


























file E. The meth ane con cen tra tion in bot tom wa ters is slightly
higher in pro file C. This sit u a tion, i.e. a higher geogenic ac tiv -
ity along pro file E, can be ex plained by the in cor rect lo ca tion of 
the fault axis zone in the map of bot tom sed i ments (Fig. 9B).
This led to the lo ca tion of pro file E, in stead of pro file C, in the
fault axis (Tkachenko and Mazurek, 2008c). 

The Trzebiatów Fault Zone is very ac tive in the pro cesses
of mi gra tion and seep age of liq uid and gas eous hy dro car bons
(Fig. 9B). In terms of liq uid hy dro car bon seep age into bot tom

wa ters, the most ac tive is the cen tral part of pro file E, cross ing
the ax ial fault zone. The con cen tra tions of liq uid hy dro car bons, 
which are a se ri ous haz ard to the en vi ron ment here, reach val -
ues of 96–193 mg/l. Pro files W and C are char ac ter ized by
more poorly marked anom a lies, but a few anal y ses re vealed
rel a tively high val ues of 30–50 mg/l. High meth ane con cen tra -

tions in wa ter (2.0–2.5 ́  10–4 mg/l) are ob served in the south ern 
part of the fault zone. 
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Fig. 9. Geogenic ac tiv ity 

A – Koszalin, B –Trzebiatów, C – Kamień Pomorski fault zones; for ex pla na tions see  Fig ure 8



Ver ti cal mi gra tion of gas eous and, es pe cially, liq uid hy dro -
car bons oc curs de spite the oc cur rence of the seal ing Zechstein
rock salt ho ri zons. The isotopic com po si tion of the gases sug -
gests that meth ane was formed in most of the sam ples as a re -
sult of thermogenic pro cesses of al ter ation of fos sil or ganic
mat ter (Kotarba et al., 2008). 

KAMIEŃ POMORSKI FAULT ZONE 

The Kamień Pomorski Fault Zone (Figs. 2 and 3) is one of
the most im por tant tec tonic el e ments of the Pa leo zoic plat form, 
sep a rat ing the Gryfice Block from the Wolin Block. The
Kamień Pomorski Fault Zone is a set of sev eral faults trending
ap prox i mately NW–SE. In the Ger man sec tor of the Bal tic Sea, 
it passes into the Adler Fault Zone, so it is also re ferred to as the 
Kamień–Adler Fault. The ma jor fault of the zone is deeply
rooted in the crys tal line base ment. The main stage of tec tonic
re struc tur ing of the area oc curred at the late Car bon if er -
ous/Perm ian tran si tion and dur ing the lat est Cre ta ceous–ear li -
est Paleogene. 

The sea depth in the fault re gion is small: from about 8 to
14 m. In gen eral, the fault is sit u ated in a very shal low-ma rine
zone, prone to storm ef fects. The bot tom sed i ments are com -
posed ex clu sively of sand and gravel.  These are ex tremely un -
fa vour able con di tions for liq uid hy dro car bon ac cu mu la tions in
sed i ments be cause of their lack of sorp tion abil ity. Thus, no hy -
dro car bon anal y ses have been made in this region. 

The weather was good dur ing sam pling along all the pro -
files (sea con di tion: wave lets), and it by no means af fected the
hy dro car bon con cen tra tion in bot tom wa ters. Geodynamic ac -
tiv ity was in creased dur ing sam pling along pro file C and in the
north ern part of pro file E (sam pling sites 1–18), which in -
creased the val ues of geochemical indices. 

The Kamień Pomorski Fault Zone was ex am ined by three
par al lel geo chem i cal pro files run ning 500 m apart (Fig. 9C).
Pro file C is lo cated in the fault axis, pro file W crosses the
Wolin Block, whereas pro file E is sit u ated in the Gryfice
Block. In ad di tion to these pro files, an east ern branch of the
Kamień Pomorski Fault was ana lysed in its south east ern part
(pro file B). In to tal, 117 sam ples were col lected. Due to the
vari able in cli na tion of the fault, pro file C, in tended for ex am i -
na tion of the ax ial fault zone, runs across the zone in its north -
east ern part com pris ing points 1–19, whereas in the re main ing
area (points 20–58) it zig zags across the ax ial zone into the
Wolin and Gryfice blocks (Fig. 9C). 

Com par i son of the me dian val ues and arith me tic means
(Ta ble 4) sug gests that the high est con cen tra tions of liq uid hy -
dro car bons in bot tom wa ters oc cur along geo chem i cal pro -
file E. Meth ane con cen tra tions in the bot tom wa ters are com pa -
ra ble in all the pro files. Meth ane con cen tra tions in the sed i -
ments are slightly higher in pro file E. 

