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The pres ent-day struc tural pat tern of the Bal tic De pres sion de vel oped due to su per im po si tion of three main de for ma tion phases: syn-Cal -
edo nian (af ter the Si lu rian), syn-Variscan (at the end of Car bon if er ous and be gin ning of Perm ian) and syn-Al pine (lat est Me so zoic or
earliest Ce no zoic). The ma jor re struc tur ing of the area oc curred as a re sult of syn-Variscan de for ma tion that took place in lat est Car bon if -
er ous and ear li est Perm ian times. Most of the faults de vel oped or be came re ac ti vated prob a bly at that time. Syn-Al pine de for ma tion man -
i fested it self rel a tively weakly, mainly by re ac ti va tion of some pre-ex ist ing faults. 
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INTRODUCTION 

The tec tonic set ting of the Pol ish Ex clu sive Eco nomic Zone of 
the Bal tic Sea has been de scribed based on geo log i cal data de rived 
from bore holes and in ter pre ta tion of re flec tion seis mic pro files.
The east ern part of the East Eu ro pean Craton (named also the Pre -
cam brian plat form) has been well ex plored by nu mer ous bore -
holes and seis mic sur veys (Łeba, Courland and Gdańsk blocks),
which en able de tailed in ter pre ta tion of the geo log i cal struc ture of
the area. The west ern part of the East Eu ro pean Craton (Darłowo
and Słupsk blocks) has been poorly ex plored by only two bore -
holes and a low-den sity net work of seis mic pro files. The West 
Eu ro pean Plat form (named also the Pa leo zoic plat form; Wolin,
Gryfice and Kołobrzeg blocks) has been sur veyed by a dense net -
work of seis mic pro files (over 2000 km) and by three bore holes.

The sketch-map (Fig. 1) il lus trates the sub di vi sion of the
Pol ish Ex clu sive Eco nomic Zone of the Bal tic Sea into tec -
tonic blocks.

In all the dis cussed schemes (Dadlez, 1995; Pokorski and
Modliński, 2007; Jaworowski et al., 2010) the west ern part of the
Pol ish Eco nomic Zone on the West Eu ro pean Plat form area is
sub di vided into three tec tonic blocks: Wolin Block in the west (re -
ferred to as block H), Gryfice Block in the mid dle (re ferred to as
block K) and Kołobrzeg Block in the east (also called block L).

The part lo cated on the East Eu ro pean Craton is sub di vided
into 5 or 10 tec tonic blocks. (Dadlez, 1995; Pokorski and
Modliński, 2007; Jaworowski et al., 2010). They are de ter -
mined (Fig. 1) based on the mapped sys tem of faults and fault
zones. In all the re ports dis cussed, the sys tem of faults and fault
zones is the same and the dif fer ences in the num ber of blocks
re sult from the anal y sis of their tec tonic ac tiv ity and the de gree
of gen er al iza tion. 

The scheme adopted in this work is based on the Geo log i cal 
Map of the West ern and Cen tral Part of the Bal tic De pres -
sion… (Pokorski and Modliński, 2007), and re fers to large
blocks characterized by sim i lar geo log i cal struc ture of the crys -
tal line base ment and its sed i men tary cover, and by the faults
deeply rooted in the Pro tero zoic crys tal line base ment. There -
fore, the cen tral zone con sists of two blocks re ferred to as M
(Darłowo Block) and A (Słupsk Block) af ter Dadlez (1995).

The east ern part of the ba sin con sists of Block B (also re -
ferred to as the Łeba Block), com pris ing also the rel a tively
small Rozewie and Żarnowiec blocks sensu Dadlez (1995) and
two east ern blocks: D (Courland Block) and C (Gdańsk Block), 
which are anal o gously de fined in the other works dis cussed. 

In the old est scheme of Dadlez (1995), the cen tral part of
the Pol ish Ex clu sive Eco nomic Zone is sub di vided into two
blocks: the Darłowo Block (block M) and Słupsk Block (A).
The east ern part of the ba sin was sub di vided by Dadlez (1995)



into three north ern blocks (Łeba, Rozewie and Courland
blocks) and two south ern blocks (Żarnowiec and Gdańsk) sit u -
ated south of the Sambia Fault Zone. 

