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Based on struc tural maps, the bed rock struc ture on the south ern slope of the Bal tic Shield is ana lysed. Gently south erly dip -
ping (0.1–0.2°) Paleozoic lay ers from Es to nia to the Swed ish east coast form the Bal tic Homocline (BH). Nu mer ous
monoclinal folds, forced by base ment fault ing, in duce slight vari a tions in bed rock at ti tude across the BH. Stud ies on faults
ex posed in South ern Fin land sug gest that many monoclinal folds in duc ing base ment faults within the BH are of Pre cam brian
or i gin and have been ac tive in pulses. The pres ent mono clines were shaped by the Cal edo nian Orog eny. Submeridional tec -
tonic hinge-lines in duce mi nor re gional-scale changes in the struc tural set ting and con trol trends/styles of the forced folds.
From the west, the BH bounds with the Bal tic–Bothnian mo bile zone that has been in ter mit tently ac tive since
Mesoproterozoic times. The evolv ing Bal tic Syneclise in the Si lu rian re ar ranged the struc tural set ting typ i cal for the Or do vi -
cian Bal tic Ba sin. The Ce no zoic up lift of Scan di na via cre ated a SE-to-E-dip ping bed rock se quence around the
Gotland–Öland area. As the lat ter area had a dif fer ent at ti tude than the BH, two Ce no zoic cuesta-sets started to evolve
around the north ern Bal tic Proper. They both had an out let to the N–S-flow ing Eridanos River around the Gotska Sandön
area, cre at ing thus two in de pend ent sec tions of the Bal tic Klint.
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INTRODUCTION

Cam brian dikes pre served in the base ment fis sures
(Martinsson, 1956), Pa leo zoic out li ers in tec tonic grabens/de -
pres sions or im pact crat ers (Puura et al., 1996; Puura and
Plado, 2005), as well as al tered Lower Cam brian clay min er als
and acritarchs (Hagenfeldt, 1997; Kirsimäe et al., 1999) re veal
that the Bal tic Shield re gion in the East Eu ro pean Craton in te -
rior was once cov ered by a much thicker Vendian to De vo nian
rocks that ex tended fur ther north. In ac cor dance with the re -
gional tec tonic de vel op ment and struc tural set ting, a great
amount of Early Pa leo zoic rocks have been re moved from the
Bal tic Shield area. Pres ently, a cuesta-type ter raced re lief,
eroded into the Cam brian–Si lu rian lay ers, ex tends along the
Bal tic Shield–East Eu ro pean Plat form con tact from Es to nia
across the cen tral Bal tic Sea, and con tin ues along the east
coast of Swe den (Tuuling and Flodén, 2016).

The plat form cover in the north west ern cor ner of the East
Eu ro pean Plat form con sists largely of Lower Pa leo zoic rocks.
Ex posed from the Lake Ladoga dis trict in NW Rus sia to the Es -
to nian west coast and hid den be low the Bal tic Sea, the Cam -
brian–Si lu rian se quences emerge again on the is lands of

Gotland and Öland off the Swed ish east coast (Fig. 1). Al though 
the dis tri bu tion of co eval rocks across the cen tral Bal tic Sea has 
al ready been re solved in the mid-1800s (Murchi son, 1844;
Schmidt, 1859; see Tuuling and Flodén, 2009a), their ex act
geo log i cal/struc tural re la tions have re mained largely un clear for 
about a cen tury. Only the bore holes drilled in the 1940–1950s in 
the Bal tic coun tries, Rus sia, Po land and Swe den (e.g.,
Martinsson, 1958; Männil, 1966; Kaljo, 1970) ce mented the
idea of a unique Palaeobaltic Or do vi cian–Si lu rian ba sin.

The bore holes have shown that the area of Es to nia was sit -
u ated in the shal low est part of this S–SE-ward deep en ing ba -
sin. Thus, the Or do vi cian and Si lu rian se quences ex posed re -
spec tively on Öland and Gotland rep re sent deeper fa cies va ri -
et ies of the rocks seen in Es to nia (Männil, 1966; Kaljo, 1970,
1977; Jaanusson, 1976; Jeppsson et al., 1994; Nestor and
Einasto, 1997). How ever, al most no at ten tion has been paid to
the fact that the cur rent struc tural set ting of the Pa leo zoic se -
quence along the Swed ish east coast con tra dicts the con cep -
tion of a joint, south west ward deep en ing Or do vi cian–Si lu rian
ba sin ex tend ing from Es to nia across Scan di na via. Namely, a
much deeper lime stone fa cies around Gotland–Öland oc curs
pres ently at the same or even higher el e va tion as co eval shal -
low-ma rine rocks in Es to nia. Fur ther more, their south east erly to 
east erly tilt op poses the gen eral south to south west erly deep -
en ing fa cies trend in this ba sin. Hence, the pri mary struc tural
set ting of the Or do vi cian–Si lu rian lay ers ex posed along the
Swed ish east coast has had con sid er able changes.

Ex ten sive seis mic pro fil ing since the early 1960s has re -
sulted in a huge amount of data about the dis tri bu tion, thick -
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nesses, and thus struc ture of dif fer ent Pa leo zoic lay ers be -
neath the cen tral Bal tic Sea (Flodén, 1975, 1980; Flodén et al., 
1994, 2001; Tuuling et al., 1995, 1997; Tuuling and Flodén
2000a, 2001, 2007, 2009a, b, 2011, 2013). Fus ing this in for -
ma tion with the sur round ing main land knowl edge, this pa per
aims to gen er al ise the struc ture of the plat form sed i men tary
cover on the south ern slope of the Bal tic Shield, and to ana -
lyse its changes/trends from Es to nia to the Swed ish east
coast. In the light of this gen er al iza tion, the his tory of struc tural 
re ar range ments of the Pa leo zoic rocks along the east ern
Swed ish coast, i.e. in the Gotland–Öland area and de vel op -
ment of a ter raced Ce no zoic bed rock re lief at the shield-plat -
form transect are dis cussed.

GENERAL GEOLOGICAL-STRUCTURAL SETTING

FORMATION AND EXTENSION 
OF THE ORDOVICIAN–SILURIAN SEQUENCE

The plat form ve neer on the south ern slope of the Bal tic
Shield and along the Swed ish east coast var ies in age from

Neoproterozoic (Vendian) to De vo nian (Fig. 1). How ever, fa -
cies and thick ness trends along with palaeontological data and
patchy bed rock out li ers in Nor way, Swe den and Gulf of Bothnia
etc. re veal that a unique sed i men tary ba sin spread ing across
wide ar eas of Baltoscandia ex isted only dur ing the Or do vi -
cian–Si lu rian pe ri ods (Männil, 1966; Jaanusson, 1976; Owen et 
al., 1990; Kaljo et al., 1991; Baarli, 2003).

The his tory across the west ern mar gin of the Baltica con -
ti nent stretch ing and to wards the Iapetus Ocean in the west
and the Tornquist Sea in the south-west open ing
Baltoscandian Or do vi cian–Si lu rian ba sin (Torsvik and
Cocks, 2013) was largely con trolled by the on go ing Cal edo -
nian Orog eny. Thus, the gently slop ing and re mote con ti nen -
tal hin ter lands reach ing epicontinental Or do vi cian sea
shrank grad u ally to a pericontinental ba sin with a sharply dif -
fer en ti ated bathymetry to wards the Si lu rian pe riod (Nestor
and Einasto, 1997; Tuuling and Flodén, 2009b, 2011). The
pro gres sively clos ing and col lid ing Baltica, Laurentia and
Avalonia con ti nents (Torsvik and Rehnstöm, 2003; Torsvik et 
al., 2012) in duced the for ma tion of a large base ment de pres -
sion, i.e. the Bal tic Syneclise fur ther south of the Bal tic
Shield. A new, elon gate tongue-like depocentre, the so
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Fig. 1. Regional geological-structural setting with a supposed Cenozoic river system that shaped the cuesta-type relief
 and klint escarpments along the Baltic Shield–East European Platform transect 
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called Livonain Tonque with a more com plex and rap idly
chang ing fa cies zonation evolved from the pres ent south ern
Bal tic Sea to wards Es to nia (Jaanusson, 1973).

As a re sult, the Or do vi cian se quence with N–S deep en ing
fa cies/rock units de scribed in Es to nia ex tends to the Swed ish
east coast. It can be eas ily fol lowed in the seis mic lines across
the cen tral Bal tic Sea (Flodén et al., 1994; Tuuling and Flodén,
2009a) and is as cer tained be tween the Swed ish is lands of
Gotska Sandön and Öland (Grahn and Nõlvak, 2010). How -
ever, the more clayey and com plete Si lu rian suc ces sion on
Gotland rep re sents a sig nif i cantly deeper basinal sec tion com -
pared to that on Saaremaa. Thus, the Si lu rian se quences, di -
rectly in com pa ra ble across the Bal tic Sea in terms of fa cies and 
li thol ogy, can be cor re lated based only on de tailed
micropalaeontological stud ies (Jeppsson et al., 1994). The
seis mic cor re la tion of the Si lu rian se quence across the Bal tic
Sea, how ever, is highly ten ta tive. Be sides the vari able and rap -
idly chang ing li thol ogy, the con ti nu ity of the seafloor-form ing Si -
lu rian rocks is dis mem bered by nu mer ous smaller or larger ero -
sional cuts (Tuuling and Flodén, 2009a, b, 2011, 2013, 2016).

THE SUB-VENDIAN/CAMBRIAN PENEPLAIN 
AND THE BALTIC HOMOCLINE

Seis mic stud ies have proved that the gen eral tec tonic set -
ting along side the plat form Pre cam brian base ment and Pa leo -
zoic ve neer re la tions de scribed in Es to nia (Puura and Vaher,
1997) con tin ues be low the cen tral Bal tic Sea area (Tuuling and
Flodén, 2001). Thus, at a gen tle an gle (6–13') un der the plat -
form cover, the south ern slope of the Bal tic Shield forms an ex -
ten sive pe ne plain that is eroded into Pre cam brian crys tal line
rocks (Winterhalter et al., 1981; Puura et al., 1996, 1999).

