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New seis mic pro files have been used to re vise ear lier in ter pre ta tions of the Or do vi cian-Si lu rian bound ary beds be tween Saaremaa and
Gotland. A trans-Bal tic re flec tor with ero sional fea tures (S2) above the ero sional Or do vi cian-Si lu rian bound ary re flec tor (S1) cor re lates
with the bound ary be tween the Raikküla and Adavere stages. The spo radic re flec tor or2 be low the S1 re flec tor off shore from Gotland rep -
re sents the ero sional bound ary be tween the Pirgu and Porkuni stages. Three strati graphic gaps oc cur in the Or do vi cian-Si lu rian bound ary 
beds off shore from Gotland. The amount of eroded rocks be tween the Pirgu and Porkuni stages, the Or do vi cian and Si lu rian sys tems and
the Raikküla and Adavere stages can change rap idly. Con se quently, the thick ness and stra tig ra phy of the Or do vi cian-Si lu rian bound ary
beds around Gotland can change con sid er ably across short dis tances. The O4–5–S1 unit off shore from Gotland, in clud ing car bon ate build -
ups and ero sional in ci sions infilled with Porkuni strata, be longs fa cially to the tran si tional belt be tween the Es to nian Shelf and the
Livonian Tongue. The thick ness changes in the S1–S2 unit (Juuru and Raikküla stages) in di cate an ex ten sive sub ma rine ero sional chan -
nel, streching from north of Es to nia across the Bal tic Sea and cen tral Gotland, which de vel oped in the Bal tic Ba sin along a shelf to
deep-ba sin transect dur ing Llandovery time. 
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INTRODUCTION

The Or do vi cian-Si lu rian tran si tional beds around the Bal tic
Sea (hence forth the Bal tic) are ex posed only in Es to nia (Fig. 1),
where mostly near-shore shal low ma rine sec tions are ac ces si ble
to di rect geo log i cal stud ies (Kaljo et al., 1988). East of the Bal tic, 
a north-south transect of the Or do vi cian-Si lu rian bound ary strata 
have been stud ied us ing nu mer ous bore hole cores from all the
Bal tic coun tries (Kaljo et al., 1988, 1991; Kaljo and Hints, 1996; 
Nestor et al., 2003; Har ris et al., 2004; Hints et al., 2005). 

Very lit tle is known about the Or do vi cian-Si lu rian bound -
ary beds west of the Bal tic coun tries. On the off shore Swed ish
is lands Öland and Gotska Sandön (Figs. 1 and 2), where out -
crop ping Or do vi cian rocks have been stud ied more closely; the 
bed rock se quence is trun cated by a mod ern ero sional sur face

be low the up per most Or do vi cian lay ers. On Gotland and F¯rØ
(Fig. 2), how ever, Si lu rian strata more than 100 m thick over lie
the Or do vi cian-Si lu rian bound ary.

Al though there are many bore huoles, mostly re lated to oil
pros pect ing on Gotland and F¯rØ, core sam ples for fur ther in ves -
ti ga tions have been taken from only a few of them. The stra tig ra -
phy of the Or do vi cian-Si lu rian bound ary beds here has been dis -
cussed ei ther on the ba sis of rare macrofossils (Thorslund and
Westerg¯rd, 1938; Martinsson, 1967; Thorslund, 1968) or by
de tailed stud ies on chitinozoans (Grahn, 1982; Nálvak and
Grahn, 1993; Grahn, 1995). These few at tempts have re vealed
no tice ably dif fer ent Or do vi cian-Si lu rian bound ary beds be low
Gotland com pared to those in Northern Es to nia. More over,
Gotland it self re veals a con sid er able vari abil ity in stra tig ra phy
and thick nesses of the Or do vi cian-Si lu rian bound ary beds.

Ample seis mic data, re flect ing the sub ma rine Lower
Palaeozoic se quence be tween Es to nia and Swe den, has been
amassed dur ing the joint Swed ish-Es to nian ex pe di tions to the Bal -
tic in 1990–2004. In the frame work of this pro ject, the ge ol ogy of
the trans-Bal tic Or do vi cian-Si lu rian tran si tional beds has been dis -
cussed ear lier, based on the first north-south seis mic lines shot in
1990–1992 (Fig. 2; Flodén et al., 1994; Tuuling et al., 1995).
Based largely on the same data, the Or do vi cian-Si lu rian bound ary
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Fig. 1. Lo ca tion of study area and ma jor tec tonic and palaeogeographic fea tures of the Bal tic re gion at the tran si tion of
the Or do vi cian and Si lu rian pe ri ods (mod i fied from Jaanusson, 1976; Har ris et al., 2004)

Fig. 2. Lo ca tion map of the seis mic pro files and bore hole cores used in this study and sec tions 
of the seis mic lines (A–E) dis played in Fig ures 4, 5, 7, 8 and 9



and ge ol ogy of the up per most Or do vi cian lay ers have also been
dis cussed in con nec tion with the Up per Or do vi cian car bon ate
build ups and ero sional fea tures off shore from north east ern
Gotland (Tuuling and Flodén, 2000a). In all these cases, how ever, 
seis mic data shot af ter 1992 was ei ther still not avail able, or it was
not rel e vant to the top ics dis cussed.

En hanced tech nol ogy has im proved the qual ity of the seis -
mic re cord ings made af ter 1992. In all, the new data and im -
proved qual ity have pro voked re in ter pre ta tion of the seis mic
data and re vealed de tails that were undistinguishable in the
older pro files. This pa per aims to ad vance and re vise the ear -
lier in ter pre ta tions (Flodén et al., 1994; Tuuling et al., 1995;
Tuuling and Flodén, 2000a) and to es ti mate the thick ness val -
ues and trends in the Or do vi cian-Si lu rian tran si tional beds be -
tween Es to nia and Swe den.

GEOLOGICAL SETTING

Dur ing most of the Early Palaeozoic, a shal low sed i men tary
ba sin ex tended across a large part of the East Eu ro pean Craton
(Männil, 1966; Jaanusson, 1976; Nestor, 1990; Nestor and
Einasto, 1997). One of its depocenters, the Baltoscandian Ba sin,
was evolv ing close to the west ern mar gin of the craton (Fig. 1).
The shal lower, east ern part of this ba sin on the south ern slope of
the Fennoscandian Shield (Fig. 1) has been tra di tion ally treated
as the Bal tic Ba sin. The con tours of the Bal tic Ba sin be came
most clearly pro nounced dur ing the Or do vi cian and Si lu rian pe -
ri ods, when con com i tantly with the pro gress ing Cal edo nian
Orog eny, a syneclise started to de velop around the pres ent
south ern Bal tic. This re sulted in for ma tion of a north east erly
elon gated de pres sion, the Livonian Tongue (Jaanusson, 1973;
Livonian Ba sin ac cord ing to Har ris et al., 2004), which ex tended 
from North ern Po land across West ern Lith u a nia and Lat via up
to the south east ern cor ner of Es to nia (Fig. 1). As a deep est part
of the Bal tic Ba sin, this de pres sion sep a rated shal low shelf ar eas
in Es to nia (Es to nian Shelf in Har ris et al., 2004; North Es to nian
fa cies belt in Pálma, 1982; Hints et al., 2005) from those in Lith -
u a nia (Fig. 1), where, due to its equa to rial po si tion (Torsvik,
1998), mostly cal car e ous sed i ments were ac cu mu lat ing. 

