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Lower Pa leo zoic de pos its have been noted in the west ern part of the Bal tic De pres sion be long ing to the Pre cam brian plat form as well as
in the Koszalin–Chojnice Zone that rep re sents a hy po thet i cal frag ment of the Cal edo nian fold and thrust belt. Gen er ally, the bound ary
be tween these re gions is con sid ered to run along faults be long ing to the Teisseyre-Tornquist Zone. The de pos its have been widely rec og -
nized in the East Eu ro pean Craton, and their en tire lithological col umn has been drilled through in on- and off shore bore holes. New con -
structed lithofacies-thick ness maps have up dated the lithofacies di ver sity and thick ness changes of the Ediacaran–lower Pa leo zoic
de pos its. The sed i men tary infill of the Bal tic Ba sin be gins with de pos its of the Żarnowiec For ma tion as cribed to the up per most Ediacaran 
and low er most Cam brian. The up per part of the Lower Cam brian com prises sand stones and mudstones and the Mid dle Cam brian is made
of sand stones, mudstones and claystones. Up per Cam brian to Tremadocian strata are rep re sented by dark bi tu mi nous shales. Arenigian
to Ashgillian de pos its are de vel oped as thin cal car e ous-muddy de pos its. Si lu rian strata rep re sent a thick (over 3000 m) suc ces sion of
siltstones and shales with sub or di nate cal car e ous in ter ca la tions in the up per part of the suc ces sion (Pridoli). In the Koszalin–Chojnice
Zone only, frag ments of tec toni cally dis turbed Or do vi cian and Si lu rian shales and siltstones have been rec og nized.
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INTRODUCTION 

In the Pol ish Ex clu sive Eco nomic Zone of the Bal tic Sea
and the nearby on shore area, lower Pa leo zoic de pos its have
been rec og nized on both sides of the Teisseyre-Tornquist Tec -
tonic Zone (TTZ), com monly ac cepted as the bound ary of the
East Eu ro pean Craton (EEC; Znosko, 1962, 1998; Dadlez,
2000; Fig. 1). The lower Pa leo zoic strata in the mar ginal part of 
the EEC rep re sent a frag ment of a more ex tended sed i men tary
cover de pos ited on a Pre cam brian base ment. This area rep re -
sented a pericratonic ma rine ba sin de vel oped on a crys tal line
pe ne plain, slightly tilted to the south-west. The west ern part of
the Bal tic De pres sion, the at trac tion of which has in creased
ow ing to the dis cov ery of oil fields in the Cam brian de pos its, is
lo cated di rectly on the craton slope, abut ting from the east to
faults linked within the TTZ, whereas the lower Pa leo zoic in

the Koszalin–Chojnice Zone, sit u ated within the Trans-Eu ro -
pean Su ture Zone (TESZ) is con sid ered to rep re sent a hy po -
thet i cal frag ment of the Cal edo nian fold and thrust belt sensu
Znosko (1962, 1998).

Knowl edge of the lower Pa leo zoic strata in both re gions var -
ies sig nif i cantly; they have been well-doc u mented on the EEC in 
nu mer ous bore holes drilled on- and off shore, whereas to the
west of the TTZ Cam brian de pos its have not been dis cov ered at
all, and Or do vi cian to Si lu rian strata have been ob served only
fragmentarily in less than twenty bore holes (Fig. 1).

In or der to com pare the de vel op ment of the lower Pa leo zoic 
de pos its of the west ern part of the East Eu ro pean Craton and of
the Koszalin–Chojnice Zone a strati graphic and fa cial anal y sis
has been car ried out. The re sults com bined with pre vi ous lith o -
logical, biostratigraphical and sedimentological stud ies have
revealed the gen eral out line of the stra tig ra phy and depositional 
fea tures of these de pos its in both re gions.  



DATA USED

Char ac ter iza tion of the stra tig ra phy and de vel op ment of
sed i men tary infill of the early Pa leo zoic Bal tic re gion as well as 
of the Koszalin–Chojnice Zone is based on sys tem ati za tion and 
up dat ing of ear lier stud ies con ducted on the key bore hole sec -
tions lo cated on both sides of the Teisseyre-Tornquist Zone
(i.a., Modliński and Szymański, 1997; Jaworowski, 1999,
2000a, Modliński et al., 2006; Podhalańska and Modliński
2006; Podhalańska, 2007, 2009). Pre vi ous re search has been
com ple mented by re cent strati graphi cal, palaeontological and
sedimentological data pro vided by the au thors. A num ber of
lithostratigraphical units dis tin guished in the Ediacaran–lower
Pa leo zoic suc ces sion of the EEC, and their gen eral depositional 
en vi ron ments, are de scribed in re la tion to craton mar gin
depositional se quences de ter mined by Jaworowski (1999). In -
ter pre ta tion of the depositional en vi ron ments of the suc ces sion

is based on the re sults of  pre vi ous stud ies (i.a., Jaworowski,
1998, 2000a; Jaworowski and Sikorska, 2003; Podhalańska
and Modliński, 2006; Podhalańska, 2007, 2009) as well as on a
new strati graphi cal and fa cies anal y sis. Lithofacies-thick ness
maps show ing the gen eral lithofacies trends have been con -
structed on the ba sis of anal y sis of key bore holes se lected from
among sev eral tens of bore holes drilled on both sides of the
TTZ (Fig. 1).

