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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 , 
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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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