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Evolution of the Pomeranian Basin (NW Poland) during the Devonian saw the development of a characteristic siliciclastic and mixed
siliciclastic-carbonate marginal marine-to-open marine carbonate sedimentary succession. This was controlled via proximity of the land
areas representing uplifted parts of the East European Craton (EEC): the Fennoscandian High extending in the north, and the
Mazury—Belarus High, situated in the east. The depositional history of the Pomeranian Basin began not earlier than at the end of the
Emsian or possibly in the Eifelian, after a long break spanning the Lochkovian, Pragian and much of the Emsian when the area was sub-
jected to erosion. Sedimentation started in the northeastern part with marginal-marine clastic deposits with local evaporites which are
dated as uppermost Emsian?—Eifelian, passing upwards into lower—-middle Givetian marginal-marine siliciclastic and carbonate depos-
its; these are followed by upper Givetian marginal-marine siliciclastic rocks. In the southwestern part of the area, the Devonian succes-
sion started with marginal-marine carbonates and siliciclastics which belong to the uppermost Emsian?—Eifelian, followed by lower and
middle Givetian carbonates, passing upwards into upper Givetian marginal-marine siliciclastics. During the Late Devonian the Pomera-
nian Basin underwent evolution from a marginal-marine in the earliest Frasnian, through carbonate ramp or platform/shelf basin settings
during the rest of the Frasnian and early Famennian, up to a reappearance of shallow subtidal and marginal-marine environments in late
Famennian time. At the end of the Famennian an open shelf environment became prevalent almost over the whole area and continued up
to the Mid Tournaisian. The lateral relationships of the lithofacies during the Givetian, Frasnian and Famennian are portrayed on 11
maps, showing relatively short time-intervals, selected to depict the most significant environmental changes. Transgressive-regressive
depositional cycles observed in the Pomeranian Basin seem to have been strongly controlled by sea level variations, probably of eustatic
nature; however, tectonic activity of some structural elements locally modified the sedimentary record.
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INTRODUCTION analyses, it has been possible to reconstruct the most probable
mutual lateral relations among lithostratigraphic units, to show
their succession, and to relate them to particular depositional

settings. The characteristics of the Devonian lithostratigraphic

The main aim of this paper is to summarize current knowl-
edge of the stratigraphy and sedimentological development,
and to recognize some control mechanisms on observed spatial
and vertical facies changes, in the Pomeranian Basin during
Devonian times.

Almost 100 boreholes have penetrated Devonian deposits
in the Western Pomerania area (NW Poland). Of these, about
70 have been studied in detail. Unfortunately, most of these
boreholes penetrated only part of the Devonian succession. A
few boreholes have penetrated an almost complete Devonian
succession but none are represented as continuous drillcore sec-
tion. However, thanks to many years of biostratigraphic analy-
ses, based mainly on conodonts and miospores, and of facies

units and the pattern of their mutual spatial and temporal rela-
tionships, along with a general assignation to particular
depositional settings, as well as the history of facies develop-
ment, include a number of modifications, especially in the Mid-
dle Devonian part, as compared to those proposed earlier
(Matyja, 1987, 1988, 1993, 1998, 2006). These modifications
have been introduced in response to new analytical data which
have enabled the formations, as well as turning points in the
sedimentary development of the area, to be dated more pre-
cisely. These data are sufficient to enable the construction of
successive depositional stages of the Pomeranian Basin, al-
though most of the geological data used in the spatial and tem-
poral reconstructions of the lithofacies pattern during the Devo-
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nian originates from a relatively narrow belt of deposits extend-
ing NW-SE, between Koszalin—Kotobrzeg—Kamien Pomorski
and Torun—Bydgoszcz (Fig. 1).

The lateral relationships of the lithofacies during the Devo-
nian are portrayed on 11 maps. The results are presented below
following the “standard” conodont and local (Pomeranian)
miospore zonations and the recent Devonian stratigraphic
scheme (House and Gradstein, 2004).

REGIONAL FRAMEWORK

The Pomeranian Basin during its Devonian and Mississip-
pian history was situated within the Trans-European Suture
Zone (TESZ), and located along the margin of the stable East
European Craton (EEC) to the north and north-east, and the
Variscan-influenced areas to the south-west.

A deep crustal fracture — the Teisseyre-Tornquist Zone
(TTZ) — marks the profound crustal boundary between the
East European Craton and the typical Trans-European Suture
Zone crust. The northeastern part of the TTZ coincides more or
less (Fig. 1) with the northeastern extent of deformed Lower
Palacozoic strata (Caledonian Deformation Front — CDF),
with the present-day northeastern erosional margin of Devo-
nian and Carboniferous deposits, and with the
Koszalin—Chojnice Fault Zone that has been repeatedly reacti-
vated during the Permian—Mesozoic evolution of the Polish
Basin and during the Late Cretaceous—Palaeocene inversion of
the Mid-Polish Trough (Dadlez, 2006). The Kosza-
lin—Chojnice Zone has been interpreted by some authors as a
crustal fragment detached from the northern margin of Gond-
wana and subsequently docked alongside Baltica during the
Early Palaeozoic (e.g., Franke, 1995). Following the studies of
Krzeminski and Poprawa (2006), and Poprawa et al. (2006), its
Early Palacozoic history seems to have been connected with
the East European Craton (Baltica), as earlier suggested by
Dadlez (Dadlez et al., 1994; Dadlez, 2000). The SW boundary
of the TESZ, marked by the Dolsk Fault (inset map on Fig. 1),
across which the consolidated crustal layer is replaced by crys-
talline Variscan upper crust, is evident only on two deep seis-
mic profiles, LT-7 and P4, and the deformation front of the
Variscan Externides (VDF) is located some 100 km
north-eastwards of the Dolsk Fault within the confines of the
TESZ crust (Dadlez, 2006).

Significant lateral and thickness changes of the crystalline
crust as well as differences in the composition of its sedimentary
cover were noted on the individual crustal blocks within the
TESZ, i.e. on the Pomeranian, Kuiavian and Holy Cross Mts.
segments. These changes in the crustal configuration appear to
be controlled by deep crustal fractures, such as the
Koronowo-Margonin or Wloctawek—Konin faults (Dadlez,
1997, 2000; Fig. 1) or the Poznan-Bydgoszcz—Torun tectonic
zone, that separates the Pomeranian and the Kuiavian segments
(Dadlez, 2006). Whether these faults separated individual ter-
ranes or individual blocks of the same terrane is unknown
(Dadlez, 2006). The deep seismic profiles performed within the
TESZ indicate that this specific mosaic of crystalline crustal
blocks is covered to a depth of 7-8 km (Guterch et al., 1994;
Grad et al., 1999) by a Palacozoic sedimentary succession. None

of the boreholes drilled in the Western Pomerania region (lo-
cated on the Pomeranian segment) reached the TESZ crystalline
crust. The oldest identified sedimentary rocks belong to the Or-
dovician, to the upper part of the Llanvirnian and to Caradocian
series of the British succession (Podhalanska and Modlinski,
2006). Devonian rocks lie unconformably on Ordovician or Si-
lurian deposits, and are overlain by a Carboniferous succession.
The boreholes have penetrated only part of the Carboniferous se-
quence, that shows an almost complete Tournaisian and Viséan
succession; the uppermost Mississippian, including a part of the
Brigantian?, the Serpukhovian, as well as the lowermost Penn-
sylvanian, including part of Bashkirian, are not recognized in
any of the sections studied. Thus it might be supposed that the
latest Mississippian—earliest Pennsylvannian was a period of re-
gional non-deposition and erosion throughout the area (Matyja,
2008a). The Devonian and Carboniferous strata are buried under
the thick younger Permian and Mesozoic/Cenozoic-age se-
quences of the Polish Basin.

The name Pomeranian Basin may be used in two ways. In
the conventional sense of a sedimentary basin it includes the
entire depositional area of the NW Polish Variscan foreland
during Devonian and Mississippian times. However, it will be
used throughout in a more restricted sense as that part of the
Pomeranian Basin sensu lato which has been recognized in the
Western Pomerania area (NW Poland). All of the available data
originates from a relatively narrow belt of Devonian subcrops,
extending NW-SE between Koszalin—Kotobrzeg—Kamien
Pomorski and Torun-Bydgoszcz, and situated in the immediate
proximity to the Teisseyre-Tornquist Line (TTL). The pres-
ent-day range of Devonian and Carboniferous deposits to the
north and north-east is not a natural northern and eastern limit
of the Pomeranian Basin. Devonian and Mississippian strata
must have been originally extended far on to the East European
Craton, taking into account the spatial and temporal reconstruc-
tions of the facies pattern (Matyja, 1993, 2006, 2008a). The ex-
tent of the Pomeranian Basin to the south-west is approxi-
mately coincident with the Variscan Deformation Front as sug-
gested by Dadlez (1997). Unfortunately, there is no informa-
tion from the area extending south-west of Kamien
Pomorski-Bydgoszcz line, as no borehole has penetrated the
Devonian succession (Fig. 1).

LITHOSTRATIGRAPHIC SUCCESSION

The first attempt to outline the arrangement of the Devonian
lithological units and their general depositional environments
was made by Dadlez (1978). He subdivided the Devonian
strata into 10 informal units referred to as “complexes”, i.e.
Jamno, Miastko, Siandéw, Wyszebdrz, Koczata, Stobno,
Tuchola, Silno, Chojnice and Czluchéw; the Cztuchéw com-
plex was subdivided into 4 subcomplexes, the uppermost one
having been recognized as partly Famennian, partly
Tournaisian. The Klanino complex was also introduced by
Dadlez (op. cit.) as a Famennian or Tournaisian unit recognized
in the Ktanino 1 section. Later on, the Studnica complex was
proposed by Mitaczewski (1986) as the lowermost Devonian
unit in the Miastko 1 section, and the Sapolno complex was es-
tablished by Zelichowski (1987) as the lowermost lithological
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unit of the Tournaisian. The scarcity of biostratigraphical data

for the “complexes” was a major problem at that time.

More recently, Matyja (1993, 1998, 2006, 20074, 2008b, ¢)
scheme using new
biostratigraphical and sedimentological data. Major modifica-
tions have been proposed, involving more detailed assessment
of one particular unit, its hierarchy, and the erection of several
new lithostratigraphic units (Fig. 2). Dadlez’s (1978) and
Mitaczewski’s (1986) informal stratigraphic divisions, the
Jamno, Studnica, Miastko, Siandw, Wyszeborz, Koczata,
Tuchola, Silno, Chojnice, Cztuchow and Kianino complexes,
were classified as formations. The Cztuchow formation was
subdivided into the Unistaw, Strzezewo, Gorzystaw, Goscino
and Bielica members, and one new formation was defined (the
Krojanty formation). The uppermost part of the Czluchoéw
complex (= the upper marly subcomplex) sensu Dadlez (1978)
and the Sapolno complex of Zelichowski (1983) together con-
stitute the Sapolno formation sensu Matyja (1993). This forma-

has refined the Dadlez (1978)

tion was later named the Sapolno Calcareous Shale Formation
by Lipiec and Matyja (1998). It is widely distributed and repre-
sents the uppermost part of the Famennian and part of the
Tournaisian (Matyja, 2006, 2008a).

Conodonts and miospores have been used to achieve pre-
cise dating of the Devonian formations in the study area
(Turnau, 1978, 1995, 2007, 2008; Matyja, 1993, 2006, 20074,
2008b, ¢; Turnau and Matyja, 2001; Matyja and Turnau, 2008).
The pattern of their mutual spatial and temporal relationships
presented here (Fig. 3) include the above-mentioned modifica-
tions. It must be stressed, however, that the informal status of
all of these lithostratigraphic units still remains. Specific rules
and a detailed procedure should be followed to propose formal
changes in stratigraphic nomenclature and this is outside the
scope of this paper.

