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The quan tity, ge netic type and ma tu rity of or ganic mat ter dis persed in the Kimmeridgian strata of the cen tral part of the Pol ish 
Low lands were de ter mined on the ba sis of re sults of Rock-Eval, sta ble car bon iso tope com po si tion of bi tu men, their frac tions 
and kerogen, biomarker dis tri bu tion in sat u rate and ar o matic hy dro car bon frac tion, el e men tal com po si tion of kerogen,
vitrinite reflectance and maceral com po si tion anal y ses of 225 rock sam ples col lected from 32 bore holes. The study was con -
ducted sep a rately for Lower and Up per Kimmeridgian rocks in the Szczecin–Miechów and Koœcierzyna–Pu³awy
synclinoriums and Mid-Pol ish Anticlinorium. The best source rocks with TOC up to 6.8 wt.%, were found in the vi cin ity of
Gostynin in the Mid-Pol ish Anticlinorium. Gen er ally, the Up per Kimmeridgian strata are fair and good po ten tial source-rocks
whereas the Lower Kimmeridgian strata have much lower hy dro car bon po ten tial. Gas-prone, terrigenous Type-III kerogen
pre dom i nates in the Lower Kimmeridgian strata. The con tri bu tion of oil-prone, ma rine Type-II kerogen in creases in the Up per 
Kimmeridgian rocks. In the whole pro file, only low-sul phur kerogen was re corded, al though the sit u a tion, when high-sul phur
Type-IIS kerogen was mixed with re-worked, non-gen er a tive Type-IV kerogen sup plied to the sed i men tary ba sin with rocks
from eroded land, can not be ex cluded. Sed i men tary con di tions of or ganic ma te rial were vari able, usu ally anoxic and suboxic
with dom i na tion of siliclastic ma te rial in min eral ma trix. The ma tu rity of the dis persed or ganic mat ter re fers mostly to the fi nal
phase of the mi cro bial pro cess, or to the ini tial phase of the low-tem per a ture thermogenic pro cess (“oil win dow”). The most
ma ture rocks, cor re spond ing up to 0.75% in the vitrinite reflectance scale, were recognized in the deep est bur ied parts of the
ba sin (ax ial part of the Mogilno–£ódŸ Seg ment of the Szczecin–Miechów Synclinorium). The most pros pect ing source rocks
were re cog nised in this area.
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INTRODUCTION

Kimmeridgian strata are con sid ered as one of the world
class source rocks re spon si ble for hy dro car bon gen er a tion of
large pe tro leum ac cu mu la tions in the Nor we gian Sea and the
North Sea (Espitalié et al., 1991; Justwan and Dahl, 2005;
Gautier, 2005). They are rich in or ganic mat ter reach ing even
>20 wt.% of to tal or ganic car bon (TOC) with the av er age value
of ca. 5 wt.% (Cornford, 1994). The pre lim i nary geo chem i cal
stud ies of these strata in the Pol ish part of the Kimmeridgian
ba sin have re vealed that the abun dance of or ganic car bon is
high also in this area, i.e. 2–5 wt.% (e.g., Wilczek and Merta,
1992; Merta, 1994). Those stud ies were based on TOC mea -
sure ments and Rock-Eval data (e.g., Burzewski et al., 1990;
Wilczek and Merta, 1992; Merta, 1994) and ev i denced the
pres ence of oil-prone kerogen in the up per part of the pro file
with in creas ing con tri bu tion of gas-prone kerogen in the lower

part, and gen eral low ma tu rity within the whole pro file. The pe -
tro leum gen er a tion anal y sis con ducted for the whole Up per Ju -
ras sic com plex of the Pol ish Low lands (Burzewski et al., 1990;
Nowicki, 1990; Bachleda-Curuœ et al., 1992) us ing the stan dard
TTI method (Waples, 1980) gen er ally ev i denced that these
rocks were not ma ture enough to gen er ate thermogenic (liq uid
and gas eous) hy dro car bons, per haps with the ex cep tion of lo -
cal, deep bur ied ar eas of the Szczecin–Miechów and
Koœcierzyna–Pu³awy synclinoriums (Szczecin, £ódŸ and P³ock
troughs ac cord ing to Narkiewicz and Dadlez, 2008), where
such hy dro car bons may be gen er ated. These pos si bil i ties can
be read out from nu mer ous signs ev i denc ing the pres ence of oil 
and gas in the Up per Ju ras sic for ma tions in the Wartko -
wice–Ko ³o–Mogilno area (Karnkowski, 1999). How ever, no pe -
tro leum ac cu mu la tions of com mer cial value were found in these 
strata in Po land. Since that time, sin gle geo chem i cal and pet ro -
graph i cal data of the Kimmeridgian rocks in in di vid ual bore -
holes have been pub lished (e.g., Grotek, 2012; Klimuszko,
2012). Hy dro car bon po ten tial of the Up per Ju ras sic rocks in SE
Po land was de scribed by Kosakowski et al. (2012). Wiêc³aw
(2011) has cor re lated some oils ac cu mu lated in Up per Ju ras -
sic-Cre ta ceous traps of the Carpathian Foredeep Base ment
with Up per Ju ras sic source rocks in this area.
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Re search con ducted on sam ples of Kimmeridgian rocks in
the United King dom (Dessort et al., 1997) in di cated the pres -
ence of highly re ac tive kerogen Type-IIS char ac ter ized by a
high sul phur con tent (>~9 wt.%; Orr, 1986). No stud ies of or -
ganic sul phur in the Kimmeridgian kerogen have been con -
ducted in Po land yet. By anal ogy to other parts of the Up per Ju -
ras sic ba sin the Type-IIS kerogen should be also pres ent in its
Pol ish part. High or ganic sul phur con tent in kerogen leads to
the de com po si tion of kerogen to oil at lower ma tu ri ties and so at 
lower ba sin tem per a tures than for typ i cal Type-II kerogen
(Lewan, 1998). In this way the kerogen, pre vi ously de fined as
im ma ture, can be con sid ered as ca pa ble of gen er at ing
thermogenic hy dro car bons. By this ap proach the ar eas of ma -
ture Kimmeridgian strata can be ver i fied.

This study is the first quan ti ta tive and qual i ta tive eval u a tion
of source rocks in the Kimmeridgian sec tion of the cen tral part
of the Pol ish Low lands con ducted sep a rately for Lower and Up -
per Kimmeridgian strata on the ba sis on a large num ber of 225
rock sam ples col lected from 32 bore holes (Fig. 1). The quan tity
of or ganic mat ter, its hy dro car bon po ten tial, kerogen type with
spe cial at ten tion to high-sul phur kerogen iden ti fi ca tion and sed -
i men tary con di tions, as well as the ther mal ma tu rity of the
Kimmeridgian se quence were stud ied with the use of a
wide-range of or ganic geo chem is try and petrographic meth ods. 
The source rock as sess ment was based on geo chem i cal cri te -
ria pro posed by Pe ters and Cassa (1994) and Hunt (1996).

GEOLOGICAL SETTING

The study area is lo cated in the cen tral part of the Up per
Perm ian-Me so zoic Pol ish Ba sin, be ing part of the South ern
Perm ian Ba sin (Geluk, 2007). Dur ing in ver sion of the Pol ish
Ba sin in its ax ial part (Krzywiec, 2006) at the end of the Cre ta -
ceous and in the Paleogene the main struc tural units were
formed (Karnkowski, 2008; ¯elaŸniewicz et al., 2011), namely
the Szczecin–Miechów Synclinorium, Mid-Pol ish Anticlinorium
and Koœcierzyna–Pu³awy Synclinorium, and mono clines
(Fore-Su de tic Monocline and Kraków–Silesian Monocline).
This di vi sion is gen er ally cor re lated with the pro posal of
Narkiewicz and Dadlez (2008), but it dif fers as re gards the def i -
ni tion of bound aries of tec tonic units. Each of the synclinoriums
and anticlinoriums are di vided into seg ments: Szczecin–Mie -
chów Synclinorium – into the Szczecin–Gorzów, Mogilno–£ódŸ
and Miechów seg ments, Mid-Pol ish Anticlinorium – into the
Pom er a nian, Kuiavian and Szyd³owiec seg ments, and Koœcie -
rzyna–Pu³awy Synclinorium – into the Koœcierzyna, Warszawa
and Pu³awy seg ments (¯elaŸniewicz et al., 2011; Fig. 1).

