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Evo lu tion of the Pom er a nian Ba sin (NW Po land) dur ing the De vo nian saw the de vel op ment of a char ac ter is tic siliciclastic and mixed
siliciclastic-car bon ate mar ginal ma rine-to-open ma rine car bon ate sed i men tary suc ces sion. This was con trolled via prox im ity of the land
ar eas rep re sent ing up lifted parts of the East Eu ro pean Craton (EEC): the Fennoscandian High ex tend ing in the north, and the
Mazury–Belarus High, sit u ated in the east. The depositional his tory of the Pom er a nian Ba sin be gan not ear lier than at the end of the
Emsian or pos si bly in the Eifelian, af ter a long break span ning the Lochkovian, Pragian and much of the Emsian when the area was sub -
jected to ero sion. Sed i men ta tion started in the north east ern part with mar ginal-ma rine clastic de pos its with lo cal evaporites which are
dated as up per most Emsian?–Eifelian, pass ing up wards into lower–mid dle Givetian mar ginal-ma rine siliciclastic and car bon ate de pos -
its; these are fol lowed by up per Givetian mar ginal-ma rine siliciclastic rocks. In the south west ern part of the area, the De vo nian suc ces -
sion started with mar ginal-ma rine car bon ates and siliciclastics which be long to the  up per most Emsian?–Eifelian, fol lowed by lower and
mid dle Givetian car bon ates, pass ing up wards into up per Givetian mar ginal-ma rine siliciclastics. Dur ing the Late De vo nian the Pom er a -
nian Ba sin un der went evo lu tion from a mar ginal-ma rine in the ear li est Frasnian, through car bon ate ramp or plat form/shelf ba sin set tings
dur ing the rest of the Frasnian and early Famennian, up to a re ap pear ance of shal low subtidal and mar ginal-ma rine en vi ron ments in late
Famennian time. At the end of the Famennian an open shelf en vi ron ment be came prev a lent al most over the whole area and con tin ued up
to the Mid Tournaisian. The lat eral re la tion ships of the lithofacies dur ing the Givetian, Frasnian and Famennian are por trayed on 11
maps, show ing rel a tively short time-in ter vals, se lected to de pict the most sig nif i cant en vi ron men tal changes. Transgressive-re gres sive
depositional cy cles ob served in the Pom er a nian Ba sin seem to have been strongly con trolled by sea level vari a tions, prob a bly of eustatic
na ture; how ever, tec tonic ac tiv ity of some struc tural el e ments lo cally mod i fied the sed i men tary re cord.

Hanna Matyja, Pol ish Geo log i cal In sti tute, Rakowiecka 4, PL-00-975 Warszawa, Po land; e-mail: hanna.matyja@pgi.gov.pl (re ceived: 
Feb ru ary 02, 2009; ac cepted: March 25, 2009).
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INTRODUCTION

The main aim of this pa per is to sum ma rize current knowl -
edge of the stra tig ra phy and sedimentological de vel op ment,
and to rec og nize some con trol mech a nisms on ob served spa tial
and ver ti cal fa cies changes, in the Pom er a nian Ba sin dur ing
De vo nian times.

Al most 100 bore holes have pen e trated De vo nian de pos its
in the West ern Pomerania area (NW Po land). Of these, about
70 have been stud ied in de tail. Un for tu nately, most of these
bore holes pen e trated only part of the De vo nian suc ces sion. A
few bore holes have pen e trated an al most com plete De vo nian
suc ces sion but none are rep re sented as con tin u ous drillcore sec -
tion. How ever, thanks to many years of biostratigraphic anal y -
ses, based mainly on cono donts and miospores, and of fa cies

anal y ses, it has been pos si ble to re con struct the most prob a ble
mu tual lat eral re la tions among lithostratigraphic units, to show
their suc ces sion, and to re late them to par tic u lar depositional
set tings. The char ac ter is tics of the De vo nian lithostratigraphic
units and the pat tern of their mu tual spa tial and tem po ral re la -
tion ships, along with a gen eral as sig na tion to par tic u lar
depositional set tings, as well as the his tory of fa cies de vel op -
ment, in clude a num ber of mod i fi ca tions, es pe cially in the Mid -
dle De vo nian part, as com pared to those pro posed ear lier
(Matyja, 1987, 1988, 1993, 1998, 2006). These mod i fi ca tions
have been in tro duced in re sponse to new an a lyt i cal data which
have en abled the for ma tions, as well as turn ing points in the
sed i men tary de vel op ment of the area, to be dated more pre -
cisely. These data are suf fi cient to en able the con struc tion of
suc ces sive depositional stages of the Pom er a nian Ba sin, al -
though most of the geo log i cal data used in the spa tial and tem -
po ral re con struc tions of the lithofacies pat tern dur ing the De vo -
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nian orig i nates from a rel a tively nar row belt of de pos its ex tend -
ing NW–SE, be tween Koszalin–Ko³obrzeg–Kamieñ Pomorski 
and Toruñ–Bydgoszcz (Fig. 1).

The lat eral re la tion ships of the lithofacies dur ing the De vo -
nian are por trayed on 11 maps. The re sults are pre sented be low
fol low ing the “stan dard” cono dont and lo cal (Pom er a nian)
miospore zonations and the re cent De vo nian strati graphic
scheme (House and Gradstein, 2004).

REGIONAL FRAMEWORK

The Pom er a nian Ba sin dur ing its De vo nian and Mis sis sip -
pian his tory was sit u ated within the Trans-Eu ro pean Su ture
Zone (TESZ), and lo cated along the mar gin of the sta ble East
Eu ro pean Craton (EEC) to the north and north-east, and the
Variscan-in flu enced ar eas to the south-west.

A deep crustal frac ture — the Teisseyre-Tornquist Zone
(TTZ) — marks the pro found crustal bound ary be tween the
East Eu ro pean Craton and the typ i cal Trans-Eu ro pean Su ture
Zone crust. The north east ern part of the TTZ co in cides more or
less (Fig. 1) with the north east ern ex tent of de formed Lower
Palaeozoic strata (Cal edo nian De for ma tion Front — CDF),
with the pres ent-day north east ern ero sional mar gin of De vo -
nian and Car bon if er ous de pos its, and with the
Koszalin–Chojnice Fault Zone that has been re peat edly re ac ti -
vated dur ing the Perm ian–Me so zoic evo lu tion of the Pol ish
Ba sin and dur ing the Late Cre ta ceous–Palaeo cene in ver sion of
the Mid-Pol ish Trough (Dadlez, 2006). The Kosza -
lin–Chojnice Zone has been in ter preted by some au thors as a
crustal frag ment de tached from the north ern mar gin of Gond -
wana and sub se quently docked along side Baltica dur ing the
Early Palaeozoic (e.g., Franke, 1995). Fol low ing the stud ies of 
Krzemiñski and Poprawa (2006), and Poprawa et al. (2006), its 
Early Palaeozoic his tory seems to have been con nected with
the East Eu ro pean Craton (Baltica), as ear lier sug gested by
Dadlez (Dadlez et al., 1994; Dadlez, 2000). The SW bound ary
of the TESZ, marked by the Dolsk Fault (in set map on Fig. 1),
across which the con sol i dated crustal layer is re placed by crys -
tal line Variscan up per crust, is ev i dent only on two deep seis -
mic pro files, LT-7 and P4, and the de for ma tion front of the
Variscan Externides (VDF) is lo cated some 100 km
north-eastwards of the Dolsk Fault within the con fines of the
TESZ crust (Dadlez, 2006).

Sig nif i cant lat eral and thick ness changes of the crys tal line
crust as well as dif fer ences in the com po si tion of its sed i men tary
cover were noted on the in di vid ual crustal blocks within the
TESZ, i.e. on the Pom er a nian, Kuiavian and Holy Cross Mts.
seg ments. These changes in the crustal con fig u ra tion ap pear to
be con trolled by deep crustal frac tures, such as the
Koronowo–Margonin or W³oc³awek–Konin faults (Dadlez,
1997, 2000; Fig. 1) or the Poznañ–Bydgoszcz–Toruñ tec tonic
zone, that sep a rates the Pom er a nian and the Kuiavian seg ments
(Dadlez, 2006). Whether these faults sep a rated in di vid ual ter -
ranes or in di vid ual blocks of the same terrane is un known
(Dadlez, 2006). The deep seis mic pro files per formed within the
TESZ in di cate that this spe cific mo saic of crys tal line crustal
blocks is cov ered to a depth of 7–8 km (Guterch et al., 1994;
Grad et al., 1999) by a Palaeozoic sed i men tary suc ces sion. None 

of the bore holes drilled in the West ern Pomerania re gion (lo -
cated on the Pom er a nian seg ment) reached the TESZ crys tal line
crust. The old est iden ti fied sed i men tary rocks be long to the Or -
do vi cian, to the up per part of the Llanvirnian and to Caradocian
se ries of the Brit ish suc ces sion (Podhalañska and Modliñski,
2006). De vo nian rocks lie un con form ably on Or do vi cian or Si -
lu rian de pos its, and are over lain by a Car bon if er ous suc ces sion.
The bore holes have pen e trated only part of the Car bon if er ous se -
quence, that shows an al most com plete Tournaisian and Viséan
suc ces sion; the up per most Mis sis sip pian, in clud ing a part of the
Brigantian?, the Serpukhovian, as well as the low er most Penn -
syl va nian, in clud ing part of Bashkirian, are not rec og nized in
any of the sec tions stud ied. Thus it might be sup posed  that the
lat est Mis sis sip pian–ear li est Pennsylvannian was a pe riod of re -
gional non-de po si tion and ero sion through out the area (Matyja,
2008a). The De vo nian and Car bon if er ous strata are bur ied un der 
the thick youn ger Perm ian and Me so zoic/Ce no zoic-age se -
quences of the Pol ish Ba sin.

The name Pom er a nian Ba sin may be used in two ways. In
the con ven tional sense of a sed i men tary ba sin it in cludes the
en tire depositional area of the NW Pol ish Variscan fore land
dur ing De vo nian and Mis sis sip pian times. How ever, it will be
used through out in a more re stricted sense as that part of the
Pom er a nian Ba sin sensu lato which has been rec og nized in the
West ern Pomerania area (NW Po land). All of the avail able data 
orig i nates from a rel a tively nar row belt of De vo nian subcrops,
ex tend ing NW–SE be tween Koszalin–Ko ³obrzeg–Kamieñ
Pomorski and Toruñ–Byd goszcz, and sit u ated in the im me di ate 
prox im ity to the Teisseyre-Tornquist Line (TTL). The pres -
ent-day range of De vo nian and Car bon if er ous de pos its to the
north and north-east is not a nat u ral north ern and east ern limit
of the Pom er a nian Ba sin. De vo nian and Mis sis sip pian strata
must have been orig i nally ex tended far on to the East Eu ro pean
Craton, tak ing into ac count the spa tial and tem po ral re con struc -
tions of the fa cies pat tern (Matyja, 1993, 2006, 2008a). The ex -
tent of the Pom er a nian Ba sin to the south-west is ap prox i -
mately co in ci dent with the Variscan De for ma tion Front as sug -
gested by Dadlez (1997). Un for tu nately, there is no in for ma -
tion from the area ex tend ing south-west of Kamieñ
Pomorski–Bydgoszcz line, as no bore hole has pen e trated the
De vo nian suc ces sion (Fig. 1).

LITHOSTRATIGRAPHIC SUCCESSION

The first at tempt to out line the ar range ment of the De vo nian 
lithological units and their gen eral depositional en vi ron ments
was made by Dadlez (1978). He sub di vided the De vo nian
strata into 10 in for mal units re ferred to as “com plexes”, i.e.
Jamno, Miastko, Sianów, Wyszebórz, Kocza³a, Stobno,
Tuchola, Silno, Chojnice and Cz³uchów; the Cz³uchów com -
plex was sub di vided into 4 subcomplexes, the up per most one
having been rec og nized as partly Famennian, partly
Tournaisian. The K³anino com plex was also in tro duced by
Dadlez (op. cit.) as a Famennian or Tournaisian unit rec og nized 
in the K³anino 1 sec tion. Later on, the Studnica com plex was
pro posed by Mi³aczewski (1986) as the low er most De vo nian
unit in the Miastko 1 sec tion, and the S¹polno com plex was es -
tab lished by ¯elichowski (1987) as the low er most lithological
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unit of the Tournaisian. The scar city of biostratigraphical data
for the “com plexes” was a ma jor prob lem at that time.

More re cently, Matyja (1993, 1998, 2006, 2007a, 2008b, c) 
has re fined the Dadlez (1978) scheme us ing new
biostratigraphical and sedimentological data. Ma jor mod i fi ca -
tions have been pro posed, in volv ing more de tailed as sess ment
of one par tic u lar unit, its hi er ar chy, and the erec tion of sev eral
new lithostratigraphic units (Fig. 2). Dadlez’s (1978) and
Mi³aczewski’s (1986) in for mal strati graphic di vi sions, the
Jamno, Studnica, Miastko, Sianów, Wyszebórz, Kocza³a,
Tuchola, Silno, Chojnice, Cz³uchów and K³anino com plexes,
were clas si fied as for ma tions. The Cz³uchów for ma tion was
sub di vided into the Unis³aw, Strze¿ewo, Gorzys³aw, Goœcino
and Bielica mem bers, and one new for ma tion was de fined (the
Krojanty for ma tion). The up per most part of the Cz³uchów
com plex (= the up per marly subcomplex) sensu Dadlez (1978)
and the S¹polno com plex of ¯elichowski (1983) to gether con -
sti tute the S¹polno for ma tion sensu Matyja (1993). This for ma -

tion was later named the Sapolno Cal car e ous Shale For ma tion
by Lipiec and Matyja (1998). It is widely dis trib uted and rep re -
sents the up per most part of the Famennian and part of the
Tournaisian (Matyja, 2006, 2008a).

Cono donts and miospores have been used to achieve pre -
cise dat ing of the De vo nian for ma tions in the study area
(Turnau, 1978, 1995, 2007, 2008; Matyja, 1993, 2006, 2007a,
2008b, c; Turnau and Matyja, 2001; Matyja and Turnau, 2008). 
The pat tern of their mu tual spa tial and tem po ral re la tion ships
pre sented here (Fig. 3) in clude the above-men tioned mod i fi ca -
tions. It must be stressed, how ever, that the in for mal sta tus of
all of these lithostratigraphic units still re mains. Spe cific rules
and a de tailed pro ce dure should be fol lowed to pro pose for mal
changes in strati graphic no men cla ture and this is out side the
scope of this pa per.