In most of Es to nia and the cen tral Bal tic Sea, this pe ne plain
has nor mally a south erly tilt (175–182°), which, how ever, de vi -
ates along its flanks clearly to the south-east (see Winterhalter
et al., 1981: fig. 1.16; Sildvee and Vaher, 1995: fig. 5). Thus, the 
tilt az i muth of 164–167° around the Es to nian/Rus sian bor der
turns to about 148° some 10s km fur ther east (Puura and
Mardla, 1972; Tuuling, 1988). Struc ture con tours of the
sub-Cam brian sur face along the Swed ish east coast (Flodén,
1975: fig. 10) re veal that its tilt trend changes con sid er ably
around north ern Gotland. Thus, be ing about 160–165° and
130–135°, re spec tively, north-east and north-west of Gotland,
the tilt az i muth of the base ment sur face at tains a nearly east erly 
trend around the is land of Öland fur ther south (Flodén, 1980).

The re cum bent bed rock lay ers largely con form to, and thus
fol low, this peneplained crys tal line base ment sur face. This
slightly S–SE-slop ing Early Pa leo zoic se quence was east of the 
Bal tic Sea, dis tin guished as the Es to nian Homocline (Puura
and Vaher, 1997). The anal o gous struc ture across the en tire
south ern slope of the Bal tic Shield from NW Rus sia to the north -
ern Gotland area, how ever, is the Bal tic Homocline (BH:
Tuuling and Flodén, 2001, 2016; Fig. 1).

The south ern limit of the BH, drawn pro vi sion ally along the
–550 m struc ture con tour of the crys tal line base ment sur face
(Puura and Vaher, 1997), stretches from south ern Es to nia
across the cen tral Bal tic Sea to the north ern Gotland area (see
Winterhalter et al., 1981: fig. 1.16). On the Es to nian main land,
this bound ary co in cides struc tur ally largely with the north east -
ern sec tion of an ex ten sive tec tonic ac tiv ity zone, the so-called
Liepaja–Riga–Pskov fault zone, where the base ment sur face
can along deep base ment faults oc ca sion ally fall where the
base ment sur face can along deep base ment faults oc ca sion -
ally fall up to 700 m (Brio et al., 1981; Puura and Vaher, 1997).
How ever, no ma jor struc tural changes have been re vealed
along this bound ary, ei ther around south ern Saaremaa or be -

low the Bal tic Sea, where the BH passes smoothly into the Bal -
tic Syneclise.

Fol low ing the Pre cam brian pe ne plain, the over ly ing plat -
form cover along the Swed ish east coast has, com pared to the
BH, a clearly dif fer ent struc tural set ting with a reg u larly chang -
ing at ti tude of the Pa leo zoic lay ers from the north ern Gotland
to wards the is land of Öland. Al though there are many stud ies
dis cuss ing var i ous tec tonic as pects along the Swed ish east
coast (e.g., Flodén, 1975, 1980; Puura and Flodén, 1997; All et
al., 2006), the struc tural tran si tion from the BH to the Swed ish
east coast, as well as the gen eral bed rock struc ture around the
Gotland–Öland area have been so far very poorly dis cussed.
Both these top ics con cern the main goal of this pa per and will
be treated in more de tail be low.

AVAILABLE AND ANALYSED DATA

The struc ture of the BH dis cussed be low is largely based on 
ear lier pub lished struc ture con tour maps. Based on tens of
thou sands of pros pect ing/map ping drill ing re cords on shore, the 
struc tural trends with the at ti tude of the Pa leo zoic se quence, as
well as the style and char ac ter is tics of tec tonic de for ma tions are 
well-con toured and de scribed in Es to nia (Puura and Vaher,
1997; Fig. 2). A sim i lar struc tural map based on con tin u ous
seis mic re flec tion pro fil ing was com piled for the cen tral Bal tic
Sea area (Tuuling and Flodén, 2001; Fig. 3). To eval u ate the at -
ti tude and gen eral struc tural trends of the Pa leo zoic se quence
along the Swed ish east coast and to de scribe its struc tural con -
tact with the BH, a novel struc ture con tour map was drawn for
this study (Fig. 4), com bin ing rare drill ing data scat tered across
iso lated is lands (Hedström, 1923; Thorslund and Westerg¯rd,
1938; Westergård, 1944, 1947; Thorslund, 1958; un pub lished
OPAB and SGU cores) with con tin u ous seis mic re flec tion pro fil -
ing re sults of Flodén (1980).

TECTONIC DEFORMATION 
AND E–W STRUCTURAL CHANGES 

OF THE BALTIC HOMOCLINE

LINEAR ZONES OF DISTURBANCE

In gen eral, the BH as a con ti nen tal in te rior struc ture is tec -
toni cally slightly dis turbed. How ever, at ti tude vari a tions in the
Pa leo zoic se quence oc cur be cause of the so-called lin ear
zones of dis tur bances (LZD) that di vide the 100–500 m thick
plat form ve neer struc tur ally into sep a rate blocks (Puura and
Vaher, 1997; Tuuling and Flodén, 2001). Hav ing the roots in
base ment faults, these usu ally 1–4 km wide and 20–60 km long
flex ural bends in the plat form cover with oc ca sional small faults, 
folds and heavily frac tured/crushed rocks in duce dis cern ible
struc ture con tour dis place ments (Figs. 2, 3 and 5). The off set of
the lay ers be tween the blocks, re main ing usu ally within the lim -
its of a cou ple of 10s m, may at larger LZD reach up to 50 m
(Puura and Suuroja, 1984; Puura and Vaher, 1997).

Since mostly sub-me ridi on ally ori ented LZD tra verse the
sub-par al lel strike of the south erly slop ing homocline (Figs. 2
and 3), the tilt az i muth of the bed rock lay ers within these zones
can oc ca sion ally at tain a nearly east erly or west erly trend. The
high est in cli na tion of the lay ers (up to 18°) was mea sured in the
cen tre of the Ahtme LZD (Kattai and Vingisaar, 1980: fig. 4).
How ever, be sides caus ing slight at ti tude vari a tions of the Pa -
leo zoic lay ers across the BH, in a few places, a sin gle or a group 
of LZD can form a tec toni cally ac tive zone that brings about mi -
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Fig. 2. Structure contour map of the platform cover of Estonia with various sets of LZD, 
which enable main structural subdivisions of the Estonian Homocline (modified after Puura and Vaher, 1997)

I – North Estonian segment, II – Northeastern Estonia Pärnu zone, III – West Estonian part

Fig. 3. Structure contour map of the Paleozoic rocks beneath the central Baltic Sea 
(modified after Tuuling and Flodén, 2001)



nor re gional-scale changes in the struc tural set ting. These, tra -
vers ing me ridi on ally the BH zones with in creased tec tonic ac tiv -
ity, ap pear as some sort of struc tural hinge-lines on the south -
ern slope of the Bal tic Shield. Be sides mod i fy ing the at ti tude of
the bed rock lay ers, these hinge-lines also clearly con trol the
trend and style of the LZD across the BH.

STRUCTURE OF THE ESTONIAN HOMOCLINE

The de tails of the struc tural map (Fig. 2) are, due to ex ten -
sive oil-shale and phosphorite pros pect ing, much greater in
north east ern Es to nia. For the re main der of the ter ri tory, how -
ever, the fre quency of bore holes en ables only larger de for ma -
tions to be seen, which con trol the gen eral struc tural trends of
the plat form cover.

Ex clud ing the highly de formed rocks near the
Liepaja–Riga–Pskov fault zone, the plat form cover in Es to nia
can be struc tur ally di vided into three ar eas (I, II and III in Fig. 2)
based on the gen eral at ti tude of the Pa leo zoic lay ers and the
style and ori en ta tion of the LZD. First, the larg est known
Vihterpalu LZD (~8 km wide, >150 km long, and with ~50 m off -

set) is a tec tonic hinge-line that dis sects the Es to nian
Homocline into the west ern and east ern parts (Fig. 2). The sig -
nif i cantly wider east ern part is di vided into: (1) the North Es to -
nian seg ment; (2) from the Narva dis trict across Lake Peipsi to
the Pärnu bend ing zone, which sep a rates the North Es to nian
seg ment from the Liepaja–Riga–Pskov fault zone (Fig. 2).

The North Es to nian seg ment. The North Es to nian seg -
ment be tween the Vihterpalu LZD and the northeasternmost
cor ner of Es to nia (I in Fig. 2) is char ac ter ized by a uni form at ti -
tude of the bed rock lay ers and a sta ble ar chi tec ture of the LZD.
Thus, the ~6–10' south erly dip ping (tilt az i muth ~178–182°) Pa -
leo zoic se quence is dis sected by the LZD hav ing a largely
north east erly trend (30–40°) and struc tur ally low ered north -
west ern sides. A weak de vi a tion of the tilt trend to wards the
south-east (175°) oc curs near the Vihterpalu LZD (Fig. 2).

North east ern Es to nia–Pärnu zone. This zone (II in Fig. 2)
is char ac ter ized around the North Es to nian seg ment by the
chang ing style and ori en ta tion of the LZD, which is ac com pa -
nied by a grad ual SE–SW-turn ing tilt az i muth of the Pa leo zoic
lay ers. Three dis tinc tive sec tions ap pear from the NE to SW:
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Fig. 4. Structure contour map of the Paleozoic rocks with the main tectonic lineaments along the Swedish east
coast between Gotska Sandön and Öland
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1. A typ i cal sec tion for the east ern flank of the BH with a
south east erly tilt az i muth (160–168°) of the bed rock lay -
ers, which bends and wid ens from northeasternmost
Es to nia across Lake Peipsi southwestwards (Fig. 2).
Around the north ern part of the lake, this seg ment re -
veals a few curvilinear LZD with a north east erly trend
(50–60°) and mostly with struc tur ally low ered south east -
ern sides. How ever, the west ern mar gin of this seg ment, 
some 30–40 km west of Lake Peipsi, is tra versed by a
group of three LZD with a slight north west erly trend
(345–350°) and struc tur ally low ered east ern sides
(Fig. 2).

