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The lower Pa leo zoic source rocks in the off shore part of the Gryfice and Kołobrzeg blocks (NW Po land) were stud ied through geo chem i -
cal data and nu mer i cal mod el ling. The geo chem i cal study re vealed a pres ence of ef fec tive source rocks in Caradocian strata, but with low 
hy dro car bon po ten tial. The re main ing lower Pa leo zoic source rock ho ri zons were not doc u mented by core sam ples. The tim ing of hy dro -
car bon gen er a tion and ex pul sion was mod elled for the K1-1/86 and L2-1/87 bore holes lo cated in the Gryfice and Kołobrzeg blocks, re -
spec tively. 1-D and 2-D mod el ling in di cated that in the Kołobrzeg Block the on set of pe tro leum gen er a tion oc curred at the end of the
Si lu rian and the be gin ning of the De vo nian. Source rocks in the Gryfice Block reached the early stage of oil gen er a tion at the be gin ning
of the Perm ian and gen er a tion pro cesses were com pleted by the end of the Tri as sic. Mi gra tion of hy dro car bons from source rocks be gan
in the Car bon if er ous in both the Gryfice and Kołobrzeg blocks and lasted to the end of the Me so zoic. Dur ing hy dro car bon mi gra tion, an
in ten sive dis per sion pro cess was ob served, caused by leak ing along the fault planes. The mod el ling re vealed that hy dro car bons may have 
ac cu mu lated in De vo nian res er voirs. The lack of any dis cov ered ac cu mu la tions could be the re sult of hy dro car bon dis per sion caused by
tec tonic de for ma tion and in tense ver ti cal fault block move ments. 
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INTRODUCTION 

Char ac ter is tics of lower Paleozoic source rocks in the Pom -
er a nian seg ment of the Trans-Eu ro pean Su ture Zone (TESZ)
and the pe tro leum pro cesses in the off shore part of this area
were ex am ined.

The study area is the off shore parts of the Gryfice and
Kołobrzeg blocks, lo cated in the Pom er a nian seg ment of the
Trans-Eu ro pean Su ture Zone (TESZ). Ow ing to few geo logic 
data avail able from the lower Pa leo zoic suc ces sion, as well as
a lack of rep re sen ta tive re sults of geo chem i cal anal y ses for
the po ten tial source rocks (only Caradocian shales were sam -
pled), the in ves ti ga tion has the char ac ter of a gen er a tion test.
Char ac ter is tics of source rocks of the lower Pa leo zoic strata
and the model of ki netic trans for ma tions were adopted from
the pe tro leum anal y sis of co eval strata in the Bal tic re gion fur -
ther east. Re con structed lithostratigraphic sec tions in the off -

shore L2-1/87 and K1-1/86 bore holes were used for mod el -
ling of the hy dro car bon gen er a tion and ex pul sion pro cesses
(Fig. 1). Mod el ling of hy dro car bon mi gra tion and ac cu mu la -
tion was per formed along the re gional 81032K-820 cross-sec -
tion (Fig. 1). 

To de ter mine the thick ness of strata re moved dur ing the late 
Paleozoic and Me so zoic, mea sured pa ram e ters of kerogen ther -
mal ma tu rity were used. The same data were used to model cal -
i bra tion of heat flow changes through time. Hav ing the ther mal
and burial his tory con strained, the fol low ing ba sic gen er a tion
con di tions were es tab lished for each borehole: 

– time and depth iden ti fi ca tion of the or ganic mat ter ther -
mal ma tu rity in ter vals; 

– po si tion of gen er a tion stages and de gree of kerogen
trans for ma tion;

– amount of gen er ated and ex pelled hy dro car bon mass;
– time and range of hy dro car bon mi gra tion;
– time and amount of ac cu mu la tion. 



GEOLOGICAL SETTING 

The study area is a part of the north ern seg ment of the
TESZ, lo cated be tween two ma jor fault zones, the Trzebiatów
in the west and the Koszalin in the east (Fig. 1). The lower Pa -
leo zoic strata are tec toni cally de formed, folded and most prob -
a bly also de tached from their orig i nal base ment (Dadlez,
2000). Ac cord ing to Pokorski and Jaworowski (2002), in the
Kołobrzeg Block, be neath the overthrusted lower Pa leo zoic
allochthonous strata, an autochthonous sed i men tary cover of
the East Eu ro pean Craton (EEC) might be ex pected, sim i lar to

that al ready rec og nized in the south ern Skania out crops. The
base ment of the Rugia, Wolin, Gryfice and Kołobrzeg blocks is 
ei ther re lated to the East Eu ro pean Craton or to ter rains
accreted to the TESZ dur ing the Cal edo nian col li sion. 

The geo log i cal de vel op ment of the area in early Pa leo zoic
time was re con structed mainly based on stud ies of the lower
Pa leo zoic sed i men tary rocks in the nearby Koszalin–Chojnice
Zone (see Znosko, 1965; Teller and Korejwo, 1968; Dadlez,
1978; Podhalańska and Modliński, 2006; Poprawa, 2006). In
the study area and its east ern vi cin ity the Or do vi cian strata,
most fre quently the Llandeillian–lower Caradocian, were
found in the bot tom part of the bore holes: Brda 2, Brda 3,
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Fig. 1. Geo log i cal map of the Pom er a nian part of the Cal edo nian Plat form with out Perm ian and youn ger de pos its
(af ter Pokorski and Modliński, 2007, modified) with lo ca tion of the bore holes ana lysed 



Chojnice 5, L2-1/87, Jamno IG 1, Jamno IG 2, Karsina 1,
Kościernica 1, Miastko 1, Nowa Karczma 1, Nowa Wieś 1,
Sarbinowo 1, Skibno 1 and Wyszebórz 1 (Dadlez, 1978;
Podhalańska and Modliński, 2006; Fig. 1). The folded Si lu rian
strata were en coun tered in the bore holes: Chojnice 3,
Klosnowo IG 1, Kłanino 3, Lutom 1, Nicponie 1, Stobno 1
(S 1), Stobno 2, Stobno 3 (S 3), Wierzchocina 1 and
Wierzchocina 4 (Dadlez, 1978; Podhalańska and Modliński,
2006; Fig. 1).

