . 

lowermest par t )  o f  the Paadla S tage of the Lud low . The lower boundary of the z one i s  

def ined by t h e  appearance of A n d r e a l e p i s  h d de i . T h e  zonal a s s emb l age inc lude s Upper 

Wen lock - Lower Lud low e l ement s ,  a s  we l l  as the ear l i e s t  Downtan ones . The core section 

of the ühe s aare boring at the interval 9 8 . 9 - 9 9 . 5  m contains T h e l a du s  p a r v i de n s ,  Ph l e ­

b a l ep i s  e l e gan s ,  Cyathaspid inae ( Archegonaspis ? )  sp . , Na s t a l e p i s  s t r i a t a  and A n dr e a l e ­

p i s  h e de i . I n  Tahu l a - 7 0 9  boring two more agnathans : Osteostrac i gen . et sp . ind . and 

Anaspida n .  sp . A .  occur . In the Central Baltic the max imum thickne s s  of the strata 

corre spond ing to thi s  zone is 2 8 . 5  m ( in Vent s p i l s  boring ) . The index- spec ies comes 

from the depo s i t s  o f  shoal , open shelf and s lope b e l t s . 

A ndr e a l e p i s h e d e i  has been iden t i f ied by the author from the U s t - S pokoinaya Forma ­

t ian of the P ioneer I s l and o f  S evernaya Z emlya together with T h . marg i n a t u s ,  L .  m a r ­

t in s s a n i ,  a heteros tracan , a n  anaspid and a n  acanthod i an o f  Camp h a n o h u s  sande l e n s i s  

type , and from the Long Quarry Beds , Capel Horeb Main Quarry , South Wa l e s , together 

with Th . parviden s ? , Cyathaspididae gen . et sp . ind . , Na s t a l e p i s  s t r i a t a  and Camp h a n ­

o h u s  s a n d e l e n s i s . W .  Gro s s  ( 1 9 6 8b )  descr ibed A n dr e a l e p i s  h e d e i  from t h e  Upper Hemse 

Beds of Got l and . According to V .  Karat a j u te -Tal imaa ( KoccoBoA , KapaT aroTe-TanHMaa ,  1 9 7 7 )  

A .  h e d e i  occurs in North T iman , together with T h . marg i n a t u s ,  L .  ma r t i n s s a n i ,  P .  e l e­

gans, etc . in the Ve l ikore t skaya Formation , correlated in recent paper with the upper 

part of the Paad l a  S tage of the East Baltic . 

The T h e l a du s  s c u l p t i l i s  Z one ( F i g . 2 )  i s  rather d i s t inct in the Upper Lud low and 

lowermes t  Downton . The zone occupies the who le Kures saare S tage , and extends into the 

Äigu Beds o f  the Kaugatuma S tage . v .  Karat a j ute-Tal imaa ( in raAnHTe , Yno c T , 1 9 7 4 )  for 

the f ir s t  t ime d i s t ingu i shed this zone in Latvia in the sect ion o f  the Kolka-4 bor ing 

at the base of the Mini j a Beds . Later on , however , she has not ment ioned the z one . But , 

as Th . s c u lp t i l i s  appears in many borings at the s ame leve l and i s  abundant , it i s  

worth u s ing thi s the lodont a s  a n  index- spec i e s . The max imum thickne s s  of the strata oc­

cupied by the z one i s  known in the P av i losta boring , Latv i a , ( more than 1 5 5 m ) . North­

wards the thickne s s  decreas e s . In the lower part of the z one the f i sh a s s emb lage i s  

very var i ab l e  and abundant . Almost a t  the s ame level with T h . s c u lp t i l i s  appear i n  ühe­

saare boring the l odont s T h .  t r a quai r i ,  L a ga n i a  c u n e a t a  and L .  l u d l a w i e n s i s . In the 

lowermes t  part o f  the z one in the Sakla bor ing appear s Ka t a p a r u s  t r i c a v u s ,  and in Varb ­

la- 502 boring L a ga n i a  c u n e a t a . Scales o f  an acanthod i an wh ich may belong e i ther to 

Camp h a n o h u s  h a pp e i  or Pa r a c a n t h a d e s  p a r o s u s  ( see Gros s ,  1 9 7 1 ) have been found i n  many 

bor ings . S omewhat h igher occur s T h . adm i r ab i l i s . A number of forms , such as Cyathaspi­

dinae ( A r c he g a n a sp i a ? )  sp . , Osteostrac i gen . e t  sp . ind . , Na s t a l e p i s  s t r i a t a  and Gam-
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p h o n c h u s  s a n d e l- e n s i s  r ange into the T h e l- o d1,1. s s c u l p t i l- i s  Z one from the pre c ed ing one . 