2. The lat ter group of dis lo ca tions is fol lowed by a
~70–80 km wide, across cen tral-south ern Es to nia
stretch ing sec tion (the Võrtsjärve block) with south erly
tilted Pa leo zoic lay ers. This slightly up lifted block is ter -
mi nated from the west by an ex ten sive sub-me rid i o nal
LZD with a struc tur ally low ered west ern side (Fig. 2).

3. Be tween the lat ter sec tion and the Vihterpalu LZD, a
bed rock block has a south west erly tilt az i muth
(200–210°) that is ex cep tional for Es to nia. A LZD within
this sec tion has, sim i lar to the North Es to nian sec tion, a
north east erly trend (40–50°), with a struc tur ally low ered
south east ern side (Fig. 2).

West Es to nian part. Sim i lar to the North Es to nian seg -
ment, south ward dip ping Pa leo zoic lay ers dom i nate in the West 
Es to nian part of the Es to nian Homocline (III in Fig. 2). How ever, 
un like the lat ter seg ment, the LZD here have ei ther a sub-me -
rid i o nal or a slight north west erly (340–345°) trend and mostly
struc tur ally low ered east ern/north east ern sides. The lat ter trend 
starts with the tec tonic hinge-line (Vihterpalu LZD) and is con -
fined within a 50–75 km wide area west of it. The NW-ward
trending LZD may have both, i.e. ei ther north east ern or south -
west ern side struc tur ally low ered. The area with N–S-trending
LZD and struc tur ally low ered east ern sides cov ers the West Es -
to nian is lands fur ther west (Fig. 2).

In all, these  north west erly trending LZD in duce a struc tur -
ally low ered wedge be tween the Vihterpalu LZD and the
Saaremaa–Hiiumaa is lands, which is dis tin guished from the
sur round ing ar eas by its dis tinc tive south east erly (175°) tilt of
the bed rock lay ers. Within this wedge, a pair of LZD with struc -
tur ally low ered op po site sides de lin eates a nar row horst-like
struc ture (Fig. 2).

BEDROCK STRUCTURE BENEATH THE CENTRAL BALTIC SEA

Re gard ing the num ber and style of the LZD with the at ti tude
of the bed rock lay ers, a tec tonic hinge-line mid way the Bal tic
Sea di vides the sub ma rine BH into the east ern and west ern
halves (Tuuling and Flodén, 2001; Fig. 3). This, mod i fy ing the
struc tural set ting and at ti tude of the bed rock hinge-line, splits
into three sec tions. Thus, the LZD with struc tur ally low ered
east ern and west ern flanks, re spec tively in its north ern and
south ern parts, is sep a rated by a horst-like el e va tion in duced
by a pair of LZD with struc tur ally low ered op po site sides.

East ern part of the cen tral Bal tic Sea. The bed rock struc -
ture typ i cal for the West Es to nian is lands, i.e. a slight (7’) south -
erly (175–180°) tilt of the Pa leo zoic lay ers with sub-me rid i o nal
LZD, con tin ues within the east ern half of the cen tral Bal tic Sea
(Fig. 3). How ever, un like the West Es to nian part, struc tural low -
er ing of the rocks oc curs here equally of ten along the west ern
flanks of LZD. In many places, two closely spaced LZD with
struc tur ally low ered op po site sides form ei ther up lifted horst- or
down-faulted graben-like struc tures.

West ern part of the cen tral Bal tic Sea. Com pared to the
east ern half, the num ber of the sub-me rid i o nal LZD in the west -
ern half of the sub ma rine Bal tic Homocline, par tic u larly just
north-east of F¯rö, in creases no tice ably (Figs. 3 and 4). As they 
all have their west ern flanks struc tur ally el e vated, the tilt az i -
muth of the Bal tic Homocline starts here to de vi ate grad u ally
southeastwards and reaches ~155–160° just NE of Gotland.
Fur ther more, this az i muth change is ac com pa nied by an in cli -
na tion in crease of the bed rock lay ers. Thus, an in cli na tion of

Fig. 5. Modified after Puura and Vaher (1997) geological cross-section across the Aseri LZD 
(with a detailed excerpt of the structure contour map of the platform cover) 

showing the monoclonal forced fold above the basement fault (location see Fig. 2)
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~4.2’ north-east and east of Gotska Sandön, dou bles
southeastwards and reaches ~8.5’ north-east of Gotland.

STRUCTURE OF SEDIMENTARY BEDROCK
ALONG THE EASTERN SWEDISH COAST

Be cause of the rare and scat tered bore holes be tween sol i -
tary is lands, avail able data for es ti mat ing the struc ture of the
Pa leo zoic se quence along the Swed ish east coast are scarce.
Thus, re gard ing the at ti tude, usu ally only a gen tle south east erly 
tilt of the Pa leo zoic lay ers on Gotland (e.g., Munthe et al., 1925;
Hede, 1960) or an east to south east ward tilt on Öland (e.g.,
Stouge, 2004; Grahn and Nõlvak, 2010) are men tioned. The tilt
of the Si lu rian lay ers, if men tioned, is es ti mated roughly to be
<1° (e.g., Munnecke et al., 2000; Calner et al., 2004). How ever,
ac cord ing to the most re cent as sess ments (Erlström et al.,
2009), this an gle on Gotland re mains be tween 0.2–0.4°. A very
rough in cli na tion of the Or do vi cian lay ers, i.e. <2°, has been
pointed out on Öland (Grahn and Nõlvak, 2010).

STRUCTURAL MAP ALONG THE SWEDISH EAST COAST

To as sess the at ti tude and gen eral struc tural trends of the
Pa leo zoic rocks along the Swed ish east coast, a struc tural map
was com piled by com bin ing ap pro pri ate drill ing and ma rine
seis mic data around the Swed ish is lands of Gotska Sandön,
F¯rö, Gotland and Öland (Fig. 4). To ob tain the best re li abil ity
be tween the on shore and off shore data and to maxi mise struc -
ture con tour ing data points off shore, the Cam brian–Or do vi cian
bound ary was cho sen as the most in for ma tive struc tural sur -
face. This sur face, co in cid ing largely with the con tact of
terrigenous and cal car e ous rocks (Tuuling and Flodén, 2009a;
Niel sen and Schovsbo, 2011), is eas ily rec og niz able as a
strong seis mic re flec tor (O1) just be low the rim of the sub ma rine 
Bal tic Klint (Tuuling and Flodén, 2016), and can be firmly fixed
even in the bore holes when no core was taken. Fur ther more,
this level en ables the struc tural tran si tion and changes from the
cen tral Bal tic Sea area to be fol lowed di rectly to wards the
Swed ish east coast; its emer gence above the sea can be pre -
cisely lo cated on the geo log i cal map of Öland (Figs. 3 and 4).

ATTITUDE CHANGES OF PALEOZOIC LAYERS 
FROM THE GOTSKA SANDÖN AREA TO ÖLAND

Con tour ing of the Cambrian–Ordovician bound ary along
the Swed ish east coast is due to the bore holes be ing best con -
trolled around the is lands of Gotland and Öland. On Gotland,
where the num ber of bore holes is the great est, and thus the
con trol over the struc ture con tours is the best, a dis cern ible dif -
fer ence ap pears in the at ti tude of the Pa leo zoic lay ers be tween
the north ern and south ern parts. Thus, the tilt az i muth and dip
of the bed rock lay ers that are 145–150°/9’ around north ern
Gotland, change to 130–135°/11.4’ and 120–125°/13.8’ in the
mid dle and the southwest ern part of the is land, re spec tively. On 
Öland, where the al ti tude of the Cambrian–Ordovician bound -
ary can be fixed in nu mer ous out crops and bore holes, the cor -
re spond ing val ues are ap prox i mately 100–110°/11.4’.

Off shore, con tour ing of the Cam brian–Or do vi cian bound ary 
can be con trolled by the sur round ing main land data only be -
tween north ern most Öland and south ern most Gotland (Fig. 4).
Thus, to con tour the Cam brian–Or do vi cian bound ary north -
west/west of Gotland and north/north-east of Öland, aux il iary
data points were fixed for cal cu lat ing the O1 re flec tor al ti tude at

points where the seis mic pro files crossed the sub ma rine Bal tic
Klint (Fig. 4). Ac cord ing to the com piled map, the tilt az i muth
and in cli na tion of the Pa leo zoic lay ers north-west of Gotland are 
140–145°/10–11’. Fur ther south, i.e. west/south-west of Visby,
the tilt az i muth and in cli na tion an gle of the Pa leo zoic lay ers
grad u ally con verge to val ues typ i cal for the Öland area
(100–110°/11.4’). How ever, it seems that south of Visby the tilt
of the bed rock lay ers in creases slightly from the main land to -
wards Gotland. This is par tic u larly ev i dent be tween Öland and
Gotland, as the an gle of the south east erly tilt ing bed rock lay ers
around south ern Gotland is ~20’.

DISCUSSION

LINEAR ZONES OF DISTURBANCE: KEY TECTONIC DEFORMATION
CONTROLLING THE BALTIC HOMOCLINE STRUCTURE

The struc ture of the BH, though con toured and stud ied in
de tail in NE Es to nia, misses a gen er al iz ing anal y sis, and no at -
tempts have been made to fol low its tran si tion from the cen tral
Bal tic Sea area to the Swed ish is lands of Gotland and Öland.
Be sides a  new struc tural map along the Swed ish east coast,
there are two fur ther as pects that were taken into con sid er ation
to pro mote dis cus sion of the struc ture of the BH. As the struc -
ture of the plat form cover de pends largely on the tec tonic de vel -
op ment/struc ture of the un der ly ing, di rectly in ac ces si ble crys tal -
line rocks, more at ten tion was paid to: (1) ar eas with anal o gous
tec tonic/struc tural set ting where the cratonic base ment and
plat form cover re la tions in the con ti nent in te ri ors have been
better ex plored and ex pe ri enced; (2) the neigh bour ing Bal tic
Shield, where the rocks of the same Paleoproterozoic
Svecofennian Do main are ex posed and have been di rectly sur -
veyed. They both pro vide use ful in for ma tion that can be di rectly
used or wid ened to our study area. This con cerns par tic u larly
the LZD in duc ing blind crustal faults, i.e. the main tec tonic
structures controlling the structure of the BH.

