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On a deep shelf of the mar ginal part of the East Eu ro pean Plat form in Po land the flat-ly ing Si lu rian suc ces sion is rep re sented
by the siliciclastic sed i men tary rocks with graptolites. In the Wojcieszków 1 bore hole some of the Si lu rian graptolite biozones
have been doc u mented as signed to Llandovery, Wen lock, Lud low and Pridoli, in clud ing most of its stages. The strati graphic
gap in the base of the Si lu rian spans the lower part of the Rhuddanian. The Jantar For ma tion is dated by Atavograptus
atavus-Coronograptus cyphus in ter val in di cat ing up per Rhuddanian age. The age of the Pas³êk For ma tion is de fined as the
Aeronian and Telychian, based on the graptolite biozones from Demirastrites triangulatus to Cyrtograptus insectus. The next 
ma jor gaps in the biostratigraphic re cord are found in the Telychian. These gaps are re lated to the en vi ron men tal changes
dur ing the sed i men ta tion of the Pas³êk For ma tion. The biochronostratigraphy of the Pelplin For ma tion is based on the as -
sem blage of the ?lat est Llandovery, Wen lock and Lud low graptolites. All Homerian and three Gorstian biozones have been
doc u mented in the pro file, along with the so-called “Cucullograptus Band”. The de po si tion of coarse-grained siliciclastics of
the Kociewie For ma tion be gins in the Lobograptus scanicus Chron of the lat est Gorstian. The in ter val with Bohemograptus
doc u ments the lower Ludfordian part of the Kociewie For ma tion. The Si lu rian ends with the Puck For ma tion of the Pridoli se -
ries. The dis tri bu tion of the graptolite biozones and the chronostratigraphic suc ces sion of lithostratigraphic units cor re spond
closely to the de vel op men tal pat tern of the Bal tic Ba sin in the mar ginal East Eu ro pean Plat form.
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INTRODUCTION

The great in ter est in pros pect ing for un con ven tional hy dro -
car bon de pos its in Po land gave rise to drill ing new bore holes by 
Pol ish and for eign ex plo ra tion com pa nies af ter 2010. Or do vi -
cian and Si lu rian mudstones of the mar ginal zone of the East
Eu ro pean Plat form (EEP), in clud ing black shale ho ri zons of the
Mid dle Or do vi cian, Llandovery and Wen lock, have be come the
sub ject of in tense multidisciplinary re search, aimed at eval u at -
ing their po ten tial for hy dro car bon gen er a tion (e.g., Poprawa,
2006, 2020; Wiêc³aw et al., 2010; Golonka and Bêbenek, 2017;
Podhalañska et al., 2020).

The bore holes drilled in Po land af ter 2010 pro vided many
new palaeontological data, al low ing re fine ment and ver i fi ca tion
of the lower Pa leo zoic stra tig ra phy and re gional cor re la tions
(Podhalañska et al., 2010, 2020; Podhalañska, 2017, 2019,

2025; Porêbski and Podhalañska, 2017, 2019). One of them is
Wojcie szków 1 ex plor atory bore hole, drilled in 2013, lo cated
NW of Lublin.

The pa per pres ents the Si lu rian stra tig ra phy based on
graptolite fauna from drill core sam ples mainly of the Lland -
overy and Wen lock black mudstones. The pre lim i nary re sults of 
the re search were pre sented as an ef fort of the pro ject en ti tled
Blue Gas – Polski Gaz £upkowy and Rozpoznanie stref
perspektywicznych wystêpowania niekonwencjonalnych z³ó¿
wêglowodorów w Polsce (e.g., Podhalañska, 2017, 2019;
Porêbski and Podhalañska, 2017, 2019, Podhalañska et al.,
2020, 2023). The Wojcieszków 1 bore hole, with thick Si lu rian
de pos its and a high core yield, may be used as one of the
benchmarks for the Si lu rian litho- and biostratigraphy in the
mar ginal (rim) zone of the Lublin slope of the EEP. The
lithostratigraphy is based on the lithostratigraphic clas si fi ca tion
de vel oped for the Si lu rian de pos its by Modliñski et al. (2006)
and Podhalañska et al. (2010), and up dated by Porêbski and
Podhalañska (2017, 2019), Trela and Podhalañska (2026). The 
biostratigraphy is based on the re gional graptolite biozones es -
tab lished by Teller (1969), Tomczyk (1990), Urbanek and Teller 
(1997), Koz³ow ska-Dawidziuk (1999), Porêbska et al. (2004)
and Podha lañska (2019), com pat i ble with the stan dard
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biozonal scheme af ter Melchin et al. (2020). The aim of the
pres ent study is the biostratigraphic doc u men ta tion of the Si lu -
rian sed i men tary rocks, mainly graptolite-rich black mudstones
to sup ple ment, ver ify and con firm the uni ver sal ity of the
biostratigraphic re cord for the Si lu rian in ter val of the Lublin part
of the EEP and thus to en able a pre cise strati graphic cor re la tion 
of rock com plexes on a re gional scale.