The Upper Devonian lithostratigraphic units such as the
Koczata, Czluchow, Krojanty, Ktanino and Sapolno formations
have already been described and illustrated in details (Matyja,
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Fig. 2. Revised lithostratigraphy of the Devonian in the Western Pomerania, based on Matyja (1993, 1998, 2006), with the previous
stratigraphic succession of Dadlez (1978) and Milaczewski (1986)

Relation of lithosratigraphic units to Devonian stages based on papers by: * — Turnau (1995, 2004, 2007, 2008), Turnau and Matyja (2001), Matyja
(20074, 20085, c) and Matyja and Turnau (2008); ** — Matyja (1993); *** — Matyja (1998)
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Fig. 3. Devonian lithostratigraphic units and the pattern of their spatial and temporal relationships in the Pomeranian Basin
from the basin margin (NE) through to the central part of the basin (SW) (Matyja 2006, modified)

Devonian Substages after proposition of the Subcommission on Devonian Stratigraphy (Bultynck, 2004; Becker, 2007); relation of lithostratigraphic units
to conodont zones in the Middle Devonian based on papers by Turnau (1995, 2004, 2007, 2008) and Matyja and Turnau (2008), in the Upper Devonian in
part on Matyja (1993); lower parts of the Jamno, Studnica and Tuchola formations (a paler colouring) have not been adequately defined by biostratigraphy

1993). The Middle Devonian lithostratigraphic units, i.e. Jamno,
Studnica, Tuchola, Miastko, Sianéw, Silno, Wyszeborz and
Chojnice formations, will be described and illustrated in a sepa-
rate paper, thought some details based on a few boreholes were
earlier published (Matyja, 2007a, b, 20085, d; Paczes$na, 2007,
2008b). Therefore, only a brief description of formations and
members will be given in this paper, and this will begin with the
oldest unit first, followed by younger units.

JAMNO FORMATION

The Jamno formation comprises pink, green and grey, very
coarse to fine-grained quartz sandstones, variegated siltstones,
heterolithic sandstones and siltstones with occasional horizons

of claystone. Numerous horizons of conglomerate, 10 to 30
centimetres thick, composed of well rounded and not very well
sorted quartz pebbles have been identified. Near the base of
some sandstone beds, shale and siltstone clasts have been
noted. Thin beds of primary or early diagenetic dolomite, as
well as anhydrite nodules, have been recognized. Some evi-
dence of possibly periodic subaerial exposure (thin brecciated
units, conspicuous red and green clay seams) have been
identified throughout the formation.

Sedimentary structures, as horizontal, large scale cross- and
trough-bedding, as well as horizontal, flaser, ripple cross- and
climbing ripple cross-lamination have been recognized
(Paczesna, 2008b; Matyja, 20085, figs. 14—16).
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A sparse skeletal fauna is limited to thin interbeds within
microbial laminites, where microconchids have been observed,
and to a few beds, possibly of tempestite origin, where abraded
crinoid and bryozoan skeletal particles have been identified.
Numerous trace fossils have been recognized (Pacze$na and
Sarnecka, 2003; Paczesna, 2008b). Microspores have been
noted only in some siltstone and claystone beds.

The formation reflects a siliciclastic marginal-marine phase
of sedimentation, and represents tidal flat and tidal channel en-
vironments (Pacze$na, 2004, 2008a, b; Matyja, 2006,
2008d, e), contrary to opinion of Dadlez (1978) and Matyja
(1998) that these deposits reflect mainly a fluvial environment.

STUDNICA FORMATION

The Studnica formation is composed of red and pale grey
siliciclastic deposits, dominated by fine-grained sandstones
and siltstones, displaying large scale cross-, trough and hori-
zontal bedding, as well as ripple cross- and horizontal lamina-
tion (Paczesna, 2004). Claystone interbeds occur
subordinately. Several horizons of carbonate conglomerates
have been identified, composed of well rounded but not very
well sorted micritic lithoclasts. Anhydrite nodules have been
noted, especially in the lower part of the formation.

Numerous trace fossils have been recognized throughout
the formation (Pacze$na and Sarnecka, 2003; Paczes$na, 2004),
as well as macrospores and plant fragments (Fuglewicz and
Prejbisz, 1981). A sparse skeletal fauna is limited to thin
interbeds within microbial laminites, where microconchids
have been observed and to a few beds where abraded crinoid,
gastropod, stromatoporoid and bryozoan skeletal particles have
been identified. Claystones contain also rare ostracodes and
lingulids (Lobanowski, 1968), as well as miospores (Turnau,
1995, 2004, 2007).

The Studnica formation is similar to its lateral equivalent,
the Jamno formation, in some lithofacies. The exact contact is
impossible to determine in known borehole sections, but over-
all the formation differs in some respects. The Studnica forma-
tion contains only horizons of medium- and fine-grained sand-
stones; it does not contain horizons of quartz conglomerate,
and there is no evidence of subaerial exposure, as it is observed
within the Jamno formation.

The Studnica formation also reflects a siliciclastic mar-
ginal-marine phase of sedimentation and represents tidal flat and
lagoonal environments (Matyja, 2004, 2006; Pacze$na, 2004).

TUCHOLA FORMATION

This formation is mainly composed of dark grey marls and
calcareous claystones, and skeletal limestones.

Plant fragments, benthic ostracodes, and miospores are typical
of the marls and claystones; thin interbeds of microbial laminite
and oncolite wackestone, as well as siderite, were also here recog-
nized. Skeletal wackestones, packstones and floatstones, as well
as rudstones and boundstones, are relatively more frequent in the
upper part of the formation. Skeletal limestones are rich in large
bioclasts, the most frequent are massive stromatoporoid fragments
and tabulate corals; relatively rare are articulate brachiopods.

Interbeds of calcareous fine-grained quartz sandstone and
siltstone have also been noted (Matyja, 1998, 2006, 20074, b).

The Tuchola formation reflects a dominantly carbonate
marginal-marine (represented by tidal flat and lagoonal envi-
ronments) and shallow-water carbonate ramp phase of sedi-
mentation (Matyja, 2004, 2007b, c; Pacze$na, 2004, 2007).

MIASTKO FORMATION

The Miastko formation consists of a sequence of marls and
limestones interbedded with siliciclastic deposits, represented
by variegated fine-grained sandstones, siltstones, and occasion-
ally claystones.

Marls and limestones contain corals, stromatoporoids, cri-
noids, and rare brachiopods. Microorganisms are represented
by ostracodes and microspores (Turnau, 1995, 2004, 2007).
Thin interbeds of microbial laminite have been noted both in
siliciclastic and carbonate parts of the formation (Matyja, 2004,
2007b).

Horizontal bedding, occasionally large scale cross-bed-
ding, as well as wave, ripple cross- and flaser lamination, are
observed in some siliciclastic beds. Numerous thin horizons of
conglomerate, composed of well rounded, not very well sorted
siltstone and claystone pebbles have been identified (Paczesna,
2004, 2007). Numerous trace fossils and plant fragments have
been recognized from the siliciclastic parts of the formation
(Paczesna and Sarnecka, 2003; Paczes$na, 2004).

The Miastko formation reflects a mixed siliciclastic-car-
bonate marginal-marine (represented by tidal flat, and la-
goonal-barrier environments), as well as shallow-water carbon-
ate ramp phase of sedimentation (Matyja, 2004, 20075, c;
Pacze$na, 2004, 2007).

SIANOW FORMATION

The Sianéw formation is composed of carbonate and marly
carbonate lithofacies.

A variety of lithotypes can be seen, including microbial
laminites with microconchids, oncolite wackestones, massive
stromatoporoid-coral boundstones, skeletal floatstones, marly
packstones and wackestones with stromatoporoids and, dis-
persed throughout the rock, corals, large crinoid ossicles, and
brachiopods, and dark marls with a weak nodular fabric, contain-
ing rare ostracodes, plant fragments and small crinoid ossicles.

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

The Sianow formation reflects a dominantly carbonate mar-
ginal-marine (represented by lagoonal environments), and
shallow-water carbonate ramp phase of sedimentation (Matyja,
2004, 20075, ¢, 2008d, e; Paczesna, 2004, 2007, 2008D).

SILNO FORMATION

The Silno formation is predominantly composed of alter-
nating dark gray claystones, calcareous in some parts, and cal-
careous fine-grained quartz sandstones and siltstones.

The presence of thin interbeds of siderite, as well as pyrite
aggregates, has been observed within some claystone beds.
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Plant fragments, benthic ostracodes and miospores are
characteristic of the claystone beds. The macrofauna is limited
to thin interbeds of skeletal limestone, probably of tempestite
origin, where corals, stromatoporoids, and very worn crinoid
fragments have been identified.

The formation reflects a siliciclastic-carbonate, mar-
ginal-marine phase of sedimentation and represents tidal flat
and lagoonal environments (Matyja, 2004; Paczesna, 2004).

WYSZEBORZ FORMATION

The Wyszeborz formation comprises grey and pink, fine-to
medium-grained, quartz sandstones and siltstones. Conglomer-
ates, several to 10 millimetres thick, composed of well rounded,
not very well sorted quartz pebbles, have been identified in some
sections. Thin interbeds of primary or early diagenetic dolomite
have been noted. Repeated evidence of possibly periodic expo-
sure (thin brecciated units, conspicuous red and green clay
seams) have been identified throughout the formation.

A diversity of sedimentary structures were recognized
throughout the formation, i.e., horizontal, large scale cross- and
trough bedding, as well as horizontal, flaser, ripple cross- and
climbing ripple cross-lamination (Paczes$na, 2008b; Matyja,
2008b, figs. 14-16).

Numerous trace fossils have been recognized throughout
the formation (Paczesna, 2008b).

The Wyszeborz formation reflects a siliciclastic mar-
ginal-marine phase of sedimentation and represents tidal flat
and tidal channel environments (Matyja, 2004, 2008d, e;
Pacze$na, 2004, 2008a, b).

CHOJNICE FORMATION

The formation is mainly composed of dark grey bioturbated
siltstones and claystones with thin interbeds of siderite, alter-
nating with gray fine-grained quartz sandstones with large
scale cross-bedding and flaser lamination. In some sections
coarse-grained sandstones have been identified in the middle
part of the formation.

Thin interbeds of skeletal limestone with stromatoporoids,
tabulate corals, crinoids, ostracodes and fish teeth occur rather
subordinately (except for the Bydgoszcz IG 1 section).

The formation reflects a dominantly siliciclastic mar-
ginal-marine phase of sedimentation, and represents tidal flat,
and lagoonal-barrier environments (Matyja, 2004; Pacze$na,
2004) contrary to the opinion of Dadlez and Dadlez (1986) that
these deposits reflect in part fluvial and deltaic environments.

KOCZALA FORMATION

A variety of carbonate lithotypes characterizes the Koczata
formation. Its lowermost parts are dominanted by calcareous
fine-grained quartz sandstones and siltstones, sandy limestones
and shales with rare bivalves, inarticulate brachiopods and
ostracodes, as well as thin interbeds of microbial laminites and
marly limestones with ostracodes, fish scales and teeth, algae,
crinoid remains, stromatoporoid, coral and articulate brachio-
pod fragments. The upper part of the formation is characterized

mainly by skeletal limestones (Dadlez and Dadlez, 1986;
Matyja, 1993, 20084).

The skeletal limestones are considerably differentiated in
their composition and grain size; they are usually unsorted and
bioclasts vary from sand to gravel size: the most frequent are
massive stromatoporoid fragments and tabulate corals. Micro-
organisms are represented by conodonts, benthic ostracodes,
unilocular foraminifera, calcispheres, charophyta, small green
algae and miospores.