More character i s t i c  of the z one are T h . s c u l p t i l- i s� Th . a dm i ra b i l i s .  L .  l u d l o w i e n s i s  

and the acanthod ian 

can t h o de s  p o ro s u s ) .  

the se forms ( except 

( up to 6 9 . 6  m thick 

Th . s c u l p t i l i s  has 

o f  the uncertain sys tematic posit ian ( Gomp h o n c h u s  hopp e i  or Pora ­

The lower boundary o f  the zone can be def ined by the appearance o f  

Th . adm i r a b i l i s ) . There i s  a n  interva l before the succeed ing z one 

in the P av i losta bor ing ) , poor in the character i s t i c  vertebrates . 

been f ound in depo s i t s  of a l l  f a c i e s  belts o f  the Baltic bas in ex-

cept the depr e s s ian one . !t is e s pe c i a l ly num€rou s in the f irst two nearshore b e lt s . In 

the other regions of the E a s t  Baltic T h e l o du s  s c u lp t i l i s  has been found in the upper 

part o f  t0e Upper Lud low Pageg i a i  Formation and at the base o f  the Hin i j a  Formation , 

Downton o f  Lithuania (Virba l i s  bor ing , depth 8 4 3 . 6  m ) , and La tvia ( Kolka- 4 , depth 

3 3 6 . 5 - 3 3 8 . 6  m; Engur e , depth 4 6 8 . 5 - 4 7 1 . 5  m )  see KapaTa�Te-TanHMaa , 1 9 7 8 ;  i t  is also 

known from bor ings Sutkai- 8 9 , depth 8 3 9 . 7 - 8 7 5 . 1  m ,  and Jurbarka s - 3 6 ,  depth 1 03 4 . 0-

1 0 6 2 . 1 ?  m ( Karata j üte-Ta l imaa , per s . comnt . ) . The s c a l e s  of T h . s c u lp t i l i s  have been 

d i scovered by the author a l so from the Upper Ludlow of the Kunko i a i  section ( depth 

1 0 5 5 . 1  m)  L i thuania , and f rom the Demid Beds ( Downton ) of the Mikha i lovsk sect ion , We s t  

Ura ls . Gro s s  ( 1 9 6 7 )  noted T h . s c u lp t i l i s  from Rams�s a  Bed s , S outh Sweden . 

V .  Karataj üte-T a l imaa ( KapaTa�Te-TanHMaa , 1 9 7 8 )  d i s t ingu i shed an a s s emb lage with 

Logan i a  l u d l o wi e n s i s  for the Early Downton o f  Europe�n biogeographical provinc e . This 

a s s emb lage i s  character i s t i c  o f  the Lower Downton o f  Britain . However , the first f inds 

of Logan i a  t u d l o t.Ji e n s i s  are recorded from the Lower \'lenlock ( Turner , 1 9 7 3 ) . Evidently , 

in the Wen lock and Lud low o f  We l sh Borderl and , a number of L o gan i a - spec i e s  occur ( see 

F ig . 2 ) . Th i s  i s  conf irmed by f inds o f  L .  mar t i n s s o n i  in the Mor t imer For e s t  outcrop 

area , lUddle E l ton i an ( s ee above ) and L o g a n i a  sp . B in the Sunnyh i l l  Quarry , Upper 

Bringewood ian . S c a l e s  s im i l ar to tho s e  o f  L o ga n i a  sp . B and L .  Z u d l o wi e n s i s  ( but not 

ident i c a l  with the latt�r one s ) have been found from the uppermost beds o f  the Samo i lo­

vich Format ion or the lowerme s t  beds o i  the Ust-Spoko inaya Format ion o f  S evernaya Z em­

lya ( co l lections o f  V .  Karataj üte-Tal imaa ) . F ive scales o f  L o g an i a  l u d l o w i e n s i s  have 

been f ound on Got l and Käl l stede loc a l i ty in the Eke Bed s , together with cora l s . I n  the 

Kure s s aare Formation of E s ton i a , upper part o f  the Pageg i a i  Formation of L i thuan ia and 

Latvia , a l s o  in bou lders of North German lowland L .  tud l o w i e n s i s  i s  rare , and so it i s  

d i f f icult to u s e  thi s the lodont as a n  index-spec i e s . 