The Up per De vo nian lithostratigraphic units such as the
Kocza³a, Cz³uchów, Krojanty, K³anino and Sapolno for ma tions
have al ready been de scribed and il lus trated in de tails (Matyja,
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Fig. 2. Re vised lithostratigraphy of the De vo nian in the West ern Pomerania, based on Matyja (1993, 1998, 2006), with the pre vi ous
stratigraphic suc ces sion of Dadlez (1978) and Mi³aczewski (1986)

Re la tion of lithosratigraphic units to De vo nian stages based on papers by: * — Turnau (1995, 2004, 2007, 2008), Turnau and Matyja (2001), Matyja
(2007a, 2008b, c) and Matyja and Turnau (2008); ** — Matyja (1993); *** — Matyja (1998)



1993). The Mid dle De vo nian lithostratigraphic units, i.e. Jamno,
Studnica, Tuchola, Miastko, Sianów, Silno, Wyszebórz and
Chojnice for ma tions, will be de scribed and il lus trated in a sep a -
rate pa per, thought some de tails based on a few bore holes were
ear lier pub lished (Matyja, 2007a, b, 2008b, d; Paczeœna, 2007,
2008b). There fore, only a brief de scrip tion of for ma tions and
mem bers will be given in this pa per, and this will be gin with the
old est unit first, fol lowed by youn ger units.

JAMNO FORMATION

The Jamno for ma tion com prises pink, green and grey, very
coarse to fine-grained quartz sand stones, var ie gated siltstones,
heterolithic sand stones and siltstones with oc ca sional ho ri zons

of claystone. Nu mer ous ho ri zons of con glom er ate, 10 to 30
centi metres thick, com posed of well rounded and not very well
sorted quartz peb bles have been iden ti fied. Near the base of
some sand stone beds, shale and siltstone clasts have been
noted. Thin beds of pri mary or early diagenetic dolomite, as
well as anhydrite nod ules, have been rec og nized. Some ev i -
dence of pos si bly pe ri odic subaerial ex po sure (thin brecciated
units, con spic u ous red and green clay seams) have been
identified throughout the formation.

Sed i men tary struc tures, as hor i zon tal, large scale cross- and 
trough-bed ding, as well as hor i zon tal, flaser, rip ple cross- and
climb ing rip ple cross-lam i na tion have been rec og nized
(Paczeœna, 2008b; Matyja, 2008b, figs. 14–16).
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Fig. 3. De vo nian lithostratigraphic units and the pat tern of their spa tial and tem po ral re la tion ships in the Pom er a nian Ba sin 
from the ba sin mar gin (NE) through to the cen tral part of the ba sin (SW) (Matyja 2006, mod i fied)

De vo nian Substages af ter prop o si tion of the Subcommission on De vo nian Stra tig ra phy (Bultynck, 2004; Becker, 2007); re la tion of lithostratigraphic units 
to cono dont zones in the Mid dle De vo nian  based on pa pers by Turnau (1995, 2004, 2007, 2008) and Matyja and Turnau (2008), in the Up per De vo nian in
part on Matyja (1993); lower parts of the Jamno, Studnica and Tuchola for ma tions (a paler col ouring) have not been ad e quately de fined by biostratigraphy



A sparse skel e tal fauna is lim ited to thin interbeds within
mi cro bial laminites, where microconchids have been ob served, 
and to a few beds, pos si bly of tempestite or i gin, where abraded
cri noid and bryo zoan skel e tal par ti cles have been iden ti fied.
Nu mer ous trace fos sils have been rec og nized (Paczeœna and
Sarnecka, 2003; Paczeœna, 2008b). Micro spores have been
noted only in some siltstone and claystone beds.

The for ma tion re flects a siliciclastic mar ginal-ma rine phase 
of sed i men ta tion, and rep re sents  tidal flat and tidal chan nel en -
vi ron ments (Paczeœna, 2004, 2008a, b; Matyja, 2006,
2008d, e), con trary to opin ion of Dadlez (1978) and Matyja
(1998) that these de pos its re flect mainly a flu vial en vi ron ment.

STUDNICA FORMATION

The Studnica for ma tion is com posed of red and pale grey
siliciclastic de pos its, dom i nated by fine-grained sand stones
and siltstones, dis play ing large scale cross-, trough and hor i -
zon tal bed ding, as well as rip ple cross- and hor i zon tal lam i na -
tion (Paczeœna, 2004). Claystone interbeds oc cur
subordinately. Sev eral ho ri zons of car bon ate con glom er ates
have been iden ti fied, com posed of well rounded but not very
well sorted micritic lithoclasts. Anhydrite nod ules have been
noted, es pe cially in the lower part of the for ma tion.

Nu mer ous trace fos sils have been rec og nized through out
the for ma tion (Paczeœna and Sarnecka, 2003; Paczeœna, 2004),
as well as macrospores and plant frag ments (Fuglewicz and
Prejbisz, 1981). A sparse skel e tal fauna is lim ited to thin
interbeds within mi cro bial laminites, where microconchids
have been ob served and to a few beds where abraded cri noid,
gas tro pod, stromatoporoid and bryo zoan skel e tal par ti cles have 
been iden ti fied. Claystones con tain also rare ostracodes and
lingulids (£obanowski, 1968), as well as miospores (Turnau,
1995, 2004, 2007).

The Studnica for ma tion is sim i lar to its lat eral equiv a lent,
the Jamno for ma tion, in some lithofacies. The ex act con tact is
im pos si ble to de ter mine in known bore hole sec tions, but over -
all the for ma tion dif fers in some re spects. The Studnica for ma -
tion con tains only ho ri zons of me dium- and fine-grained sand -
stones; it does not con tain ho ri zons of quartz con glom er ate,
and there is no ev i dence of subaerial ex po sure, as it is observed
within the Jamno formation.

The Studnica for ma tion also re flects a siliciclastic mar -
ginal-ma rine phase of sed i men ta tion and rep re sents tidal flat and
la goonal en vi ron ments (Matyja, 2004, 2006; Paczeœna, 2004).

TUCHOLA FORMATION

This for ma tion is mainly com posed of dark grey marls and
cal car e ous claystones, and skel e tal lime stones.

Plant frag ments, ben thic ostracodes, and miospores are typ i cal 
of the marls and claystones; thin interbeds of mi cro bial laminite
and oncolite wackestone, as well as sid er ite, were also here rec og -
nized. Skel e tal wackestones, packstones and float stones, as well
as rudstones and boundstones, are rel a tively more fre quent in the
up per part of the for ma tion. Skel e tal lime stones are rich in large
bioclasts, the most fre quent are mas sive stromatoporoid frag ments 
and tab u late cor als; rel a tively rare are ar tic u late brachi o pods.

Interbeds of cal car e ous fine-grained quartz sand stone and
siltstone have also been noted (Matyja, 1998, 2006, 2007a, b).

The Tuchola for ma tion re flects a dom i nantly car bon ate
mar ginal-ma rine (rep re sented by tidal flat and la goonal en vi -
ron ments) and shal low-wa ter car bon ate ramp phase of sed i -
men ta tion (Matyja, 2004, 2007b, c; Paczeœna, 2004, 2007).

MIASTKO FORMATION

The Miastko for ma tion con sists of a se quence of marls and
lime stones interbedded with siliciclastic de pos its, rep re sented
by var ie gated fine-grained sand stones, siltstones, and oc ca sion -
ally claystones.

Marls and lime stones con tain cor als, stromatoporoids, cri -
noids, and rare brachi o pods. Mi cro or gan isms are rep re sented
by ostracodes and micro spores (Turnau, 1995, 2004, 2007).
Thin interbeds of mi cro bial laminite have been noted both in
siliciclastic and car bon ate parts of the for ma tion (Matyja, 2004, 
2007b).

Hor i zon tal bed ding, oc ca sion ally large scale cross-bed -
ding, as well as wave, rip ple cross- and flaser lam i na tion, are
ob served in some siliciclastic beds. Nu mer ous thin ho ri zons of
con glom er ate, com posed of well rounded, not very well sorted
siltstone and claystone peb bles have been iden ti fied (Paczeœna,
2004, 2007). Nu mer ous trace fos sils and plant frag ments have
been rec og nized from the siliciclastic parts of the for ma tion
(Paczeœna and Sarnecka, 2003; Paczeœna, 2004).

The Miastko for ma tion re flects a mixed siliciclastic-car -
bon ate mar ginal-ma rine (rep re sented by tidal flat, and la -
goonal-bar rier en vi ron ments), as well as shal low-wa ter car bon -
ate ramp phase of sed i men ta tion (Matyja, 2004, 2007b, c;
Paczeœna, 2004, 2007).

SIANÓW FORMATION

The Sianów for ma tion is com posed of car bon ate and marly
car bon ate lithofacies.

A va ri ety of lithotypes can be seen, in clud ing mi cro bial
laminites with microconchids, oncolite wackestones, mas sive
stromatoporoid-coral boundstones, skel e tal float stones, marly
packstones and wackestones with stromatoporoids and, dis -
persed through out the rock, cor als, large cri noid os si cles, and
brachi o pods, and dark marls with a weak nod u lar fab ric, con tain -
ing rare ostracodes, plant frag ments and small cri noid os si cles.

Interbeds of fine-grained quartz sand stones and siltstones
have been also noted.

The Sianów for ma tion re flects a dom i nantly car bon ate mar -
ginal-ma rine (rep re sented by la goonal en vi ron ments), and
shal low-wa ter car bon ate ramp phase of sed i men ta tion (Matyja, 
2004, 2007b, c, 2008d, e; Paczeœna, 2004, 2007, 2008b).

SILNO FORMATION

The Silno for ma tion is pre dom i nantly com posed of al ter -
nat ing dark gray claystones, cal car e ous in some parts, and cal -
car e ous fine-grained quartz sand stones and siltstones.

The pres ence of thin interbeds of sid er ite, as well as py rite
ag gre gates, has been ob served within some claystone beds.

68 Hanna Matyja



Plant frag ments, ben thic ostracodes and miospores are
char ac ter is tic of the claystone beds. The macrofauna is lim ited
to thin interbeds of skel e tal lime stone, prob a bly of tempestite
or i gin, where cor als, stromatoporoids, and very worn cri noid
frag ments have been identified.

The for ma tion re flects a siliciclastic-car bon ate, mar -
ginal-ma rine phase of sed i men ta tion and rep re sents tidal flat
and la goonal en vi ron ments (Matyja, 2004; Paczeœna, 2004).

WYSZEBÓRZ FORMATION

The Wyszebórz for ma tion com prises grey and pink, fine-to
me dium-grained, quartz sand stones and siltstones. Con glom er -
ates, sev eral to 10 milli metres thick, com posed of well rounded,
not very well sorted quartz peb bles, have been iden ti fied in some 
sec tions. Thin interbeds of pri mary or early diagenetic do lo mite
have been noted. Re peated ev i dence of pos si bly pe ri odic ex po -
sure (thin brecciated units, con spic u ous red and green clay
seams) have been iden ti fied through out the for ma tion.

A di ver sity of sed i men tary struc tures were rec og nized
through out the for ma tion, i.e., hor i zon tal, large scale cross- and 
trough bed ding, as well as hor i zon tal, flaser, rip ple cross- and
climb ing rip ple cross-lam i na tion (Paczeœna, 2008b; Matyja,
2008b, figs. 14–16).

Nu mer ous trace fos sils have been rec og nized through out
the for ma tion (Paczeœna, 2008b).

The Wyszebórz for ma tion re flects a siliciclastic mar -
ginal-ma rine phase of sed i men ta tion and rep re sents tidal flat
and tidal chan nel en vi ron ments (Matyja, 2004, 2008d, e;
Paczeœna, 2004, 2008a, b).

CHOJNICE FORMATION

The for ma tion is mainly com posed of dark grey bioturbated 
siltstones and claystones with thin interbeds of sid er ite, al ter -
nat ing with gray fine-grained quartz sand stones with large
scale cross-bed ding and flaser lam i na tion. In some sec tions
coarse-grained sand stones have been iden ti fied in the mid dle
part of the formation.

Thin interbeds of skel e tal lime stone with stromatoporoids,
tab u late cor als, cri noids, ostracodes and fish teeth oc cur rather
subordinately (ex cept for the Bydgoszcz IG 1 sec tion).

The for ma tion re flects a dom i nantly siliciclastic mar -
ginal-ma rine phase of sed i men ta tion, and rep re sents tidal flat,
and la goonal-bar rier en vi ron ments (Matyja, 2004; Paczeœna,
2004) con trary to the opin ion of Dadlez and Dadlez (1986) that
these de pos its re flect in part flu vial and deltaic environments.

KOCZA£A FORMATION

A va ri ety of car bon ate lithotypes char ac ter izes the Kocza³a
for ma tion. Its low er most parts are dominanted by cal car e ous
fine-grained quartz sand stones and siltstones, sandy lime stones 
and shales with rare bi valves, in ar tic u late brachi o pods and
ostracodes, as well as thin interbeds of mi cro bial laminites and
marly lime stones with ostracodes, fish scales and teeth, al gae,
cri noid re mains, stromatoporoid, coral and ar tic u late brachi o -
pod frag ments. The upper part of the for ma tion is char ac ter ized 

mainly by skel e tal lime stones (Dadlez and Dadlez, 1986;
Matyja, 1993, 2008d).

The skeletal lime stones are con sid er ably dif fer en ti ated in
their com po si tion and grain size; they are usu ally un sorted and
bioclasts vary from  sand to gravel size: the most fre quent are
mas sive stromatoporoid frag ments and tab u late cor als. Mi cro -
or gan isms are rep re sented by cono donts, ben thic ostracodes,
unilocular foraminifera, calcispheres, charophyta, small green
algae and miospores.

The for ma tion re flects a car bon ate mar ginal-ma rine (rec og -
nized as la goonal) en vi ron ment, as well as a shal low-wa ter,
car bon ate ramp and car bon ate plat form phase of sed i men ta tion
(Matyja, 1993, 2004, 2006, 2008d, e).