DEPOSITIONAL HISTORY

WESTERN PART OF THE EAST EUROPEAN CRATON

The sed i men tary cover of the East Eu ro pean Craton in
North Po land be gins with Ediacaran and Cam brian de pos its.
There is no data on their pres ence to the west of the TTZ in the
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Fig. 1. Lo ca tion of se lected bore holes with Ediacaran–lower Pa leo zoic de pos its in the Pol ish part of the Bal tic re gion



Koszalin–Chojnice Zone. In the part of the Bal tic De pres sion
stud ied, de pos its of this age have been noted in nu mer ous bore -
holes lo cated on shore, as well as in about twenty off shore bore -
holes within the Pol ish Exclusive Eco nomic Zone in the Bal tic
Sea and in the off shore bore hole G14-1/86 in the Ger man Eco -
nomic Zone (Franke et al., 1994).

The lower Pa leo zoic strata on the EEC, sub di vided by
Jaworowski (1999, 2002) into four depositional se quences,
rep re sent a frag ment of a more ex tended sed i men tary cover de -
pos ited on a Pre cam brian base ment. Ac cord ing to this sub di vi -

sion, depositional se quence I in cludes the up per Ediacaran to
Mid dle Cam brian de pos its (with out the up per most part).
Depositional se quence II is com posed of the de pos its of up per
Mid dle Cam brian to lower Tremadocian; se quence III is rep re -
sented by the Arenigian to Ashgillian de pos its with out the up -
per most part and se quence IV con sists of the Llandovery to
Pridoli de pos its (Fig. 2). 

Depositional se quence I be gins with the de pos its of the
Żarnowiec For ma tion (Lendzion, 1970; Jaworowski and
Sikorska, 2003), ly ing di rectly on crys tal line rocks and as -
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Fig. 2. Strati graphic chart of the Ediacaran–lower Pa leo zoic in the Pol ish part of the Bal tic 
re gion: Koszalin–Chojnice Zone and the west ern part of the Bal tic De pres sion; 

depositional se quences af ter Jaworowski (1999) 

BF – Białogóra For ma tion 



signed to the Ediacaran–low er most Lower Cam brian. The up -
per bound ary of the se quence is sit u ated at the ero sional un con -
formity at the base of the Białogóra For ma tion (Fig. 2). Sed i -
men tary infill of the Bal tic Ba sin be gan with ter res trial de pos its 
of the Żarnowiec For ma tion rep re sented by poorly sorted sand -
stones (quartz and arkozic wackes) and con glom er ates,
pink-grey to cherry-red in col our. The strata were de pos ited in
ter res trial con di tions in al lu vial fan and braided river plain set -
tings (Jaworowski and Sikorska, 2003). Higher up they pass
into con ti nen tal-ma rine de pos its within de pos its of fan-del tas
and braided del tas. The thick ness of this for ma tion in creases to
the south-west and var ies from about 10 m in the Hel IG 1 sec -
tion to over 150 m in the Słupsk IG 1 bore hole (Fig. 3). Equiv a -
lents of the Żarnowiec For ma tion are prob a bly the NexÝ sand -
stones on Born holm and the Adlergrund Sandstein For ma tion
in the G14-1/86 bore hole. 

De pos its of the Żarnowiec For ma tion pass con tin u ously
into the Lower Cam brian Kluki For ma tion. This for ma tion is
rep re sented by fine-grained sand stones, siltstones and sand -
stone-mudstone heterolithic deposits. The de pos its were
formed in a ma rine set ting; the sand stones rep re sent tidal shore

sands, and the mudstons and heterolithic de pos its represents the 
tran si tion zone be tween tidal shore sands and shelf muds
(Jaworowski, 1998). The max i mal thick ness of the Kluki For -
ma tion reaches about 200 m. 

The suc ceed ing unit is the Łeba For ma tion, rep re sented
mainly by sand stones with glauconite and phosphoritic con cre -
tions and by sand stone-mudstone heterolithic deposits. These
de pos its be long to the Lower Cam brian Holmia and Protolenus
zones. They were formed mainly in the tran si tion zone be tween 
tidal shore sands and shelf muds (Jaworowski, 1998). Their
thick ness reaches from tens of metres to max i mally 185 m. 

The over ly ing Sarbsko For ma tion (Bednarczyk and
Turnau-Morawska, 1975) com prises black claystones, dark
grey mudstones and mudstone-sand stone heterolithic deposits.
The de pos its are com monly as signed to the up per most part of
the Lower Cam brian Protolenus Zone and to the Mid dle Cam -
brian Acadoparadoxides oelandicus and lower part of the
Paradoxides paradoxissimus zones. They rep re sent shelf
muds, lo cally with storm beds (Jaworowski, 1998). The thick -
ness of the for ma tion ex ceeds 200 m. 
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Fig. 3. Lithofacies-thick ness map of Ediacaran–low er most Lower Cam brian de pos its (Żarnowiec For ma tion) af ter Jaworowski and Sikorska (2010) 

Other ex pla na tions as in Fig ure 1



The to tal thick ness of the Lower Cam brian var ies from
about 100 m (A8-1/83 bore hole) to about 300 m near the
Kościerzyna IG 1 bore hole (Fig. 4). 