The No s t o Z epi s  gr a c i l i s  Z one i s  approx imately equivalent to the upper h a l f  o f  the 

Kaugatuma Stage ( F ig . 2 ) . The acanthodians are espec i a l ly character i s t i c  of the zone . 

Rare specimens o f  T h e l o d u s  p a r v i de n s  occur together with No s t o l e p i s  gra c i l i s .  N .  s t r i a ­

t a .  and Gomp h o n c h u s  s a n de l e n s i s . In the ühe s aare and Vents p i l s  bbr ings T h . t r a q u a i r i .  

Ka t op or u a  t r i c a v u s .  heterostracans T o l yp e l e p i s  u n du l a t a  and S t r o s i p h e r u s  i n de n t a t u a  ap­

pear at this l eve l . No s t o l ep i s  gra c i l i s  r ange s into the succeeding z one s . This acantho­

dian occurs in the first four f ac i a l  b e l t s . 

The vertical d i s tr ibution of S i lur ian acanthodians in the North and Central East 

Ba ltic shows , that bes ides the iodonts s ome representatives of th i s  group may be we l l  

used f o r  b i o strat igraph i c a l  purpo s e s . They are espec i a l ly valuable for the lower part 

of the Downton where the the l odonts and other vertebrates are rare . W. Gros s , V .  Kara­

tajüte-Tal imaa and S .  Turner · have ind icated in the ir papers a Downton level r i ch in 

acanthod ians . This  leve l , by author , correspond s in Latv i a  and Lithuan ia to the upper 

part of the Hin i j a  and lm'l'er part o f  the Jüra Beds , in Br itain partly to fio ldgate s and­

stones contain ing only ac anthod i an s . For the middle part o f  the Baltic Downton V .  Kara­

tajüte-Ta l imaa ( KapaTaroTe-?anHMaa , 1 9 7 8 )  d i s t ingui shed an a s s emb l age with Ka t op o r u s  

t r i c a v u s . However , f inds o f  K .  t r i c a v u s  a r e  so r a r e  that i t  i s  hardly pos s ib l e  t o  u s e  

this the lodont as a z o n a l  s pe c ie s . 
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The Po ra ca n t h o d e s pu n c tctus Zone ( F ig . 2 )  corr e sponds to the uppermos t  beds of the 

Kaugatuma and to the greater part o f  the ühe s aare S tage . The estab l i s hment o f  the lower 

boundary of the z one is somet imes comp l i cated , as  it is not a lways easy to t e l l  the 

d i f f erence between P o r a c an t ho d e s p u n c t a t u s  and �he acanthcd i an of uncertain sys tematic 

po s i t ion ( Po r a c a n t ho de s  p o r o s u s  or Gomp h o n c h u s  hopp e i ) .  The s trata at the d epth of 

3 2 5 . 2 - 2 7 6 . 2 m o f  the Ventsp i l s  bor ing , and at the depth of 2 ü5 . 9 ( ? ) - 1 6 1  . G m o f  the 

Kolka- 5 4  boring repr e s ent the z one entirely . The index-species ranges into the succeed­

ing z one . The z one i s  char acter i z ed by a very var iable and r ich vertebrate a s s emb lage . 

I t  inc lude s , on the one hand , spe c i c s , wh ich occur in the Kure s s aare S tage , and on the 

other hand specie s ,  r ang ing into the Devonian . Thus , bcginn ing with the Leo t ime in E s ­

tonia , the a s s emblage with Por . p u n c t a t u s  inc ludes G o n i p o r u s  a l a t u s ,  Gomp h o n c hu s hop ­

p e i ,· L o p h o s t e u s  s up e r b u s. and Ty l o du s  de l t o i de s .  I n  the uppermos t  part o f  the z one a l l  

t h e  T h e l a d u s  spec i e s  d i s appear . Pora c a n t hode s p u n c t a t u s  h a s  been found from the depo­

s i t s  o f  l agoon , shoal and open she l f  f a c i a l  belts . 