CZ£UCHÓW FORMATION

The Cz³uchów for ma tion con sists of open-ma rine shales
and car bon ates, dis play ing a shallowing-up wards se quence.
The for ma tion was di vided into five lithostratigraphic units.
They are, in as cend ing or der, the Unis³aw, Strze¿ewo,
Gorzys³aw, and Goœcino mem bers, the lat ter of which
interfingers with the Bielica mem ber (Fig. 2; Matyja, 1993,
1998, 2006).

UNIS£AW MEMBER

The Unis³aw mem ber is pre dom i nantly com posed of
thinly-bed ded cal car e ous claystones, marls and marly lime -
stones. Rare fos sils are rep re sented by cepha lo pods,
thin-shalled bi valves, ar tic u late and in ar tic u late brachi o pods,
cri noids, sol i tary cor als, tentaculitoids, pe lagic ostracodes and
cono donts. Thin interbeds of skel e tal lime stones with
microconchids and worn frag ments of mas sive
stromatoporoids occur subordinately.

This part of the De vo nian suc ces sion has been referred to
an open shelf en vi ron ment (Matyja, 1998, 2006).

STRZE¯EWO MEMBER

The Strze¿ewo mem ber is com posed of thinly-bed ded dark
shales, of ten finely-lam i nated. Rare fos sils are rep re sented by
cono donts, pe lagic ostracodes and tentaculitoids. Interbeds of
grey, thinly-bed ded or nod u lar lime stones con tain in ad di tion rare
cepha lo pods, thin-shelled bi valves (Buchiola), lingulids, and sub -
or di nate shell de bris with oc ca sional whole ar tic u late brachi o pods. 
The pres ence of py rite ag gre gates has also been noted.

This part of the De vo nian suc ces sion has been referred to a
shelf ba sin en vi ron ment (Matyja, 1993, 1998, 2006).

GORZYS£AW MEMBER

The Gorzys³aw mem ber con sists mainly of al ter nat ing grey
marls and nod u lar lime stones. Interbeds of shales are less fre -
quent than in the Strze¿ewo mem ber. An in creas ing num ber of
ben thic or gan isms, a pro gres sive loss of fine lam i na tion and a
paler col or ation of the rocks up-sec tion, char ac ter ize this mem -
ber. The ben thic fauna is rep re sented by cri noid de bris, ar tic u -
late brachi o pods, ostracodes and en crust ing foraminifers.
Subordinately, interbeds of cri noid-bryo zoan wackestone with
rare coral de bris and chaetetid frag ments were ob served.
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Small-scale brecciation, as well as the pres ence of intraclasts
and fine fis sure-fill ings, was also noted there.

Cepha lo pods, pe lagic ostracodes, tentaculitoids and rel a -
tively abun dant cono donts were also re ported. Some of the
nod u lar lime stone beds are just rich enough in skel e tal re mains
to be de scribed as cephalopod and tentaculitoid wackestones
(Matyja, 1993).

This part of the De vo nian suc ces sion has been re ferred to
an open shelf en vi ron ment (Matyja, 1993, 1998, 2006).

GOŒCINO MEMBER

The Goœcino mem ber is com posed of dark grey, rather
thickly-bed ded nod u lar lime stones. Marly cri noid wacke -
stones, marly bryo zoan-ostracode wackestones and cri -
noid-brachi o pod wackestones to packstones pre vail in the suc -
ces sion. Rel a tively abun dant cono donts have also been re -
ported. Sub or di nate, thin, sharp-based beds which are
grainstones with an abundant plat form-de rived fauna, have
been noted. Allochthonous grains in clude bioclasts of shal -
low-wa ter or gan isms (Girvanella, microconchids, and
palaeoberesellid al gae) and lithoclasts of micritic lime stones.

This part of the De vo nian suc ces sion has been referred to a
shal low open shelf en vi ron ment (Matyja, 1993, 1998, 2006).

BIELICA MEMBER

This mem ber is pre dom i nately of bioclastic lime stones rich
in cri noids, stick bryo zoans, ben thic ostracodes, and shell de -
bris with oc ca sional large whole brachi o pods. These lime -
stones al ter nate with mas sive lime stones, where small-scale
brecciation and fis sure fill ings have been found. The fauna is
well rep re sented by cri noids, fenestrate bryo zoans, col o nies of
dendroid tab u late cor als and stromatoporoids.

This part of the De vo nian suc ces sion was re lated to a car -
bon ate buildup set ting (Matyja, 1993, 1998, 2006).

KROJANTY FORMATION

This for ma tion is pre dom i nantly of pale grey, thickly bed -
ded and shale-free lime stones with ir reg u lar wavy bed ding
planes. The grain com po nents are mainly rep re sented by skel e -
tal re mains that vary in size, the amount of bioclastic sands be -
ing rel a tively high. Skel e tal com po nents in clude small green
al gae, plurilocular foraminifera, calcispheres, ben thic
ostracodes, Girvanella frag ments, and cono donts. Small
palaeoberesellid green al gae are the dom i nant fos sils here, of -
ten cre at ing a bafflestone tex ture. Micritized bioclastic grains
have also been noted. Brachi o pods and cri noid re mains are not
very abun dant.

De pos its of the Krojanty for ma tion re flect a shal low
subtidal car bon ate en vi ron ment of open or partly re stricted?
shelf (Matyja, 1993).

K£ANINO FORMATION

This for ma tion is com posed of a great va ri ety of mixed car -
bon ate-siliciclastic and siliciclastic-evaporite lithofacies and

there are few sec tions where one lithological type is dom i nant
over another.

The mixed car bon ate-siliciclastic suc ces sion con sists
mainly of cross-bed ded and shale-free, well sorted skel e -
tal-intraclastic grainstones rich in foraminifera, ben thic
ostracodes, microconchids, palaeoberesellid al gae and worn
cri noid de bris. Sub or di nate interbeds of mi cro bial laminites
occur, as well as thin interbeds of fine-grained quartz sand stone 
and siltstone.

A siliciclastic-dom i nated part of the suc ces sion is char ac -
ter ized by red, pink, green and grey dolomitic, fine-grained
quartz sand stones and siltstones with inter gra nu lar anhydritic
ce ment, dis play ing rip ple cross-lam i na tion and sub or di nate
shales. The top of the siliciclastic unit in cludes “red-beds”, i.e.
dolomitized sand stones and siltstones with anhydrite oc cur ring as
thin beds with a char ac ter is tic “chicken-wire” tex ture or as nod -
ules and crystal rosettes.

De pos its of the K³anino for ma tion re flect a mixed
siliciclastic-car bon ate, mar ginal-ma rine phase of sed i men ta -
tion (Matyja, 1993, 1998, 2006).

THE S¥POLNO CALCAREOUS SHALE FORMATION

The S¹polno For ma tion be longs partly to the Famennian
and partly to the Tournaisian (Matyja, 1993, 2006, 2008a). The 
Famennian part con sists of dark fossiliferous marly lime stones
(with cri noids, small palaeoberesellid green al gae, cal car e ous
and en crust ing foraminifers, ben thic ostracodes, rare brachi o -
pods and lam i nar stromatoporoids) in the shal lower part of the
Pom er a nian Ba sin, and dark fossiliferous marls (with brachi o -
pods, bi valves, gas tro pods, rare ammonoids, trilobites and sol i -
tary cor als, as well as cono donts, pe lagic ostracodes and
miospores) in the deeper part of the ba sin (Matyja, 1993;
Matyja and Stempieñ-Sa³ek, 1994).

The De vo nian part of the for ma tion re flects an open-ma -
rine, mid dle/outer ramp phase of sed i men ta tion and was prob a -
bly wide spread through out the whole Pom er a nian area as in di -
cated by its depositional set ting (Matyja, 1993, 2006).

BIOSTRATIGRAPHY

GENERAL REMARKS

Much of the early work on biostratigraphy in West ern
Pomerania was car ried out by ge ol o gists, work ing on
macrofossil groups (Tokarski, 1959; £obanowski, 1968, 1969;
Stasiñska, 1969; Ró¿kowska and Fedorowski, 1972; Korejwo,
1975; Ró¿kowska, 1979). In the past twenty years, how ever, the
dis tri bu tion of macrofossils has not been in ves ti gated in ten sively 
(Nowiñski and Prejbisz, 1986; K³apciñski and Muszer, 1995a, b, 
c; Muszer, 1998; Chwediuk, 2003). Sig nif i cant macrofaunal re -
mains are rel a tively rare in the mar ginal-ma rine and shal low
subtidal de pos its of the Lower? and Mid dle De vo nian part of the
suc ces sion. Brachi o pods, bryo zoans and cri noids are quite abun -
dant in some parts of the Up per De vo nian suc ces sion (Matyja,
1976; K³apciñski and Muszer, 1995a, b, c; Muszer, 1998) but re -

70 Hanna Matyja



quire fresh sys tem atic study to re al ize their biostratigraphic po -
ten tial. Cepha lo pods and trilobites are too rare within Up per De -
vo nian shelf fa cies to be of more than oc ca sional use (Korejwo,
1975; K³apciñski and Muszer, 1995a, c).

Higher pre ci sion has been achieved by us ing dif fer ent
microfossil groups, no ta bly cono donts, pe lagic ostracodes,
ben thic ostracodes, foraminifers, and palynomorphs. How ever, 
ben thic ostracodes are very sen si tive to fa cies and do not ap -
pear, from the lim ited amount of re search done, to pro vide a ba -
sis for de tailed stra tig ra phy (¯bikowska, 1983). Foraminifers
oc cur spo rad i cally in the Up per De vo nian, and are fa cies-con -
trolled in their dis tri bu tion. More over, the as sem blages are
gen er ally of low di ver sity (Matyja and Tomaœ, unpubl. data).

The rec og ni tion of di ag nos tic microfossil taxa and their use
in de fin ing De vo nian stage and zone bound aries in the West ern 
Pomerania area has al ready been dis cussed in de tail else where
(Turnau, 1978, 1979, 1995, 1996, 2007, 2008; Matyja and
Turnau, 1989, 2008; Matyja, 1993, 1998, 2006, 2007a, 2008b,
c; Matyja and Stempieñ-Sa³ek, 1994; Turnau and Matyja,
2001; Stempieñ-Sa³ek, 2002).

CONODONTS

Cono donts are the only microfossil group in the De vo nian
whose dis tri bu tion is known in as much de tail as that of the
cepha lo pods, and the only group which at pres ent pro vides the
ba sis for a com par a tively re fined biostratigraphy within the
basinal and shelf fa cies. The Mid dle and Up per De vo nian
“stan dard” cono dont zonation, orig i nally pro posed by
Weddige (1988) for the Mid dle De vo nian and by Ziegler
(1962) for the Up per De vo nian, and con sid er ably re vised dur -
ing the last four de cades (Ziegler and Sandberg, 1990; Clausen
et al., 1993; Weddige and Ziegler, 1996; Bultynck, 2007), is
now based mainly on taxa that were dis tin guished glob ally in
the pe lagic realm. The stan dard zones are named mainly af ter
spe cies or sub spe cies of Polygnathus and Icriodus in the Mid -
dle De vo nian, Mesotaxis at the be gin ning of the Frasnian,
Palmatolepis dur ing most of the Frasnian and Famennian, and
Siphonodella at the end of the Famennian. The start of each
cono dont zone is de fined by the first oc cur rence of a di ag nos tic
spe cies or sub spe cies, pref er a bly the next phyletically youn ger
taxon (Ziegler and Sandberg, 1990, 1994). The cono dont fau -
nas of each zone are char ac ter ized by a dis tinc tive as so ci a tion
of cono dont el e ments which in cludes the di ag nos tic taxon de -
fin ing the base of the zone. De spite the ab sence of the di ag nos -
tic taxon, a zone can be rec og nized by the re main ing fauna, and 
zonal lim its can be approximately defined by overlaps in
ranges of taxa within the successive faunas.

There are no cono donts in the up per most Emsian? and
Eifelian part of the De vo nian suc ces sion in West ern
Pomerania, re flect ing un fa vour able con di tions for cono dont
fau nas in mar ginal-ma rine en vi ron ments. The Givetian part is
doc u mented by some rep re sen ta tives of the gen era
Eognathodus, Pandorinellina, Icriodus and Polygnathus
which en able rec og ni tion of the Lower, Mid dle and Up per
varcus subzones (Matyja and Turnau, 2008). The Up per De vo -
nian suc ces sion is doc u mented in much more de tail by cono -
donts, re flect ing the wide spread de vel op ment of open-ma rine
en vi ron ments within the Pom er a nian Ba sin, which cre ated

more suit able con di tions for cono dont fau nas. Cono dont anal y -
sis per mit ted rec og ni tion of much of the Up per De vo nian
“stan dard” cono dont zones (Fig. 4), but the age of some sam -
ples has been only broadly de ter mined to rep re sent in ter vals of
2–3 zones (Matyja, 1993). It should be also noted that the base
of a cono dont zone has al most no where been ad e quately de -
fined be cause of the pau city of di ag nos tic cono donts. There -
fore, ap pli ca tion of orig i nal zone def i ni tions, based on in dex
taxa, was not pos si ble in most cases, and ranges of ac com pa ny -
ing taxa, cor re lated with the “stan dard” cono dont zonation,
have been usu ally em ployed.

PELAGIC OSTRACODES

Since the com pre hen sive work of Rabien (1954) the great
value of the pe lagic entomozoacean ostracodes with fin ger print 
sculp ture for Eu ro pean and Chi nese De vo nian biostratigraphy,
is un dis puted (Gross-Uffenorde and Wang, 1989;
Gross-Uffenorde and Schindler, 1990; Gross-Uffenorde et al.,
2000). Af ter speciation dur ing the Late Si lu rian and Early De -
vo nian, lit tle is known about Mid dle De vo nian oc cur rences in
Eu rope, whereas Frasnian and Famennian pe lagic ostracode
fau nas have been re ported from many places. The
entomozoacean zonation is mainly based on par tial ranges of
spe cies and the be gin ning of a zone or subzone is gen er ally de -
fined by the first oc cur rence of a new in dex spe cies. The
entomozoacean zonation is more or less cor re lated with the
cono dont one, al though pre cise cor re la tions with the stan dard
cono dont zonation have still to be ver i fied (Gross-Uffenorde
and Schindler, 1990; Gross-Uffenorde et al., 2000).

Entomozoaceans are thought to have been planktic and to
char ac ter ize a pe lagic en vi ron ment; how ever, rep re sen ta tives
of this ostracode group some times en tered the shelf fa cies,
where their pres ence in di cates a rather deep shelf environment.