GEOLOGICAL SETTING

The Si lu rian sed i men tary rocks cur rently found in east ern
Po land are part of the sed i men tary cover of the EEP. This area
rep re sented a pericratonic ma rine Bal tic sed i men tary ba sin de -
vel oped in early Pa leo zoic times on the Pre cam brian crys tal line 
base ment of the Baltica palaeo con tinent at mid dle and low lat i -
tudes of the South ern Hemi sphere (Golonka et al., 2017) in the
tem per ate and warm cli ma tic zone. The Or do vi cian and Si lu rian 
de pos its of the Bal tic Ba sin that stretched along the south-west -
ern rim of the EEP in Po land, south ern Swe den, the Bal tic
States, Belarus and Ukraine are rep re sented by var i ous fa cies
belts and by a wide spec trum of en vi ron ments, rang ing from the 
shelf edge and deep ba sin in the west, through neritic en vi ron -
ments, to lit to ral ones in the east (e.g., Jaanusson, 1976;
Nestor and Einasto, 1997; Jaworowski, 2000; Lazauskiene et
al., 2003; Modliñski, 2010; Radkovets, 2015; Fig.1).

Lower Pa leo zoic sed i men tary rocks are pre served in struc -
tural lows i.e. Bal tic and Podlasie De pres sions (Syneclises) and 
in the area of the Lublin slope of the EEP (Fig. 1). The ba sin for -
ma tion and the de po si tion of Lower Pa leo zoic sed i men tary
rocks are as so ci ated with the Neoproterozoic break-up of the
Rodinia/Pannotia con ti nent (Poprawa et al., 1999; Jaworowski,
2002; Poprawa and Paczeœna, 2002). The Or do vi cian-Si lu rian
suc ces sion of the EEP is in ter preted as re cord ing the tran si tion
from a pas sive mar gin into a Cal edo nian foredeep, in duced by
the col li sion of East Avalonia with Baltica (Poprawa, 2019;
Poprawa et al., 1999; Poprawa and Paczeœ na, 2002). The early 
Pa leo zoic de po si tion was con trolled by both tec tonic and
eustatic fac tors (e.g., Jaworowski, 1971, 2000, 2002;
Koz³owski, 2003; Modliñski and Podhalañska, 2010; Koz³owski
et al., 2014). Flex ural bend ing of the Baltica crust, in duced by
the overthrusting of the Cal edo nian orogen, re sulted in an in -
crease in the sub si dence rate in the ba sin, reach ing its peak in
the Lud low and Pridoli. The de vel op ment of the ba sin in the
mar ginal zone of Baltica was con di tioned by a zonal pat tern of
lithofacies, with an in creas ing pro por tion of clastic de pos its to -
wards the west, and car bon ates to wards the east (e.g.,
Jaworowski, 1971, 2000; Tomczykowa and Tomczyk, 1979;
Tomczykowa, 1988; Tomczyk, 1990; Paškevièius, 1997;
Modliñski, 2010; Modliñski and Podhalañska, 2010; Porêbski et 
al., 2013). It is con sid ered that the Cal edo nian accretionary
prism, which formed along the Baltica-Avalonia col li sion zone,
was the source area of clastic ma te rial, while the prox i mal zone
and shal lows in the ba sin are con sid ered to sup ply car bon ate
ma te rial (Poprawa et al., 1999; Jaworowski, 2000; Porêbski et
al., 2013; Koz³owski et al., 2014; Mazur et al., 2018).

An im por tant fea ture of the Si lu rian suc ces sion in this area
is ero sion in its up per and lower parts. In the east ern and
south-east ern ar eas of the Lublin and Podlasie re gions, a sig -
nif i cant part of the Llandovery sec tion is miss ing or to tally ab -
sent. In the north-wes tern most part of the area, the strati graphic 
gap at the base of the Llandovery spans, at most, one
biostratigraphic zone or it is not there at all. The gap grad u ally
in creases to the east of the area (Podhalañska, 2019) just as in

the Bal tic Syneclise (Modliñski et al., 2006). The Wen lock
(Sheinwoodian and Homerian) and lower Lud low (Gorstian) de -
pos its are the most sta ble strati graphic ho ri zons in terms of
biostratigraphy and thick ness.

The Wojcieszków 1 bore hole is lo cated in east ern Po land in
the dis tal (rim) part of the Lublin slope of the EEP (Figs. 1
and 2). The drill ing reached a depth of 3094 m within Cam brian
de pos its. The Si lu rian sed i men tary rocks (1056 m thick) are
cov ered by Car bon if er ous with a large strati graphic gap.

The bound ary be tween the Or do vi cian marls and the Si lu -
rian shales on the base of the geo phys i cal data is es tab lished at 
the depth of 3031 m. The up per bound ary of the Si lu rian Sys -
tem is at 1975 m at an ero sional con tact with the Car bon if er ous. 
The Or do vi cian and Si lu rian rocks lie hor i zon tally or dip at a
slight an gle of no more than a few de grees.

The Wojcieszków 1 bore hole pro vides im por tant new in for -
ma tion on the Si lu rian for ma tions and fauna due to the high
core re cov ery es pe cially in the lower part of the sec tion. The
nearby Siedliska IG 1 bore hole, which was drilled in 1970, with
the Si lu rian thick ness of 1058.2 m (1481.9–2540 m), is char ac -
ter ized by a smaller core re cov ery and more in com plete cor ing
(Podhalañska, 2018; Fig. 2).