The depth of re cent burial of the lower Paleozoic strata
ranges be tween 4000 and 7000 m. The lower Paleozoic strata,
folded dur ing the Cal edo nian orog eny (Znosko, 1965; Dadlez,
1978; Żaba and Poprawa, 2006), is over lain by a De vo -
nian-Car bon if er ous cover which is pres ently over 1000 m thick 
(Matyja, 2006) and which was also was de formed dur ing the
Variscan orog eny. In the vi cin ity of the Sarbinowo and west of
the Dygowo–Białogard Fault Zone, lower Perm ian ex tru sive
rocks are pres ent, be ing a fi nal re sult of the Variscan orog eny,
and which are cov ered by strata of the up per Rotliegend. Perm -
ian rocks are de pos ited un con form ably on the De vo nian and
Car bon if er ous succession. Their to tal thick ness in the spe cific
pro files var ies from a few to about 350 m. Perm ian de po si tion
in the north ern, Pom er a nian seg ment of the Pol ish re gion con -
tin ued through the Me so zoic. There is a suc ces sion about
1800 m thick near Sarbinowo and over 3000 m in the south -
west ern part of Pomerania (Dadlez, 1974; Dadlez et al., 1995;
Stephenson et al., 2003). Anal o gous to the Pol ish Low land, the 
topmost part of the sed i men tary cover is com posed of Ce no -
zoic un con sol i dated de pos its up to 200 m thick. 

As the lower Pa leo zoic strata is poorly rec og nized in the
study re gion, the downhole con di tions of the lower Pa leo zoic
are in di rectly in ter preted from seis mic sec tion anal y sis (see
Pokorski, 2010). Only on this ba sis one can in fer the evo lu tion
of the lower Pa leo zoic suc ces sion at the pre-De vo nian stage of
de vel op ment of the ba sin. That the late Pa leo zoic stage of the
area’s evo lu tion fin ished with tec tonic de for ma tion and up lift,
and the late Perm ian–Me so zoic stage, ter mi nated with in ver -
sion of the Pol ish Basin, has been gen er ally well rec og nized
and de scribed in the lit er a ture (e.g., Dadlez, 1978; Karnkowski, 
1999; Krzywiec, 2002; Lamarche and Schenk-Wenderoth,
2005a, b; Matyja, 2006). 

The tec tonic struc ture of the part of the Cal edo nian plat -
form stud ied is a re sult of multiphase de for ma tion re lated
mainly to contractional and transpressional re gimes (Znosko,
1965; Dadlez, 1978; Poprawa et al., 1999; Poprawa, 2006). A
few phases of up lift and ero sion ac com pa nied the tec tonic de -
for ma tion, the main ones be ing: Early De vo nian, late to
post-Car bon if er ous, and post-Cre ta ceous. In the off shore part
of study area the Early De vo nian ero sion event led to par tial re -
moval of Or do vi cian and Si lu rian strata with a to tal thick ness
of ap prox i mately 2000 m (Fig. 2). Af ter the Car bon if er ous to
early Perm ian phase of ero sion, the De vo nian and Car bon if er -
ous strata were par tially de nuded, with the thick ness of the re -
moved sec tion de ter mined to be up to 1200 m thick. The lat est
to post-Cre ta ceous ero sion par tially re moved the Up per Cre ta -
ceous and Ju ras sic strata. The thick ness of the eroded Me so zoic 
sec tion was es ti mated at ap prox i mately 1300 m in the Gryfice
Block (Fig. 2A) and 2300 m in the Kołobrzeg Block (Fig. 2B). 

THERMAL EVOLUTION 

The late Perm ian–Me so zoic stage of the study area’s ther -
mal his tory is rel a tively well un der stood, while the late Pa leo -
zoic ther mal his tory is less well doc u mented, de spite the ex is -
tence of geo chem i cal data. The early Paleozoic stage is poorly
rec og nized with little in for ma tion. 

Re con struc tion of the heat flow dur ing the geo log i cal evo -
lu tion of the ba sin started with anal y sis of the re cent ther mal
re gime. The in put data con sisted of a map of tem per a tures for
the top of the Zechstein Main Do lo mite car bon ates, i.e. the
best rec og nized strati graphic ho ri zon of the study area
(Karwasiecka, 2000). The re con struc tion was based on di rect
mea sure ments in bore holes in ther mal equi lib rium con di tions
sim i lar to steady-state. Where there was an ab sence of such
mea sure ments, the downhole tem per a ture was as sessed be low 
the ob served ho ri zon on the ba sis of pub lished data on the
mag ni tude of the heat flow (Karwasiecka and Bruszewska,
1997). The dis tri bu tion of re cent tem per a tures ob tained at the
top of the Main Do lo mite strata in the area an a lysed re vealed
val ues pre dom i nantly in the range of 70–90°C. Geo ther mal
gra di ents cal cu lated for late Perm ian and Me so zoic time in the 
study area on the ba sis of the dis tri bu tion of downhole tem -

per a tures range be tween 2.00 and 2.25°C/100 m. These tem -
per a tures in di cated that the lower Pa leo zoic po ten tial source
rock, 1000–2000 m lower in the suc ces sion, was cer tainly
able to gen er ate hy dro car bons. Re con struc tion of this pro cess, 
how ever, re quires de ter mi na tion of ther mal changes over the
en tire time in ter val, from the de po si tion of the source rocks
ana lysed to their cur rent depth. 

