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Silurian calcareous algae are known from many 
localities, including Gotland (Rothpl et z, 1913; Riding, 
1979), Quebec-Gaspe (Bourque et al., 1981) and 
Podolia (HrueHKO, 1985), the algal assemblages of 
which are somewhat si milar to those of Estonia 
(Pa.LI.HOHOBa , 3 Crna cTO, 1986; 1988). 

The present paper deals with the stratigraphic 
di stribution of ca lcareous algae in \Wenlock-Ludlow 
boundary beds in the Saaremaa sequence and is 
based on previously reported data by E. Radionova, 
R. Einasto and in a minor part on the data (Lahe
taguse, Monnuste, Soeginina) by the author. How
ever, to reveal the event-stratigraphic s ignificance of 
calcareous algae, more thorough studies are needed. 

The sequences depicted in Figs. I and 2 comprise the shallowest wa ter, 
i.e. s hoal and lagoonal Wenlock and Ludlow depos its of Saaremaa . 
Although the calcareous algae found in these sections in the interval 
between the lundgreni and leintwardiensis zones are mostly long-ranging, 
their distribution is of a complicated pattern correlative to facies diversity. 
The latter reflects the general sea level lowering at the end of the Wen
lock, ,as well as local environmental changes like drop of salinity ('.%1Hac
TO, 1968). Calcareous algae have been recorded from shoal deposits 
(skeletal or pell eta l grainstones and packstones ). They do not occur or 
ha ve not been preserved in sedimentary dolostones contcJining instead 
non-calcified phaeophyte? algae not studied in Estonia but recorded from 
many other regions (e.g. Podolia). 

The algal affinity of some genera mentioned here i::: not unequivocally 
approved, however , this problem is not di scussed below. 

As the studied sequences did not yield graptolites, the cor re lation with 
graptolite zones depicted in Fig. 1 was compiled us ing data by D. Kaljo 
(1990, Table 2) . 

General distribution patterns 

Following the diversity characteri stics, t wo di fferent calcareous algal 
floras can be distinguished in the Wenl ock-Ludlow seq uence on Saare
maa . The taxonomic divers ity and abundance of calcareous algae are the 
~reatest in Wenlock reef and reef-s urrounding deposits (Vilsandi - ! 2 V 

_and Maasi - f 2M beds, Fig. I), as various majpr algal groups - cya no 
phytes, rhodophytes, chlorophytes - are represented. 

~ Eesti TA Geoloogia Jnstituut (Institute of Geology, Eston ian Academy of Sciences), 
Estonia pst. 7, 200 I 05 Tallinn , Estonia . 
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The algal diver s ity in th e Ludl ow ree f (Sauvere _..:i K2S and Uduvere -
K2U beds) and restricted she lf deposits is n ot so great as in the Wenlock. 
Ludl ow flora is domi nated by red algae. 

Calcareous algae seem to be extremely rare in the Ves iku Beds 
(K 1 Vs) - only two finds have been record ed. At the sa me time, the Vesiku 
Beds are noteworth y for t he latera l di stributi on maximum of on colites and 
stromatolites (Fig. 2). 

Below some more or less di s tinct changes in the stratigraphic dist ribu
tion of algae, onco lites and stromato lites are treated. 

Calcareous algae 

The a lga l assemblage of the Vil sandi (/2V) and Maasi (/2M) beds. 
is rich and diverse comp ri s in g green dasyclad and codiacean (Rhabdo
porella, Dimor phosiphon , H edstroemia), red ( Solenopora, Parachaetetes); 
blue-green (B evocastria, Rothpletzella, Girvanella) and somewhat pro
blematic ( Wetherede lla) algae. Both framebuilders and encrusters occur . 
Some different iat ion ca n be noticed between the fore- and backreef algal 
content : encrusting Solenopora filiformis Nicholson, Wetheredella silurica 
Wood , W. multiformis A. Ishchenko and Rothpletzella munthei \\food 
occur in the fo rer eef, w hil e in the backreef bushy forms like Hedstroemia 
are common (Pa,nHOHOBa , 311Hacrn, 1986). ~ 

Th e lowermost part of th e Tagavere Beds (/2T) should perhaps -eveal 
more algae than shown in Fig. l, but up to now only two finds of 
Hedstroemia ha ve been recorded : Hedstroemia halimedoidea Rothpl etz 
from the Kingissepa and Hedstroemia sp. fro m the Vesiku core. 