Any com par i sons of the me dian val ues and arith me tic
means along in di vid ual pro files in or der to show the high est ac -
tiv ity of the ax ial fault zone make no sense in the case of the
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Geo chem i cal pro files

W

(Kołobrzeg Block)

C

(fault axis)

E

(Darłowo Block)

B

(Darłowo Block)

Liq uid hy dro car bons in bot tom wa ter 

[mg/l]

1.50 to 21.00 (62)

3.75 (4.20)

1.50 to 51.00 (120)

2.25 (4.88)

1.50 to 25.50 (62)

2.25 (4.79)

2.25 to 4.50 (6)

1.5 (2.50)

Meth ane con cen tra tion in wa ter

[´10–4 vol.%]

3.84 to 8.86 (62)

5.28 (5.75)

4.20 to 11.58 (131)

5.54 (6.19)

0.00 to 11.13 (62)

5.31 (5.90)

7.52 to 8.48 (6)

8.15 (8.11)

Meth ane con cen tra tion in sed i ments 
[´10–4 vol.%]

–
14.57 to 5 674.81 (4)

144.12 (1 550.03)

341 to 592.73 (2)

467.22 (467.22)
–

Ex pla na tions as in Ta ble 1

T a  b l e  2

Geo chem i cal char ac ter is tics of geogenic ac tiv ity in the Koszalin Fault Zone

Geo chem i cal pro files

W

(Gryfice Block)

C

(fault axis)

E

(Kołobrzeg Block)

Liq uid hy dro car bons in bot tom wa ter 

[mg/l]

2.25 to 51.00 (45) 

4.50  (5.93)

1.50 to 49.5 (117)

3.75  (5.63)

2.25 to 193.5 (30)

6.00  (19.33)

Meth ane con cen tra tion in wa ter

[´10–4 vol.%]

0.00 to 10.51 (64)

7.30  (7.01)

4.70 to 60.10 (117)

8.10 (8.94)

4.52 to 20.00 (61)

7.30  (7.71)

Meth ane con cen tra tion in sed i ments 

[´10–4 vol.%]

7.07 to 7.69 (2)

7.38  (7.38)

0.00 to 10.51 (117) 

7.76  (8.24)
–

Ex pla na tions as in Ta ble 1

T a  b l e  3

Geo chem i cal char ac ter is tics of geogenic ac tiv ity in the Trzebiatów Fault Zone



Kamień and Trzebiatów fault zones. This re sults from the fact
that the sam pling lo cally missed the ax ial zone due to the vari -
able in cli na tion of the fault zone. Nev er the less, it per mits com -
par ing the in ten sity of geogenic phe nom ena in individual fault
zones. 

From this point of view, the Kamień Pomorski Fault Zone
is a very im por tant area, es pe cially for the gas phase emis sion.
Worth not ing is the spe cial role of bu ty lene in the com po si tion
of the hy dro car bon gas phase. The bu ty lene con tents are
greater than the con tents of other gas eous hy dro car bons, in -
clud ing meth ane, by an or der of mag ni tude. To gether, they
form huge con cen tra tions that dem on strate their pe tro leum or i -
gin (Tkachenko and Mazurek, 2008c).  

The Kamień Pomorski Fault Zone is char ac ter ized by high
con cen tra tions of meth ane, bu ty lene and heavy hy dro car bons
in bot tom wa ters, se verely pol lut ing the nat u ral en vi ron ment.
Dur ing sam pling in 2006, de cay ing dead mol lusc re mains were 
found – prob a bly vic tims of the spe cific com po si tion of the gas
phase, that de pleted ox y gen from the wa ter in the pro cess of
ox y gen a tion (Tkachenko and Mazurek, 2008c).

The con cen tra tions of liq uid hy dro car bons are gen er ally
small with iso lated large seep age spots where the con cen tra tion 
val ues range from 48.75 to 75 mg/l. The isotopic com po si tion
of the gases sug gests that meth ane was formed in most of the
sam ples as a re sult of thermogenic pro cesses of al ter ation of
fossil organic matter. 

PINCHOUT ZONES OF SEDIMENTARY COMPLEXES 

In ad di tion to faults, re gional pinchout zones of sed i men -
tary units are im por tant mi gra tion av e nues of harm ful geogenic 
sub stances (Jaworowski et al., 2001). A spe cial role in trans -
mit ting geogenic liq uids and gases is played by ero sional
pinchout zones re lated to post-Cre ta ceous ero sion. Much sig -
nif i cant in for ma tion on pinchout zones is given by the geo log i -
cal map of the sub-Qua ter nary sur face ac com pa nied with geo -
log i cal-seis mic cross-sec tions  pub lished by Kramarska et al.
(1999). The map and cross-sec tions are based on bore holes and 
high-res o lu tion seis mic re flec tion data which al lowed in sight
into the geo log i cal struc ture down to sev eral hun dreds metres
depth. They were taken into ac count while draw ing the ex tents
of some sed i men tary for ma tions shown in Fig ure 10. 