Cur rently avail able knowl edge on changes in the ther mal
field co mes only from re gional stud ies. Sev eral ba sic mod els of 
ther mal evo lu tion ex ist, and these were pro posed by
Majorowicz et al. (1984), Karnkowski (1999, 2003a), Poprawa 
and Grotek (2004), and Poprawa and Andriessen (2006).
Though Majorowicz et al. (1984) in their model cov ered only
the Lublin area and north ern-west ern Fore-Sudetic Monocline,
this ma te rial re mains sig nif i cant for the re main ing part of the
Pol ish Low land. Based on an a lysed gra di ents of ther mal ma tu -
rity, Majorowicz et al. (1984) sug gested that the Variscan
orogen and its fore land were heated in late Paleozoic time and
af ter wards progressively cooled. This pro cess con tin ues till the
pres ent. 

Karnkowski (1999, 2003a) sug gested that the mag ni tude of 
the heat flow within the main depocentre of the Pol ish Ba sin
was con stant, with a pos i tive ther mal anom aly dur ing the Perm -
ian, Tri as sic and Ju ras sic only, within the Fore-Sudetic
Monocline. Poprawa and Grotek (2004) and Poprawa and
Andriessen (2006) pro posed two al ter na tive mod els. In first,
they pro posed steady heat flow in the Cre ta ceous, and vari able
heat flow in the Perm ian and Tri as sic. The other model in -
cluded a lo cal in crease of heat flow in the Perm ian and Tri as sic
fol lowed by a pro gres sive de crease, with rel a tively lower val -

ues in Late Cre ta ceous time. 
The mod el ling per formed re vealed that the ob served ther -

mal ma tu rity of the lower Pa leo zoic suc ces sion analysed, with
its up per Pa leo zoic and Perm ian-Me so zoic cover, re quires
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lower heat flow dur ing Me so zoic burial as com pared to re cent
heat flow. This has been de scribed pre vi ously with ref er ence to
the on shore part of the Mid-Pol ish Trough (Poprawa and
Grotek, 2004; Poprawa and Andriessen, 2006). 

Avail able data al lowed re con struc tion of the Variscian
ther mal and burial re gime. Anal y sis of the ther mal his tory on
the on shore part of the Kołobrzeg and Gryfice blocks

(Kosakowski et al., 2006) in di cated that Variscian heat flow
was slightly higher in com par i son to re cent heat flow. This dif -
fer ence grad u ally dis ap peared to wards the ma rine part of these
blocks. As in the Bal tic Ba sin (Karnkowski, 2003b; Poprawa
and Grotek, 2005; Kosakowski et al., 2010; Poprawa et al.,
2010), the tim ing of the main phase of mat u ra tion in the off -
shore part of the Kołobrzeg and Gryfice blocks could not be de -
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Fig. 2. Burial his tory curves for se lected lithostratigraphic suc ces sion with ther mal ma tu rity zones in pro files: 
A – K-1/86 bore hole in the Gryfice Block and B – L2-1/87 bore hole in the Kołobrzeg Block 

Pr – Pre cam brian, Cm – Cam brian, Cm1 – Lower Cam brian, Cm2 – Mid dle Cam brian, Cm3 – Up per Cam brian, O – Or do vi cian, Oar –
Or do vi cian (Arenigian), Oln – Or do vi cian (Llanvirnian), Ok – Or do vi cian (Caradocian), S – Si lu rian, D – De vo nian, D2 – Mid dle De -
vo nian, D3 – Up per De vo nian, C – Car bon if er ous, C1 – lower Car bon if er ous, C2 – up per Car bon if er ous, P – Perm ian, P1 – lower Perm -
ian, P2 – up per Perm ian, T – Tri as sic, T1 – Lower Tri as sic, T2 – Mid dle Tri as sic, T3k – Up per Tri as sic (Keuper), T3r – Up per Tri as sic
(Rhaetian), J – Ju ras sic, J1 – Lower Ju ras sic, Cr – Cre ta ceous, Pg – Paleogene, N – Neo gene, Q – Quaternary 



ter mined with any pre ci sion. It is as sumed that suc ces sive in -
creases in heat flow took place from the be gin ning of De vo nian 
to the late Car bon if er ous, i.e. to the time of max i mum burial. 

The pres ent sur face heat flow was cal cu lated on the ba sis of 
heat con duc tiv ity val ues cal cu lated from lithological pro por -
tions for each spe cific strati graphic ho ri zon of the sec tion an a -
lysed. The re con structed re cent heat flow ranges from ca.
45 mW/m2 in the west ern part of the an a lysed plat form
(Gryfice Block) to ca. 60 mW/m2 in the east ern part
(Kołobrzeg Block).

