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Fig. 9. Geogenic activity

A - Koszalin, B —Trzebiatéw, C — Kamie Pomorski fault zones; for explanations see Figure 8

file E. The methane concentration in bottom waters is slightly
higher in profile C. This situation, i.e. a higher geogenic activ-
ity along profile E, can be explained by the incorrect location of
the fault axis zone in the map of bottom sediments (Fig. 9B).
This led to the location of profile E, instead of profile C, in the
fault axis (Tkachenko and Mazurek, 2008c).

The Trzebiatow Fault Zone is very active in the processes
of migration and seepage of liquid and gaseous hydrocarbons
(Fig. 9B). In terms of liquid hydrocarbon seepage into bottom

waters, the most active is the central part of profile E, crossing
the axial fault zone. The concentrations of liquid hydrocarbons,
which are a serious hazard to the environment here, reach val-
ues of 96-193 mg/l. Profiles W and C are characterized by
more poorly marked anomalies, but a few analyses revealed
relatively high values of 30-50 mg/I. High methane concentra-
tions in water (2.0-2.5 x 10~* mg/l) are observed in the southern
part of the fault zone.
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Table 2

Geochemical characteristics of geogenic activity in the Koszalin Fault Zone

Geochemical profiles

w
(Kotobrzeg Block)

C E B
(fault axis) (Dartowo Block) (Dartowo Block)

Liquid hydrocarbons in bottom water 1.50 to 21.00 (62)

1.50 to 51.00 (120)

1.50 to 25.50 (62) 2.25t0 4.50 (6)

[mg/l] 3.75 (4.20) 2.25 (4.88) 2.25 (4.79) 1.5 (2.50)
Methane concentration in water 3.84 10 8.86 (62) 4.20 to 11.58 (131) 0.00 to 11.13 (62) 7.52 t0 8.48 (6)
[x10™* vol.%] 5.28 (5.75) 5.54 (6.19) 5.31 (5.90) 8.15 (8.11)

Methane concentration in sediments

14.57t0 5 674.81 (4)

341t0592.73 (2)

[x107* vol.%]

144.12 (1 550.03)

467.22 (467.22)

Explanations as in Table 1

Vertical migration of gaseous and, especially, liquid hydro-
carbons occurs despite the occurrence of the sealing Zechstein
rock salt horizons. The isotopic composition of the gases sug-
gests that methane was formed in most of the samples as a re-
sult of thermogenic processes of alteration of fossil organic
matter (Kotarba et al., 2008).

KAMIEN POMORSKI FAULT ZONE

The Kamien Pomorski Fault Zone (Figs. 2 and 3) is one of
the most important tectonic elements of the Paleozoic platform,
separating the Gryfice Block from the Wolin Block. The
Kamien Pomorski Fault Zone is a set of several faults trending
approximately NW-SE. In the German sector of the Baltic Sea,
it passes into the Adler Fault Zone, so it is also referred to as the
Kamien—Adler Fault. The major fault of the zone is deeply
rooted in the crystalline basement. The main stage of tectonic
restructuring of the area occurred at the late Carbonifer-
ous/Permian transition and during the latest Cretaceous—earli-
est Paleogene.

The sea depth in the fault region is small: from about 8 to
14 m. In general, the fault is situated in a very shallow-marine
zone, prone to storm effects. The bottom sediments are com-
posed exclusively of sand and gravel. These are extremely un-
favourable conditions for liquid hydrocarbon accumulations in
sediments because of their lack of sorption ability. Thus, no hy-
drocarbon analyses have been made in this region.

The weather was good during sampling along all the pro-
files (sea condition: wavelets), and it by no means affected the
hydrocarbon concentration in bottom waters. Geodynamic ac-
tivity was increased during sampling along profile C and in the
northern part of profile E (sampling sites 1-18), which in-
creased the values of geochemical indices.