The Si lu rian in the Wojcieszków 1 bore hole is rep re sented
by the Llandovery, Wen lock, Lud low and Pøidoli, in clud ing most
of its stages as signed to the Jantar, Pas³êk, Pelplin, Kociewie
and Puck for ma tions, and to the Reda Mem ber. The dom i nant
Si lu rian lithologies are fine-grained clastics: mudstones,
claystones and siltstones, cal car e ous at some in ter vals, as well
as in ter ca la tions of rocks of pyroclastic or i gin. Graptolites are
most com mon in the black fine-grained shales. In grey, light
grey and green mudstones and cal car e ous interbeds, they are
much less fre quent, and the as so ci a tion of orthoconic cepha lo -
pods, molluscs and brachi o pods ap pears.

MATERIAL AND METHODS

The palaeontological and strati graphic anal y ses of
fine-grained de pos its with graptolites in the Wojcieszków 1
bore hole have made it pos si ble to iden tify sev eral strati graphic
units and to de ter mine the age of the de pos its. Graptolites are
the key or gan isms for the biostratigraphy of the Si lu rian sys tem. 
They are the pri mary group of fos sils em ployed in the
orthostratigraphic di vi sion of mudstone-claystone se quences
due to their sig nif i cantly higher evo lu tion ary rate and greater de -
gree of res o lu tion com pared to other fau nal groups.

Graptolites pri mar ily oc cur in dark grey and al most black
mudstones and claystones, which of ten ex hibit high fissility.
They are found to be much less fre quent or ab sent in grey,
fine-grained siliciclastic rocks. The state of pres er va tion of
graptolite fos sils in drill core var ies from good and com plete to
very poor and frag men tary with vir tu ally no pos si bil ity of tax o -
nomic iden ti fi ca tion. While most graptolites are com pressed,
three-di men sional in di vid u als also oc cur. Some are filled with
rock ma te rial con tain ing py rite. The graptolites have been the
ba sis for the iden ti fi ca tion of the biozones and for the es tab lish -
ment of chronostratigraphic units. The oc cur rence of in di vid ual
taxa was ana lysed in the sam ples stored in the drill core fa cil ity;
the depths at which the sam ples were taken are given in
Table 1.

Rep re sen ta tive in dex and char ac ter is tic graptolites were
se lected for pho tog ra phy and pre sen ta tion in Fig ures 3–6. Ob -
ser va tions of the macrofossils were made us ing a ste reo scopic
mi cro scope, and the pho to graphic doc u men ta tion was cre ated
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Fig. 1. Lo ca tion map of the Wojcieszków 1 bore hole against the ma jor re gional tec tonic units and sche matic dis tri bu tion of the
lithofacies along the west ern edge of the East Eu ro pean Plat form in the Si lu rian (on the base of Teller, 1997; Koz³owski, 2003;

Modliñski, 2010; mod i fied)
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Fig. 2. Lo ca tion sketch-map of the se lected bore holes in the Podlasie De pres sion and the Lublin slope of the East Eu ro pean
Plat form (af ter Podhalañska, 2017; mod i fied)

Red rect an gle – in ves ti gated area
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T a  b l e  1

Graptolite dis tri bu tion in Wojcieszków 1 sec tion



us ing a Hand USB Mi cro scope Cam era and a Canon Power
Shot A700 dig i tal cam era. The re search meth od ol ogy was de -
ter mined by the re quire ments of the owner of the geo log i cal
data. One of the re quire ments was a lim i ta tion on the dis in te -
gra tion of the pro vided drill core frag ments thus the bound aries
of the biozones, as well as bound aries of the chrono strati -
graphic units de ter mined on their ba sis, are of ten ap prox i mate.
Drill cores from the Wojcieszków 1 bore hole are stored cur -
rently at the PGNiG S.A. Cen tral Drill Core Stor age Fa cil ity,
Chmielnik.

RESULTS

The Si lu rian in the Wojcieszków 1 bore hole disconformably
over lies the Or do vi cian car bon ate-marly de pos its of the
Tyœmienica For ma tion – mostly Hirnantian, and is rep re sented

by a suc ces sion of siliciclastic de pos its with a vari able car bon -
ate con tent. Its top sur face is cov ered disconformably by Car -
bon if er ous siliciclastic de pos its. An im por tant fea ture of the Si -
lu rian suc ces sion is ero sion in its lower and up per parts.

The dis tri bu tion of the char ac ter is tic and in dex graptolites as 
well as the age of the Si lu rian rock sam ples and their
lithostratigraphical af fil i a tion are pre sented in Ta ble 1.

The se lected graptolite spec i mens are il lus trated in Fig -
ures 3–6. The lithostratigraphic di vi sions, dom i nant lithologies
within the core as well as the biochronostratigraphical in ter pre -
ta tion are showed in Fig ure 7.

JANTAR MUDSTONE FORMATION

A dis tinct lithological change from marly de pos its of the Up -
per Or do vi cian (Hirnantian) Tyœmienica For ma tion to mud
shales of the Jantar For ma tion oc curs at a depth of 3031 m ac -
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cord ing to geo phys i cal data. The ear li est de ter mi na ble grap -
tolites were rec og nized in the black mudstones of the Jantar
Mudstone For ma tion at a depth of 3029 m. Jantar For ma tion
con sists of py rite-rich, bi tu mi nous ar gil la ceous mudstones of ten 
lam i nated and non-bioturbated. The low est graptolites are rep -
re sented by normalograptids and neodiplograptids. They were
rec og nized at a depth of 3029 m in sam ple 1 (Ta ble 1). In sam -
ples 1–4 at a depth from 3029 m to 3025.1 m (Ta ble 1 and
Fig. 3A–F) the fol low ing spe cies have been de ter mined:
Normalograptus angustus (Perner), Neodiplograptus diminutus
(Elles et Wood), Rhaphidograptus toernquisti (Elles et Wood),

Normalograptus cf. normalis (Lapworth),), Neodiplograptus sp., 
and Glyptograptus sp.). The age of the Jantar For ma tion in the
Wojcieszków 1 bore hole is de fined as the Early Llandovery –
Rhuddanian.