LZD AS MONOCLINE FORCED-FOLDS WITH COMPLEX HISTORY 
OF THE BASEMENT FAULT

In dis cus sions about the tec ton ics of the Bal tic re gion (e.g.,
Suveizdis, 1979; Puura and Vaher, 1997; Šliaupa and Hoth,
2011), the cratonic base ment and plat form ve neer as so ci ated
LZD (Figs. 2 and 5) have been mostly treated as compressional 
base ment faults of the Cal edo nian Orog eny. Sim i lar stress ori -
en ta tion and tim ing es ti ma tions are based on their dom i nat ing
north east erly trend and dis lo cated Early Pa leo zoic rocks in NE
Es to nia. This is in spite of the fact that sev eral LZD point to -
wards synsedimentary move ments from much ear lier stages
than the prime of the Cal edo nian Orog eny at the Si lu rian–De vo -
nian tran si tion (Puura et al., 1996; Puura and Vaher, 1997;
Tuuling and Flodén, 2001). Thus, thick ness/lithological anal y sis 
of the plat form cover in di cate clearly that many of these blind
base ment faults were ac tive prior to the Cal edo nian Orog eny.

In fact, there are no di rect data to de ter mine ex plic itly ei ther
the style or the ki ne matic types of these blind base ment faults
(Fig. 5) or to date their ini tial cre ation. Thus, based purely on the 
ori en ta tion and age of the dis turbed sed i men tary rocks, any
kind of sug ges tions as to when and in which stress-field ori en ta -
tion these base ment faults were cre ated, would be highly spec -
u la tive (Hobbs et al., 1976).

Mor pho log i cally sim i lar asym met ri cal monoclinal folds in the 
plat form cover above the ver ti cal/steeply dip ping base ment



faults (Fig. 5) are wide spread in the in te rior plat form of North
Amer ica. There have been many stud ies prov ing that sim i lar
struc tures can have long and com plex geo log i cal his to ries with
ver sa tile tec tonic re gimes and stress-field con di tions (e.g.,
Stearns, 1978; Schmidt et al., 1993; Marshak and Paulsen,
1997; Johanson and Johanson, 2002; Pinet, 2016). Caused by
the ver ti cal move ments of base ment blocks, monoclinal folds
(also called as drape or forced folds) can de velop in both
compressional and extensional re gimes, i.e. they can be
equally as so ci ated with nor mal or re verse faults (Stearns, 1978; 
Pine, 2016). Many faults have been in ter mit tently ac tive, re veal -
ing thus pe ri ods when high stresses with var i ous ori en ta tions,
in duced along the craton mar gin, were trans mit ted into the con -
ti nen tal in te rior (Marshak and Paulsen, 1997; van der Pluijm et
al., 1997; Pinet, 2016).

SHEAR ZONES AND FAULT ARRAYS IN THE CRYSTALLINE BASEMENT
OF SOUTHERN FINLAND

From NW Rus sia to the Swed ish east coast, the cratonic
base ment along the Bal tic Shield–East Eu ro pean Plat form
transect be longs largely to the Paleoproterozoic (1.93–1.8 Ga)
Svecofennian Do main (Kirs et al., 2009), which was amal gam -
ated at ~1.8–1.7 Ga into a larger, co her ent and rigid mass of
con ti nen tal crust form ing the East Eu ro pean Craton
(Bogdanova et al., 2008). Crys tal line rocks ex posed in Fin land
and Swe den (Väisänen and Skyttä, 2007; Torvela et al., 2008;
Mertanen et al., 2008; Högdhal et al., 2009), as with the base -
ment stud ies in Es to nia (Soesoo et al., 2004; Fig. 6), have re -
vealed many dif fer ent plate tec tonic as sem blages of the
Svecofennian Orog eny, i.e. the crustal units that are nor mally
sep a rated by dis tinc tive shear zones. An other sig nif i cant time
in ter val as so ci ated with the for ma tion of the cratonic base ment
in this re gion co in cides with postorogenic magmatism at
~1.67–1.54 Ga, when large rapakivi in tru sions (e.g., Vyborg,
�land, Riga) were formed (Kirs et al., 2009; Fig. 6).

Ex ten sive stud ies on the shear zones and faults in South ern 
Fin land (Elminen et al., 2008; Mertanen et al., 2008;
Wenneström et al., 2008) have re vealed their very com plex set -
ting, where shear zones/faults with var i ous ori en ta tions, styles,
and thus dif fer ent de for ma tion mech a nisms and stress fields
cross-cut each other. Based on fault types and trends, Elminen
et al. (2008) dis tin guished seven groups of faults formed at dif -
fer ent stages of the Svecofennian Orog eny, rapakivi
magmatism and dur ing the later ep ochs of cool ing and ex hu ma -
tion of the base ment. All re veal dis tinct fea tures of later re ac ti -
va tion; some may have been ac tive even in Me so zoic time
(Smethrust et al., 1998; Larsson et al., 1999; Murell, 2003;
Preeden et al., 2008, 2009).

CRYSTALLINE BASEMENT STRUCTURE VERSUS LINEAR ZONES 
OF DISTURBANCE ACROSS THE BALTIC HOMOCLINE

As de scribed be fore, based on the trend and style, var i ous
groups of LZD ap pear in dif fer ent ar eas of the BH (Figs. 2
and 3). The style of an LZD, treated in this pa per as the struc tur -
ally lower/higher side on the con tour maps, re veals only the in -
cli na tion trend of its steeper monocline limb in the plat form
cover. Al though it also shows which fault block oc curs
higher/lower in the base ment sur face, it con tains no in for ma tion 
as to whether there is a nor mal or re verse fault (Fig. 5), i.e.
whether it was formed in a compressional or ten sional stress
field. The pos si ble strike-slip com po nent, which is rarely seen in 
the plat form cover at this kind of struc tures (Marshak et al.,
2003), has been so far en tirely ne glected at the LZD. In this

sense, the LZD or groups of LZD that ex press fea tures of a re -
gional struc tural hinge-line must be more care fully ana lysed.

In South ern Fin land, pri mary fault ing and later re ac ti va tion
pro cesses are con trolled by larger Svecofennian crustal units
and ex ten sive, well-de fined shear zones that di vide them
(Mertanen et al., 2008). In this re spect, the LZD in Es to nia (par -
tic u larly in the east ern part) fol low to a cer tain ex tent also the
main Svecofennian crustal units (Fig. 6). Thus, the set of the
NE-trending LZD with struc tur ally low ered NW sides oc curs
largely within the Alutaguse and Tallinn zones. The NE Es to -
nia–Pärnu zone with reg u larly chang ing ori en ta tion and style of
the LZD con forms around the Alutaguse crustal unit, and is to
some ex tent con trolled by the Mid dle Es to nian Fault Zone
(Fig. 6). How ever, its curved shape and the eastwesterly chang -
ing trend and style of the LZD with a wide el e vated Võrtsjärve
block in its cen tral part (Fig. 2) seem to be largely con trolled by
the heavily up lifted sec tion along the Liepaja–Riga–Pskov fault
zone (Figs. 2 and 6). This up lifted sec tion, also re ferred to as the
Valmiera–Mõniste–Lokno Up lift, where the am pli tude ex ceeds
700 m along deep base ment faults, was formed largely dur ing
the Cal edo nian Orog eny in lat est Si lu rian and ear li est De vo nian
time (Puura and Vaher, 1997).

There are no clear base ment units that con trolled the dis tri -
bu tion of the LZD in the West Es to nian part. Here, the LZD with
a sub-me rid i o nal or even a slight north west erly trend and
mostly with struc tur ally up lifted west ern/south west ern sides
cross-cut the Mid dle Es to nian Fault Zone, and also prob a bly
some larger rapakivi in tru sion(s) (Figs. 2 and 6).
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Fig. 6. The main struc tural units of the Es to nian Homocline plot -
ted against the ma jor plate tec tonic as sem blages of the
Svecofennian Orog eny in the crys tal line base ment of Es to nia
(af ter Kirs et al., 2009, mod i fied)

MEFZ – Middle Estonian Fault Zone



As the crys tal line base ment map for the off shore area is
con structed based on geo phys i cal data, no sim i lar level com -
par i son is pos si ble be neath the cen tral Bal tic Sea. How ever,
the struc tural hinge-line mid way in the cen tral Bal tic Sea, which
con trols the at ti tude of the bed rock lay ers and the fre quency
and dis tri bu tion of the sub ma rine LZD (Fig. 3), may have a deep 
crustal or i gin. An an cient failed rift struc ture has been sug -
gested by Ostrovsky (1995) be neath the cen tral Bal tic Sea,
based on deep-seis mic data. As the LZD have largely west ern
sides struc tur ally el e vated west of this hinge-line, this tec toni -
cally ac tive zone marks also the area where the crys tal line
base ment sur face starts to rise steadily to wards Swe den. How -
ever, closer to the Swed ish east coast, the tec tonic set ting, and
thus the fault fre quency and trends, are more likely to be in flu -
enced by the so-called Bothnian–Bal tic mo bile zone (Puura and 
Flodén, 1997; Tuuling and Flodén, 2000b, 2016).

FAULT ZONES IN SOUTHERN FINLAND VERSUS LZD

Three trends of base ment faults dom i nant in South ern Fin -
land, namely NE–SW, WNW–ESE–NNW–SSE and N–S
(Elminen et al., 2008), are fit ting well with the most fre quent
LZD ori en ta tions of the BH.

Base ment faults and LZD with the NE–SW trend. The
NE–SW-ori ented steep re verse faults of the early
Svecofennian Orog eny with east/south-east-ori ented ki ne mat -
ics con sti tute one of the most strik ing fault groups in South ern
Fin land. These faults were re ac ti vated; new ones with sim i lar
trends formed dur ing the late Svecofennian Orog eny.
Palaeomagnetic stud ies prove that fur ther re ac ti va tion of these
faults oc curred ca. 1580 Ma, 440 Ma, 415 Ma and 300–250 Ma
(Mertanen et al., 2008; Preeden et al., 2009). All ages co in cide
with well-known tec tonic ac ti va tion stages in this re gion, rep re -
sent ing ep ochs of rapakivi magmatism, the Cal edo nian Orog -
eny and the Late Perm ian rift ing/magmatism, re spec tively.