The third scheme re ferred to in this work (Jaworowski et
al., 2010) is based on a very de tailed seg men ta tion pro posed by 
the “Petrobaltic” Com pany (Anolik and Karczewska, 2008). In 
that sub di vi sion, the Darłowo Block (M) in cludes two smaller
units: Darłowo Block in the west and the Ustka Block in the
east. The Słupsk Block (A) is sub di vided into three smaller
blocks of Słupsk South, Słupsk North and Smołdzino. 

The east ern part of the ba sin is sub di vided af ter Dadlez
(1995) in that cited work. 

LOWER PALEOZOIC SUCCESSION 
OF THE EAST EUROPEAN CRATON 

The east ern part of the Pol ish Ex clu sive Eco nomic Zone of
the Bal tic Sea is sit u ated on the East Eu ro pean Craton (Pre cam -

brian plat form) and spans the cen tral part of a large re gional
struc tural-tec tonic unit called the Bal tic De pres sion (Pokorski
and Modliński, 2007). The lower Pa leo zoic strata of the East
Eu ro pean Craton were de pos ited in a mul ti stage, poly gen etic
sed i men tary ba sin. Its de vel op ment was ini ti ated by late
Neoproterozoic to Early Cam brian rift ing re lated to break-up of 
the Pre cam brian supercontinent, fol lowed by Cam brian to
Mid dle Or do vi cian post-rift ther mal sag of the pas sive mar gin
(Poprawa et al., 1999). Since the Late Or do vi cian un til the end
of Si lu rian the Bal tic Ba sin con sti tuted a flex ural foredeep ba -
sin of the Cal edo nian col li sion zone (Poprawa et al., 1999). 

The lower Pa leo zoic suc ces sion over lies Paleoproterozoic
crys tal line rocks. Nu mer ous deep bore holes and re flec tion seis -
mic pro files have pro vided data on the struc ture of the top of the 
crys tal line base ment in the coastal area of the Bal tic De pres sion 
be tween Smołdzino and Hel, as well as in the ad ja cent Bal tic
Sea area within the Łeba, Gdańsk and Courland tec tonic blocks 
in the Pol ish Ex clu sive Eco nomic Zone. The depth to the top of
the crys tal line base ment in the north ern part of the Łeba and
Słupsk blocks is ap prox i mately 1.5–3 km and it in creases to -
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Fig. 1. Struc tural-tec tonic sketch map of the Pol ish Ex clu sive Eco nomic Zone of the Bal tic Sea (partly af ter Anolik and Karczewska, 2008)
and ad ja cent on shore area



wards the south to about 3.2 km in the south ern part of the
blocks i.e. just off the Pol ish Bal tic Sea coast, and to wards the
south-east to about 3.2–3.5 km in the Gdańsk Block. 

In the off shore area, there is a sys tem of ap prox i mately
N–S-trending faults (Smołdzino and Kuźnica faults) and the
E–W-trending Sambia Fault rooted in the crys tal line base ment. 
These faults con trolled the Pa leo zoic evo lu tion of the cratonic
sed i men tary cover (Pokorski and Modliński, 2007).

The Bal tic De pres sion has a typ i cal platformal struc ture.
The geo log i cal struc ture of the sed i men tary cover is sim ple: the 
strata usu ally lie al most hor i zon tally, dip ping at shal low an gles
(Fig. 2). The most im por tant struc tural el e ments are faults and
fault zones, es pe cially re gional ones, which are the ba sis for
iden ti fi ca tion of lower or der tec tonic units (Dadlez, 1990;
Dadlez and Pokorski, 1995) re ferred to as tec tonic blocks. The
ma jor re gional fault zones of the east ern part of the Bal tic De -
pres sion are the Smołdzino, and Kuźnica zones (trending
NW–SE and al most N–S) and the nearly lon gi tu di nal Sambia
Fault Zone. These zones mark the bound aries of in di vid ual tec -
tonic units (Fig. 1). 

The faults and fault zones are com monly re verse; some are
nor mal faults. Most of them are dip-slip faults of steep or ver ti cal 
fault planes. The faults lo cally pass into flex ural bends. Dis -
place ments of the re gional faults vary from tens to hun dreds of
metres. Mi nor lo cal faults com monly die out over a short dis -
tance, so that they are shorter and the dis place ments are smaller. 