The z one evidently corresponds to the upper part of the Ka t o p o ru s  t r i c a v u s  a s s em­

b lage leve l d i s t ingu i shed by V .  Karataj üte-T a l imaa ( KapaTaiDTe-TanHMaa , 1 9 7 8 ) . 

The Ka t opo r u s  t im a n i c u s  Z one occur s i n  the Upper Downton of Latvia ( F i g . 2 )  and 

North T iman . I t  correspond s to the Ka t o p o r u s  l i t hu a n i c u s  Z one of Li thuan i a , e s t ab l i shed 

by V .  Kar at a j ü te-Ta l imaa ( KapaTaiDTe-TanHMaa , 1 9 7 8 ) . The author of the present paper has 

iden t i f i ed s c a l e s  of K .  t iman i c u s  from four s amples of the Ventsp i l s  bor ing ( depth 

2 7 6 . 2 - 2 6 9 . 5  m ) , and from the Kolka - 5 4  boring ( depth 1 6 1 . 6 - 1 5 8 . 3 ?  m ) . Z onal a s s emb lage 

contains b e s ides the index - s pecies a sma l l  number of thelodont s c a le s , fr agment s of he­

terostracans , numerous acanthod i an s c a l e s  and remains of osteichthyid L o p h o s t e u s  s u p e r ­

b u s ,  and s c e letal f ragments o f  Ty l o du s  de l t o i de s .  They a r e  a l l  known from the preceding 

Poracan t ho de s  p u n c t a t u s  Z one . Ka t op o r u s  t i man i c u s  and as soc iated spec ies have been found 

from depo s i t s  of l agoon , shoal and open- s h e l f  belts . 

Ver t i c a l  d i s tr ibution of L o g a n i a  kumm e r o w i , d i s t ingu i shed by W .  Gros s  ( 1 9 6 7 )  as  

zonal spec ies for the a s s emb l age laeking T h e l a du s  p ar v i de n s ,  i s  not fully known . V.  Ka­

rata j üte- T a l imaa ( s e e  raRnH T e , Yno c T , 1 9 7 4 ) ident i f ied from the Kolka-4 bor ing together 

with Ka t op o r u s  sp . ( ?  l i t hu a n i c u s ) a l s o  L o g a n i a  kumm e r o w i  ? and Tra q u a i ra s p i s  sp . ind . 

The f i r s t  one o f  the s e  three spec i e s  occur s somewhat lower in the sect ion . V .  Karata­

j üte-Tal imaa ( KapaTaiDTe - T anHMaa , 1 9 7 8 )  changed in the Kolka- 4 boring the ident i f i cat i on 

of the L o ga n i a  kumm e r o w i  ? to L .  b o r e a l i s  ? and noted ( p . 1 8ü )  that some s c a l e s  of L o ­

g a n i a  b o r e a l i s  ? i n  the number and s i z e  o f  later a l  spines are r emi n i s c ent t o  the scales 

o f  L .  kumm e r o w i . In the N ida and S ton i �k i a i  bor ing s , Lithuan i a , L .  kumm e r o w i  appear s 

ear l ier than K .  l i t hu a n i c u s . According to the data from the Vent s p i l s  boring , two type s 

o f  L o g a n i a  s c a l e s  can a l s o  be d i s t ingui s hed , and L .  kumm e ro w i  occurs b igher the mono­

l i thic s c a l e s  o f  K. t im a n i c u s . By S .  Turner ( 1 9 7 3 , p . 5 6 6 )  the G o n i p o ru s  - Ka t o p o r u s 

a s s emblage , containing L .  k u mm e rowi , i s  d i s tr ibuted in cong lomerate s of the Upper Red 

Downton Group . H igher , in the " P sammo s teus " Lime s tone s  Group this f auna is associated 

with Tra q u a i r a sp i s  p o c o c k i . Evidently , we are deal ing v1ith two spec i e s  of L o g a n i a : ( 1 ) 

L o g a n i a  c u n e a t a ,  whi ch i s  of wide vertical d i str ibution ( r anging from the Kur e s s aare 