The Kamiert Pomorski Fault Zone was examined by three
parallel geochemical profiles running 500 m apart (Fig. 9C).
Profile C is located in the fault axis, profile W crosses the
Wolin Block, whereas profile E is situated in the Gryfice
Block. In addition to these profiles, an eastern branch of the
Kamien Pomorski Fault was analysed in its southeastern part
(profile B). In total, 117 samples were collected. Due to the
variable inclination of the fault, profile C, intended for exami-
nation of the axial fault zone, runs across the zone in its north-
eastern part comprising points 1-19, whereas in the remaining
area (points 20-58) it zigzags across the axial zone into the
Wolin and Gryfice blocks (Fig. 9C).

Comparison of the median values and arithmetic means
(Table 4) suggests that the highest concentrations of liquid hy-
drocarbons in bottom waters occur along geochemical pro-
file E. Methane concentrations in the bottom waters are compa-
rable in all the profiles. Methane concentrations in the sedi-
ments are slightly higher in profile E.

Any comparisons of the median values and arithmetic
means along individual profiles in order to show the highest ac-
tivity of the axial fault zone make no sense in the case of the

Table 3

Geochemical characteristics of geogenic activity in the Trzebiatéw Fault Zone

Geochemical profiles
W c E

(Gryfice Block) (fault axis) (Kotobrzeg Block)
Liquid hydrocarbons in bottom water 2.25 t0 51.00 (45) 1.50 t0 49.5 (117) 2.25 t0 193.5 (30)
[mg/l] 4.50 (5.93) 3.75 (5.63) 6.00 (19.33)
Methane concentration in water 0.00 to 10.51 (64) 4.70 t0 60.10 (117) 4.52 t0 20.00 (61)
[x10™ vol.%] 7.30 (7.01) 8.10 (8.94) 7.30 (7.71)
Methane concentration in sediments 7.07t0 7.69 (2) 0.00 to 10.51 (117) _
[x107* vol.%] 7.38 (7.38) 7.76 (8.24)

Explanations as in Table 1
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Table 4

Geochemical characteristics of geogenic activity in the Kamier Pomorski Fault Zone

Geochemical profiles
w C E B

(Wolin Block) (fault axis) (Gryfice Block) (Gryfice Block)
Liquid hydrocarbons in bottom water 9.00 to 24.75 (28) 1.50 to 49.5 (56) 1.50 to 75.00 ( 28) 3.00 to 6.00 (5)
[mg/1] 9.00 (6.75) 3.00 (5.00) 3.00 ( 7.63) 450 (4.50)
Methane concentration in water 7.50t012.10 (27) 6.30 to 16.70 (57) 7.70t0 10.4 (27) 8.30 t0 9.40 (5)
[x10*vol.%] 10.05 (9.88) 9.55 (9.66) 8.40 (9.33) 8.90 (8.96)
Methane concentration in sediments 4.71t09.14 (27) 0.00 to 10.40 (55) 3.74 t0 10.34 (27) 0.00 to 8.58 (5)
[x107* vol.%] 7.71 (7.29) 8.51 (7.00) 7.67 (7.59) 5.25 (8.48)

Explanations as in Table 1

Kamien and Trzebiatéw fault zones. This results from the fact
that the sampling locally missed the axial zone due to the vari-
able inclination of the fault zone. Nevertheless, it permits com-
paring the intensity of geogenic phenomena in individual fault
Zones.

From this point of view, the Kamiet Pomorski Fault Zone
is a very important area, especially for the gas phase emission.
Worth noting is the special role of butylene in the composition
of the hydrocarbon gas phase. The butylene contents are
greater than the contents of other gaseous hydrocarbons, in-
cluding methane, by an order of magnitude. Together, they
form huge concentrations that demonstrate their petroleum ori-
gin (Tkachenko and Mazurek, 2008c).

