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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. 
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