The Up per De vo nian de pos its of West ern Pomerania bear
rare entomozoaceans. They are only lim ited to some ho ri zons;
how ever, it was pos si ble to rec og nize some of the “stan dard”
entomozoid zones (¯bikowska, 1986, 1992; Fig. 4).

PALYNOMORPHS

The lo cal Pom er a nian Mid dle and Up per De vo nian
miospore zonation was es tab lished by Turnau (1978, 1979,
1995, 1996, 2007, 2008; Fig. 4) and is based on in ter val zones.
In Turnau’s opin ion, it is dif fi cult to adopt any of the zonal
schemes for west ern (Streel et al., 1987) or east ern Eu rope
(Avkhimovitch et al., 1993) be cause of im por tant quan ti ta tive
and qual i ta tive dif fer ences be tween the Pom er a nian miospore
as sem blages and those from other re gions. There are some sim -
i lar i ties in the com po si tion of miospore as sem blages and their
suc ces sion be tween the East Eu ro pean Craton and the study
area, es pe cially in the Mid dle De vo nian part (comp.
Avkhimovitch et al., 1993). Un for tu nately, the per ti nent part of 
the scheme by Avkhimovitch et al. (1993) can not be em ployed
for the Pomerania area, as most of its zones and subzones are
de fined us ing quan ti ta tive cri te ria (they are acme zones). More -
over, im por tant spe cies, that de fine the bound aries of some
miospore zones have not been found in the Pomerania area.

The base of the De vo nian has no where in Pomerania been
ad e quately de fined be cause of the pau city of di ag nos tic
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palynomorphs; more over, the mixed char ac ter of some
miospore as sem blages was rec og nized and this has led to
biostratigraphical un cer tainty (Turnau and Matyja, 2001).
Miospore anal y sis en abled dis tinc tion of 13 lo cal miospore
zones and subzones, from the Eifelian Rhabdosporites langi
Zone, up to the Famennian Tumulispora rarituberculata Zone;
how ever, it is nec es sary to note that palynomorphs have not
been ana lysed in the up per most Frasnian and in the mid dle
Famennian (Fig. 4).

LOWER? AND MIDDLE DEVONIAN BIOSTRATIGRAPHICAL DATA

There are no cono donts in the low er most part of the De vo -
nian suc ces sion in West ern Pomerania; how ever, palynomorph

“as sem blages” of low tax o nomic di ver sity are re corded in some
bore holes. These “as sem blages” con tain both autochtonous and
re worked taxa. Tak ing into ac count the autochthonous
palynomorphs, it might be sug gested that a po si tion not be low
the up per most Emsian (not be low the serotinus cono dont Zone)
is in di cated for the base of the De vo nian suc ces sion in
Pomerania, but a lower or mid dle Eifelian age can not been ruled
out. Re de pos ited small spores and cryptospores, rep re sented by
tet rads, diads and mo nads, as well as acritarchs, were de rived
from Si lu rian (Lud low or Pridoli) or Lower De vo nian
(Lochkovian) de pos its (Turnau and Matyja, 2001).

The most use ful biostratigraphic tools, to sub di vide and
cor re late the up per Eifelian and Givetian de pos its in West ern
Pomerania, are di verse and abun dant miospore as sem blages
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and rel a tively sparse cono donts. The Eifelian part of the suc -
ces sion is less well doc u mented, re flect ing un fa vour able con di -
tions for cono dont fau nas in mar ginal-ma rine en vi ron ments,
and miospores were rare and poorly pre served. How ever, the
lower and mid dle Givetian part of the De vo nian suc ces sion is
better doc u mented (Fig. 4), re flect ing the wide spread de vel op -
ment of shal low-wa ter ma rine en vi ron ments, which cre ated
more suit able con di tions for cono dont fau nas over rel a tively
large ar eas. The pres er va tion of miospores was also better in
such en vi ron ments.

Miospore anal y sis by Turnau (1995, 1996, 2007, 2008) per -
mit ted dis tinc tion of five lo cal Mid dle De vo nian miospore zones 
and subzones: Rhabdosporites langii (RL), “Geminospora”
extensa (Ex1–Ex3), and Geminospora aurita (Aur).

The base of the Rhabdosporites langii Zone has been de -
fined in east ern Eu rope (Belorussia) by the first oc cur rence of
Densosporites devonicus and Cirratriradites monogrammos
(Turnau, 1995, 1996). Cono donts of the Eifelian kockelianus
and the lower part of the ensensis zones were found within the
RL Zone in Belorussia (Avkhimovitch et al., 1993). Un for tu -
nately, the base of this Zone has not been iden ti fied in
Pomerania; how ever, a typ i cal as sem blage here in cludes
Rhabdosporites langii, Densosporites devonicus and
Cirratriradites monogrammos. There are no cono donts in this
part of Pom er a nian suc ces sion (Matyja and Turnau, 2008).
Thus, it might only be sup posed that the lo cal Rhabdosporites
langii (RL) Zone in Pomerania also could be long to the up per
Eifelian (Turnau, 1995, 1996).

The “Geminospora” extensa Zone em braces part of the
Givetian, and should be sit u ated not be low the hemiansatus
cono dont Zone and not above than the low er most parts of the
Lower hermanni cono dont Zone (Turnau, 2007; Matyja and
Turnau, 2008). The first ap pear ance of the spe cies
Geminospora lemurata, which marks the base of the lo cal
Lower extensa Subzone, is gen er ally ac cepted as roughly co in -
ci dent with the Eifelian/Givetian bound ary (Loboziak et al.,
1991, fide Turnau, 2007). Cono donts are rel a tively rare in the
Lower extensa Subzone, where only Eognathodus bipennatus
bipennatus, Icriodus cf. liliputensis and Pandorinellina sp.
have been noted. Chelinospora concinna marks in Pomerania
the base of the Mid dle extensa Subzone. In this Subzone the
pres ence of Polygnathus varcus, Polygnathus linguiformis
linguiformis and Belodella resima has been es tab lished. The
miospore spe cies Samarisporites triangulatus marks the base
of the Up per extensa Zone. In the lower and mid dle parts of this 
subzone the pres ence of rel a tively rich cono dont as sem blages
has been noted: Icriodus cf. liliputensis, Icriodus difficilis,
Icriodus brevis, Icriodus eslaensis, Icriodus platyobli -
quimarginatus, Icriodus arkonensis arkonensis, Icriodus
arkonensis walliserianus, Polygnathus varcus and
Polygnathus linguiformis linguiformis. The com po si tion of this 
cono dont as sem blage does not change much through the Up per 
extensa miospore Subzone.

Thus, the base of the Lower extensa miospore Subzone
may be cor re lated with the base of the hemiansatus cono dont
Zone, and the top of the Subzone be longs to the Lower varcus
cono dont Subzone or to a part of it. The Mid dle extensa
miospore Subzone may be cor re lated with the lower part of the
Mid dle varcus cono dont Zone, and the Up per extensa Zone be -

longs to the up per part of the Mid dle, as well as to the Up per
varcus cono dont subzone (Turnau, 1996; Turnau and Racki,
1999; Matyja and Turnau, 2008).

The base of the up per most Givetian Geminospora aurita
(Aur) lo cal Zone is de fined by the last oc cur rence of
“Geminospora” extensa (Turnau, 2008). The miospore as sem -
blage of this zone is im pov er ished, as at this level many spe cies
dis ap peared (Turnau, op. cit.). A sud den de crease in tax o nomic
di ver sity of miospore as sem blages and the ex tinc tion of most
rep re sen ta tives of the gen era Geminospora and Aneurospora at
the bound ary be tween “Geminospora” extensa and
Geminospora aurita in Pomerania (Turnau, 1996), has its an a -
logues over the whole East Eu ro pean Craton, as well as in France 
(Obukhovskaya, 2000, fide Turnau, 2008). A po si tion not be low
the hermanni cono dont Zone and not above the low er most
Lower falsiovalis cono dont Zone was sug gested by Turnau
(2004, 2008) for this miospore zone. Sparse cono donts, rep re -
sented by Icriodus subterminus, Icriodus aff. subterminus and
Icriodus eslaensis, have been iden ti fied in the Geminospora
aurita (Aur) miospore Zone (Matyja and Turnau, 2008). In gen -
eral, these cono donts con firm the view of Turnau (2004, 2008)
re gard ing the po si tion of the Geminospora aurita miospore Zone 
in re la tion to cono dont zonation.

UPPER DEVONIAN BIOSTRATIGRAPHICAL DATA

The most use ful strati graphic tools to sub di vide and cor re -
late the Up per De vo nian shelf de pos its in Pomerania are rel a -
tively di verse and abun dant cono donts and palynomorphs, and
less abun dant pe lagic ostracodes.

Cono dont anal y sis per mit ted rec og ni tion of much of the
Up per De vo nian “stan dard” cono dont zones, up to the Up per -
most marginifera or even Lower trachytera Zone (Fig. 4; see
also Matyja, 1993). The last palmatolepids, which are the ba sis
for the Up per De vo nian stan dard zonation, de fin i tively re treat
from the Pom er a nian shelf at the end of the marginifera or early 
in the trachytera Chron, ow ing to palaeo eco logi cal rea sons
(Matyja, 1993).

The Up per trachytera and Lower postera zones have not
been iden ti fied (Matyja, op. cit.). On the ba sis of  bore hole data, 
it be came clear that the in abil ity to rec og nize these zones within 
the very shal low-wa ter Krojanty and K³anino for ma tions may
be as so ci ated with the pau city or even ab sence of di ag nos tic
cono donts (Ziegler and Sandberg, 1984a, b).

The Lower and Mid dle expansa zones were rec og niz able ow -
ing to the pres ence of nu mer ous bizzare forms char ac ter is tic of ex -
tremely shal low en vi ron ments (Matyja, op. cit.). Their ver ti cal
ranges have been cor re lated with the stan dard cono dont zonation
given by Sandberg and Ziegler (1979). The Up per expansa and
Lower praesulcata zones were rec og niz able ow ing the pres ence
of nu mer ous spe cies of Bispathodus (Matyja, op. cit.).

The Mid dle and Up per praesulcata zones have not been
found in West ern Pomerania. The re sults of de tailed cono dont
stud ies (Matyja, 1993; Matyja and Stempieñ-Sa³ek, 1994;
Matyja et al., 2000) sug gest the pres ence, on a re gional scale, of 
a strati graphic gap that com prises the up per most Famennian
(Mid dle and Up per praesulcata cono dont zones) and the low -
er most Mis sis sip pian, Hastarian (the sulcata, duplicata, and the 
lower part of the sandbergi conodont zones).
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Miospore anal y sis per mit ted dis tinc tion of seven lo cal Up -
per De vo nian miospore zones and subzones:
Membrabaculisporis radiatus (Rad), Perotriletes ordinarius
(Or), Grandispora cornuta (Co), Diductites versabilis (Ve),
Grandispora lupata (Lu) and Tumulispora rarituberculata
(Ra1–Ra2) (Turnau, 1978, 1979; Stempieñ-Sa³ek, 2002). Un -
for tu nately, there is no miospore data on the up per most
Frasnian and low er most Famennian part of the Pom er a nian
suc ces sion, and the lower and mid dle part of the Famennian is
poorly rec og nized by miospores (Fig. 4). A strati graphic gap
close to the De vo nian–Car bon if er ous bound ary is also in di -
cated by the miospore data, as the equiv a lents of the west ern
Eu ro pean miospore zones lepidophyta–explanatus (LE),
lepidophyta–nitidus (LN), and verrucosus–incohatus (VI)
zones are miss ing (Matyja and Turnau, 1989; Matyja and
Stempieñ-Sa³ek, 1994).

The Up per De vo nian de pos its of Pomerania bear also rare
pe lagic ostracodes, usu ally poorly pre served. Nev er the less, 16
spe cies have been rec og nized by ¯bikowska (1992). They are
lim ited to some ho ri zons only, and rep re sent six zones and
subzones: cicatricosa, sartenaeri, sigmoidale, intercostata,
Lower and Up per hemisphaerica–dichotoma (Fig. 4). The ages 
of al most all entomozoacean-bear ing in ter vals have been con -
firmed by cono donts (Matyja, 1993, figs. 3–4).

BIOSTRATIGRAPHICAL DATA AND AGE OF THE
LITHOSTRATIGRAPHICAL UNITS

It is worth of note that one of the most sig nif i cant ad vances in
De vo nian biostratigraphy in Pomerania has been in uti liz ing many 
dif fer ent microfossil groups in an in te grated anal y sis. The
microfaunal and palynological sam ples were col lected from the
same bore holes, and, if pos si ble, from the same depth in ter val.
Such com bined stud ies pro vide more pre cise age de ter mi na tions
for those parts of the De vo nian suc ces sion which were hith erto
un fa vour able as re gards in di vid ual fos sil groups (Matyja and
Turnau, 1989, 2008; Matyja, 1993; Matyja and Stempieñ-Sa³ek,
1994; Stempieñ-Sa³ek, 2002; Turnau, 2007, 2008).

“Stan dard” cono dont zones and lo cal miospore zones have
been used to char ac ter ize the De vo nian litostratigraphic units
and to rec og nize the pat tern of their spa tial and tem po ral re la -
tion ships (Matyja, 1993, 1998; Turnau, 1995, 1996; Matyja et
al., 2000; Matyja and Turnau, 2001). Re cently, how ever, some
mod i fi ca tions, con cern ing a more de tailed as sess ment of the
Mid dle De vo nian for ma tions, have been pro posed, based on
new an a lyt i cal data (Turnau, 2004, 2007, 2008; Matyja, 2007a,
2008a, b, c; Matyja and Turnau, 2008). The re la tion ships pre -
sented here be tween lithostratigraphic units in clude these mod i -
fi ca tions (Fig. 3).