Through out most of the Or do vi cian, the Es to nian Shelf
took the form of a flat slope, deep en ing, gently to wards the
Livonian Tongue, with a grad ual, shal low- to deep-wa ter fa cies 
tran si tion. In sta ble tec tonic con di tions, strata of sim i lar li thol -
ogy and thick ness were formed along the shelf from the St. Pe -
ters burg dis trict, across North ern Es to nia up to the Swed ish is -
lands Gotska Sandön and Gotland (Männil, 1966; Jaanusson,
1976; Nálvak and Grahn, 1993; Hints et al., 1994, 2005; Niel -
sen, 2004; Fig. 1). In Es to nia, where Or do vi cian rocks are most 
widely ex posed and stud ied, such a con sis tent se quence has en -
abled con struc tion of a de tailed strati graphic scheme (Nálvak,
1997). Most of the stages dis tin guished in Es to nia are eas ily ex -
tend able all over Baltoscandia, and have thus ob tained the sta -
tus of re gional stan dards (Männil, 1966; Bergström, 1971;
Jaanusson, 1973; Podhlañska, 1980; Nálvak and Grahn, 1993;
Niel sen, 2004; Webby et al., 2004).

Due to the pro gress ing Cal edo nian Orog eny and steadily
deep en ing Bal tic Syneclise, the evenly south wards dip ping

slope of the Bal tic Ba sin be come more top o graph i cally var ied
close to the end of Or do vi cian, as a dis tally steep en ing slope
started to de velop be tween the flat shoal and deep basinal ar eas
(Nestor, 1990). This struc tural re ar range ment led to a much
sharper sed i ment dis tri bu tion from north to south and for ma -
tion of a dis tinct fa cies zone be tween the shal low shelf and deep 

basinal ar eas (tran si tional belt in Pálma, 1982; Har ris et al.,
2004; Hints et al., 2005; Fig. 1). By the Si lu rian, tec tonic move -
ments on the south ern slope of the Bal tic Shield had caused the
sub si dence of the area around Gotland and re ar ranged the
eastwesterly dis tri bu tion of shal low shelf, slope and deep
basinal ar eas be tween Es to nia and Gotland.

The up per most Or do vi cian units dis tin guished around
Gotland are still com pa ra ble with the co eval units in Es to nia

(Männil, 1966; Jaanusson, 1976; Nálvak and Grahn, 1993),
whereas the Si lu rian se quences across the Bal tic are al ready
dif fi cult to com pare di rectly. The Wen lock and Lud low rocks,
crop ping out on Saaremaa and Gotland, show ex plic itly that the 
strata fur ther west are thicker, more ar gil la ceous and con tain
less strati graphic gaps, hence point ing to a deeper and more
open basinal en vi ron ment around Gotland (Jeppsson et al.,
1994). Fur ther more, based on the lithological and fau nal dif fer -
ences (Martinsson, 1967; Jeppsson et al., 1994), a sim i lar west -
erly depth in crease is even better de fined be tween the east ern
and west ern parts of Gotland.

MATERIAL AND METHODS

Since 1993, the Or do vi cian-Si lu rian tran si tional lay ers
have been re vealed in nu mer ous seis mic lines, ori ented ap prox -
i mately N–S, off shore from Saaremaa (S9301–S9314), as well
as in the mid dle/west ern half of the area be tween Saaremaa and
Gotland (NB9504; 2004-1–2004 -5; Fig. 2). These lines, run -
ning par al lel to and be tween the pro files of those from
1990–1992, have con sid er able im proved the pre vi ous data set.
The av er age dis tance be tween the  ap prox i mately N–S lines
S9301–S9314 and S9314–NB9004 is 2.5 km and 5km, re spec -
tively (Fig. 2). Fur ther west, the N–S pro files are still only
10 km apart. How ever, some high qual ity north-west to south-
 east and north-east to south-west ori ented pro files, re spec tively
from 1984 and 1999 (Fig. 2), oc ca sion ally re veal ex cel lent Or -
do vi cian-Si lu rian bound ary sec tions just east of Gotland.

In 1999–2004, an ad di tional set of north-east to south-west
di rected pro files, nearly par al lel to the strike of the south east -
erly dip ping Or do vi cian-Si lu rian strata were shot be tween
Saaremaa and Gotland. Or do vi cian-Si lu rian bound ary beds
have been in ter mit tently re vealed in four of these pro files
(1999-03, 1999-04, 2001-03 and 2001-04; Fig. 2). This en -
abled for the first time the trac ing of dif fer ent seis mic units
along a sin gle seis mic pro file be tween Saaremaa and Gotland.

An an a logue sin gle chan nel seis mic re flec tion profiler, de -
scribed ear lier (Flodén, 1980, 1981; Tuuling, 1998; Flodén et
al., 2001) was used to per form the seis mic study. All the seis -
mic lines, ex cept for 1984-10, were shot by means of a PAR
1600B air gun. The lat ter pro file just north-east of Gotland
(Fig. 2) is ex cep tion ally based on a high res o lu tion Sodera wa -
ter gun with a very clean pulse. Be fore 1999, a 50-el e ment
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hydrophone eel re ceived the re flected sig nal, which was then
fil tered and dis played on an EPC pre ci sion graphic re corder
within the time and fre quency in ter vals of 0.5 s and
250–500 Hz, re spec tively. 

Since 1999, a Meridata dig i tal Multi-mode So nar Sys tem
on a PC com puter has been used to run the profiler. A re flected
air gun pulse was re ceived with a 16 m hydrophone “eel”, con -
sist ing of 100 el e ments cou pled in par al lel. The un fil tered and
un pro cessed sig nal was first re corded in the com puter files,
which, us ing the Meridata soft ware pack age SVIEW, were later 
pro cessed, fil tered and fi nally dis played on an EPC graphic re -
corder at the fre quency rate 100–1000 Hz.

