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The Polish part of the Baltic region is located within the contact zone between two large geological units: the Precambrian platform and
the Paleozoic platform. It comprises the Polish sector of the southern Baltic Sea and the adjacent onshore part of Northern Poland (West-
ern and Eastern Pomerania). The fundamental geological pattern is defined by the Teisseyre-Tornquist Zone, separating the East Euro-
pean Craton from the Paleozoic platform. As aresult of exploration activity in the onshore Pomerania region, four oil fields in Cambrian
sandstones, seven gas fields in Carboniferous sandstones, six gas fields in Rotliegend sandstones, and eleven oil fields within the
Zechstein Main Dolomite horizon have been discovered. The petroleum play of the southern Baltic Sea region and adjacent areas must be
considered separately for Eastern and Western Pomerania. In the Peribaltic Syneclise we can only take into consideration organic matter
appearing in lower Paleozoic rocks but their geothermal history refers to the period from the Vendian up to the recent. The present extent
of the “oil window” in the Upper Cambrian rocks is mainly restricted to the offshore area. Reservoir properties of the “gas window” Cam-
brian rocks are rather low due to intensive diagenetic processes. Acquisition of gas should be possible by processes of hydraulic stimula-
tion (tight gas). Lower Paleozoic rocks rich in organic matter (Ordovician and Silurian), especially in the border zone of the EEC (R,
>1.3%), could be an area of unconventional gas fields (shale gas). The Western Pomerania petroleum play shows two separate source
rocks units. The older one embraces Carboniferous deposits with organic matter of terrestrial origin and generated gases accumulated in
the Rotliegend and Carboniferous traps. The second petroleum system is located within the carbonates of the Zechstein Main Dolomite
(Ca2). This is a closed system, meaning that the source rocks are at the same time the reservoirs sealed by Zechstein evaporates. Hitherto
discovered hydrocarbon deposits in the Polish part of the Baltic region have confirmed good perspectives regarding oil and gas hydrocar-
bon zones. New, conventional and unconventional discoveries remain possible.
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INTRODUCTION Results of geological studies in Northern Poland have been
published systematically from the 1950s. A milestone, summa-

rizing the first period of studies on the southern Baltic area, was

The Polish part of the Baltic region comprises the Polish
sector of the southern Baltic Sea and the adjacent onshore part
of Northern Poland (Western and Eastern Pomerania). It is lo-
cated within the contact zone between two large regional geo-
logical units: the East European Craton (EEC) and the Paleo-
zoic platform of Central and Western Europe (Fig. 1). The
relativly shallow depth of the Baltic Sea favours geological
prospection for hydrocarbon deposits (Brangulis et al., 1993;
Dobrova et al., 2003; Zachowicz et al., 2004). But prospecting
and exploitation in the offshore area are also harmful for the
natural environment so they need to be realized with special
care to avoid polluting the Baltic Sea (Elmgren, 2001; Sander-
son et al., 2009; Szarejko and Namiesnik, 2009).

the Geological-structural Atlas of the Southern Part of Baltic
Sea edited by Witkowski (1989). Its was supplemented by a
special issue of the Geological Quarterly in 1990, including de-
tailed papers on selected geophysical-geological problems
(Kiet, 1990; Dadlez, 1990; Pokorski, 1990; Ryka, 1990; Wag-
ner, 1990; Witkowski, 1990a, b). In next few years several im-
portant papers referring to this area were published by Lund et
al. (1991), Dadlez (1993), Ryka (1993), Witkowski (1993) and
Modlinski et al. (1994). Publication of the Geological Atlas of
Southern Baltic Sea edited by Mojski et al. (1995) and Map of
the Baltic Sea Bottom Without Quarternary Deposits
(Kramarska et al., 1999) summarized numerous data obtained
by the beginning of the 1990s. Geological research, other than
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Fig. 1. Location of study area with main geological and geographical units

for prospecting for offshore hydrocarbons, has enabled detec-
tion of natural raw material deposits on the sea bottom
(Kramarska, 1991; Mastowska, 1993, 2002). In this decade, re-
gional geological prospecting applying the methodology of
“Sedimentary Basin Analysis” with advanced computer geo-
logical modelling was initiated (Karnkowski, 1996, 2000,
2003; Kotarba et al., 2003, 2004; Kosakowski et al., 2003;
Poprawa et al., 2010). Several papers (Karnkowski, 1993;
Wolnowski, 2002, 2003; Domzalski et al., 2004; Pikulski,
2004; Kotarba et al., 2005), dedicated to solving petroleum ge-
ology problems.

The concession politics of Poland enables foreign investors
to start studies in the difficult — from a geological point of view
— area of Northern Poland. The deposits discovered, including
these small ones, are easy for management because of the prox-
imity of consumers and because of a dense pipeline infrastruc-
ture. The stability of political and economic conditions in Po-
land during the last 20 years favours such prospecting initia-
tives. Many sedimentary basins in the world have now been
relatively well characterized and the framework of petroleum
provinces defined. Lately, there has started a tendency to pros-
pect in mature basins, where hydrocarbons deposits have been
just discovered and where new findings are possible due to new
ideas. The Baltic Sea and the adjacent areas is a good place to
test concepts of exploration in mature basins. Geochemical
studies (Kosakowski et al., 2003; Kotarba et al., 2003, 2004)
and geological modelling (Karnkowski, 1996, 1999, 2000

2003; Kosakowski et al., 2009; Wrobel et al., 2009, 2010) are
useful in such investigations.