The formation reflects a carbonate marginal-marine (recog-
nized as lagoonal) environment, as well as a shallow-water,
carbonate ramp and carbonate platform phase of sedimentation
(Matyja, 1993, 2004, 2006, 20084, e).

CZEUCHOW FORMATION

The Czluchow formation consists of open-marine shales
and carbonates, displaying a shallowing-upwards sequence.
The formation was divided into five lithostratigraphic units.
They are, in ascending order, the Unistaw, Strzezewo,
Gorzystaw, and Goscino members, the latter of which
interfingers with the Bielica member (Fig. 2; Matyja, 1993,
1998, 20006).

UNISLAW MEMBER

The Unistaw member is predominantly composed of
thinly-bedded calcareous claystones, marls and marly lime-
stones. Rare fossils are represented by cephalopods,
thin-shalled bivalves, articulate and inarticulate brachiopods,
crinoids, solitary corals, tentaculitoids, pelagic ostracodes and
conodonts. Thin interbeds of skeletal limestones with
microconchids and worn  fragments of massive
stromatoporoids occur subordinately.

This part of the Devonian succession has been referred to
an open shelf environment (Matyja, 1998, 2006).

STRZEZEWO MEMBER

The Strzezewo member is composed of thinly-bedded dark
shales, often finely-laminated. Rare fossils are represented by
conodonts, pelagic ostracodes and tentaculitoids. Interbeds of
grey, thinly-bedded or nodular limestones contain in addition rare
cephalopods, thin-shelled bivalves (Buchiola), lingulids, and sub-
ordinate shell debris with occasional whole articulate brachiopods.
The presence of pyrite aggregates has also been noted.

This part of the Devonian succession has been referred to a
shelf basin environment (Matyja, 1993, 1998, 2006).

GORZYSELAW MEMBER

The Gorzystaw member consists mainly of alternating grey
marls and nodular limestones. Interbeds of shales are less fre-
quent than in the Strzezewo member. An increasing number of
benthic organisms, a progressive loss of fine lamination and a
paler coloration of the rocks up-section, characterize this mem-
ber. The benthic fauna is represented by crinoid debris, articu-
late brachiopods, ostracodes and encrusting foraminifers.
Subordinately, interbeds of crinoid-bryozoan wackestone with
rare coral debris and chaetetid fragments were observed.
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Small-scale brecciation, as well as the presence of intraclasts
and fine fissure-fillings, was also noted there.

Cephalopods, pelagic ostracodes, tentaculitoids and rela-
tively abundant conodonts were also reported. Some of the
nodular limestone beds are just rich enough in skeletal remains
to be described as cephalopod and tentaculitoid wackestones
(Matyja, 1993).

This part of the Devonian succession has been referred to
an open shelf environment (Matyja, 1993, 1998, 20006).

GOSCINO MEMBER

The Goscino member is composed of dark grey, rather
thickly-bedded nodular limestones. Marly crinoid wacke-
stones, marly bryozoan-ostracode wackestones and cri-
noid-brachiopod wackestones to packstones prevail in the suc-
cession. Relatively abundant conodonts have also been re-
ported. Subordinate, thin, sharp-based beds which are
grainstones with an abundant platform-derived fauna, have
been noted. Allochthonous grains include bioclasts of shal-
low-water organisms (Girvanella, microconchids, and
palaeoberesellid algae) and lithoclasts of micritic limestones.

This part of the Devonian succession has been referred to a
shallow open shelf environment (Matyja, 1993, 1998, 2006).

BIELICA MEMBER

This member is predominately of bioclastic limestones rich
in crinoids, stick bryozoans, benthic ostracodes, and shell de-
bris with occasional large whole brachiopods. These lime-
stones alternate with massive limestones, where small-scale
brecciation and fissure fillings have been found. The fauna is
well represented by crinoids, fenestrate bryozoans, colonies of
dendroid tabulate corals and stromatoporoids.

This part of the Devonian succession was related to a car-
bonate buildup setting (Matyja, 1993, 1998, 2006).

KROJANTY FORMATION

This formation is predominantly of pale grey, thickly bed-
ded and shale-free limestones with irregular wavy bedding
planes. The grain components are mainly represented by skele-
tal remains that vary in size, the amount of bioclastic sands be-
ing relatively high. Skeletal components include small green
algae, plurilocular foraminifera, calcispheres, benthic
ostracodes, Girvanella fragments, and conodonts. Small
palacoberesellid green algae are the dominant fossils here, of-
ten creating a bafflestone texture. Micritized bioclastic grains
have also been noted. Brachiopods and crinoid remains are not
very abundant.

Deposits of the Krojanty formation reflect a shallow
subtidal carbonate environment of open or partly restricted?
shelf (Matyja, 1993).

KEANINO FORMATION

This formation is composed of a great variety of mixed car-
bonate-siliciclastic and siliciclastic-evaporite lithofacies and

there are few sections where one lithological type is dominant
over another.

The mixed -carbonate-siliciclastic succession consists
mainly of cross-bedded and shale-free, well sorted skele-
tal-intraclastic grainstones rich in foraminifera, benthic
ostracodes, microconchids, palaecoberesellid algae and worn
crinoid debris. Subordinate interbeds of microbial laminites
occur, as well as thin interbeds of fine-grained quartz sandstone
and siltstone.

A siliciclastic-dominated part of the succession is charac-
terized by red, pink, green and grey dolomitic, fine-grained
quartz sandstones and siltstones with intergranular anhydritic
cement, displaying ripple cross-lamination and subordinate
shales. The top of the siliciclastic unit includes “red-beds”, i.e.
dolomitized sandstones and siltstones with anhydrite occurring as
thin beds with a characteristic “chicken-wire” texture or as nod-
ules and crystal rosettes.

Deposits of the Klanino formation reflect a mixed
siliciclastic-carbonate, marginal-marine phase of sedimenta-
tion (Matyja, 1993, 1998, 2000).

THE SAPOLNO CALCAREOUS SHALE FORMATION

The Sapolno Formation belongs partly to the Famennian
and partly to the Tournaisian (Matyja, 1993, 2006, 2008a). The
Famennian part consists of dark fossiliferous marly limestones
(with crinoids, small palacoberesellid green algae, calcareous
and encrusting foraminifers, benthic ostracodes, rare brachio-
pods and laminar stromatoporoids) in the shallower part of the
Pomeranian Basin, and dark fossiliferous marls (with brachio-
pods, bivalves, gastropods, rare ammonoids, trilobites and soli-
tary corals, as well as conodonts, pelagic ostracodes and
miospores) in the deeper part of the basin (Matyja, 1993;
Matyja and Stempien-Satek, 1994).

The Devonian part of the formation reflects an open-ma-
rine, middle/outer ramp phase of sedimentation and was proba-
bly widespread throughout the whole Pomeranian area as indi-
cated by its depositional setting (Matyja, 1993, 2006).

BIOSTRATIGRAPHY

GENERAL REMARKS

Much of the early work on biostratigraphy in Western
Pomerania was carried out by geologists, working on
macrofossil groups (Tokarski, 1959; Lobanowski, 1968, 1969;
Stasinska, 1969; Roézkowska and Fedorowski, 1972; Korejwo,
1975; Rozkowska, 1979). In the past twenty years, however, the
distribution of macrofossils has not been investigated intensively
(Nowinski and Prejbisz, 1986; Klapcinski and Muszer, 19954, b,
¢; Muszer, 1998; Chwediuk, 2003). Significant macrofaunal re-
mains are relatively rare in the marginal-marine and shallow
subtidal deposits of the Lower? and Middle Devonian part of the
succession. Brachiopods, bryozoans and crinoids are quite abun-
dant in some parts of the Upper Devonian succession (Matyja,
1976; Klapcinski and Muszer, 19954, b, c; Muszer, 1998) but re-
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quire fresh systematic study to realize their biostratigraphic po-
tential. Cephalopods and trilobites are too rare within Upper De-
vonian shelf facies to be of more than occasional use (Korejwo,
1975; Kiapcinski and Muszer, 19954, ¢).

Higher precision has been achieved by using different
microfossil groups, notably conodonts, pelagic ostracodes,
benthic ostracodes, foraminifers, and palynomorphs. However,
benthic ostracodes are very sensitive to facies and do not ap-
pear, from the limited amount of research done, to provide a ba-
sis for detailed stratigraphy (Zbikowska, 1983). Foraminifers
occur sporadically in the Upper Devonian, and are facies-con-
trolled in their distribution. Moreover, the assemblages are
generally of low diversity (Matyja and Tomas, unpubl. data).

The recognition of diagnostic microfossil taxa and their use
in defining Devonian stage and zone boundaries in the Western
Pomerania area has already been discussed in detail elsewhere
(Turnau, 1978, 1979, 1995, 1996, 2007, 2008; Matyja and
Turnau, 1989, 2008; Matyja, 1993, 1998, 2006, 2007a, 20085,
c; Matyja and Stempien-Satek, 1994; Turnau and Matyja,
2001; Stempien-Satek, 2002).

CONODONTS

Conodonts are the only microfossil group in the Devonian
whose distribution is known in as much detail as that of the
cephalopods, and the only group which at present provides the
basis for a comparatively refined biostratigraphy within the
basinal and shelf facies. The Middle and Upper Devonian
“standard” conodont zonation, originally proposed by
Weddige (1988) for the Middle Devonian and by Ziegler
(1962) for the Upper Devonian, and considerably revised dur-
ing the last four decades (Ziegler and Sandberg, 1990; Clausen
et al., 1993; Weddige and Ziegler, 1996; Bultynck, 2007), is
now based mainly on taxa that were distinguished globally in
the pelagic realm. The standard zones are named mainly after
species or subspecies of Polygnathus and Icriodus in the Mid-
dle Devonian, Mesotaxis at the beginning of the Frasnian,
Palmatolepis during most of the Frasnian and Famennian, and
Siphonodella at the end of the Famennian. The start of each
conodont zone is defined by the first occurrence of a diagnostic
species or subspecies, preferably the next phyletically younger
taxon (Ziegler and Sandberg, 1990, 1994). The conodont fau-
nas of each zone are characterized by a distinctive association
of conodont elements which includes the diagnostic taxon de-
fining the base of the zone. Despite the absence of the diagnos-
tic taxon, a zone can be recognized by the remaining fauna, and
zonal limits can be approximately defined by overlaps in
ranges of taxa within the successive faunas.

There are no conodonts in the uppermost Emsian? and
Eifelian part of the Devonian succession in Western
Pomerania, reflecting unfavourable conditions for conodont
faunas in marginal-marine environments. The Givetian part is
documented by some representatives of the genera
Eognathodus, Pandorinellina, Icriodus and Polygnathus
which enable recognition of the Lower, Middle and Upper
varcus subzones (Matyja and Turnau, 2008). The Upper Devo-
nian succession is documented in much more detail by cono-
donts, reflecting the widespread development of open-marine
environments within the Pomeranian Basin, which created

more suitable conditions for conodont faunas. Conodont analy-
sis permitted recognition of much of the Upper Devonian
“standard” conodont zones (Fig. 4), but the age of some sam-
ples has been only broadly determined to represent intervals of
2-3 zones (Matyja, 1993). It should be also noted that the base
of a conodont zone has almost nowhere been adequately de-
fined because of the paucity of diagnostic conodonts. There-
fore, application of original zone definitions, based on index
taxa, was not possible in most cases, and ranges of accompany-
ing taxa, correlated with the “standard” conodont zonation,
have been usually employed.

