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CORAL REEFS OF BALTIC SILURIAN (STRUCTURE, FACIES RELATIONS)

E. Klaamann, R. Einasto

According to recent ideas the Baltic Silurian basin was a typical Early Paleozoic
pericontinental sea. At the time of its maximum distribution the sea cut deep into the
peneplaned Fenno-Sarmatian continent. As a. result of the continental uplift the sea
gradually retreated to the south-west, towards the Central-European Hercynian Geo-
synclinal Basin (Walter, 1972; HecTop, 3#HacTto, 1977; Kanbo, lOpreHcoH, 1977). Repre-
senting a near-equatorial shallow platform-sea, the Baltic Silurian basin offered
favourable conditions for the development of tabulate corals, stromatoporoids, rugose
corals, bryozoans and calcareous algae capable of constructing the frame of various
organic buildups: bioherms, biostromes, banks, and more seldom small bioherm complexes,
further conditionally called reefs. These buildups are mostly unstratified small bodies
3-5 m, rarely 10 m high, some tens of metres across and are enclosed in well-bedded
biodetritic, biomorphous and pelletal limestones poor in terrigenous admixture. They
are less numerous in nodular muddy bioclastic limestones. These relations show a com-
paratively wide facial range of the development of organic buildups: from shoal bar-
riers (overwhelming majority of buildups) to extensive open shelf, incl. (in press).
Thus, shoal and shelf reefs can be distinguished in the Baltic Silurian basin. Applying
facial'analysis it was established that shoal sedimentary barriers with reefs developed
in the highest energy wave activity zone. Being narrow (to 10 km) they ran many hundred
kilometres. In addition to characteristic carbonate sediments the formation of chains
of different organic buildups resembling modern réef barriers evidently took place just
in this part of the basin. However, denetically authentic barrier reefs did not exist
here. Unlike, e.g. the Great Barrier Reef of Australia running along the steep outer
margin of the Coral Sea shelf, most of the Paleobaltic Silurian organic buildups devel-
oped within the stable shelf basin at the gentle slope of the sea bottom. Thereby, they
resemble the patch reefs particularly numerous in the wide southern part of the eastern
shelf of Australia between the continent and the Great Barrier Reef.

At times, the Silurian shoal barriers and associated organic buildups were very
extensive (Fig. 1). E.g., the Wenlock and Middle Ludlow bioherms form distinct shoal
barriers from Gotland through Saaremaa and the southern Baltic to Volyno-Podolia, i.e.
within a distance -of approx. 1,500 km (3fHacTo M Ap., 1980). During recurrent trans-
gressions and regressions the shoal barriers removed considerably. The most favourable
conditions for the formation of organic buildups existed at the regressive phases of
the basin development. This is evidenced by the regular position of the shoal reefs in
sedimentary cycles: the reefs are underlain by nodular open-shelf limestones and over-
lain by lagoonal primary dolomites (see Nestor, Einasto in this book, Fig. 2).

Middle Wenlock and Middle Ludlow were the epochs of the maximum reef development.
In between these epochs the shoal facies belt, most suitable for the reef formation,
migrated in the East Baltic for a distance of 300 km but on Gotland and in Podolia only
for 15-40 Kkm. Supposedly, this difference indicated the presence of a much steeper con-
tinental slope in the latter.

Further from the shoal barrier towards the outer shelf edge the shelf reefs were
located. More precisely, they occupied the central part of the shelf, and probably its
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elevated portions (dome or bar-shaped structures)., The shelf reefs were small bodies
(biostromes, bioherms) varying from some metres to some tens of metres in diameter, and
consisting mainly of dendroid or bush-shaped tabulates. Stromatoporcids were rare.
These organic buildups are most similar to the modern patch-reefs.

These are general considerations of the reef development in the Silurian Paleo-
baltic basin. Further, we shall present more specific data by analysing the Wenlock and
Ludlow on Gotland and in the East Baltic from the comparative aspect.