As the seis mic re flec tors are in duced by sharp lithological
con tacts, lithostratigraphical anal y sis of the on shore bore hole
cores (Fig. 2) was used to cor re late off shore seis mic data with
the re gional strati graphic units. In the cal car e ous se quence of
the Bal tic Ba sin, par tic u larly in its shelf fa cies, the sharp est
lithological in ter faces are pro duced by clayey transgressive
interlayers (marl- and mudstones) and they com monly mark
also the bound aries of the re gional stages (Fig. 3). The thick -
ness com par i son of the on- and off shore units, and the po si tions 
of reef struc tures, which oc cur only at cer tain strati graphic lev -
els, fur ther more sup ported the cor re la tion. The po si tions of dif -
fer ent bound aries and units in the Or do vi cian-Si lu rian tran si -
tional beds are also firmly fixed with ref er ence to a con spic u -
ous sub ma rine es carp ment, the Si lu rian Klint (Fig. 2; Tuuling
et al., 2004). This mor pho log i cal fea ture also had a par a mount
role in cor re la tion of the on- and off shore se quences.

For the thick ness es ti ma tions, a seis mic wave ve loc ity of
3500 m/s was used both for the up per most Or do vi cian

(O4–5–S1) and low er most Si lu rian seis mic
unit (S1–S2), dis cussed in the text. This mean 
value is based on re frac tion sound ing data
and is typ i cal for the ar gil la ceous Up per Or -
do vi cian lime stone off shore from Gotland
(Flodén, 1975). In the bore hole cores on
Saaremaa, both the up per most Or do vi cian
and low er most Si lu rian se quences are
lithologically rather sim i lar to the up per most 
Or do vi cian lay ers around Gotland, be ing
clearly dis tin guishable from the rest of the
over ly ing highly ar gil la ceous Llandovery
se quence above the S2 re flec tor.

SEISMOSTRATIGRAPHIC OUTLINES
OF THE ORDOVICIAN-SILURIAN

BOUNDARY BEDS

OLD INTERPRETATION BASED ON THE
PROFILES FROM 1990–1992

In the pre vi ous stud ies (Flodén et al.,
1994; Tuuling et al., 1995), three more or
less con sis tent seis mic re flec tors were dis -
tin guished in the Or do vi cian-Si lu rian
bound ary beds across the Bal tic (O4–5, S1

and S2 old in Fig. 4). Based on the bore hole
cores in Es to nia, the low er most, most strik -

ing and con sis tent one in the Or do vi cian strata (O4–5) was cor -
re lated with the bound ary of the Vormsi and Pirgu stages.
Above the Or do vi cian-Si lu rian bound ary re flec tor (S1), two
closely set seis mic re flec tors (S2 old and S3 in Fig. 4) ap peared in
the Llandovery strata, at the base of Si lu rian Klint off shore
from Saaremaa (Flodén et al., 1994, figs. 5 and 6A, B). They
were cor re lated with the lower and up per bound ary of the
Raikküla Stage, re spec tively. Half way be tween Saaremaa and
Gotland, how ever, the lat ter pair of re flec tors be came in dis tinct
as S3 got very vague and the S2 turned into one of the most strik -
ing re flec tors off shore from Gotland (Flodén et al., 1994). 

NEW DETAILS REVEALED AFTER 1992

In some pro files shot af ter 1992, an ad di tional strong re flec -
tor with rare ero sional fea tures ap peared off shore from Saaremaa 
be tween the for mer S2 and S3 re flec tors (S2 new in Fig. 4). Off -
shore from Gotland, this new re flec tor merges with the old S2 re -
flec tor and its ero sional na ture has in some pro files (e.g. 2004-5
in Fig. 5) be come even more pro nounced. In the lat ter pro file,
this re flec tor south wards steadily ap proaches the un der ly ing Or -
do vi cian-Si lu rian bound ary re flec tor S1, un til the S2 and S1 re -
flec tors be come en tirely in dis tin guish able. Thus, a strong and
con sis tent trans-Bal tic re flec tor with ero sional fea tures oc curs in
the low er most Si lu rian strata be tween Saaremaa and Gotland.

The facts just de scribed made us re vise the ear lier in ter pre -
ta tion of the seis mic bound ary be tween the Raikküla and
Adavere stages. In stead of the ir reg u lar and weak S3 re flec tor
(Tuuling et al., 1995; Fig. 4), this bound ary is fixed as the stron -
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Fig. 3. Strati graphic sketch with po si tions of the seis mic re flec tors (O4–5, or1, or2, S1, S2)
in the Or do vi cian-Si lu rian bound ary beds based on the Undva, Viki and Kaugatuma

cores on Saaremaa



gest trans-Bal tic seis mic re flec tor with ero sional fea tures in the
low er most part of the Si lu rian suc ces sion be tween Saaremaa
and Gotland (S2 new in Fig. 4). This is in a much better ac cor -
dance with the ad ja cent main land data in Es to nia, where the
bound ary of the Raikküla and Adavere stages ap pears as a
lithologically very sharp re gional dis con ti nu ity of ero sional or -
i gin (Einasto, 1986; Nestor, 1997). There fore, in the pres ent
study the S2 re flec tor marks the bound ary be tween the Raikküla 
and Adavere stages (Fig. 3). So far we have not been able to
cor re late the re flec tors just be low and above it (the S2 old and S3

re flec tors in Fig. 4) with any firmly fixed lithostratigraphic
bound aries on shore.

THE SUBMARINE ORDOVICIAN-SILURIAN
BOUNDARY LAYERS, SEISMIC REFLECTORS 

AND UNITS

The Or do vi cian-Si lu rian bound ary beds dis cussed in this
study are con fined within two con tin u ous seis mic re flec tors O4–5

and S2 (Figs. 3 and 4). Ac cord ing to the cores on Saaremaa, these 
lay ers in clude two re gional stages both in the up per most Or do vi -
cian (Pirgu and Porkuni) and the low er most Si lu rian (Juuru and
Raikküla) strata (Fig. 3). Be low Gotland, how ever, the dis tri bu -
tion of the co eval Or do vi cian-Si lu rian bound ary units, due to the
scarce core data, is poorly known. Still, the stud ies on
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Fig. 4. Seis mic pro file S9304 off shore from Saaremaa (for lo ca tion see sec tion A in Fig. 2) with ma jor seis -
mic re flec tors in the Or do vi cian-Si lu rian bound ary beds (for strati graphic po si tions of re flec tors see Fig. 3)

Ver ti cal scale: 50 mil li sec onds equals to c. 36 m at wa ter ve loc ity

Fig. 5. Seis mic pro file 2004-5 from the cen tral Bal tic (for lo ca tion see sec tion B in Fig. 2) 
show ing south erly thin ning S1–S2 unit

 M — Up per Or do vi cian car bon ate build ups; other ex pla na tions as in Fig ure 4



chitinozoans have proved that the equiv a lents of the Pirgu,
Porkuni and pre-Adavere (Juuru and Raikküla) strata show great 
thick ness vari a tions in the subsurface of Gotland (Nálvak and
Grahn, 1993; Grahn, 1995; Nálvak and Grahn, unpubl. data). 