PAS£ÊK MUDSTONE FORMATION

The char ac ter is tic fea ture of the Pas³êk For ma tion (depth
3024–3003 m, thick ness 21 m); is a “ze bra-like” col our band ing
due to the al ter na tion of dark grey and grey-green, usu ally
bioturbated mudstone laminae (Porêbski and Podhalañska,
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Fig. 3. Some of the Si lu rian graptolites identificated in the Wojcieszków 1 borehole, graptolites of the Jantar and Pas³êk
For ma tion

A – Normalograptus angustus (Perner), depth 3029.0 m; B – a. Neodiplograptus diminutus Elles et Wood, b. Normalograptus angustus
(Perner), ju ve nile sta dium, depth 3028.0 m; C – Rhaphidograptus toernquisti (Elles et Wood), depth 3027.0 m; D – Normalograptus cf.
normalis (Lapworth), depth 3027.7 m; E – Glyptograptus sp., depth 3027.0 m; F – a. Neodiplograptus sp., b. ?Glyptograptus sp., depth
3025.1 m; G – Clinoclimacograptus retroversus Bulman and Rickards, depth 3023.1 m; H – a. Demirastrites triangulatus (Harkness), depth
3021.2 m; I – a. ?Dimorphograptus sp. (?Orthograptus sp.), b. Diplograptus sp., depth 3021.2 m; J – a. Campograptus lobiferus (M’Coy), b.
Demirastrites decipiens (Törnquist), c. Monograptus limatulus Törnquist, depth 3018.2 m
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Fig. 4. Graptolites of the Pas³êk and Pelplin For ma tions

A – a, b. Torquigraptus sp. [?Torquigraptus tullbergi (Bouèek)], in com plete spec i men, depth 3015.5 m; B – Oktavites
spiralis (Geinitz), depth 3004.3 m; C – Monoclimacis linnarsoni (Tullberg), depth 3004.3 m; D – a. Monoclimacis
vomerina (Nichol son), b. Monoclimacis cf. linnarsoni (Tullberg), depth 3004.3 m; E – Monograptus priodon (Bronn),
depth 3003.4 m; F – Monoclimacis vomerina (Nichol son), depth 3001.8 m; G – Retiolites geinitzianus Suess (prox i mal
part), depth 2998.3 m; H – Mediograptus kodymi (Bouèek), depth 2995.3 m; I – Monoclimacis ?linnarsoni (Tullberg),
depth 2998.3 m; J – Monograptus pseudocultellus Bouèek, depth 2995.3 m;  scale bars are 2 mm
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Fig. 5. Graptolites of the Pelplin For ma tion

A – Mediograptus sp., depth 2985 m; B – Monograptus flexilis Elles, depth 2974.3 m; C – Mediograptus flexuosus
(Tullberg), depth 2969.2 m; D – frag ments of Cyrtograptus cladium: a – prox i mal part of Cyrtograptus cf. perneri Bouèek,
and nu mer ous siculae, depth. 2958.2 m; E – Cyrtograptus lundgreni Tullberg, in com plete thecal cladium, depth
2936.5 m; F – Pristiograptus dubius (Suess), depth 2925.7 m; G – Cyrtograptus lundgreni Tullberg, prox i mal por tion,
depth 2933.4 m; H – Pristiograptus dubius s.l., im ma ture spec i men, depth 2931.0 m; I – Testograptus tes tis (Barrande),
depth 2935.5 m; J – Gothograptus nassa (Holm), depth 2923.9 m; scale bars 2 mm



2017). Both mudstone fa cies tend to be non-cal car e ous with
only rare lenses or laminae of quartz silt and shell de tri tus. The
top of the for ma tion is gradational and its up per bound ary is de -
fined at the up per most green bioturbated mudstone laminae. In
black lay ers the fre quency of the graptolites is high while in grey 
and green laminae is low or the graptolites are ab sent. The
sam ples 5–13 (Ta ble 1) con tain nu mer ous and usu ally well pre -
served graptolites. Be sides the graptolite de tri tus the low est
sam ple of the Pas³êk For ma tion from the core depth of the
3023.1 m con tains Clinoclimacograptus retroversus Bulman
(Fig. 3G), Neodiplograptus sp. , Orthograptus sp. (?Dimorpho -
graptus sp.; Fig. 3I) and slightly higher (3021.2 m) Demirastrites 
triangulatus (Harkness) (Fig. 3H), an in dex fos sil of the
triangulatus Biozone. In sam ple 7 (3018.2 m), well-pre served
fauna con tains Demirastrites decipiens (Törnquist), Campo -
graptus lobiferus (M’Coy) and Monograptus limatulus Törnquist 
(Fig. 3J). sug gest ing the Lituigraptus convolutus Biozone of
Aeronian. Monoclimacis sp., Monograptus sp. and
Torquigraptus sp. (?Torquigraptus tullbergi (Bouèek) (Fig. 4A)
are the only iden ti fi able graptolites from 3016.2 to 3015.5 m
from near the Aeronian-Telychian bound ary.