Above the Sarbsko For ma tion oc curs the Dębki For ma tion
as signed to the lower part of the Mid dle Cam brian – the
Paradoxides paradoxissimus Zone. It is de vel oped as
light-grey, fine- to me dium-grained quartz sand stones with rare 
interbeds of sand stone-mudstone heterolithic deposits. These
de pos its were formed as tidal shore sands whereas the rare
sandy-muddy interbeds rep re sent the tran si tion zone to shelf
muds (Jaworowski, 1998). The Mid dle Cam brian de pos its
(Dębki Fm.) are the main po ten tial hy dro car bons res er voir
rocks in the lower Pa leo zoic suc ces sion. The thick ness of this
for ma tion reaches 80 m. 

Lo cally, the Dębki For ma tion is over lain by the Osiek For -
ma tion com pris ing mudstones and mudstone-sand stone
heterolithic de pos its. These de pos its are as signed to the up per
part of the Mid dle Cam brian Paradoxides paradoxissimus
Zone. The for ma tion in di cates sed i men ta tion of shelf muds and 
the tran si tion zone be tween shelf muds and tidal sands
(Jaworowski, 2000b). The thick ness of this for ma tion is small

and does not ex ceed 30 m. The  thick ness of the Mid dle Cam -
brian de pos its reaches 300 m in the Łeba Block (Fig. 5).

Depositional se quence II be gins with a dis tinct ero sional
un con formity at the base of the  Białogóra For ma tion (Fig. 2).
The up per se quence bound ary is de ter mined at the ero sional
un con formity be tween the Piaśnica Black Bi tu mi nous Shale
For ma tion (Piaśnica Fm.) and the Słuchowo Shale with
Glauconite For ma tion (Słuchowo Fm.; Fig. 2). The Białogóra
For ma tion is rep re sented by poorly-sorted quartz sand stones
with glauconite and nu mer ous phosphoritic clasts. This unit is
as signed to the Mid dle Cam brian Paradoxides forchhammeri
Zone. The de pos its de vel oped in the nearshore part of a shal low 
sea and rep re sent the basal mem ber of the suc ceed ing ma rine
trans gres sion (Jaworowski, 2000b). The for ma tion oc curs only
lo cally and its thick ness does not ex ceed 4 m. 

The max i mum thick ness of the Mid dle Cam brian strata
reaches about 300 m in the zone be tween the B2-1/80 bore hole
and the Kościerzyna IG 1 bore hole (Fig. 5). 

The up per most units of the Cam brian are the Słowiński and
Piaśnica for ma tions (Bednarczyk and Turnau-Morawska,
1975), rep re sented by bi tu mi nous shales with thin interbeds
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Fig. 4. Lithofacies-thick ness map of Lower Cam brian de pos its af ter Lendzion (1998) sup ple mented by Modliński 
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and lenses of dark, of ten bioclastic lime stones. These highstand 
sys tem tract (HST) de pos its be long to the up per most part of the 
Mid dle Cam brian and the Up per Cam brian (Agnostus
pisiformis–Acerocare zones). The up per most part of the
Piaśnica For ma tion ter mi nates the lithological col umn of the
depositional se quence II and reaches to the lower
Tremadocian. These de pos its rep re sent shelf muds de pos ited in 
anoxic con di tions. They cor re spond to the alum shales of Scan -
di na via (Jaworowski, 1998). The Up per Cam brian–Tre -
madocian claystones of the Piaśnica For ma tion rep re sent the
main po ten tial ho ri zon of the oil source rocks. Ac cord ing to
lithofacies-thick ness anal y sis the max i mum thick ness of these
de pos its reaches about 35 m (Fig. 6).

Or do vi cian strata have been noted on both sides of the TTZ, 
i.e. in the west ern part of the Bal tic De pres sion and in the
Koszalin–Chojnice Zone. 

In the off shore and on shore part of the Bal tic De pres sion
Or do vi cian strata were rec og nized in nu mer ous bore holes, of
which sev eral were fully cored. This al lowed pre cise de ter mi -
na tion of the bound aries be tween the lithostratigraphical units
dis tin guished as well as the lo ca tion of bound aries be tween Or -
do vi cian re gional Brit ish se ries and Bal tic stages (Modliński

and Topulos, 1974; Modliński and Szymański, 1997) as well as 
some global stages (Fig. 2).

The lithological col umn of the low er most Tremadocian oc -
curs in strati graphic and sed i men tary con ti nu ity with the Up per
Cam brian strata and is rep re sented by the top most part of black
bi tu mi nous shales of the Piaśnica For ma tion. The pres ent-day
range of these de pos its is re stricted by ero sion, cov ers only a
small frag ment of the Pol ish part of the Bal tic Sea and its thick -
ness var ies be tween 0 to 8.5 m. Its equiv a lents in Born holm,
Scania and Öland are lower Tremadocian bi tu mi nous shales
tra di tion ally re ferred to the “Dictyonema Shale” (Hede, 1951;
Bergström, 1982).