Kimmeridgian li thol ogy of the study area is typ i cal of the Pol -
ish Low lands. The Cal car e ous-Marly-Co quina (V) For ma tion
(Lower Kimmeridgian) and the Pa³uki For ma tion (VI) (Up per
Kimmeridgian) have been iden ti fied in the sec tion
(Dembowska, 1979; Niemczycka, 1983). The ex act Oxfor -
dian/Kimmeridgian bound ary in the Submediterranean suc ces -
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Fig. 1. Location of sampled boreholes on the background of a structural map of the top surface of Upper Jurassic strata
 in the Polish Lowlands (after Górecki, 2006)

Boundaries between tectonic units and their segments after ¯elaŸniewicz et al. (2011)
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sions of the Pol ish Low lands has been de scribed by, e.g.,
Wierzbowski (1991, 2004) and Niemczycka et al. (1997).

The Cal car e ous-Marly-Co quina (V) For ma tion is built
mainly of com pact cal car e ous marl with oolith, grey marl and
com pact, light grey lime stone with intraclasts. It is rep re sented
by marly lime stones, micritic, light grey in col our, spot ted and
mot tled. They are en riched with clay ma te rial with intraclasts of
micrite lime stone, and show traces of de posit-feed ing or gan -
isms and bioturbation. The Pa³uki For ma tion (VI) is rep re sented 
by dark grey marly mudstones with do lo mite, with thin
interlayers of light dolomitic marl. The de pos its are char ac ter -
ized by a platy habit, spo rad i cally with mica laminae. They con -
tain co quina beds com posed of shell de tri tus. There are nu mer -
ous bi valves and very scarce ammonites (Niemczycka and
Radlicz, 1997).

The Up per Ju ras sic strata were de pos ited in a shal low
epicontinental sea con nected with the Bo real seas and the
Tethys Ocean. Con trary to the Oxfordian ba sin where car bon -
ates were de pos ited in a very shal low-wa ter en vi ron ments, dur -
ing the Kimmeridgian the car bon ate shelf be gan to shrink, the
east and west con nec tions opened to the ocean, and the depth
of the ba sin in creased by some tens of metres (Niemczycka
and Radlicz, 1997). In the deep est parts of the sed i men tary ba -
sin lo cated in the north ern and cen tral parts of the Pol ish Low -
lands, mudstones were de pos ited. In the south east ern part of
the ba sin, sed i men ta tion of car bon ates and an hyd rites dom i -
nated. The max i mum sub si dence, usu ally of 200–250 m, lo cally 
slightly ex ceed ing 400 m, oc curred in the cen tral part of the ba -
sin. To wards the west, north and east, the sub si dence sig nif i -
cantly de creased (Niemczycka and Brochwicz-Lewiñski, 1988). 
High CO2 con tent in air (ca. 1000 ppm; Berner, 1990), and
there fore an el e vated green house ef fect (Hal lam, 1985), did not 
re sult in high pro duc tiv ity (ca. 220 g*m

–2
*a; Weedon et al.,

2004). The en rich ment of rocks with or ganic mat ter is as so ci -
ated with the low con tent of min eral ma trix. The de po si tion rate
was vari able, from 50 to 120 m/My (Dadlez and Marek, 1997).
The pres ent range of the Up per Ju ras sic strata is strongly lim -
ited in re la tion to the orig i nal one. The ero sion ep i sodes at the
Ju ras sic/Cre ta ceous and Cre ta ceous/Paleogene tran si tions
partly or en tirely re moved the Up per Ju ras sic strata from mar -
ginal parts of the ba sin (Niemczycka and Radlicz, 1997).

 SAMPLES AND METHODS

SAMPLES

Rock sam ples were taken from drill cores rep re sent ing Up -
per and Lower Kimmeridgian strata from the cen tral part of the
Pol ish Low lands. A to tal of 225 core sam ples from 32 bore holes 
(Fig. 1), weigh ing about 400 g each, mainly claystones and
mudstones as well as marls and car bon ates, were col lected
and ana lysed. Ta ble 1 shows the num ber of sam ples col lected
from in di vid ual bore holes and strati graphic lev els. From the
Lower Kimmeridgian strata, 103 sam ples were col lected: 6
sam ples from the Koœcierzyna–Pu³awy Synclinorium (4 sam -
ples from the Koœcierzyna Seg ment and 2 sam ples from the
Warszawa Seg ment), 13 – from the Mid-Pol ish Anticlinorium
(all from the Kuiavian Seg ment) and from the
Szczecin–Miechów Synclinorium – 84 sam ples (12 sam ples
from the Szczecin–Gorzów Seg ment and 72 – from the
Mogilno–£ódŸ Seg ment; Ta ble 1). From the Up per
Kimmeridgian strata, 122 sam ples were col lected: 18 sam ples
from the Koœcierzyna–Pu³awy Synclinorium (2 from the
Koœcierzyna Seg ment and 16 from the Warszawa Seg ment),

59 sam ples – from the Mid-Pol ish Anticlinorium (5 from the
Pom er a nian Seg ment and 54 from the Kuiavian seg ment) and
from the Szczecin–Miechów Synclinorium – 45 sam ples from
the Mogilno–£ódŸ Seg ment (Ta ble 1).

METHODS

The rock sam ples were wa ter-washed from con tam i na tion
and crushed to frac tion <20 mm and ca. 150 g was pow dered to
frac tion <0.2 mm for geo chem i cal anal y ses. The screen ing py -
rol y sis was con ducted for all sam ples us ing a Rock-Eval II ap -