The earliest Wenlock reefs on Gotland are known from the Upper Visby Marls
(Fig. 2), formed in the inner area of the open shelf. They are small buildups of knoll,
cone or lens - shaped composed chiefly of tabulate corals (halysitids, favositids) and
heliolitids, i.e. of an assemblage characterized by a higher tolerance to muddy sub-
strate (Manten, 1971; Stel, 1978). The maximum.height of the buildups is 3.5 m but fre-
quently they are much smaller. V. Jaanusson (1979) having studied them in detail called
these unstratified bodies knolls and mounds. He supposed that on forming they rised on-
ly slightly from the sea bottom. By our identifications in these buildups predominates
favositid Angopora hisingeri associated with Planalveolites foughti, Heliolites de-
cipigng, Stelliporella sp., rare Catenipora and fairly small stromatoporoid coenostea.
The skeletons of the associated species did not constitute more than 10-15 & of the
volume of buildups.

Buildups of the same habit, structure and analogous facies relations have been
established in the nodular clayey limestones of the Jaani Stage (the Paramaja Forma-
tion) at the base of the Silurian cliff on Saaremaa (Fig. 2).

On Gotland the Early Silurian reef development culminated in H6gklint time. Huge
algal-stromatoporoid-coral buildups up to 20 m high and several hundred metres long
often take their beginning from the very base of the H6gklint Beds. They are well ex-
posed in the NW cliffs of Gotland and thoroughly studied by many authors (Hadding,
1950; Rutten, 1958; Manten, 1971; Eriksson, Laufeld, 1978; Stel, 1978, etc.). By
K. Mori (1968) the main reefbuilder was the stromatoporoid Vikingia tenue, in the
inter-reef areas dominated Densastroma pexisum and Simplexodictyon simplex. Of tabu-
lates Favosites mirandus is associated with reefs. C.-0. Eriksson and S. Laufeld (1978)
have demonstrated that the H&gklint reefs occypied a belt 10 km wide and almost pa-
rallel to shore line.

An analogous reef assemblage is known from the East Baltic (Fig. 2). However, in
this region it appears somewhat later in comparison with Gotland. In the Ninase Member
of the Jaani Stage (KmaamanH, 1977) the equivalent of HO6gklint "a" with reefs of
Vikingia is lacking. Instead of them there occur small bryozoan bioherms (1-2 m in dia-
meter). Stromatoporoid reefs are also absent in the overlying part of the Jaani Stage.
Vikingia reefs appear in the basal portion of the Jaagarahu Stage, in the Vilsandi
Beds. Jaagarahu reefs are huge: 10-16 m high and several km across (Aanos, 1970). The
main reefbuilders are Vikingia tenue and stromatolites; Favosites mirandus, Coenites
Juniperinus and colonial rugose coral Acervularia ananas are rarer. The Early Jaagarahu
reefs form a long chain running . through the whole northern part of Saaremaa, and con-
tinuing in the mainland of Estonia and to the SSW of it. Borings have shown that the
reefs represent a belt at least 10 km in width. Unfortunately, most of the organic
buildups in the territory of Estonia are heavily dolomitized and, therefore it is hard-
ly possible to identify the reef-forming organisms even on the group level. It seems
that to the east of the western coast of Saaremaa the role of the calcareous algae,
halysitids and solitary rugose corals increases and that of VZikingia tenue decreases.

By lithological characters (see Jaanusson, 1979) th~ deposits enclosing Hogklint
bioherms are mainly sparite 1limestones; so, they may be considered according to the
facies model of the basin (HecTop, 3#HacTto, 1977) as belonging to the shoal belt. To
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this conclusion seems to contradict the presence in Hogklint reefs of Dicoelosia
verneuliana which has been taken as an indicator of the gquiet-water environment in
Wales and Welsh Borderland (Hurst, 1975). One can evidently agree with J. Stel (1978)
who pointed out that not all Dicoelosia-species had the same facies range. However, the
absence of D. vernuiliana in tenue-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
basin occurs on Gotland in the Slite Beds, particularly 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 halysitids, teciids,
favositids, auloporids and rugose corals. Stromatoporoids are of secondary signific-
ance. In the coral assemblage Halysites junior and Thecia confluens predominate but
dendroid Barrandeolites bowerbanki, Palaeofavosites collatatus, Pf. tersus, Subal-
veolites sokolovi, Heliolites decipiens, Aulopora enodis, tetracoral Microplasma
echmidti, etc. are also numerous. Large bioherms with Halysites junior are developed
only in the very south-western part of the region (Stora Kals® Island). As tc their
facies position the junior-confluens-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 direct analogs of them in the Wenlock of the East Baltic. Halla bioherms
(Horsne outcrop) differ from the others in large number of small dendroid and encrust-
ing tabulates and bryozoans: Parastriatopora priva, Thecia expatiata, Coenites junipe-=
rinus, Palaeofavosites asper, Desmidopora acuminata, etc. Judging by the first three
species, these buildups may be situated on the level of the uppermost part of the Maasi
Beds in the East Baltic. Taking into account the small size of Halla coelenterates and
bryozoans, the morphology of their colonies, and analogous position 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
lagoon (KnaamanH, 1982).