Depositional se quence III in the Bal tic re gion be gins with
the washed-out top of the Piaśnica For ma tion, over lain by
transgressive shales with glauconite of the low er most Słuchowo
For ma tion. The up per se quence bound ary cor re sponds to the ero -
sional sur face on the top of the Prabuty Marl and Shale For ma tion
(Prabuty Fm.). The Słuchowo For ma tion com prises dark grey and 
black shales with in ter ca la tions and ho ri zons of grey-green shales
with a basal con glom er ate. In the vi cin ity of Żarnowiec and Łeba
and in off shore bore holes, the thin (0–0.7 m) Odargowo Lime -
stone Mem ber is rec og nized within this for ma tion. The age of the
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Fig. 5. Lithofacies-thick ness map of Mid dle Cam brian de pos its af ter Lendzion (1998) sup ple mented by Modliński 
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for ma tion was de ter mined as Arenigian (Latorp Stage in the Bal tic 
sub di vi sion). The shales were formed in the shal lower part of a
muddy plain or at the bound ary be tween the deeper and shal lower
part of the open shelf, char ac ter ized by tem po rarily dysoxic or
anoxic wa ters. These rocks mostly rep re sent HST de pos its. The
thick ness of the for ma tion var ies from 3 to 20 m. Its lithostrati -
graphic equiv a lents in Scania are the lower Didymograptus
Shales, re cently known as the TÝyen Shale (Bergström, 1982;
Jaanusson, 1982).

Above the Słuchowo For ma tion the Kopalino Lime stone
For ma tion (Kopalino Fm.) oc curs, mainly rep re sented by marly
lime stones with nu mer ous bioclasts; sub or di nate lime stones and
organodetritic lime stones are also pres ent. The fau nal as sem -
blage iden ti fied doc u ments the up per Arenigian–lower
Llanvirnian, cor re spond ing to the Volkhov–Aseri strata in the
Bal tic De pres sion. The de pos its were formed in a deeper part of
a vast car bon ate ramp within the range of storm wave base. The
thick ness of the for ma tion var ies from ca. 5 to 20 m in on shore
sec tions and from be low 1 to about 30 m in off shore sec tions.
The lithological equiv a lent of this unit on Born holm and in
Scania is the Komstad Lime stone For ma tion (Bergström, 1982).

This unit is over lain by the Sasino Shale For ma tion
(Sasino Fm.), rep re sent ing the highstand de pos its in
depositional se quence III. It is rep re sented by black, dark grey
and green-grey shales, of ten bi tu mi nous, in some cases cal car e -
ous and/or silicified. These shales con tain in ter ca la tions and
laminae of tuffites and bentonites. The Sasino For ma tion com -
prises strata from the up per Llanvirnian to the up per most
Caradocian, which cor re spond to the Lasnamägi to Vormsi
Bal tic stages rep re sent ing the up per Llanvirnian–Caradocian
HST de pos its in the Bal tic area (Niel sen, 2004). The
depositional en vi ron ment was re ferred to the dis tal part of the
shelf and up per slope, pe ri od i cally be ing un der the in flu ence of
storm wave base. The thick ness of this unit reaches up to 35 m
in on shore sec tions and about 70 m in off shore sec tions. Its
equiv a lents in Scania and Born holm are the Dicellograptus
Shales (Bergström, 1982).

The up per most part of the Or do vi cian suc ces sion is as signed
to the Prabuty Marl and Shale For ma tion (Prabuty Fm.). The unit 
is com posed of marls and shaly marls, as well as mudstones and
cal car e ous shales, grey to dark grey. In some sec tions, the up per -
most part of the suc ces sion com prises quartz sand stone or sandy
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Fig. 6. Lithofacies-thick ness map of Up per Cam brian to Tremadocian de pos its based on ar chi val data of Lendzion (1998) 
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mudstones beds. The de pos its have been as signed to the
Ashgillian, cor re spond ing to the Bal tic Pirgu and Porkuni stages, 
rep re sent ing lowstand sys tem tract (LST) de pos its in the Up per
Or do vi cian suc ces sion (Niel sen, 2004). The sed i men tary set ting, 
as for the Sasino For ma tion, rep re sented an outer shelf. The
thick ness of the for ma tion var ies from 3 to 20 m. In Scania and
Born holm the lithostratigraphic equiv a lents of the lower part of
the for ma tion are the Jerrestad Shales, and of the up per – the
Tommarp Shales (Bergström, 1982). The to tal thick ness of
depositional se quence III (Or do vi cian strata from Arenigian to
Ashgillian) var ies from about 30 m in the Kościerzyna IG 1
bore hole to about 150 m in the A8-1/83 bore hole, and the gen -
eral lithofacies trend is re lated to the south west erly in crease of
the shaly con tent in de pos its (Fig. 7). 

Lithofacies stud ies have in di cated the re gres sive char ac ter
of the Up per Or do vi cian depositional suc ces sion. The peak of
re gres sion, ex pressed by the de po si tion of sand stones in the up -
per part of the Prabuty For ma tion, took place in the late early
Hirnantian (Hirnantian re gres sive event). The re gres sion in the
Pol ish part of the Bal tic re gion , as in other parts of the Bal tic
re gion cor re sponds to the eustatic sea level fall linked with cli -
ma tic cool ing and Gond wana gla ci ation (Podhalańska, 2009).