Th e lower unit of the Viita Beds (K 1 Vt) conta in s a diverse assemblage 
resembling in it s diver sity the underlying Vilsandi and M aas i beds , but in 
ad dition some new species - Wetheredella tenue Radionova, Rothpletzella 
gotlandica Wood, Garwoodia aff. gregaria (Nicholson) have been 
distinguished. 

The Kuusnomme Beds (K 1Kn) have yielded few algae, but there occur 
Bevocastria amplefurcata and Parachaetetes compactus (Rothpl etz) 
(Kuusnomme outcrop; Plate I, 1) w hich are more characteri stic ·of the 
overlyi ng part of the Silur ian seq uen ce in Estonia. Morphologica l divers ity 
of Bevocastria and Parachaetetes, and whether it is due to envi ronmental 
factors or specific differen ces, should be studied separately. Parachaetetes 
compactus a nd P. got landicus are present in th e Vatten fa llet section of 
Gotland already in the Up per Visby Marl and Hogklint " C" (Riding, 
1979) , but they gain predomin an ce in Ludlow assemblages . 

In the Vesiku Beds (K 1 Vs) algae are very rare. Parachaetetes com
pactus (Pl ate I, 2) and Bevocastria sp. are found in its basal part in the 
Kipi core. 

Fig. l . Distribution of ca lca reous a lgae in some selected sections of Saaremaa (litho
logica l columns and facies cu rve by R. Einasto) . 1 - lagoona! sedimenta ry dolostone; 
2 - restricted shelf limestone and secondary dolostone; 3 - pelletal and oo li te grain• 
stones of shoa l; 4 - ske letal g rainstones of s hoa l; 5 - coquinoid ruds tone and float
stone; 6 - li thoc lastic limestone; 7 - bounds tone (reef limestone); 8 - open shelf 
nodular limestone; 9 - a lgae; JO - onco lites; 11 - doma l stromatoli tes; 12 - lami nar 
strom atolites; 13 - co ntinuous layer oi lami nar stromatolites ; 14 - stromatoporoids; 
15 - tabulate cora ls; 16 - discont inuity s urf ace; 17 - mud -cracks. 
Facies belts: l a. - lagoo nal , l b - restricted shelf , II - shoa l, III - open s helf. 
Beds : l 2V - Vi lsand i; l 2M - Maasi; 12T - Tagavcre; K, Vt - Viita; K,Kn - Kuus
nomme; K, Vs - Vesiku; K,Sn - Soeginina; K2S - Sauvere; K2H - Himmis te; K2U -
Uduvere. 
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Fig. 2. Dis tribution of onco lites, stromatolites and reefs in the Wenlock and Ludlow sequences in Saaremaa (data by R. Einasto) . 1 - reefs; 2 -
oncolites; 3 - oncolites with a pelecypod nucleus; 4 - domal strom ato liles; 5 - columnar stromatoli tes; 6 - lamin ar stroma tolites; 7 - a continuous 
layer of laminar stromatolites; 8 - peb bles; 9 - discontinu it y surface on mes0cycle boun_daries. 
Borings (circles) and autcrops (triangles) : 1 - Ohesaarc, 2 - Kaugatuma , 3 - Lahetaguse, 4 - Riksu, 5 - Kipi, 6 - Viki, 7 - Selgase, 8 - Somera , 
9 - Kiiesla, JO - Korkkiila , 11 - Saia, 12 - King issep a, 13 - Tahu la , 14 - Sakla, 15 - Soeginina, 16 - Kat ri , 17 - Liimanda, 18 - Vesiku 
507, 19 - Jaagarahu, 20 - Monnuste, 21 - P iihkla . 



The red alga Parachaetetes compactus becomes abundant in the Soegi
nina Beds (K 1Sn). It occurs there as nodules or forms the nucleus 0f ·an 
oncolite (Soeginina cliff, Plate I, 3). Hedstroemia and Bevocastria ha\re 
been distinguished in this unit in the Riiumae core. 