These base ment faults fit well with the NE-trending LZD
with struc tur ally low ered NW sides, which spread widely in the
North Es to nian seg ment. Even the ki ne mat ics from the
east/south-east sug gests that these LZD in NE Es to nia would
sit on top of the re verse faults with up lifted SE sides.
Synsedimentary signs re veal that some of these LZD were ac -
tive in pulses dur ing late Vendian–ear li est Cam brian times
(Puura and Vaher, 1997). How ever, their main de for ma tion
phase with the for ma tion of plat form monoclinal folds prob a bly
took place at the Si lu rian/De vo nian tran si tion. The bed rock re -
mag net isa tion data shows that these LZD were fur ther more re -
ac ti vated in Perm ian times (Mertanen et al., 2008; Preeden et
al., 2008).

Base ment faults and LZD with the WNW–ESE–
NNW–SSE and N–S ori en ta tion. An ar ray of WNW–ESE and
NNW–SSE-ori ented faults in South ern Fin land rep re sents
straight nor mal extensional or sinistral strike slip faults that dip
at an gles of 75–90°, both to the NE and SW. These are the
most abun dant rapakivi gran ites cross-cut ting faults, i.e. they
are re lated ei ther to the rapakivi or to some later tec tonic ep -
ochs. The N–S faults are post-rapakivi sinistral strike-slip faults
that cross-cut the pre vi ous trends. The stress-field of these very 
long ver ti cal to high-an gle N–S-strik ing faults sug gests that this
strike-slip move ment would have also caused hor i zon tal move -
ments in the WNW–ESE- and NNW–SSE-trending nor mal
faults.

The last two fault trends fit with the pre vail ing LZD ori en ta -
tions in the west ern half of the BH (Figs. 2 and 3). The group
with slightly NW-trending LZD is con fined within a nar row
wedge that in cludes the Vihterpalu LZD and a 50–75 km wide

area south-west of it (Fig. 2). The submeridional trend dom i -
nates on the West Es to nian is lands and be neath the cen tral
Bal tic Sea. Like the faults in South ern Fin land, the LZD with
sim i lar trends in West Es to nia are also straight, dis tinc tive and
long struc tures that most prob a bly cross-cut the Mid dle Es to -
nian Fault Zone (Fig. 6). Co in cid ing with a struc tural hinge-line,
the Vihterpalu LZD prob a bly also tra verses the large Märjamaa
rapakivi in tru sion (Figs. 2 and 6). The LZD with the NNW–SSE
trends may also have ei ther the NW or SE sides struc tur ally
low ered.

It is dif fi cult to es ti mate ei ther the ki ne mat ics or the type of
the base ment faults that cre ated the LZD with sim i lar trends.
Even so, the oc cur rence of nu mer ous graben-/horst-like struc -
tures be neath the east ern part of the cen tral Bal tic Sea hints
rather to the nor mal faults of an extensional re gime. No
strike-slip com po nent, typ i cal for sim i larly trending base ment
faults in South ern Fin land, has been traced in the plat form
cover of Es to nia. How ever, there are some in di ca tions sug gest -
ing that be sides dip-slip, fault that un der lies the Vihterpalu LZD
may also have an oblique strike-slip com po nent.

First, the strike of the bed rock lay ers on both sides of the
Vihterpalu LZD de vi ates dis tinc tively from that in the sur round -
ing ar eas (Fig. 2). Thus, the nar row wedge with the
NW-trending faults of var i ous styles, south-west of the
Vihterpalu LZD, may point to wards some strike-slip “jos tling” of
the base ment blocks. Sec ondly, this struc tural hinge-line also
slightly mod i fies the course of the Bal tic Klint. The lat ter, across
the BH ex tend ing es carp ment, which has an ap prox i mate W–E
course in north ern Es to nia, at tains a slight south west erly trend
in north west ern Es to nia (Tuuling and Flodén, 2016).

No clear re ac ti va tion signs have been dis cov ered for this
group of base ment faults in South ern Fin land. How ever, ac -
cord ing to synsedimentary in di ca tions in the plat form cover, the
Vihterpalu LZD was ac tive in Early Cam brian times (Puura and
Suuroja, 1984; Tuuling and Flodén 2001: fig. 9). Thus,
monoclinal plat form folds with sim i lar ori en ta tions were largely
formed dur ing the Cal edo nian Orog eny at the Si lu rian/De vo -
nian tran si tion.

TECTONIC SETTING VERSUS BEDROCK
STRUCTURE ALONG 

THE SWEDISH EAST COAST

Bothnian–Bal tic mo bile zone. In the re gional set ting, the
area along the Swed ish east coast has been a high tec tonic ac -
tiv ity zone since Mesoproterozoic times, be ing char ac ter ized by 
an in creased num ber and am pli tude of dis lo ca tions that have
been re peat edly re ac ti vated. Thus, the Swed ish coast line is in
places, par tic u larly in the Gulf of Bothnia, con trolled by an cient
base ment faults and is bor dered by se ries of down-faulted Pre -
cam brian rift-type struc tures (viz. Bothnian Bay, Bothnian Sea,
�land Sea, Landsort Trench: Flodén, 1980; Winterhalter et al.,
1981; Wännas, 1989; Söderberg, 1993). Dur ing Early Pa leo -
zoic times, this zone also con trolled the dis tri bu tion/con fig u ra -
tion of the sed i men tary bas ins that de vel oped in this re gion
(Flodén, 1980; Bas set et al., 1989; Hagenfeldt, 1994; Puura
and Flodén, 1997; Tuuling and Flodén, 2000b). Di vid ing the
tec toni cally op po site and oblique move ment ar eas, this
intracratonic deep crustal Bal tic–Bothnian mo bile zone (Puura
and Flodén, 1997) also ter mi nates the west ern ex ten sion of the
south erly slop ing BH (Tuuling and Flodén, 2016).

Landsort–F¯rö area: a highly ac tive seg ment of the
Bothnian–Bal tic mo bile zone and Bal tic Homocline con tact. Al -
though the BH re veals in creased tec tonic ac tiv ity with mi nor
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mod i fi ca tions in the struc tural set ting al ready NE of Gotland, a
sig nif i cant change in the at ti tude of the bed rock lay ers is
brought about by a group of deep base ment faults/fault sys tems 
around north ern Gotland (Flodén, 1980: fig. 18; Fig. 4). This
group of ra di ally spaced faults with a northwestwards in creas ing 
trend forms the heavily de formed fan-shaped Landsort–F¯rö
sec tor (Flodén, 1980) that wid ens from Gotland to wards the
Swed ish east coast in the north-west (Fig. 4). Thus, if a few
east ern most fault lines just west of Gotska Sandön still have a
submeridional trend that is typ i cal for the LZD in the cen tral Bal -
tic Sea area, then the north west erly strike of the faults be comes
dom i nant to wards Swe den and pre vails fur ther south along its
east coast (Fig. 4). Ex cep tion ally, the heavily de formed
Landsort–F¯rö sec tor is lim ited from the north-west by a north -
erly- to north east erly-trending curvilinear fault sys tem that
bounds the nar row Landsort Trench (see All et al., 2006: fig. 3;
Fig. 4), with the deep est point (–459 m) be low the Bal tic Sea.

The Landsort–F¯rö sec tor man i fests a very com plex ar chi -
tec ture with sig nif i cant, along the high-an gle to the ver ti cal faults 
and fault sys tems down-faulted and oc ca sion ally tilted base -
ment blocks. The am pli tudes be tween dif fer ent faults, and even 
along the same faults, can vary con sid er ably. Due to a stepwise 
sub si dence and tilt ing, oc cur ring oc ca sion ally along closely
spaced par al lel faults (Flodén, 1980: figs. 14a, b, 16), the
Landsort–F¯rö sec tor re sem bles a half-graben. Seis mic data
re veal two down-faulted Mesoproterozoic sed i men tary bas ins
within the Landsort–F¯rö sec tor (Flodén, 1980). Based on geo -
phys i cal mod el ling (All et al., 2006) these graben-like struc -
tures, filled with Jotnian sand stones (~1.4–1.3 Ga), have sup -
pos edly in her ited their po si tion from deep-seated rapakivi in tru -
sions 1.57 Ga.

The Landsort–F¯rö sec tor has a com plex and long-last ing
his tory. Since the first fault ing ep och, sug gested dur ing the for -
ma tion of a rapakivi in tru sion, sev eral stages of Pro tero -
zoic–Phanerozoic tec tonic ac tiv i ties al ter nat ing with ex ten sive
pe ri ods of ero sions have been dis tin guished (All et al., 2006).
The great est fault off set, ~900 m, mea sured in the Jotnian
sand stones, be longs to the post Jotnian for ma tion of the
graben-like sed i men tary bas ins. The sec tions of the
Landsort–F¯rö faults that are bur ied be neath the Cambro-Or -
do vi cian rocks re veal no di rect signs of Early Pa leo zoic ac tiv ity
(Flodén, 1980). How ever, sig nif i cant thick ness vari a tions of the
Cam brian se quence around north ern Gotland and Gotska
Sandön (Thorslund, 1958; Tuuling et al., 1997; Niel sen and
Shovsbo, 2011), ob vi ously re lated to base ment-block move -
ments, hints that this re gion was also tec toni cally ac tive in Cam -
brian times. The in creased num ber of LZD with struc tur ally
higher west ern sides just NE of Gotland (Figs. 3 and 4) sug -
gests that this area was tec toni cally ac ti vated also dur ing the
prime of the Cal edo nian Orog eny.