The lower Pa leo zoic sed i men tary cover was pen e trated by
nu mer ous deep bore holes, and its struc tural pat tern was im aged 
by a num ber of re flec tion and re frac tion seis mic pro files. In to -
tal, the on shore area of Lat via, Lith u a nia, the Kaliningrad re -
gion of Rus sia and Po land has been ex plored by a few hun dred
bore holes, in which the sed i men tary cover and the top of the
crys tal line base ment was pen e trated. In the off shore area, these
rocks were penetrated by several tens of boreholes. 

The amount of drill ing re con nais sance and seis mic data re -
li abil ity be tween the in di vid ual ar eas of the Bal tic De pres sion
are variable. 

In the Pol ish zone of the Bal tic Sea of the East Eu ro pean
Craton, the geo log i cal struc ture of the lower Pa leo zoic sed i -
men tary cover is well ex plored ow ing mainly to both
high-qual ity off shore re flec tion seis mic sur veys and nu mer ous
bore holes. Re flec tion seis mic in ves ti ga tions are fo cussed on
the three ma jor seis mic bound aries: the top of the Pro tero zoic
(Pre), within the Or do vi cian (Arenigian–Llanvirnian, Or) and
within the Si lu rian (Gorstian–Ludfordian, S). The first one is
re lated to the top of the crys tal line base ment. The Or bound ary
prob a bly co in cides with the Kopalino Lime stones For ma tion
(Modliński and Szymański, 1997) cor re spond ing to the lower
part of the Or do vi cian sec tion (up per Arenigian–Llanvirnian).
The S bound ary is as so ci ated with Lud low de pos its, maybe
with cal car e ous mudstones of the Reda Mem ber (Modliński et
al., 2006). The in ves ti ga tions en abled the con struc tion of time
and depth maps and, in some re gions, de tailed maps of lo cal
struc tures. The most char ac ter is tic feature of the geological
structure of the area is the orthogonal fault system. 

The rel a tively poorly pen e trated on shore area of the Bal tic
De pres sion is lo cated be tween Darłowo and Łeba, where few
re flec tion seis mic pro files have been ac quired to im age the
lower Pa leo zoic geo log i cal struc ture. In this re gion, up per Lud -
low de pos its subcrop at the sub-Perm ian sur face. Cam brian and 
Or do vi cian de pos its are deeply bur ied. The po si tion of the
Or (?) ho ri zon sug gests that the re gion is com posed of tectonic
blocks of large amplitudes.

A much better ex plored area is sit u ated be tween Łeba and
Władysławowo. A num ber of lo cal struc tures and fault zones
of dis place ments of up to ap prox i mately 50 m are ob served
here. Some of them are ex ten sions of ob jects rec og nized by off -
shore sur veys. The ma jor re flec tion ho ri zon Or is re lated to the
Kopalino Lime stones For ma tion. Re flec tion ho ri zons as so ci -
ated with the Cam brian quartzitic sandstones are also observed.

Thick ness anal y sis of the lower Pa leo zoic de pos its shows
the oc cur rence of dif fer ently ori ented sep a rate depocentres dur -
ing the lat est Vendian and Cam brian of the pres ent-day Bal tic
De pres sion (Modliński et al., 1999). In Or do vi cian times, the
dom i nant palaeotectonic el e ment was the ex ten sive, lon gi tu di -
nal Jelgava De pres sion. The for ma tion of the NE–SW-trending 
Bal tic De pres sion, in a struc tural pat tern re sem bling the pres -
ent-day one, was con trolled by strong Si lu rian down ward
move ments in the mar ginal zone of the craton, man i fested by,
e.g. large thick nesses of Wen lock and Lud low de pos its in the
Słupsk and Darłowo re gions. Dur ing the Pridoli, the
depocentre shifted towards the north-east to the Gdańsk Gulf. 

The pres ent-day struc tural pat tern of the Bal tic De pres sion
de vel oped due to su per im po si tion of three main de for ma tion
phases: syn-Cal edo nian (af ter the Si lu rian), syn-Variscan (be -
fore the Perm ian) and syn-Al pine (lat est Me so zoic or earliest
Cenozoic). 