From the Mulde Beds only one organic buildup (B1§h&1ll outcroo) is known. It is a
thin (0.25 m) biostrome consisting of dendroid proporids (heliolitids), not identified
on species level so far. It is enclosed in monotonous mudstone full of unjoined meshes
of halvsitids (Halysites laticatenatus) and hemispheric colonies of Favosttes gothlan-
diecus. 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-
sug, partly also thin dendroid corals and bryozoans, closely resembling those in the
bioherms of the Halla Beds at HOrsne.

The second maximum of reefbuilding in the Baltic Silurian basin took place in the
Ludlow, particularly 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-
gions reveal socme differences. E.g., on Gotland the bioherms analogous to those of

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

podolicum and a rich asse~blage of other stromatoporoids, are not estahlished. But al-
most identical are the assemblages of reef-forming coelenterates in the Uduvere Beds
and those of the Hemse Beds on the Ostergarn Peninsula and in Linde area. In this as-

semblage predominate massive or encrusting stromatoporoids (Plectostroma-species,



Syringostromella borealis, Lophiostroma, «'=.). Between them occur gatherings cof
cylindric tabulates Laceripora cribreosa and Parastriatcpora coreantformis and bushes
of syringoporids. If in the East Baltic the buildups of this content are represented
by thin (approx. 1 m high) bicstromes, thcse on Gotland reach the thickness of 4-5 m.
Being enclosed in well-bedded limestcnes these biostromes might possibly develop in
shoal environment.

The organic buildups 1in the Eke Beds ‘of Gotland are known to us from the local-
ities surrounding Laubackar “(Hallsarve, Kdllstdde, Botvide). The moundlike bodies con-
sist of marls 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 alveclitids which in the East
Baltic Silurian are mostly connected with lagoonal facies belt call for 1location of
these buildups in the near-shore though quietwater part of sea (onshore side of shoal
barrier?).

On Gotland the uppermost Silurian 1is represented by the Hamra and Sundre Beds
which are also rich in buildups (Fig. 2). The number of reefbuilding species is limited
but the individuals are numerous. Most important are stromatoporoids among which en-
crusting coenostea dominate (Plectostroma scaniense, Parallelostroma typicum, Lophio-
stroma schmidti). Tabulate corals "Palaeofavosites" moribundus, Favosites simil<is,
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 territory of Estonia.

In conclusion 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 succession on Gotland and in Estonia shows
the presence of reef belts situated roughly parallel to the shore line. This succession
was partly interrupted at the end of the Wenlock at the time of Silurian maximum re-
gression (in Rootsikiila 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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KOPAJUIOBHEE PUOH B CUJIIVPUACKOM BACCEMHE BAJITUKHU
/CTPOEHUE, OAIUWAJILHAS MPUYPOYEHHOCTB/

3. KnaamaHH, P. 3MHacCTO

OpraHoreHHHe NOCTPOFKH /GHOTepMH, GHOCTDPOMH — YCJOBHO Ha3BaHHHE KaxK DPHQE/ NPHYpPO-—
YeHH B Cuilype BajToOCKaHOWM Kk OBYM dauuanbHeEM 30Ham: 1/ k NMOOBHXHOBOOHOM OTMEeNbHOM 30HE
/npeo6nanawmee 60JBUHHCTBO/ U 2/ K OTKPHTOMY Wenbdy.