The lat est tec tonic re ac ti va tion of the Landsort–F¯rö sec tor
has been dis cussed in con nec tion with the or i gin of the
Landsort Trench, which is run ning along the N–S and NE–SW
di rec tional fault sets (Fig. 4). Within this trench, the crys tal line
base ment sur face, be ing cov ered only with a ~190–200 m thick
set of un spec i fied Pleis to cene gla cial and Bal tic Sea sed i ments, 
drops nearly 500 m in re spect to the sur round ing ar eas (Flodén
and Brännström, 1965; Flodén 1980: figs. 19, 20). How ever,
both fault sets ex tend out side the trench, where they can be fol -
lowed as about 15–20 km long frac ture val leys in the crys tal line
base ment. Thus, Flodén (1980) sug gested that fi nal fault ac ti -
va tion with rock crush ing, which fa cil i tated fi nal shap ing of the
Landsort Trench by se lec tive gla cial ero sion in the Pleis to cene,
oc curred dur ing the Ce no zoic up lift of Scan di na via. In a later in -
ter pre ta tion (All et al., 2006), the last Landsort–F¯rö ac ti va tion
ep och was thought to have oc curred in Pa leo zoic times, and

thus a deep trench-like in ci sion was en tirely shaped by Pleis to -
cene sub-gla cial ero sion. How ever, as will be dis cussed be low,
the re cent struc tural re ar range ments along the Swed ish east
coast sug gest that the Landsort–F¯rö area was tec toni cally ac -
tive ob vi ously also dur ing the Late Ce no zoic. Thus, be fore the
gla cial ero sion, there oc curred also some down-fault ing/crush -
ing of the rocks in the Ce no zoic, which fa cil i tated re moval of the
rocks from the Landsort Trench.

In com par i son with a steady west erly/south west erly rise of
the crys tal line base ment sur face in the west ern half of the cen -
tral Bal tic Sea, the down-faulted Landsort–F¯rö sec tor strikes
as some sort of struc tural turn ing/bend ing area be tween the
Swed ish east coast and the Bal tic Sea. Thus, the nu mer ous
base ment faults with LZD north-east of Gotland (Figs. 3 and 4)
are ob vi ously closely re lated to the Pre cam brian es tab lish ment
of the Landsort–F¯rö sec tor and have been di rectly in flu enced
by its com plex geo log i cal his tory. They were pos si bly also re ac -
ti vated con cur rently with the lat est ac ti va tion of the
Landsort–F¯rö sec tor in con nec tion with the base ment up lift
and struc tural re ar range ments that oc curred along the Swed ish 
east coast in Ce no zoic times.

In gen eral, the com plex ar chi tec ture with down-faulted and
tilted base ment blocks, fre quently in a stepwise man ner, sug -
gests extensional/strike-slip tec ton ics. Fol low ing the his tory of
for ma tion and the pres ent struc tural set ting of the plat form
cover, the Landsort–F¯rö sec tor has re peat edly acted as a
zone of crustal weak ness. Thus, the tec tonic ac ti va tion of this
sec tor af fected the de vel op ment of the Bal tic Or do vi cian–Si lu -
rian Ba sin, and played an im por tant role in shap ing the Ce no -
zoic ter raced morphostructure along the Bal tic Shield–East Eu -
ro pean Plat form transect (Tuuling and Flodén, 2016).

FACIES ZONATION IN THE BALTIC ORDOVICIAN–SILURIAN BASIN
VERSUS THE PRESENT STRUCTURAL SETTING

Fol low ing the fa cies zonation, the nearshore area of the
Bal tic Or do vi cian Ba sin ex tends largely across the south ern
slope of the Bal tic Shield (Männil, 1966; Grahn and Nõlvak,
2010: fig. 1), i.e. it co in cides with the BH (Fig. 7). The
deep-basinal area re mains fur ther south/south-west to wards
the cen tral Bal tic Sea and the Swed ish east coast. A sim i lar fa -
cies dis tri bu tion pre dicts a struc tural set ting where the south erly 
deep en ing lay ers on the shield slope and the south west erly
tilted units be neath the cen tral Bal tic Sea, as well as along the
Swed ish east coast would have W–E and NW strike, re spec -
tively.

In this sense, the struc ture con tours of the BH (Figs. 2 and
3) fol low more or less the an cient struc tural set ting. How ever, to 
the south, and par tic u larly to wards the Swed ish coast in the
south-west, the pres ent bed rock at ti tude (Fig. 4) de vi ates in -
creas ingly from that of the Bal tic Or do vi cian Ba sin (Fig. 7).
Thus, the pres ent north east erly strike and south east erly low er -
ing struc ture con tours of the Or do vi cian lay ers around the
Gotland–Öland area prove that the bed rock se quence along
the Swed ish east coast had been up lifted and was tilted to -
wards the south-east by later tec tonic ac tiv ity.

Since the end of Or do vi cian times, the pro gress ing Cal edo -
nian Orog eny changed the re gional struc tural set ting, as a large 
de pres sion (the Bal tic Syneclise) started to evolve in the cen tre
of the Palaeobaltic Ba sin (Fig. 7). Thus, ad just ing along the
mar gins of this new depocentre, from Es to nia across Gotland
ex tend ing Si lu rian fa cies at tained a NE–SW trend (see Kaljo et
al., 1991: fig. 4; Loydell et al., 1998: fig. 3) that is more sim i lar to
the pres ent struc tural sit u a tion close to the Swed ish east coast
(Figs. 4 and 7).
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As the Gotland–Öland area oc curs around the north west -
ern flank of this down-warped de pres sion, the basinal trends
there prob a bly suf fered sig nif i cant changes al ready in Si lu rian
times. In deed, signs of sub ma rine ero sion and chan nel ling in
the lat est Or do vi cian–ear li est Si lu rian se quence off shore
Gotland (Tuuling and Flodén, 2007, 2009b), as well as ex ten -
sive hi a tuses at the O/S bound ary and in the low er most Si lu rian
se quence (Martinsson, 1968; Grahn, 1995) be low Gotland,
point un am big u ously to wards an un sta ble slope en vi ron ment
and in creas ing tec tonic ac tiv ity near the Swed ish east coast.
How ever, the depth-re lated sharp fa cies/fau nal dif fer ences be -
tween east ern and west ern Gotland sug gest that the Si lu rian
ba sin around Gotland was still deep en ing to wards the
west/south-west (Jeppson et al., 1994, 2006). Thus, the struc -
tural re ar range ment with the up lift and tilt ing of the bed rock lay -

ers along the Swed ish east coast con tin ued af ter Early Pa leo -
zoic time.

Pos si ble mag ni tude and tim ing of struc tural re ar range -
ments around the Gotland–Öland area. Be cause the youn -
gest bed rock around the Gotland–Öland area is of Si lu rian age,
there are no di rect data for ana lys ing post-Cal edo nian struc tural 
re ar range ments along the Swed ish east coast, ei ther for tim ing
these events or for es ti mat ing their mag ni tude. The dif fer en tial
tec tonic move ments, vary ing thick nesses of the ac cu mu lated
sed i ments, later ero sion, and still on go ing glacioisostatic re -
bound, have all changed the re la tion ships be tween the po si -
tions of the geo log i cal bound aries that can be con toured for
struc tural anal y sis. Thus, their pres ent al ti tude dif fer ences with
the tilt ing trends (Figs. 2–4) are only the sum of these long-term
dif fer en tial move ments/events. It is im pos si ble to de ci pher, i.e.
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Fig. 7. Generalized map showing the facies zonation/distribution changes induced 
by the Caledonian Orogeny in the Palaeobaltic Ordovician–Silurian basin

Facies distribution in the Ordovician sketched after Grahn and Nõlvak (2010); 
in the Silurian (Late Wenlock – Jaagarahu–Rootsiküla time) modified after Kaljo et al. (1991)

https://gq.pgi.gov.pl/article/view/7452


to es ti mate when ex actly these struc tural set ting re ar rang ing
tec tonic events oc curred and what was their pos si ble mag ni -
tude in a par tic u lar area.

Role of the Cal edo nian Orog eny. As de scribed above,
the Gotland–Öland area, which in the south west ward-sink ing
Or do vi cian Ba sin oc curred in a deeper fa cies zone than most of
the pres ent cen tral Bal tic Sea, at tained with re spect to the lat ter
area struc tur ally higher po si tion al ready dur ing the for ma tion of
the Bal tic Syneclise (Fig. 7). How ever, as the evolv ing syneclise 
was reg u larly filled and fi nally lev elled by Si lu rian sed i ments, it is 
likely that the struc tural dif fer ences in duced by the de pres sion
around the Swed ish east coast grad u ally waned to wards the
end of Si lu rian pe riod. Thus, the mag ni tude of the struc tural
changes in duced by the Cal edo nian Orog eny along the Swed -
ish east coast is best re flected in the pre-Si lu rian lay ers, i.e. also 
on the Cam brian–Or do vi cian bound ary based struc ture con tour 
maps rep re sented in this pa per (Figs. 2–4).

The Or do vi cian fa cies/units ex posed in north ern Öland are
~440 m lower in the Grötlingbo core in south ern Gotland
(Figs. 1 and 7). Across the Bal tic Sea, the same fa cies/units oc -
cur first to ~670 m b.s.l. in the Gulf of Riga (Ruhnu core in
Figs. 1 and 7) and then rise to wards the south east ern cor ner of
Es to nia, reach ing 280–290 m b.s.l. in the Tartu core (Figs. 1
and 2). Hence, the evo lu tion of the Bal tic Syneclise, which in -
duced a rel a tive up lift of the Gotland–Öland area, also
down-warped a weak syncline-like struc ture into the Or do vi cian
se quence be tween Swe den and Es to nia.

Be sides be ing tilted to the south-east, the Si lu rian rocks
along the Swed ish east coast are also clearly up lifted, as the fa -
cies ex posed on Gotland are bur ied be low Saaremaa and oc cur 
at a much lower el e va tion be neath the cen tral Bal tic Sea
(Tuuling and Flodén, 2009b, 2011, 2013). Be cause the Si lu rian
units across the Bal tic Sea are in com pa ra ble di rectly, it is dif fi -
cult to jux ta pose al ti tude dif fer ences of the co eval Si lu rian lay -
ers be tween Saaremaa and Gotland. How ever, the co eval Si lu -
rian reefs, which once de vel oped along a shal low shelf in the
same depth zone (Nestor, 1995), oc cur ~80–90 m higher up in
north ern Gotland and 170–180 m in cen tral Gotland than their
coun ter parts be neath the cen tral Bal tic Sea (Tuuling and
Flodén, 2001, 2013). Thus, the up lift mag ni tude of the Si lu rian
lay ers in creases to wards south ern Gotland.