A pro found sea level rise started dur ing the graptolite
Normalograptus persculptus Chron. The drown ing event ex -
tended into the Si lu rian is re corded by the bi tu mi nous
claystones and mudstones of the lower part of the Pasłęk For -
ma tion (Jantar Mem ber; Podhalańska, op. cit.).

Depositional se quence IV be gins with an ero sional un con -
formity at the top of the Prabuty For ma tion and in cludes the
Llandovery to Pridoli de pos its and  prob a bly the up per most
Ashgillian in the deep est part of the ba sin. The up per se quence
bound ary is de ter mined at the top of the Puck For ma tion (Fig. 2).

In the off shore and on shore part of the Bal tic De pres sion,
Si lu rian de pos its have been drilled by a large num ber of
boreholes, and the up per most part of the suc ces sion was also
noted in nu mer ous bore holes in the Puck Bay area. No ta ble is
the Lębork IG 1 core, in which Si lu rian de pos its, 2245.2 m
thick, were ob served. These were al most completly cored al -
low ing pre cise lo ca tion of all stage bound aries and de ter mi na -
tion of their ranges us ing in dex data for stan dard
biostratigraphic zones (Tomczyk, 1968, 1976; Szymański and
Modliński, 2003). 

The Si lu rian suc ces sion form ing depositional se quence IV in 
the lower Pa leo zoic cover of the EEC, is rep re sented by a thick,
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Fig. 7. Lithofacies-thick ness map of Or do vi cian (Arenigian–Ashgillian) de pos its 
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mo not o nous siliciclastic suc ces sion (Tomczyk, 1962, 1968;
Jaworowski, 2000a; Szymański and Modliński, 2003;
Podhalańska and Modliński, 2006). The suc ces sion is dom i -
nated by claystons and mudstones, with thin interbeds of
fine-grained quartz sand stone. Other de pos its oc cur
subordinately and in clude thin interbeds of pyroclastic
(bentonites, tuffites) and car bo na ceous rocks (marls, marly and
organodetritic lime stones), the oc cur rence of which is linked
with the up per most part of the Si lu rian suc ces sion – Pridoli. The
Si lu rian se quence does not con tain intraformational sed i men tary 
gaps, which re sults in a con tin u ous sed i men tary re cord. Si lu rian
de pos its in the west ern part of the Bal tic re gion were con sid ered
by Jaworowski (2000a) to rep re sent exoflysch ac cu mu lated in a
Cal edo nian fore land ba sin on the edge of EEC.  

The up per most Or do vi cian Prabuty For ma tion, partly
eroded away at the top, is usu ally un con form ably cov ered by
the Pasłęk Shale For ma tion (Modliński et al., 2006), rep re sent -
ing the lower part of depositional se quence IV in the lower Pa -
leo zoic cover of the East Eu ro pean Craton (Fig. 2). In the lower 
part the unit is rep re sented by black bi tu mi nous transgressive
shales (Jantar Bi tu mi nous Shales Mem ber), pass ing up wards
into dark grey and grey shales interlaminated with green,

grey-green and black shales. Sub or di nate interbeds of
brown-red and brown cal car e ous shales oc cur in some sec tions. 
Rare thin marl and marly lime stone beds as well as ben ton ite
laminae have been ob served. This for ma tion is as signed to the
Llandovery; some sec tions, e.g. the Białogóra 2 or Lębork IG 1
bore holes, may also en com pass the up per most Ashgillian
Normalograptus persculptus Zone (Tomczykowa and
Tomczyk, 1976; Podhalańska, 2003, 2009). The depositional
en vi ron ment can be com pared with the me dial part of an open
or pe ri od i cally iso lated (?) epicontinental shelf with a dom i -
nance of set tings with low coarse ma te rial sup ply. The rocks in -
di cate de po si tion of ma te rial within an open siliciclastic shelf
with rel a tively calm hy dro dy namic con di tions, in dysoxic or
pe ri od i cally anoxic con di tions (Jaworowski, 2000a, b, 2002;
Podhalańska, 2009). The for ma tion oc curs over the en tire area
of the Pol ish part of the Bal tic re gion, and its thick ness var ies
from about 15 to 100 m to the west (Fig. 8). 

The fol low ing unit is the Pelplin Shale For ma tion (Pelplin
Fm.; Modliński et al., 2006). Its lower part is dom i nated by
dark grey and grey, rarely black shales, in some cases cal car e -
ous with thin interbeds and lenses of marly lime stones. The up -
per part is com posed of grey and grey-green lam i nated shales,
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Fig. 8. Lithofacies-thick ness map of Llandovery de pos its
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of ten cal car e ous. Sub or di nate ben ton ite laminae oc cur within
the shales. The lower bound ary of the for ma tion roughly cor re -
sponds to the base of the Wen lock, whereas the up per bound -
ary is diachronous within var i ous zones of the Wen lock and
Lud low. De pos its of this for ma tion may be com pared with the
muds of the dis tal part of an outer siliciclastic shelf and slope,
the hemipelagic depositional set tings of which were de pleted
as re gards the sup ply of coarse terrigenous ma te rial. The bot -
tom zone was char ac ter ized by pe ri od i cally re stricted cir cu la -
tion and poor ox y gen a tion of the wa ter, lead ing to reducing
con di tions. The for ma tion is dis trib uted over al most the en tire
Pol ish part of the Bal tic region; it is lack ing near Słupsk where
it thins out com pletely. The maximum thick ness reaches about
400 m (Żarnowiec IG 1 and Prabuty IG 1 boreholes). 