DEPOSITIONAL HISTORY

Global palaeo geo graphi cal and palaeoclimatical re con -
struc tions by Witzke and Heckel (1988), and Witzke (1990)
place north ern and cen tral Eu rope, dur ing the Mid and Late De -
vo nian times, in close prox im ity to the Old Red Con ti nent
along its south ern mar gin, and the northwest ern part of Po land

oc cu pies a po si tion within the south ern arid belt, in lat i tudes be -
tween about ~10–30° S. Such a po si tion in the trop i cal dry belt
was in di cated by the wide spread oc cur rence of red de pos its and 
evaporites (mainly sulphates, vary ing from iso lated anhydrite
nod ules sparsely scat tered in terrigenous sed i ment to very thick 
se quences of anhydrite), noted in many ar eas of Eu rope (over -
view in Heckel and Witzke, 1979; Bless et al., 1984, 1986;
Paproth et al., 1986; Thorez and Dreesen, 1986), as well as in in 
Po land (Mi³aczewski, 1981; Matyja, 1993).

Evo lu tion of the De vo nian epicontinental ba sin of West ern
Pomerania (NW Po land), and the de vel op ment of a char ac ter is -
tic siliciclastic and mixed siliciclastic-car bon ate mar ginal ma -
rine-to-open ma rine car bon ate sed i men tary suc ces sion, was
con trolled via prox im ity of the land ar eas rep re sent ing up lifted
parts of the EEC: the Fennoscandian High ex tend ing in the
north, and the Mazury–Belarus High sit u ated in the east. The
sed i men tary evo lu tion and lithofacies pat tern ob served within
the Pom er a nian Ba sin fol lowed these main struc tural out lines
and was gen er ally as so ci ated with a grad ual north ward and
east ward ex pan sion of the ma rine bas ins (Figs. 1 and 5–15).

In gen eral, the mor phol ogy of the shelf de pends on rel a tive
rates of sub si dence, sed i ment sup ply, eustatic change and shore -
line progradation, and on wave and tidal re gimes. In the Pom er a -
nian model the con fig u ra tion of the shelf area cor re sponds rather
to a rel a tively gen tle ramp, where fa cies belts were rather wide,
and where the zone of high est en ergy was prob a bly quite close to 
the shore line. In the south-east, how ever, close to the Polskie
£¹ki, Unis³aw and Wa³dowo Królewskie sec tions, a rimmed car -
bon ate shelf formed in the early and mid Frasnian, sep a rated
prob a bly by one or more sharp breaks in slope, pos si bly re lated
to fault lines (Figs. 8–9).

The West ern Pom er a nian re gion con sisted of two parts
(?sub-re gions) dur ing its De vo nian and Early to Mid Mis sis sip -
pian his tory: a north east ern and a south west ern one. These cor re -
sponded to two very roughly de fined fa cies zones, a rel a tively
shal low wa ter fa cies zone in the north-east and a deeper wa ter one
in the south-west (Pajchlowa, 1964, 1968; J. Dadlez, 1975, 1976),
and their mu tual re la tion ships fol low more or less the nat u ral
depositional slope in the ba sin (Matyja, 2006). Anal y sis of fa cies
and thick ness dis tri bu tion shows (Matyja, 1993; Œwidrowska and
Hakenberg, 1996) that the Teisseyre-Tornquist Zone played an
im por tant role both as re gards vari able sub si dence of the base ment 
in in di vid ual Pom er a nian Ba sin seg ments, and as re gards
lithofacies dis tri bu tion. The high est Up per De vo nian thick ness of
ca. 3500 m (in re la tion to about 1500 m in the rest of the area) is
re corded in bore holes, which lies in an area lo cated be tween the
Chmielno 1, Wierzchowo 4, Cz³uchów IG 1, Chojnice 5 and
Tuchola IG 1 sec tions. This marks a lo cal depocentre, which prob -
a bly was a synsedimentary depositional trough. This is ex pressed
by con tin ued per sis tence of higher sub si dence in this area, start ing
from the Mid dle De vo nian (Givetian?) and con tin u ing, with some
breaks, at least un til the end of the De vo nian. There fore, the faults
lim it ing this trough ap pear to be old and long-lived struc tural el e -
ments in the re gion. This was also the pas sage by which open-ma -
rine fa cies might ex tend into shal low-wa ter en vi ron ments. Thus,
the cri te ria used to iden tify a synsedimentary ac tiv ity of this unit
in clude both thick ness vari a tion across this struc ture, as well as fa -
cies vari a tion. De tailed ge om e try of this depositional trough with
its fram ing crustal frac tures re mains un known. Its axis is aligned
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ap prox i mately NE–SW, and the north ern mar gin may pos si ble be
re lated to the area south to the Kocza³a 1 sec tion and the south ern
mar gin to the area north to the Nicponie 1 sec tion (comp. Figs. 1,
4–10 and 13, 14). The pre vi ously used term “Chojnice-Gdañsk
palaeostructural trough” (Mi³aczewski, 1980; Narkiewicz et al.,
1998) is here re placed by a more de scrip tive “Cz³uchów Gate”. It
is be cause the pos si ble pro lon ga tion of the trough to the NE and
SW re mains un known, and only part of the Chojnice area, rep re -
sented by the Chojnice 2, Chojnice 4 and Chojnice 5 sec tions, was 
lo cated within this unit. More over, the most rep re sen ta tive sec tion, 
Cz³uchów IG 1, was lo cated in the cen tral part of this struc ture.

The lat eral re la tion ships of the lithofacies dur ing the
Givetian, Frasnian and Famennian are por trayed on 11 maps
(Figs. 5–15), show ing rel a tively short time-in ter vals, se lected to
de pict the most sig nif i cant en vi ron men tal changes, which were
con trolled both by eustatic transgressive and re gres sive ep i -
sodes, and by rel a tive sea level changes caused by tec tonic ac tiv -
ity of the hin ter land area (East Eu ro pean Craton) and the Pom er -
a nian Ba sin floor. The pat tern of their mu tual spa tial and tem po -
ral re la tion ships, along with a gen eral as sig na tion to par tic u lar
depositional set tings, is pre sented on Fig ure 3. The re sults are
pre sented ac cord ing to the “stan dard” cono dont and lo cal
miospore zones and to De vo nian chronostratigraphy (Fig. 4).

EARLY GIVETIAN: SILICICLASTIC (NE)/CARBONATE (SW)
MARGINAL-MARINE PHASE OF SEDIMENTATION (FIG. 5)

De vo nian sed i men ta tion started not ear lier than at the end of
Emsian or pos si bly in Eifelian time (Turnau and Matyja, 2001),

af ter a long break span ning the Lochkovian, Pragian and much
of the Emsian when the area was sub jected to ero sion. Due to
sparse bore hole evedence and the scar city of an a lyt i cal data for
the lat est Emsian? and Eifelian interval, the early Mid De vo nian
depositional his tory is dif fi cult to re con struct in de tail. In gen eral, 
the north east ern area ex tend ing around Jamno, Miastko, K³anino 
and Kocza³a, and close to Nicponie, was dom i nated by clastic
mar ginal ma rine sed i men ta tion (low er most parts of the Jamno
and Studnica for ma tions). To wards the south-west and
south-east, be tween Chojnice, Tuchola and Bydgoszcz,
nearshore clastic deposits lat er ally pass into nearshore car bon -
ates (low er most parts of the Tuchola for ma tion).

Dur ing the early Givetian the north east ern re gion (be tween
the Jamno and Gozd sec tions) was also dom i nated by clastic
mar ginal-ma rine sed i men ta tion (Fig. 5). Con glom er ates and
coarse- and me dium-grained quartz sand stones of the Jamno for -
ma tion were mainly de pos ited both in tidal flat and tidal chan nel
en vi ron ments (Paczeœna, 2004, 2008b), whereas fine-grained
sand stones and siltstones of the Studnica for ma tion were de pos -
ited in tidal flat and brack ish, la goonal en vi ron ments,  and to a
lesser ex tent in a high-en ergy shal low-wa ter bar rier-is land sys -
tem (Paczeœna, 2004, 2007). As so ci ated with the siliciclastic de -
pos its, thin interbeds of ir reg u larly lam i nated lime stone with 
some fenestral struc tures (Matyja, 2004, 2008d), in di cates a mi -
cro bial mat or i gin and in gen eral sug gests an intertidal type set -
ting (e.g., Flügel, 2004) for some parts of the suc ces sion. Thin
interbeds of pri mary or early diagenetic do lo mite, and
fine-grained sand stone with anhydrite nod ules, as well as the
pres ence of low-di ver sity trace fos sil as sem blages, sug gest a
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supratidal type set ting (?sabkha) (Paczeœna, 2008a), and pos i -
tively cor re lates with De vo nian global palaeo geo graphi cal and
palaeoclimatical re con struc tions by Witzke and Heckel (1988),
and Witzke (1990, figs. 5–6). Thus, it seems that the ob served
sedimentological and palaeontological fea tures within this part
of De vo nian se quence in di cate a pre dom i nance of intertidal and
supratidal rather than subtidal de po si tion for the Jamno and
Studnica for ma tions.

At the same time, the area close to the Miastko sec tion and
ex tend ing be tween the Nicponie, Stobno and Polskie £¹ki sec -
tions was cov ered by mixed siliciclastic-car bon ate de pos its of
the Miastko for ma tion. Nu mer ous thin ho ri zons of con glom er -
ate with siltstone and claystone peb bles, var ie gated
fine-grained sand stones, siltstones and oc ca sion ally claystones
are interbedded with thin ho ri zons of mi cro bial laminite.
Rather thick interbeds of stromatoporoid-coral marl and lime -
stone (no tice ably sandy in many in ter vals) with rare cri noids
and brachi o pods, have been iden ti fied through out the for ma -
tion. It is worth noting, that the area ex tend ing close to the
Miastko sec tions is char ac ter ized by a higher pro por tion of car -
bon ates through out the for ma tion than in the area be tween the
Nicponie, Stobno and Polskie £¹ki sec tions. Mixed
siliciclastic-car bon ate de pos its of the Miastko for ma tion doc u -
ments a sed i men tary suc ces sion be lieved to have formed
mainly in an intertidal, mixed siliciclastic-car bon ate
depositional en vi ron ment, along a barred coast line (Paczeœna,
2004, 2007), and in a shal low subtidal en vi ron ment, lo cated to

the south-west, and re lated to the prox i mal part of a car bon ate
ramp or plat form (Matyja, 2004, 2007b, c).

Dur ing the early Givetian the south west ern part of
Pomerania was dom i nated by car bon ate shal low subtidal sed i -
men ta tion. Dark gray marls and cal car e ous claystones of the
Tuchola for ma tion with plant frag ments, ben thic ostracodes,
phyl lo pods and miospores, were mainly de pos ited in a la goonal 
en vi ron ment, whereas stromatoporoid-coral marls and lime -
stones with rare cri noids and brachi o pods may be re lated to the
more open part of the car bon ate ramp or plat form lo cated to the
south-west (Matyja, 2004, 2007b, c).

In gen eral, the lat est Emsian?–early Givetian phase of de -
po si tion in Pomerania is char ac ter ized by depositional set tings
re stricted to intertidal and very shal low subtidal, oc ca sion ally
supratidal, siliciclastic and mixed siliciclastic-car bon ate en vi -
ron ments. Peritidal cy clic de po si tion is a com mon fea ture of the 
siliciclastic de pos its of this phase (Paczeœna, 2004).

MIDDLE GIVETIAN: CARBONATE (NE)/SILICICLASTIC (SW)
MARGINAL-MARINE PHASE OF SEDIMENTATION (FIG. 6)

The first change in this pat tern was as so ci ated with a grad -
ual north-east ward spread ing of car bon ate en vi ron ments. This
trend man i fested it self by the oc cur rence of shal low-ma rine
car bon ate fa cies (de pos its of the Sianów for ma tion) at the be -
gin ning of the mid Givetian (early Mid varcus Chron) in the
area lo cated close to the Miastko, and in the area ex tend ing be -
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tween Nicponie, Stobno and Polskie £¹ki, where mar ginal ma -
rine siliciclastic-car bon ate sedimentation pre dom i nated pre vi -
ously (de pos its of the Miastko for ma tion). In the late Mid
varcus Chron the shal low-ma rine car bon ate fa cies (de pos its of
the Sianów for ma tion) spread also onto the ar eas lo cated fur -
ther north-eastwards be tween Jamno, Wyszebórz, Koœciernica, 
K³anino, Polanów and Gozd, where mar ginal-ma rine clastic
de pos its of the Jamno and Studnica for ma tions pre dom i nated
pre vi ously (Figs. 5 and 6).

The mid dle Givetian car bon ate de pos its rep re sent a wide
spec trum of microfacies, as so ci ated with very shal low-ma rine,
mainly subtidal depositional en vi ron ments. Charophyte
wackestones, Amphipora wackestones/packstones, Amphi -
pora-dasyclad al gae-ostracode-wackestones/pack stones, ostra -
code wackestones, calcisphere-ostra code wackestones,
oncolite-microconchid wackestones (Matyja, 2008d, figs.
33A–C, 31C, E, H), are noted in the Jamno IG 1 sec tion sit u ated
in the north-east. Spe cific biota and the pres ence of fine-grained
de pos its point here to a la goonal en vi ron ment. Rare
peloidal-skel e tal or skel e tal grainstone (Matyja, 2008d, figs.
31F, 33E) interbeds may in di cate a pe ri odic, more dy namic sed i -
men tary en vi ron ment. Marly stromatoporoid-coral lime stones
(packstones and wackestones) with rare brachi o pods, bryo zoan
frag ments and cri noid os si cles, stromatoporoid-coral float stones
and mas sive stromatoporoid-coral boundstones (Matyja, 2008d) 
make up the bulk of the car bon ate ramp or plat form set ting, and
have been rec og nized to the south-east (e.g., in the Miastko 1,
Kocza³a 1 and Polskie £¹ki PIG 1 sec tions).

At the same time the south west ern part of the Pomerania
(close to the Chojnice and Tuchola sec tions) was dom i nated by

siliciclastic de pos its as so ci ated with very shal low subtidal sed i -
men ta tion. Dark gray claystones with thin interbeds of sid er ite,
and cal car e ous fine-grained quartz sand stones and siltstones of the 
Silno for ma tion were mainly de pos ited in a quiet, brack ish la -
goonal en vi ron ment, where plant frag ments, ben thic ostracodes,
miospores, and some trace fos sils only have been iden ti fied
(Paczeœna, 2004, 2008a). Rare, thin interbeds of marly lime stone
with worn skel e tal frag ments of coral, stromatoporoid and cri noid
may pos si bly be re lated to tempestites.