THE AREA OF VISIBLE SEISMIC REFLECTORS O4–5–S1–S2

Off shore, the north erly ex ten sion of the Pirgu Stage is lim -
ited by the out crop ping O4–5 re flec tor (Fig. 6). The over ly ing pre- 
and post Raikküla units of the Si lu rian emerge suc ces sively fur -
ther south, at the S1 and S2 re flec tors, re spec tively. In the  ap -
prox i mately N–S trending seis mic pro files off shore from
Saaremaa, up to the seis mic line S9312 (Fig. 2), all three re flec -
tors are si mul ta neously vis i ble within a zone about ten kilo -
metres wide just north of the Si lu rian Klint (Figs. 2 and 6). South
of the klint crest, the Or do vi cian-Si lu rian tran si tional beds are
ob scured by shal low wa ter mul ti ples (e.g. in Fig. 4). From the
pro file S9312 (Fig. 2) west wards, Pleis to cene gla ciers have
largely eroded the Si lu rian Klint and due to the in creased wa ter
depth, the vis i bil ity of the seis mic unit O4–5–S2 has in many pro -
files wid ened sev eral tens of kilo metres south wards (e.g. in
Fig. 5). Fur ther more, in the ex ten sive gla cier in ci sions off shore
from Gotland, the seis mic unit O4–5–S2 ap pears also in three
north-east to south-west ori ented pro files (1999-04, 2001-03 and 
2001-04 in Fig. 2). Off shore from Saaremaa, where the gla cier
in ci sions are nar rower and more lim ited to the south, this unit ap -
pears in ter mit tently only in profile1999-04 (Fig. 2). 

THE O4–5– S1 UNIT AND CARBONATE BUILDUPS 

The con fig u ra tion of the seis mic re flec tors, i.e. the num ber,
po si tion, un du la tion, tilt and so on, of the re flec tors within the

seis mic unit O4–5–S1 is highly de pend ent on car bon ate build ups
(Flodén et al., 1994; Tuuling et al., 1995; Tuuling and Flodén,
2000a). Be tween Saaremaa and Gotland, the Up per Or do vi cian 
car bon ate build ups are un equally dis trib uted and dif fer clearly
in mea sure ments (Fig. 6), shapes and in ter nal struc tures
(Tuuling and Flodén, 2000a).

East of Gotska Sandön–F¯rØ, up to seis mic line NB9504
(Fig. 2), the Up per Or do vi cian car bon ate build ups ap pear
abun dantly al ready close to the north ern limit of the O4–5–S1

unit (Fig. 6). The larg est mound struc tures, more than 2 km in
di am e ter, oc cur in a zone a few km wide, a lit tle south of the
O4–5 bound ary (Fig. 6; see Tuuling and Flodén, 2000a, fig.2).
As they usu ally have a steep basinward slope and sep a rate fore
and back reef en vi ron ments, then these large mounds were in -
ter preted as an a logues to the mod ern bar rier reef-like struc -
tures. South wards, down-slope in the an cient Or do vi cian ba sin, 
the num ber and di am e ter of the mound struc tures grad u ally de -
crease and in stead of flat shal low wa ter patch reefs, con i cal or
pin na cle reefs of ten ap pear in the seis mic lines (see Tuuling and 
Flodén, 2000a, figs. 9, 10, 11). 

As a whole, this mound-rich zone off shore from north east -
ern Gotland em braces an ir reg u lar area, about 60 km long and
50 km wide (Fig. 6). As the car bon ate mounds have been traced 

ex ten sively both on north ern Gotland and F¯rØ and off shore

from them (see Flodén, 1980, figs. 49, 50; unpubl. OPAB Well
Com ple tion Re ports from 1972–1981), then west wards this
reef-rich zone ob vi ously ex tends be yond the cur rently dis -
cussed area. 

East of the seis mic line NB9504 (Fig. 2), the bar rier
reef-like struc ture and thus also the fa cies zonation is abruptly
ter mi nated (see Tuuling and Flodén, 2000a, fig. 2) and the sub -
ma rine area of the out crop ping O4–5–S1 unit is largely void of
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Fig. 6. The out crop ping Or do vi cian-Si lu rian bound ary beds (for strati graphic po si tions of re flec tors see Fig. 3) and dis tri -
bu tion of Up per Or do vi cian car bon ate build ups be tween Hiiumaa–Saaremaa and Gotland–Gotska Sandön



reef-like struc tures (Fig. 6). Still, up to seis mic line S9312
(Fig. 2) the co eval mound-like struc tures, mostly sev eral hun -
dred metres in width, ap pear co pi ously fur ther south be low the
Si lu rian rocks (Fig. 6). From the lat ter pro file eastwards, the
Up per Or do vi cian car bon ate build ups oc cur as rare sol i tary
struc tures, ex cept for two small swarms along the pro files
S9309 and S9307 (Figs. 2 and 6).

OCCASIONAL REFLECTORS AND THE BOUNDARY OF THE
PIRGU AND PORKUNI STAGES WITHIN THE O4–5–S1 UNIT

OFFSHORE FROM GOTLAND

Due to the lithologically and struc tur ally highly vari able
reef en vi ron ment, the O4–5–S1 unit off shore from Gotland is
char ac ter ized by a strongly ir reg u lar bed ding con fig u ra tion.
None the less, two strong and oc ca sional re flec tors, or1 and or2

were traced in side this unit (Tuuling and Flodén, 2000). The
more con sis tent or1 re flec tor ob vi ously de lin eates a litho -
logically dif fer ent unit in the low er most part of the Pirgu Stage. 
The or2 re flec tor, a lit tle higher up in the sec tion, was dis tin -
guished as an oc ca sional ero sional sur face, which in the
mound-rich area de lin eates the chan nel-like de pres sions be -
tween the mounds (Tuuling and Flodén, 2000a). Nei ther or1

nor or2 were at that time cor re lated with any known strati -
graphic bound aries on shore. How ever, re cent on shore data
point to wards a wide spread ero sional bound ary and chan nel -
ling be tween the Pirgu and Porkuni stages east of the Bal tic
(Ainsaar, 1995; Perens, 1995; Nálvak, 1997; Har ris et al.,
2004; Hints et al., 2005). This has evoked us to in ter pret the ero -
sional or2 re flec tor as the anal o gous
bound ary off shore from Gotland.