A ma jor gap in the graptolite re cord is ob served be tween
3015.5 m (sam ple 9) and 3004.3 m (sam ple 10) in the up per
part of the Pas³êk For ma tion. The grap to lit ic sam ples at
3004.3–3001.8 m (sam ples 10–13) bear again a di verse as -
sem blage in dic a tive of the Oktavites spi ralis Biozone (Ta ble 1)

with O. spiralis (Geinitz), Monoclimacis linnarsoni (Tullberg), M.
vomerina (Nichol son), Monograptus priodon (Bronn)
(Fig. 4B–F) as well as frag ments of retiolitids and cyrtograptids.

The age of the Pas³êk For ma tion in the in ves ti gated bore -
hole is de fined as the Aeronian and Telychian, based on the
graptolite biozones Demirastrites triangulatus – Oktavites
spiralis. 

PELPLIN MUDSTONE FORMATION

The dom i nant li thol ogy of the Pelplin For ma tion com prises
dark grey, mas sive or lam i nated, ar gil la ceous mudstones with
diagenetic car bon ate con cre tions, thin ben ton ite laminae and
thin lags of shelly de tri tus. The thick ness of the Pelplin For ma -
tion is 128 m. The graptolites of the Pelplin For ma tion in
Wojcieszków 1 core are nu mer ous and tax o nom i cally di verse.
The ear li est of them were rec og nized in the sam ple no 14
(2998.3 m; Table1).

The graptolite as sem blage of the lower part of the Pelplin
For ma tion is dom i nated by retiolitids (Retiolites geinitzianus
Barrande) (Fig. 4G), mediograptids (Mediograptus kodymi
(Bouèek) (Fig. 4H), Mediograptus sp. (Fig. 5A) as well as
monograptids (M. psedocultellus Bouèek) (Fig. 4J), pristio -
graptids, Pristiograptus dubius (Suess) (Fig. 5F) and
cyrtograptids pre served as the in com plete thecal cladia
(Fig. 5D, E). In sam ples 23–33 (Ta ble 1) the se quence of
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Fig. 6. Graptolites of the Pelplin and Kociewie for ma tions

A – Colonograptus praedeubeli (Jae ger), depth 2918.4 m; B – Lobograptus pro gen i tor Urbanek, depth 2913.0 m; C –
Saetograptus chimaera (Barrande), depth 2910.5 m; D – Colonograptus ludensis (Murchi son), depth 2914.4 m; E –
Cucullograptus cf. hemiaversus Urbanek, frag ment of a dis tal part, depth 2894.1 m; F – Bohemograptus tenuis
(Bouèek), depth 2586.8 m; G – Egregiograptus sp. (Egregiograptus ?rhinellae Koren’ et Suyarkova), depth 2581.4 m;
scale bars 2 mm



biozones with the in dex graptolites Cyrtograptus lundgreni,
Testograptus tes tis, Gothograptus nassa, Colonograptus
praedeubeli and Col. ludensis was doc u mented (Figs. 5F–J
and 6A, D). The age of just de scribed part of Pelplin For ma tion
is de fined as the up per most Telychian – Homerian (Fig.7).

In sam ples 34–42 (depth 2913–2877.3; Ta ble 1) the
graptolite as sem blage is char ac ter ized by the oc cur rence of ge -
nus Saetograptus (Saetograptus chi maera (Barrande)
(Fig. 6C), Pristiograptus dubius and Colonograptus colonus
(Barrande) and the first ap pear ance of the rep re sen ta tive of the
cucullograptid lin eage (Lobograptus pro gen i tor Urbanek, sam -
ple 34, Fig. 6B).

The Lud low (Gorstian) part of the Pelplin For ma tion is de -
scribed here as a “Cucullograptid Band” firstly dis tin guished in
Mielnik IG 1 bore core by Urbanek (1966) for the in ter val with
Gorstian cucullograptids and lobograptids. In Wojcieszków 1
bore hole the “Cucullograptus Band” is 35.7 m thick and com -
prises graptolites with ap er tural lobes. The graptolites are flat -
tened, un com pleted, poorly pre served and hardly vis i ble on the
rock sur face. Only some of them was able to dis tin guished:
Lobograptus progenitor (Fig. 6B), Cucullograptus ?hemia -
versus Urbanek (Fig. 6E). The strati graphi cal po si tion of the
“Cucullograptus Band” sensu Urbanek and Teller (1997) re -
sponds the Gorstian scanicus Biozone.