GEOLOGICAL SETTING

The Polish sector of the Baltic Sea and the adjacent onshore
part of Northern Poland are the main object of this study. The
fundamental geological pattern is defined by the Teis-
syre-Tornquist Zone (T-T Zone), separating the Precambrian
platform (part of the East European Craton) from the Paleozoic
(epi-Caledonian) platform. The northwestern region was often
called Western Pomerania in regional geological literature but
the area located eastwards from the T-T Zone is named the
Peribaltic Syneclise (Fig. 1). The last term practically refers
only to the preserved lower Paleozoic deposits, that presently
form a giant syncline (depression). These deposits of northeast-
ern Poland could be considered — in terms of sedimentary basin
analysis — as a product of Baltic Basin evolution. This basin
was initiated in the late VVendian in the area of present-day NE
Poland, the Kaliningrad region, the Peribaltic countries and the
southern part of the recent Baltic Sea. Its basement was the
western part of East European Platform (Areri and Lendzion,
1978; Jaworowski, 1979, 1982; Dadlez, 1987; Linnemann et
al., 2008). The main stage of its development took place in the
early Paleozoic (Modlinski and Podhalanska, 2010).
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PALAEOGEOGRAPHIC DEVELOPMENT

Marine transgression, initiated at the beginning of the
Cambrian, was registered in many basins worldwide, among
them also in Poland (Geyer et al., 2008). During the Middle
Cambrian a general regression took place due to uplift of the
EE Craton. The next transgressive episode was in the Ordovi-
cian. Areal decrease of the Mid-Late Cambrian basin also
caused enlargement of land areas supplying eroded clastic ma-
terial (Lendzion, 1970; Szczepanik, 2000).

The Cambrian—Ordovician boundary is erosional over
most of NE Poland but in Eastern Pomerania sedimentary con-
tinuity between both systems has been documented. Similar
continuity was assumed for this contact in Western Pomerania,
where the Tornquist Sea extended during the Cambrian
(Fig. 2A). Transgression of the Ordovician sea flooded the
whole area of Eastern Pomerania, accumulating mainly clay
and marly deposits and subordinately carbonate (Modlifski,
1982; Modlinski and Szymanski, 1997; Servais et al., 2008).
Deep marine clay sedimentation continued in the Tornquist Sea
during the entire Ordovician (Fig. 2B) and Silurian (Fig. 2C).

The Silurian rocks in the southern Baltic area are repre-
sented mainly by siltstones and claystones (Teller, 1974,
Tomczykowa, 1988; Verniers et al., 2008) and they constitute
regional seals for Cambrian reservoirs. In the upper part of the
Silurian succession there are numerous limestone interbeds
(Usaityte, 2000). At the end of the Silurian and beginning of the
Devonian the entire area was uplifted and eroded (Fig. 2D).
During the Devonian and the Carboniferous the Baltic Basin
became eroded in part and the early Paleozoic subsidence rate
significantly decreased (Narkiewicz et al., 1998). The
Mazurian High — a significant and well-known palaeotectonic
and palaeogeographic element — was then marked.

The basin frameworks are well documented by shallow wa-
ter deposits of the shore zone, observed in surface outcrops or in
shallow boreholes in the Baltic islands, in the Tallinn and Vilnius
regions and in NE Poland (Poprawa et al., 1997, 1999). The
thickness distribution of these deposits was controlled by the
marginal zone of the East European Platform, where during the
Silurian the passive basin margin was located and flexed due to
loading by the overthrusted Caledonian orogen (Krawczyk et
al., 2008). The thickness of lower Paleozoic deposits in this mar-
ginal zone is over several thousand metres but in the areas of the
Peribaltic countries and in the middle Baltic Basin it is several
hundred metres (Modlinski et al., 1999, 2006).

This uplifted area of the western part of the EEC influenced
— in the Devonian and in the Carboniferous — the sedimentary
evolution of the Western Pomerania basin (Swidrowska and
Hakemberg, 1996; Lipiec and Matyja, 1998; Matyja, 2006).
The depositional history began at the end of the Emsian
(Fig. 2E) or at the beginning of the Eifelian (Lipiec and Matyja,
1998; Matyja, 2009) producing mainly shallow marine clastics
with thin interbeds of carbonate and evaporate lithofacies
(Fig. 2F). In the Middle and Late Devonian such shallow ma-
rine deposition continued while deeper open shelf sediments
also accumulated (Fig. 2G). Transgressive-regressive events
were common then but it is difficult to decide whether they re-
sulted from global sea level changes or from local tectonic phe-
nomena. At the end of the Devonian the extremely shallow wa-

ter facies of the lower Frasnian (Fig. 2H) were replaced by
open shelf marls or by coral-stromatoporoid carbonates in the
proximal part of the basin (Matyja, 2006, 2009). In the middle
Famennian shallow marine conditions returned and from the
late Famennian until the early Tournaisian open shelf deposi-
tion prevailed (Fig. 21). The southern Baltic area, adjoined from
the north with Western and Eastern Pomerania, was defined
palaeogeographically during the Devonian by the Mazurian
High and the Fenno-Skania High (Usaityte, 2000). In that time
deltaic and nearshore clastic facies with a transition to shallow
marine carbonates and clastics prevailed there.