Stage into the lowermes t  beds o f  the T i l �� S tage ) and ( 2 )  L o g a n i a  kumm e ro w i  with a l i ­

mited strat igraph i c a l  d i s tr ibu t i on ( from the uppermos t  beds of the ühe saare Stage u p  to 

the lowermes t  beds of the T i l �e S t age inc l . ) . As b i o z ones of L .  kumm e r o w i ,  K .  t iman i c u s  

and K .  l i t h uan i c u s  po s s ibly coincide , b u t  K .  t iman i c u s  i s  geograph i c a l ly mor e wide­

spread ( North T iman , Latv i a , evidently also in Britain , see Turner , 1 9 7 3 , F i g . 7 c ) , the 

last has been cho sen as an index- spec ies . As to L o g a n i a  b o r e a l i s  ? ind i c ated by Ka­

rataj üte-Ta l imaa ( KapaTaiDTe-TanHMaa , 1 9 7 8 ) , i t  mu s t  be con s idered as j un ior synonym of 

L . c u n e a t a . 
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The Tra q u a i r a sp i s  Z one has been d i s t ingu i shed in the Upper Downton . by E .  White 

( 1 9 50 ) . In  the Vent s p i l s  bor ing Traqua i r a sp i s  sp . ,  T e s s erasp i s  ? sp . and Turini a  pag e i  

are a s s o c iated with L o g a n i a  c u n e a t a ,  L .  kumm e r o w i ,  Gon i p o r u s  a Z a t u s ,  etc . , the S i lur i an 

forms of pr eced ing z one . The Traq u a i r a s p i s  Z one has no'.: been comp l etely s tudied by the 

author s o far . 

Fac i e s  and cyc l i c  d i s tr i bution of vertebrates 

The f a c i e s  d i str ibution o f  S i lurian ver�ebrate s  i s  rather wide . The ma j or ity of 

spe c i e s  has been found from lagoon , shoal and open-she l f  depo s i t s , but some of them 

/Ph l e b o l e p i s  e l e � c n s ,  L o ga n i a  sp . ind . , T h e l a du s  p a r v i de n s ,  T h . s c u lp t i l i s ,  T h . a dmi r a ­

b i l i s ,  Cyathaspidinae ( A r c h e g o n a s p i s  ? )  sp . , No s t o l e p i s  c t r i a t a ,  N .  gra c i l i s ,  Gomp h o n ­

c h u s  s a nde l e n s i s ,  A n dr e o l ep i s  h e de i /  a l s o  from the s lope f a c i e s  b e l t  which increases 

the correlative value of the s e  vertebrate s .  I t  mu s t  be taken into account that from the 

Late Downton s lope f a c i e s  we have a sma l l  number of s amp l e s . Thus , data on the d i s tr i ­

but ion o f  some spe c i e s  ar e incomp l et e ,  e .  g .  those of the Poracan t h o de s  p u n c t a t u s  Z one . 

And so i s  the c a s e  with the a s s emb lage of the A n dr e o l e p i s  h e d e i  Z one ( l agoon depos i t s  

corr esponding to t h e  latter are n o t  known ) . 

The compar i s on o f  the environmental changes dur ing the S i lurian in E s tonia ( s ee 

di agram by 3aHacTo et a l . ,  1 9 7 8 )  with the vert i c a l  d i s tr ibut ion of vertebrates has re­

vealed an intere s t ing coincidence between the appe arance of many new genera and spec ies 

and tran s gr e s s ions of higher r ank . This coinc idence i s  espec i a l ly c l ear by the max imum 

phas e  of Lud low transgre s s ion during the Uduvere t ime when f i r s t  e l ements of a new , 

Downton v·ertebrate f auna appcar . The next transgre s s ion of a higher rank took place in 

the Downton in the Kaugatuma t ime . This transgr e s s ion i s  connected with the appe arance 

of vertebrates r anging into the Devon i an . The data from the vlenlock are mor e l imited , 

particularly from i t s  lower part . But the appearance of L o g a n i a  ma r t i n s s o n i  in the 

Early Viita ( Late Wen lock ) and Ph l e b o l e p i s  e l e g a n s  in Late S auvere (Early Lud low )  t ime 

seem tv con f i rm this rule . As to L .  t a i t i ,  it might appear even dur ing an ear l i er 

transgr e s s ion in the Late Llandovery or E ar ly Wen lock . I t  mu s t  be kept in mind that i t  

i s  n o t  a lways po s s ib l e  to f ix exactly t h e  f i r s t  appearance of a new vertebr ate spec ies 

in transgr e s s ive deep-water rock where scales are highly scattered (MRpcc , 3AHacTo , 