KOCIEWIE MUDSTONE AND SILTSTONE FORMATION 
AND REDA MEMBER

The Kociewie For ma tion is char ac ter ized by siliciclastic and
cal car e ous siltstone beds within clayey or silty mudstones and
sand stones usu ally ce mented with cal cite or do lo mite, and is
dated by graptolites mainly of the gen era Lobograptus,
Bohemograptus, Saetograptus, and Monograptus. Its lower
bound ary es tab lished af ter the geo phys i cal data at 2875 m cor -
re sponds to the top of the Pelplin For ma tion. Only 6 sam ples
were the sub ject of re search. The be gin ning of the Kociewie
For ma tion in the Wojcieszków 1 bore hole falls within the
Lobograptus scanicus Biozone (sam ple 43). Poorly pre served
frag ments of Pseudomonoclimacis sp. and Bohemograptus
bohemicus (Barrande) were iden ti fied at the depth of 2763.6 m
and 2679.5 m (sam ples 44–45). Bohemograptus tenuis
(Bouèek), Egregiograptus sp. (E. cf. rhinellae Koren’ et
Suyarkova) (Fig. 6F, G) were found in a sam ple just be low the
Reda Mem ber (Fig. 7) and Linograptus sp. (?Linograptus
posthumus (Rich ter) has been found just above the Reda Mem -
ber (sam ple 49). In the up per part of the Kociewie For ma tion,
the Reda Mem ber is con firmed at a depth of 2580–2560 m. This 
ho ri zon, which spans the Ludfordian re gional kozlowskii –
latilobus-balticus interzone and re flects a global en vi ron men tal
per tur ba tion (Kozlowski/Lau Event), is ev i dent as a dis tinct
anom aly on the GR in Wojcieszków 1 bore hole as well as in
many bore holes in the Bal tic Syneclise and there fore it is usefull 
to cor re la tion (e.g., Modliñski et al., 2006; Koz³owski and
Sobieñ, 2012; Porêbski et al., 2013; Koz³owski, 2015, 2020;
Porêbski and Podhalañska, 2017, 2019).

PUCK FORMATION

No graptolites have been found in the up per most sam ple
rep re sent ing the Puck For ma tion (sam ple no 50) from a depth
of 2028.0 m; only a few nautiloids, brachi o pod shells, and other
un iden ti fied or ganic de tri tus were pres ent. The grey and green -
ish cal car e ous claystone/mudstone of the Puck For ma tion ter -
mi nates the Si lu rian suc ces sion and spans part of the Pridoli
and, in the cen tral area of the Podlasie – Lublin re gion, the up -
per Ludfordian, e.g. in the Wojcieszków 1 and Siedliska IG 1,

and many other bore holes (Podhalañska et al., 2010;
Podhalañska, 2017, 2019). The up per bound ary of the for ma -
tion is ero sional.

INTERPRETATION 

The biostratigraphic re search pro vided more de tails on the
ranges of the lithostratigraphic for ma tions in the Wojcieszków 1
bore hole as well as the thick ness of the Si lu rian se ries and
stages (Fig. 7).

The low est Si lu rian graptolites, mainly normalograptids and
neodiplograptids (Ta ble 1 and Fig. 7) were rec og nized at a
depth from 3029 to 3025.1 m as the atavus-cyphus biozone
there fore the Jantar For ma tion may be as signed to the up per
Rhuddanian. The Aeronian and Telychian stages are doc u -
mented by more di verse and nu mer ous graptolites (Ta ble 1 and 
Fig. 7). Be tween 3025.5 and 2990.3 m, the fol low ing biozones
were dis tin guished Demirastrites triangulatus, Lituigraptus
convolutus in the Aeronian (depth 3025.1–3015.5 m) and
Oktavites spiralis, ?Cyrtograptus insectus in the Telychian
(depth 3015.5–2990.3 m) dat ing the Pas³êk For ma tion as mid -
dle and up per Llandovery. The top of the Llandovery is es tab -
lished at 2990.3 m; thick ness 38.7 m.

Both the Sheinwoodian and Homerian stages have been
doc u mented in the Wen lock at a depth from 2990.3 m to ~2913
m (thick ness 77.3 m). In Sheinwoodian the fol low ing graptolite
biozones have been doc u mented: Cyrtograptus centrifugus,
Monograptus flexilis, and an in ter val con tain ing nu mer ous al -
beit in com plete frag ments of graptolites of the ge nus
Cyrtograptus, most prob a bly rep re sent ing the Cyrtograptus
perneri Biozone (Fig. 7).

The ear li est oc cur rence of the Cyrtograptus lundgreni
Biozone was found at a depth of 2936.0 m. The lower bound ary
of this biozone co in cides with the lower bound ary of the Homer -
ian. It is dated by the graptolites of the fol low ing biozones:
Cyrtograptus lundgreni-Testograptus tes tis, Colonograptus
praedeubeli and Colonograptus ludensis (Fig. 7). Thus, a se -
quence of graptolite biozones in the Wojcieszków 1 is close to
those in the Homerian doc u mented in the Bal tic re gion of Pol ish 
part of the EEP (Koz³owska-Dawidziuk, 1999; Porêbska et al.,
2004).

The age of the Pelplin For ma tion is based on the as sem -
blage of Wen lock (?up per most Llandovery) and Lud low grapto -
lites. Its lower bound ary runs at the base of the ?Cyrtograptus
insectus Biozone, while the up per bound ary runs within the late
Gorstian Lobograptus scanicus Biozone. The lat est
Telychian–Gorstian age of the Pelplin For ma tion is doc u -
mented by the fol low ing biozones: insectus, flexilis, ?perneri,
lundgreni-testis, nassa, praedeubeli, ludensis, progenitor,
chimaera, scanicus (Fig. 7). In Pelplin For ma tion the graptolite
suc ces sion is com plete.