In early Carboniferous Eastern Pomerania probably be-
came a land area and Western Pomerania was an area of deep
(clastics) and shallow (carbonates) shelf (Fig. 2J; Zelichowski,
1987). Volcanic activity took place around the Devonian—Car-
boniferous boundary and marine deposition terminated in the
early Namurian (Fig. 2K). During the whole of the Namurian
and the early Westphalian the Devonian—Carboniferous depos-
its of Pomerania were eroded (Fig. 2L). Intense block tectonics
locally caused erosional removal of up to 1000 m of strata. The
mid Westphalian saw the onset of continental deposition but
only in Western Pomerania and in the western part of the south-
ern Baltic. Black and grey continental clastics with thin coal
interbeds accumulated (Fig. 2M). In the late Westphalian red
intercalations were deposited, indicating the tropical climate
zone. The Stephanian deposits in Pomerania are frequently
brownish-red in colour and they continue into the Autunian
(lower Permian; Zelichowski, 1987; Pokorski, 1990). In the
Polish part of the Baltic region area Devonian and Carbonifer-
ous deposits were preserved only in the Western Pomerania
area (Betka and Narkiewicz, 2008). The Mazurian and
Fenno-Scania elevations significantly influenced deposition
and erosion of these deposits. Closure of lapetus Ocean and of
Tornquist Sea as well as folding of the Devonian—lower Car-
boniferous flysch deposits into the Variscan orogen completely
reorganized the palaeogeographic pattern in the southern Baltic
region (Kroner et al., 2008). In the late Carboniferous almost
the whole area was land but in Western Pomerania, probably
within the foredeep, clastics from the eroded Variscides accu-
mulated (Zelichowski, 1987; Ziegler, 1990; McCann, 1998;
Narkiewicz et al., 1998; McCann et al., 2008).

The southern Baltic Sea area is mostly devoid of Rotliegend
deposits. The Zechstein rocks, overstepping the Rotliegend ba-
sin boundaries (Fig. 3), are important for petroleum prospect-
ing only in Western Pomerania. Development of significantly
thick Mesozoic deposits was limited to the Polish Trough, part
of which was located in Western Pomerania. In the area studied
the Mesozoic deposits have not been prospected for oil but they
play an important role as a component of subsidence history in
the thermal evolution of the Polish Basin (Karnkowski, 1999).

The sedimentary history presented of the western part of the
Baltic region (the Polish sector of the Baltic Sea and adjacent
areas) and its Permian—Mesozoic period of evolution is illus-
trated by a typical profile of this region, in lower part of which
occur lower Paleozoic rocks overlain by Permian—Mesozoic
deposits. The synclinal (depression) form of the preserved
rocks is a relict of the Baltic Basin but the final structural form
of this region was a result of Variscan tectonic movements,
which structurally rebuilt the western part of the basin into the
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Other explanations as in Figure 1
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Fig. 3. Sub-Permian tectonic map with extent of the Rotliegend strata (sources: Pozaryski, 1987; Witkowski, 1989; Dadlez, 1990;
Lech, 1993; Mojski et al., 1995; Kramarska et al., 1999; Pokorski and Modlinski, 2007; Polish Oil and Gas Company unpubl. data)

Fault system according to Pokorski (2010); explanations as in Figure 1

Peribaltic Syneclise. The resultant structure is bounded to the
west by the German-Polish Caledonides and to the east, by the
Mazurian High, recently without Paleozoic cover.

STRUCTURAL FEATURES

Westwards from the T-T Zone the older Paleozoic deposits,
several thousand metres thick, intensively folded and tectoni-
cally deformed, have formed the German-Polish Caledonides
belt (Franke, 1994; Maletz et al., 1997; Dadlez, 2000). They are
documented in boreholes only near the marginal zone of the East
European Platform. During the late Paleozoic this belt was cov-
ered by platform deposits of Devonian and Carboniferous age.

The main structural features of Western Pomerania are de-
termined by the consolidated Caledonian basement. In vertical
succession the following rock successions have been distin-
guished: the Caledonian (Silurian, Ordovician and Cambrian),
the epi-Caledonian (Devonian, early Carboniferous), the Car-
boniferous—Permian (Westphalian—Rotliegend), the Zech-
stein—-Mesozoic and the Cenozoic. Each of these successions
plays an important role in the geological structure of Western
Pomerania. The Caledonian succession consists of highly
folded Silurian, Ordovician and Cambrian deposits. In bore-
holes Ordovician rocks are most common, Silurian ones are
found rarely while Cambrian strata have not yet been found but
their occurrence in the area is suspected from the developmen-
tal scheme of early Paleozoic basins. Clayey shales with sand-