In the cratonic area of the Pol ish sec tor of the Bal tic Sea
(Gdańsk, Courland, Rozewie, Łeba, Żarnowiec, Smołdzino,
Słupsk, Ustka and Darłowo blocks; Figs. 2 and 3), the pinchout
zones re sulted from ero sional trun ca tion of gen tle, broad el e va -
tions of the Permo-Me so zoic sed i men tary suc ces sion later cov -
ered by Ce no zoic de pos its. 

The thick Si lu rian suc ces sion, mostly of clay- and
mud-shales, pre vents geogenic sub stances from mi grat ing
along pinchout zones of the lower Pa leo zoic de pos its. Lower
Pa leo zoic geogenic sub stances most prob a bly first mi grated
along the faults cut ting the lower Pa leo zoic for ma tions, and
sub se quently through fault zones and pinchouts in youn ger de -
pos its i.e. along pinchouts within the Permo-Me so zoic cover
(Jaworowski et al., 2001). In the Courland and Rozewie blocks, 
there is a re gional zone of pinchout of Cre ta ceous de pos its
over ly ing the De vo nian suc ces sion. The ero sional bound ary
be tween oc cur rence ar eas of the Cre ta ceous and De vo nian de -
pos its subcrops at the sub-Qua ter nary sur face in this re gion.
Three re gional, NE–SW and E–W- trending pinchout zones are 
ob served in the south ern part of the Łeba Block. These are ex -
pressed by ero sional bound aries be tween the oc cur rence ar eas
of the fol low ing de pos its (when mov ing in a S to N di rec tion):
Cre ta ceous and Tri as sic, Tri as sic and Zechstein, and Zechstein
and Si lu rian. Fur ther west wards, within the Słupsk Block, there 
are sim i lar zones as so ci ated with ero sional bound aries of the
north ern ex tents of Cre ta ceous, Tri as sic and Zechstein de pos -
its, oc cur ring on the ex ten sion of the pre vi ously men tioned
pinchout zones. 

To wards the west, within the Ustka Block, the Cre ta ceous
de pos its over lap Tri as sic and Zechstein, thus di rectly over ly ing 
the Si lu rian suc ces sion. It means that the sub-Cre ta ceous
pinchouts of Tri as sic and Zechstein de pos its and the pinchout
zone of Cre ta ceous rocks oc cur upon the Si lu rian base ment in
this area. The pinchout zones from the south west ern part of the
Łeba Block and the Słupsk and Ustka blocks are over lain by
both Qua ter nary and Ter tiary de pos its over al most the whole
ar eas, re duc ing their mi gra tion po ten tial. The zones so sealed
stretch be tween the me rid i ans of Karwia and Jamno, about
30–40 km off the coast. On the Pa leo zoic plat form of the Pol ish 
sec tor of the Bal tic Sea, i.e. on the Kołobrzeg, Gryfice and
Wolin blocks, lower and up per Pa leo zoic for ma tions oc cur be -
neath the Permo-Me so zoic cover. Partly ex plored De vo nian
and Car bon if er ous de pos its of this area form a num ber of
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Geo chem i cal pro files

W

(Wolin Block)

C

(fault axis)

E

(Gryfice Block)

B

(Gryfice Block)

Liq uid hy dro car bons in bot tom wa ter

[mg/l]

9.00 to 24.75 (28)

9.00  (6.75)

1.50 to 49.5 (56)

3.00  ( 5.00)

1.50 to 75.00 ( 28)

3.00 ( 7.63)

3.00 to 6.00 (5)

4.50  (4.50)

Meth ane con cen tra tion in wa ter

[´10–4 vol.%]

7.50 to 12.10 (27) 

10.05 (9.88)

6.30 to 16.70 (57)

9.55 (9.66)

7.70 to 10.4 (27)

8.40  (9.33)

8.30 to 9.40 (5)

8.90  (8.96)

Meth ane con cen tra tion in sed i ments 

[´10–4 vol.%]

4.71 to 9.14 (27)

7.71  (7.29)

0.00 to 10.40 (55) 

8.51  (7.00)

3.74 to 10.34 (27)

7.67  (7.59)

0.00 to 8.58 (5)

5.25 (8.48)

