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Kosakowski P., Wiêc³aw D., Kotarba M. J. and Kowalski A. (2012) – Hab i tat and hy dro car bon po ten tial of the Me so zoic strata in the
Kraków–Rzeszów area (SE Po land). Geol. Quart., 56 (1): 139–152. Warszawa.

The Me so zoic strata in the south east ern Po land were geochemically char ac ter ized to de ter mine their hy dro car bon po ten tial on the ba sis
of 483 core sam ples from 36 bore holes. The Lower and Mid dle Tri as sic, Mid dle and Up per Ju ras sic, and Lower and Up per Cre ta ceous
turned out to be highly vari able. Mid dle Ju ras sic rocks rep re sent the high est geo chem i cal qual ity. Their to tal or ganic car bon (TOC) con -
tents range be tween 0.0 and 17.0 wt.%, with a me dian of 0.89 wt.%. The high est TOC was ob served in the rocks of the Tarnawa 1 bore -
hole. In the re main ing bore holes ana lysed the or ganic car bon con tents were much lower and usu ally did not ex ceed 1 wt.%. Gas-prone
Type-III kerogen with an ad mix ture of Type-II kerogen is pres ent in the study area. The low est TOC val ues  were ob served in the Cre ta -
ceous rocks, where me dian val ues were 0.05 wt.% and 0.04 wt.% for Up per Cre ta ceous and Lower Cre ta ceous strata re spec tively. Low
TOC con tents were also ob served in the Lower Tri as sic and Up per Ju ras sic strata. Ac cord ingly, those ho ri zons could not be re garded as
ef fec tive source rocks. The pe tro leum po ten tial of these strati graphic ho ri zons is ad di tion ally sig nif i cantly re duced by low ma tu rity, be -
low the thresh old for the gen er a tion of hy dro car bons. The Me so zoic or ganic mat ter was found to be gen er ally im ma ture, i.e. be low 0.5%
of vitrinite reflectance. 
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INTRODUCTION

This study eval u ates geo chem i cal char ac ter is tics of or ganic 
mat ter (OM) in the Me so zoic strati graphic suc ces sion in SE
Po land re lated to the fron tal part of the Carpathians, one of the
old est pe tro leum-pro duc ing re gions in the world (Kotarba and
Peryt, 2011), with a spe cial em pha sis on such fac tors as con tent 
of to tal or ganic car bon, ge netic type of or ganic mat ter, its ma tu -
rity and hy dro car bon po ten tial. Lower and Mid dle Tri as sic,
Mid dle and Up per Ju ras sic, and Cre ta ceous strata were the tar -
get of this in ves ti ga tion. 

Pe tro leum stud ies per formed so far in SE Po land have
shown that, apart from the Carpathian flysch strata, only the
Ju ras sic and Cre ta ceous strata have suf fi cient hy dro car bon
po ten tial to be come an ob ject of pe tro leum ex plo ra tion
(Moryc, 1992; Baran et al., 1999; Dar³ak et al., 2004; Gliniak
and Urbaniec, 2005; Gliniak et al., 2005, 2008; Kosakowski
et al., 2008, 2011; Kotarba et al., 2011a). Dis cov ered and
doc u mented hy dro car bon ac cu mu la tions in the Up per Ju ras -
sic-Lower Cre ta ceous car bon ates and Up per Cre ta ceous

sand stones, mainly con nected with the up per part of these
suc ces sions and usu ally sit u ated close to re gional dis lo ca -
tions, seem to con firm this the sis. The po ten tial pe tro leum
source rocks prob a bly are Mid dle Ju ras sic strata in the base -
ment and partly within the flysch strata of the Outer
Carpathians. This hy dro car bon po ten tial can be con firmed by
geo chem i cal anal y ses, quan ti ta tive anal y sis of OM con tent
and de gree of its trans for ma tion into hy dro car bons. Con se -
quently, de tailed anal y ses of the hy dro car bon gen er a tion pro -
cess, in di ca tion of di rec tions and range of their mi gra tion are
nec es sary for eval u at ing the source po ten tial of the Mid dle Ju -
ras sic strata in that part of Po land. By solv ing this is sue the
pros pect ing abil i ties in that area can be ef fec tively in creased.

A se ries of siliciclastic and car bon ate rocks be tween
Kraków and Rzeszów (Moryc, 1992, 2006; Bu³a and Habryn,
2008; Krajewski et al., 2011) were eval u ated geochemically
based on 483 core and cut tings sam ples from 39 bore holes lo -
cated in four zones: Bochnia–Kazimierza Wielka (A),
D¹browa Tarnowska–Tarnów (B), Pilzno–Rzeszów–Mielec
(C) and Tarnawa–Rajbrot (D) (Fig. 1) in the mar ginal area of
the Silesian and Ma³opolska blocks. 