The Kamien Pomorski Fault Zone is characterized by high
concentrations of methane, butylene and heavy hydrocarbons
in bottom waters, severely polluting the natural environment.
During sampling in 2006, decaying dead mollusc remains were
found — probably victims of the specific composition of the gas
phase, that depleted oxygen from the water in the process of
oxygenation (Tkachenko and Mazurek, 2008c).

The concentrations of liquid hydrocarbons are generally
small with isolated large seepage spots where the concentration
values range from 48.75 to 75 mg/l. The isotopic composition
of the gases suggests that methane was formed in most of the
samples as a result of thermogenic processes of alteration of
fossil organic matter.

PINCHOUT ZONES OF SEDIMENTARY COMPLEXES

In addition to faults, regional pinchout zones of sedimen-
tary units are important migration avenues of harmful geogenic
substances (Jaworowski et al., 2001). A special role in trans-
mitting geogenic liquids and gases is played by erosional
pinchout zones related to post-Cretaceous erosion. Much sig-
nificant information on pinchout zones is given by the geologi-
cal map of the sub-Quaternary surface accompanied with geo-
logical-seismic cross-sections published by Kramarska et al.
(1999). The map and cross-sections are based on boreholes and
high-resolution seismic reflection data which allowed insight
into the geological structure down to several hundreds metres
depth. They were taken into account while drawing the extents
of some sedimentary formations shown in Figure 10.

In the cratonic area of the Polish sector of the Baltic Sea
(Gdanisk, Courland, Rozewie, teba, Zarnowiec, Smotdzino,
Stupsk, Ustka and Dartowo blocks; Figs. 2 and 3), the pinchout
zones resulted from erosional truncation of gentle, broad eleva-
tions of the Permo-Mesozoic sedimentary succession later cov-
ered by Cenozoic deposits.

The thick Silurian succession, mostly of clay- and
mud-shales, prevents geogenic substances from migrating
along pinchout zones of the lower Paleozoic deposits. Lower
Paleozoic geogenic substances most probably first migrated
along the faults cutting the lower Paleozoic formations, and
subsequently through fault zones and pinchouts in younger de-
posits i.e. along pinchouts within the Permo-Mesozoic cover
(Jaworowski et al., 2001). In the Courland and Rozewie blocks,
there is a regional zone of pinchout of Cretaceous deposits
overlying the Devonian succession. The erosional boundary
between occurrence areas of the Cretaceous and Devonian de-
posits subcrops at the sub-Quaternary surface in this region.
Three regional, NE-SW and E-W- trending pinchout zones are
observed in the southern part of the £eba Block. These are ex-
pressed by erosional boundaries between the occurrence areas
of the following deposits (when moving in a S to N direction):
Cretaceous and Triassic, Triassic and Zechstein, and Zechstein
and Silurian. Further westwards, within the Stupsk Block, there
are similar zones associated with erosional boundaries of the
northern extents of Cretaceous, Triassic and Zechstein depos-
its, occurring on the extension of the previously mentioned
pinchout zones.

Towards the west, within the Ustka Block, the Cretaceous
deposits overlap Triassic and Zechstein, thus directly overlying
the Silurian succession. It means that the sub-Cretaceous
pinchouts of Triassic and Zechstein deposits and the pinchout
zone of Cretaceous rocks occur upon the Silurian basement in
this area. The pinchout zones from the southwestern part of the
teba Block and the Stupsk and Ustka blocks are overlain by
both Quaternary and Tertiary deposits over almost the whole
areas, reducing their migration potential. The zones so sealed
stretch between the meridians of Karwia and Jamno, about
30-40 km off the coast. On the Paleozoic platform of the Polish
sector of the Baltic Sea, i.e. on the Kotobrzeg, Gryfice and
Wolin blocks, lower and upper Paleozoic formations occur be-
neath the Permo-Mesozoic cover. Partly explored Devonian
and Carboniferous deposits of this area form a number of
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sub-Permian antithetic blocks represented by half-horsts and
half-grabens with strata dipping towards the NE (Dadlez and
Pokorski, 1995). Seismic data show signs of angular
disconformities and pinchout zones within these deposits.
However, the pinchout zones are sealed by a thick Permo-Me-
sozoic cover and they play no role in migration of geogenic
substances. The only regional pinchout zones capable of trans-
mitting the geogenic substances in the Paleozoic platform are
linked with Mesozoic deposits. These are erosional pinchouts
formed as a result of truncation of relatively steep and narrow
folds. In consequence, pinchout zones with erosional disconti-