194 Dariusz Wiêc³aw

Bore hole Bore hole code Lower Up per

Szczecin–Miechów Synclinorium

Szczecin–Gorzów Seg ment

Bytyñ-2 By-2 2

Obrzycko-1 Ob-1 6

Obrzycko-2 Ob-2 2

Sokolniki-1 So-1 2

Mogilno–£ódŸ Seg ment

Cykowo IG 1 Cy-1 2

Damas³awek-22 Da-22 28 5

Kobylnica-2 Kb-2 1

Ko³o IG 3 Ko-3 7 6

Ko³o IG 4 Ko-4 3 4

Piotrków Trybunalski IG 1 PT-1 3 2

Poddêbice IG 1 Po-1 9 5

Przyby³ów-1 Pr-1 4 6

Siekierki-4 Si-4 3

Strzelno IG 1 St-1 3 2

Trzem¿al-2 Tr-2 1

Trzeœniew-1 Tw-1 4

W¹growiec IG 1 Wa-1 7 9

Mid-Pol ish Anticlinorium

Pom er a nian Seg ment

Witkowo-1 Wi-1 5

Kuiavian Seg ment

Brzeœæ Kujawski IG 3 BK-3 3

Ciechocinek IG 2 Ci-2 1 7

Czarnowo-1 Cz-1 15

Czarnowo-2 Cz-2 12

Gostynin IG 1/1A Go-1 3 5

Gostynin IG 3 Go-3 2 10

Gostynin-7 Go-7 3

£owicz IG 1 Lo-1 3 2

¯ychlin IG 3 Zy-3 1 3

Koœcierzyna–Pu³awy Synclinorium

Koœcierzyna Seg ment

Brda-3 Br-3 2

Miastko-2 Mi-2 4

Warszawa Seg ment

Golub Dobrzyñ-1 GD-1 3

Gostynin IG 4 Go-4 2 5

Gronowo-1 Gr-1 8

TOTAL 103 122

T a  b l e  1

Num ber and stra tig ra phy of the rock sam ples col lected 
from the Kimmeridgian strata in in di vid ual bore holes
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pa ra tus equipped with the TOC mod ule. Aliquots of se lected 13
sam ples were ex tracted with di chloro methane:meth a nol (93:7
v/v) in the Soxh let ap pa ra tus. The ex trac tion was con ducted un -
til traces of bi tu men were pres ent in the so lu tion in the ex trac tor
(de ter mined by UV lu mi nes cence). The asphaltene frac tion of
all re ceived bi tu men was pre cip i tated with n-hex ane. The re -
main ing maltenes were sep a rated into sat u rated hy dro car bon,
ar o matic hy dro car bon and resin frac tions by col umn chro ma -
tog ra phy, us ing alu mina/sil ica gel (2:1 v/v) col umns (0.8 ´
25 cm). The frac tions were eluted with pe tro leum ether (boil ing
range 40–65°C), to lu ene, and to lu ene:meth a nol (1:1 v/v), re -
spec tively. Sta ble car bon iso tope anal y ses of kerogen, bi tu men
and bi tu men frac tions were per formed for 13 sam ples with the
Finnigan Delta Plus mass spec trom e ter. The sta ble car bon iso -
tope data is pre sented in the d-no ta tion rel a tive to the VPDB
stan dard (Coplen, 2011), at the es ti mated an a lyt i cal ac cu racy
of ± 0.2‰. Be fore the mea sure ments, rock sam ples sub jected
to sta ble car bon iso tope anal y sis of kerogen were pu ri fied from
car bon ates by treat ment of hot 10% HCl. Iso la tion of 8 kerogen
sam ples for el e men tal anal y ses was achieved ac cord ing to the
pro ce dure de scribed by, e.g., Wiêc³aw et al. (2011). The iso -
lated sat u rated hy dro car bon frac tions from 11 bi tu men sam ples 
were di luted in isooctane spiked by 5b-cholane and ana lysed
with the Agilent 7890A gas chromatograph cou pled with a
5975C mass se lec tive de tec tor (MSD) for biomarker de ter mi na -
tion ac cord ing to the pro ce dure pre sented by Wiêc³aw et al.
(2012). In the se lected ion mode (SIM) the dwell time of the op -
er ated MSD was set to 30 mil li sec onds for each ion. The ar o -
matic hy dro car bon frac tions of 11 bi tu men sam ples were di -
luted in to lu ene spiked by ortho-terphenyl as the stan dard and
ana lysed by the GC-MS us ing the same equip ment as for the
sat u rate hy dro car bons frac tion. The GC oven was pro grammed 
from 40 to 300°C at the rate of 3°C min–1. The MS was op er ated 
with a cy cle time of 1 sec in the mass range from 40 to 600
Daltons. The se lected ions were mon i tored: m/z = 71 (al kanes),
m/z = 191 (hopanes (terpanes)) and m/z = 217 (steranes) in
sat u rate hy dro car bon frac tion, and m/z = 178 (Phenanthrene),
m/z = 192 (methylphenanthrenes), m/z = 184 (Dibenzo -
thiophene), m/z = 198 (methyldibenzothiophenes) and
m/z = 231 (triaromatic ste roids) in ar o matic hy dro car bon frac -
tion. Ten ta tive peaks iden ti fi ca tions were con ducted based on
elu tion time and con firmed with mass spec tra (Philp, 1985). The 
quan ti ta tive as sess ment of in di vid ual hy dro car bons was per -
formed com par ing their peak area with the peak area of the
stan dard (5b-cholane or ortho-terphenyl). All geo chem i cal anal -
y ses were per formed at the AGH Uni ver sity of Sci ence and
Tech nol ogy in Kraków. Mea sure ments of mean ran dom
reflectance of vitrinite (Rr) were car ried out with a Zeiss-Opton
microphotometer at a wave-length of 546 nm, in oil. Sam ple
prep a ra tion and point counts were car ried out in ac cor dance
with the ICCP pro ce dure. Petrographic stud ies of or ganic mat -
ter in cluded quan ti ta tive anal y ses of vitrinite, liptinite, and
inertinite maceral groups per formed for 8 sam ples us ing an
Axioplan-Opton mi cro scope at the Pol ish Geo log i cal In sti tute –
Na tional Re search In sti tute in War saw.

RESULTS AND DISCUSSION

The Lower and Up per Kimmeridgian strata of the Pol ish Ba -
sin had been de pos ited in one sed i men tary ba sin, but later tec -
tonic events, lead ing to the for ma tion of the Szczecin–Miechów
Synclinorium, Mid-Pol ish Anticlinorium and Koœcierzy -
na– Pu³awy Synclinorium, and the re sult ing dif fer ences in burial
depth, have changed the hy dro car bon po ten tial of or ganic mat -

ter in the in di vid ual units. There fore, or ganic mat ter is de scribed 
sep a rately for each tec tonic unit.

SZCZECIN–MIECHÓW SYNCLINORIUM

From the Szczecin–Miechów Synclinorium, 129 sam ples
from 17 bore holes were col lected (Ta ble 1 and Fig. 1).
Eighty-four sam ples came from Lower Kimmeridgian strata of
15 bore holes; 45 sam ples orig i nated from Up per Kimmeridgian
rocks of 10 bore holes (Ta ble 1). Most of the sam ples were col -
lected from bore holes lo cated in the Mogilno–£ódŸ Seg ment.
Only 12 sam ples came from Lower Kimmeridgian strata from 4
bore holes drilled in the Szczecin–Gorzów Seg ment (Ta ble 1)
close to the bound ary with the Mogilno–£ódŸ Seg ment (Fig. 1).
The TOC con tent var ies in the Lower Kimmeridgian strata from
0.13 to 2.1 wt.%, with the me dian of 0.39, and in the Up per
Kimmeridgian – from 0.19 to 4.7 wt.% (me dian 1.78 wt.%;Ta -
ble 2). Sam ples with low TOC val ues pre dom i nate, but high or -
ganic car bon con tents, >2 wt.%, were re corded in many sec -
tions (Fig. 2A). The high est TOC val ues were re corded in the
Up per Kimmeridgian strata of the Ko³o IG 4 bore hole. The re -
sid ual hy dro car bon con tent (S2) and to tal hy dro car bon con tent
(S1+S2), sim i larly to the TOC val ues, are usu ally low in the
Lower Kimmeridgian strata and range from 0.07 to 5.2 mg HC/g 
rock and from 0.12 to 5.3 mg HC/g rock (me di ans 0.51 and 0.63 
mg HC/g rock), re spec tively (Ta ble 2 and Fig. 2A); in the Up per
Kimmeridgian, they are much higher and vary from 0.14 to 18.9
and from 0.19 to 19.8 mg HC/g rock, re spec tively, with the me -
dian val ues of 4.1 and 4.4 mg HC/g rock, ac cord ingly (Ta ble 2
and Fig. 2A). It in di cates that the Lower Kimmeridgian strata are 
gen er ally poor and the Up per Kimmeridgian strata are fair (lo -
cally even good) sources for the gen er a tion of hy dro car bons.
The high est me di ans of TOC value in in di vid ual bore holes are
noted in the Up per Kimmeridgian strata in the Ko³o–Przyby³ów
area (Fig. 1).