Syn-Cal edo nian de for ma tion re lied on re ac ti va tion of faults 
cut ting the Paleoproterozoic crys tal line base ment. Late
Neoproterozoic to Early Cam brian faults de vel oped in an
extensional re gime, re lated to rift ing (Poprawa et al., 1999).
Extensional faults of that age have been doc u mented from seis -
mic data in the Swed ish off shore area (Floden, 1980), and in the 
south west ern Bal tic Sea (Lassen et al., 2001). The ma jor ity of
faults de vel oped in the Pol ish part of the Bal tic re gion cut
through the en tire lower Pa leo zoic sec tion and ter mi nate at a
ma jor un con formity, cov ered by up per Perm ian strata, there -
fore the time of their de vel op ment can not be con strained in de -
tails. How ever in the Lith u a nian and Lat vian part of the East
Eu ro pean Craton con tin u ous sec tion from the lower Pa leo zoic
to the De vo nian and lower Car bon if er ous is pre served. In that
area, a sys tem of compressional to transpressional faults de vel -
oped in the lat est Si lu rian and Lochkovian (ear li est De vo nian),
re lated to com pres sion sourced in the Scan di na vian
Caledonides (Poprawa et al., 2006). The off set on a sin gle fault
zone is usu ally 50–200 m. In most cases late tec tonic ac tiv ity
re ac ti vated older faults (Poprawa et al., 2006). 

The ma jor re struc tur ing of the area oc curred as a re sult of
syn-Variscan de for ma tion that took place in lat est Car bon if er ous 
and ear li est Perm ian times. Most of the faults be came re ac ti vated 
prob a bly at that time. Also fur ther east in the Lith u a nian and Lat -
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vian part of the ba sin transpressional re ac ti va tion of
older struc tures is doc u mented from seis mic data
(Poprawa et al., 2006). Syn-Al pine de for ma tion man i -
fested it self rel a tively weakly, mainly by re ac ti va tion of
some pre-ex ist ing faults. De vel op ment of faults in the
Darłowo, Słupsk and Łeba blocks from the end of Si lu -
rian through to the end of the early Car bon if er ous to re -
cent are pre sented on Fig ure 2. 

In the cen tral part of the Bal tic De pres sion, the
Smołdzino and Kuźnica ma jor fault zones run me ridi on -
ally and, in the south and east, also lon gi tu di nally
(Sambia and Liepaja–Riga fault zones; Pokorski and
Modliński, 2007). In the west ern part of the craton
[Darłowo (M) and Słupsk (A) blocks],
NW–SE-trending faults are dom i nant, i.e. par al lel to
both the craton edge and to fault zones of the West Eu ro -
pean Plat form (Pokorski and Modliński, 2007; Figs. 1
and 2).

LOWER PALEOZOIC COMPLEX 
OF THE WEST EUROPEAN PLATFORM 

The re lief of the crys tal line base ment in the Pa leo zoic
plat form area is un known. In the area sit u ated to the west
of the Koszalin Fault Zone and the Cal edo nian de for ma -
tion front, there is no bore hole pen e trat ing the crys tal line
base ment. The depth to the base ment can be in ferred from 
both in ter pre ta tion of re flec tion seis mic pro files ac quired
in the Pol ish Ex clu sive Eco nomic Zone of the Bal tic Sea
(Pokorski and Modliński, 2007) and the re gional dip ping
trend of the base ment in the ad ja cent ar eas. 

In the south west ern part of the Kołobrzeg Block and
in the Gryfice Block, the crys tal line base ment is deeply
bur ied and oc curs prob a bly at depths of ap prox i mately
10–13 km, as seen from the re gional dip ping trend as
well as from drill ing and geo phys i cal data from Rügen
and the Ger man sec tor of the Bal tic Sea. To re con struct
the re lief of the top of the crys tal line base ment in the
north ern part of the Kołobrzeg and Gryfice blocks, the
re sults of struc tural in ves ti ga tions con ducted in the Dan -
ish sec tor of the Bal tic Sea, south-west of Born holm,
were used (Vejb³k and Britze, 1994; Vejb³k et al.,
1994). There is a sys tem of NNW–SSE-trending faults
in that area, which con tinue into the Pol ish sec tor. The
top of the crys tal line base ment here dips to wards the
SSW and prob a bly oc curs at a depth of 6–10 km. 

In the area lo cated im me di ately to the south-west of 
the Koszalin Fault Zone, the top of the crys tal line base -
ment lies prob a bly at a depth of 5.5 km, and it grad u ally 
de scends to ap prox i mately 9 km, dip ping to wards the
SSW (Pokorski and Modliński, 2007). 