Ex pla na tions as in Ta ble 1

T a  b l e  4

Geo chem i cal char ac ter is tics of geogenic ac tiv ity in the Kamień Pomorski Fault Zone



sub-Perm ian an ti thetic blocks rep re sented by half-horsts and
half-grabens with strata dip ping to wards the NE (Dadlez and
Pokorski, 1995). Seis mic data show signs of an gu lar
disconformities and pinchout zones within these de pos its.
How ever, the pinchout zones are sealed by a thick Permo-Me -
so zoic cover and they play no role in mi gra tion of geogenic
sub stances. The only re gional pinchout zones ca pa ble of trans -
mit ting the geogenic sub stances in the Pa leo zoic plat form are
linked with Me so zoic de pos its. These are ero sional pinchouts
formed as a re sult of trun ca tion of rel a tively steep and nar row
folds. In con se quence, pinchout zones with ero sional dis con ti -

nu ities at the top are mainly ob served along the an ti cli nal flanks 
in this area. In the Kołobrzeg Block, re gional zones of this type
are rep re sented by ero sional bound aries be tween the oc cur -
rence ar eas of Tri as sic, Ju ras sic and Cre ta ceous de pos its,
subcropping at the sub-Qua ter nary sur face. In the Gryfice
Block, there are anal o gous bound aries be tween the oc cur rence
ar eas of dif fer ent Ju ras sic and Cre ta ceous stages.

Cred i ble ev i dence for mi gra tion of geogenic sub stances
along pinchout zones, at least in the cratonic part of the study
area, was pro vided by in creased con tents of stron tium and va -
na dium in bot tom sed i ments. These are de rived from
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Fig. 10. Ar eas at the great est risk from geogenic pol lu tion

Hy dro car bon de pos its and zones of in creased prospectivity for hy dro car bon 
de pos its af ter Anolik and Karczewska (2008); for other ex pla na tions see Fig ure 2



deep-seated sed i men tary for ma tions. Stron tium co mes from
Zechstein salts while va na dium is from lower Pa leo zoic black
shales and/or hy dro car bon-bear ing strata. In this pa per, “in -
creased” val ues of the met als de note those con cen tra tions nor -
mal ised rel a tive to alu minium (i.e. Sr/Al and V/Al) rep re sented
by an En rich ment Fac tor (EF): for stron tium of >60, and for va -
na dium of >30. Data on stron tium and va na dium dis tri bu tion in 
bot tom sed i ments (Fig. 10) are given in pa pers by Szczepańska
and Uścinowicz (1994) and Uścinowicz et al. (2004). These
pa pers con tain re sults of in ves ti ga tions based on sam ples taken

at 368 points ar ranged in a reg u lar 10 ́  10 km grid cov er ing the 
whole Pol ish Ex clu sive Eco nomic Zone. Bot tom sed i ments
were  sam pled with the use of a Niemisto core-sam pler (muds)
and Van-Veen grab-sam pler (sands). The metal con tent was
de ter mined us ing atomic spec trom e try (ASA) and atomic
emis sion spec trom e try with plasma ex ci ta tion (ICP) meth ods,
af ter mi cro wave di lu tion in HNO3 1 + 1.

In the cratonic area, in creased Sr/Al val ues are ob served on
the Słupsk and Żarnowiec blocks. These are cer tainly as so ci -
ated with a zone of re gional ero sional pinchouts of Permo-Me -
so zoic de pos its (Fig. 10). They were the path ways for mi grat -
ing Sr-rich Zechstein brines and ther mal wa ters. In creased
Sr/Al val ues were also re corded on the Gryfice and Kołobrzeg
blocks of the Pa leo zoic plat form, as a re sult of mi gra tion along
a dense fault net work. How ever, it must be borne in mind that
there are also pinchout zones of Tri as sic, Ju ras sic and Cre ta -
ceous de pos its in this area (Fig. 10). In ad di tion to faults, they
could be the mi gra tion path ways for brines and ther mal wa ters
pre dom i nantly from the Zechstein de pos its.

High V/Al val ues are ob served mainly in the cratonic sec tor 
of the Pol ish eco nomic zone of the Bal tic Sea along the
Smołdzino Fault, and in the mid dle part of the Karwia Fault
(Fig. 10). An es pe cially strong anom aly is re corded in the
last-men tioned area. It prob a bly re flects a lo cal near-fault in -
flow of geogenic sub stances and, no ta bly, is re lated to a zone of 
ero sional pinchout of Cre ta ceous de pos its. Mi gra tion of
geogenic sub stances along re gional pinchouts of Permo-Me so -
zoic de pos its is also shown by the pres ence of an ex ten sive
zone of in creased V/Al val ues on the Słupsk and Żarnowiec
blocks. It stretches trans verse to the re gional fault zones and al -
most par al lel to the pinchout zones (Fig. 10). It sug gests that the 
zones took an ac tive part in trans mit ting geogenic sub stances.
Va na dium, tend ing to con cen trate in crude oil, is one of the
most char ac ter is tic el e ments oc cur ring in black shales of Scan -
di na via (cf. Morawski, 1973). Their fa cies equiv a lents are
Cam brian–Tremadocian black mud and clay shales of the
Piaśnica For ma tion s.l. (Fig. 5). The zones of re gional
pinchouts of Permo-Me so zoic sed i men tary for ma tions run
evenly with a par al lel of lat i tude across the Courland, Rozewie, 
Łeba, Słupsk and Ustka blocks (Figs. 2 and 10). In ad di tion to
other sub stances, they trans mit also geogenic liq uids and gases
orig i nat ing from lower Pa leo zoic black shales.