GENERAL CHARACTERISTICS
OF THE LOWER PALEOZOIC SOURCE ROCKS

Po ten tial source rock ho ri zons in the east ern part of the
study area have been geochemically doc u mented only within
the Caradocian strata. There were only 49 core sam ples col -
lected from this ho ri zon from the L2-1/87 bore hole in the off -
shore part of study area, as well as from the Kłanino 3,
Kościernica 1, Sarbinowo 1, and Skibno 1 bore holes in the
on shore part (Fig. 1). Quan ti ta tive anal y sis re veals that the to -

tal or ganic car bon (TOC) con tent is low, usu ally be low
0.3 wt.%, and the hy dro car bon po ten tial does not ex ceed
250 mg HC/g TOC. Mea sured Tmax val ues are vari able and in
the on shore part are within the ini tial phase of the low-tem per -
a ture thermogenic pro cesses (“oil win dow”), while in the off -
shore part they are within the late phase of the “oil win dow”
(Fig. 3). There fore, geo chem i cal stud ies re veal the pres ence
of ef fec tive source rocks in Caradocian strata, but with low
hy dro car bon po ten tial. How ever, by anal ogy with the Bal tic
re gion, the gen er a tion mod el ling was also com pleted for the
Mid dle Cam brian and Up per Cam brian–Lower Or do vi cian
strata as a syn thetic sec tion with geo chem i cal char ac ter is tics
of the bore holes from the Słupsk Block (Kosakowski et al.,
2010; Więcław et al., 2010a). 

MODELLING PROCEDURE 

The prin ci pal aim of the 1-D nu mer i cal mod el ling was to
de ter mine the depth and tim ing of hy dro car bon gen er a tion and
ex pul sion for sec tions of the L2-1/87 and K1-1/86 bore holes
(Fig. 1). These pro cesses were re con structed by means of
BasinMod™ 1-D (BMRM 1-D, 2006). To as sess the amount of  
hy dro car bons gen er ated and ex pelled from the lower Pa leo zoic 
source rocks, the fol low ing data were quan ti fied: pres ent and
orig i nal thick nesses of in di vid ual strati graphic units, thick -
nesses of miss ing sec tions, li thol ogy of in di vid ual strati graphic
units, as well as pres ent and palaeo-heat flow. In put data for
mod el ling also in clude geo chem i cal data such as re con structed
TOC and ge netic type of kerogen. Ma tu rity was cal cu lated us -
ing the EASY%Ro model (Swee ney and Burnham, 1990). Gen -
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T a  b l e  1

Geo chem i cal char ac ter is tics and hy dro car bon
po ten tial of the Caradocian strata of the 
Pom er a nian part of Cal edo nian plat form

TOC – to tal or ganic car bon, Tmax – tem per a ture of max i -
mum of S2 peak, Ro – mean ran dom reflectance of the
vitrinite-like macerals, S2 – re sid ual pe tro leum po ten tial
(mg HC/g rock), S1 – oil and gas yield (mg HC/g rock), HI
– hy dro gen in dex (mg HC/g TOC). Range of geo chem i cal
pa ram e ters is given as nu mer a tor; me dian val ues in de -
nom i na tor. In pa ren the ses: num ber of sam ples from bore -
holes (nu mer a tor) and num ber of sam pled bore holes
(de nom i na tor)

Fig. 3. Rock-Eval hy dro gen in dex ver sus Tmax tem per a ture 
for Caradocian (Up per Or do vi cian) source rocks

 of the Koszalin–Chojnice Zone 

Ma tu rity paths of in di vid ual kerogen types af ter 
Espitalié et al. (1985a, b); Ro – vitrinite reflectance scale 



er a tion and ex pul sion of hy dro car bons were cal cu lated by the
LLNL (Law rence Livermore Na tional Lab o ra tory) model
(Ungerer et al., 1988; Forbes et al., 1991; BMRM 1-D, 2006)
and the use of ki netic pa ram e ters Ea = 57.5 (kcal/mol) and A0 =
2.508E + 28 (1/m.y.) cal cu lated by Więcław et al. (2010b) for
source rocks in the Bal tic re gion. Ma tu rity mod el ling was cal i -
brated with Rock-Eval Tmax tem per a ture and vitrinite
reflectance. 

Mi gra tion and ac cu mu la tion of hy dro car bons was ana lysed 
with BasinModTM 2-D soft ware (BMRM 2-D, 2006) along the
cross-sec tion 81032K-820 sit u ated be tween bore holes
K1-1/86 and L2-1/87 (Fig. 1). The fol low ing ho ri zons were in -
put to the 2-D model based on seis mic sec tion in ter pre ta tion:
top of the Or do vi cian (Caradocian), top of the De vo nian, top of 
the Car bon if er ous, the bot tom and top of the Zechstein, the bot -
tom of the Mid dle Tri as sic, the top of the Up per Tri as sic, and
the bot tom of the Ju ras sic in ter vals. More over, two ad di tional
ho ri zons were in put, the Mid dle and Up per Cam brian source
rocks. These are “syn thetic” ho ri zons be cause this suc ces sion
is be yond the res o lu tion of seis mic data, and not drilled in any
bore hole (Fig. 4). The thick ness of the Mid dle Cam brian
source rock is as sumed to be ap prox i mately 45 m, with

0.5 wt.% TOC, while the Up per Cam brian source rock with
10 wt.% TOC is only 1 m thick. The Caradocian source rock is
60 m thick with 1.5 wt.% TOC. Po ros ity and per me abil ity data
were not avail able, so these pa ram e ters were cal cu lated from
the lithological type of each in ter val. These rock types were ad -
e quately de fined in the re gion, in the west from the K1-1/86
bore holes, and in the east from the L2-1/87 bore holes. The
same pro ce dure was used for the ther mal data in put. 