The cor re la tion be tween the hy dro gen in dex HI and the
tem per a ture Tmax (Fig. 3A) proves that dif fer ent types of
kerogen are pres ent in the Kimmeridgian strata of this tec tonic
unit. In the Lower Kimmeridgian strata, gas-prone Type-III
kerogen pre dom i nates. Lo cally, it is en riched in Type-II
kerogen; in the Up per Kimmeridgian rocks, the pro por tion of
oil-prone Type-II kerogen is much greater (Ta ble 2 and Fig. 3A). 
The high est HI val ues were noted in the Piotrków Trybunalski
IG 1, Damas³awek-22, Ko³o IG 3, Ko³o IG 4, Poddêbice IG 1
and Przyby³ów-1 bore holes (Fig. 3A). The min eral ma trix ef fect
re sult ing in the low er ing of HI val ues for sam ples poor in or -
ganic-car bon is weak; the low HI val ues are noted for sam ples
rich and poorer in or ganic ma te rial both in the Lower and Up per
Kimmeridgian (Fig. 4A). Low er ing of TOC con tent is ac com pa -
nied by el e vated OI val ues, which sug gests a par tial ox i da tion
of low-con tent or ganic mat ter rocks (Fig. 4A’). The re sults of
petrographic anal y ses con ducted on four Up per Kimmeridgian
sam ples (Ta ble 3 and Fig. 5) show the pre dom i nance of
oil-prone kerogen. The high est pro por tion of liptinite macerals
(ca. 95%) was re corded in sam ple PT-1/1195.3 (it has the high -
est HI value – 458 mg HC/g TOC; Fig. 3A), while the low est one
(ca. 40%) was ob served in sam ple Pr-1/1992.5 (Fig. 5). Sta ble
car bon iso tope anal y ses in di cate the nar row range of d13C val -
ues of kerogen and asphaltenes, and a con sid er able dif fer ence
be tween d13C val ues of bi tu men and frac tions of sam ples col -
lected from the Lower and Up per Kimmeridgian strata (Ta ble 4
and Fig. 6A). The sec ond men tioned group is highly en riched in
12C iso tope. The sam ple rich est in or ganic mat ter, Ko-4/1976,
has the most neg a tive d13C value of sat u rates, and it falls in the
area of terrigenous or ganic mat ter on the Sofer’s (1984) di a -
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gram (Fig. 7). This pic ture is sim i lar to that of the lower part of
the Menilite For ma tion in the Pol ish Carpathians (Curtis et al.,
2004; Kotarba et al., 2007), where such light iso to pic sig na ture
of sat u rates was re corded for sam ples with high HI val ues
(dom i nance of ma rine Type-II kerogen). On the ba sis of
biomarker anal y ses, Köster et al. (1998) ex plained the ex is -
tence of the iso to pi cally light kerogen com bined with iso to pi cally 
light biomarkers in terms of the ac tiv ity of methanotrophic bac -
te ria. Such car bon sta ble iso tope com po si tion may also be in -
dic a tive of high al gal con tent, usu ally typ i cal of Lower Pa leo zoic 
sed i ments (Rid ing, 2001). Very high value of the HI/OI ra tio, ca.
25 mg HC/mg CO2 (Fig. 8), of the sam ple sup ports the pres -
ence of al gal-rich kerogen (Pe ters and Cassa, 1994). On the
other hand, kerogen el e men tal com po si tion shows the pres -
ence of mixed Type-III/II kerogen (Ta ble 5 and Fig. 9). Tak ing
into con sid er ation the maceral com po si tion of this sam ple
(dom i nance of liptinite and inertinite macerals) one can con -
clude that re-worked (in ert) or ganic mat ter dis persed in rocks
eroded from land was added to al gal ma te rial (Type-II or Type-I
kerogen) de rived from or gan isms liv ing in the sea. The same
sit u a tion is vis i ble in other sam ples, also from other tec tonic
units (Fig. 5). The low val ues of the S/C atomic ra tios in
kerogen, be low 0.04 (Ta ble 5), re veal the pres ence of low- and
mid-sul phur (slow- and mid-gen er a tive) kerogen (Orr, 1986) in
the Up per Kimmeridgian strata, but the pos i tive cor re la tion of
S/C and H/C atomic ra tios (Fig. 10) may in di cate that vari able
pro por tions of low-sul phur kerogen (most prob a bly Type-IV)
were added to the sed i ment con tain ing high-sul phur kerogen
(Type-IIS). Dis tri bu tion of biomarkers (Fig. 11) and val ues of
cal cu lated ra tios (Pristane/n-C17 and Phytane/n-C18; Ta ble 6

and Fig. 12) as well as the homological con tri bu tion to reg u lar
steranes (Ta ble 7 and Fig. 13) sup port pre vi ous re sults and in -
di cate that the ana lysed bi tu men was gen er ated from oil-prone
Type-II kerogen of plank tonic or i gin. The pres ence of al gal
Type-I kerogen in sam ple Ko-3/2146.5 can not be ex cluded
(Fig. 12). Or ganic mat ter was de pos ited usu ally in nor mal ma -
rine con di tions (1 < Pr/Ph < 3, Ta ble 6; Didyk et al., 1978) and
lo cally in anoxic con di tions (Pr/Ph <1). Low val ues of the
gammacerane in dex (GI; Ta ble 7) in di cate the ab sence of
hypersaline sed i men ta tion en vi ron ment (Sininghe Damste et
al., 1995). The dis tri bu tion of reg u lar steranes (Fig. 13) as well
as val ues of the ra tios cal cu lated based on the dis tri bu tion of
steranes, diasteranes and hopanes (Ta ble 7) in di cate the same 
type of or ganic mat ter in all the Kimmeridgian sam ples, de pos -
ited mostly in ma rine shales or marls (Figs. 14 and 15). Val ues
of Pristane/Phytane and Dibenzothiophene/Phenanthrene ra -
tios in bi tu men ex tracted from some sam ples sug gest gen er a -
tion from or ganic mat ter de pos ited in lac us trine con di tions
(Fig. 14). How ever, for lac us trine or ganic mat ter the value of
C26/C25 of triterpanes ra tio is above unity (e.g., Zumberge,
1987). For all ana lysed sam ples this ra tio is be low unity (Ta ble 7 
and Fig. 15) ev i denc ing the dom i nance of ma rine kerogen.

Ther mal ma tu rity of the Kimmeridgian strata in the
Szczecin–Miechów Synclinorium was de ter mined based on
Rock-Eval data (Ta ble 2), mea sure ments of vitrinite reflectance 
(Ta ble 3), and biomarker (Ta ble 7) and ar o matic hy dro car bons
dis tri bu tion (Ta ble 8). The re sults of the kerogen el e men tal
com po si tion anal y sis (H/C and O/C val ues) were also used in di -
rectly for this pur pose (Ta ble 5). The Tmax val ues, in cri te ria of
Espitalié et al. (1985), in di cate the ma tu rity of the in ves ti gated
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TOC – to tal or ganic car bon; Tmax – tem per a ture of max i mum of S2 peak; S2 – re sid ual pe tro leum po ten tial; S1 – oil and gas yield [mg HC/g
rock]; PI – pro duc tion in dex; HI – hy dro gen in dex; 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); kerogen type in brack ets –
sec ond ary oc cur rence

T a  b l e  2

Geo chem i cal char ac ter is tics and hy dro car bon po ten tial of the Kimmeridgian strata in the cental part of the Pol ish Low lands
based on Rock-Eval data 
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Fig. 2. Petroleum source quality diagram for organic matter in (A) Szczecin–Miechów Synclinorium, (B) Mid-Polish Anticlinorium 
and (C) Koœcierzyna–Pu³awy Synclinorium according to criteria of Peters and Cassa (1994)

L. – lower; U. – upper; K. – Kimmeridgian; for borehole codes see Table 1; solid lines represent median values of TOC and S1+S2 for
Upper Kimmeridgian strata and dotted lines represent median values of TOC and S1+S2 for Lower Kimmeridgian strata in individual

tectonic units
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Fig. 3. Rock-Eval hydrogen index versus temperature Tmax for identification of genetic type and maturity of organic matter in (A)
Szczecin–Miechów Synclinorium, (B) Mid-Polish Anticlinorium and (C) Koœcierzyna–Pu³awy Synclinorium