On the Pa leo zoic plat form, high V/Al val ues are ob served
along the Kamień Pomorski and Trzebiatów faults, at sites
where they merge with the pinchout zones. They are re lated
here to mi gra tion of bi tu mens that are of ten ac com pa nied by
va na dium.

In creased Sr and Va val ues were also ob served in some re -
gions im me di ately to the north of the Pol ish coast (Fig. 10).

They are as so ci ated with lo cal ero sional pinchouts of Me so zoic 
and Ter tiary de pos its at sites of deep fur rows in the sub-Qua ter -
nary sur face (cf. Kramarska et al., 1999).

AREAS OF THE GREATEST RISK 
OF GEOGENIC POLLUTION 

The re sults of these in ves ti ga tions have fully con firmed the
ear lier as sump tions (Jaworowski et al., 2001) as re gards the
threat posed to the Pol ish Ex clu sive Eco nomic Zone of the Bal -
tic Sea by geogenic pol lut ants. It has been shown that geogenic
sub stances de rived from deep-seated geo log i cal struc tures cur -
rently mi grate into bot tom wa ters and sed i ments. The whole
Pol ish sec tor of the Bal tic Sea is threat ened by geogenic pol lut -
ants. Two ar eas (A and B) at the great est risk from geogenic
pol lu tion have been de fined af ter ana lys ing all the dem on -
strated and potential hazards to the environment. 

AREA A (FIGS. 2 AND 10)

Sit u ated in the east ern part of the Pol ish Ex clu sive Eco -
nomic Zone of the Bal tic Sea, in the East Eu ro pean Craton, this
cov ers the Courland Block (west ern part), Rozewie Block,
Łeba Block (in clud ing the Smołdzino Fault Zone) and
Żarnowiec Block (east ern part). 

COURLAND BLOCK 

The west ern por tion of the block is part of a larger area of the
high est prospectivity for hy dro car bon ac cu mu la tion. The area
ex tends me ridi on ally along both the flanks of the Kuźnica Fault
Zone sep a rat ing the Courland and Rozewie blocks. In the north -
ern part of the high est pol lu tion risk area on the Courland Block,
there is a re gional pinchout zone marked by the ex tent of the Cre -
ta ceous de pos its over ly ing De vo nian rocks. The zone subcrops
at the sub-Qua ter nary sur face. The forefield of the pinchout zone 
be longs to the area of po ten tial mas sive brine in flows. The bed -
rock of the block con tains sed i men tary for ma tions which can be
the source of harm ful geogenic sub stances. These are the lower
Pa leo zoic black shales, Mid dle Cam brian and De vo nian de pos -
its, as well as Zechstein salts and Lower Tri as sic and Up per Ju -
ras sic de pos its oc cur ring in the south ern part. 

ROZEWIE BLOCK 

In the east ern part of the block, there is a part of the area of
the high est prospectivity for hy dro car bon ac cu mu la tion. This
area ex tends me ridi on ally along both the flanks of the Kuźnica
Fault Zone. In the Rozewie Block, there is the west ern part of the
most pro spec tive area. High con cen tra tions of liq uid hy dro car -
bons in bot tom wa ters, di rectly linked with the Kuźnica Fault
Zone, were dis cov ered in the north ern seg ment of the area. 

The great est in ten sity of mi gra tion of geogenic sub stances
along the Kuźnica Fault is ob served in both its north ern and
mid dle part. Strong and very strong anom a lies of the con cen tra -
tions of liq uid hy dro car bons in bot tom wa ter, re corded in the
north ern and mid dle sec tion of the fault, are haz ard ous to the
en vi ron ment. They are as so ci ated with oil fields B5 and B8 dis -
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cov ered in the east ern part of the Rozewie Block. Mid dle Cam -
brian hy dro car bons mi grate up to the sea-floor along the
Kuźnica Fault de spite the large thick ness (1000–1700 m) of the 
Si lu rian clay shale seal. The lack of anom a lous con cen tra tions
of liq uid hy dro car bons in bot tom wa ters in the south ern part of
the fault is prob a bly re lated to the pres ence of seal ing Zechstein 
salts, which are ab sent in the mid dle and north ern parts of the
zone. Gas anom a lies only are ob served in this area. 