stone interbeds are the main lithological components of the suc-
cession, which is highly deformed with beds of varied inclina-
tion, up to vertical and overturned, that caused an apparent
thickness increase of the deposits although their original thick-
ness may reach thousands of metres. The Caledonian succes-
sion is part of the German-Polish Caledonides (Dadlez, 1978,
1980, 1987). Above it, the Devonian and the lower Carbonifer-
ous deposits (the epi-Caledonian complex) occur, being com-
monly built of red sandstones and siltstones (Old Red)
(Mitaczewski, 1987; Zelichowski, 1987). The following suc-
cession (Carboniferous—Permian in age) corresponds with the
period of late Carboniferous and Rotliegend, continental depo-
sition when prevailed, limited frequently to small basins con-
trolled by fault zones (grabens and half-grabens). The Devo-
nian—Carboniferous successions are weakly folded but inten-
sively faulted (Karnkowski, 1979; Dadlez, 1980; Znosko,
1986; Pozaryski, 1987; Knieszner et al., 2000; Matyja, 2006).
Such a block-fault type of tectonics determined the intense ero-
sion of the Devonian—Carboniferous rocks so that various De-
vonian and Carboniferous formations are observed on the
sub-Permian surface (Karnkowski, 1979; Lech, 1993).

From the beginning of research in Pomerania maps of the
sub-Permian geology were made and updated as new geological
and geophysical data were acquired (Witkowski, 1989; Lech,
1993; Pokorski and Modlinski, 2007). The last-cited map is a
compilation embracing not only the area of Poland, but also Rus-
sia (Kaliningrad district), Lithuania, Latvia, Denmark (Born-
holm) and Sweden (Gotland). The fault systems dominantly
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have a N-S and E-W arrangement (Fig. 3). The main N-S fault
field appears to the north of the teba—Gdansk area (Smotdzino
Fault, Karwia Fault, Kuznica Fault; Fig. 3). These faults change
direction to E-W at the Polish coastline. The characteristic shape
of the Sambia peninsula refers to the E-W trending Sambia Fault
pattern. The extent of lower Paleozoic rocks along the Mazury
High is concordant with the E-W fault system.

To the west from the T-T Zone the faulting pattern has a
NW-SE direction. Huge dislocation zones such as the
Koszalin Fault and Trzebiatow Fault limit blocks of basement
which are internally strongly faulted. The results of this phe-
nomenon are numerous tilted blocks with strongly eroded Car-
boniferous and Devonian covers. In Pomerania Bay the N-S
trending faults are again present. The Kamieri Pomorski Block
limits the Polish Rotliegend Basin from the north. It seems that
the NW-SE faulting pattern is dominant in the wide contact
zone of the EEC and the Paleozoic Platform. N-S and E-W
fault directions prevail in the remaining area (Fig. 3). The mi-
gration of hydrocarbons and trap formation were substantially
dependent on the faulting pattern.

In Western Pomerania extended lava covers of Autunian age
were preserved. Deposits and boundaries of the Polish
Rotliegend Basin in Western Pomerania are well documented by
the boreholes (Nowicka and Wolnowska-Slemp, 2005). The in-
fluence of the T-T Zone, the strong influence of the Caledonides
and of the Devonian—Carboniferous fault systems on the facies
and thickness distribution of the Rotliegend deposits is very evi-
dent (Lech, 1993; Karnkowski, 1999; Kiersnowski and Buniak,
2006). The Zechstein transgression overstepped the extent of
Rotliegend clastics in the Polish Basin and flooded its periphery
to form local basins (e.g., Stupsk, Mazurian and Podlasie basins)
as for as Lithuania. The Devonian—Carboniferous succession is
overlain by Permian—Mesozoic with strata an almost horizontal
arrangement and negligible deformation because the relatively
small thickness of Zechstein deposits prevented intensive halo-
tectonics. The Laramide tectonic movements eroded part of the
Mesozoic rocks. The Cenozoic succession overlies the Meso-
zoic deposits discordantly (Jarosinski et al., 2009).

This review of the geological distribution of the areas stud-
ied indicates they are determined by the age of basement con-
solidation. The pre-Cambrian (pre-Grenvillian) age of consoli-
dation for the basement of the Baltic region and the Caledonian
age of the early Paleozoic shelf basin of Pomerania and of the
northern part of the Polish Basin (located in the epi-Caledonian
platform) define the limits for discussion of the geology and
hydrocarbon prospectivity in the Polish sector of Baltic Sea and
in adjacent areas (Fig. 1).

DATA USED AND METHODS

The petroleum and regional geology of the Polish sector of
the Baltic Sea and of adjacent areas has been discussed in nu-
merous papers (Witkowski 1989, 1990a, b; Dadlez 1990,
1993; Kielt, 1990; Pokorski, 1990; Ryka, 1990; Wagner, 1990;
Mojski et al., 1995; Karnkowski, 1996, 1999, 2000, 2003;
Karwasiecka and Bruszewska, 1997; Jaworowski, 2000a, b;
Wolnowski, 2002, 2003; Kotarba et al., 2003, 2004; Pikulski,

2004; Fig. 4). The results discussed here are compiled from
their published and non-published materials. The basic geolog-
ical data come from numerous prospecting investigations of the
Polish Gas and Oil Company and of “Petrobaltic” Company.
These investigations enabled the realization of several geologi-
cal projects, many of which were completed with the discovery
of new hydrocarbon deposits (Karnkowski, 2003). It should be
mentioned that at the beginning of “Petrobaltic” activity (years
1975-1990) much geological information was secret. During
last 10-15 years the geological results of “Petrobaltic” studies
were made more available (Domzalski and Mazurek, 2003).
Data on deposits located onshore are accessible e.g., in the
monograph on the petroleum geology of Poland (Karn-
kowski P., 1999). In spite of the discovery of relatively small
hydrocarbon deposits in the Polish sector of the Baltic Sea and
in the adjacent areas this region is still interesting as regards
further prospecting.