LATE GIVETIAN: SILICICLASTIC MARGINAL-MARINE PHASE 
OF SEDIMENTATION (FIG. 7)

At the end of mid and dur ing late Givetian times the en tire re -
gion was again dom i nated by siliciclastic, mar ginal-ma rine sed i -
men ta tion. Con glom er ates, var ie gated coarse- and me -
dium-grained quartz sand stones of the Wyszebórz for ma tion
were mainly de pos ited both in tidal chan nel and tidal flat en vi -
ron ments, subordinately in a high-en ergy shal low-wa ter bar -
rier-is land sys tem, whereas fine-grained sand stones and
siltstones were de pos ited in tidal flat and la goonal en vi ron ments
(Paczeœna, 2004, 2008b). Re peated ev i dence of pos si bly pe ri -
odic ex po sure (brecciation, con spic u ous red and green clay
seams) have been iden ti fied through out the suc ces sion. As so ci -
ated with the siliciclastics, thin interbeds of ir reg u larly fine-lam i -
nated lime stone with subordinately fenestral struc tures (Matyja,
2004, 2008d), in di cate a mi cro bial mat or i gin and in gen eral also
sug gest an intertidal set ting for the suc ces sion. Siltstone and
thickly-bed ded grey fine-grained quartz sand stones with
large-scale cross-bed ding and flaser lam i na tion of the Chojnice
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for ma tion were also de pos ited in a tidal flat en vi ron ment,
whereas dark grey bioturbated siltstones and claystones with thin 
interbeds of sid er ite were de pos ited in a quiet, prob a bly
dysaerobic en vi ron ment, where plant frag ments, ben thic
ostracodes, miospores, and some trace fos sils only have been
iden ti fied (Paczeœna, 2004). Rare, thin interbeds of marly lime -
stone with worn skel e tal frag ments of tab u late cor als,
stromatoporoids and cri noids may be re lated to tempestites.

It seems that the late Givetian phase of sed i men ta tion is
char ac ter ized by a pre dom i nance of intertidal and shal low
subtidal siliciclastic en vi ron ments.

EARLIEST FRASNIAN (?FALSIOVALIS CHRON):
CARBONATE-SILICICLASTIC MARGINAL-MARINE (NE)/
OPEN-SHELF (SW) PHASE OF SEDIMENTATION (FIG. 8)

Late Givetian siliciclastic mar ginal ma rine de pos its of the
Wyszebórz and Chojnice for ma tions were drowned in a Late De -
vo nian transgressive ep i sode, which took place prob a bly in the
falsiovalis Chron. The north east ern part of the Pom er a nian Ba sin
(ex tend ing be tween Jamno, Kocza³a, Polanów, Polskie £¹ki and
Bydgoszcz) was a zone of nearshore, mar ginal-ma rine car bon -
ate-siliciclastic sed i men ta tion, where cal car e ous fine- grained
quartz sand stones and siltstones with rare bi valves, in ar tic u late
brachi o pods and ostracodes, and marly nod u lar lime stones, marls
and shales with cri noid re mains, stromatoporoids, coral and ar tic -
u late brachi o pods were de pos ited (lower part of the Kocza³a for -
ma tion). To wards the south-east, i.e. into the ba sin cen tre (be -

tween Cz³uchów, Chojnice and Tuchola) it passed into an
open-shelf en vi ron ment (Fig. 8), char ac ter ized by thinly-bed ded
marls, marly lime stones and siliciclastic de pos its (de pos its of the
Unis³aw mem ber of the Cz³uchów for ma tion) with an open-ma -
rine fauna of rare cepha lo pods, tentaculitoids, pe lagic ostracodes,
cono donts, thin-shalled bi valves, in ar tic u late and ar tic u late brachi -
o pods, sol i tary cor als and cri noids. This unit re flects the first ep i -
sode of open shelf sed i men ta tion in the Pom er a nian Ba sin.

EARLY–MIDDLE FRASNIAN (TRANSITANS? OR PUNCTATA–EARLY
RHENANA CHRONS): CARBONATE RAMP OR PLATFORM

(NE)/SHELF-BASIN (SW) PHASE OF SEDIMENTATION (FIG. 9)

There was a dis tinct change to car bon ate ramp or plat form
and shelf-ba sin sed i men ta tion in the early Frasnian when two
panecontemporaneous suc ces sions are rec og nized.

A nearshore car bon ate ramp with typ i cal wide spread
stromatoporoid-coral lime stone fa cies (up per part of the
Kocza³a for ma tion) ac cu mu lated in the north-east (Fig.  9). A
stromatoporoid-coral lime stone fa cies is dom i nated by skel e tal
lime stones, wackestones, packstones and float stones, as well as 
by mas sive rudstones and boundstones. Skel e tal lime stones are
pre dom i nantly rich in large bioclasts of stromatoporoid and
tab u late coral, while sol i tary rugose cor als, ar tic u late brachi o -
pods and gas tro pods are sparse (Matyja, 2008d, fig. 33D).
They rep re sent a shal low subtidal, rather open-ma rine en vi ron -
ment of car bon ate ramp or plat form. Rare interbeds of
bioclastic (al gal-ostracode)-peloidal and al gal-foramini -
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Fig. 8. Lithofacies pat tern for the early Frasnian (ap prox i mately falsiovalis cono dont Chron 
= up per most Geminospora aurita–low er most Tholisporites densus miospore chrons)

Ex pla na tions as in Fig ure 3



feral-crinoidal grainstone (Matyja, 2008d, figs. 33F and E)
char ac ter ized more dy namic ep i sodes within this en vi ron ment.
Interbeds of dark wackestone with Amphipora, unilocular
foraminifera, ben thic ostracodes, calcispheres, charophyta and
small green al gae have also been noted (Matyja, 2008d, figs.
31C, E–H, 33A–C). The low-di ver sity biota and the pres ence
of fine-grained sed i ments point to a re stricted, la goonal en vi -
ron ment for these microfacies types.

At the same time the south west ern part of the Pom er a nian
Ba sin (Tuchola, Chojnice and Cz³uchów re gion) turned into a
poorly ox y gen ated shelf ba sin en vi ron ment, pre sum ably of
dysaerobic sed i men tary con di tions. De pos its of the Strze¿ewo
mem ber are thinly-bed ded, and dis play mo not o nous al ter na -
tion of a few lithological types: black shales are char ac ter ized
by millimetre-scale lam i na tion and the pres ence of py rite ag -
gre gates and rare fos sils rep re sented by pe lagic ostracodes and
tentaculitoids, whereas thinly-bed ded and nod u lar lime stones
con tain rare cepha lo pods, cono donts, pe lagic ostracodes,
tentaculitoids, thin-shelled bi valves (Buchiola), lingulids, and
articulate brachiopods (Matyja, 1993, 1998, 2006).

Such sed i men ta tion per sisted through the early and mid
Frasnian.

In some sec tions lo cated in the south-east ern most part of
the study area, close to the Polskie £¹ki sec tion, rel a tively
thickly-bed ded intraformational con glom er ates have been rec -
og nized in the up per part of the Unis³aw mem ber. These are
com posed of Amphipora wackestones, peloid wackestones,
stromatoporoid-coral wackestones and packstones, as well as

lime stones with Renalcis clasts (Matyja, 2007b; Radlicz,
2007). As most of the clasts rep re sent shal low, car bon ate plat -
form en vi ron ments of un known lo ca tion at this time, it is pos si -
ble that these de pos its rep re sent peb ble-de bris flows, trig gered
at the plat form-edge by its col lapse and de pos ited at the
toe-of-slope on the ad ja cent ba sin plain.

LATE FRASNIAN–EARLY FAMENNIAN (LATE RHENANA–MID
TRIANGULARIS CHRONS): SHELF-BASIN PHASE 

OF SEDIMENTATION (FIG. 10)

A nearshore car bon ate ramp or plat form with wide spread
stromatoporoid-coral lime stone fa cies (up per part of the Kocza³a 
for ma tion) that ac cu mu lated in the north-east was de fin i tively
drowned and cov ered by a poorly ox y gen ated shelf-ba sin en vi -
ron ment, pre sum ably dysaerobic (de pos its of the Strze¿ewo
mem ber) at the end of the Early rhenana Chron (Matyja, 1993).
Thus, in the late Frasnian a shelf-ba sin en vi ron ment be come
prev a lent over the whole area, and per sisted up to the early
Famennian (to the Mid triangularis Chron) (Matyja, 1993).

There is no marked fa cies turn over at the
Frasnian/Famennian bound ary. The crit i cal in ter val is, how ever,
ac cen tu ated by a re duc tion in the rate of car bon ate sed i men ta tion 
and/or a de crease in the car bon ate/clay ra tio, and, in some sec -
tions lo cated in the south-east ern most part of the study area close 
to the Unis³aw and Wa³dowo Królewskie sec tions, by the pres -
ence of shales and lime stones al ter nat ing with rel a tively
thickly-bed ded intraformational con glom er ates com posed of
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Fig. 9. Lithofacies pat tern for the early–mid Frasnian (transitans–Early rhenana cono dont chrons = Tholisporites
densus–Membrabaculisporites radiatus miospore chrons), mod i fied af ter Matyja (1993)

Ex pla na tions as in Fig ure 3



lime mudstone and grainstone clasts (Matyja and Narkiewicz,
1992; Matyja, 1993). As most of the clasts rep re sent shal low,
near-shore car bon ate plat form en vi ron ments of un known lo ca -
tion at this time, it is pos si ble that these de pos its rep re sent peb -
ble-de bris flows, trig gered at the plat form-edge by its col lapse
and de pos ited at the toe-of-slope on the ad ja cent ba sin plain.

EARLY FAMENNIAN (LATE TRIANGULARIS–RHOMBOIDEA
CHRONS): OPEN SHELF PHASE OF SEDIMENTATION (FIG. 11)

A change in sed i men tary con di tions took place dur ing the
early Famennian, be gin ning with the Late triangularis Chron.
This re sulted in a grad ual shallowing of sed i men tary en vi ron -
ments through the whole early Famennian, up to the rhomboidea
Chron (Matyja, 1993). This phase of sed i men ta tion is char ac ter -
ized by a pro gres sive loss of fine lam i na tion, a paler colour, as
well as by an in creas ing num ber of ben thic fos sils up sec tion.
Marls and marly lime stones of the Gorzys³aw mem ber con tain
cri noid de bris, ar tic u late brachi o pods, ben thic ostracodes, ag glu -
ti nated foraminifers, as well as cepha lo pods, styliolinids, pe lagic
ostracodes and rel a tively abun dant cono donts; how ever, its up -
per most part (marly lime stones of the rhomboidea cono dont
Zone) is al ready rel a tively rich in ben thic fauna and cono donts,
and cepha lo pods, pe lagic ostracodes and styliolinids are ab sent.

EARLY MID FAMENNIAN (EARLY–LATE MARGINIFERA CHRONS): 
OPEN SHELF WITH CARBONATE BUILDUPS PHASE 

OF SEDIMENTATION (FIG. 12)

De pos its of the Goœcino mem ber are char ac ter ized by dark
gray, thickly-bed ded nod u lar lime stones with a few thin
grainstone in ter ca la tions. Marly cri noid wackestones, marly bryo -
zoan-ostracode wackestones and cri noid-brachi o pod wackestones 
to packstones pre vail in the suc ces sion and do not show strong ev -
i dence of high depositional en ergy. Thin interbeds of grainstone,
are usu ally non-graded, ex hibit sharp lower con tacts, good sort ing
and hor i zon tal tex tures, and con sist of bioclasts of shal low-wa ter
or gan isms, i. e. Girvanella, microconchids, palaeoberesellid al gae, 
as well as well-rounded lithoclasts of micritic lime stone. Nod u lar
lime stones were de pos ited in a rel a tively shal low open ma rine
shelf en vi ron ment, whereas litho- and bioclasts in the grainstone
interbeds were prob a bly de rived from and ad ja cent car bon ate plat -
form, lo cated pos si bly to the east.

Within this open-shelf en vi ron ment, iso lated el e va tions
were formed by car bon ate build ups of mudmound type
(Matyja, 1993). The Bielica mem ber con sists of pale micritic
lime stones with ac cu mu la tions of cri noid de bris, scat tered
ramose and stick bryo zoans, ostracodes, patchily dis trib uted
brachi o pod shells, and mas sive lime mudstones with scat tered
cri noid de bris, fenestrate bryo zoan fronds, col o nies of dendroid 
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Fig. 10. Lithofacies pat tern for the late Frasnian–early Famennian (Late rhenana–Mid triangularis cono dont chrons), mod i fied af ter Matyja (1993)

Ex pla na tions as in Fig ure 3
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Fig. 11. Lithofacies pat tern for the early Famennian (Late triangularis–rhomboidea cono dont chrons = early Perotriletes ordinarius miospore
Chron), mod i fied af ter Matyja (1993)

Ex pla na tions as in Fig ure 3

Fig. 12. Lithofacies pat tern for the mid Famennian (Early–Late marginifera cono dont Chron = late Perotriletes ordinarius miospore Chron),
mod i fied af ter Matyja (1993)

Ex pla na tions as in Fig ure 3



tab u late cor als, rare stromatoporoids and palaeoberesellid
green al gae, noted in the up per part of the buildup suc ces sion.
Dif fer ent microfacies types are noted here: cri noid
wackestones and packstones, cri noid-brachi o pod-bryo zoan
wackestones to packstones, stromatoporoid float stones with
Amphipora, Baculella bindstones, bryo zoan bindstones with
Fenestella, tab u late coral bafflestones and lime mudstones with 
stromatactis struc tures, and peloidal micritic crusts of prob a ble
mi cro bial or i gin. Small-scale brecciation and fis sure-fill ings
re lated to nep tu nian dykes have also been found in some sec -
tions. Al though the core ma te rial does not pro vide con clu sive
ev i dence for the spa tial ge om e try of the de pos its, it is likely that 
they are frag ments of car bon ate build ups. Such an in ter pre ta -
tion is con firmed by the pres ence of par tic u lar biota not found
in other con tem po ra ne ous fa cies and by the oc cur rence of sites
of in creased car bon ate pro duc tiv ity (Matyja, 1993). The de -
pos its of the Bielica mem ber con sti tute prob a bly an off-mound
fa cies com pa ra ble to the Waulsortian mound fa cies. It is gen er -
ally be lieved (Lees, 1964, 1988; Lees et al., 1985; Lees and
Miller, 1985; Somerville et al., 1992) that the Waulsortian
mudmounds were ini ti ated in rel a tively deep wa ter but grew
rap idly to reach the photic zone. Anal y sis of the suc ces sive
com po nents of the Pom er a nian build ups have also sug gested a
fi nal phase of shallowing and break through into the photic
zone. A sig nif i cant in di ca tor of such shallowing event is the
pres ence of peloids, par tic u larly as geopetal fills, plurilocular
foraminifera and small green al gae (Skompski, 1987) all of
which have been found at the top of the sup posed build ups. The

Pom er a nian mudmounds had prob a bly grown on tec toni cally
con trolled intrabasinal highs con nected with the
Teisseyre-Tornquist Tec tonic Zone, as sug gested by their lin ear
north-west–south-east strik ing ar range ment (Matyja, 1993).