In the cen tral area of the block, there is a NE–SW-trending
zone of re gional pinchouts, de fined by the ex tent of Cre ta ceous
de pos its over ly ing the De vo nian. It ap pears at the sub-Qua ter -
nary sur face. At the site where the pinchout zone merges with
the Karwia Fault Zone (mark ing the west ern bound ary of the
block), in creased V/Al val ues are ob served. These are in dic a -
tive of the ac tiv ity of both the pinchout zones and the sub-Qua -
ter nary fault zones trans mit ting hy dro car bons and geogenic
sub stances orig i nat ing from the lower Pa leo zoic black shales. 

 The area of in creased V/Al val ues “strad dles” the Karwia
Fault Zone. Fur ther to wards the west is a re gion where re gional 
pinchouts ob served in the Łeba Block merge with the Karwia
Fault Zone. Part of the Rozewie Block, sit u ated north of the
above-men tioned pinchouts of Cre ta ceous de pos its, is an area
of high po ten tial brine in flow. The bed rock of the block is com -
posed of sed i men tary for ma tions sup posed to be the sources of
geogenic sub stances: lower Pa leo zoic black shales, Mid dle
Cam brian and De vo nian de pos its, and – in the south –Tri as sic
de pos its and Zechstein salts. 

ŁEBA BLOCK 

In the Łeba Block, crude oil and nat u ral gas fields have
been dis cov ered along the east ern flank of the Smołdzino Fault
Zone. High con cen tra tions of liq uid hy dro car bons in bot tom
wa ters are re corded in the north east ern part of the block. They
are as so ci ated with me ridi on ally trending faults ob served at the 
sub-Qua ter nary sur face. NE–SW-trending re gional pinchout
zones, de fined by the bound aries be tween the oc cur rence ar eas
of Cre ta ceous and Tri as sic, Tri as sic and Zechstein and
Zechstein and Si lu rian de pos its oc cur in the south ern part of the 
block. The west ern por tion of the pinchouts zone is cov ered by
Paleogene de pos its, whereas the east ern por tion subcrops at the 
sub-Qua ter nary sur face. In the south ern part of the Łeba Block, 
in creased V/Al val ues are ob served es pe cially at sites where
the re gional pinchout zones merge with the Karwia Fault.
These are re lated to the ac tiv ity of both the pinchout zones and
the fault zone, in di cat ing mi gra tion of hy dro car bons and
geogenic sub stances orig i nat ing from the lower Pa leo zoic
black shales. To the south of the pinchouts zone and in the
north east ern part of the Łeba Block, there is an area of po ten tial 
mas sive brine out flows. The bed rock of the block is com posed
of sed i men tary for ma tions sup posed to be the sources of
geogenic sub stances: lower Paleozoic black shales, Mid dle
Cam brian de pos its, and – in the south –Tri as sic and Zechstein
de pos its with out salt-bear ing fa cies. 

ŻARNOWIEC BLOCK 

In the north east ern por tion of the block, at the cross ing of
the Kuźnica and Łeba–Sambia fault zones, there is the south ern 
end of a zone of the great est prospectivity for hy dro car bon ac -

cu mu la tion known from the bor der zone be tween the Courland
and Rozewie blocks. Near the Łeba Fault Zone, rep re sent ing
the north ern bound ary of the block, there is a re gional pinchout
zone marked by the bound ary be tween the oc cur rence ar eas of
Cre ta ceous and Tri as sic de pos its. The zone is en tirely cov ered
by Paleogene de pos its. In creased Sr/Al and V/Al val ues, in di -
cat ing mi gra tion of brines, hy dro car bons and geogenic sub -
stances orig i nat ing from lower Pa leo zoic black shales, are ob -
served over the whole Żarnowiec Block. The mi gra tion is re -
lated to a net work of fault zones that reach the sub-Qua ter nary
sur face. The Żarnowiec Block lies in an area of strong po ten tial
brine out flows, al though the Zechstein salts oc cur only in its
east ern por tion. That is why this part of the Żarnowiec Block is
in cluded in the area of the high est geogenic pol lu tion risk.
Other sed i men tary for ma tions com pos ing the bed rock of the
Żarnowiec Block, be ing po ten tial sources of harm ful geogenic
sub stances, are rep re sented by the lower Pa leo zoic black
shales, Mid dle Cam brian and Lower Tri as sic de pos its, and – in
the south east ern end – by Up per Ju ras sic de pos its.

AREA B (FIGS. 2 AND 10)

This area is sit u ated in the west ern part of the Pol ish Ex clu -
sive Eco nomic Zone of the Bal tic Sea, within the Eu ro pean Pa -
leo zoic plat form. Area B cov ers the west ern por tion of the
Kołobrzeg Block and the Gryfice and Wolin blocks. 

KOŁOBRZEG BLOCK 

Ex ten sive ar eas of in creased pros pectivity for hy dro car bon
ac cu mu la tion oc cur along the Trzebiatów and Koszalin fault
zones mark ing the block boundaries. 