In the Polish part of the Baltic region the evolution of the
maturity of organic matter has been modelled by the first author
(Karnkowski, 1996, 1999, 2000, 2003). The methodology and
input data have been discussed in the papers cited. In the pres-
ent compilation the results of previous research have been used.
In the previous papers not all results were published and the
cross-sections with organic matter maturity zones and map the
“gas window” as the potential “shale gas” fields in the Silurian
deposits are presented here for the first time.

SOURCE ROCKS, RESERVOIRS
AND SEAL ROCKS

Petroleum plays of the southern Baltic and adjacent areas
must be considered separately for Eastern and Western
Pomerania. In the Peribaltic Syneclise we can only take into
consideration organic matter present within the lower Paleo-
zoic rocks, particularly as it refers to the Middle and Upper
Cambrian, Tremadocian, Caradocian and Llandovery. All
these successions contain organic matter of marine origin
(kerogen type I1). The best source rocks are the Upper Cam-
brian and Tremadocian deposits where TOC content is 1-18%
(Kanev et al., 1994). In the other successions organic matter is
less than 1% (Kanev et al., 1994).

The Western Pomerania petroleum play shows two sepa-
rate source rock units. The older one consists of Carboniferous
deposits with organic matter of terrestrial origin (upper Car-
boniferous deposits with 1% TOC average and lower Carbonif-
erous rocks with average 0.5% TOC).

The second petroleum system is related to the carbonates of
the Zechstein Main Dolomite (Ca2). This is a closed system, i.e.
source rocks and reservoirs are both sealed by Zechstein evapo-
rates. This is a very profitable arrangement because the hydro-
carbons generated did not need to migrate for long distances

The content of organic matter within the Main Dolomite is
variable. The highest values of TOC are distinguished within
the barrier zone and adjacent palaeogeographic elements. In the
basin facies the average TOC content is 0.1-0.2% and in barrier
facies it is higher though not impressive — 0.3-0.4% TOC
(Kotarba et al., 2003, 2004).
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Fig. 4. Map of the recent heat flow in the study area (rectangle) and adjacent regions (after Karwasiecka and Bruszewska, 1997)

The Cambrian quartzitic sandstones are reservoirs in East-
ern Pomerania and in the adjacent offshore area (Schleicher et
al., 1998). Their thickness varies between 120 metres in the
Baltic Sea region up to 60 metres in the onshore. The porosity
is strongly variable and depends first of all on the depth. Gener-
ally the porosity is less than 5% below 3000 metres depth
(Weil, 1990; Semyrka et al., 2010). It is influenced by
diagenetic, temperature-dependent processes transforming sili-
ceous quartz-sandstones into quartzites. In zones characterized
by good petrophysical parameters porosity reaches 14% but
permeability has 24 mD maximum (Weil, 1990). Regional
sealing is provided by Upper Cambrian and Ordovician
claystones and shales. The Silurian claystones give an addi-
tional seal (Zdanaviciute and Lazauskiene, 2004).

In Western Pomerania Carboniferous or the Rotliegend
clastics are gas reservoirs sealed by Zechstein evaporates: if the
Rotliegend rocks are missing the role of reservoirs belongs to
the porous Carboniferous clastics (Koztowska, 2005). The po-
rosity and permeability of clastic rocks are strongly variable.
This is particularly so for the Rotliegend conglomerates char-
acterized by very low porosity/permeability values (Rusek et
al., 2005). Reservoirs within the Main Dolomite unit are
grainstones and packstones connected to the barrier and la-
goonal facies. The present good porosity/permeability parame-
ters are the effects of complex diagenesis processes. As a result
fractures have been formed and were later filled with oil
(Karnkowski, 1993). The Main Dolomite deposits are very
well sealed by the Stassfurt evaporates.