PELAGIC OSTRACODES

Since the comprehensive work of Rabien (1954) the great
value of the pelagic entomozoacean ostracodes with fingerprint
sculpture for European and Chinese Devonian biostratigraphy,
is undisputed (Gross-Uffenorde and Wang, 1989;
Gross-Uffenorde and Schindler, 1990; Gross-Uffenorde et al.,
2000). After speciation during the Late Silurian and Early De-
vonian, little is known about Middle Devonian occurrences in
Europe, whereas Frasnian and Famennian pelagic ostracode
faunas have been reported from many places. The
entomozoacean zonation is mainly based on partial ranges of
species and the beginning of a zone or subzone is generally de-
fined by the first occurrence of a new index species. The
entomozoacean zonation is more or less correlated with the
conodont one, although precise correlations with the standard
conodont zonation have still to be verified (Gross-Uffenorde
and Schindler, 1990; Gross-Uffenorde ez al., 2000).

Entomozoaceans are thought to have been planktic and to
characterize a pelagic environment; however, representatives
of this ostracode group sometimes entered the shelf facies,
where their presence indicates a rather deep shelf environment.

The Upper Devonian deposits of Western Pomerania bear
rare entomozoaceans. They are only limited to some horizons;
however, it was possible to recognize some of the “standard”
entomozoid zones (Zbikowska, 1986, 1992; Fig. 4).

PALYNOMORPHS

The local Pomeranian Middle and Upper Devonian
miospore zonation was established by Turnau (1978, 1979,
1995, 1996, 2007, 2008; Fig. 4) and is based on interval zones.
In Turnau’s opinion, it is difficult to adopt any of the zonal
schemes for western (Streel et al., 1987) or eastern Europe
(Avkhimovitch et al., 1993) because of important quantitative
and qualitative differences between the Pomeranian miospore
assemblages and those from other regions. There are some sim-
ilarities in the composition of miospore assemblages and their
succession between the East European Craton and the study
area, especially in the Middle Devonian part (comp.
Avkhimovitch et al., 1993). Unfortunately, the pertinent part of
the scheme by Avkhimovitch et al. (1993) cannot be employed
for the Pomerania area, as most of its zones and subzones are
defined using quantitative criteria (they are acme zones). More-
over, important species, that define the boundaries of some
miospore zones have not been found in the Pomerania area.

The base of the Devonian has nowhere in Pomerania been
adequately defined because of the paucity of diagnostic
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Fig. 4. Devonian chronostratigraphy and its correlation with the “standard” conodont and pelagic ostracode zones, and with local miospore zones

Zones identified in Western Pomerania are shaded in grey

palynomorphs; moreover, the mixed character of some
miospore assemblages was recognized and this has led to
biostratigraphical uncertainty (Turnau and Matyja, 2001).
Miospore analysis enabled distinction of 13 local miospore
zones and subzones, from the Eifelian Rhabdosporites langi
Zone, up to the Famennian Tumulispora rarituberculata Zone;
however, it is necessary to note that palynomorphs have not
been analysed in the uppermost Frasnian and in the middle
Famennian (Fig. 4).

LOWER? AND MIDDLE DEVONIAN BIOSTRATIGRAPHICAL DATA

There are no conodonts in the lowermost part of the Devo-
nian succession in Western Pomerania; however, palynomorph

“assemblages” of low taxonomic diversity are recorded in some
boreholes. These “assemblages” contain both autochtonous and
reworked taxa. Taking into account the autochthonous
palynomorphs, it might be suggested that a position not below
the uppermost Emsian (not below the serotinus conodont Zone)
is indicated for the base of the Devonian succession in
Pomerania, but a lower or middle Eifelian age cannot been ruled
out. Redeposited small spores and cryptospores, represented by
tetrads, diads and monads, as well as acritarchs, were derived
from Silurian (Ludlow or Pridoli) or Lower Devonian
(Lochkovian) deposits (Turnau and Matyja, 2001).

The most useful biostratigraphic tools, to subdivide and
correlate the upper Eifelian and Givetian deposits in Western
Pomerania, are diverse and abundant miospore assemblages
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and relatively sparse conodonts. The Eifelian part of the suc-
cession is less well documented, reflecting unfavourable condi-
tions for conodont faunas in marginal-marine environments,
and miospores were rare and poorly preserved. However, the
lower and middle Givetian part of the Devonian succession is
better documented (Fig. 4), reflecting the widespread develop-
ment of shallow-water marine environments, which created
more suitable conditions for conodont faunas over relatively
large areas. The preservation of miospores was also better in
such environments.

Miospore analysis by Turnau (1995, 1996, 2007, 2008) per-
mitted distinction of five local Middle Devonian 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 eastern Europe (Belorussia) by the first occurrence of
Densosporites devonicus and Cirratriradites monogrammos
(Turnau, 1995, 1996). Conodonts of the Eifelian kockelianus
and the lower part of the ensensis zones were found within the
RL Zone in Belorussia (Avkhimovitch et al., 1993). Unfortu-
nately, the base of this Zone has not been identified in
Pomerania; however, a typical assemblage here includes
Rhabdosporites  langii, Densosporites  devonicus and
Cirratriradites monogrammos. There are no conodonts in this
part of Pomeranian succession (Matyja and Turnau, 2008).
Thus, it might only be supposed that the local Rhabdosporites
langii (RL) Zone in Pomerania also could belong to the upper
Eifelian (Turnau, 1995, 1996).

The “Geminospora” extensa Zone embraces part of the
Givetian, and should be situated not below the hemiansatus
conodont Zone and not above than the lowermost parts of the
Lower hermanni conodont Zone (Turnau, 2007; Matyja and
Turnau, 2008). The first appearance of the species
Geminospora lemurata, which marks the base of the local
Lower extensa Subzone, is generally accepted as roughly coin-
cident with the Eifelian/Givetian boundary (Loboziak et al.,
1991, fide Turnau, 2007). Conodonts are relatively 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 Middle extensa Subzone. In this Subzone the
presence of Polygnathus varcus, Polygnathus linguiformis
linguiformis and Belodella resima has been established. The
miospore species Samarisporites triangulatus marks the base
of the Upper extensa Zone. In the lower and middle parts of this
subzone the presence of relatively rich conodont assemblages
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 composition of this
conodont assemblage does not change much through the Upper
extensa miospore Subzone.

Thus, the base of the Lower extensa miospore Subzone
may be correlated with the base of the hemiansatus conodont
Zone, and the top of the Subzone belongs to the Lower varcus
conodont Subzone or to a part of it. The Middle extensa
miospore Subzone may be correlated with the lower part of the
Middle varcus conodont Zone, and the Upper extensa Zone be-

longs to the upper part of the Middle, as well as to the Upper
varcus conodont subzone (Turnau, 1996; Turnau and Racki,
1999; Matyja and Turnau, 2008).

The base of the uppermost Givetian Geminospora aurita
(Aur) local Zone is defined by the last occurrence of
“Geminospora” extensa (Turnau, 2008). The miospore assem-
blage of this zone is impoverished, as at this level many species
disappeared (Turnau, op. cit.). A sudden decrease in taxonomic
diversity of miospore assemblages and the extinction of most
representatives of the genera Geminospora and Aneurospora at
the boundary between “Geminospora” extensa and
Geminospora aurita in Pomerania (Turnau, 1996), has its ana-
logues over the whole East European Craton, as well as in France
(Obukhovskaya, 2000, fide Turnau, 2008). A position not below
the hermanni conodont Zone and not above the lowermost
Lower falsiovalis conodont Zone was suggested by Turnau
(2004, 2008) for this miospore zone. Sparse conodonts, repre-
sented by Icriodus subterminus, Icriodus aff. subterminus and
Icriodus eslaensis, have been identified in the Geminospora
aurita (Aur) miospore Zone (Matyja and Turnau, 2008). In gen-
eral, these conodonts confirm the view of Turnau (2004, 2008)
regarding the position of the Geminospora aurita miospore Zone
in relation to conodont zonation.

UPPER DEVONIAN BIOSTRATIGRAPHICAL DATA

The most useful stratigraphic tools to subdivide and corre-
late the Upper Devonian shelf deposits in Pomerania are rela-
tively diverse and abundant conodonts and palynomorphs, and
less abundant pelagic ostracodes.

Conodont analysis permitted recognition of much of the
Upper Devonian “standard” conodont zones, up to the Upper-
most marginifera or even Lower trachytera Zone (Fig. 4; see
also Matyja, 1993). The last palmatolepids, which are the basis
for the Upper Devonian standard zonation, definitively retreat
from the Pomeranian shelf at the end of the marginifera or early
in the trachytera Chron, owing to palacoecological reasons
(Matyja, 1993).

The Upper trachytera and Lower postera zones have not
been identified (Matyja, op. cit.). On the basis of borehole data,
itbecame clear that the inability to recognize these zones within
the very shallow-water Krojanty and Ktanino formations may
be associated with the paucity or even absence of diagnostic
conodonts (Ziegler and Sandberg, 1984a, b).

The Lower and Middle expansa zones were recognizable ow-
ing to the presence of numerous bizzare forms characteristic of ex-
tremely shallow environments (Matyja, op. cit.). Their vertical
ranges have been correlated with the standard conodont zonation
given by Sandberg and Ziegler (1979). The Upper expansa and
Lower praesulcata zones were recognizable owing the presence
of numerous species of Bispathodus (Matyja, op. cit.).

The Middle and Upper praesulcata zones have not been
found in Western Pomerania. The results of detailed conodont
studies (Matyja, 1993; Matyja and Stempien-Satek, 1994;
Matyja et al., 2000) suggest the presence, on a regional scale, of
a stratigraphic gap that comprises the uppermost Famennian
(Middle and Upper praesulcata conodont zones) and the low-
ermost Mississippian, Hastarian (the sulcata, duplicata, and the
lower part of the sandbergi conodont zones).
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Miospore analysis permitted distinction of seven local Up-
per  Devonian  miospore  zones and  subzones:
Membrabaculisporis radiatus (Rad), Perotriletes ordinarius
(Or), Grandispora cornuta (Co), Diductites versabilis (Ve),
Grandispora lupata (Lu) and Tumulispora rarituberculata
(Ral-Ra2) (Turnau, 1978, 1979; Stempien-Satek, 2002). Un-
fortunately, there is no miospore data on the uppermost
Frasnian and lowermost Famennian part of the Pomeranian
succession, and the lower and middle part of the Famennian is
poorly recognized by miospores (Fig. 4). A stratigraphic gap
close to the Devonian—Carboniferous boundary is also indi-
cated by the miospore data, as the equivalents of the western
European miospore zones lepidophyta—explanatus (LE),
lepidophyta—nitidus (LN), and verrucosus—incohatus (VI)
zones are missing (Matyja and Turnau, 1989; Matyja and
Stempien-Satek, 1994).

The Upper Devonian deposits of Pomerania bear also rare
pelagic ostracodes, usually poorly preserved. Nevertheless, 16
species have been recognized by Zbikowska (1992). They are
limited to some horizons only, and represent six zones and
subzones: cicatricosa, sartenaeri, sigmoidale, intercostata,
Lower and Upper hemisphaerica—dichotoma (Fig. 4). The ages
of almost all entomozoacean-bearing intervals have been con-
firmed by conodonts (Matyja, 1993, figs. 3-4).

BIOSTRATIGRAPHICAL DATA AND AGE OF THE
LITHOSTRATIGRAPHICAL UNITS

It is worth of note that one of the most significant advances in
Devonian biostratigraphy in Pomerania has been in utilizing many
different microfossil groups in an integrated analysis. The
microfaunal and palynological samples were collected from the
same boreholes, and, if possible, from the same depth interval.
Such combined studies provide more precise age determinations
for those parts of the Devonian succession which were hitherto
unfavourable as regards individual fossil groups (Matyja and
Turnau, 1989, 2008; Matyja, 1993; Matyja and Stempien-Satek,
1994; Stempien-Satek, 2002; Turnau, 2007, 2008).