The Sauvere Beds (K2S) resemble the Soeginina ones as Parachaetetes 
compactus is still the commonest species in skeletal grainstones and 
boundstones of small reef-bodies. Parachaetetes is so abundant in Mon
nuste backreef grainstones that this limestone could be .called "Pa
rachaetetes limestone". 

Starting with the Himmiste (K2H) and Uduvere (K2U) beds, the algal 
assemblage becomes diverse again . The Uduvere Beds contain Hedstroe
mia halimedoidea, Ortonella aff. furcata and Bevocastria amplef urcata. 
Parachaetetes gotlandicus is distinguished in the Uduvere Beds in the 
Saaremaa sequence for the first time. There exists a clear difference 
between Uduvere reefs and Maasi reefa l deposits: the latter comprise green 
algae while in Uduvere reefs red algae predominate (Plate II, 1, 2, 3). 

Oncolites and stromatolites 

Oncolite accumulations representing the shallow high-energy environ
ment occur in the Wenlock-Ludlow sequence in Saaremaa on 8 levels, the 
most remarkable of them appearing in the Maasi, Vesiku, Soeginina, and 
Himmiste beds (Fig. 2). Opcolites are usually distinguished only in the 
basal unit of the sedimentary cycle formed after a hiatus, but in the 
Vesiku and Soeg inina beds oncolites are widesprea d also in the middle 
unit of a sedimentary cycle and absent only in the upper part - in 
Eurypterus dolostones (Pa.zuwHoBa, 311HacTo, 1988). Ves iku oncolites 
occur on a vast territory, but having been depos ii.ed far from the open sea 
they do not contain algae. On the other hand, Soeginina oncolites have 
often a solenoporid nucl eus or they contain filaments of Bevocastria in 
their outer layers. 

The Vesiku Beds are remarkabl e also as their laminar stromatolite bed 
has the largest distribution area. Usually laminar stromatolites occur as 
lenses in the Silurian sequence in Estonia. In addition to laminar (in the 
Maasi, Viita, Soeg inina, Himmi ste beds) stromatolites, those of columnar 
and domal form (Plate II, 4) occur in the Vesiku Beds. The first domal 
stromatolites in the Wenlock-Ludlow sequence have been distinguished in 
the Maasi Beds, associating with discontinuity surfaces and overlain by 
grain- or packstones. Domal stromatolites seem to have been formed in 
high-energy and columnar stromatolites in s ubturbul ent environment. 

Comparison and conclusions 

1. The diversity maximum of calcareous algae in the middle Wenlock, 
analogous with Estonia (Vilsandi, Maasi and lower Viita beds), can be 
seen in Podolia, the Urals (4yBawoB, lllyC1cKHH, 1988), Quebec-Gaspe and 
Sayabec (Heroux et al., 1977). Only, green algae a re not so abundant in 
Saaremaa sections' as in Podolia or Quebec, where several species of 
Rhabdoporella, Dimorphosiphon and Ortonella have been found. 

2. The Vesiku Bed's contain tidal flat nonskel etal oncolites and wide
spread laminar stromatolites that might represent the depos it s accumulated 
after the late Wenlock regression maximum, marked also by almost 
complete disappearance of calcareous algae. 



The low diversity of calcareous algae in Estonia and their absence in 
Podolia coincide at the leve l of the Rootsiki.ila Stage (K1) and the Ustje 
Subformation (note the different correlation by A. Ishchenko (HmeHKO, 
1985, Table 1)) . The calcareous algal flora was replaced at the Rootsi
ki.ila Age by algal-microbial communities responsible for siro.mato lite 
formation. Non-calcified phaeophyte? algae like Buthotrepis found a suit
able habitat in brackishwater lagoons. 

3. The abundant solenoporids found in the Soeginina Beds might 
refer to the shoal environment with normalizing water circulation . 

4. The algal assemblage of inner-shoal patch reefs of the Uduvere time 
was dominated by red algae Parachaetetes compactus and P. gotlandicus. 
The Ludlow assemblages are more diverse in Podolia and Quebec-Gaspe, 
both rhodo- and various chlorophytes occur there. A more diversified Lud
low assemblage (comparable to the one from Sokol reefs in P odo lia) cou)d 
be found in the East Baltic, perhaps, in the Piltene area, Latvia. The rise 
of diversity in the Ludlow is not so remarka ble in sha llow-water success
ion, but in Podoli a the open shelf deposits have yie lded a new green alga 
Sokolella and some other dasycladaceans . 