Genetic paths of individual kerogen types (I–III) and maturity fields after Espitalié et al. (1985); other explanations as in Figure 2

Fig. 4. Rock-Eval (A, B and C) hydrogen index and (A’, B’ and C’) oxygen index versus total organic carbon content 
for (A and A’) Szczecin–Miechów Synclinorium, (B and B’) Mid-Polish Anticlinorium and (C and C’) 

Koœcierzyna–Pu³awy Synclinorium

Explanations as in Figure 2
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Bore hole 
code

Depth
[m] Age

Rr

[%]
stdv
[%] n Vitrinite 

[%]
Liptinite*  

[%]

Inertinite +
Inertodetrinite

[%]

S or ganic
mat ter [%]

Vitrinite Liptinite Inertinite

Sum = 100%

Szczecin–Miechów Synclinorium

Ko-4 1976.0 U. K. 0.63 0.051 75 1.0   3.8 2.2   7.0 14 55 31

Po-1 2402.5 U. K. 0.62 0.066 75 1.6   2.7 0.7   5.0 32 54 14

Pr-1 1992.5 U. K. 0.77 0.046 55 4.0   7.0 7.0 18.0 22 39 39

PT-1 1195.3 U. K. 0.61 0.056 36 0.7 20.0 0.5 21.2   3 95   2

Mid-Pol ish Anticlinorium

Ci-2 561.7 U. K. 0.56 0.053 70 0.6   2.1 1.1   3.8 16 55 29

Cy-1 1089.3 U. K. 0.52 0.048 53 0.1   2.0 0.9   3.0   3 67 30

Go-7 1177.2 U. K. 0.63 0.071 65 0.9   7.0 5.4 13.3   7 52 41

Koœcierzyna–Pu³awy Synclinorium

Gr-1 1651.4 U. K. 0.53 0.046 37 0.7 15.0 2.4 18.1  4 83 13

Rr – ran dom virtinite reflectance; stdv – stan dard de vi a tion; n – num ber of mea sure ments; * – al gae, alginite, bitumine, bi tu mi nous bod ies;
U. K. – Up per Kimmeridgian

T a  b l e  3

Vitrinite reflectance and petrographic com po si tion of Kimmeridgian or ganic mat ter

Fig. 5. Tertiary diagram of maceral composition of organic
matter

Genetic boundaries after Leenheer (1984);
 explanations as in Figure 2

Fig. 6. Sta ble car bon iso tope com po si tion of bi tu men, their in di -
vid ual frac tions and kerogen in (A) Szczecin–Miechów
Synclinorium and (B) Mid-Pol ish Anticlinorium and
Koœcierzyna–Pu³awy Synclinorium

Explanations as in Figure 2
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Fig. 7. Stable carbon isotope composition of saturates versus 
aromatics in bitumen

Genetic fields after Sofer (1984); explanations as in Figure 2

Fig. 8. Difference of stable carbon isotope composition
between aromatics and saturates versus hydrogen

index/oxygen index ratio

Explanations as in Figure 2

Fig. 9. (H/C)atomic versus (O/C)atomic for organic matter from
Upper Kimmeridgian strata

Fields represent natural maturity paths for individual kerogen
types (I–IV) after Hunt (1996); explanations as in Figure 2

Fig. 10. (S/C)atomic versus (H/C)atomic for organic matter from
Upper Kimmeridgian strata

Explanations as in Figure 2
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Bore hole
code

Depth
[m] Age

El e men tal com po si tion [daf, wt.%] Atomic ra tio

C H O N S H/C O/C N/C S/C

Szczecin–Miechów Synclinorium

Ko-4 1976,0 U. K. 74.3 6.4 13.5 1.6 4.2 1.04 0.14 0.018 0.021

Po-1 2402.5 U. K. 79.7 5.8 12.0 1.7 0.8 0.87 0.11 0.018 0.004

Pr-1 1992.5 U. K. 82.8 5.4   8.2 2.2 1.4 0.78 0.07 0.023 0.006

PT-1 1195.3 U. K. 76.8 6.8 11.2 2.3 2.9 1.06 0.11 0.025 0.014

Mid-Pol ish Anticlinorium

Ci-2 561.7 U. K. 68.8 6.6 18.8 1.4 4.5 1.15 0.20 0.017 0.024

Cy-1 1089.3 U. K. 76.2 6.3 13.7 2.1 1.7 1.00 0.13 0.023 0.008

Go-7 1177.2 U. K. 72.8 5.4 18.1 1.6 2.1 0.88 0.19 0.019 0.011

Koœcierzyna–Pu³awy Synclinorium

Gr-1 1651.4 U. K. 73.2 6.9 13.3 2.5 4.1 1.13 0.14 0.030 0.021

daf – dry, ash-free ba sis; other ex pla na tions as in Fig ure 2

T a  b l e  5

El e men tal com po si tion of kerogen

Bore hole 
code

Depth
[m] Age CPI(To tal) CPI(17–23) CPI(25–31) Pr/n-C17 Ph/n-C18 Pr/Ph C19–22/C25–28 Cmax

Szczecin–Miechów Synclinorium

Ko-3 2146.5 U. K. 1.11 1.11 1.09 1.00 2.04 0.72 2.49 17

Ko-4 1976.0 U. K. 1.09 1.01 1.25 1.27 0.75 1.54 1.52 20

Po-1 2402.5 U. K. 1.10 1.03 1.27 1.20 0.60 2.05 1.78 20

Pr-1 1992.5 U. K. 1.04 1.00 1.06 1.18 0.54 1.62 1.48 20

PT-1 1195.3 U. K. 1.39 1.18 1.78 2.61 2.61 1.41 1.23 17

St-1 1590.5 U. K. 1.07 1.00 1.26 1.12 0.59 1.36 2.07 19

Ko-3 2218.6 L. K. 0.99 0.95 1.04 0.32 0.30 0.79 1.48 20

Mid-Pol ish Anticlinorium

Ci-2   561.7 U. K. n.c. n.c. 2.27 n.c. 1.26 n.c. 0.69 27

Cy-1 1089.3 U. K. n.c. n.c. 1.29 n.c. n.c. n.c. 1.56 21

Go-7 1177.2 U. K. n.c. n.c. 2.02 n.c. n.c. n.c. 1.00 29

Koœcierzyna–Pu³awy Synclinorium

Gr-1 1651.4 U. K. 1.76 1.29 2.61 1.18 1.93 0.75 1.15 17

CPI(To tal) = [(C17 + C19 +...+ C27 + C29) + (C19 + C21 +...+ C29 + C31)]/[2*(C18 + C20 +...+ C28 + C30)]; CPI(17–23) = [(C17 + C19 +
C21) + (C19 + C21 + C23)]/[2*(C18 + C20 + C22)]; CPI(25-31) = [(C25 + C27 + C29) + (C27 + C29 + C31)]/[2*(C26 + C28 + C30)]; Pr –
Pristane; Ph – Phytane; n.c. – not cal cu lated due to low in ten sity of hy dro car bons; other ex pla na tions as in Fig ure 2

T a  b l e  6

In di ces cal cu lated based on n-alkane and isoprenoid dis tri bu tion of bi tu men
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Fig. 11. Example of (A) alkane (m/z = 71), (B) hopane (m/z =
191) and (C) sterane (m/z = 217) distribution in saturate

hydrocarbons fraction (sample Po-1/2402.5 m, Upper
Kimmeridgian, Szczecin–Miechów Synclinorium)

For explanation of abbreviations and symbols see Tables 6
(alkanes) and 7 (hopanes and steranes)

Fig. 12. Genetic characterization of bitumen in terms 
of pristane/n-C17 and phytane/n-C18 according

 to the categories of Obermajer et al. (1999)