The Trzebiatów Fault Zone, rep re sent ing the bound ary be -
tween the Kołobrzeg and Gryfice blocks, is very ac tive in re -
spect of mi gra tion and out flow of liq uid and gas eous hy dro car -
bons. The con cen tra tions of liq uid hy dro car bons in bot tom wa -
ters are so high that they pose a se ri ous haz ard to the nat u ral en -
vi ron ment. The meth ane con cen tra tion in wa ter reaches sig nif i -
cant lev els along the south ern part of the fault. Mi gra tion of
gas eous and es pe cially liq uid hy dro car bons oc curs de spite the
oc cur rence of seal ing Zechstein salts. That is why the
Trzebiatów Fault Zone and the whole west ern part of the
Kołobrzeg Block rep re sent the ar eas of the high est geogenic
pol lu tion risk. A sub-Qua ter nary re gional pinchout zone is
marked here by an ero sional bound ary between the occurrence
areas of Triassic and Jurassic deposits. 

Al most the whole area of the block is con spic u ous by in -
creased Sr/Al val ues. An increased V/Al ra tio is ob served in the 
west ern and north east ern re gions of the block. These val ues
prove the pres ence of brine and hy dro car bon in flows in the area 
of a dense net work of fault zones reach ing up to the sub-Qua -
ter nary sur face. Worth not ing are the oc cur rences of in creased
V/Al val ues at sites where the re gional pinchout zones merge
with the fault zones. A sim i lar sit u a tion is ob served in area A.
Al most the whole Kołobrzeg Block is in cluded in the area of
strong po ten tial brine out flows. Geogenic sub stances can orig i -
nate from the De vo nian, Car bon if er ous, Zechstein Main Do lo -
mite and salt de pos its con sti tut ing the bed rock of the en tire
block, and ad di tion ally from the Lower Tri as sic, Lower and
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Up per Ju ras sic and Lower Cre ta ceous de pos its. Lo cal
Rotliegend ef fu sive rocks can also generate harmful geogenic
substances (e.g., heavy metals). 

GRYFICE BLOCK 

Al most the whole area of the block is cov ered by two zones
of in creased pros pectivity for hy dro car bon ac cu mu la tion. Cha -
ot i cally dis trib uted sites of high con cen tra tions of liq uid hy dro -
car bons in bot tom wa ters in di cate the pres ence of a dense net -
work of fault zones reach ing up to the sub-Quaternary surface. 

The Kamień Pomorski Fault Zone, mark ing the bound ary
be tween the Gryfice and Wolin blocks, is char ac ter ized by high
con cen tra tions of both gas eous (meth ane, bu ty lene) and heavy
hy dro car bons in bot tom wa ters, caus ing se ri ous en vi ron men tal
pol lu tion. As noted above, dur ing sam pling in the zone, de cay -
ing dead mol lusc re mains were found. In creased Sr/Al val ues are 
ob served through out the whole area of the Gryfice Block. In -
creased V/Al val ues are re corded in its south west ern and east ern
parts (the last ones con tinue into the west ern part of the
Kołobrzeg Block). A dis tinct re gional pinchout zone, marked by
the ero sional ex tent of Ju ras sic and of Cre ta ceous de pos its, runs
NW–SE ap prox i mately along the ax ial part of the block. A small 
pinchout zone at the bound ary of Cre ta ceous and Ju ras sic oc cur -
rence ar eas was mapped in the south east ern end of the Gryfice
Block. The pinchout zones dis cussed above subcrop at the
sub-Qua ter nary sur face. The whole Gryfice Block is in cluded in
the area of po ten tial mas sive brine out flows, and its south east ern
part is at risk of ther mal wa ter out flows. The lat ter were ob served 
in the north ern seg ment of the block close to the bound ary of the
Pol ish sec tor of the Bal tic Sea. 

De vo nian, Car bon if er ous and Zechstein Main Do lo mite
and salt de pos its, oc cur ring through out the whole area, as well
as Lower Tri as sic, Lower and Up per Ju ras sic and Lower Cre ta -
ceous de pos its form the bed rock of the Gryfice Block. They
can be sources of harm ful geogenic sub stances. Rotliegend ef -
fu sive rocks oc cur in the bed rock over large ar eas and can also
gen er ate harmful geogenic substances. 