MID–LATE FAMENNIAN (LATEST MARGINIFERA–MID EXPANSA
CHRONS): MIXED SILICICLASTIC-CARBONATE 

AND CARBONATE MARGINAL-MARINE (N)/SHALLOW OPEN
SHELF (S AND SW) PHASE OF SEDIMENTATION (FIG. 13)

A grad ual change in tec tonic con straints on the Pom er a nian
Ba sin be gan dur ing the mid–late Famennian. This re sulted in a
re struc tur ing of the fa cies and sub si dence pat tern in the ba sin
(Matyja, 1993; Œwidrowska and Hakenberg, 1996). The up lift -
ing Fennoscandian part of the EEC prob a bly con strained de vel -
op ment of the lat i tu di nal fa cies and sub si dence pat tern. These
palaeogeographic and tec tonic trends, es tab lished at the end of
De vo nian times, were main tained also in the Early Car bon if er -
ous (Matyja, 2008a).

A dis tinct and rel a tively rapid re gres sive event af fected the
study area prob a bly at the be gin ning of the Lat est marginifera
Chron. The north ern part of the area was then dom i nated by
peritidal siliciclastic-car bon ate de po si tion with lo cal
evaporites. A great va ri ety of fa cies char ac ter izes the K³anino
for ma tion but there are only few sec tions when one lithological
type is dom i nant over an other. Gen er ally, siliciclastic fa cies
with evaporites pre vail in the area be tween Trzebusz and
K³anino, whereas car bon ate-siliciclastic de pos its, mainly sandy 
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Fig. 13. Lithofacies pat tern for the mid–late Famennian (Lat est marginifera–Mid expansa cono dont chrons = late Perotriletes ordinarius–
Grandispora lupata miospore chrons), mod i fied af ter Matyja (1993)

Ex pla na tions as in Fig ure 3



grainstones, are more abun dant in the Gorzys³aw–Karlino area. 
The siliciclastic-dom i nated part of suc ces sion is char ac ter ized
by red, pink, green and gray, well-sorted and fine-grained
dolomitic quartz sand stones and siltstones with inter gra nu lar
anhydritic ce ment, dis play ing hor i zon tal and large-scale
cross-bed ding, as well as hor i zon tal, flaser and rip ple
cross-lam i na tion. Interbeds of claystone oc cur subordinately.
The top of the siliciclastic unit in cludes “red-beds”, i.e. red and
pink dolomitic sand stones and siltstones with anhydrite oc cur ring
as thin beds with a char ac ter is tic “chicken-wire” tex ture or as nod -
ules and crys tal ro settes be ing pseudo morphs af ter gyp sum. This
is a typ i cal shallowing-up wards suc ces sion. The car bon ate-dom i -
nated suc ces sion of the K³anino for ma tion con sists mainly of
cross-bed ded and shale-free, well sorted peloidal and intraclastic
grainstones rich in foraminifera, ben thic ostracodes,
microconchids, palaeoberesellid al gae and worn cri noid de bris.
Such fea tures in di cate a high-en ergy and very shal low-wa ter bar -
rier-shoal en vi ron ment. There are sub or di nate finely-lam i nated
lime stones (microbialites) and fine-grained interbeds of lime -
stones with microconchids. Microfacies anal y sis in di cates the
pres ence of laminoid-fenestral fab rics within some laminae.
Laminoid fenestral fab rics oc cur pref er en tially in shal low
near-coast supratidal and up per intertidal en vi ron ments. Erect and
gregarious forms of “microconchids” (for merly con sid ered to be
“vermetid gas tro pods” or spirorbid worms, now as signed to a sep -
a rate group of molluscs), are frame build ers in peritidal
schizohaline lagoonal settings (Burchette and Rid ing, 1977;
Wright and Wright, 1981; Flügel, 2004). 

Thus, the K³anino for ma tion is made up of a vari able suite
of fa cies which in cludes supratidal siliciclastics with
evaporites, as well as intertidal and shal low subtidal car bon ates 
(in clud ing fenestral and intraclastic-al gal micrites) and
siliciclastic deposits. In con trast, grainstones prob a bly re sulted
from cur rent ac tiv ity which caused the ac cu mu la tion of the
coarser ma te rial in a form of nar row, elon gate bars, de pos ited
as car bon ate sand shoals in a high en ergy en vi ron ment (e.g.,
Halley et al., 1983).

To the south and south-west a shal low subtidal en vi ron -
ment de vel oped, prob a bly re lated to an in ner car bon ate ramp or 
plat form. De pos its of the Krojanty for ma tion con sist of pale
gray nod u lar and wavy bioclastic lime stones. The grain com -
po nents are rep re sented by or ganic re mains vary ing in size
though the amount of bioclastic sands is rel a tively high. The
depositional tex ture var ies from wackestone to packstone.
Green al gae rep re sented by issinellids and palaeoberesellids,
plurilocular foraminifers rep re sented by endothyrids and
tournayellids, as well as calcispheres, Girvanella frag ments
and ben thic ostracodes are par tic u larly com mon. Issinellids
and palaeoberesellids are the dom i nant fos sils here, of ten cre at -
ing a bafflestone tex ture. Palaeoberesellids were the most im -
por tant car bon ate-pro duc ing or gan isms in a shal low, low-en -
ergy en vi ron ment rec og nized in the late Dinantian of South
Wales (e.g., Ad ams et al., 1992). The or gan isms re quir ing
more open ma rine con di tions, such as brachi o pods and
echinoderms, are not very abun dant. Thus, microfacies anal y -
sis (Matyja, 1993) points to a partly re stricted?, shal low
subtidal en vi ron ment.

In the up per part of the unit, the al gal-foraminiferal
wackestones and packstones are of ten interbedded with al -
gal-foraminiferal-peloidal grainstones in which lime mudstone
and al gal wackestone intraclasts oc cur. Hor i zon tal grain ori en ta -
tion is of ten ob served within some grainstone beds, as well as poor 
sort ing. This is also a re cord of shallowing-up wards suc ces sion.

At the same time, the shallowing-up wards ten dency has also
been ob served in the cono dont biofacies shift, from the deeper
polygnathid–palmatolepid biofacies dur ing the Early–Late
marginifera chrons to the very shal low-wa ter polygnathid one in 
the Lat est marginifera Chron (comp. Matyja, 1993, figs. 9–10).
This bioevent was also re lated with the fi nal (de fin i tive) re treat
of the off shore ge nus Palmatolepis from the Pom er a nian Ba sin
at the end of the marginifera Chron.

There is no ev i dence of the trachytera and postera cono -
dont zones through out the en tire Pom er a nian area. Some frag -
ments of the suc ces sion con tain a cono dont fauna in dic a tive of
the Lower expansa Zone but with ad mix ture of older el e ments
rep re sen ta tive of the Up per and Up per most marginifera or pos -
si bly the Lower trachytera zones (Matyja, 1993). Tak ing into
ac count the very shal low-wa ter char ac ter of the suc ces sion and
the low net sed i men ta tion rate during the trachytera and
postera chrons (Matyja, 1993, figs. 3B and 4), it is not cer tain
whether de po si tion was more or less con tin u ous be tween the
Lat est marginifera (or Early trachytera) and Late postera (or
Early expansa) chrons.

The first signs of deep en ing, al though short-lived, ap peared 
in the Late postera or more prob a bly in the Early expansa
Chron. The trend man i fested it self by the oc cur rence of
grainstones in the area ex tend ing be tween Gorzys³aw and
Bia³ogard, where siliciclastic sed i men ta tion with evaporites
pre dom i nated previously. At the same time, open ma rine marls
with an open-ma rine fauna, even with rare pe lagic ostracodes,
oc curred to the south-west (for ex am ple in the Cz³uchów IG 1
and Babilon sec tions; Matyja, 1993, fig. 3B).

LATE FAMENNIAN (LATEST EXPANSA–EARLY PRAESULCATA
CHRONS): OPEN SHELF, MIDDLE TO OUTER RAMP PHASE 

OF SEDIMENTATION (FIG. 14)

Slightly later, at the be gin ning of the Late expansa Chron,
both the peritidal siliciclastic-car bon ate en vi ron ments sit u ated
in the north, and the shal low-ma rine subtidal en vi ron ment of
probable in ner car bon ate ramp ex tend ing to the south, fell
within a deeper subtidal open-ma rine sed i men tary en vi ron ment 
(Matyja, 1993, 1998, 2006, 2008a). Dark fossiliferous marly
lime stones with cri noids, palaeoberesellid al gae, cal car e ous
and en crust ing foraminifers, ben thic ostracodes, rare brachi o -
pods and lam i nar stromatoporoids were de pos ited in the shal -
lower part of the ba sin sit u ated in the north, whereas dark
fossiliferous marls with ammonoids, pe lagic ostracodes, cono -
donts, trilobites, bi valves, gas tro pods, brachi o pods and sol i tary
cor als char ac ter ized the deeper part of the ba sin (Matyja, 1993;
Matyja and Stempieñ-Sa³ek, 1994). Thus, the De vo nian part of
the S¹polno For ma tion is a suc ces sion of open-ma rine car bon -
ate and clayey de pos its, formed well be low wave base, pe ri od i -
cally un der con di tions of ox y gen de fi ciency and prob a bly re -
flect ing a mid dle/outer ramp phase of sed i men ta tion.
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Fig. 14. Lithofacies pat tern for the lat est Famennian (Late expansa–Early praesulcata cono dont chrons = Tumulispora rarituberculata
miospore Chron), mod i fied af ter Matyja (2088a)

Ex pla na tions as in Fig ure 3

Fig. 15. Lithofacies pat tern for the lat est Famennian–Hastarian (Mid praesulcata?–early sandbergi? cono dont chrons),
 mod i fied af ter Matyja (2008a)

Ex pla na tions as in Fig ure 3



LATE FAMENNIAN–HASTARIAN (MID PRAESULCATA–
SANDBERGI CHRONS): OPEN SHELF, ANOXIC PHASE OF

SEDIMENTATION (FIG. 15)

The De vo nian/Car bon if er ous pas sage in ter val is marked by 
black anoxic shales which show a gen eral ab sence of fos sils
(Matyja, 1993, 2008a; Matyja and Stempieñ-Sa³ek, 1994). The 
S¹polno Cal car e ous Shale For ma tion is a suc ces sion of
open-ma rine car bon ate and clayey de pos its, formed well be low 
wave base, un der con di tions of pe ri odic ox y gen de fi ciency.
The for ma tion prob a bly re flects an outer ramp phase of sed i -
men ta tion (Matyja, 2006).

PALAEOGEOGRAPHIC, EUSTATIC AND TECTONIC
CONTROLS OF SEDIMENTARY EVOLUTION 

OF THE POMERANIAN BASIN

Evo lu tion of the De vo nian epicontinental ba sin of NW Po -
land, and the de vel op ment of a char ac ter is tic ma rine-to-con ti nen -
tal, mainly car bon ate-siliciclastic sed i men tary suc ces sion, were
con trolled by prox im ity of the land ar eas rep re sent ing up lifted
parts of the EEC: the Fennoscandian High ex tend ing in the north,
and the Mazury–Belarus High, sit u ated in the east. These con ti -
nen tal ar eas prob a bly formed a more or less con tin u ous land mass
dur ing the rel a tively low stand of sea level which in flu enced sed i -
men ta tion by sup ply ing terrigenous ma te rial (with af fin ity to
granitoid-type rocks: a pre dom i nance of quarz, and low con tents
of feld spar and heavy min er als), how ever, they were prob a bly
sep a rated by straits dur ing the max i mum trans gres sion.

The sed i men tary evo lu tion and lithofacies pat tern ob served 
within the Pom er a nian Ba sin fol lowed these main struc tural
out lines and was gen er ally as so ci ated with a grad ual north -
wards and eastwards ex pan sion of the ma rine bas ins. It seems,
how ever, that through much of the Mid and Late De vo nian
time the Mazury–Belarus High must have played a sig nif i cant
role in the palaeo ge ogra phy of the study area, whereas the
Fennoscandian High was more ac tive at the end of the
Famennian and dur ing the Mis sis sip pian (Figs. 1 and 5–15;
Matyja, 2008a, figs. 5–12).

A se quence of a dozen or so Late De vo nian events and
faunistic cri ses has been de scribed in the Pom er a nian Ba sin and 
some of them, us ing the cri te ria of House (1983, 1985) and
John son et al. (1985), were char ac ter ized as short-termed
eustatic and hypoxic events (Matyja, 1993). The Mid–Late De -
vo nian in ter val has been sub di vided (Matyja, 1998) into 7
transgressive-re gres sive depositional cy cles cor re lated, with
vary ing de grees of pre ci sion, with the “stan dard” cono dont
zonation as well as with the global sea level curve of John son et 
al. (1985). One dif fer ence con sists of a sin gle rapid re gres sive
ep i sode ini ti ated at the on set of the Late marginifera Chrone,
and con tin u ing till the Early expansa Chron. This was prob a bly 
trig gered by up lift of the Fennoscandian part of the East Eu ro -
pean Craton. This also forced changes of the fa cies pat tern
from the ear lier NE–SW trends to, start ing from the Late
marginifera Chron, a more or less lat i tu di nal pat tern (Figs.
5–15; Matyja, 1993). Such fa cies re la tion ships per sisted un til
the end of the Tournaisian (Matyja, 2008a).