Fur ther more, we as sume that the
low er most, abruptly south wards
deep en ing ero sional sur face around
the south ern bor der of the
mound-rich area, pres ent in some
pro files off shore from Gotland (Figs.
2 and 6), most likely marks the
bound ary of the Pirgu and Porkuni
stages (or2 in Figs.7–9). This sur face
was pre vi ously al ways con sid ered as
the Or do vi cian-Si lu rian bound ary
re flec tor S1 (see Tuuling and Flodén,
2000a, figs. 10, 14). The ero sional
Or do vi cian-Si lu rian bound ary, how -
ever, is less pro nounced and ap pears
a lit tle higher up in the sec tion and
of ten in ter twines with the S2 re flec tor 
(Figs. 7–9). On shore, sim i lar ero -
sional in ci sions along the bound ary
of the Pirgu and Porkuni stages and
an in creased thick ness of the Porkuni 
layer are ev i dent in many places in
Cen tral-South ern Es to nia (Hints and
Meidla, 1997b; Har ris et al., 2004;
Hints et al., 2005) and ac cord ing to
rare core data (Nálvak and Grahn,
unpubl. data) also in north ern-cen tral 
Gotland. In the best ex am ples off -

shore, namely in the two neigh bour ing pro files NB9003 and
NB9002 (Fig. 2), the steeply south wards deep en ing ero sional
bound ary of the Pirgu and Porkuni stages cuts some 25–30 m
into the O4–5–S1 unit over a dis tance of 2–3 km (Figs. 7 and 9).

THE ORDOVICIAN-SILURIAN BOUNDARY REFLECTOR S1

Based on the strength, steadi ness and ero sional fea tures of
the Or do vi cian-Si lu rian bound ary re flec tor S1, as well as on its
re la tion to un der- and over ly ing or2 and S2 re flec tors, three sep -
a rate sec tions can be dis tin guished be tween Saaremaa and
Gotland. Firstly, in the area off shore from Saaremaa up to the
seis mic line NB9312 (Fig. 2), there is a strong and con sis tent
Or do vi cian-Si lu rian bound ary re flec tor with out dis tinct ero -
sional fea tures (Fig. 4). Sec ondly, in the area be tween the seis -
mic lines S9312 and S9314 (Fig. 2), the S1 re flec tor is weaker,
and in places in dis tin guish able. The trun ca tion and lev el ling of
sed i men tary struc tures along the S1 re flec tor (see Flodén et al.,
1994, fig. 6D) point for the first time to wards an ero sional or i -
gin of this bound ary.

Due to the in tri cate re flec tor con fig u ra tion and the ero sional 
fea tures, the Or do vi cian-Si lu rian bound ary iden ti fi ca tion off -
shore from Gotland is difficult. The ero sional sur faces off shore
Gotland are wide spread, more var ied and pro nounced, ap pear -
ing dis tinctly at three dif fer ent lev els (or2, S1 and S2). The
highly vary ing (di min ished/in creased) thick nesses of the Or do -
vi cian-Si lu rian bound ary units and the oc ca sional outwedging
of the pre-Adavere por tion of Si lu rian (S1–S2) and Porkuni
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Fig. 7. Seis mic pro file NB9002 off shore from Gotland (for lo ca tion see sec tion C in Fig. 2), 
show ing in ter lac ing ero sional re flec tors or2, S1 and S2 

Ex pla na tions as in Fig ure 4



Stage (or2–S1) have brought about in ter lac ing of all three ero -
sional re flec tors, thus com pli cat ing their iden ti fi ca tion.

A strik ing ex am ple with closely spaced and in ter twin ing ero -
sional S2, S1 and or2 re flec tors oc curs along pro file NB9002

(Fig. 7). The low er most or2 re flec tor is dis tin guished from the S1

one only in side a pre-Porkuni ero sional chan nel in side the Pirgu
Stage. The S1 re flec tor is in dis tin guish able from the S2 one in the
north ern part of the sec tion, al most merges with the or2 re flec tor
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Fig. 8. Seis mic pro file NB9001 off shore from Gotland (for lo ca tion see sec tion D in Fig. 2), show ing ero sional
 in ci sion along the or2 re flec tor

Ex pla na tions as in Fig ure 5

Fig. 9. Seis mic pro file NB9003 off shore from Gotland (for lo ca tion see sec tion E in Fig. 2), show ing ero sional 
in ci sion along the or2 re flec tor and thick ness changes of the Or do vi cian-Si lu rian tran si tional beds around 

the car bon ate mounds (M)

F — faults; other ex pla na tions as in Fig ure 5



in the mid dle of the sec tion, then, run ning sep a rately over the
pre-Porkuni chan nel, co in cides again with the or2 re flec tor on the 
south ern side of the chan nel (Fig. 7). 

TENTATIVE THICKNESS VALUES OF THE 
SEISMIC UNITS

The trans-Bal tic seis mic units O4–5–S1 and S1–S2 pro vide an 
op por tu nity to as sess the thick nesses of the low er most Si lu rian
and up per most Or do vi cian lay ers be tween Saaremaa and
Gotland. Since thick ness cal cu la tion of a seis mic unit is highly
de pend ent on the ac cu racy of in ter pre ta tion and the seis mic
wave ve loc i ties used, the num bers pre sented (Fig. 10) should
be taken as es ti mates. As the po si tion of the Or do vi cian-Si lu -
rian bound ary re flec tor S1 off shore Gotland is of ten am big u -
ous, the thick ness val ues for the sub units O4–5–S1 and S1–S2 are
more ten ta tive than the thick ness of the en tire Or do vi cian-Si lu -
rian bound ary unit O4–5–S2.

THE O4–5–S1 UNIT (PIRGU AND PORKUNI STAGES)

The thick ness of the O4–5–S1 unit be tween Saaremaa and
Gotland re veals no un equiv o cal trans-Bal tic trends (Fig. 10).
Off shore Saaremaa, close to the Si lu rian Klint, this unit is ev ery -
where about 40 m thick. Off shore Gotland, how ever, its value is
in flu enced by the car bon ate mounds and ero sional fea tures. It
var ies be tween 35 and 55 m there. The max i mum thick nesses are 
con nected with the large, of ten outsculptured by ero sion, mound
struc tures and the min i mum val ues oc cur be tween the mounds
(Fig. 9). In the mid dle of the Bal tic, thick ness val ues be tween the 
40–50 m pre vail. Due to the lim ited vis i bil ity it is hard to de cide
about any northsoutherly sub ma rine thick ness trends in the
O4–5–S1 unit, al though slight south erly thick nesses de crease is
per cep ti ble off shore Gotland (Fig. 10).