In the west ern part of the Pol ish sec tor of the Bal tic
Sea (Kołobrzeg, Gryfice and Wolin blocks), the lower
Pa leo zoic de pos its were pen e trated only by the
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L2-1/87, K9-1/89 and K1-1/86 bore holes, where a thin sec tion
(ca. 100 m in thick ness) of strongly tec toni cally de formed Or -
do vi cian (lower Caradocian) de pos its were en coun tered
(Modliński, 1968). In the lower Pa leo zoic suc ces sion of that
area, seis mic data spo rad i cally re veal re flec tion ho ri zons re -
lated to the top of the crys tal line base ment (Pt) and platformal
Cam brian or Or do vi cian de pos its (Cm+O). There are also nu -
mer ous re flec tions as so ci ated with a folded Cambro-Si lu rian
suc ces sion (Caledonides; Figs. 3 and 4). 

At the end of Si lu rian, the west ern part of the off shore area un -
der went in tense thrust-and-fold de for ma tion. The lower Pa leo zoic 
de pos its were thrust over the Wolin, the Gryfice and Kołobrzeg
blocks and over the west ern flank of the Darłowo Block. The Cal -
edo nian de for ma tion front is shown in the Geo log i cal Map of the
West ern and Cen tral Part of the Bal tic De pres sion... (Pokorski
and Modliński, 2007; Fig. 1). The peneplanated sur face of the
Cal edo nian belt of the allochthonous lower Pa leo zoic is over lain
by Pa leo zoic plat form de pos its, whose sed i men ta tion started in
Eifelian, lo cally Emsian times. De vel oped of sed i men ta tion and
faults in the Gryfice and Kołobrzeg blocks from the end of
Rotliegend times through to the end of Muschelkalk and Late Cre -
ta ceous to re cent time. 

The Pa leo zoic plat form was dis mem bered into the Wolin,
Gryfice and Kołobrzeg blocks as a re sult of syn-Variscan di as -
tro phism (in Car bon if er ous and early Perm ian times). The ma -
jor fault zones (Koszalin, Trzebiatów and Kamień), mark ing
the bound aries of the blocks, are rooted in the crys tal line base -
ment. These fault zones, re ac ti vated as a re sult of syn-Variscan
di as tro phism, be came re ju ve nated dur ing Paleogene times
(syn-Alpine deformation). 

CONCLUSIONS 

Re search better exploring the geo log i cal struc ture of the
Pol ish Ex clu sive Eco nomic Zone of the Bal tic Sea should be
di rected to wards study ing the struc tural pat terns of the lower
Pa leo zoic (Or do vi cian and Cam brian) and Pro tero zoic for ma -
tions, and to wards cre at ing a more com plete drill ing doc u men -
ta tion of new struc tural ob jects. 

The ma jor fault zones of Kamień, Trzebiatów and Koszalin
from the area of the West Eu ro pean Plat form are deeply rooted
in the Paleoproterozoic crys tal line base ment, as il lus trated in
the seis mic pro files. The re cent magnetotelluric in ves ti ga tions
(MT), per formed on pro file D–PL run ning along the shore line
(Smołdzino–Szczecin), show that both the fault zones and the
Ustka Fault Zone are rooted in the crys tal line base ment to a
depth of ap prox i mately 10 km (Stefaniuk et al., 2008). 

In the East Eu ro pean Craton area, the me rid i o nal,
N–S-trending Smołdzino and Kuźnica fault zones and the lon gi -
tu di nal (E–W) Samlino Fault Zone are clearly rooted in the crys -
tal line base ment. Dur ing the syn-Cal edo nian de for ma tion phase
(af ter the Si lu rian), the Caledonides were thrust over the East Eu -
ro pean Craton (onto the Darłowo Block) and the gen eral frame -
work of the struc tural pat tern of the cen tral part of the Bal tic De -
pres sions was formed. Syn-Variscan (pre-Perm ian) de for ma tion
re sulted in both re ju ve na tion of most of these faults and the ul ti -
mate for ma tion of the struc tural pat tern of the ba sin. 

Syn-Al pine de for ma tion was man i fested by re ac ti va tion of
some older faults.
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