OTMenbHAsAs 30HaA MNpencTaBjleHa OEeTPUTOBEMH KPHHOMOHHMH H pPaKYyWEeYHO-OEeTPHTOBEIMM H3-
BEeCTHIKaMH, C KOTOPHMH AaCCOLMHPYWTCSA KOpPalJIOBO-CTPOMAaTONOPOBHE O6HOTI'€pMH. BHYTpPEHHAA
CTOpPOHA 30HH, B OCHOBHOM C BOIOPOCJIEBEHIMH 6HOTe€pMaMH, CJIOXEHA HJIMCTO-OETPUTOBHEMH, OGHUTY-
MHHO3HHMH TJIMHUCTHMH H3BEeCTHAKAMH H MepressaMHM, lepexOonsumuMH B CTOPOHY 6epera B OOHOpPOI-
HHE QOOJIOMHUTOBHE Mepresyii. OpraHOreHHHEe INOCTPOMKH OTMEJIH ABJIAWNTCA Haubosiee KPYNHHMH B CH—
nype BanToCKaHOMH M OTJIMYAKWTCA 3aMeTHO JIMHeAapHHM pacClpOCTpaHeHHEeM /B YaCTHOCTH OGHOTEepMH
cjloeB XErkJIMHT M sfarapaxyCKoro ropusoHTa/ /puc. 1/.

Pudn OTKpHTOr'O menbda HeboOJblIHE, HANOMHHapmpe T.H. JOCKYyTHHE pPHOH, O6YyrpH HJIM BO3-
BHIIEHUA OHA COBPEMEHHHX Moper. OHH BEepOATHO, JIMWb HEMHOI'O BO3BHIIAJIUCH HaO OHOM CHIIY-
PHUACKOr'o Mopsi. B pa3pe3e nomo6HHE MNOCTPONKH 3aKJIOUEeHH B KOMKOBaTHX H3BEeCTHAKAaX U Mepre-
nax. CJ/IOXeHH OHH IIJIOCKHMH KOJIOHHAMHM (GaBO3HUTHJI, KOPKOBHIOHEHMH aJlbBEOJIMTHOAMH, TOJICTOCTEH-
HHMH XaJIM3UTHOAMH M KYCTHCTHIMH CHPHHIONOpPHOAMH /IIOCTPORKH BepxHiiX Mepresne# Buc6tbw, Mep-
renein XemMce, BEHTCHHJICKON CBHTH JIyOJIOBa U Op./.

B TeyeHHe MOUTH BCEro CHJIYPHHCKOI'O IIepHoma OpraHHYeCKHEe IOCTPOWKH OHJIH OCOOBEHHO
MOJIHO NpEencTaBJIEHH B CeBEepHOI yacTu [laneo6asITUKH - B YAaCTHOCTH B paroHe I'oTjaHma, rnoe
COXPAHWJIUCH CJIedn IO MEeHblEeN Mepe BOCHBMH Pa3HOBO3pacCTHHX pudoB /puc. 2/.

BuorepMnl ¥ GHOCTPOMH cuiypa BanTockaHgunu (opMHMpOBAJIMCh B perpeccHuBHHX ¢$pazax pa3BHU-
TUaA 6accerHa. MakcuMyMH pHPoob6pa3oBaHHUA OHUIM B CpeOHEM BEHJIOKE M CpelHeM JynnoBe. B Te-
4YeHHe 3TOro HHTepBajla BpeMeHH Haubosee nonxonﬂméx ona pudocTpouTeneir oOTMeNbHas 30HA
MUTpPHpOBAaJila B npeneniax [Ipub6anTuku okosio 300 kM, a Ha I'oTrsaHne ¥ B Illomosmu Jjuumb 15-40 kM
/puc. 1/. IymMaeTcs, 4YTO B OBYX MOCJIeOHHX DPEerMOHAX MATEPHUKOBHH CKJIOH OHJI 3aMeTHO 6oJee

KPYTHM M CTaOGHUJIbHHM.
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