De pos its of the Pelplin For ma tion grad u ally pass into the
Kociewie Shales and Siltstones For ma tion (Kociewie Fm.).
This unit com prises grey and dark grey shales and cal car e ous
shales, com monly in ter ca lated with light grey and grey
siltstones and cal car e ous siltstones. Spo radic thin in ter ca la tions 
and ben ton ite laminae oc cur. Siltstone in ter ca la tions yield nu -
mer ous sed i men tary struc tures with many sole marks, hor i zon -
tal and rip ple lam i na tion and graded bed ding (Jaworowski,

1971, 2000a). The  Kociewie For ma tion is as signed to an in ter -
val from the lower Wen lock to the up per Lud low, and the se -
quence is most com plete in the west ern part of the area in the
Słupsk IG 1 borehole. 

Shales and siltstones were de pos ited in a hemipelagic en vi -
ron ment. The gen er ally slow sed i men ta tion from sus pen sion
was in ter rupted by nu mer ous sub ma rine grav ity flows sup ply -
ing silty ma te rial to the ba sin. Fol low ing Jaworowski (2000a,
b, 2002) some siltstone de pos its can be con sid ered as the prod -
ucts of de po si tion from co he sive flows, akin to clast-poor
debrites. Mas sive siltstone beds pass ing grad u ally into shales
re flect in turn two sed i men tary pro cesses linked to gether – co -
he sive flow of silty ma te rial and turbidity cur rents. Siltstone
beds with sharp basal sur faces, nu mer ous cur rent hieroglyphs,
grad u ally pass ing at their tops into shales, un doubt edly rep re -
sent de pos its of turbidity cur rents. 

The source area for the silty ma te rial in the shale-siltstone
suc ces sion of the for ma tion was a Cal edo nian accretionary
prism lo cated along the col li sion zone be tween Baltica and East 
Avalonia (Jaworowski, 2000a, 2002). The thick ness of this for -
ma tion var ies from 300–400 m near Pasłęk, Gdańsk and
Żarnowiec to over 3000 m in the Słupsk IG 1 borehole.
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Lithological equiv a lents of the Kociewie For ma tion are the
“Silur Skiefer” on Born holm in the west ern part of the Bal tic
De pres sion (Niel sen, 1993). 

The Reda Cal car e ous Siltstone Mem ber is dis tin guished in
the up per part of the Pelplin For ma tion, com pris ing an up per
Ludfordian isochronous ho ri zon (Urbanek and Teller, 1997;
Szymański and Modliński, 2003). The mem ber com prises cal -
car e ous siltstones with shale laminae and interbeds, from 10 to
30 m thick. This is the most char ac ter is tic lithostratigraphic and 
geo phys i cal ho ri zon within the mo not o nous up per Si lu rian
suc ces sion. 

The ter mi nal unit in the Si lu rian suc ces sion is rep re sented
by the Puck Shales and Cal car e ous Shales For ma tion (Puck
Fm.; Modliński et al., 2006). In the lower part it com prises
shales and cal car e ous lam i nated grey to green shales, spo rad i -
cally with ben ton ite laminae, pass ing up wards into lam i nated,
grey-green cal car e ous shales, with interbeds and lenses of
marly and organodetrital light grey lime stones and marls. The
for ma tion en com passes the up per most Lud low Hemsiella
hemsiensis Zone and the Pridoli. 

Shales and siltstones of this unit were, as in the case of the
Kociewie For ma tion, formed within the dis tal part of a shelf
and slope. The most com plete suc ces sions of the Puck Fm. are
pre served in two ar eas: in the off shore B8-1/83 borehole,
where its thick ness ex ceeds 900 m, and in the vi cin ity of
Władysławowo and the Hel Pen in sula, where it reaches al most
1300 m; fur ther to the south the thick ness de creases to 300 m in 
the Słupsk IG 1 borehole. 

The to tal thick ness of the up per Si lu rian (Wen lock–Pridoli) 
in the study area var ies from about 1000 m to the north to over
3000 m in the vi cin ity of Słupsk (Fig. 9).

KOSZALIN–CHOJNICE ZONE

Or do vi cian. There is no data on Cam brian  de pos its to the
west of the TTZ in the Koszalin–Chojnice Zone. Or do vi cian
de pos its have been rec og nized in at least ten sec tions in the vi -
cin ity of Koszalin and Chojnice (Bednarczyk, 1974;
Modliński, 1968; Podhalańska and Modliński, 2006; Fig. 1);
how ever, they were not drilled through in any of these bore -
holes, with only frag ments dis cov ered (from sev eral metres to
about 1000 m in thick ness) of a tec toni cally dis turbed suc ces -
sion. Ad di tion ally, Or do vi cian de pos its have been drilled in the 
Pol ish Ex clu sive Eco nomic Zone in the Bal tic Sea in the
L2-1/87 bore hole, in sev eral bore holes on Rügen Is land and in
some bore holes in the Ger man Eco nomic Zone of the Bal tic
Sea (Jae ger, 1967; Giese et al., 1994).