1 9 7 8 ) . G .  Lindberg ( naH�6epr , 1 9 7 8 , p .  1 9 ) wr ite s about the inf luence of the change of 

pha s e s  o f  tran s gr e s s ion and regre s s ion on the evo lution of fish and f i sh - l ike an ima l s  

as follows : " We have a f u l l  r ight to cons ider a sudden transgr e s s ion after a long 

lower ing o f  the ocean l eve l as  one of pos s ib l e  reasons for the existence of stages in 

the deve lopment o f  organ ic wor ld " . Recently it has been demon s trated that extens ive 

transgr e s s ions in the S i lur i an have been caused by f luctuations of the leve l of the 

wor l d  ocean ( s e e  AHTOWKHHa e t  a l . ,  1 9 7 6 ) . Thus , i f  G .  Lindberg ' s  presumption i s  v a l id , 

the appear ance o f  new contempor ary vertebrate genera and spe c i e s  mu st have taken place 

in vast territor i e s . 

I thank Dr . E .  Kur ik for d i s c u s s ions and Dr . V .  Vi ir a , M .  Pärnamäe and P .  Männik 

for the specimens of agnathans and fish d i s covered among conodonts from E s ton ia and Se­

vernaya Z emlya . 
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ЗОНЫ БЕРТЕБРАТ В СИЛУРЕ ПРИБАЛТИКИ 

т. Мярсс 

Для выяснения nоследовательности и nредела расnространения видов бесчелюстных и 

рыб в силуре и силуре - нижнем девоне Северной и Центральной Прибалтики с большой де­

тальностью оnробовались разрезы 1 7  буровых скважин /рис. 1/. Начиная с яагарахуского 

горизонта, нижнего венлака до тильжеского горизонта нижнего девона установлено 9 зон 

nозвоночных. Нижние границы зон оnределены по первому nоявлению вида - индекса. 

Самая нижная , зона Logania taiti соответствует маазиским /без основания/ и тага­

вереским слоям яагарахуского горизонта Эстонии /рис. 2/. Зона Logania marti1:� ·Jni охва­

тывает роотсикюлаский горизонт и саувереские слuи лаадлаского / за исключением верхов 

этих слоев/ . Зона Гh �еЬо lepis е �egans зан,иl)-lает 1 вероятно 1 верхи саувереrких 1 химмистес­

:<-:tiе и нv.::>ы удувереских слоев nаадлаского горизонта. Зона 1\nclreo т epi s (;ede i выдел­

яется в удувереских слоях /без низов/ nаадлаского горизонта. Зона TJz,, �odu:; scu �р .' i l-i;.; 

о::ватывает весь курессаареский и большую часть эйгуских слоев кdугатумаского горизонта. 

Зона Nostolepis gracilis выделена в верхах эйгускнх и в лыоских /за исключением самых 

верхов/ слоев каугатумаского горизонта. Зона Poгacanthodes pitnctatus охватывает верхи 

каугатумаского и большую часть охесаареского /без верхов/ горизонтов. Зону Katoporus 

timan1:cus можно выделить в верхах охесаареского горизонта. · , .. ,,,,,ц;>ai'pi8 sp. /зона Tra­

quairaspis sp. / оnределено в разрезе скв. Вентсnилс в низцх тильжеского горизонта. В 
nолном объеме она не изучалась. 

Большинство видов силурийских вертебрат связано с лагунными, отмельными и открыто-

шельфовыми отложениями. Некоторые виды найдены и из отложении склонавой зоны. Однако , 

необходимо иметь в виду, что в верхнем даунтоне мы не имеем отложений склонавой зоны, а 

в лудлове /в удувереских слоях/ - лагунной зоны, и nоэтому данные о фаци."lльном расnр-=­

делении некоторых видов не nолны. 
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УДК 56.074.6:551.733.3 /474/ 

Экастратиграфия - некоторые ас:_nекты иэ nри балтийской пра!<:ТИК_�!. .Ц. _ К�л�о � В к н. : Э!со­

стратиграфия силура Ii�ибалтвки. Таллин, Ali ЭССР, Ин-т геол., 1982, р. 9 - 15 /асiгл., 

рез. PYCCI<./. 