Explanations as in Figure 2

Fig. 13. Tertiary diagram of 20R regular sterane distribution

Genetic fields modified after Peters et al. (2005); 
explanations as in Figure 2
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strata from the stage of mi cro bial pro cess to the mid dle phase
of “oil win dow” (from 420 to 449°C; Ta ble 2 and Fig. 3A). Most of 
the in ves ti gated strata are at the fi nal stage of mi cro bial pro cess 
or are low-ma ture. The high est Tmax value was re corded in the
W¹growiec IG 1 bore hole (Fig. 3A). This ma tu rity in crease is of -
ten as so ci ated with salt tec ton ics (e.g., near Damas³awek salt
diapir, Magri et al., 2008). The ma tu rity in di ces cal cu lated

based on the dis tri bu tion of biomarkers, methylphenantrenes,
methyldibenzotiophenes and triaromatic ste roids (Ta bles 7 and 
8; Figs. 16 and 17), el e men tal com po si tion of kerogen (Fig. 9),
as well as vitrinite reflectance of the dis cussed or ganic mat ter
(Ta ble 3) gen er ally cor re late with Tmax val ues. The most ma ture
lev els were re corded in the Przyby³ów-1 bore hole (Ta ble 3,
Figs. 9 and 17), and gen er ally the high est ones were noted in
the most deeply bur ied part of the synclinorium, in the
Damas³awek–Ko³o area (Fig. 1). These data are in agree ment
with pre vi ous stud ies (e.g., Burzewski et al., 1990; Nowicki,
1990; Bachleda-Curuœ and Semyrka, 1990).

MID-POLISH ANTICLINORIUM

From the Mid-Pol ish Anticlinorium, 72 sam ples were col -
lected from 10 bore holes (Ta ble 1 and Fig. 1). They came
mostly from the Kuiavian Seg ment (67 sam ples from 9 bore -
holes) and only 5 sam ples were taken from Up per
Kimmeridgian strata of the Pom er a nian Seg ment, from the
Witkowo-1 bore hole. From Lower Kimmeridgian strata, 13

Fig. 14. A cross-plot of the dibenzotiophene/phenantrene ratio 
versus the pristane/phytane ratio for bitumen

Clas si fi ca tion of source kerogen sed i men ta tion con di tions af ter
Hughes et al. (1995). Zone 1A – ma rine car bon ate; Zone 1B – ma -
rine car bon ate or ma rine marl or lac us trine sul phate-rich; Zone 2 –
lac us trine sul phate – poor or car bon ate or ganic-poor; Zone 3 – ma -
rine shale and other lac us trine; Zone 4 – flu vial/deltaic; ex pla na tions 
as in Fig ure 2

Fig. 15. C24 tetracyclic terpane/C26 tricyclic terpane (S+R) ratio 
versus C26/C25 of tricyclic terpanes ratio for bitumen

Criteria after Peters et al. (2005); explanations as in Figure 2

Fig. 16. (A) Moretane/17a hopane ratio and (B) Ts/(Ts+Tm)

ratio versus C27 ba 20(S+R) diasterane/(C27 ba 20(S+R)

diasterane + SC27 regular steranes) ratio for bitumen

Criteria after Peters et al. (2005); explanations as in Figure 2



sam ples were col lected from 6 bore holes, and from Up per
Kimmeridgian – 59 sam ples from 9 bore holes (Ta ble 1). The
TOC con tent var ies in the Lower Kimmeridgian strata from 0.18 
to 6.8 wt.%, with the me dian of 0.94, and in the Up per
Kimmeridgian – from 0.25 to 6.6 wt.% (me dian 2.6 wt.%; Ta -
ble 2). The TOC dis tri bu tion, both in Lower and Up per
Kimmeridgian rocks, is uni form with sta tis ti cal dom i nance of
higher val ues in Up per Kimmeridgian strata (Fig. 2B). The high -
est TOC val ues, >5 wt.%, were re corded in Up per
Kimmeridgian strata of the Gostynin IG 1, IG 3, 7 and
Ciechocinek IG 2 bore holes, and in a sin gle Lower
Kimmeridgian sam ple from Gostynin IG 3 (Fig. 1). The val ues

of re sid ual hy dro car bon con tent (S2) and to tal hy dro car bon con -
tent (S1+S2) vary in Lower Kimmeridgian strata S1+S2 from 0.09 
to 25.4 mg HC/g rock (Ta ble 2 and Fig. 2B), and in Up per
Kimmeridgian – from 0.34 to 26.1 mg HC/g rock, re spec tively,
with the me dian val ues of 1.05 and 4.2 mg HC/g rock, re spec -
tively (Ta ble 2 and Fig. 2B). These data in di cate that the Lower
Kimmeridgian strata are gen er ally fair source rocks and the up -
per part of the Kimmeridgian sec tion is po ten tially good source
for the gen er a tion of hy dro car bons. The high est me di ans of
TOC value in in di vid ual bore holes are ev i denced in the vi cin ity
of Gostynin (Fig. 1).
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Bore hole
code

Depth
[m] Age MPI1 Rcal(MPI1)

[%] MDR Rcal(MDR)
[%]

DBT/
Phen

TA(I)/
TA(I+II)

TA 20/
(20+27)

TA 21/
(21+28)

TA C28/
C26 20S

TA C28/
C27 20R

Szczecin–Miechów Synclinorium

Ko-3 2146.5 U. K. 0.00 0.37 0.30 0.48 0.34 l.i. l.i. l.i. l.i. l.i.

Ko-4 1976.0 U. K. 0.41 0.61 0.53 0.54 0.12 0.04 0.06 0.02 1.5 1.17

PT-1 1195.3 U. K. 0.28 0.54 0.39 0.50 0.13 l.i. l.i. l.i. l.i. l.i.

Po-1 2402.5 U. K. 0.55 0.70 0.67 0.56 0.16 0.05 0.08 0.03 1.3 1.23

Pr-1 1992.5 U. K. 0.55 0.70 0.58 0.54 0.19 0.09 0.10 0.11 1.0 1.27

St-1 1590.5 U. K. 0.36 0.58 0.75 0.58 0.05 0.06 0.11 0.03 2.0 1.49

Ko-3 2218.6 L. K. 0.46 0.65 1.05 0.62 0.06 0.09 0.16 0.03 1.7 1.22

Mid-Pol ish Anticlinorium

Ci-2   561.7 U. K. 0.70 0.79 0.76 0.58 0.04 0.11 0.17 0.10 1.1 1.56

Cy-1 1089.3 U. K. 0.62 0.74 0.61 0.55 0.13 0.05 0.10 0.02 2.0 1.77

Go-7 1177.2 U. K. 0.72 0.80 1.44 0.67 0.04 0.04 0.07 0.03 2.9 1.59

Koœcierzyna–Pu³awy Synclinorium

Gr-1 1651.4 U. K. 0.31 0.56 0.69 0.57 0.12 0.07 0.10 0.06 1.3 1.47

MPI1 = 1.5(2MP + 3MP)/(Phen + 1MP + 9MP); MP – Methylphenanthrene; Phen – Phenanthrene; Rcal(MPI1) = 0.6(MPI1) + 0.37;
MDR = 4MDBT/1MDBT; MDBT – Methyldibenzothiophene; Rcal(MDR) = 0.4 + 0.3*(MDR) – 0.094*(MDR)2 + 0.0118(MDR)3; DBT –
dibenzothiophene; TA(I) = (C20 + C21) Triaromatic Ste roids; TA(II) = (C26 + C27 + C28 + C29) Triaromatic Ste roids; TA 20/(20+27) =
C20 Triaromatic Ste roid/ (C20 + C27 20S & C26 20R+C27 20R) Triaromatic Ste roids; TA 21/(21+28) = C21 Triaromatic Ste roid/ (C21

+ C28 20S + C28 20R) Triaromatic Ste roids; TA C28/C26 20S = C28 20S Triaromatic Ste roid/C26 20S Triaromatic Ste roid; TA C28/
C27 20R = C28 20R Triaromatic Ste roid/C27 20R Triaromatic Ste roid; l.i. – not cal cu lated due to low in ten sity of biomarkers; other
explanationa as in Fig ure 2