Late Pa leo zoic tec tonic ac tiv ity. There are no di rect data
as to whether and how the Permo-Car bon if er ous tec tonic re ac -
ti va tion ep och changed the struc tural set ting around the
Gotland–Öland area. How ever, signs of in tense tec tonic move -
ments in the sur round ing ar eas (Sopher et al., 2016 and ref er -
ences herein) do not ex clude  such pos si bil ity. In tense fault ing
oc curred along the Born holm–Dar³owo fault zone in the nearby
south west ern Bal tic Sea (Šliaupa and Hoth, 2011), and fur ther
down-fault ing of the Pre cam brian fault-re lated Jotnian ba sin
took place along the Bothnian–Bal tic mo bile belt in the Gulf of
Bothnia (Puura et al., 1996).

POST-PALEOZOIC TECTONIC ACTIVITY 
AND RELIEF ANALYSIS OF SOUTHERN SWEDEN

Two post-Pa leo zoic tec tonic ac ti va tion ep ochs are dis tin -
guished in this re gion, which, to a lesser or greater ex tent, in flu -
enced and ob vi ously also re ar ranged the struc tural set ting in
the Gotland–Öland area. The first is ex pressed by the tec tonic
ac tiv ity in creas ing to wards the end of Me so zoic times around
south ern Swe den, which cul mi nated in the Late Ju ras sic re ac ti -
va tion of the Born holm–Dar³owo fault zone (Krzywiec et al.,
2003; Šliaupa and Hot, 2011). The sec ond ep och in duced
large-scale base ment move ments around the North At lan tic

and Scan di na via in two stages of the Ce no zoic Era. Be sides
form ing largely the pres ent-day morphostructure of the Bal tic
Shield, the early and late Ce no zoic Scan di na vian up lift stages
(Japsen and Chalmers, 2000; Anell et al., 2009) struc tur ally re -
ar ranged its south ern/south east ern mar gins along the con tact
with the East Eu ro pean Plat form.

De tailed re lief anal y sis in south ern Swe den re veals a com -
plex set of pe ne plains with var i ous ages, the for ma tion of which
is ex plained by a long-term Me so zoic–Ce no zoic tec tonic/de nu -
da tion his tory (Lidmar-Bergström, 1999; Lidmar-Bergström et
al., 2013; Green et al., 2013). Thus, since Me so zoic times, this
re gion has been char ac ter ized by pe ri ods of dif fer en tial base -
ment up lift/tilt ing and de nu da tion that al ter nated with in ter vals of 
sub si dence, in un da tion and buri als. At a dome-like, tec toni cally
dy namic top o graphic high called the South Swed ish Dome lo -
cated just west of the is lands of Öland and Gotland (Fig. 4),
three up lift/de nu da tion stages are dis tin guished: Me so zoic (Ju -
ras sic–Cre ta ceous), early Ce no zoic, and late Ce no zoic. The
late Ce no zoic (Neo gene) up lift, in duc ing ~800–1200 m rise of
the South ern Scandes, also el e vated the South Swed ish Dome
by some 150 m (Lidmar-Bergström and Näslund, 2002;
Lidmar-Bergström et al., 2013).

CENOZOIC UPLIFT OF SCANDINAVIA VERSUS
CUESTA-TYPE MORPHOSTRUCTURE 

AT THE BALTIC SHIELD–EAST EUROPEAN
PLATFORM TRANSECT

The up lift of Scan di na via in Ce no zoic times in ten si fied,
clearly show ing tec tonic ac tiv ity along the Bal tic Shield–East
Eu ro pean Plat form transect, and re ar ranged the struc tural set -
ting of the nearby plat form ar eas. The up lift of the South ern
Swed ish Dome and down-fault ing of the Landsort–F¯rö sec tor
(with pos si ble base ment up lift north-east of this sec tor) proves
that the lat est Ce no zoic struc tural re ar range ments around the
Gotska Sandön and Öland ar eas were sig nif i cant. In gen eral,
the Ce no zoic up lift of the Bal tic Shield with dif fer en tial move -
ments along the Bothnian–Bal tic mo bile zone boosted ero sion
and cre ated a struc tural set ting needed for the de vel op ment of
a cuesta-type ter raced morphostructure at the Bal tic
Shield–East Eu ro pean Plat form transect. Thus, based on the
at ti tude of the bed rock lay ers, this ter raced re lief can be di vided
into two sec tions (Tuuling and Flodén, 2016; Fig. 1): (1) within
the BH, on the south ern slope of the Bal tic Shield; and (2) along
the Swed ish east coast, south of Gotska Sandön.

Cuesta re lief on the south ern slope of the Bal tic Shield.
On the up lifted, gently south erly/south west erly dip ping slope of
the Bal tic Shield, a W–E-run ning set of rivers was es tab lished
along the con tact of the hard ero sion-re sis tant and soft, eas ily
erod ible rock lay ers in Ce no zoic times (Tuuling and Flodén,
2016). These rivers were the trib u tar ies of the larger south -
ward-flow ing Eridanos River (Fig. 1), which, based on an ex ten -
sive set of deltaic sed i ments of Scan di na vian or i gin be tween
north ern Po land and the North Sea, flowed some where near
the Swed ish east coast in Ce no zoic (Neo gene) times
(Overeem et al., 2001). Due to a homocline set ting, the west -
ward-flow ing streams shaped an ex ten sive cuesta-type bed -
rock re lief on the south ern slope of the Bal tic Shield. Emerg ing
faintly along the Gulf of Fin land and around the north Es to nian
coast, this ENE–SSW-trending cuesta set ting is par tic u larly
well ex pressed be neath the cen tral Bal tic Sea (see Tuuling and
Flodén 2016: fig. 6; Figs. 3 and 8).

Cuesta re lief along the Swed ish east coast. The bed rock 
lay ers along the Swed ish east coast had a struc tur ally higher
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po si tion with a gen tle south west erly tilt that was al ready ev i dent
in pre-Ce no zoic times. How ever, dif fer en tial base ment move -
ment around the Landsort–F¯rö and Öland ar eas in Ce no zoic
times changed this set ting, as the ris ing South Swed ish Dome
up lifted and tilted the bed rock cover in the nearby plat form area. 
Sim i lar to the south ern slope of the Bal tic Shield, a ter raced
cuesta re lief started to de velop along this sec tion of el e vated
and tilted shield-plat form transect (Figs. 1 and 9). Be cause the
re lief fell from the Öland area to wards Gotska Sandön, the
rivers that evolved here along the hard ero sion-re sis tant and
soft eas ily erod ible rock lay ers ran most prob a bly to ward the
NE, and were thus the west ern trib u tar ies of the south -
ward-flow ing Eridanos River (Fig. 1).

A pos si ble val ley, low er ing from the el e va tion of 50 m b.s.l.
south of Öland up to 120 m b.s.l. west north west of Gotland,
was pointed out al ready by Martinsson (1958). He had a strong
sus pi cion that there was also a larger N–S-trending preglacial
val ley pass ing through east ern Gotland. How ever, as there was 
no proof for this val ley, and the bed rock al ti tudes east of
Gotland and from the south ern Bal tic Sea did not sup port this
idea, he left the prob lem about pos si ble Ce no zoic river sets and 
their di rec tions around the Gotland–Öland area open.

Thus, the ter raced re lief along the Swed ish east coast was
ev i dently shaped by a north east erly flow ing trib u tary of the
Eridanos River, which joined this river some where around
north ern Gotland (Fig. 1). The pos si ble val ley of Eridanos,
which was most prob a bly ac com mo dated along the Bothnian
Bal tic mo bile zone, was ob vi ously de stroyed by Pleis to cene
gla ciers, as one of its main lobes fol lowed the Gulf of Bothnia
and passed east ern Gotland. Traces of gla cial ero sion with
heavily de stroyed and smoothed preglacial ter raced re lief with
great thick nesses of glaciofluvial sed i ments around north ern
Gotland, F¯rö and Gotska Sandön are over whelm ing (Flodén,
1980; Noormets and Flodén, 2002; Tuuling and Flodén, 2016).
Equally con vinc ing are the F¯rö and Gotland de pres sions

north-east and east of Gotland, which ob vi ously were moulded
into bed rock by melt wa ter un der gla cial pres sure.

In all, the is lands of Öland and Gotland emerge on the up -
lifted Swed ish east coast as bed rock rem nants shaped mostly by 
large Ce no zoic rivers that had op po site di rec tions in the west and 
east of the is lands. How ever, as the tilt of the bed rock lay ers here 
is roughly twice as high as that of the BH, the ter raced cuesta re -
lief along the Swed ish east coast dif fers clearly from that on the
south ern slope of the Bal tic Shield (Figs. 8 and 9). Steeper and
nar rower ter races in duce a higher depth gra di ent to wards
Gotland and the ter raced area be tween Gotland and Swed ish
main land, which, dif fer ently from the cen tral Bal tic Sea area
(Tuuling and Flodén, 2016) does not have ex ten sive asym met ri -
cal cuesta val leys, is squeezed to gether (Fig. 9). How ever, like
on the south ern slope of the Bal tic Shield, the cuestas-shap ing
rivers along the Swed ish east coast re veal clearly that their
bank-ero sion in creased down stream. Thus, the area of ex posed
crys tal line rocks wid ened reg u larly to wards Gotska Sandön from
both the Öland and the north ern Es to nia sides. As a re sult,
shaped by west ern and east ern trib u tar ies of the Eridanos River
and around north ern Gotska Sandön join ing two dif fer ent cuesta
set tings cre ate an imag i na tion of unique, from NW Rus sia to the
south ern tip of Öland arch ing ter raced re lief.