It is worth of note, how ever, that the cur rently ac cepted
global sea level curve for the De vo nian (John son et al., 1985)
came mostly from North Amer i can and a few Eu ro pean sec -
tion. With prog ress and in creased knowl edge it be came ev i dent 
that some of the “global” De vo nian events were, in fact, not
syn chro nous and some were prob a bly multi-phased. Thus, De -
vo nian events may have a more com plex his tory as pre vi ously
sug gested (see ex am ples in Belka and Wendt, 1992; Barnes et
al., 1996; Walliser, 1996; House and Ziegler, 1997; House,
2002; Hartenfels and Becker, 2008). Some of De vo nian events, 
such as the Late Kellwasser Event at the Frasnian/Famennian
bound ary and the Hangenberg Event close to the De vo -
nian/Car bon if er ous bound ary, have re ceived the most de tailed
anal y ses (for ex am ple Baliñski et al., 2002; Racki and House,
2002; Brand et al., 2004). Anal y ses of other De vo nian events
are still in prog ress (Baliñski et al., 2006; Van Geldern et al.,
2006; Racki et al., 2008; Hartenfels and Becker, 2008). As
noted by Becker (2008), an in te gra tion of biostratigraphic data
with mod ern strati graphic tech niques into De vo nian
multidisciplinary schemes is re quired, from as many sed i men -
tary bas ins as pos si ble, in or der to pro duce a more de tailed,
high-res o lu tion De vo nian eustatic curve.

Al though transgressive-re gres sive depositional cy cles ob -
served in the Pom er a nian Ba sin seem to have been strongly con -
trolled by sea level vari a tions, prob a bly of a eustatic na ture, the
tec tonic ac tiv ity of some struc tural el e ments (blocks) lo cally
mod i fied the sed i men tary re cord (for ex am ple the Cz³uchów
Gate). Two time in ter vals, the Givetian — ear li est Famennian
(Figs. 5–10) and the mid–late Famennian (Fig. 13) ap pears to
have been of par tic u lar sig nif i cance in the evo lu tion of the
Cz³uchów Gate. Synsedimentary tec tonic ac tiv ity of this
palaeostructure is ob served as thick ness and fa cies vari a tion. In
the early–mid Famennian in ter val (Figs. 11–12) the Cz³uchów
Gate was in ac tive both as re gards vari able thick ness, and as re -
gards fa cies vari a tion. In the lat est Famennian (Fig. 14) only the
thick ness vari a tion is ob served here. At the end of the Famennian 
(Fig. 15) tec tonic ac tiv ity of this palaeostructure ceased.

The im por tance of eustatic ver sus tec tonic events in the De -
vo nian of Pomerania is still dif fi cult to as cer tain in detail, and
fur ther re fine ment of the biostratigraphy, as well as im proved
strati graphic cor re la tion be tween the study area and the neigh -
bour ing areas is needed.

POMERANIAN BASIN AND NEIGHBOURING AREAS

The evo lu tion of De vo nian fa cies in the Pom er a nian sed i -
men tary ba sin may be com pared with the his tory of neigh bour -
ing ar eas. These are: (1) the intracratonic Bal tic Ba sin in the east,
lo cated on the East Eu ro pean Craton and cov er ing ter ri to ries of
the Bal tic coun tries, the Kaliningrad re gion, Lith u a nia, Lat via,
Es to nia and the east ern part of the Bal tic Sea, and (2) the area of
Vorpommern (NE Ger many) in the west, in clud ing Usedom,
Rügen and Hiddensee Is lands, and the en vi rons of Greifswald.
The lat ter area is sit u ated, like the West ern Pomerania re gion,
within the Trans-Eu ro pean Su ture Zone (TESZ).

The scope of de tailed in ves ti ga tions, in clud ing a
biostratigraphic study as a start ing point for pre cise and well
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doc u mented re gional con sid er ations, was dif fer ent for each of
the ar eas. Thus, of ne ces sity, many geo log i cal as pects were
com pared at the level of stage or its sub di vi sion, al though much 
data con cern ing the De vo nian of the Pom er a nian area could be
ex am ined with higher strati graphic res o lu tion based on the
conodont or miospore zonation.

As thus de scribed, sed i men ta tion be gan in the Pom er a nian
Ba sin not ear lier than at the end of Emsian or pos si bly in the
Eifelian, af ter a long break span ning the Lochkovian, Pragian
and much of the Emsian, when the area was sub jected to ero sion. 
Sed i men ta tion started in the north east ern part with mar ginal-ma -
rine clastic de pos its with lo cal evaporites which are dated as up -
per most Emsian?–Eifelian, pass ing up wards into lower–mid dle
Givetian mar ginal-ma rine siliciclastic and car bon ate de pos its,
fol lowed by up per Givetian mar ginal-ma rine siliciclastic rocks.
In the south west ern part of the area, the De vo nian suc ces sion
started with mar ginal-ma rine car bon ates and siliciclastic de pos -
its which be long to the up per most Emsian?–Eifelian, fol lowed
by lower and mid dle Givetian car bon ates, pass ing up wards into
up per Givetian mar ginal-ma rine siliciclastic de pos its. The Late
De vo nian, in gen eral, was a time of pre dom i nance of shal low
and deeper subtidal, open-ma rine car bon ate sed i men ta tion. Dur -
ing the Late De vo nian the Pom er a nian Ba sin un der went evo lu -
tion from mar ginal ma rine in the ear li est Frasnian, through car -
bon ate ramp or plat form/shelf ba sin set tings dur ing the rest of the 
Frasnian and early Famennian, up to re ap pear ance of shal low
subtidal and mar ginal ma rine en vi ron ments in the late
Famennian. At the end of the Famennian an open shelf en vi ron -
ment be came prev a lent over al most the whole area and con tin -
ued up to the Mid Tournaisian (Matyja, 2008a).

The Hercynian struc tural com plex of the Bal tic Ba sin be -
gins with Lower De vo nian terrigenous de pos its rep re sent ing
the Pragian and lower Emsian (Kemeri re gional stage), and
ends with Tournaisian terrigenous-car bon ate sed i ments be -
long ing to the Klykoliai Group. The suc ces sion is char ac ter -
ized by a num ber of strati graphic gaps, es pe cially within the
Lower and Mid dle De vo nian sec tion, and is over lain by Up per
Perm ian rocks (Paškevièius, 1997; ¤saitytÅ, 2000; Matyja,
2006, fig. 3). Dur ing De vo nian and Early Car bon if er ous times,
the Bal tic Ba sin was a typ i cal epicratonic, partly iso lated sed i -
men tary ba sin of con sid er able sa lin ity. De tails con cern ing
lithologies, stra tig ra phy and the his tory of fa cies de vel op ment
dur ing the De vo nian and Early Car bon if er ous of the on shore
part of the Bal tic Ba sin (en com pass ing parts of Es to nia, Lat via
and Lith u a nia) (Sorokin et al., 1981; Paškevièius, 1997), al -
lows the con clu sion that the Hercynian com plex is bi par tite.
The lower part con tained be tween the Lower De vo nian and
lower Frasnian (ex clud ing the Narva marly dolomites) is com -
posed mainly of sand stones and claystones rep re sent ing ter res -
trial and mar ginal ma rine en vi ron ments fed by ma te rial de rived 
from the Fennoscandian land at that time. In the up per part, be -
tween the mid Frasnian and Early Tournaisian, la goonal en vi -
ron ments were dom i nant, with pe ri odic car bon ate sed i men ta -
tion in open ma rine con di tions, as was the case dur ing the mid
Frasnian (cor re spond ing to the Plavinas stage) or dur ing the
early and mid Famennian (be tween the Kruoja and Kuršiai
stages; Matyja, 2006, fig. 3).

The his tory of fa cies de vel op ment in the Bal tic and Pom er -
a nian Bas ins seems to in di cate that these were prob a bly sep a -

rate sed i men tary bas ins, al though lo cated rel a tively close to
each other, through most of De vo nian time. Only dur ing the
early and mid Famennian, when the Bal tic Ba sin turned from
an iso lated into a ma rine one open to the south-west
(Paškevièius, 1997), there might have been some com mu ni ca -
tion be tween the Pom er a nian and Bal tic bas ins, pos si bly via the 
Cz³uchów Gate. At the end of the Early Tournaisian the Bal tic
Ba sin came to its end and de nu da tion pro cesses dom i nated over 
the area un til the Early Perm ian.

De vo nian de pos its of NE Ger many were en coun tered in a
dozen bore holes drilled both in the west ern part of the Bal tic
Sea (H2-1, H9-1) and on Rügen, Hiddensee and Usedom Is -
land (Fig. 1). De vo nian de pos its are un der lain by tec toni cally
de formed Or do vi cian and Llanvirn rocks, and are over lain by
Tournaisian or Viséan de pos its. In places they are erosionally
trun cated and over lain by up per Car bon if er ous or Perm ian
rocks. The Rügen De vo nian suc ces sion (Schmidt and Franke,
1977; I. Zagora, 1993; K. Zagora, 1993, 1995; McCann, 1996,
1999; Zagora and Zagora, 1999, 2004) be gins with up per
Emsian basal con glom er ates un con form ably over ly ing de -
formed Or do vi cian rocks. They are typicaly bi par tite. The
lower por tion, con tained be tween the up per Emsian and lower
Givetian, is rep re sented by Old Red fa cies. The Mid dle De vo -
nian is com posed of sed i men tary cy cles con sist ing of red and
grey sand stones and mudstones interbedded with con glom er -
ates. The Lower and Mid dle De vo nian se quence is a fin ing-up -
wards suc ces sion in di cat ing a pro gres sive ma rine trans gres sion 
grad u ally chang ing sed i men tary con di tions from con ti nen tal
(al lu vial en vi ron ment) through brack ish to ma rine. The first in -
ter ca la tions of ma rine lime stone are ob served in the up per most
Givetian. The up per part of the Rügen De vo nian suc ces sion,
con tained be tween the up per Givetian and Famennian, is rep re -
sented by ma rine fa cies. The Up per De vo nian sec tion is con -
spic u ous by the pres ence of marls and lime stones de pos ited in
nearshore and shal low-ma rine depositional set tings. The
Famennian sec tion is prob a bly in com plete. The De vo nian de -
pos its con form ably pass into Mis sis sip pian rep re sented by the
rel a tively shal low-ma rine Car bon if er ous Lime stone fa cies
(Hoffmann et al., 1975, 2006).

The com par i son of fa cies de vel op ment of the Pom er a nian and
NE Ger many bas ins dur ing its De vo nian evo lu tion (Matyja, 2006, 
figs. 2 and 4, 5) does not lead to un equiv o cal in ter pre ta tion. Tak -
ing into ac count the short dis tances be tween these ar eas one could
ex pect the same or at least a sim i lar sed i men tary evo lu tion at that
time. The main fea ture in com mon to the two ar eas is the sim i lar
tim ing of the be gin ning of De vo nian sed i men ta tion (late
Emsian?). The most im por tant dif fer ence is the con sid er ably
“more ma rine and open-ma rine” na ture of the De vo nian de pos its
in Pomerania as com pared to Rügen (Aehnelt and Katzung, 2007;
Aehnelt et al., 2008).

SUMMARY

Evo lu tion of the Pom er a nian Ba sin (NW Po land) dur ing the
De vo nian, and the de vel op ment of a char ac ter is tic siliciclastic
and mixed siliciclastic-car bon ate mar ginal ma rine-to-open ma -
rine car bon ate sed i men tary suc ces sion, was con trolled via prox -
im ity of the land ar eas rep re sent ing up lifted parts of the EEC: the
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Fennoscandian High ex tend ing in the north, and the
Mazury–Belarus High, sit u ated in the east. The sed i men tary
evo lu tion and lithofacies pat tern ob served within the Pom er a -
nian Ba sin fol lowed these main struc tural out lines and was gen -
er ally as so ci ated with a grad ual north wards and eastwards ex -
pan sion of the open ma rine fa cies. It seems, how ever, that
through much of the Mid and Late De vo nian the
Mazury–Belarus High must have played a sig nif i cant role in the
palaeo ge ogra phy of the study area, whereas the Fennoscandian
High was more ac tive at the end of Famennian and dur ing the
Mis sis sip pian.

The depositional his tory of the Pom er a nian Ba sin be gan
not ear lier than at the end of Emsian or pos si bly in the Eifelian,
af ter a long break span ning the Lochkovian, Pragian and much
of the Emsian when the area was sub jected to ero sion.

Sed i men ta tion started in the north east ern part with mar -
ginal-ma rine clastic de pos its with lo cal evaporites which are
dated as up per most Emsian?–Eifelian, pass ing up wards into
lower–mid dle Givetian mar ginal-ma rine siliciclastics and car -
bon ates, fol lowed by up per Givetian mar ginal-ma rine
siliciclastic strata.

In the south west ern part of the area, the De vo nian suc ces -
sion started with mar ginal-ma rine car bon ates and siliciclastics
which be long to the up per most Emsian?–Eifelian, fol lowed by
lower and mid dle Givetian car bon ates, pass ing up wards into
up per Givetian mar ginal-ma rine siliciclastics.

Dur ing the Late De vo nian the Pom er a nian Ba sin un der -
went evo lu tion from mar ginal-ma rine in the ear li est Frasnian,
through car bon ate ramp or plat form/shelf ba sin set tings dur ing
the rest of the Frasnian and early Famennian, up to re ap pear -
ance of shal low subtidal and mar ginal ma rine en vi ron ments in

the late Famennian. At the end of the Famennian an open shelf
en vi ron ment be came prev a lent over al most the whole area and
con tin ued up to the Mid Tournaisian.

Transgressive-re gres sive depositional cy cles ob served in
the Pom er a nian Ba sin seem to have been strongly con trolled by 
sea level vari a tions, prob a bly of eustatic na ture; how ever, tec -
tonic ac tiv ity of some struc tural el e ments (for ex am ple the
Cz³uchów Gate) lo cally modified the sedimentary record.

The sed i men tary suc ces sion pre sented and char ac ter is tic
ep i sodes ob served in the Pom er a nian Ba sin dur ing its De vo -
nian his tory dis play a pat tern partly dif fer ent from that ob -
served in other ar eas in Po land and in Eu rope. Dis tinct fa cies
dif fer ences are ob served be tween the West ern Pomerania area
and, lo cated fur ther to the NNW, the Rügen and Hiddensee is -
lands. The De vo nian evo lu tion of the Western Pomerania area
pre sum ably owes its dis tinct struc tural and depositional de vel -
op ment to a prox i mal po si tion with re spect to the land-mass of
the East Eu ro pean Craton and to a dis tal po si tion with re spect to 
the evolv ing Variscan orogen.
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