Основная задача экастратиграфии заключается в разработке методики т.н. бассейново­

го анализа, в частности, корреляции разнофациальных отложений nутем nреодоления фаци­

альных границ и трассирования синхронных уровней через весь nалеобассейн. Местные и 

регионадьные стратиграфические nодразделения·отражают nалеоэкосистемы. Их расnростране­

ние и замена во времени и nространстве составляет основной каркас для стратиграфии бас­

сейна. 1 рис. Библ. 20 назв. 

УДК 551.461.8:551.733.3 /474/ 

Применение концеnции шельфа и склона к силурийскому Балтийскому бассейну. �е�т�р_Х�, 

�й!!а�т� �- В кн.: Экастратиграфия силура Прибалтики. Таллин, АН ЭССР, Ин-т геол. , 

1982, р. 17 - 24 /англ., рез. русск./. 

Балтийский бассейн силура интерnретируется как nериконтинентальное море с обособ­

ленным шельфом и материковым склоном. Склон в его геоморфологическом nонимании, веро­

ятно, охватывал nояс седиментации известкаво-глинистых илов между шельфовыми карбонат­

ными и граnтолитовыми nел�iтовыми осадками центральной деnрессии бассейна. 2 рис. Библ. 

18 назв. 

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

Распределение и минеральный состав алевритовой фракции терригеиного материала в верхне­

силурийских отложениях Северной Прибалтики. �Ее!!с�н_Э� В кн.: Экастратиграфия силура 

Прибалтики. Таллия, АН ЭССР. Ин-т геол., АН ЭССР, 1982, р. 25 - 33 /англ., рез. русск. /. 

Изучены гранулометрический и минеральный составы алевритовой фракции верхнесилу­

рийских карбонатных отложений Заnадной Эстонии и Северо-Заnадной Латвии. Для сравнения 

nриведены данные no соответствующим отложениям острова Готланд. Максимальная концентра-

ция алевритовой фракции 

/даунтон/, на Готланде 

1 рис. Библ. б назв. 

установлена в Северной Прибалтике в охесаареском горизонте 

в известковом алевролите слоев Бургсвик /лудлов/. 1 табЛ., 

УДК 563.67+563.713:�51.733.3 /474+486.92/ 

Коралловые рифы в силурийском бассейне Балтики /строение, фациальная nриуроченность/� 

!J1�а�а!!н_Э�,_Э!Н�с�о_В� В кн.: Экастратиграфия силура Прибалтики. Таллин, АН ЭСС�, Ин-т 

геол., 1982,р. 35 - 41 /англ., рез. русск./. 

Органогенные nостройки nриуроч�ны в силуре Балтоскандии к двум фациальным зонам 

/отмель, uткрыт�й шР-льф/ и.восьми стратиграфическим уровням. Они формиравались в � 

сивных фазах развития бассейна. Максимумы рифаобразования были в среднем веялоке и 

среднем лудлове. в течение этого интервала времени наиболее nодходящая для рифостроите­

лей отмельнQя зона мигрировала в nределах Прибалтики около 300 км, а в районе Готланда 

и Подолии лищь 15-40 км на заnад или юго-заnад. Предnолагается, что в двух nоследних 

районах материковый склон был более крутым и стабильным. 2 рис. Библ. 15 назв. 
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УДК 563.713:551.7�3.31 /474.2+486.92/ 

Последовательность строматопорат в среднем силуре Балтики. �е�т�р_Х� В кн.: Экастрати­

графия силура Прибалтики. Таллии, АН ЭССР , Ин-т геол. АН ЭССР, 19 82, р. 43 - 50 /англ., 

рез. русск./. 

В разрезах венлакских мелководных отложений Прибалтики выделено пять последова­

тельных сообществ строматопорат, которые могут служить основой для разработки зонально­

го стандарта по этой группе кишечнополостных в Балтийском и соседних районах. 1 табл. 

Библ. 17 назв. 

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

Последовательность брахиопод как инструмент корреляции силура Прибалтики. �у�е�ь_М� В 

кн.: Экастратиграфия силура Прибалтики. Таллии. АН ЭССР, Ин-т геол., 19 82 , р. 51 - 62 

/англ., рез. русск. /. 

Изучалось распределение 77 видов верхнесилурийских брахиопод в разрезах 14 скважин 

Прибалтики. Их корреляционная значимость определялась оценкой относительной длительнос­

ти полных интервалов существования таксанов и их встречаемости в изученных разрезах. 