GENERATION AND MIGRATION
OF HYDROCARBONS

The problems of hydrocarbon generation regard first of all
the reconstruction of time, place (space) and the extent of pro-
cesses leading to the transformation of organic matter into lig-
uid or gaseous hydrocarbons. In the onshore part of the Baltic
Basin the results of computer-aided modelling show that the
main phase of hydrocarbon generation was not later than at
the end of Carboniferous time (Karnkowski, 2003; Wrébel et
al., 2009). The same conclusions are valid for the offshore
area north of the £eba—Gdarisk coastal line. Permian—-Meso-
zoic palaeotectonic events in the area discussed have contrib-
uted mainly to the migration and accumulation of hydrocar-
bons. The best reservoir properties are in the Middle Cam-
brian sandstones (Sikorska and Pacze$na, 1997) and conse-
quently they constitute primary exploration targets. On the ba-
sis of modelling in Eastern Pomerania (Karnkowski, 2003)
and analysis of the Gdanisk offshore area a map of hydrocar-
bon zones at the top of Cambrian was prepared (Fig. 5A): the
“oil window” at the top of the Upper Cambrian is relatively
narrow in the onshore area and considerably wider in the
Gdansk Bay and adjacent offshore region. The “gas window”
dominates in the onshore area and continues offshore within
the Stupsk Block (Fig. 3). The marginal part of the EEC is lo-
cated in the overmature zone (R, >2%), so within the Upper
Cambrian rocks only dry gas may be expected (Fig. 5A).
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A very important element in the analysis of hydrocarbon gen-
eration here are oil fields discovered in the Kaliningrad Dis-
trict. Also, the lack of significant petroleum discoveries in the
onshore Gdansk region demands additional explanation. It
seems that the preliminary answer for the above paradox re-
gards the present heat flow distribution in the Central Europe
(Fig. 4), including the Kaliningrad District (Plewa et al.,
1992; Karwasiecka and Bruszewska, 1997). North to the Pol-
ish state border (north to the Mazury and Warmia region) a
high and distinct geothermal anomaly is marked which em-
braces not only the Kaliningrad District but also all of Lithua-
nia (cf., Karnkowski, 2003). This phenomenon, a relatively
high value of the organic matter maturity in the Lithuanian
part of the Baltic region that Lazauskiene and Marshall (2002)
recently analysed. In Poland, within the Mazury High area, a
large negative heat flow anomaly can be observed. The geo-
thermal field of the northern slope of the Mazury High is char-
acterized by rapid change from a low to a high value of heat
flow (Fig. 4). The presence of the Lithuanian geothermal
anomaly, with a prolongation to the Kaliningrad District, can
explain the good palaeogeothermal conditions for hydrocar-
bon generation in the Paleozoic source rocks despite their
shallow burial.

In the last few years a couple of papers referring to hydro-
carbon generation in the Peribaltic Syneclise were published
(Nehring-Lefeld et al., 1997; Swadowska and Sikorska, 1998;
Grotek, 1999). For geological analysis, vitrinite reflectance di-
versity was used. The results of the analysis suggest that the Pa-
leozoic palaeogeothermal gradient was higher than the present
one, and the main factor controlling the transformation of or-
ganic matter into hydrocarbons was the depth of burial. Hence
in the border zone of the EEC the R, within the lower Paleozoic
rocks is relatively high.

Western Pomerania, in the last few years, has been inten-
sively studied and geologically modelled to establish the condi-
tions of hydrocarbon generation for the Carbonifer-
ous-Rotliegend and the Zechstein deposits (Karnkowski,
1996, 1999, 2000; Kosakowski et al., 2009). The results of
geological modelling of the early Paleozoic generation condi-
tions (Karnkowski, 1996) here indicate high heat flow values.
High palaeoheat flow in the late Paleozoic degraded cellulose
into nitrogen. In northwestern Poland the methane content in
the Carboniferous and the Rotliegend reservoirs varies be-
tween 50-15%. A higher nitrogen content is known in the
western part of Pomerania, close to the Odra River. In Eastern
Germany the content of nitrogen exceeds 90%.

In the late Zechstein heat flow values significantly de-
creased in relation to the previous period (Karnkowski, 1996).
The heat flow pattern in Western Pomerania during the period
from the late Permian to the present has not changed funda-
mentally (Karnkowski, 1996). These palaegeothermal condi-
tions caused that the Main Dolomite deposits entered very late
into the phase of petroleum generation, in the early Cretaceous,
and in a way this process continues until today (Karnkowski,
2000). Differentiation of thermal field and burial history
caused that the “oil window” zone in Western Pomerania is
limited to a narrow belt, 5-30 km in width (Fig. 5B). All oil
fields in the Main Dolomite unit discovered within the area dis-

cussed are in the modelled “oil window” (Karnkowski, 1999,
2000, 2007a). This reason restrict the area of exploration to a
narrow belt, but it enables concentrating of exploration targets
in better specified regions. Unfortunately, the offshore area of
the Main Dolomite occurrence in the area of Pomerania Bay is
located in the transition (oil-gas) zone of hydrocarbon genera-
tion. The chances of oil or gas discoveries are limited to the
southern part of Pomerania Bay.

HISTORY OF PETROLEUM
EXPLORATION

Petroleum exploration in Northern Poland began in the
1950s. At first the East European Platform was investigated,
but small oil fields were discovered only in the onshore
peribaltic zone (Table 1). As a result of exploration activity
(1955-2001) in the onshore Pomerania region four oil fields in
Cambrian sandstones and seven gas fields in Carboniferous
sandstones, six gas fields in Rotliegend sandstones and eleven
oil fields within the Zechstein Main Dolomite horizon were dis-
covered. The occurrence of oil fields in Eastern Pomerania is
limited mainly to the coast and offshore Baltic area in the Polish
economic sector (Figs. 6 and 7; Table 1).