The lower bound ary of the Lud low is set at a depth of ~2913
m at the first ap pear ance of linograptids (gen era Lobograptus
and Neodiversograptus). Based on the sim i lar ity to the
Siedliska IG 1 bore hole, the thick ness of the Lud low in the ana -
lysed bore hole is sev eral hun dred (>500) metres. The up per
bound ary of the Lud low is dif fi cult to de ter mine due to the lack of 
drill core. In strati graphic terms, the youn gest graptolites of the
Lud low, Linograptus sp. and Monograptus sp. have been found 
in a sam ple from a depth of 2550 m, i.e. sev eral hun dred metres 
from its lower bound ary. Two stages have been doc u mented in
the Lud low de pos its: Gorstian and Ludfordian. The Gorstian is
doc u mented from a depth of ~2913 to 2877.3 m (35.7 m) by the
pres ence of the fol low ing biozones: Lobo graptus pro gen i tor,
Saetograptus chi maera and Lobograptus scanicus as well as
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graptolites of the “Cucullograptus Band” (sensu Urbanek and
Teller, 1997), dat ing the up per Gorstian and low er most
Ludfordian.

The Ludfordian age of the Kociewie For ma tion has been
doc u mented only par tially in the up per most cored in ter val (up -
per most part of the sec tion). Sev eral tens of metres be neath
the Reda Mem ber of 2586.8 m, there are quite nu mer ous in di -
vid u als of bohemograptids as well as Egregiograptus sp. at a
depth of 2581.4 m (Fig. 7).

Poorly pre served frag ments of Linograptus sp. and Mono -
graptus sp. were iden ti fied ~10 m above the up per bound ary of
the Reda Mem ber.

No graptolites have been found in the up per most sam ple
from a depth of 2028.0 m. By com par ing the thick ness of the
de pos its and cor re lat ing them with other re gional sec tions, e.g.
the Siedliska IG 1 bore hole, these de pos its may be in cluded in
the Pridoli. The grey and green ish cal car e ous claystone/ mud -
stone of the Puck For ma tion ter mi nates the Si lu rian suc ces sion 
and spans part of the Pridoli and, in the cen tral area of the
Podlasie – Lublin re gion, the up per Ludfordian, e.g. in the
Siedliska IG 1, Wojcieszków 1 and many other bore holes
(Podhalañska et al., 2010; Podhalañska, 2017, 2019). The up -
per bound ary of the for ma tion is ero sional.

DISCUSSION

The suc ces sion of the graptolite biozones, as well as the
chronostratigraphic suc ces sion does not dif fer from the gen eral 
pat tern of the Bal tic Ba sin de vel op ment in the mar ginal zone of
the East Eu ro pean Plat form (e.g., Teller, 1969; Tomczyk, 1990; 
Urbanek and Teller, 1997; Podhalañska, 2019; Trela and
Podhalañska, 2026). The most of graptolite spe cies and their
strati graphi cal ranges are com pa ra ble with the graptolite data
from Great Brit ain (Zalasiewicz, 2009); Barrandian area, Czech 
Re pub lic (Štorch, 2023; Štorch et al., 2024) as well as East Bal -
tic re gion (Paœkevièius, 1997; Loydell et al., 2003; Radzevièius,
2013, Maletz et al., 2014).

The strati graphic re search based on graptolites pro vided
more de tails on the tem po ral and spa tial ranges of the lithostrati -
graphic for ma tions and the num ber and range of strati graphic
gaps in the Si lu rian suc ces sion. The char ac ter is tic fea ture of the
lower Si lu rian de pos its at the EEP mar gin in Po land is
diachronous ap pear ance of black grap to lit ic shale for ma tions
from the north-west to the south-east.

In Podlasie-Lublin area a large strati graphic gap span ning
the part of the Llandovery and in creas ing eastwards. The base
of Llandovery de pos its, the base of Jantar For ma tion is
diachronous and the early Si lu rian strati graphic gap in creases
from the acuminatus to atavus-cyphus biozones in Okuniew IG
1, Pêclin OU-1 , Siedliska IG 1 and Wojcieszków 1 bore holes
re spec tively. To wards the SE ba sin edge, the gap be tween Or -
do vi cian and Si lu rian in creases and in the Berejów OU- 1,
Strêczyn OU- 1, Dobryniów OU- 1 bore holes (lo cal ity on Fig. 2)
the black grap to lit ic fa cies be gins in the lat est Llandovery
(Podhalañska, 2019: fig. 11).

The Lviv-Volyn Ba sin of west ern Ukraine was in the Early
Pa leo zoic a con tin u a tion to the south-east of the Lublin part of
the sed i men tary ba sin in Po land. Ac cord ing to Rizun et al.
(2007) the Llandovery is ab sent and the Si lu rian is rep re sented
by Wen lock, Lud low and Pridoli de pos its sim i larly as in Terebin
IG 5 bore hole sit u ated in the SE part of the Lublin slope
(Tomczyk and Podhalañska, 2014).

In Lat via the Lower Si lu rian suc ces sion com prises dark
grey and black graptolite shales and dark grey and black clayey
marls of the Aeronian and Telychian stages, which lie on top of

car bon ates of the low er most Si lu rian (Rhuddanian). The base
of the Dobele For ma tion, pos si bly an equiv a lent of the Jantar
For ma tion in Aizpute-41 core, sim i larly to Wojcieszków 1 bore -
hole lies within the Rhuddanian cyphus graptolite Biozone
(Loydell et al., 2003). The Llandovery Jürmala For ma tion
(Paškeviæius, 1997) be gins with the triangulatus Biozone (the
base of Aeronian) sim i larly to the low er most part of the Pas³êk
For ma tion in Po land, the Dobele For ma tion (Aeronian), may be
con sid ered as an lithofacies equiv a lent of the Jantar For ma tion
in the west ern part of the Bal tic Ba sin in Po land.