THERMAL MATURITY EVOLUTION
OF THE LOWER PALEOZOIC STRATA 

Mod el ling of ther mal ma tu rity, de ter mined by the heat flow 
and burial con di tions de scribed above, re vealed that the early
stage of ther mal ma tu rity (0.5–0.7% Ro) was ob tained by po -
ten tial Mid dle Cam brian source rocks in the off shore part of the 
Gryfice and Kołobrzeg blocks at the end of the Or do vi cian and
be gin ning of the Si lu rian. This oc curred at burial depths of
1400–1900 m and tem per a tures over 80°C (Figs. 2 and 5). The
in crease of burial depth of source rocks re sulted in their en ter -
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Fig. 4. The 81032K-820 cross-sec tion along which 2-D mod el ling of gen er a tion, ex pul sion, mi gra tion and ac cu mu la tion was com pleted 

Dep. S – de po si tion of Si lu rian strata; Dep. D-C – de po si tion of De vo nian and Car bon if er ous strata; 
Dep. J-Cr – de po si tion of Ju ras sic and Cre ta ceous strata; for lo ca tion see Fig ure 1 



ing the main ther mal ma tu rity stage within the “oil
win dow” in ter val (0.7–1.0% Ro) prior to the Early
De vo nian up lift (Fig. 5). The ero sion con nected with
the up lift hin dered any in crease of ma tu rity of the
kerogen. The de po si tion of Mid dle to Up per De vo -
nian and Car bon if er ous sed i ments led to burial of the
po ten tial Mid dle Cam brian source rocks to the ther -
mal con di tions of the late stage of the “oil win dow”
(1.0–1.3% Ro) (Figs. 2 and 5). Fur ther de po si tion, es -
pe cially of the Perm ian and Lower Tri as sic sed i -
ments, caused that po ten tial source rock in part of the
area to en ter the “gas win dow” (1.3–2.6% Ro). The
Mid dle Cam brian strata reached max i mum ther mal
ma tu rity prior to in ver sion at the end of the Cre ta -
ceous, at the max i mum burial depth of 7000–7500 m
and tem per a tures of 160–170°C (Fig. 2). Po ten tial
source ho ri zons of Up per Cam brian age en tered the
early stage of the “oil win dow” at the end of the Or -
do vi cian and in the early Si lu rian (Figs. 2 and 5). The 
Up per Cam brian–Lower Or do vi cian source rocks
reached the main stage of the “oil win dow” in the
Kołobrzeg Block in the Lud low and the fi nal stage at
the end of the Visean. In the Gryfice Block, the main
stage was reached in the Famennian and the fi nal
stage in the early Perm ian (Fig. 5). An even big ger
time dif fer ence be tween en ter ing com pa ra ble mat u -
ra tion stages as re gards the Mid dle and Up per Cam -
brian po ten tial source rocks can be ob served for ther -
mal ma tu rity in the “oil win dow”. The Up per Cam -
brian in the Kołobrzeg Block en tered this ma tu rity
in ter val in the Mid dle Tri as sic, i.e. ca. 60 m.y. later
than the Mid dle Cam brian, at a depth of burial of
about 4500 m and a tem per a ture over 160°C (Fig. 2).
The Up per Cam brian–Lower Or do vi cian source
rocks in the Gryfice Block en tered the stage of the
“oil win dow” much later, in the Norian, at a burial
depth be low 6000 m and tem per a ture over 150°C
(Fig. 2). 

In the Kołobrzeg and Gryfice blocks the po ten tial 
Caradocian source ho ri zons en tered the early stage of 
the “oil win dow” in Wen lock–Pridoli time, at burial
depths of 1400–1900 m and tem per a tures over 80°C
(Figs. 2 and 5). The Early De vo nian and late Car bon -
if er ous up lift and ero sion events stopped fur ther in -
crease of ma tu rity. Only de po si tion of Perm ian–Me -
so zoic strata, which caused a con sid er able in crease
of burial depth and tem per a ture, led to en ter ing the
main stage of the “oil win dow”. In the Kołobrzeg
Block, this stage was reached by the Caradocian
rocks at the be gin ning of the Tournaisian, and in the
Gryfice Block at the turn of the Early and Mid dle Tri -
as sic (Figs. 2 and 5). The mat u ra tion his tory of the
Caradocian strata also var ies across both blocks. In
the Kołobrzeg Block, the be gin ning of the “oil win -
dow” took place in the Mid dle Tri as sic, at a depth of
burial near 4000 m and tem per a ture over 150°C,
while in the Gryfice Block this took place at the turn
of the Ju ras sic and Cre ta ceous at a burial depth of
5850 m and tem per a ture over 130°C (Fig. 2). Fur ther 
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Fig. 5. Ma tu rity evo lu tion in lower Paleozoic source rocks in pro files
of the K1-1/86 and L2-1/87 bore holes, ana lysed for A – Mid dle Cam brian, 

B – Up per Cam brian and C – Up per Or do vi cian (Caradocian) 

Ro – vitrinite reflectance scale; for other ab bre vi a tions see Fig ure 2



in crease of burial to ca. 6300 m in the L2-1/87 bore -
hole and ca. 6150 m in the K1-1/86 bore hole did not
re sult in sig nif i cant in crease in ma tu rity or en ter ing of
the stage of high-tem per a ture gases (above 1.3% Ro)
(Fig. 2). 