Or do vi cian de pos its of the Koszalin–Chojnice Zone, like
those on Rügen Is land, are de vel oped as siliciclastics and show
a con sid er able thick ness, usu ally steep and vari able stra tal dips, 
and the pres ence of slick en sides in di cat ing sub stan tial tec tonic
de for ma tion. But due to par tial strati graphic in com pat i bil ity of
the Or do vi cian suc ces sion be tween Koszalin–Chojnice Zone
and Rügen Is land the pos si bil ity of cor re la tion be tween the two 
re gions is lim ited.  

On Rügen Is land only the lower part of the Or do vi cian suc -
ces sion (Tremadocian–Llanvirnian) has been rec og nized. The
old est unit de ter mined as the Wittow Gruppe
(Stratigraphischen Tabelle von Deutsch land, 2002) com prises

sand stones, shales and greywackes of the up per Tremadocian
and black and grey shales with siltstone interbeds as signed to
the lower Llanvirnian. The up per Llanvirnian de pos its are
grey-green shales with thick pack ets of greywackes (Jae ger,
1967; Servais, 1994). The to tal thick ness of the Or do vi cian de -
pos its in Rügen area reaches about 1500–2000 m. 

The old est de pos its known from the Koszalin–Chojnice
Zone are up per Llanvirnian and Caradocian strata
(Bednarczyk, 1974; Modliński, 1987; Podhalańska and
Modliński, 2006), where frag ments of a mo not o nous siltstone
and shale suc ces sion, dark grey and grey-green in col our, with
rare sand stone, do lo mite and sid er ite in ter ca la tions have been
rec og nized. In ter ca la tions of pyroclastic de pos its – tuffites or
ad mix tures of pyroclastic ma te rial rep re sented by nu mer ous
mica flakes have been noted in some bore holes e.g. in the Brda
3 or Nowa Wieś 1 bore holes (Modliński, 1978).

The up per most Or do vi cian – Ashgillian de pos its have not
been reg is tered in any of the cores in this area; they are prob a -
bly de vel oped sim i larly as the up per most Or do vi cian de pos its
in the Toruń 1 bore hole (Podhalańska and Modliński, 2006).

Com par ing the fa cies char ac ter is tics of co eval Or do vi cian
de pos its in the Koszalin–Chojnice Zone and the west ern part of 
the EEC on the base of old and new facts, it may be said that
fine-grained siliciclastic de pos its with sub or di nate car bon ates
pre dom i nated in both these areas dur ing the late Llanvirnian
and Caradocian. The dif fer ence re lies on much greater thick -
nesses in the Koszalin–Chojnice Zone as well as a higher con -
tri bu tion of coarser-grained terrigenous ma te rial  and the pres -
ence of  struc tures in di cat ing the ac tiv ity of the bot tom and dis -
tal tur bid ity cur rents as com pared to the craton area.

Si lu rian de pos its have been noted on both sides of the TTZ, 
i.e. in the west ern part of the Bal tic De pres sion and in the south -
east ern part of the Koszalin–Chojnice Zone (Figs. 8 and 9). In
both ar eas the de gree of rec og ni tion of Si lu rian de pos its var ies
sig nif i cantly.

Si lu rian de pos its in the Koszalin–Chojnice Zone have been
rec og nized in sev eral bore holes (Teller and Korejwo, 1968;
Tomczyk, 1987; Podhalańska and Modliński, 2006). As in the
case of the Or do vi cian, the Si lu rian lacks for mal or in for mal
lithostratigraphic sub di vi sions. 

The old est doc u mented Si lu rian de pos its be long to the up -
per Llandovery and have been dis tin guished in the Lutom 1
bore hole near Chojnice (Teller and Korejwo, 1968). The 500 m 
thick core of tec toni cally dis turbed de pos its com prises
siltstones and shales with thin sand stone interbeds. The de pos -
its are com posed of structureless siltstones or, more fre quently,
of shale-siltstone laminites, formed in a calm set ting, as well as
siltstones to fine-grained sand stones de pos ited un der weak cur -
rents, in clud ing trac tion and tur bid ity cur rents (Podhalańska
and Modliński, 2006). The true thick ness of this frag ment of
the suc ces sion can be es ti mated at about 200 m. 

The Wen lock is rep re sented by dark grey shales and
siltstones fragmentarily rec og nized in the Klosnowo IG 1 and
Wierzchocina 4 cores (Tomczyk, 1987). 

In some cores frag ments of the Lud low suc ces sion have
also been dis tin guished (Tomczyk, op. cit.). The lower Lud low
rep re sented by siltstones and shales was noted in the
Darłowo 2, Okunino 1 and Polanów 1 cores, whereas the up per
Lud low – in the Nicponie 1 core (shales and siltstones) as well
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as in the Stobno 1 and Stobno 3 cores (shales). The up per most
Si lu rian – Pridoli de vel oped as shales was prob a bly en coun -
tered in the Chojnice 3 and Stobno 2 cores. 