The foundation of the “Petrobaltic” Joint Venture (1975)
gave a new impulse to exploration in the economic zones of Po-
land, the former Soviet Union, and the former German Demo-
cratic Republic. To date in the Polish economic sector offshore
hydrocarbon fields have been discovered only in the Cambrian
deposits north of Gdansk Bay (Figs. 6 and 7A). Political and
economic changes in Eastern Europe at the end of the 1980°s
transformed the International “Petrobaltic” Company into the
solely Polish “Petrobaltic”. The main activity of the present
“Petrobaltic” has focused on exploitation of the fields discov-
ered. New boreholes were drilled and field B4 started produc-
tion in 1996. The next oil field B3 was ready for exploitation in
2006. From 2003 “Petrobaltic” started to transform as a private
company and now the LOTOS Group (a petrochemical com-
pany) is almost the sole owner of it.

The significant increase in resources in the Western
Pomerania region was in the years 1970-1980 due to numerous
boreholes (about 100). Oil fields were quickly developed and
almost all oil reserves were exploited. Gas in this region con-
tains 50-60% methane and sometimes less (Table 1). Not all
gas fields were developed and only half of the resources were
exploited. The last 25 years of exploration in this area did not
yield significant successes.

NON-CONVENTIONAL
PETROLEUM RESOURCES

A general overview of the prospective exploration area
with regard to conventional elements of petroleum play was
provided by Karnkowski (2007b) in the paper concerning pe-
troleum provinces in Poland. For the Cambrian deposits — in the
area of Peribaltic Syneclise —the oil production horizons are the
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Table 1

Oil and gas fields in the Polish part of the Baltic region: history of discoveries and resources

Field name Discovery Reservoir stratigraphy ‘ Main fluid type Discovered resources Remarks
WESTERN POMERANIA
Miedzyzdroje E 1970 Rotliegend (P1) Gas 0.41 Bcm 20-22% HC
Miedzyzdroje W 1971 Rotliegend (P1) Gas 0.40 Bcm 20-22% HC
Miedzyzdroje 1971 Main Dolomite (Pz2) Qil 0.118 MMt
Przytér 1971 Rotliegend (P1) Gas 0.48 Bcm 20-22% HC
Wierzchowo 1971 Carboniferous (C1) Gas 0.55 Bcm 70% HC
Kamien Pomorski 1972 Main Dolomite (Pz2) Qil 4.7 MMt associated gas: 12% H,S, 80 HC
Petrykozy 1974 Main Dolomite (Pz2) Qil 0.027 MMt
Rekowo 1975 Main Dolomite (Pz2) Qil 0.096 MMt associated gas: 5% H,S
Wrzosowo 1975 Carboniferous (C2) Gas 0.73 Bcm 40% HC
Gorzystaw N 1976 Carboniferous (C2) Gas 1.68 Bcm 40-45% HC
Gorzystaw S 1976 Carboniferous (C2) Gas 0.59 Bcm 40-45% HC
Trzebusz 1978 Carboniferous (C2) Gas 0.14 Bcm 40-45% HC
Wysoka Kamienska 1978 Main Dolomite (Pz2) Qil 1.4 MMt associated gas: 91% HC
Btotno 1980 Main Dolomite (Pz2) Qil 0.165 MMt associated gas: 5% H,S
Daszewo 1980 Main Dolomite (Pz2) Oil 0.567 MMt
Daszewo N 1980 Carboniferous (C2) Gas 1.79 Bcm 65% HC
Daszewo N ropa 1980 Main Dolomite (Pz2) Oil 0.1 MMt
Ciechnowo 1981 Rotliegend (P1) Gas 0.83 Bcm 45-47% HC
Biatogard 1982 Rotliegend (P1) Gas 0.74 Bcm 52% HC
Brzozéwka 1989 Main Dolomite (Pz2) Oil 0.124 MMt
Tychowo 1989 Main Dolomite (Pz2) Oil 0.042 MMT
Stawoborze 2001 Main Dolomite (Pz2) Oil 0.155 MMt 0.475 Bem of gas
EASTERN POMERANIA
Debki 1972 Cambrian Qil 0.43 MMt associated gas: 95% HC
Zarmowiec 1972 Cambrian Oil 0.5 MMt associated gas: 95% HC
Zarnowiec W 1973 Cambrian Qil 0.055 MMt
Biatogora E 1990 Cambrian Qil 0.0145 MMt
OFFSHORE (Polish part of the Balic Sea)

B3 1981 Cambrian Qil 5.3 MMt water depth: 80 m
B4 1981 Cambrian Gas 2.0 Bcm water depth: 60 m
B6 1982 Cambrian Gas 1.8 Bcm water depth: 70 m
B8 1983 Cambrian Qil 3.7 MMt water depth: 80 m

Middle Cambrian sandstones. The oil and gas fields discovered
up to now (especially in the offshore Baltic area and
Kaliningrad District) show that main type of trap is a
close-to-fault anticline. Reservoir properties decrease with in-
creased depth. Considering the large occurrence of Cambrian
rocks it was stated that almost in whole area of the Polish part
of the EEC these deposits have exploration perspectives. There
is a problem of reservoir rocks with low petrophysical parame-
ters such as the Cambrian sandstones lying deeper on the slope
of the Peribaltic Syneclise (tight gas sandstone type).