“Standard” conodont zones and local miospore zones have
been used to characterize the Devonian litostratigraphic units
and to recognize the pattern of their spatial and temporal rela-
tionships (Matyja, 1993, 1998; Turnau, 1995, 1996; Matyja et
al., 2000; Matyja and Turnau, 2001). Recently, however, some
modifications, concerning a more detailed assessment of the
Middle Devonian formations, have been proposed, based on
new analytical data (Turnau, 2004, 2007, 2008; Matyja, 20074,
2008a, b, c; Matyja and Turnau, 2008). The relationships pre-
sented here between lithostratigraphic units include these modi-
fications (Fig. 3).

DEPOSITIONAL HISTORY

Global palacogeographical and palacoclimatical recon-
structions by Witzke and Heckel (1988), and Witzke (1990)
place northern and central Europe, during the Mid and Late De-
vonian times, in close proximity to the Old Red Continent
along its southern margin, and the northwestern part of Poland

occupies a position within the southern arid belt, in latitudes be-
tween about ~10-30° S. Such a position in the tropical dry belt
was indicated by the widespread occurrence of red deposits and
evaporites (mainly sulphates, varying from isolated anhydrite
nodules sparsely scattered in terrigenous sediment to very thick
sequences of anhydrite), noted in many areas of Europe (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
Poland (Mitaczewski, 1981; Matyja, 1993).

Evolution of the Devonian epicontinental basin of Western
Pomerania (NW Poland), and the development of a characteris-
tic siliciclastic and mixed siliciclastic-carbonate marginal ma-
rine-to-open marine carbonate sedimentary succession, was
controlled via proximity of the land areas representing uplifted
parts of the EEC: the Fennoscandian High extending in the
north, and the Mazury—Belarus High situated in the east. The
sedimentary evolution and lithofacies pattern observed within
the Pomeranian Basin followed these main structural outlines
and was generally associated with a gradual northward and
eastward expansion of the marine basins (Figs. 1 and 5-15).

In general, the morphology of the shelf depends on relative
rates of subsidence, sediment supply, eustatic change and shore-
line progradation, and on wave and tidal regimes. In the Pomera-
nian model the configuration of the shelf area corresponds rather
to a relatively gentle ramp, where facies belts were rather wide,
and where the zone of highest energy was probably quite close to
the shoreline. In the south-east, however, close to the Polskie
Laki, Unistaw and Watdowo Krolewskie sections, a rimmed car-
bonate shelf formed in the early and mid Frasnian, separated
probably by one or more sharp breaks in slope, possibly related
to fault lines (Figs. 8-9).

The Western Pomeranian region consisted of two parts
(?sub-regions) during its Devonian and Early to Mid Mississip-
pian history: a northeastern and a southwestern one. These corre-
sponded to two very roughly defined facies zones, a relatively
shallow water facies zone in the north-east and a deeper water one
in the south-west (Pajchlowa, 1964, 1968; J. Dadlez, 1975, 1976),
and their mutual relationships follow more or less the natural
depositional slope in the basin (Matyja, 2006). Analysis of facies
and thickness distribution shows (Matyja, 1993; Swidrowska and
Hakenberg, 1996) that the Teisseyre-Tornquist Zone played an
important role both as regards variable subsidence of the basement
in individual Pomeranian Basin segments, and as regards
lithofacies distribution. The highest Upper Devonian thickness of
ca. 3500 m (in relation to about 1500 m in the rest of the area) is
recorded in boreholes, which lies in an area located between the
Chmielno 1, Wierzchowo 4, Czluchow IG 1, Chojnice 5 and
Tuchola IG 1 sections. This marks a local depocentre, which prob-
ably was a synsedimentary depositional trough. This is expressed
by continued persistence of higher subsidence in this area, starting
from the Middle Devonian (Givetian?) and continuing, with some
breaks, at least until the end of the Devonian. Therefore, the faults
limiting this trough appear to be old and long-lived structural ele-
ments in the region. This was also the passage by which open-ma-
rine facies might extend into shallow-water environments. Thus,
the criteria used to identify a synsedimentary activity of this unit
include both thickness variation across this structure, as well as fa-
cies variation. Detailed geometry of this depositional trough with
its framing crustal fractures remains unknown. Its axis is aligned
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approximately NE-SW, and the northern margin may possible be
related to the area south to the Koczata 1 section and the southern
margin to the area north to the Nicponie 1 section (comp. Figs. 1,
4-10 and 13, 14). The previously used term “‘Chojnice-Gdansk
palaeostructural trough” (Mitaczewski, 1980; Narkiewicz et al.,
1998) is here replaced by a more descriptive “Cziuchow Gate”. It
is because the possible prolongation of the trough to the NE and
SW remains unknown, and only part of the Chojnice area, repre-
sented by the Chojnice 2, Chojnice 4 and Chojnice 5 sections, was
located within this unit. Moreover, the most representative section,
Czhuchéw IG 1, was located in the central part of this structure.
The lateral relationships of the lithofacies during the
Givetian, Frasnian and Famennian are portrayed on 11 maps
(Figs. 5-15), showing relatively short time-intervals, selected to
depict the most significant environmental changes, which were
controlled both by eustatic transgressive and regressive epi-
sodes, and by relative sea level changes caused by tectonic activ-
ity of the hinterland area (East European Craton) and the Pomer-
anian Basin floor. The pattern of their mutual spatial and tempo-
ral relationships, along with a general assignation to particular
depositional settings, is presented on Figure 3. The results are
presented according to the “standard” conodont and local
miospore zones and to Devonian chronostratigraphy (Fig. 4).

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

Devonian sedimentation started not earlier than at the end of
Emsian or possibly in Eifelian time (Turnau and Matyja, 2001),

after a long break spanning the Lochkovian, Pragian and much
of the Emsian when the area was subjected to erosion. Due to
sparse borehole evedence and the scarcity of analytical data for
the latest Emsian? and Eifelian interval, the early Mid Devonian
depositional history is difficult to reconstruct in detail. In general,
the northeastern area extending around Jamno, Miastko, Ktanino
and Koczata, and close to Nicponie, was dominated by clastic
marginal marine sedimentation (lowermost parts of the Jamno
and Studnica formations). Towards the south-west and
south-east, between Chojnice, Tuchola and Bydgoszcz,
nearshore clastic deposits laterally pass into nearshore carbon-
ates (lowermost parts of the Tuchola formation).

During the early Givetian the northeastern region (between
the Jamno and Gozd sections) was also dominated by clastic
marginal-marine sedimentation (Fig. 5). Conglomerates and
coarse- and medium-grained quartz sandstones of the Jamno for-
mation were mainly deposited both in tidal flat and tidal channel
environments (Pacze$na, 2004, 2008b), whereas fine-grained
sandstones and siltstones of the Studnica formation were depos-
ited in tidal flat and brackish, lagoonal environments, and to a
lesser extent in a high-energy shallow-water barrier-island sys-
tem (Paczes$na, 2004, 2007). Associated with the siliciclastic de-
posits, thin interbeds of irregularly laminated limestone with
some fenestral structures (Matyja, 2004, 20084), indicates a mi-
crobial mat origin and in general suggests an intertidal type set-
ting (e.g., Fliigel, 2004) for some parts of the succession. Thin
interbeds of primary or early diagenetic dolomite, and
fine-grained sandstone with anhydrite nodules, as well as the
presence of low-diversity trace fossil assemblages, suggest a
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supratidal type setting (?sabkha) (Paczesna, 2008a), and posi-
tively correlates with Devonian global palacogeographical and
palaeoclimatical reconstructions by Witzke and Heckel (1988),
and Witzke (1990, figs. 5-6). Thus, it seems that the observed
sedimentological and palaeontological features within this part
of Devonian sequence indicate a predominance of intertidal and
supratidal rather than subtidal deposition for the Jamno and
Studnica formations.

At the same time, the area close to the Miastko section and
extending between the Nicponie, Stobno and Polskie Laki sec-
tions was covered by mixed siliciclastic-carbonate deposits of
the Miastko formation. Numerous thin horizons of conglomer-
ate with siltstone and claystone pebbles, variegated
fine-grained sandstones, siltstones and occasionally claystones
are interbedded with thin horizons of microbial laminite.
Rather thick interbeds of stromatoporoid-coral marl and lime-
stone (noticeably sandy in many intervals) with rare crinoids
and brachiopods, have been identified throughout the forma-
tion. It is worth noting, that the area extending close to the
Miastko sections is characterized by a higher proportion of car-
bonates throughout the formation than in the area between the
Nicponie, Stobno and Polskie kLaki sections. Mixed
siliciclastic-carbonate deposits of the Miastko formation docu-
ments a sedimentary succession believed to have formed
mainly in an intertidal, mixed siliciclastic-carbonate
depositional environment, along a barred coastline (Paczes$na,
2004, 2007), and in a shallow subtidal environment, located to

the south-west, and related to the proximal part of a carbonate
ramp or platform (Matyja, 2004, 20075, c).

During the early Givetian the southwestern part of
Pomerania was dominated by carbonate shallow subtidal sedi-
mentation. Dark gray marls and calcareous claystones of the
Tuchola formation with plant fragments, benthic ostracodes,
phyllopods and miospores, were mainly deposited in a lagoonal
environment, whereas stromatoporoid-coral marls and lime-
stones with rare crinoids and brachiopods may be related to the
more open part of the carbonate ramp or platform located to the
south-west (Matyja, 2004, 20075, c).

In general, the latest Emsian?—early Givetian phase of de-
position in Pomerania is characterized by depositional settings
restricted to intertidal and very shallow subtidal, occasionally
supratidal, siliciclastic and mixed siliciclastic-carbonate envi-
ronments. Peritidal cyclic deposition is a common feature of the
siliciclastic deposits of this phase (Paczesna, 2004).

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

The first change in this pattern was associated with a grad-
ual north-eastward spreading of carbonate environments. This
trend manifested itself by the occurrence of shallow-marine
carbonate facies (deposits of the Sianow formation) at the be-
ginning of the mid Givetian (early Mid varcus Chron) in the
area located close to the Miastko, and in the area extending be-
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tween Nicponie, Stobno and Polskie £.aki, where marginal ma-
rine siliciclastic-carbonate sedimentation predominated previ-
ously (deposits of the Miastko formation). In the late Mid
varcus Chron the shallow-marine carbonate facies (deposits of
the Sianow formation) spread also onto the areas located fur-
ther north-eastwards between Jamno, Wyszeborz, KoSciernica,
Ktanino, Polanéw and Gozd, where marginal-marine clastic
deposits of the Jamno and Studnica formations predominated
previously (Figs. 5 and 6).

The middle Givetian carbonate deposits represent a wide
spectrum of microfacies, associated with very shallow-marine,
mainly subtidal depositional environments. Charophyte
wackestones, Amphipora wackestones/packstones, Amphi-
pora-dasyclad algae-ostracode-wackestones/packstones, ostra-
code  wackestones, calcisphere-ostracode  wackestones,
oncolite-microconchid wackestones (Matyja, 2008d, figs.
33A—C, 31C, E, H), are noted in the Jamno IG 1 section situated
in the north-east. Specific biota and the presence of fine-grained
deposits point here to a lagoonal environment. Rare
peloidal-skeletal or skeletal grainstone (Matyja, 2008d, figs.
31F, 33E) interbeds may indicate a periodic, more dynamic sedi-
mentary environment. Marly stromatoporoid-coral limestones
(packstones and wackestones) with rare brachiopods, bryozoan
fragments and crinoid ossicles, stromatoporoid-coral floatstones
and massive stromatoporoid-coral boundstones (Matyja, 20084)
make up the bulk of the carbonate ramp or platform setting, and
have been recognized to the south-east (e.g., in the Miastko 1,
Koczata 1 and Polskie Laki PIG 1 sections).