nuities at the top are mainly observed along the anticlinal flanks
in this area. In the Kotobrzeg Block, regional zones of this type
are represented by erosional boundaries between the occur-
rence areas of Triassic, Jurassic and Cretaceous deposits,
subcropping at the sub-Quaternary surface. In the Gryfice
Block, there are analogous boundaries between the occurrence
areas of different Jurassic and Cretaceous stages.

Credible evidence for migration of geogenic substances
along pinchout zones, at least in the cratonic part of the study
area, was provided by increased contents of strontium and va-
nadium in bottom sediments. These are derived from
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deep-seated sedimentary formations. Strontium comes from
Zechstein salts while vanadium is from lower Paleozoic black
shales and/or hydrocarbon-bearing strata. In this paper, “in-
creased” values of the metals denote those concentrations nor-
malised relative to aluminium (i.e. Sr/Al and V/Al) represented
by an Enrichment Factor (EF): for strontium of >60, and for va-
nadium of >30. Data on strontium and vanadium distribution in
bottom sediments (Fig. 10) are given in papers by Szczepanska
and Uscinowicz (1994) and Uscinowicz et al. (2004). These
papers contain results of investigations based on samples taken
at 368 points arranged in a regular 10 x 10 km grid covering the
whole Polish Exclusive Economic Zone. Bottom sediments
were sampled with the use of a Niemisto core-sampler (muds)
and Van-Veen grab-sampler (sands). The metal content was
determined using atomic spectrometry (ASA) and atomic
emission spectrometry with plasma excitation (ICP) methods,
after microwave dilution in HNO3 1 + 1.

In the cratonic area, increased Sr/Al values are observed on
the Stupsk and Zarnowiec blocks. These are certainly associ-
ated with a zone of regional erosional pinchouts of Permo-Me-
sozoic deposits (Fig. 10). They were the pathways for migrat-
ing Sr-rich Zechstein brines and thermal waters. Increased
Sr/Al values were also recorded on the Gryfice and Kotobrzeg
blocks of the Paleozoic platform, as a result of migration along
a dense fault network. However, it must be borne in mind that
there are also pinchout zones of Triassic, Jurassic and Creta-
ceous deposits in this area (Fig. 10). In addition to faults, they
could be the migration pathways for brines and thermal waters
predominantly from the Zechstein deposits.

High /Al values are observed mainly in the cratonic sector
of the Polish economic zone of the Baltic Sea along the
Smotdzino Fault, and in the middle part of the Karwia Fault
(Fig. 10). An especially strong anomaly is recorded in the
last-mentioned area. It probably reflects a local near-fault in-
flow of geogenic substances and, notably, is related to a zone of
erosional pinchout of Cretaceous deposits. Migration of
geogenic substances along regional pinchouts of Permo-Meso-
zoic deposits is also shown by the presence of an extensive
zone of increased V/AI values on the Stupsk and Zarnowiec
blocks. It stretches transverse to the regional fault zones and al-
most parallel to the pinchout zones (Fig. 10). It suggests that the
zones took an active part in transmitting geogenic substances.
Vanadium, tending to concentrate in crude oil, is one of the
most characteristic elements occurring in black shales of Scan-
dinavia (cf. Morawski, 1973). Their facies equivalents are
Cambrian-Tremadocian black mud and clay shales of the
Piasnica Formation s.l. (Fig. 5). The zones of regional
pinchouts of Permo-Mesozoic sedimentary formations run
evenly with a parallel of latitude across the Courland, Rozewie,
teba, Stupsk and Ustka blocks (Figs. 2 and 10). In addition to
other substances, they transmit also geogenic liquids and gases
originating from lower Paleozoic black shales.