A general tendency towards red algal dominance in the Ludlow can 
be observed in several regions (es p. Ga spe) . Red algae seem to have been 
responsible for most of the calcareous algal biomass at the end of the 
Ludlow. 
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PLATE I 

3 

1 Parachaeteles compactus (Rothpletz) on a stromatoporoid oncolile. X 1.3. Kuusn6mme 
outcrop (K,Kn) . 
2 Parachaetetes compaclu.s (Rothpletz ) encrusted by a slromatoporoid Ecclimadiclyon. 
X 5.6. Kipi co re, 37.8 m (K, Vs , basal) . 
3 Specimens of Parachaetetes compaclu.s (Rothpletz) in Soegi11ina oncolite bed. X 0.6. 
Soeginina cliff (K1Sn) . 



PLATE II 

4 

2 
3 

1 Spec imens o f Parachaetetes compac/us (Rothpletz). X 1.2. Kaa rma core, 1.5 m (K2H , 
basa l) . 
2 Parachael etes compactus (Rothp letz). X 5.6. Kaarma co re, 1.5 111 (/(2H , basal). 
3 Para chaetetes compaclu.s (Rothple tz). X 5.6 Kipi core, 4.7 m (K2U) . 
4 Co lumn a r st rom a to li te. X 0.8. Kau ga tum a co re, 79.7 m ( K1 \/s, basa l) . 
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LUBIVETIKATE, ONKOLIITIDE JA STROMATOLIITIDE LEVJK 
WENLOCKI JA LUDLOW' PIIRIKIHTIDES EESTIS 

Artik lis on kokku viie tud varem pu bl ilsce ritud ja m aned uued ,rndmed lubi vetika te 
j a veli kmood us ti ste (onkol ii l ide j a s troma tol i i lideJ lev iku kohl a madalmerelisc p ii rito luga 
selcndites. Vil sa ndi ja M aasi k i hl idcs ning Viii a kiht ide alum iscs osas es ineb milmckcs ine 
lubivelika te asso tsi ats ioon , mis k aob laguunsctc setendite laia ldasema ilmumisega la bi
l oikcs (Viita kihtide ul emine osa). Onkoliitide j a strom atolii tide rohkus V es iku k ihtides 
nin g so lenoporiidsete punavetikate ar vukus Soeg inina kih t ides viitab nimetat ud kihtide 
transgress iivsele pii ritolule. 

Au11e Kb!PTC 

PACnPOCTPAHEHl.-fE l.-f3BECTKOBblX BO,ll.OPOCJIHI, OHKOJll.-fTOB 1.-f 

CTPOMATOJll.-fTOB B norPAHl.-f'-IHblX OTJIO)l(EHl.-f51X BEHJIOKA 1.-f 

JIY,ll.JIOBA B 3CTOHl.-fl.-f 

O606me11bJ ony6JJl1K0B3Hllble H 11eK0T0pb1e II0Bble .!l. 311Hble no pacnpoCTpaHeHHJ0 H3BeCT
K0BblX B0.!1.0p0CJJeii 11 B0.!1.0p0CJJeBbl X o6pa30B31111fl (OHKOJIHTOB 11 CTpOM3TOJIHTOB ) B MeJJK0-
B0.!1.HblX 0TJI0)KeHHHX . Ha11 60J1ee pa3H006pa3Hble acC OI.(1131..LHH H3BeCTK0BblX B0.!1.0p0CJJe ii npH
ypo4eHbl K BeHJJ 0KCKHM BHJlbC311.!l. I1 CKHM H M333HCKH M CJI0HM, a TaK)Ke K J-IH )K Heii lJacn, 
BHiiTac1rnx CJJ0eB. O611J1He 0HK0JIHT0B H CTl)0M 3T0JJHT0B 8 Be311 KyCl(HX 11 ysemI<IeHHe 4HC
JJeJ-JH0CT l1 C0JJe11 onopH.!1. 8 C03rHHl1113CKHX CJI0HX yK33bl83IOT Ha TpaHcrpeCCHBH0e np0HCX 0)K.!l.e-
1111e 3Tl1X OTJJO)KeHHH. 
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