GENERATION AND EXPULSION
 PROCESSES IN THE LOWER

PALEOZOIC SUCCESSION

Mod el ling of hy dro car bon gen er a tion for the Mid -
dle Cam brian strata showed that the po ten tial source
rocks reached the en tire gen er a tion po ten tial range
from the early to the fi nal stage. In the Kołobrzeg
Block, in the L2-1/87 bore hole, the low est parts of the
po ten tial Mid dle Cam brian source rocks reached the
early stage (10–25% of gen er a tion po ten tial) at the
end of the Si lu rian and be gin ning of the De vo nian at a
depth of ca. 2700 m and tem per a ture over 130°C
(Fig. 6). The re main ing part of the Mid dle Cam brian
sec tion reached that stage in a wide time range from
the De vo nian to the be gin ning of the Car bon if er ous.
Dur ing the same time in ter val the source rocks
reached the main stage (25–65% of gen er a tion po ten -
tial), at a depth of burial be low 2700 m (Fig. 6). The
Early De vo nian up lift and ero sion in ter rupted the gen -
er a tion pro cess. De po si tion of a thick Mid dle and Up -
per De vo nian suc ces sion led to re sump tion of this
pro cess and, in the early Car bon if er ous, to the fi nal
stage of gen er a tion (65–90%) (Fig. 6). The po ten tial
Mid dle Cam brian source ho ri zons in the area around
the L2-1/87 bore hole ex hausted their gen er a tion po -
ten tial at the end of the Westphalian, reach ing a to tal
de gree of or ganic mat ter trans for ma tion. In the
Gryfice Block, in the K1-1/86 bore hole, the Mid dle
Cam brian po ten tial source rocks reached the early
stage only at the be gin ning of the Perm ian, at a depth
of burial be low 3600 m and tem per a ture over 120°C
(Fig. 6). The main stage was reached in the Early Tri -
as sic at a burial depth of ca. 5100 m and tem per a ture
over 130°C, and the fi nal stage on the turn of the Mid
and Late Tri as sic. The po ten tial source rocks of the
Mid dle Cam brian ex hausted their gen er a tion po ten tial 
at the end of the Tri as sic (Fig. 6). The spe cific gen er a -
tion stages of the po ten tial Up per Cam brian–Lower
Or do vi cian source rocks were reached in a broad time
in ter val from the be gin ning of the De vo nian to the end 
of the Tri as sic. The source rocks in the Kołobrzeg
Block reached the early stage of hy dro car bon gen er a -
tion at the be gin ning of the De vo nian, and to tally ex -
hausted their gen er a tion po ten tial be fore the end of
the Visean (Fig. 6). The source rocks in the Gryfice
Block en tered the early stage at the be gin ning of
Perm ian, and the main stage on the turn of the Early
and Mid Tri as sic. The fi nal stage of hy dro car bon gen -
er a tion in the Gryfice Block was en tered in the Late
Tri as sic, at the end of the Carnian and be gin ning of
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Fig. 6. Trans for ma tion ra tio of kerogen in lower Paleozoic source rocks
in the K-1/86 and L2-1/87 bore holes for A – Mid dle Cam brian,
B – Up per Cam brian and C – Up per Or do vi cian (Caradocian) 

 For other ab bre vi a tions see Fig ure 2



the Norian (Fig. 6). De spite the time and depth dif fer ences of
reach ing spe cific gen er a tion stages in the Kołobrzeg and
Gryfice tec tonic blocks, the or ganic mat ter was com pletely
trans formed into hy dro car bons (Fig. 6). A sim i lar range of time 
and depth was ob served in ki netic mod el ling of Caradocian
source rocks. In the Kołobrzeg Block, in L2-1/87 bore hole, the
source rocks reached the en tire gen er a tion in ter val from the
early to the fi nal stage. The early and the main stages of hy dro -
car bon gen er a tion were reached in the Westphalian, at a depth
of burial of 2700–3200 m and tem per a tures of 130–140°C
(Fig. 6). The fi nal gen er a tion stage was reached by the
Caradocian or ganic mat ter only on the turn of the Early and
Mid Tri as sic, with to tal trans for ma tion. In the Gryfice Block, in 
bore hole K1-1/86, the Caradocian source rocks also en tered the 
en tire in ter val from the early to the fi nal stage. The early and
the main gen er a tion stages were en tered in a nar row time in ter -
val of the Early Tri as sic (Carnian). The trans for ma tion de gree
ob tained for kerogen was 90% (Fig. 6). 

MIGRATION AND ACCUMULATION
 OF HYDROCARBONS 

IN THE LOWER PALEOZOIC STRATA 

Mod el ling of hy dro car bon mi gra tion and ac cu mu la tion per -
formed along the 81032K-820 cross-sec tion for the the lower
Pa leo zoic suc ces sion al lowed con straint of the tim ing and lat eral
ex tent of these pro cesses in the re gion dis cussed. The Cam brian
source rocks achieved to tal trans for ma tion ra tio at the end of the
Car bon if er ous in the Kołobrzeg Block and in the Trzebiatów
Fault Zone. At the same time the Caradocian source rocks in that
re gion achieved be tween 30 and 50% of kerogen trans for ma tion. 
In the Gryfice Block at the end of the Car bon if er ous, the trans -
for ma tion ra tio for the Mid dle Cam brian and Up per Cam -
brian–Lower Or do vi cian source rocks was 40%, and for the
Caradocian about 20%. At the end of the Tri as sic the Cam brian
source rocks were com pletely trans formed. At the same time the
Caradocian source rock was also to tally trans formed, ex cept for
a few places in the Kołobrzeg Block and near the K1-1/86 bore -
hole, where the fi nal trans for ma tion ra tio of 90% was achieved
at the end of the Cre ta ceous. In the area be tween nine and twelve
kilo metres of the cross-sec tion ana lysed, the Caradocian source
rocks did not ex ceed 30% trans for ma tion. Hy dro car bon gen er a -
tion from the Cam brian source rocks in the Kołobrzeg Block and 
in the Trzebiatów Fault Zone be gan in the Visean. Dur ing the
Namurian the Caradocian source rocks started hy dro car bon gen -
er a tion in the Kołobrzeg Block. In the Gryfice Block hy dro car -
bon gen er a tion from the Cam brian source rocks be gan at the end
of Car bon if er ous, and from the Caradocian rocks in the Mid Tri -
as sic (Fig. 7). The end of hy dro car bon gen er a tion from the Cam -
brian source ho ri zons in the Kołobrzeg Block and Trzebiatów
Fault Zone took place at the end of Car bon if er ous, and for the
Caradocian rocks in the Late Tri as sic. The gen er a tion pro cess in
the Gryfice Block was ter mi nated at the end of Tri as sic for the
Cam brian source rock and at the end of the Ju ras sic for the
Caradocian rocks (Fig. 7). The to tal amount of oil gen er ated
from the Mid dle Cam brian source rocks was up to 350 mg/g