Оказалось, что из всех анализированных только полные интервалы 19 широкораспространен­

ных видов могут быть упорядочены так, чтобы их последовательность не дала при корреля­

ции разрезов противоречивых результатов. Многие таксоны, в том числе и широкораспрост­

раненные, имеют в удаленных разрезах сдвинутые во времени интервалы существования. 2 

рис. Библ. 40 назв. 

УДК 565.393:551.733.3 /474/ 

Венлакские и позднесилурийские ассоциации три лобитов Прибалтики и их стратиграфическое 

значение. �я�н�л� �э�т� В кн.: Экастратиграфия силура Прибалтики. ТаллИи, АН ЭССР, Ин-т 

геол. , 19 82, р. 63 - 70/англ. , рез. , русск./. 

в венлаке и верхнем силуре Прибалтики выделено 12 трипобитовых ассоциаций, замеща­

ющих друг друга во времени и пространстве. Наиболее широк� распространены представители 

открытошельфовых и склоновых ассоциаций, в венлаке ассоциация Enarinurus punatatus, в 

лудлове - ассоциации Е. maarourus и Proetuв вignatuв. 2 рис. Библ. 25 назв. 

УДК 565.3�:551.733 /474+486.92/ 

К зональному расчленению верхнего силура Прибалтики по остракодам. fа2в_л� В кн.: Эка­

стратиграфия силура Прибалтики. Таллии, А!-: ЭССР, Ин-т геол. , 19 82 , р. 71 - 78/англ., рез. 

русск. /. 

Ревизия верхнесилурийских остракодовых зон Прибалтики показала целесообразность 

выделения в разнофациальных отложениях параллельных, более-менее одновозрастных зон. В 

лудлове таких зон 5, в даунтоне - 7. Рассматривается распространение зональных и неко­

торых ассоциирующих с ними видов в верхнем силуре острова Готланд. 1 табл. 1 рис. Библ. 

11 назв. 

УДК 56.016:59 1.52:551.733.33 /474/ 

Позднесилурийские мелко- и глубоководные конодонты Прибалтики. �и�р� � ._в кн.: Экастра­

тиграфия силура Прибалтики. Таллии ,  АН ЭССР, Ин-т геол., 19 82 , р . . 79 - 88 /англ. , рез. 

русск./. 
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Анализируется расnространение верхнесилурийских конодонтов в разрезах 7 буровых 

скважин и более 30 обнажений. Выявлен фациаль ный контроль распределеню;, о чем сrиде­
тельствует наличие лагунных, отмельных, открытошельфовых и склоновых ассоциаций. Это 

обуславливает необходимость создания двух nараллельных местных зональных схем no коно­
донтам - одной для отложений шельфа, другой - для более глубоководных отложений. 3 рис. 
Библ. 12 назв. 

УДК 56 .• 0 16: 5 5 1.733.3 /474+482.96/ 

Корреляция силура Прибалтики и острова Готланд no хитинозоям. �е�т2р_В�-�· В кн.: Эка­
стратиграфия силура Прибалтики. Таллия, АН ЭССР, Ин-т геол., 1982, Р· 89 - 96 /англ., 
рез. русск./. 

По расnространению хитинозой в разрезах буровых скважин Охесааре /Эстония/, Вентс­
r.илс /Латвия/ и обнажений острова Готланд сделаны следующие корреляцион,ные выводы: 

большая часть мергелей Висбю и слои Хёгклинт соответствуют яанискому горизонту, слои 
Слите - яагарахускому, слои Хемсе - nаадласкому, слои Эке, Бургсвик, Хамра и Сундре -
курессаарескому горизонту Эстонии. 3 рис. Библ. 19 назв. 

УДК 567: 55 1.7.022.2 /474.2+474.3/ 

Зоны вертебрат в силуре Прибалтики. �ЯЕС� !· В кн.: Экастратиграфия силура Прибалтики. 
Таллин, АН ЭССР, Ин-т гео,r., 1982, р. 97 - 105 /англ., рез. русск./. 

Изучением расnределения агнат и рыб в неnрерывных разрезах силура Эстонии и силу­
ра - нижн �о девона Латвии в интервале от нижнего веялока до верхнего даунтона выявлено 
9 зон nозвоночных, nозволяющих коррелировать разрезы Прибалтики, Швеции, Норвегии, 
Англии, Северного Тимана, Северной Земли и Среднего Урала. 3 рис. Библ. 33 назв. 
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