On the Paleozoic platform, high V/AI values are observed
along the Kamien Pomorski and Trzebiatdw faults, at sites
where they merge with the pinchout zones. They are related
here to migration of bitumens that are often accompanied by
vanadium.

Increased Sr and Va values were also observed in some re-
gions immediately to the north of the Polish coast (Fig. 10).

They are associated with local erosional pinchouts of Mesozoic
and Tertiary deposits at sites of deep furrows in the sub-Quater-
nary surface (cf. Kramarska et al., 1999).

AREAS OF THE GREATEST RISK
OF GEOGENIC POLLUTION

The results of these investigations have fully confirmed the
earlier assumptions (Jaworowski et al., 2001) as regards the
threat posed to the Polish Exclusive Economic Zone of the Bal-
tic Sea by geogenic pollutants. It has been shown that geogenic
substances derived from deep-seated geological structures cur-
rently migrate into bottom waters and sediments. The whole
Polish sector of the Baltic Sea is threatened by geogenic pollut-
ants. Two areas (A and B) at the greatest risk from geogenic
pollution have been defined after analysing all the demon-
strated and potential hazards to the environment.

AREA A (FIGS. 2 AND 10)

Situated in the eastern part of the Polish Exclusive Eco-
nomic Zone of the Baltic Sea, in the East European Craton, this
covers the Courland Block (western part), Rozewie Block,
teba Block (including the Smotdzino Fault Zone) and
Zarnowiec Block (eastern part).

COURLAND BLOCK

The western portion of the block is part of a larger area of the
highest prospectivity for hydrocarbon accumulation. The area
extends meridionally along both the flanks of the Kuznica Fault
Zone separating the Courland and Rozewie blocks. In the north-
ern part of the highest pollution risk area on the Courland Block,
there is a regional pinchout zone marked by the extent of the Cre-
taceous deposits overlying Devonian rocks. The zone subcrops
at the sub-Quaternary surface. The forefield of the pinchout zone
belongs to the area of potential massive brine inflows. The bed-
rock of the block contains sedimentary formations which can be
the source of harmful geogenic substances. These are the lower
Paleozoic black shales, Middle Cambrian and Devonian depos-
its, as well as Zechstein salts and Lower Triassic and Upper Ju-
rassic deposits occurring in the southern part.

ROZEWIE BLOCK

In the eastern part of the block, there is a part of the area of
the highest prospectivity for hydrocarbon accumulation. This
area extends meridionally along both the flanks of the Kuznica
Fault Zone. In the Rozewie Block, there is the western part of the
most prospective area. High concentrations of liquid hydrocar-
bons in bottom waters, directly linked with the Kuznica Fault
Zone, were discovered in the northern segment of the area.

The greatest intensity of migration of geogenic substances
along the Kuznica Fault is observed in both its northern and
middle part. Strong and very strong anomalies of the concentra-
tions of liquid hydrocarbons in bottom water, recorded in the
northern and middle section of the fault, are hazardous to the
environment. They are associated with oil fields B5 and B8 dis-
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covered in the eastern part of the Rozewie Block. Middle Cam-
brian hydrocarbons migrate up to the sea-floor along the
Kuznica Fault despite the large thickness (1000-1700 m) of the
Silurian clay shale seal. The lack of anomalous concentrations
of liquid hydrocarbons in bottom waters in the southern part of
the fault is probably related to the presence of sealing Zechstein
salts, which are absent in the middle and northern parts of the
zone. Gas anomalies only are observed in this area.