Graptolites are very sparse in the lower part of the
Ohesaare core (Saaremaa, Es to nia) and in di cate an age of lat -
est Rhuddanian-Aeronian Atavograptus atavus Biozone as the
be gin ning of the Si lu rian (Loydell et al., 1998).

The Si lu rian graptolite suc ces sion in the Wojcieszków 1
core is not com plete in re la tion to the re gional and global
biozonal scheme (e.g., Urbanek and Teller, 1997; Urbanek et
al., 2012; Porêbska et al., 2004; Podhalañska, 2019; Melchin et
al., 2020). The lack of con ti nu ity in the graptolite re cord is due to 
strati graphic gaps, fa cies changes, the state of pres er va tion of
graptolites in the rock, as well as tech no log i cal fac tors, e.g. lim i -
ta tions in sam pling and drill core dis in te gra tion.

The sig nif i cant gaps in the biostratigraphic doc u men ta tion
in the Wojcieszków 1 bore hole re fer to the Llandovery, par tic u -
larly the Aeronian/LowerTelychian stages. Interbedded green
and grap to lit ic dark grey mudstones of the Pas³êk For ma tion re -
flect the change able oxic-anoxic con di tions af fect ing the
graptolite pres er va tion in the rock. Sim i larly the basal Velise
For ma tion, of the Es to nian part of the Bal tic shelf shows the en -
vi ron men tal con di tion ing of the graptolite oc cur ring in the rock.
In Velise For ma tion of “rel a tively deep shelf” of the Saarema,
Es to nia, wa ter depth had var ied with lo cal and eustatic changes 
in sea-level dur ing the early Si lu rian. The un con formity is in ter -
preted as re sult ing from re gres sions re flect ing Aeronian and
early Telychian eustatic falls in sea-level (Loydell, 1998).

In the Si lu rian, the mi grat ing front of Cal edo nian col li sion
de ter mined shale de po si tion in the ba sin, and shale and
siltstone in the up per part of the suc ces sion (e.g., Jaworowski,
2002; Modliñski and Podhalañska, 2010; Porêbski et al., 2013;
Mazur et al., 2018). The be gin ning of the Kociewie For ma tion is
char ac ter ized by the ap pear ance of the siliciclastic and cal car e -
ous siltstone beds within clayey or silty mudstones and sand -
stones usu ally ce mented with cal cite or do lo mite. In the Bal tic
sed i men tary ba sin it is diachronous and get ting youn ger
platformwards (e.g., Jaworowski, 2000; Modliñski et al., 2006;
Mazur et al., 2018). In the Podlasie and Lublin re gion its age is
de fined as Lud low (Gorstian–Ludfordian). The be gin ning of the
Kociewie For ma tion in the Wojcieszków 1 bore hole falls within
the Lobograptus scanicus Biozone (Podhalañska, 2019) and
within the Bohemograptus cornutus Zone in the south-east ern
part of the area (Mazur et al., 2018).

CONCLUSION

The strati graphic re search based on graptolites pro vided
more de tails on the tem po ral and spa tial ranges of the
lithostratigraphic for ma tions and the num ber and range of strati -
graphic gaps in the Si lu rian suc ces sion.

In the Wojcieszków 1 sec tion, only part of the graptolite
biozones have been doc u mented. The lack of con ti nu ity in the
graptolite re cord is due to strati graphic gaps and fa cies
changes but also due to “spotty” graptolite cov er age, frag men -
tary pres er va tion of the graptolite tubaria and lim i ta tions in sam -
pling. De po si tion of the Si lu rian sed i men tary rocks be gins with
black grap to lit ic shales in the late Rhuddanian – atavus-cyphus
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in ter val. The larg est gaps in the biostratigraphic doc u men ta tion
re fer to the Llandovery, par tic u larly the late Aeronian-Telychian
Stage. The lack of graptolite doc u men ta tion in some Aeronian
and Telychian in ter vals re sults from fa cies changes in the
Llandovery; these are re lated to vari able en vi ron men tal con di -
tions dur ing the sed i men ta tion of the Pas³êk For ma tion. All the
Homerian graptolite biozones anal o gous to those doc u mented
in the Bal tic re gion of Po land’s East Eu ro pean Plat form
(Koz³owska-Dawidziuk, 1999; Porêbska et al., 2004) have been 
doc u mented. Three Gorstian biozones, and the “Cucullo -
graptus Band”, which con tains the Cucullograptus and

Lobograptus gen era, dif fi cult to sep a rate in the case of com -
pressed graptolites, have been iden ti fied. Sed i men ta tion of the
coarser-grained siliciclastics of the Kociewie For ma tion be gan
in the Late Gorstian. In the Late Ludfordian, Bohemograptus
sp., graptolites with ven trally curved tubarium dom i nate. There
are no biostratigraphic data for the up per most Si lu rian due to
the lack of cor ing in this part of the bore hole sec tion.

Ac knowl edge ments. The au thor would like to thank the re -
view ers for valu able sub stan tive com ments and sug ges tions
which im proved the manu script.
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