THE S1–S2 UNIT (PRE-ADAVERE SILURIAN PORTION)

The great est thick nesses of the S1–S2 unit, about 40 m, oc -
curs just off shore from Saaremaa (Fig. 10). Fur ther south-west
along the Si lu rian Klint, a slightly de creased thick ness of this
unit oc curs. Mid way through the Bal tic, in the area void of ob -
scur ing shal low wa ter mul ti ples, a south erly thick ness re duc -
tion ap pears in this unit. Be tween the pro files S9312 and
2004-2 (Fig. 2) the S1 and S2 re flec tors are in dis tin guish able
along many  ap prox i mately N–S trending lines and the thick -
ness of the unit ap proaches to zero (e.g. 2004-5 in Fig. 5). Off -
shore from Gotland north-east, the pre-Adavere Si lu rian por -
tion is nor mally about 10–15 m thick. How ever, it can wedge
out above the large car bon ate mounds (Fig. 9).

THE O4–5–S2 UNIT (ORDOVICIAN-SILURIAN BOUNDARY BEDS)

The max i mum thick ness of the O4–5–S2 unit (>80 m) oc curs
just off shore from Saaremaa. The min i mum val ues, about
45–50 m, ap pear in many places within the west ern half of the
area in ves ti gated (Fig. 10). There oc curs a slight south west erly
and south erly thick ness dim i nu tion of this unit off shore from
Saaremaa and from Gotland, re spec tively. In gen eral, the thick -
ness changes in this unit are mainly de pend ent on the thick ness
al ter na tions in the pre-Adavere Si lu rian por tion (S1–S2 unit). 

THE THICKNESS OF THE PORKUNI STAGE (or2–S1 UNIT)

The Porkuni Stage is in dis tin guish able in most of the seis -
mic lines due to its neg li gi ble thick ness or lack of equiv a lent
lay ers be tween Saaremaa and Gotland. The unit is iden ti fied
only in the ero sional cuts along the oc ca sional or2 re flec tor off -
shore from Gotland. Val ues of 12–16 m (Fig. 10) are in good
ac cor dance with the core sec tions (Puikule, Holdre, Ruhnu
etc.) from South ern Es to nia and North ern Lat via. Here, in the
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Fig. 10. Es ti mated thick ness val ues of the seis mic units O4–5–S2, O4–5–S1 and S1–S2 be tween Saaremaa and Gotland



tran si tional belt be tween the Es to nian Shelf and the Livonian
Tongue (Fig. 1) the thick ness of Porkuni Stage var ies around
14–18 m (see Hints and Meidla, 1997b, figs. 61, 62). 

COMPARISION BETWEEN OFF- AND ONSHORE
THICKNESSES AND TRENDS

UPPERMOST ORDOVICIAN 

The thick ness of the O4–5–S1 unit off shore from north west -
ern Saaremaa (40–45 m) matches well with its val ues in the
near est Emmaste 49.8 m, Undva 41.6 m and Viki 45.8 cores
on shore (Figs. 2 and 10). A strik ing thick ness change on shore
oc curs in south west ern Saaremaa. The 44.1 m thick O4–5–S1

unit, mainly of Pirgu age (41.4 m) in the Kaugatuma core van -
ishes en tirely in the Ohessaare core some 20 km south wards
(Fig. 10; Hints and Meidla, 1977a, b). The Porkuni and Pirgu
rocks, re spec tively 2.5 and 7.7 m in thick ness, ap pear again in
the Kolka core in North ern Lat via (Kaljo et al., 1988; Fig. 2).
The thick ness of the lay ers in creases to wards South ern Lat via.
Due to the shal low-wa ter mul ti ples we were not able to as sess
the thick ness of the O4–5–S1 unit along the west ern coast off -
shore from Saaremaa.

On Gotland, the thick ness of the O4–5–S1 unit is avail able
only from the File Haidar (37 m) and Grötlingbo (16.7 m) cores
(Nálvak and Grahn, unpubl. data), lo cated in the north ern and
south ern part of is land, re spec tively (Fig. 2). In the File Haidar
core, the en tire O4–5–S1 unit (37 m) cor re sponds to the lower half
of the Pirgu Stage. In the Grötlingbo core, the up per most 6.7 m
from this unit cor re sponds to the Porkuni strata, whereas the re -
main ing 10 m is cor re lated with the from the low er most part of
the Pirgu Stage (Nálvak and Grahn, unpubl. data). Thus, on
Gotland this unit re veals con sid er able in con sis tency both in stra -
tig ra phy and in thick nesses.

The clos est thick ness data of the O4–5–S1 unit off shore
north-east of Gotland (about 35–45 m) matches well with the
value in the File Haidar core (Fig. 10). How ever, off shore, in
the ero sional cut(s) along the or2 re flec tor, this unit ob vi ously
in cludes also some 12–15 m of Porkuni strata (Fig. 10), which
on shore were iden ti fied only fur ther south in the Grötlingbo
core (Fig. 2). This fact points to wards a highly ir reg u lar oc cur -
rence and un pre dict able thick ness of the Porkuni strata around
Gotland, which is ob vi ously due to the com bi na tion of three
ero sional events. The ero sion at the Or do vi cian-Si lu rian
bound ary and ob vi ously also at the bound ary of the Raikküla
and Adavere stages have re duced the thick ness of the Porkuni
strata around Gotland. How ever, the ero sional in ci sions along
the Pirgu and Porkuni stages, which first got infilled with the
Porkuni strata and pro tected these lay ers from the later ero -
sions, rep re sent the thick est parts of this unit. 

Al though the thick ness of the O4–5–S1 unit var ies lo cally
both on the Es to nian main land and in the sub ma rine area, re -
gion ally it un der goes a slight re duc tion in thick ness
southwestwards. This is clear on shore, where the Pirgu and
Porkuni stages both have a slightly de creased thick ness on
south west ern Saaremaa com pared to that in Cen tral Es to nia
(Hints and Meidla, 1997a, b). The thick ness vari a tion of the

O4–5–S1 unit off shore from Gotland is ob vi ously due to the nu -
mer ous car bon ate build ups (Figs. 6 and 9), which is well
known (40–65 m) also from Cen tral-South ern Es to nia (Hints
and Meidla, 1997a). 

LOWERMOST SILURIAN

The about 40 m-thick S1–S2 unit off shore from north west -
ern Saaremaa is in good agree ment with the to tal thick ness of
the Juuru and Raikküla stages in the near est on shore bore hole
core (Undva 43.8 m; Fig.10). On Saaremaa, the to tal thick ness
of these stages grad u ally in creases south wards, be ing 51.6,
59.2 and 65.2 m in the Viki, Kaugatuma and Ohessaare bore -
hole cores (Fig. 10), re spec tively. How ever, the first  N–S
thick ness trend of this unit off shore from Saaremaa, first vis i ble 
mid way through the Bal tic, re veals in, op po si tion to the main -
land, a south erly thin ning of the S1–S2 unit.