At the same time the southwestern part of the Pomerania
(close to the Chojnice and Tuchola sections) was dominated by

siliciclastic deposits associated with very shallow subtidal sedi-
mentation. Dark gray claystones with thin interbeds of siderite,
and calcareous fine-grained quartz sandstones and siltstones of the
Silno formation were mainly deposited in a quiet, brackish la-
goonal environment, where plant fragments, benthic ostracodes,
miospores, and some trace fossils only have been identified
(Paczesna, 2004, 2008a). Rare, thin interbeds of marly limestone
with worn skeletal fragments of coral, stromatoporoid and crinoid
may possibly be related to tempestites.

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

Atthe end of mid and during late Givetian times the entire re-
gion was again dominated by siliciclastic, marginal-marine sedi-
mentation. Conglomerates, variegated coarse- and me-
dium-grained quartz sandstones of the Wyszeborz formation
were mainly deposited both in tidal channel and tidal flat envi-
ronments, subordinately in a high-energy shallow-water bar-
rier-island  system, whereas fine-grained sandstones and
siltstones were deposited in tidal flat and lagoonal environments
(Paczes$na, 2004, 2008b). Repeated evidence of possibly peri-
odic exposure (brecciation, conspicuous red and green clay
seams) have been identified throughout the succession. Associ-
ated with the siliciclastics, thin interbeds of irregularly fine-lami-
nated limestone with subordinately fenestral structures (Matyja,
2004, 20084), indicate a microbial mat origin and in general also
suggest an intertidal setting for the succession. Siltstone and
thickly-bedded grey fine-grained quartz sandstones with
large-scale cross-bedding and flaser lamination of the Chojnice
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formation were also deposited in a tidal flat environment,
whereas dark grey bioturbated siltstones and claystones with thin
interbeds of siderite were deposited in a quiet, probably
dysaerobic environment, where plant fragments, benthic
ostracodes, miospores, and some trace fossils only have been
identified (Pacze$na, 2004). Rare, thin interbeds of marly lime-
stone with worn skeletal fragments of tabulate corals,
stromatoporoids and crinoids may be related to tempestites.

It seems that the late Givetian phase of sedimentation is
characterized by a predominance of intertidal and shallow
subtidal siliciclastic environments.

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

Late Givetian siliciclastic marginal marine deposits of the
Wyszeborz and Chojnice formations were drowned in a Late De-
vonian transgressive episode, which took place probably in the
falsiovalis Chron. The northeastern part of the Pomeranian Basin
(extending between Jamno, Koczata, Polanéw, Polskie £aki and
Bydgoszcz) was a zone of nearshore, marginal-marine carbon-
ate-siliciclastic sedimentation, where calcareous fine-grained
quartz sandstones and siltstones with rare bivalves, inarticulate
brachiopods and ostracodes, and marly nodular limestones, marls
and shales with crinoid remains, stromatoporoids, coral and artic-
ulate brachiopods were deposited (lower part of the Koczata for-
mation). Towards the south-east, i.e. into the basin centre (be-

tween Cztuchow, Chojnice and Tuchola) it passed into an
open-shelf environment (Fig. 8), characterized by thinly-bedded
marls, marly limestones and siliciclastic deposits (deposits of the
Unistaw member of the Cztuchéw formation) with an open-ma-
rine fauna of rare cephalopods, tentaculitoids, pelagic ostracodes,
conodonts, thin-shalled bivalves, inarticulate and articulate brachi-
opods, solitary corals and crinoids. This unit reflects the first epi-
sode of open shelf sedimentation in the Pomeranian Basin.

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 distinct change to carbonate ramp or platform
and shelf-basin sedimentation in the early Frasnian when two
panecontemporaneous successions are recognized.

A nearshore carbonate ramp with typical widespread
stromatoporoid-coral limestone facies (upper part of the
Koczala formation) accumulated in the north-east (Fig. 9). A
stromatoporoid-coral limestone facies is dominated by skeletal
limestones, wackestones, packstones and floatstones, as well as
by massive rudstones and boundstones. Skeletal limestones are
predominantly rich in large bioclasts of stromatoporoid and
tabulate coral, while solitary rugose corals, articulate brachio-
pods and gastropods are sparse (Matyja, 20084, fig. 33D).
They represent a shallow subtidal, rather open-marine environ-
ment of carbonate ramp or platform. Rare interbeds of
bioclastic  (algal-ostracode)-peloidal and  algal-foramini-
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feral-crinoidal grainstone (Matyja, 20084, figs. 33F and E)
characterized more dynamic episodes within this environment.
Interbeds of dark wackestone with Amphipora, unilocular
foraminifera, benthic ostracodes, calcispheres, charophyta and
small green algae have also been noted (Matyja, 20084, figs.
31C, E-H, 33A—C). The low-diversity biota and the presence
of fine-grained sediments point to a restricted, lagoonal envi-
ronment for these microfacies types.

At the same time the southwestern part of the Pomeranian
Basin (Tuchola, Chojnice and Cztuchéw region) turned into a
poorly oxygenated shelf basin environment, presumably of
dysaerobic sedimentary conditions. Deposits of the Strzezewo
member are thinly-bedded, and display monotonous alterna-
tion of a few lithological types: black shales are characterized
by millimetre-scale lamination and the presence of pyrite ag-
gregates and rare fossils represented by pelagic ostracodes and
tentaculitoids, whereas thinly-bedded and nodular limestones
contain rare cephalopods, conodonts, pelagic ostracodes,
tentaculitoids, thin-shelled bivalves (Buchiola), lingulids, and
articulate brachiopods (Matyja, 1993, 1998, 2006).

Such sedimentation persisted through the early and mid
Frasnian.

In some sections located in the south-easternmost part of
the study area, close to the Polskie Laki section, relatively
thickly-bedded intraformational conglomerates have been rec-
ognized in the upper part of the Unistaw member. These are
composed of Amphipora wackestones, peloid wackestones,
stromatoporoid-coral wackestones and packstones, as well as

limestones with Renalcis clasts (Matyja, 2007b; Radlicz,
2007). As most of the clasts represent shallow, carbonate plat-
form environments of unknown location at this time, it is possi-
ble that these deposits represent pebble-debris flows, triggered
at the platform-edge by its collapse and deposited at the
toe-of-slope on the adjacent basin plain.

LATE FRASNIAN-EARLY FAMENNIAN (LATE RHENANA-MID
TRIANGULARIS CHRONS): SHELF-BASIN PHASE
OF SEDIMENTATION (FIG. 10)

A nearshore carbonate ramp or platform with widespread
stromatoporoid-coral limestone facies (upper part of the Koczata
formation) that accumulated in the north-east was definitively
drowned and covered by a poorly oxygenated shelf-basin envi-
ronment, presumably dysaerobic (deposits of the Strzezewo
member) at the end of the Early rhenana Chron (Matyja, 1993).
Thus, in the late Frasnian a shelf-basin environment become
prevalent over the whole area, and persisted up to the early
Famennian (to the Mid #riangularis Chron) (Matyja, 1993).

There is no marked facies turnover at the
Frasnian/Famennian boundary. The critical interval is, however,
accentuated by a reduction in the rate of carbonate sedimentation
and/or a decrease in the carbonate/clay ratio, and, in some sec-
tions located in the south-easternmost part of the study area close
to the Unistaw and Watdowo Krolewskie sections, by the pres-
ence of shales and limestones alternating with relatively
thickly-bedded intraformational conglomerates composed of
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lime mudstone and grainstone clasts (Matyja and Narkiewicz,
1992; Matyja, 1993). As most of the clasts represent shallow,
near-shore carbonate platform environments of unknown loca-
tion at this time, it is possible that these deposits represent peb-
ble-debris flows, triggered at the platform-edge by its collapse
and deposited at the toe-of-slope on the adjacent basin plain.

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

A change in sedimentary conditions took place during the
early Famennian, beginning with the Late triangularis Chron.
This resulted in a gradual shallowing of sedimentary environ-
ments through the whole early Famennian, up to the rhomboidea
Chron (Matyja, 1993). This phase of sedimentation is character-
ized by a progressive loss of fine lamination, a paler colour, as
well as by an increasing number of benthic fossils up section.
Marls and marly limestones of the Gorzystaw member contain
crinoid debris, articulate brachiopods, benthic ostracodes, agglu-
tinated foraminifers, as well as cephalopods, styliolinids, pelagic
ostracodes and relatively abundant conodonts; however, its up-
permost part (marly limestones of the rhomboidea conodont
Zone) is already relatively rich in benthic fauna and conodonts,
and cephalopods, pelagic ostracodes and styliolinids are absent.

EARLY MID FAMENNIAN (EARLY-LATE MARGINIFERA CHRONS):
OPEN SHELF WITH CARBONATE BUILDUPS PHASE
OF SEDIMENTATION (FIG. 12)

Deposits of the Goscino member are characterized by dark
gray, thickly-bedded nodular limestones with a few thin
grainstone intercalations. Marly crinoid wackestones, marly bryo-
zoan-ostracode wackestones and crinoid-brachiopod wackestones
to packstones prevail in the succession and do not show strong ev-
idence of high depositional energy. Thin interbeds of grainstone,
are usually non-graded, exhibit sharp lower contacts, good sorting
and horizontal textures, and consist of bioclasts of shallow-water
organisms, i. e. Girvanella, microconchids, palacoberesellid algae,
as well as well-rounded lithoclasts of micritic limestone. Nodular
limestones were deposited in a relatively shallow open marine
shelf environment, whereas litho- and bioclasts in the grainstone
interbeds were probably derived from and adjacent carbonate plat-
form, located possibly to the east.

Within this open-shelf environment, isolated elevations
were formed by carbonate buildups of mudmound type
(Matyja, 1993). The Bielica member consists of pale micritic
limestones with accumulations of crinoid debris, scattered
ramose and stick bryozoans, ostracodes, patchily distributed
brachiopod shells, and massive lime mudstones with scattered
crinoid debris, fenestrate bryozoan fronds, colonies of dendroid
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tabulate corals, rare stromatoporoids and palacoberesellid
green algae, noted in the upper part of the buildup succession.
Different microfacies types are noted here: crinoid
wackestones and packstones, crinoid-brachiopod-bryozoan
wackestones to packstones, stromatoporoid floatstones with
Amphipora, Baculella bindstones, bryozoan bindstones with
Fenestella, tabulate coral bafflestones and lime mudstones with
stromatactis structures, and peloidal micritic crusts of probable
microbial origin. Small-scale brecciation and fissure-fillings
related to neptunian dykes have also been found in some sec-
tions. Although the core material does not provide conclusive
evidence for the spatial geometry of the deposits, it is likely that
they are fragments of carbonate buildups. Such an interpreta-
tion is confirmed by the presence of particular biota not found
in other contemporaneous facies and by the occurrence of sites
of increased carbonate productivity (Matyja, 1993). The de-
posits of the Bielica member constitute probably an off-mound
facies comparable to the Waulsortian mound facies. It is gener-
ally believed (Lees, 1964, 1988; Lees et al., 1985; Lees and
Miller, 1985; Somerville et al., 1992) that the Waulsortian
mudmounds were initiated in relatively deep water but grew
rapidly to reach the photic zone. Analysis of the successive
components of the Pomeranian buildups have also suggested a
final phase of shallowing and breakthrough into the photic
zone. A significant indicator of such shallowing event is the
presence of peloids, particularly as geopetal fills, plurilocular
foraminifera and small green algae (Skompski, 1987) all of
which have been found at the top of the supposed buildups. The

Pomeranian mudmounds had probably grown on tectonically
controlled  intrabasinal ~ highs  connected  with  the
Teisseyre-Tornquist Tectonic Zone, as suggested by their linear
north-west—south-east striking arrangement (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 gradual change in tectonic constraints on the Pomeranian
Basin began during the mid—late Famennian. This resulted in a
restructuring of the facies and subsidence pattern in the basin
(Matyja, 1993; Swidrowska and Hakenberg, 1996). The uplift-
ing Fennoscandian part of the EEC probably constrained devel-
opment of the latitudinal facies and subsidence pattern. These
palacogeographic and tectonic trends, established at the end of
Devonian times, were maintained also in the Early Carbonifer-
ous (Matyja, 2008a).