WOLIN BLOCK 

Al most the whole block is a zone of in creased prospectivity  
for hy dro car bon ac cu mu la tion, be ing the sec ond in the
prospectivity rank for the Pol ish Ex clu sive Eco nomic Zone of
the Bal tic Sea. In the south east ern part of the block at the
sub-Qua ter nary sur face, there is part of a re gional pinchout
zone de ter mined by the ero sional bound ary be tween the oc cur -
rence ar eas of Ju ras sic and Cre ta ceous de pos its. In creased
Sr/Al val ues are re corded over most of the Wolin Block. Its
south east ern re gion (ex ten sion of a sim i lar area from the west -
ern part of the Gryfice Block) is characterized by in creased
V/Al val ues. This sug gests mi gra tion of brines and hy dro car -
bons through a dense net work of faults reach ing up to the
sub-Qua ter nary sur face. A nar row area ex tend ing along the
Kamień Pomorski Fault Zone can yield mas sive brine out -
flows, whereas the south ern part of the block is an area of po -
ten tial ther mal wa ter out flows. De vo nian, Car bon if er ous and
Zechstein Main Do lo mite and salt de pos its, oc cur ring through -
out the whole area, as well as Lower Tri as sic, Up per Ju ras sic
and Lower Cre ta ceous de pos its com pos ing the bed rock of the

block, are sup posed to be the pol lut ant source rocks.
Rotliegend ef fu sive rocks oc cur in the bedrock over large areas
and can also generate geogenic substances harmful to the
environment. 

CONCLUSIONS 

1. Bot tom wa ters and bot tom sed i ments of the Pol ish Ex -
clu sive Eco nomic Zone of the Bal tic Sea are pol luted by mod -
ern mi gra tion of geogenic sub stances de rived from bed rock be -
neath the sea-floor (deep-seated geo log i cal structures).

2. Pol lut ant source rocks, oc cur ring in the bed rock of the
Pol ish sec tor of the Bal tic Sea, in clude: (a) oil- and gas-bear ing
res er voir rocks (Mid dle Cam brian, Rotliegend, Zechstein, Car -
bon if er ous); (b) black shales (Up per Cam brian, Lower and
Mid dle Or do vi cian, Lower Si lu rian); (c) ef fu sive rocks
(Rotliegend); (d) salts (Zechstein), (e) res er voir rocks for min -
eral and ther mal wa ters (Cam brian, De vo nian, Car bon if er ous,
Rotliegend, Zechstein, Triassic, Jurassic and Cretaceous).

3. Fault zones and zones of re gional ero sional pinchouts of
sed i men tary for ma tions are mi gra tion av e nues for harm ful
geogenic sub stances (the stron gest emis sions are ob served in
ax ial zones of the faults). Large thick nesses of seal ing rocks
(Si lu rian clay-shales: 1000–2500 m, Zechstein salts:
100–300 m) need not com prise ob sta cles on the hy dro car bon
mi gra tion path way along the fault zones.

4. The main sources of pol lu tion are oil and nat u ral gas de -
pos its, as well as zones pro spec tive for hy dro car bon de pos its be -
cause they are man i fested by in creased con cen tra tions of liq uid
and gas eous hy dro car bons in bot tom wa ters and bot tom sed i -
ments. 

5. Hy dro car bons that mi grate through the fault zones are
rep re sented mainly by oils and meth ane. Proven seepages of
liq uid hy dro car bons, rang ing from 50 to 210 mg/l, are a se ri ous
source of pol lu tion of the Bal tic Sea wa ters. Val ues of 200 mg/l
may be con sid ered as in dic a tive of sur face out flows. Con sid er -
able meth ane con cen tra tions of up to 2.0–3.0 ́ 10–4 mg/l are ac -
com pa nied by large con tents of heavy hy dro car bons. They
cause a le thal def i cit of ox y gen in bot tom wa ters. The amount
of mi grat ing hy dro car bons de pends on the level of seis mic ac -
tiv ity in the Bal tic re gion. Un der strong seis mic ac tiv ity, the
amount can be greater than that mea sured dur ing the pres ent re -
search. 

6. Meth ane has ac cu mu lated mainly as a re sult of
thermogenic pro cesses of al ter ation of fos sil or ganic matter. 

7. Mi gra tion ac tiv ity in the fault zones and re gional
pinchouts is shown, for in stance, by ar eas of in creased stron -
tium and va na dium con cen tra tions in bot tom sed i ments. Stron -
tium co mes from Zechstein salts while va na dium is from lower
Pa leo zoic black shales and/or hy dro car bon-bear ing res er voir
rocks.

8. The whole Pol ish Ex clu sive Eco nomic Zone of the Bal tic 
Sea (Figs. 1 and 2) is threat ened by geogenic pol lut ants. Two
ar eas of the great est risk of geogenic pol lu tion have been iden -
ti fied: (i) area A (Fig. 10) is sit u ated on the East Eu ro pean
Craton and cov ers the west ern part of the Courland Block,
Rozewie and Łeba blocks (in clud ing the Smołdzino Fault

286 Krzysztof Jaworowski et al.



Zone) and the east ern part of the Żarnowiec Block; and (ii) area 
B (Fig. 10) is sit u ated in the Eu ro pean Pa leo zoic plat form and
cov ers the west ern part of the Kołobrzeg Block, and Gryfice
and Wolin blocks.
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