T a  b l e  8

Se lected in di ces cal cu lated based on ar o matic hy dro car bons dis tri bu tion of bi tu men

Fig. 17. Sterane C2920S/(20S+20R) ratio versus (A) Ts/(Ts+Tm) and (B) C29bb/(bb+aa) ratios for bitumen

Maturity fields after Peters and Moldowan (1993); explanationa as in Figure 2



In the Kimmeridgian strata of this tec tonic unit, as in the
case of the Szczecin–Miechów Synclinorium, dif fer ent types of
kerogen are rec og nized. The cor re la tion be tween the hy dro gen
in dex HI and the Tmax tem per a ture (Fig. 3B) in di cates the pre -
dom i nance of gas-prone Type-III kerogen in the whole
Kimmeridgian sec tion with nu mer ous lev els con tain ing mixed
Type-II/III and lo cally Type-II kerogen, mostly in the Up per
Kimmeridgian strata. The high est HI val ues were re corded in
the Gostynin IG 1 and Czarnowo-2 bore holes. The “min eral ma -
trix ef fect” is dif fi cult to rec og nize; the low-HI-value-sam ples are
both rich and poor in or ganic car bon, both in the Lower and Up -
per Kimmeridgian (Fig. 4B). The low er ing of TOC con tent re -
sults in the in crease of OI val ues (es pe cially in the Lower
Kimmeridgian) sug gest ing par tial ox i da tion of or ganic mat ter in
TOC-poor rocks (Fig. 4B’). The re sults of petrographic anal y ses 
(Ta ble 3 and Fig. 5) and the sta ble car bon iso tope com po si tion
(Ta ble 4, Figs. 6B and 7) of se lected sam ples in di cate the dom i -
nance of oil-prone Type-II kerogen. Sta ble car bon iso tope anal -
y ses show a nar row range of d13C val ues of kerogen and all
frac tions, sug gest ing the pres ence of one type of or ganic mat ter 
and some dif fer ences be tween d13C val ues of aromates in the
whole sec tion. In sam ples col lected from Lower Kimmeridgian
strata, aromatics are more en riched in the 12C iso tope as com -
pared to sat u rates (Figs. 6B and 7), sug gest ing sec ond ary pro -
cesses (ox i da tion, wa ter wash ing), as re ported by, e.g., Kotarba 
et al. (2006) for the Perm ian Kupferschiefer. This the sis is con -
firmed by low er ing of the HI/OI ra tio in these sam ples (Fig. 8).
The ox i da tion of or ganic mat ter in the in ves ti gated strata is pos -
si ble due to the pres ence of geo ther mal wa ters of low sa lin ity
(Górecki, 2006). The kerogen el e men tal com po si tion, in con -
trast to pre vi ous data, sug gests a pre dom i nance of Type-III
kerogen (Ta ble 5 and Fig. 9), but as for the sam ples from the
Szczecin–Miechów Synclinorium, the maceral com po si tion of
these sam ples is dom i nated by liptinite and inertinite macerals
(Ta ble 3 and Fig. 5). There fore, the kerogen el e men tal com po -
si tion re fers to the com po si tion of a mix ture of al gal ma te rial
(Type-II or Type-I kerogen) and in ert or ganic mat ter (Type-IV)
kerogen. The pres ence of low-sul phur kerogen is ev i denced by
the low val ues of S/C atomic ra tios in kerogen, be low 0.04 (Ta -
ble 5) in the Up per Kimmeridgian strata. The pos i tive cor re la tion 
of S/C and H/C atomic ra tios (Fig. 10) may in di cate, as with the
pre vi ously de scribed sam ples from the Szczecin–Miechów
Synclinorium, a mix ture of high-sul phur kerogen (Type-IIS) and
low-sul phur kerogen (most prob a bly Type-IV). In di ces cal cu -
lated based on the n-al kanes and isoprenoids dis tri bu tion (Ta -
ble 6) and the biomarker dis tri bu tion (Ta ble 7) sup port the
petrographic anal y ses and sug gest gen er a tion of the bi tu men
from or ganic mat ter en riched in al gae (Fig. 13). It is im pos si ble
to de ter mine the con di tions of or ganic mat ter de po si tion based
on the Pristane/Phytane ra tio due to the very low quan ti ties of
these biomarkers in bi tu men. Low val ues of the gammacerane
in dex (GI) in di cate the ab sence of hypersaline sed i men ta tion
en vi ron ment (Sininghe Damste et al., 1995). The val ues of ra -
tios cal cu lated on the ba sis of the dis tri bu tion of n-al kanes,
steranes, diasteranes and hopanes (Ta bles 6 and 7) in di cates a 
di ver sity of or ganic mat ter de po si tion con di tions. The CPI val -
ues >1.0 re veal that the or ganic mat ter was de pos ited most
prob a bly in rocks en riched in siliclastic ma te rial. On the other
hand, the value of C26/C25 of triterpanes ra tio of sam ple
Ci-2/561.7 above unity (Ta ble 7 and Fig. 15) sug gests the pres -
ence of lac us trine Type-I kerogen (e.g., Zumberge, 1987), but
this the sis has not been sup ported by the re sults of other anal y -
ses (Ta bles 3–7). Es pe cially low val ues of the HI and H/C
atomic ra tio (Ta bles 4 and 5, Fig. 8) prove the pre dom i nance of
Type-II kerogen.

Ther mal ma tu rity of the Kimmeridgian strata was de ter -
mined, as in the case of the Szczecin–Miechów Synclinorium,
on the ba sis of Rock-Eval data (Ta ble 2), vitrinite reflectance
mea sure ments (Ta ble 3), and biomarker (Ta ble 7) and ar o -
matic hy dro car bons dis tri bu tion (Ta ble 8). The re sults of the
kerogen el e men tal com po si tion anal y sis (H/C and O/C val ues)
were also used in di rectly for this pur pose (Ta ble 5). The Tmax

val ues from 418 to 435°C (Ta ble 2 and Fig. 3B) in di cate gen er -
ally the im ma tu rity and low-ma tu rity of the in ves ti gated strata.
The ma tu rity in di ces cal cu lated based on the dis tri bu tion of
biomarkers, methylphenantrenes, methyldibenzotiophenes
and triaromatic ste roids (Ta bles 7 and 8, Figs. 16 and 17), el e -
men tal com po si tion of kerogen (Fig. 9), as well as vitrinite
reflectance (Ta ble 3) gen er ally cor re spond with Tmax val ues and 
in di cate a lower level of ther mal ma tu rity in this unit than in the
Szczecin–Miechów Synclinorium. These data are in agree ment 
with pre vi ous stud ies (e.g., Burzewski et al., 1990; Nowicki,
1990; Bachleda-Curuœ and Semyrka, 1990; Merta, 1994).

KOŒCIERZYNA–PU£AWY SYNCLINORIUM

From the Koœcierzyna–Pu³awy Synclinorium, 24 sam ples
were col lected from 5 bore holes (Ta ble 1 and Fig. 1). Six sam -
ples came from 2 bore holes in the Koœcierzyna Seg ment, and
18 sam ples orig i nated from 3 bore holes in the Warszawa Seg -
ment. In the Lower Kimmeridgian strata (6 sam ples – 2 from
Koœcierzyna and 4 from Warszawa seg ments) the TOC con tent 
var ies from 0.22 to 3.2 wt.%, with the me dian of 0.40 wt.% (Ta -
ble 2). Sam ples with low TOC val ues are dom i nant, but there is
one sam ple from the Gostynin IG 4 bore hole with a high or ganic 
car bon con tent of >3 wt.% (Figs. 1 and 2C). The re sid ual hy dro -
car bon con tent (S2) as well as to tal hy dro car bon con tent
(S1+S2), similarly to the TOC val ues, are usu ally low and range
from 0.19 to 11.6 mg HC/g rock and 0.26 to 11.9 mg HC/g rock,
re spec tively, with the me dian val ues of 0.29 and 0.38 mg HC/g
rock, re spec tively (Ta ble 2 and Fig. 2C), in di cat ing that the the
strata gen er ally have poor po ten tial for the gen er a tion of hy dro -
car bons. The S2+S1 value ex ceeds 5 mg HC/g rock only in one
sam ple (Gostynin IG 4/1678.3 m; Fig. 2C). The Up per
Kimmerigdian strata are much richer in or ganic mat ter: the TOC 
var ies from 0.38 to 5.6 wt.% (me dian 2.4 wt.%), and the hy dro -
car bon con tent is from 0.26 to 26.7 mg HC/g rock (me dian 4.3
mg HC/g rock; Ta ble 2 and Fig. 2C). The best source rocks
were found in the Gronowo-1 and Gostynin IG 4 bore holes
(Figs. 1 and 2C).