A distinct and relatively rapid regressive event affected the
study area probably at the beginning of the Latest marginifera
Chron. The northern part of the area was then dominated by
peritidal siliciclastic-carbonate  deposition ~ with  local
evaporites. A great variety of facies characterizes the Ktanino
formation but there are only few sections when one lithological
type is dominant over another. Generally, siliciclastic facies
with evaporites prevail in the area between Trzebusz and
Ktanino, whereas carbonate-siliciclastic deposits, mainly sandy

14730° 15700° 15730° 16°00° 16°30° 17°00° 17°30° 18°00° 18°30°
P aw, g.’f{""éi”r%a. . Daszewq12. .. . \
e~ «Trzebusz L. . N t
— T e JeTese s e o aszewe 3 -« ahing 1 [T \
54° — = o] BlaiogfRrd> - NS N
00 - e e e T s A
—_— —_— — —_— - L
~— ~— — miel ~— ~— ”
= = = = o
Q
G@e
70,
O’eo)
53° uc 1
40 — 0
T o Ghejnide 4
% —
%% = =
Dop [ =
s, = =
Gf,e — —
)
SZCZECIN Y — ~$Hystawl2
53 D
20 _ >3 =
MIDDLE-LATE FAMENNIAN ? PitA L
Latest marginifera—Middle expansa
53°H ) A .
00’ | late Perotriletes ordinarius—Grandispora lupata |2__1%™
T T T

Fig. 13. Lithofacies pattern for the mid-late Famennian (Latest marginifera—Mid expansa conodont chrons = late Perotriletes ordinarius—
Grandispora lupata miospore chrons), modified after Matyja (1993)
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grainstones, are more abundant in the Gorzystaw—Karlino area.
The siliciclastic-dominated part of succession is characterized
by red, pink, green and gray, well-sorted and fine-grained
dolomitic quartz sandstones and siltstones with intergranular
anhydritic cement, displaying horizontal and large-scale
cross-bedding, as well as horizontal, flaser and ripple
cross-lamination. Interbeds of claystone occur subordinately.
The top of the siliciclastic unit includes “red-beds”, i.e. red and
pink dolomitic sandstones and siltstones with anhydrite occurring
as thin beds with a characteristic “chicken-wire” texture or as nod-
ules and crystal rosettes being pseudomorphs after gypsum. This
is a typical shallowing-upwards succession. The carbonate-domi-
nated succession of the Kfanino formation consists mainly of
cross-bedded and shale-free, well sorted peloidal and intraclastic
grainstones rich in foraminifera, benthic ostracodes,
microconchids, palacoberesellid algae and worn crinoid debris.
Such features indicate a high-energy and very shallow-water bar-
rier-shoal environment. There are subordinate finely-laminated
limestones (microbialites) and fine-grained interbeds of lime-
stones with microconchids. Microfacies analysis indicates the
presence of laminoid-fenestral fabrics within some laminae.
Laminoid fenestral fabrics occur preferentially in shallow
near-coast supratidal and upper intertidal environments. Erect and
gregarious forms of “microconchids” (formerly considered to be
“vermetid gastropods” or spirorbid worms, now assigned to a sep-
arate group of molluscs), are frame builders in peritidal
schizohaline lagoonal settings (Burchette and Riding, 1977;
Wright and Wright, 1981; Fliigel, 2004).

Thus, the Ktanino formation is made up of a variable suite
of facies which includes supratidal siliciclastics with
evaporites, as well as intertidal and shallow subtidal carbonates
(including fenestral and intraclastic-algal micrites) and
siliciclastic deposits. In contrast, grainstones probably resulted
from current activity which caused the accumulation of the
coarser material in a form of narrow, elongate bars, deposited
as carbonate sand shoals in a high energy environment (e.g.,
Halley et al., 1983).

To the south and south-west a shallow subtidal environ-
ment developed, probably related to an inner carbonate ramp or
platform. Deposits of the Krojanty formation consist of pale
gray nodular and wavy bioclastic limestones. The grain com-
ponents are represented by organic remains varying in size
though the amount of bioclastic sands is relatively high. The
depositional texture varies from wackestone to packstone.
Green algae represented by issinellids and palacoberesellids,
plurilocular foraminifers represented by endothyrids and
tournayellids, as well as calcispheres, Girvanella fragments
and benthic ostracodes are particularly common. Issinellids
and palaeoberesellids are the dominant fossils here, often creat-
ing a bafflestone texture. Palacoberesellids were the most im-
portant carbonate-producing organisms in a shallow, low-en-
ergy environment recognized in the late Dinantian of South
Wales (e.g., Adams et al., 1992). The organisms requiring
more open marine conditions, such as brachiopods and
echinoderms, are not very abundant. Thus, microfacies analy-
sis (Matyja, 1993) points to a partly restricted?, shallow
subtidal environment.

In the upper part of the unit, the algal-foraminiferal
wackestones and packstones are often interbedded with al-
gal-foraminiferal-peloidal grainstones in which lime mudstone
and algal wackestone intraclasts occur. Horizontal grain orienta-
tion is often observed within some grainstone beds, as well as poor
sorting. This is also a record of shallowing-upwards succession.

At the same time, the shallowing-upwards tendency has also
been observed in the conodont biofacies shift, from the deeper
polygnathid—palmatolepid biofacies during the Early—Late
marginifera chrons to the very shallow-water polygnathid one in
the Latest marginifera Chron (comp. Matyja, 1993, figs. 9—-10).
This bioevent was also related with the final (definitive) retreat
of the offshore genus Palmatolepis from the Pomeranian Basin
at the end of the marginifera Chron.

There is no evidence of the frachytera and postera cono-
dont zones throughout the entire Pomeranian area. Some frag-
ments of the succession contain a conodont fauna indicative of
the Lower expansa Zone but with admixture of older elements
representative of the Upper and Uppermost marginifera or pos-
sibly the Lower trachytera zones (Matyja, 1993). Taking into
account the very shallow-water character of the succession and
the low net sedimentation rate during the trachytera and
postera chrons (Matyja, 1993, figs. 3B and 4), it is not certain
whether deposition was more or less continuous between the
Latest marginifera (or Early trachytera) and Late postera (or
Early expansa) chrons.

The first signs of deepening, although short-lived, appeared
in the Late postera or more probably in the Early expansa
Chron. The trend manifested itself by the occurrence of
grainstones in the area extending between Gorzyslaw and
Bialogard, where siliciclastic sedimentation with evaporites
predominated previously. At the same time, open marine marls
with an open-marine fauna, even with rare pelagic ostracodes,
occurred to the south-west (for example in the Cztuchow IG 1
and Babilon sections; 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 beginning of the Late expansa Chron,
both the peritidal siliciclastic-carbonate environments situated
in the north, and the shallow-marine subtidal environment of
probable inner carbonate ramp extending to the south, fell
within a deeper subtidal open-marine sedimentary environment
(Matyja, 1993, 1998, 2006, 2008a). Dark fossiliferous marly
limestones with crinoids, palacoberesellid algae, calcareous
and encrusting foraminifers, benthic ostracodes, rare brachio-
pods and laminar stromatoporoids were deposited in the shal-
lower part of the basin situated in the north, whereas dark
fossiliferous marls with ammonoids, pelagic ostracodes, cono-
donts, trilobites, bivalves, gastropods, brachiopods and solitary
corals characterized the deeper part of the basin (Matyja, 1993;
Matyja and Stempien-Salek, 1994). Thus, the Devonian part of
the Sapolno Formation is a succession of open-marine carbon-
ate and clayey deposits, formed well below wave base, periodi-
cally under conditions of oxygen deficiency and probably re-
flecting a middle/outer ramp phase of sedimentation.
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LATE FAMENNIAN-HASTARIAN (MID PRAESULCATA—
SANDBERGI CHRONS): OPEN SHELF, ANOXIC PHASE OF
SEDIMENTATION (FIG. 15)

The Devonian/Carboniferous passage interval is marked by
black anoxic shales which show a general absence of fossils
(Matyja, 1993, 2008a; Matyja and Stempien-Satek, 1994). The
Sapolno Calcareous Shale Formation is a succession of
open-marine carbonate and clayey deposits, formed well below
wave base, under conditions of periodic oxygen deficiency.
The formation probably reflects an outer ramp phase of sedi-
mentation (Matyja, 2006).

PALAEOGEOGRAPHIC, EUSTATIC AND TECTONIC
CONTROLS OF SEDIMENTARY EVOLUTION
OF THE POMERANIAN BASIN

Evolution of the Devonian epicontinental basin of NW Po-
land, and the development of a characteristic marine-to-continen-
tal, mainly carbonate-siliciclastic sedimentary succession, were
controlled by proximity of the land areas representing uplifted
parts of the EEC: the Fennoscandian High extending in the north,
and the Mazury—Belarus High, situated in the east. These conti-
nental areas probably formed a more or less continuous land mass
during the relatively low stand of sea level which influenced sedi-
mentation by supplying terrigenous material (with affinity to
granitoid-type rocks: a predominance of quarz, and low contents
of feldspar and heavy minerals), however, they were probably
separated by straits during the maximum transgression.

The sedimentary evolution and lithofacies pattern observed
within the Pomeranian Basin followed these main structural
outlines and was generally associated with a gradual north-
wards and eastwards expansion of the marine basins. It seems,
however, that through much of the Mid and Late Devonian
time the Mazury—Belarus High must have played a significant
role in the palacogeography of the study area, whereas the
Fennoscandian High was more active at the end of the
Famennian and during the Mississippian (Figs. 1 and 5-15;
Matyja, 2008a, figs. 5-12).

A sequence of a dozen or so Late Devonian events and
faunistic crises has been described in the Pomeranian Basin and
some of them, using the criteria of House (1983, 1985) and
Johnson et al. (1985), were characterized as short-termed
eustatic and hypoxic events (Matyja, 1993). The Mid—Late De-
vonian interval has been subdivided (Matyja, 1998) into 7
transgressive-regressive depositional cycles correlated, with
varying degrees of precision, with the “standard” conodont
zonation as well as with the global sea level curve of Johnson et
al. (1985). One difference consists of a single rapid regressive
episode initiated at the onset of the Late marginifera Chrone,
and continuing till the Early expansa Chron. This was probably
triggered by uplift of the Fennoscandian part of the East Euro-
pean Craton. This also forced changes of the facies pattern
from the earlier NE-SW trends to, starting from the Late
marginifera Chron, a more or less latitudinal pattern (Figs.
5-15; Matyja, 1993). Such facies relationships persisted until
the end of the Tournaisian (Matyja, 2008a).