The rarely ob served thick ness val ues of the S1–S2 unit from
Gotland (Grahn, 1995) show a south wards thin ning trend in the
north ern part of the is land, but a south wards thick en ing trend in
the south ern part. Namely, in the File Haidar core (Fig. 2) the
thick ness of pre-Adavere Si lu rian unit is about 8 m, in cen tral and
south ern Gotland, in the Rosendal and När cores re spec tively
(Fig. 2), the cor re spond ing val ues are 0 and 17 m (Grahn, 1995). 

In an east-west di rec tion, a slight thick ness re duc tion of the
S1–S2 unit is traced on the Es to nian main land (Nestor, 1997).
This re duc tion con tin ues off shore from Saaremaa. Mid way
through the Bal tic this trend dis ap pears, as vary ing thick ness
val ues of this unit off shore from Gotland re veal no clear trends
in thick ness changes.

DISCUSSION AND CONCLUSIONS

HIATUSES IN THE ORDOVICIAN-SILURIAN BOUNDARY
SEQUENCES AROUND GOTLAND

Since the dis cov ery of the dis con tin u ous Or do vi cian-Si lu -
rian bound ary in the File Haidar core be low Gotland

(Thorslund and Westerg¯rd, 1938), the strati graphic span of the 
miss ing Or do vi cian-Si lu rian bound ary beds around Gotland
has been a sub ject of heated dis cus sion (Martinsson, 1967,
1968; Thorslund, 1968). Due to the scarce data, the na ture of
this hi a tus has been treated very cau tiously. Ac cord ing to
Männil (1966), the re duced in flux of sed i ments, or even
non-de po si tion around Gotland since Pirgu time, was caused
by a pro gres sive up lift and shallowing of the Gotland El e va -
tion. He sketched a large land area just north of Gotland by the
end of the Or do vi cian (see fig. 68 in Männil, 1966); how ever,
he never in cluded Gotland in this area, and nei ther men tioned
ero sion to ex plain the Or do vi cian-Si lu rian bound ary hi a tus be -
low Gotland. Al though Thorslund (1968) did not ex clude the
pos si bil ity that Gotland was a main land re sem bling to Northern 
Es to nia at the Or do vi cian-Si lu rian tran si tion, he avoided the
term “ero sion” due to the lack of clear ev i dence.

The seis mic data sup port the rare on shore data from

chitinozoans (Nálvak and Grahn, 1993, unpubl. data; Grahn,
1995), both show ing that the com plete ness of the Or do vi -
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cian-Si lu rian bound ary beds around Gotland is de pend ent on
three hi a tuses with con sid er ably vary ing time spans. The seis -
mic re cord ings have fur ther more re vealed dis tinct ev i dence of
ero sion along all three dis con ti nu ity sur faces, which ac cord ing
to the lat est data from Es to nia (Har ris et al., 2004, 2005) are
largely of sub ma rine or i gin. Thus, the ex tent of the eroded
rocks at the bound aries of the Pirgu and Porkuni stages (or2),
Or do vi cian and Si lu rian sys tems (S1) and Raikküla and
Adavere stages (S2) de ter mine the stra tig ra phy and thick ness of 
the O4–5–S2 unit around Gotland. The dis tri bu tion, the ver ti cal
ex tent and the lo ca tions of max i mum ero sion at these bound -
aries are lat er ally highly vari able. As a re sult, the youn ger ero -
sional sur faces higher up in the sec tion can reach the older ones
un der neath, and thus the thick ness and stra tig ra phy of the Or -
do vi cian-Si lu rian tran si tional beds around Gotland can change
con sid er ably across short dis tances.

HIATUSES IN THE ORDOVICIAN-SILURIAN BOUNDARY
SEQUENCES IN ESTONIA AND NORTHERN LATVIA

All the dis con ti nu ities dis cussed above, with no ta ble hi a -
tuses, are also well known in Es to nia (Einasto, 1986; Kaljo et

al., 1988; Nestor, 1997; Nálvak, 1997; Har ris et al., 2004,
2005; Hints et al., 2005). They def i nitely re flect widely spread
strati graphic gaps along the Es to nian Shelf to the Livonian
Tongue transect (Fig. 1). The ero sional na ture of these hi a tuses
in Es to nia, ei ther subaerial or sub ma rine in or i gin, has been es -
tab lished by many au thors (Ainsaar, 1995; Perens, 1995;
Nestor, 1997; Har ris et al., 2004, 2005; Hints et al., 2005). 

Subaerial ero sion was in duced by two rapid sea level falls
dur ing the Hirnantian Gla ci ation in the lat est Or do vi cian
(Brenchley et al., 2003), which in the Bal tic Ba sin ex posed the
large shal low shelf and slope ar eas and pro duced un con formi -
ties that bracket Porkuni strata on the shelf (Har ris et al., 2004).
In both cases, ex ten sive chan nel ling de vel oped at the
shelf-slope tran si tion (Ainsaar, 1995; Perens, 1995). The shelf
ar eas of the Bal tic Ba sin were prob a bly also ex posed at the
tran si tion be tween Raikküla and Adavere times, which in Es to -
nia is marked by an ex ten sive, north west erly in creas ing ero -
sional hi a tus (Nestor, 1997). 

The struc tural set ting, the shelf and deep-ba sin edge lo ca -
tion along the flank of the Livonian Tongue fa voured sub ma -
rine ero sion and slump ing of muddy sed i ments at the bound ary
of the Pirgu and Porkuni stages (Har ris et al., 2004). This struc -
tural back ground and thus sim i lar sub ma rine ero sional pro -
cesses prob a bly char ac ter izes also the Or do vi cian-Si lu rian
bound ary. As will be dis cussed be low, sub ma rine slope pro -
cesses on the shelf deep-ba sin transect most likely played an
im por tant role also in the for ma tion of the ero sional
disconformity at the bound ary of the Raikküla and Adavere
stages. 

COMPARISON OF EROSIONAL SURFACES AND TRENDS
BETWEEN ESTONIA AND GOTLAND

The style and amount of ero sion at the bound ary of the
Pirgu and Porkuni stages around north ern Gotland dif fers con -
sid er ably from that of the Es to nian Shelf, be ing more sim i lar to
the ero sional fea tures re vealed be tween the Es to nian Shelf and

Livonian Tongue transect in Cen tral-South ern Es to nia and
North ern Lat via (Fig. 1). First, the chan nel-like in ci sions in the
Pirgu strata be tween the car bon ate mounds are well doc u -
mented fea tures both off shore from north ern Gotland (Tuuling
et al., 1995; Tuuling and Flodén, 2000) and in Cen tral-South -
ern Es to nia (Ainsaar, 1995; Perens, 1995; Hints et al., 2005).
Sec ondly, a zone of abruptly south wards re duc ing thick nesses
in the Pirgu strata that oc curs around the Es to nian and Lat vian
bor der (see Hints and Meidla, 1997a, fig. 58; Har ris et al.,
2004) is also es tab lished in the seis mic lines and bore hole cores
around north ern Gotland. 