Kimmeridgian strata of this tec tonic unit, like with the pre vi -
ous ones, con tain dif fer ent types of kerogen. Cor re la tion be -
tween the hy dro gen in dex (HI) and the Tmax tem per a ture
(Fig. 3C) in di cates the dom i nance of gas-prone Type-III
kerogen in Lower Kimmeridgian strata, while in the up per part of 
the sec tion, nu mer ous lev els con tain mixed Type-II/III and
Type-II kerogen (Gronowo-1 bore hole). This the sis is sup -
ported by the cor re la tion of HI and TOC (Fig. 4C). The “min eral
ma trix ef fect” is vis i ble for sam ples poor in TOC. The ox i da tion
of or ganic mat ter was re corded es pe cially in sam ples col lected
from the Lower Kimmeridgian strata (Fig. 4C’). The re sults of
petrographic anal y ses (Ta ble 3 and Fig. 5), sta ble car bon iso -
tope com po si tion (Ta ble 4, Figs. 6B, 7 and 8), kerogen el e men -
tal com po si tion (Ta ble 5, Figs. 9 and 10), Pristane/n-C17 and
Phytane/n-C18 ra tios val ues (Ta ble 6 and Fig. 12) and reg u lar
sterane dis tri bu tion (Ta ble 7 and Fig. 13) of one sam ple
(Gronowo-1/1651.5 m) in di cate that its or ganic geo chem is try
char ac ter is tics is sim i lar to those of the sam ples from the
Mid-Pol ish Anticlinorium. The value of Pr/Ph ra tio be low one
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(Ta ble 6) sug gests a de po si tion of the or ganic ma te rial in
anoxic con di tions (Didyk et al., 1978). Hypersaline sed i men ta -
tion en vi ron ment was ex cluded due to the ab sence of
gammacerane (Ta ble 7). Val ues of the Pristane/Phytane and
Phenanthrene/Dibenzothiophene ra tios sug gest the gen er a tion 
of bi tu men from or ganic mat ter de pos ited in lac us trine or or -
ganic-poor car bo na ceous con di tions (Fig. 14). This opin ion is
mis lead ing tak ing into con sid er ation deep ma rine con di tions
dur ing Kimmeridgian times (Niemczycka nad Brochwicz-Lewiñ -
ski, 1988). The palaeo eco logi cal data are sup ported by the
value of C26/C25 of triterpanes ra tio of less than unity (Ta ble 7
and Fig. 15), sug gest ing a dom i nance of Type-II kerogen de -
pos ited in ma rine shales. The low value of the S/C atomic ra tio
in kerogen (Ta ble 5 and Fig. 10) re veals the pres ence of
low-sul phur (low-gen er a tive) kerogen (Orr, 1986), how ever, as
for the pre vi ous units, a mix ture of Type-IIS kerogen with in ert
Type-IV kerogen can not be ex cluded here, ei ther.

Ther mal ma tu rity of the Kimmeridgian strata in the
Koœcierzyna–Pu³awy Synclinorium was de ter mined, as in the
case of pre vi ous units, on the ba sis of Rock-Eval data (Ta ble 2), 
mea sure ments of vitrinite reflectance (Ta ble 3), and biomarker
(Ta ble 7) and ar o matic hy dro car bons dis tri bu tion (Ta ble 8). The 
re sults of the kerogen el e men tal com po si tion anal y sis (H/C and 
O/C val ues) were also used in di rectly for this pur pose (Ta ble 5). 
The Tmax val ues from 412 to 432°C (Ta ble 2 and Fig. 3C) in di -
cate gen er ally the im ma tu rity and only lo cally mar ginal low-ma -
tu rity of the in ves ti gated strata. The ma tu rity in di ces cal cu lated
based on the dis tri bu tion of biomarkers, methylphenantrenes,
methyldibenzotiophenes and triaromatic ste roids (Ta bles 7 and 
8, Figs. 16 and 17), el e men tal com po si tion of kerogen (Fig. 9),
as well as vitrinite reflectance (Ta ble 3) gen er ally cor re spond
with the Tmax val ues and in di cate a lower level of ther mal ma tu -
rity in this unit than in the Szczecin–Miechów Synclinorium.
These data are in agree ment with pre vi ous stud ies (e.g.,
Burzewski et al., 1990; Nowicki, 1990; Bachleda-Curuœ and
Semyrka, 1990; Merta, 1994).

CONCLUSIONS

The wide range of geo chem i cal stud ies en abled to eval u ate 
de tailed hy dro car bon po ten tial, ge netic type, and ma tu rity of
po ten tial source rocks in the Up per and Lower Kimmeridgian
strata of the cen tral part of the Pol ish Low land:

1. The rocks rich est in TOC, up to 6.8 wt.%, were found in
the Gostynin-7 (Up per Kimmeridgian) and Gostynin IG 3
(Lower Kimmeridgian) bore holes in the east ern part of the
Mid-Pol ish Anticlinorium (Kuiavian Seg ment). Source rock lev -

els with TOC >4 wt.% were also found in the Up per
Kimmeridgian in all in ves ti gated units. Lower Kimmeridgian
rocks are gen er ally poor in or ganic mat ter.

2. Hy dro car bon po ten tial of the rocks is var ied: gen er ally
poor for the Lower Kimmeridgian and fair or good for Up per
Kimmeridgian strata. The source-rock prop er ties are com pa ra -
ble in all the units.

3. The Lower Kimmeridgian rocks con tain pre dom i nantly
gas-prone Type-III kerogen. Oil-prone type-II kerogen pre vails
in the Up per Kimmeridgian strata.

4. Highly gen er a tive Type-IIS kerogen has not been re -
corded in the ana lysed strata, thus or ganic sul phur does not
play any im por tant role in the hy dro car bon gen er a tion. In
comparison to other parts of the ba sin, where kerogen II-S is
wide spread, its pres ence in the study area cannot be ex cluded.

5. Or ganic mat ter is im ma ture or low-ma ture in all ana lysed
rocks. The high est ma tu ri ties are ob served in the most deeply
bur ied strata (>2000 m) in the Mogilno–£ódŸ Seg ment of the
Szczecin–Miechów Synclinorium. In the Mid-Pol ish
Anticlinorium and Koœcierzyna–Pu³awy Synclinorium, the ma tu -
rity is lower, in di cat ing that hy dro car bon gen er a tion pro cesses
have not started in this area.

6. Tak ing into con sid er ation the high TOC con tent in some
ar eas, the Kimmeridgian strata may be an in ter est ing tar get for
ex plo ra tion of un con ven tional mi cro bial hy dro car bons, es pe -
cially in the deep est parts of the Mogilno-£ódŸ Seg ment of the
Szczecin-Miechów Synclinorium (Damas³awek–Strzelno–Ko³o
area), where also the thermogenic gen er a tion pro cess be gan
and Up per Ju ras sic rocks are cov ered by thick Cre ta ceous
strata.
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