In the central area of the block, there is a NE-SW-trending
zone of regional pinchouts, defined by the extent of Cretaceous
deposits overlying the Devonian. It appears at the sub-Quater-
nary surface. At the site where the pinchout zone merges with
the Karwia Fault Zone (marking the western boundary of the
block), increased V/AI values are observed. These are indica-
tive of the activity of both the pinchout zones and the sub-Qua-
ternary fault zones transmitting hydrocarbons and geogenic
substances originating from the lower Paleozoic black shales.

The area of increased V/AI values “straddles” the Karwia
Fault Zone. Further towards the west is a region where regional
pinchouts observed in the teba Block merge with the Karwia
Fault Zone. Part of the Rozewie Block, situated north of the
above-mentioned pinchouts of Cretaceous deposits, is an area
of high potential brine inflow. The bedrock of the block is com-
posed of sedimentary formations supposed to be the sources of
geogenic substances: lower Paleozoic black shales, Middle
Cambrian and Devonian deposits, and — in the south —Triassic
deposits and Zechstein salts.

LEBABLOCK

In the eba Block, crude oil and natural gas fields have
been discovered along the eastern flank of the Smotdzino Fault
Zone. High concentrations of liquid hydrocarbons in bottom
waters are recorded in the northeastern part of the block. They
are associated with meridionally trending faults observed at the
sub-Quaternary surface. NE-SW-trending regional pinchout
zones, defined by the boundaries between the occurrence areas
of Cretaceous and Triassic, Triassic and Zechstein and
Zechstein and Silurian deposits occur in the southern part of the
block. The western portion of the pinchouts zone is covered by
Paleogene deposits, whereas the eastern portion subcrops at the
sub-Quaternary surface. In the southern part of the £eba Block,
increased V/AI values are observed especially at sites where
the regional pinchout zones merge with the Karwia Fault.
These are related to the activity of both the pinchout zones and
the fault zone, indicating migration of hydrocarbons and
geogenic substances originating from the lower Paleozoic
black shales. To the south of the pinchouts zone and in the
northeastern part of the teba Block, there is an area of potential
massive brine outflows. The bedrock of the block is composed
of sedimentary formations supposed to be the sources of
geogenic substances: lower Paleozoic black shales, Middle
Cambrian deposits, and — in the south —Triassic and Zechstein
deposits without salt-bearing facies.

ZARNOWIEC BLOCK

In the northeastern portion of the block, at the crossing of
the KuZnica and teba—Sambia fault zones, there is the southern
end of a zone of the greatest prospectivity for hydrocarbon ac-

cumulation known from the border zone between the Courland
and Rozewie blocks. Near the eba Fault Zone, representing
the northern boundary of the block, there is a regional pinchout
zone marked by the boundary between the occurrence areas of
Cretaceous and Triassic deposits. The zone is entirely covered
by Paleogene deposits. Increased Sr/Al and /Al values, indi-
cating migration of brines, hydrocarbons and geogenic sub-
stances originating from lower Paleozoic black shales, are ob-
served over the whole Zarnowiec Block. The migration is re-
lated to a network of fault zones that reach the sub-Quaternary
surface. The Zarnowiec Block lies in an area of strong potential
brine outflows, although the Zechstein salts occur only in its
eastern portion. That is why this part of the Zarnowiec Block is
included in the area of the highest geogenic pollution risk.
Other sedimentary formations composing the bedrock of the
Zarnowiec Block, being potential sources of harmful geogenic
substances, are represented by the lower Paleozoic black
shales, Middle Cambrian and Lower Triassic deposits, and — in
the southeastern end — by Upper Jurassic deposits.

AREAB (FIGS. 2 AND 10)

This area is situated in the western part of the Polish Exclu-
sive Economic Zone of the Baltic Sea, within the European Pa-
leozoic platform. Area B covers the western portion of the
Kotobrzeg Block and the Gryfice and Wolin blocks.

KOLOBRZEG BLOCK

Extensive areas of increased prospectivity for hydrocarbon
accumulation occur along the Trzebiatéw and Koszalin fault
zones marking the block boundaries.