TOC, for the Up per Cam brian it was 400 mg/g TOC, and for the
Caradocian 300 mg/g TOC (Fig. 7). The to tal amount of gas gen -
er ated was on av er age 50 mg/g TOC for all three source rocks.
Ex pul sion of hy dro car bons was ob served mainly from the Up per 
Cam brian–Lower Or do vi cian in ter val, as the Caradocian ex -
pelled only re sid ual amounts of hy dro car bons. Oil ex pul sion
from the Up per Cam brian in ter val was ini ti ated in Namurian
time in the Kołobrzeg Block and Trzebiatów Fault Zone, while
in the Gryfice Block ex pul sion oc curred dur ing the Late Tri as sic. 
The end of oil ex pul sion from the Up per Cam brian–Lower Or -
do vi cian in ter val was in the Early Ju ras sic in the Trzebiatów
Fault Zone, in the Cre ta ceous in the Kołobrzeg Block and in the
Ju ras sic in the Gryfice Block. Ex pul sion from the Caradocian
source rocks took place in the Tri as sic. The vol ume of ex pelled
oil var ies from 0.03 m3/m3 rock for the Caradocian to 0.12 m3/m3

rock for the Up per Cam brian–Lower Or do vi cian source in ter -
vals. Gas ex pul sion from the Up per Cam brian source rocks in
the Gryfice and Kołobrzeg blocks took place dur ing the time in -
ter val be tween the end of the Car bon if er ous and the be gin ning of 
the Tri as sic. Ex pul sion of gas from the Caradocian started at the
end of the Mid Tri as sic in the east ern part of the study area and in 
the Late Tri as sic in the west ern part. It lasted un til the Early Cre -
ta ceous. The vol ume of ex pelled gas var ied from 0.006 m3/m3

rock for the Caradocian to 0.016 m3/m3 rock for the Up per Cam -
brian–Lower Or do vi cian source in ter vals. Hy dro car bon mi gra -
tion and ac cu mu la tion mod el ling car ried out for the lower Pa leo -
zoic po ten tial source rocks re vealed the pos si bil ity of hy dro car -
bon ac cu mu la tion in the study area. Hy dro car bons, ex pelled
mainly from the Up per Cam brian–Lower Or do vi cian source
rocks, may have ac cu mu lated in the De vo nian res er voirs in both
the Gryfice and Kołobrzeg blocks near an ti cli nal struc tures along 
faults. Ac cu mu la tion be gan at the end of the Car bon if er ous. In
the Kołobrzeg Block, faults be tween 45 and 50 km of the
cross-sec tion (Fig. 8), were path ways for dis per sion of ex ist ing
hy dro car bons. This dis per sion stopped at the end of the Perm ian
and be gin ning of the Tri as sic and ac cu mu la tion be gan again in
the De vo nian res er voir near the L2-1/87 bore hole (Fig. 8). Mi -
gra tion of oil in the Kołobrzeg Block lasted un til the Paleogene,
how ever only a part of the mi grated hy dro car bons were ac cu mu -
lated and some were dis persed. In the traps in volv ing De vo nian
res er voirs in the Kołobrzeg Block 0.095 m3/m3 rock of oil ac cu -
mu lated (Fig. 8). In the Gryfice Block, ac cu mu la tion took part in
east from the K1-1/86 bore hole and be gan at the end of the Car -
bon if er ous and lasted to the end of the Perm ian. At the end of the
Perm ian and be gin ning of the Tri as sic some dis per sion oc curred
there, and fi nally about 0.02 m3/m3 rock of oil ac cu mu lated
(Fig. 8). In the Gryfice and Kołobrzeg blocks, gas mi gra tion and
ac cu mu la tion oc curred in De vo nian strata, mainly in the
Trzebiatów Fault Zone and in the Kołobrzeg Block. This ac cu -
mu la tion in the Trzebiatów Fault Zone be gan at the end of the
Car bon if er ous and lasted un til Tri as sic time, while in the
Kołobrzeg Block it took place at the be gin ning of the Ju ras sic.
Some dis per sions of ac cu mu lated gas were ob served, mainly due 
to ver ti cal mi gra tion along the faults. The vol ume of ac cu mu -
lated gas it the Trzebiatów Fault Zone achieved 0.008 m3/m3

rock, and in the Kołobrzeg Block 0.027 m3/m3 rock (Fig. 9). 
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The expelled hy dro car bons mi grated from the source rocks
into De vo nian sand stones. The con nec tion be tween older
source rocks and youn ger res er voir rocks was fa cil i tated by a
num ber of faults. How ever, it is im por tant to note that the Mid -
dle and Up per Cam brian source rocks were in cluded in the
model as a syn thetic suc ces sion, and have not been doc u -
mented in boreholes, and are poorly doc u mented by seis mic
anal y sis; there fore, changes in the ex act po si tion of the suc ces -
sion within the sec tion might re sult in changes in time and
range of the pe tro leum pro cesses dis cussed. 