A general review of the tight gas and shale gas potential in
Poland is given in paper of Poprawa and Kiersnowski (2008).
For the shale gas perspectives the Upper Ordovician and the
lower Silurian shales in the Polish part of the EEC are indicated
(Grotek, 2009; Klimuszko, 2009). The results of geological
modelling (Karnkowski, 2003) suggest the possible occurrence
of such gas deposits in the Peribaltic Syneclise. The modelled
geological as well as economic conditions will be a positive

factor if the petrophysical-geochemical parameters of these
rocks enable realization of the “shale gas” projects.

The present world exploration tendencies indicate increas-
ingly more possibilities for gas from unconventional (tight gas
and shale gas) deposits. Specification of exploitation of uncon-
ventional petroleum resources does not prefer (at least pres-
ently) offshore areas for exploration of this type of deposit in
the southern Baltic region. Rather good perspectives, however,
exist within the onshore Peribaltic area (Fig. 8). It seems most
reasonable was to concentrate on conventional gas structures
with low porosity/permeability values. The objects are known
and only a stimulation process is necessary. To prepare such
stimulation a large amount of geological information is re-
quired concerning:

— technology of stimulation,

— content of gas in reservoir rocks and possibilities of its

exploitation,
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Explanations as in Figure 1

— geochemical and petrophysical properties of source and
reservoir rocks,

— petrology of the rocks in terms of their sedimentary en-
vironment, lithofacies, mineralogy, pore structure and
types of matrix,

— pattern of joints (both existing and future — those which
have to arise as result of the stimulation process),

— geomechanical properties of the rocks,

— comparative study on similar conditions and technology
in other petroleum provinces.

In the author’s opinion the Cambrian rocks of the EEC
should be the first object of interest: a petroleum system is
proved by the existence of oil and gas fields in the Cambrian
deposits, seismic acquisition and processing gives good results
in structural investigation and the present state of and successes
in hydraulic stimulation of tight gas reservoirs in Poland guar-
antees a reasonable level of exploration economy. Further ac-
tivity should be to explore the Upper Ordovician and the lower
Silurian shales located in the marginal zone of the EEC.

CONCLUSIONS

1. The analysis of burial and thermal history of the
Paleozoic successions in the southern Baltic area (western part
of the Baltic Basin) shows a vast area within the oil window. It
is much greater than in the onshore area, explaining the occur-
rence of oil fields in the offshore Baltic.

2. Cambrian traps for oil have a structural form and they are
associated with faults along which migration of hydrocarbons
occurred.

3. In the area of the “gas window” and of “dry gas”
(Ro >2%) reservoir properties of the Cambrian rocks are rather
low due to intense diagenetic processes (tight gas). Acquisition
of gas should be possible by processes of hydraulic intensifica-
tion of exploitation.

4. Lower Paleozoic rocks rich in organic matter, especially
in the border zone of the EEC (R, >1.3%), could be an area of
unconventional gas fields (shale gas). The most prospective
area is onshore located, and may be profitable as regards the
economy of future shale gas.
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A - extent of the “gas window” in the Silurian deposits;
B-D - cross-sections showing extent of hydrocarbon zones
(after Karnkowski, 2003, supplemented)

Fig. 7. Selected examples of the oil and gas fields in the Pomerania
region and adjacent offshore area

A — B8-2/05 (oil field); B — Zarnowiec W (oil field); C — Wrzosowo (gas
field); D — Kamienn Pomorski (oil field; after Karnkowski, 1993 and
“Petrobaltic” unpubl. data); PCm —Precambrian, Cm1 — Lower Cambrian,
Cm2 — Middle Cambrian, Cm3 — Upper Cambrian, O — Ordovician, S — Si-
lurian, D1 - Lower Dewonian, D2+3 — Middle and Upper Devonian, C2 —
upper Carboniferous, P1 — Rotliegend, P2 — Zechstein, A1G — Upper
Anhydrite, Ca2 — Main Dolomite, A2 — Basal Anhydrite, Na2 — Older Ha-
lite, A2G+Z3 - Screening Anhydrite and Leine cyclothem
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5. The southern Baltic lying on the west to the T-T line has
petroleum systems: the upper Paleozoic (Carbonifer-
ous—Rotliegend) and the Zechstein (Main Dolomite carbon-
ates) ones. This latter one is marked as a prospective area only
in Pomerania Bay.

6. The Carboniferous—Rotliegend petroleum system in the
southern Baltic is weakly explored. Partly the Rotliegend
clastic rocks there are eroded or non-deposited. The Carbonif-
erous rocks of Pomerania are strongly dislocated which make
exploration of gas fields difficult. A content of gas with more
than 50% of methane could be a positive element in evaluation
of prospects. Shale gas exploration is not out of the question.

7. Hitherto discovered hydrocarbon deposits in Cambrian
rocks, especially within the offshore zone, confirmed the good
perspectives of the Gdansk Petroleum Province.

8. To the west of the T-T Zone extends the Pomerania Pe-
troleum Province the perspectives of which are only partly
proved by boreholes. Offshore in the Pomerania Bay is an ex-
ploration challenge.
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