The frag ments of the Si lu rian suc ces sion re cov ered do not
per mit eval u at ing its to tal  thick ness in the Koszalin–Chojnice
Zone, or de ter min ing the thick ness of its par tic u lar units. 

Sum ma riz ing, siliciclastic sed i men ta tion con tinued in the
Si lu rian (Podhalańska and Modliński, 2006) and, as in the Or -
do vi cian, it is de void of coarse grained de pos its. How ever,
more siltstones and fine-grained sand stones are pres ent in the
Si lu rian suc ces sion than in the Or do vi cian. The most nu mer ous 
interbeds of fine-grained sand stones oc cur in the Llandovery.
For ex am ple, within the Llandovery de pos its in the Lutom 1
bore hole there oc cur nu mer ous sed i men tary struc tures point ing 
to cur rent ac tiv ity. Some frag ments of the suc ces sion may sug -
gest de po si tion from dis tal tur bid ity cur rents. The con tent of
siltstones is quite high in the Wen lock. To wards the top of the
Si lu rian suc ces sion, the sed i ments be come very mo not o nous,
the ba sin un der goes fill ing and shal low ma rine de pos its ap pear.

CONCLUSIONS 

Newly con structed lithofacies-thick ness maps have al lowed
up dat ing of the lithofacies di ver sity and thick ness vari abil ity of
the Ediacaran–lower Pa leo zoic de pos its as well as dem on stra -
tion of the gen eral lithofacies trends within the strati graphi cal
units.The Ediacaran and old est lower Pa leo zoic de pos its are
known only from the East Eu ro pean Craton. The depositional
his tory of the Bal tic re gion be gins with the al lu vial and shal low
ma rine siliciclastics of the Ediacaran to low er most Cam brian,
with south west erly in crease of the de posit thick ness. Sand stones
of the Lower and Mid dle Cam brian and fine siliciclastics of the
Up per Cam brian and Tremadocian rep re sent the next units of the 
lower Pa leo zoic sed i men tary suc ces sion. 

Or do vi cian and Si lu rian de pos its of North ern Po land are
ob served on both sides of the Teisseyre-Tornquist Tec tonic
Zone: in the Koszalin–Chojnice Zone in the west and the East
Eu ro pean Craton in the east. The char ac ter is tics of the Or do vi -
cian rocks from the Koszalin–Chojnice Zone and mar ginal part 
of the East Eu ro pean Craton in di cate that they show fea tures of
sed i ments de pos ited in var i ous fa cies zones. The Or do vi cian
fa cies of the Koszalin–Chojnice Zone is rep re sented mainly by
hemipelagic sed i ments de pos ited from sus pen sion. Some of the 

sed i ments show ev i dence of be ing de pos ited by weak sea cur -
rents, in clud ing de cel er at ing tur bid ity cur rents.

 The sed i men tary pat tern of the Or do vi cian of the Pol ish
part of the EEC mar gin is con sis tent with the depositional pat -
tern across the Oslo–Scania–Born holm area. The gen eral
lithofacies trend is re lated to the south west erly in crease of the
shaly con tent in de pos its. The depositional suc ces sion ob served 
in the Or do vi cian of the Bal tic re gion seems to have been
strongly con trolled by sea level vari a tion, prob a bly of eustatic
na ture. It was rep re sented mainly by the siliciclastic and car -
bon ate-siliciclastic de pos its of an outer shelf and up per con ti -
nen tal slope, de pos ited in vari able re dox con di tions: mainly
anoxic in the Tremadocian and Caradocian, dysoxic in the
lower Ashgillian and oxic in the Arenigian, Llanvirnian and
up per Ashgillian. The sed i men tary suc ces sion of the Up per Or -
do vi cian and the low er most Si lu rian in the Bal tic re gion has
been in flu enced largely by glacieustatic fall and rise of sea level 
re lated to cli ma tic fluc tu a tion: first the end-Or do vi cian gla ci -
ation and re gres sion and sub se quently the warm ing and trans -
gres sion. 

The Si lu rian lithofacies of the Koszalin–Chojnice Zone
show sim i lar ity to dis tal siliciclastic fa cies dis tin guished within
the Bal tic region, de pos ited in the fore land of the Pom er a nian
Caledonides. In the Koszalin–Chojnice Zone rocks of such or i -
gin, un like their coun ter parts of sim i lar age from the mar ginal
part of the East Eu ro pean Craton, are tec toni cally de formed, al -
though to a lesser ex tent than the Or do vi cian rocks. The up per
Si lu rian de pos its of both the Koszalin–Chojnice Zone and the
mar ginal part of the East Eu ro pean Craton pro vide ev i dence for 
a shallowing of the sed i men tary ba sin in the Pridoli and the de -
vel op ment of shal low-ma rine de pos its with a ben thic fauna. 

Due to the fa cies dif fer ences in the both re gions char ac ter -
ized, es pe cially in the Or do vi cian, and the incom plete strati -
graphi cal re cord in the Koszalin–Chojnice Zone, the cor re la -
tion be tween the lower Pa leo zoic craton mar gin depositional
se quences and the Or do vi cian–Si lu rian depositional suc ces -
sion in the Koszalin–Chojnice Zone is not yet pos si ble.
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