The Trzebiatow Fault Zone, representing the boundary be-
tween the Kotobrzeg and Gryfice blocks, is very active in re-
spect of migration and outflow of liquid and gaseous hydrocar-
bons. The concentrations of liquid hydrocarbons in bottom wa-
ters are so high that they pose a serious hazard to the natural en-
vironment. The methane concentration in water reaches signifi-
cant levels along the southern part of the fault. Migration of
gaseous and especially liquid hydrocarbons occurs despite the
occurrence of sealing Zechstein salts. That is why the
Trzebiatéw Fault Zone and the whole western part of the
Kotobrzeg Block represent the areas of the highest geogenic
pollution risk. A sub-Quaternary regional pinchout zone is
marked here by an erosional boundary between the occurrence
areas of Triassic and Jurassic deposits.

Almost the whole area of the block is conspicuous by in-
creased Sr/Al values. An increased /Al ratio is observed in the
western and northeastern regions of the block. These values
prove the presence of brine and hydrocarbon inflows in the area
of a dense network of fault zones reaching up to the sub-Qua-
ternary surface. Worth noting are the occurrences of increased
V/AI values at sites where the regional pinchout zones merge
with the fault zones. A similar situation is observed in area A.
Almost the whole Kotobrzeg Block is included in the area of
strong potential brine outflows. Geogenic substances can origi-
nate from the Devonian, Carboniferous, Zechstein Main Dolo-
mite and salt deposits constituting the bedrock of the entire
block, and additionally from the Lower Triassic, Lower and
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Upper Jurassic and Lower Cretaceous deposits. Local
Rotliegend effusive rocks can also generate harmful geogenic
substances (e.g., heavy metals).

GRYFICE BLOCK

Almost the whole area of the block is covered by two zones
of increased prospectivity for hydrocarbon accumulation. Cha-
otically distributed sites of high concentrations of liquid hydro-
carbons in bottom waters indicate the presence of a dense net-
work of fault zones reaching up to the sub-Quaternary surface.

The Kamierh Pomorski Fault Zone, marking the boundary
between the Gryfice and Wolin blocks, is characterized by high
concentrations of both gaseous (methane, butylene) and heavy
hydrocarbons in bottom waters, causing serious environmental
pollution. As noted above, during sampling in the zone, decay-
ing dead mollusc remains were found. Increased Sr/Al values are
observed throughout the whole area of the Gryfice Block. In-
creased V/Al values are recorded in its southwestern and eastern
parts (the last ones continue into the western part of the
Kotobrzeg Block). A distinct regional pinchout zone, marked by
the erosional extent of Jurassic and of Cretaceous deposits, runs
NW-SE approximately along the axial part of the block. A small
pinchout zone at the boundary of Cretaceous and Jurassic occur-
rence areas was mapped in the southeastern end of the Gryfice
Block. The pinchout zones discussed above subcrop at the
sub-Quaternary surface. The whole Gryfice Block is included in
the area of potential massive brine outflows, and its southeastern
part is at risk of thermal water outflows. The latter were observed
in the northern segment of the block close to the boundary of the
Polish sector of the Baltic Sea.

Devonian, Carboniferous and Zechstein Main Dolomite
and salt deposits, occurring throughout the whole area, as well
as Lower Triassic, Lower and Upper Jurassic and Lower Creta-
ceous deposits form the bedrock of the Gryfice Block. They
can be sources of harmful geogenic substances. Rotliegend ef-
fusive rocks occur in the bedrock over large areas and can also
generate harmful geogenic substances.