The chan nel ling and slightly south erly in creas ing ero sional
cut along the Or do vi cian-Si lu rian bound ary are com mon fea -
tures on- and off shore Gotland and in Es to nia (Perens, 1995;
Hints and Meidla, 1997b; Nálvak, 1997; Har ris et al., 2004). The 
area of max i mum ero sion along the Or do vi cian-Si lu rian bound -
ary more or less co in cides with the abrupt ero sional cut along the
Pirgu and Porkuni stages both in Es to nia (see Hints and Meidla,
1997b, fig. 61) and around Gotland. The miss ing Porkuni rocks
in some bore hole cores in South ern Es to nia (see Hints and
Meidla, 1997b, fig. 61) and in the File Haidar core on Gotland
cor rob o rate the seis mic data, show ing that in places the ero sional 
cut along the Or do vi cian-Si lu rian bound ary can reach the un der -
ly ing ero sional bound ary of the Pirgu and Porkuni stages. 

Thus, the changes in the O4–5–S1 in ter val in the area be tween
north west ern Saaremaa and north ern Gotland are sim i lar to a
north-south gra di ent that ap pears in the same in ter val in the Es to -
nian main land. This sug gests that they have been caused by the
com mon struc tural and fa cies changes in the Bal tic Ba sin. The
slightly vary ing thick ness and con stant in ter nal struc ture of this
unit, typ i cal of a shal low shelf set ting, stretches from North -
ern-Cen tral Es to nia across south ern Hiiumaa/north ern Saaremaa 
and con tin ues off shore up to mid way be tween Saaremaa and
Gotland. Con sid er able thick ness vari a tions, nu mer ous car bon ate 
mounds, the chan nel-like in ci sions and south wards dip ping sur -
faces of ero sional or i gin in the O4–5–S1 unit are typ i cal fea tures
for the tran si tional belt (Fig. 1). West of Es to nia, the lat ter fea -
tures ap pear only faintly mid way be tween Saaremaa and
Gotland, and grad u ally get stron ger to wards Gotland.

The ero sional cuts at the bound ary of the Raikküla and
Adavere stages around north ern Gotland and east of the Bal tic
show op po site trends. In Es to nia, the amount of the miss ing
Raikküla Stage, and thus the ero sional cut along its up per
bound ary, di min ish southeastwards (see Nestor, 1997, fig. 66
and ta ble 8). Off shore from north east ern Gotland, how ever, the 
S1–S2 unit wedges out south wards along the ero sional S2 re flec -
tor in many seis mic pro files (Figs. 5 and 10). The south erly re -
duc ing thick ness of this unit ap pears also in the north ern half of
Gotland. The 8 m thick S1–S2 unit in the File Haidar core is en -
tirely miss ing in the Rosendal core (Fig. 2; Grahn, 1995). How -
ever, the 17 m-thick S1–S2 unit in the När core fur ther south
(Fig. 2; Grahn, 1995) proves that on south ern Gotland this unit
has a south erly in creas ing thick ness as in Es to nia. 

Based on these trends we may as sume that a wide, north-east
to south-west ori ented val ley-like ero sional in ci sion once ex -
tended along the bound ary of the Raikküla and Adavere stages
across the Bal tic. The val ley con nected the ar eas north of the
pres ently out crop ping Raikküla rocks in Es to nia with cen tral
Gotland. In Es to nia, only the south east ern slope of this in ci sion
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has been pre served. Its north west ern slope with the south to
south east erly re duc ing thick ness of the S1–S2 unit has prob a bly
been re moved by pre-De vo nian and mod ern ero sional events. 

Thus, the anal o gous ero sional pat terns and fea tures in Cen -
tral-Southern Es to nia and around Gotland at the end of the Or -
do vi cian pe riod are mostly due to the fact that both of these ar -
eas were struc tur ally placed at the shal low shelf to deep basinal
transect. This dis tally steep en ing slope area was li a ble to sub -
ma rine slump ing of muddy sed i ments and subaerial chan nel -
ling dur ing the abrupt sea level falls. 

In the Early Si lu rian, the pro gress ing Cal edo nian Orog eny
and tec tonic move ments on the south ern slope of the Bal tic
Shield grad u ally re ar ranged the bot tom mor phol ogy of the Bal -
tic Ba sin be tween Es to nia and Gotland. Due to the gen eral sub -
si dence of the ar eas south/south-west of Es to nia, the deep-wa -
ter cen tral de pres sion of the Bal tic Ba sin, namely the Livonian
Tongue, be came most ac cen tu ated at the tran si tion of the
Raikküla and Adavere times (Nestor, 1990). West of Es to nia,
sub si dence of the Bal tic Ba sin was prob a bly also in duced by an 
ac tive deep crustal struc ture, the Bothnian-Bal tic mo bile zone
(Puura and Flodén, 1997), which has in flu enced the palaeo ge -
ogra phy in Baltoscandia re peat edly since the Mid dle Pro tero -
zoic (Tuuling and Flodén, 2000b). These events also in volved
the ar eas around Gotland and the eastwesterly ori ented fa cies
belts be tween Es to nia and Gotland, typ i cal dur ing the Or do vi -
cian, grad u ally as sumed a north-west to south-east ori en ta tion
in Early Si lu rian (see Bas set et al., 1989, fig. 119). 

This new struc tural set ting, how ever, may be a clue to wards
ex plain ing the north-east to south-west di rected ero sional in ci sion, 
de scribed above, at the bound ary of the Raikküla and Adavere
stages, as well as towards un der stand ing the na ture of the miss ing
Llandovery rocks around Gotland. This in ci sion, that crosses the

fa cies belts, may re flect a large sub ma rine ero sional chan nel,
which formed on a steep shelf to deep-ba sin transect. Along this
chan nel, the instable muddy slope sed i ments were, dur ing the
Early Si lu rian, re peat edly trans ported to deeper parts of the Bal tic
Ba sin. As the strati graphic gap in the Llandovery rocks around
Gotland in cludes also the low er most part of the Adavere Stage
(Grahn, 1995), these sub ma rine slope pro cesses must have still
been ac tive dur ing Adavere time. The lat ter fact is also sup ported
by the seis mic data. The clear thick ness re duc tion in the seis mic
unit over ly ing the S1–S2 unit ap pears in the seis mic lines east of
Gotland (Tuuling and Flodén, 2006). 
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