CONCLUSIONS 

The anal y sis of hy dro car bon gen er a tion and ex pul sion pro -
cesses in the lower Paleozoic strata in the Gryfice and
Kołobrzeg blocks showed that: 

1. Mid dle Cam brian po ten tial source rocks reached the en -
tire hy dro car bon gen er a tion in ter val, from early to late
phases, in both the Kołobrzeg and Gryfice blocks and the tim -
ing of reach ing of those phases was prac ti cally the same. The
early stage of hy dro car bon gen er a tion was reached by source
rocks at the end of the Si lu rian and be gin ning of the De vo -
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Fig. 7. Amount of gen er ated hy dro car bons along the cross-sec tion 81032K-820: A – af ter Car bon if er ous sed i men ta tion, 
B – af ter Tri as sic sed i men ta tion and C – pres ent 

Dep. C-P – de po si tion of Car bon if er ous and Perm ian strata; for other ab bre vi a tions see Fig ure 4



nian, and the main stage in the Lochkovian. The Early De vo -
nian ero sion event in ter rupted hy dro car bon gen er a tion. The
suc ces sive in crease in depth and tem per a ture dur ing the Mid
and Late De vo nian and early Car bon if er ous caused the source 
rocks to en ter the fi nal stage of hy dro car bon gen er a tion at the
be gin ning of the Tournaisian. The po ten tial Mid dle Cam brian 
source rocks de pleted their gen er a tion po ten tial at the end of
the Westphalian, reach ing a com plete de gree of or ganic mat -
ter trans for ma tion. In the Gryfice Block, the po ten tial Mid dle
Cam brian source rocks reached the early stage of hy dro car -
bon gen er a tion at the be gin ning of the Perm ian, the main
stage be ing reached dur ing Late Tri as sic time, and the late
stage at the turn of the Mid and Late Tri as sic. Po ten tial Mid -
dle Cam brian source rocks de pleted their gen er a tion po ten tial
at the end of the Tri as sic and be gin ning of the Ju ras sic. 

2. Up per Cam brian–Lower Or do vi cian po ten tial source
rocks in the Kołobrzeg Block reached the early stage of hy -

dro car bon gen er a tion at the be gin ning of the De vo nian. Prior
to the end of the Westphalian they en tered the fi nal stage of
hy dro car bon gen er a tion, com pletely de plet ing their gen er a -
tion po ten tial. In the Gryfice Block, the source rocks reached
their early gen er a tion stage at the end of the Car bon if er ous
and the main gen er a tion stage at the turn of the Early and Mid
Tri as sic. The fi nal stage of hy dro car bon gen er a tion in that tec -
tonic block was reached dur ing the Late Tri as sic. Hy dro car -
bon ex pul sion in both blocks be gan dur ing the Namurian, and
fin ished in Ju ras sic time. In the Kołobrzeg Block at some lo -
ca tions, ex pul sion of hy dro car bons con tin ued un til the Cre ta -
ceous. 

3. Caradocian source rocks in the Kołobrzeg Block also
reached the en tire hy dro car bon gen er a tion in ter val from the
early to the fi nal stage. The early and main stages of hy dro car -
bon gen er a tion were reached by the Caradocian rocks dur ing
the Westphalian, and the fi nal stage on the turn of the Early and
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Fig. 8. Oil ac cu mu lated vol ume ra tio along the cross-sec tion 81032K-820: A – af ter Car bon if er ous sed i men ta tion,
 B – af ter Tri as sic sed i men ta tion and C – pres ent 

 Ab bre vi a tions as in Fig ures 4 and 7



Mid Tri as sic. Or ganic mat ter of the Caradocian source rocks
was com pletely trans formed by the end of the Mid Tri as sic. In
the Gryfice Block, the Caradocian source rocks also reached
the en tire gen er a tion in ter val from the early to the fi nal stage.
The early and main stages of gen er a tion were reached in a nar -
row time in ter val of the Early Tri as sic, while the fi nal stage was 
reached on the turn of the Mid and Late Ju ras sic. The pro cesses
of hy dro car bon ex pul sion from the Caradocian took place in
the Kołobrzeg Block in the time in ter val of Mid and Late Tri as -
sic, and in the Gryfice Block dur ing the Late Tri as sic. 

4. Mi gra tion of ex pelled hy dro car bons from the Up per
Cam brian–Lower Or do vi cian and the Caradocian source
rocks to De vo nian res er voirs started dur ing Car bon if er ous
time in both the Gryfice and Kołobrzeg blocks and lasted un til 
the end of the Me so zoic. Faults en hanced the good ver ti cal

mi gra tion path ways. Dur ing hy dro car bon mi gra tion in tense
hy dro car bon dis per sion was ob served. The hy dro car bons ac -
cu mu lated mostly dur ing the Perm ian and Tri as sic, while dur -
ing the Ju ras sic and Cre ta ceous some dis per sion of that ac cu -
mu la tion was ob served. On the cross-sec tion ana lysed, mi gra -
tion took place mainly along the Trzebiatów Fault Zone and in 
the Kołobrzeg Block, in the an ti cli nal zones of near-fault el e -
va tions. 

Lack of dis cov ered ac cu mu la tions within De vo nian res er -
voirs in the study area is re lated to hy dro car bon dis per sion
caused by tec tonic up lift and de for ma tion. More over, high tem -
per a tures and pres sures caused oil crack ing and formed a gas
phase that readily mi grated from the res er voir and was
dispersed. 
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Fig. 9. Gas ac cu mu lated vol ume ra tio along the cross-sec tion 81032K-820: A – af ter Car bon if er ous sed i men ta tion, 
B – af ter Tri as sic sed i men ta tion and C – pres ent 

Ab bre vi a tions as in Fig ures 4 and 7
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