WOLIN BLOCK

Almost the whole block is a zone of increased prospectivity
for hydrocarbon accumulation, being the second in the
prospectivity rank for the Polish Exclusive Economic Zone of
the Baltic Sea. In the southeastern part of the block at the
sub-Quaternary surface, there is part of a regional pinchout
zone determined by the erosional boundary between the occur-
rence areas of Jurassic and Cretaceous deposits. Increased
Sr/Al values are recorded over most of the Wolin Block. Its
southeastern region (extension of a similar area from the west-
ern part of the Gryfice Block) is characterized by increased
V/Al values. This suggests migration of brines and hydrocar-
bons through a dense network of faults reaching up to the
sub-Quaternary surface. A narrow area extending along the
Kamien Pomorski Fault Zone can yield massive brine out-
flows, whereas the southern part of the block is an area of po-
tential thermal water outflows. Devonian, Carboniferous and
Zechstein Main Dolomite and salt deposits, occurring through-
out the whole area, as well as Lower Triassic, Upper Jurassic
and Lower Cretaceous deposits composing the bedrock of the

block, are supposed to be the pollutant source rocks.
Rotliegend effusive rocks occur in the bedrock over large areas
and can also generate geogenic substances harmful to the
environment.

CONCLUSIONS

1. Bottom waters and bottom sediments of the Polish Ex-
clusive Economic Zone of the Baltic Sea are polluted by mod-
ern migration of geogenic substances derived from bedrock be-
neath the sea-floor (deep-seated geological structures).

2. Pollutant source rocks, occurring in the bedrock of the
Polish sector of the Baltic Sea, include: (a) oil- and gas-bearing
reservoir rocks (Middle Cambrian, Rotliegend, Zechstein, Car-
boniferous); (b) black shales (Upper Cambrian, Lower and
Middle Ordovician, Lower Silurian); (c) effusive rocks
(Rotliegend); (d) salts (Zechstein), (e) reservoir rocks for min-
eral and thermal waters (Cambrian, Devonian, Carboniferous,
Rotliegend, Zechstein, Triassic, Jurassic and Cretaceous).

3. Fault zones and zones of regional erosional pinchouts of
sedimentary formations are migration avenues for harmful
geogenic substances (the strongest emissions are observed in
axial zones of the faults). Large thicknesses of sealing rocks
(Silurian  clay-shales: 1000-2500 m, Zechstein salts:
100-300 m) need not comprise obstacles on the hydrocarbon
migration pathway along the fault zones.

4. The main sources of pollution are oil and natural gas de-
posits, as well as zones prospective for hydrocarbon deposits be-
cause they are manifested by increased concentrations of liquid
and gaseous hydrocarbons in bottom waters and bottom sedi-
ments.

5. Hydrocarbons that migrate through the fault zones are
represented mainly by oils and methane. Proven seepages of
liquid hydrocarbons, ranging from 50 to 210 mg/l, are a serious
source of pollution of the Baltic Sea waters. Values of 200 mg/I
may be considered as indicative of surface outflows. Consider-
able methane concentrations of up to 2.0-3.0 x10™* mg/l are ac-
companied by large contents of heavy hydrocarbons. They
cause a lethal deficit of oxygen in bottom waters. The amount
of migrating hydrocarbons depends on the level of seismic ac-
tivity in the Baltic region. Under strong seismic activity, the
amount can be greater than that measured during the present re-
search.

6. Methane has accumulated mainly as a result of
thermogenic processes of alteration of fossil organic matter.

7. Migration activity in the fault zones and regional
pinchouts is shown, for instance, by areas of increased stron-
tium and vanadium concentrations in bottom sediments. Stron-
tium comes from Zechstein salts while vanadium is from lower
Paleozoic black shales and/or hydrocarbon-bearing reservoir
rocks.

8. The whole Polish Exclusive Economic Zone of the Baltic
Sea (Figs. 1 and 2) is threatened by geogenic pollutants. Two
areas of the greatest risk of geogenic pollution have been iden-
tified: (i) area A (Fig. 10) is situated on the East European
Craton and covers the western part of the Courland Block,
Rozewie and teba blocks (including the Smotdzino Fault
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Zone) and the eastern part of the Zarnowiec Block; and (ii) area
B (Fig. 10) is situated in the European Paleozoic platform and
covers the western part of the Kotobrzeg Block, and Gryfice
and Wolin blocks.
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