Ques tion of the unique Bal tic Klint. The in ter pre ta tion that
ter races west of Gotland and Öland were shaped by a north east -
erly flow ing trib u tary of the Eridanos River re quires a re val u a tion of 
the term Bal tic Klint, which so far has been treated as unique, from
the Lake Ladoga area in the north-east to the south ern tip of the
Öland ex tend ing es carp ment (Tammekann, 1940; Tuuling and
Flodén, 2016). Thus, this es carp ment must be di vided into two
sec tions shaped by dif fer ent trib u tar ies of the Eridanos River. Its
subparallel sec tion on the south ern slope of the Bal tic Shield was
in duced by the Pra-Neva River (Puura, 1980; Fig. 1) and in cludes
the Ingermanland, the North Es to nian and the cen tral Bal tic Sea
klints (Tuuling and Flodén, 2016; Figs. 1 and 3). The sec tion,
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Fig. 8. Geological cross-section showing the cuesta-type relief with a large asymmetrical cuesta valley within the Baltic
Homocline on the southern slope of the Baltic Shield

 (modified after Tuuling and Flodén, 2016)

For location see Figure 3

Fig. 9. Geological cross-section showing the cuesta-type relief along the Swedish east coast between the mainland and Gotland 
(modified after Flodén, 1980)

For location see Figure 4



Paleozoic rocks structure versus Cenozoic cuesta relief along the Baltic Shield–East European Platform transect 409

shaped by a north east erly run ning river along the Swed ish east
coast, how ever, em braces the sub ma rine klint west of Gotland
and the Öland Klint. Hence, an other im pres sive cuesta scarp, the
Si lu rian Klint be tween Saaremaa and Gotland (Figs. 1 and 3), is
di vided by the Eridanos River in the same way into the east ern
(Saaremaa–Cen tral Bal tic Sea) and west ern (Gotland) sec tions.

CONCLUSIONS

The signs of ac cre tion of new crust, rift ing, and trun cated
tec tonic trends in di cate that high stresses af fected re peat edly
the area along the mar gin of the East Eu ro pean Craton dur ing
its in ter ac tions with other tec tonic plates (Bogdanova et al.,
2005, 2008; Gee and Stephenson, 2006). Be sides de form ing
the craton mar gins heavily, sim i lar stresses are of ten trans mit -
ted 1000s km to re mote con ti nen tal in te ri ors, where they can in -
duce sig nif i cant intracratonic tec tonic move ments (Marshak
and Paulsen, 1997; van der Pluijm et al., 1997; Pinet, 2016).
Intracratonic base ment fault ing/re ac ti va tion of older faults, be -
sides of ten con trol ling the for ma tion of the plat form cover, also
de ter mines its gen eral struc tural set ting and the style of tec tonic 
de for ma tion. The struc tural set ting and ar chi tec ture of the plat -
form cover de signed by intracratonic tec tonic ac tiv i ties have
played a cru cial role in con trol ling the ero sional pro cesses and
shap ing the cuesta-type bed rock morphostructure along the
shield plat form con tact around the north ern Bal tic Sea.

Con cern ing the struc ture of the intracratonic BH and its
tran si tion to the Swed ish east coast, the fol low ing con clu sions
can be made:

1. The struc ture of the BH is con trolled largely by the LZD
that mor pho log i cally rep re sent typ i cal, monoclinal
forced or drape folds in the plat form cover in duced by
base ment fault ing.

2. There ap pears to be a dis tinc tive spa tial reg u lar ity in the
trends and styles of the LZD, which is partly con trolled
by large base ment units of the Svecofennian Orog eny
(North Es to nian seg ment), and in places by ex ten sive
hinge-line type zones with in creased tec tonic ac tiv ity tra -
vers ing the BH me ridi on ally (West Es to nian and cen tral
Bal tic Sea area). In the north east ern Es to nia–Pärnu
zone, the changes in style and trends of the LZD, as well 
as the base ment fault ing, seem to be in duced and con -
trolled largely by in ten sive block fault ing along the
Liepaja–Riga–Pskov fault zone dur ing the Cal edo nian
Orog eny.

3. Based on the base ment struc ture caused vari abil ity/reg -
u lar ity in the dis tri bu tion of the LZD in Es to nia and stud -
ies on the base ment faults in South ern Fin land, there
are strong in di ca tions that the plat form monoclinal folds
in duc ing base ment faults were formed dur ing dif fer ent
tec tonic ac ti va tion ep ochs at var i ous stress-field con di -
tions. Thus, many of the LZD sit on older Pre cam brian
base ment faults, which can be dated back to the early
Svecofennian Orog eny. As for the base ment weak ness
zones, these faults have been re peat edly re ac ti vated in
var i ous ki ne matic/stress con di tions through out later
geo log i cal his tory, al though their pres ent style and mag -
ni tude with an over ly ing monoclinal fold is shaped
largely by the Cal edo nian Orog eny.

4. Most of the LZD cause mi nor at ti tude vari a tions in the
bed rock lay ers across the BH. The re gional-scale mod i -
fi ca tions in the tilt az i muth/an gle of the plat form cover
oc cur at the ex ten sive hinge-line type of tec tonic zones

tra vers ing the BH northsouth erly (Vihterpalu LZD, Cen -
tral Bal tic Sea zone). These hinge-lines also con trol the
num ber, trend and style of LZD within dif fer ent seg -
ments of the BH. The west ern ex ten sion of the BH is
bounded by one of the most ac tive tec tonic hinge-lines
in this re gion, the Bothnian–Bal tic mo bile zone, where
the at ti tude changes of the Early Pa leo zoic rocks are
sig nif i cant.

5. The Swed ish east coast with the is lands of Gotland and
Öland runs along the Bothnian–Bal tic mo bile zone that
sep a rates Scan di na via from the Bal tic Sea area. This
zone re veals signs of in creased tec tonic ac tiv ity since
Mesoproterozoic times and has been re ac ti vat ing in
pulses un til the lat est Ce no zoic time. The
Landsort–F¯rö sec tor, as one of the most ac tive ar eas
within this zone, has ob vi ously played an im por tant role
in the for ma tion of the pres ent struc tural set ting of the
plat form ve neer, as well as the cuesta-like morphostruc -
ture around the Gotland–Öland area.

6. The first ma jor struc tural re ar range ment of the Early Pa -
leo zoic plat form cover along the Swed ish east coast
was ob vi ously in duced by the Cal edo nian Orog eny.
Thus, the for ma tion of a large depocentre east/south -
east of the Gotland–Öland area changed the basinal
trends typ i cal for the Bal tic Or do vi cian ba sin, and also
prob a bly down-warped the ar eas fur ther east of
Gotland. As a re sult, the Gotland–Öland area be came
struc tur ally placed at a higher po si tion than most of the
cen tral Bal tic Sea area.

7. An other cru cial struc tural re ar range ment of the
Gotland–Öland area is ob vi ously as so ci ated with the
(lat est) Ce no zoic up lift of Scan di na via, which brought
about dif fer en tial tec tonic move ments with some up lift
and tilt ing of the plat form cover be tween the
Landsort-F¯rö sec tor and the South Swed ish Dome.

8. Suc ces sive up lift ing/tilt ing of the Or do vi cian–Si lu rian
rocks along the Swed ish east coast, as well as their pos -
si ble down-warp ing in the cen tral Bal tic Sea area dur ing
the for ma tion of the Bal tic Syneclise, has shaped the
syncline-like bed rock struc ture be tween the Swed ish
east coast and Es to nia. A sim i lar syncline in the Pa leo -
zoic rocks be tween Es to nia and the Swed ish is lands of
Gotland–Öland, though sym met ri cal, has al ready been
drawn in the very first geo log i cal cross-sec tions across
the Bal tic Sea (Schmidt, 1881: fig. 8; see Tuuling and
Flodén, 2009a: fig. 2). How ever, as the up lift and bend -
ing oc curred mostly close to the Swed ish coast, the
formed syncline is highly asym met ri cal, with a much
shorter and steeper west ern/south west ern Swed ish
limb.

9. In duced by the (lat est) Ce no zoic up lift the struc tural set -
ting of the plat form ve neer es tab lished the con di tions for 
de vel op ing an ex ten sive ter raced cuesta-type
morphostructure along the Bal tic Shield–East Eu ro pean 
Plat form transect. As the BH on the south ern slope of
the Bal tic Shield and the Pa leo zoic strata along the
Swed ish east coast had dif fer ent at ti tudes, two iso lated
ter raced cuesta-type re lief sys tems with dif fer ent ori en -
ta tions be gan to de velop. Since both sys tems had an
out let into the Eridanos River around the Gotska
Sandön area, a false im pres sion of a unique ter raced
cuesta set ting with the con tin u ous Bal tic Klint, ex tend ing 
from NW Rus sia to the Swed ish is land of Öland, was
de vel oped.
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10. The Bal tic Klint con sists of two iso lated sec tions shaped 
by dif fer ent trib u tar ies of the Eridanos River, and has to
be di vided into the east ern and west ern por tions. The
first was shaped by the west erly run ning Pra-Neva River 
and ex tends from NW Rus sia to the Gotska–Sandön
area and in cludes the Ingermanland, North Es to nian
and cen tral Bal tic Sea klints. The west ern, north east erly 
run ning trib u tary of the Eridanos River shaped the
Öland Klint and the sub ma rine Or do vi cian Klint west of
Gotland. The is lands of Gotland and Öland emerged on
the struc tur ally up lifted/tilted Swed ish east coast as ero -
sional rem nants of the Pa leo zoic rocks, shaped by Ce -
no zoic rivers.

11. Geo log i cally and geomorphologically, the klints/es carp -
ment sys tems along the Swed ish east coast and on the
south ern slope of the Bal tic Shield are very sim i lar. Hav -
ing the same Pa leo zoic suc ces sion and anal o gous
struc tural set ting along the shield-plat form bound ary,
they both were formed by flu vial ero sional pro cesses of
the same Ce no zoic river set and later sub jected to

Pleis to cene gla cial re work ing. As such, they are uni form 
for many ob serv ers and re search ers.

12. Geo graph i cally, they form a uni form re gional semi-con -
tin u ous pat tern. The pos si ble dif fer ences in age and
traces of dif fer ent palaeo-rivers in dif fer ent seg ments of
this belt would de serve com par a tive de scrip tion, con sid -
er ing their sim i lar i ties and dif fer ences, which could pro -
voke ad di tional stud ies.

13. The pres ent north ern Bal tic Sea de pres sion and its con -
fig u ra tion (branches of the Gulf of Fin land and the Gulf
of Bothnia) with the large is lands off the Swed ish east
coast (Gotland and Öland) have greatly been shaped by 
a preglacial river set that evolved on the slopes of the
Bal tic Shield in con nec tion with the Late Ce no zoic up lift
of Scan di na via.
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