It is worth of note, however, that the currently accepted
global sea level curve for the Devonian (Johnson et al., 1985)
came mostly from North American and a few European sec-
tion. With progress and increased knowledge it became evident
that some of the “global” Devonian events were, in fact, not
synchronous and some were probably multi-phased. Thus, De-
vonian events may have a more complex history as previously
suggested (see examples in Belka and Wendt, 1992; Barnes et
al., 1996; Walliser, 1996; House and Ziegler, 1997; House,
2002; Hartenfels and Becker, 2008). Some of Devonian events,
such as the Late Kellwasser Event at the Frasnian/Famennian
boundary and the Hangenberg Event close to the Devo-
nian/Carboniferous boundary, have received the most detailed
analyses (for example Balinski et al., 2002; Racki and House,
2002; Brand ef al., 2004). Analyses of other Devonian events
are still in progress (Balinski ef al., 2006; Van Geldern et al.,
2006; Racki et al., 2008; Hartenfels and Becker, 2008). As
noted by Becker (2008), an integration of biostratigraphic data
with modern stratigraphic techniques into Devonian
multidisciplinary schemes is required, from as many sedimen-
tary basins as possible, in order to produce a more detailed,
high-resolution Devonian eustatic curve.

Although transgressive-regressive depositional cycles ob-
served in the Pomeranian Basin seem to have been strongly con-
trolled by sea level variations, probably of a eustatic nature, the
tectonic activity of some structural elements (blocks) locally
modified the sedimentary record (for example the Czluchéw
Gate). Two time intervals, the Givetian — earliest Famennian
(Figs. 5-10) and the mid—late Famennian (Fig. 13) appears to
have been of particular significance in the evolution of the
Czluchow Gate. Synsedimentary tectonic activity of this
palaeostructure is observed as thickness and facies variation. In
the early-mid Famennian interval (Figs. 11-12) the Czluchéw
Gate was inactive both as regards variable thickness, and as re-
gards facies variation. In the latest Famennian (Fig. 14) only the
thickness variation is observed here. At the end of the Famennian
(Fig. 15) tectonic activity of this palaeostructure ceased.

The importance of eustatic versus tectonic events in the De-
vonian of Pomerania is still difficult to ascertain in detail, and
further refinement of the biostratigraphy, as well as improved
stratigraphic correlation between the study area and the neigh-
bouring areas is needed.

POMERANIAN BASIN AND NEIGHBOURING AREAS

The evolution of Devonian facies in the Pomeranian sedi-
mentary basin may be compared with the history of neighbour-
ing areas. These are: (1) the intracratonic Baltic Basin in the east,
located on the East European Craton and covering territories of
the Baltic countries, the Kaliningrad region, Lithuania, Latvia,
Estonia and the eastern part of the Baltic Sea, and (2) the area of
Vorpommern (NE Germany) in the west, including Usedom,
Riigen and Hiddensee Islands, and the environs of Greifswald.
The latter area is situated, like the Western Pomerania region,
within the Trans-European Suture Zone (TESZ).

The scope of detailed investigations, including a
biostratigraphic study as a starting point for precise and well
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documented regional considerations, was different for each of
the areas. Thus, of necessity, many geological aspects were
compared at the level of stage or its subdivision, although much
data concerning the Devonian of the Pomeranian area could be
examined with higher stratigraphic resolution based on the
conodont or miospore zonation.

As thus described, sedimentation began in the Pomeranian
Basin not earlier than at the end of Emsian or possibly in the
Eifelian, after a long break spanning the Lochkovian, Pragian
and much of the Emsian, when the area was subjected to erosion.
Sedimentation started in the northeastern part with marginal-ma-
rine clastic deposits with local evaporites which are dated as up-
permost Emsian?—Eifelian, passing upwards into lower—middle
Givetian marginal-marine siliciclastic and carbonate deposits,
followed by upper Givetian marginal-marine siliciclastic rocks.
In the southwestern part of the area, the Devonian succession
started with marginal-marine carbonates and siliciclastic depos-
its which belong to the uppermost Emsian?—FEifelian, followed
by lower and middle Givetian carbonates, passing upwards into
upper Givetian marginal-marine siliciclastic deposits. The Late
Devonian, in general, was a time of predominance of shallow
and deeper subtidal, open-marine carbonate sedimentation. Dur-
ing the Late Devonian the Pomeranian Basin underwent evolu-
tion from marginal marine in the earliest Frasnian, through car-
bonate ramp or platform/shelf basin settings during the rest of the
Frasnian and early Famennian, up to reappearance of shallow
subtidal and marginal marine environments in the late
Famennian. At the end of the Famennian an open shelf environ-
ment became prevalent over almost the whole area and contin-
ued up to the Mid Tournaisian (Matyja, 2008a).

The Hercynian structural complex of the Baltic Basin be-
gins with Lower Devonian terrigenous deposits representing
the Pragian and lower Emsian (Kemeri regional stage), and
ends with Tournaisian terrigenous-carbonate sediments be-
longing to the Klykoliai Group. The succession is character-
ized by a number of stratigraphic gaps, especially within the
Lower and Middle Devonian section, and is overlain by Upper
Permian rocks (Paskevicius, 1997; Usaityté, 2000; Matyja,
20006, fig. 3). During Devonian and Early Carboniferous times,
the Baltic Basin was a typical epicratonic, partly isolated sedi-
mentary basin of considerable salinity. Details concerning
lithologies, stratigraphy and the history of facies development
during the Devonian and Early Carboniferous of the onshore
part of the Baltic Basin (encompassing parts of Estonia, Latvia
and Lithuania) (Sorokin ef al., 1981; Paskevicius, 1997), al-
lows the conclusion that the Hercynian complex is bipartite.
The lower part contained between the Lower Devonian and
lower Frasnian (excluding the Narva marly dolomites) is com-
posed mainly of sandstones and claystones representing terres-
trial and marginal marine environments fed by material derived
from the Fennoscandian land at that time. In the upper part, be-
tween the mid Frasnian and Early Tournaisian, lagoonal envi-
ronments were dominant, with periodic carbonate sedimenta-
tion in open marine conditions, as was the case during the mid
Frasnian (corresponding to the Plavinas stage) or during the
early and mid Famennian (between the Kruoja and Kursiai
stages; Matyja, 2006, fig. 3).

The history of facies development in the Baltic and Pomer-
anian Basins seems to indicate that these were probably sepa-

rate sedimentary basins, although located relatively close to
each other, through most of Devonian time. Only during the
carly and mid Famennian, when the Baltic Basin turned from
an isolated into a marine one open to the south-west
(Paskevicius, 1997), there might have been some communica-
tion between the Pomeranian and Baltic basins, possibly via the
Czluchéw Gate. At the end of the Early Tournaisian the Baltic
Basin came to its end and denudation processes dominated over
the area until the Early Permian.

Devonian deposits of NE Germany were encountered in a
dozen boreholes drilled both in the western part of the Baltic
Sea (H2-1, H9-1) and on Riigen, Hiddensee and Usedom Is-
land (Fig. 1). Devonian deposits are underlain by tectonically
deformed Ordovician and Llanvirn rocks, and are overlain by
Tournaisian or Viséan deposits. In places they are erosionally
truncated and overlain by upper Carboniferous or Permian
rocks. The Riigen Devonian succession (Schmidt and Franke,
1977; 1. Zagora, 1993; K. Zagora, 1993, 1995; McCann, 1996,
1999; Zagora and Zagora, 1999, 2004) begins with upper
Emsian basal conglomerates unconformably overlying de-
formed Ordovician rocks. They are typicaly bipartite. The
lower portion, contained between the upper Emsian and lower
Givetian, is represented by Old Red facies. The Middle Devo-
nian is composed of sedimentary cycles consisting of red and
grey sandstones and mudstones interbedded with conglomer-
ates. The Lower and Middle Devonian sequence is a fining-up-
wards succession indicating a progressive marine transgression
gradually changing sedimentary conditions from continental
(alluvial environment) through brackish to marine. The first in-
tercalations of marine limestone are observed in the uppermost
Givetian. The upper part of the Riigen Devonian succession,
contained between the upper Givetian and Famennian, is repre-
sented by marine facies. The Upper Devonian section is con-
spicuous by the presence of marls and limestones deposited in
nearshore and shallow-marine depositional settings. The
Famennian section is probably incomplete. The Devonian de-
posits conformably pass into Mississippian represented by the
relatively shallow-marine Carboniferous Limestone facies
(Hoffmann et al., 1975, 2006).

The comparison of facies development of the Pomeranian and
NE Germany basins during its Devonian evolution (Matyja, 2006,
figs. 2 and 4, 5) does not lead to unequivocal interpretation. Tak-
ing into account the short distances between these areas one could
expect the same or at least a similar sedimentary evolution at that
time. The main feature in common to the two areas is the similar
timing of the beginning of Devonian sedimentation (late
Emsian?). The most important difference is the considerably
“more marine and open-marine” nature of the Devonian deposits
in Pomerania as compared to Riigen (Aehnelt and Katzung, 2007,
Achnelt et al., 2008).

SUMMARY

Evolution of the Pomeranian Basin (NW Poland) during the
Devonian, and the development of a characteristic siliciclastic
and mixed siliciclastic-carbonate marginal marine-to-open ma-
rine carbonate sedimentary succession, was controlled via prox-
imity of the land areas representing uplifted parts of the EEC: the
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Fennoscandian High extending in the north, and the
Mazury-Belarus High, situated in the east. The sedimentary
evolution and lithofacies pattern observed within the Pomera-
nian Basin followed these main structural outlines and was gen-
erally associated with a gradual northwards and eastwards ex-
pansion of the open marine facies. It seems, however, that
through much of the Mid and Late Devonian the
Mazury—Belarus High must have played a significant role in the
palacogeography of the study area, whereas the Fennoscandian
High was more active at the end of Famennian and during the
Mississippian.

The depositional history of the Pomeranian Basin began
not earlier than at the end of Emsian or possibly in the Eifelian,
after a long break spanning the Lochkovian, Pragian and much
of the Emsian when the area was subjected to erosion.

Sedimentation started in the northeastern part with mar-
ginal-marine clastic deposits with local evaporites which are
dated as uppermost Emsian?—Eifelian, passing upwards into
lower—middle Givetian marginal-marine siliciclastics and car-
bonates, followed by upper Givetian marginal-marine
siliciclastic strata.

In the southwestern part of the area, the Devonian succes-
sion started with marginal-marine carbonates and siliciclastics
which belong to the uppermost Emsian?—FEifelian, followed by
lower and middle Givetian carbonates, passing upwards into
upper Givetian marginal-marine siliciclastics.

During the Late Devonian the Pomeranian Basin under-
went evolution from marginal-marine in the earliest Frasnian,
through carbonate ramp or platform/shelf basin settings during
the rest of the Frasnian and early Famennian, up to reappear-
ance of shallow subtidal and marginal marine environments in

the late Famennian. At the end of the Famennian an open shelf
environment became prevalent over almost the whole area and
continued up to the Mid Tournaisian.

Transgressive-regressive depositional cycles observed in
the Pomeranian Basin seem to have been strongly controlled by
sea level variations, probably of custatic nature; however, tec-
tonic activity of some structural elements (for example the
Cztuchéw Gate) locally modified the sedimentary record.

The sedimentary succession presented and characteristic
episodes observed in the Pomeranian Basin during its Devo-
nian history display a pattern partly different from that ob-
served in other areas in Poland and in Europe. Distinct facies
differences are observed between the Western Pomerania area
and, located further to the NN'W, the Riigen and Hiddensee is-
lands. The Devonian evolution of the Western Pomerania area
presumably owes its distinct structural and depositional devel-
opment to a proximal position with respect to the land-mass of
the East European Craton and to a distal position with respect to
the evolving Variscan orogen.
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