AN OUTLINE OF GEOLOGY AND STRATIGRAPHY
OF MESOZOIC STRATA IN SE POLAND

The study area cov ers a part of the Neo gene foredeep ba sin,
i.e. the Carpathian Foredeep, and of the north ern part of the
Outer Carpathians. The nat u ral north ern bound ary of the
Carpathian Foredeep is the limit of the autochthonous Mio cene
ma rine se quence (Kotarba et al., 2011b). The crys tal line base -
ment and the Pa leo zoic-Me so zoic sed i men tary cover con sti tutes
the sub stra tum of the Carpathian Foredeep. This sed i men tary
cover oc curs in two ar eas sep a rated by a very dis tinct el e va tion
(the Lower San Horst Struc ture; Bu³a and Habryn, 2011). This
el e vated struc ture in flu enced the palaeo ge ogra phy, fa cies and
thick ness of strata. The study area is lo cated to the west of the
Lower San Horst Struc ture and ex tends from Kraków in the west 
to Rzeszów and Ropczyce in the east (Fig. 1). In the study area,
the Pre cam brian and Pa leo zoic se quences form a re gional unit
called the Ma³opolska Block, rep re sent ing a frag ment of the
epi-Variscan Cen tral Eu ro pean Plat form (Bu³a et al., 2004;
Mizerski and Stupka, 2005). The Pa leo zoic strata were sub jected 
to multi-phase tec tonic de for ma tion and epigenetic ero sion
(Bu³a and Habryn, 2008). A char ac ter is tic fea ture is the pres ence 
of block struc tures built by Ediacaran meta mor phic rocks sur -
rounded by var i ous Pa leo zoic rocks. More over, ero sion
resultated in the re sid ual be hav ior of the sub stra tum. The lower
Pa leo zoic rocks oc cur in a few iso lated patches lo cated in the
west of the city of Mielec and south of Tarnów–Rzeszów, and
fill nar row troughs in the west ern part of the Ma³opolska Block
(Bu³a and Habryn, 2011). There fore, the thick ness of the lower
Pa leo zoic strata is small, usu ally less than 100 metres. The max i -
mum thick ness was ob served in the Pilzno–Rzeszów–Mielec
zone, where it ex ceeds 500 metres (Bu³a and Habryn, 2008).
Smaller tec tonic in volve ment, greater range and higher thick ness 

were ob served for the lower Pa leo zoic com plex. De vo nian and
lower Car bon if er ous strata cover al most the en tire area west of
the Lower San Horst Struc ture. Only lo cally, in the D¹browa
Tarnowska–Tarnów zone and be neath the Carpathian
Overthrust, south of Pilzno city, the up per Pa leo zoic strata have
been eroded (Bu³a and Habryn, 2008). The to tal thick ness of the
De vo nian and Car bon if er ous strata ex ceeds 2800 metres in the
S³omniki 1 bore hole. 

The com pli cated tec ton ics of the Kraków–Rzeszów area re -
sulted in the Perm ian-to-Me so zoic strata over ly ing var i ous Pre -
cam brian and Pa leo zoic rocks (Bu³a and Habryn, 2011; Fig. 1).
The Me so zoic cover is com posed of three units: Tri as sic, Mid -
dle Ju ras sic to Lower Cre ta ceous and Up per Cre ta ceous. They
re flect sep a rate stages of sed i men tary ba sin de vel op ment and
were de pos ited dur ing suc ces sive transgressive cy cles of the
Eu ro pean epicontinental ba sin (Dayczak-Calikowska, 1997;
Dayczak-Calikowska and Moryc, 1988; Feldman-Olszewska,
1997). The transgressive pulses were re lated to the Tethys
Ocean (Dayczak-Calikowska, 1997; Dayczak-Calikowska and
Moryc, 1988). Hi a tuses in the sed i men tary sec tion of the Me so -
zoic cover, which oc cur in the Lower and Up per Tri as sic,
Lower and partly Mid dle Ju ras sic, and Lower Cre ta ceous, are
re lated to ter res trial con di tions dur ing these in ter vals (Moryc,
2006; Krajewski et al., 2011). In the area in ves ti gated the Tri as -
sic de pos its are patchy (Moryc, 2006; Bu³a and Habryn, 2008).
The Buntsandstein is rep re sented by var ie gated, sandy and ar -
gil la ceous de pos its and the Roethian and Muschelkalk are de -
vel oped in car bon ate fa cies. The to tal thick ness of the Tri as sic
strata is over a hun dred metres. The over ly ing Mid dle Jurasic
strata are rep re sented by sand stone and clay-silty de pos its with
abun dant plant de tri tus and with car bon ate in ter ca la tions
(Moryc, 2006). The to tal thick ness of the Mid dle Ju ras sic de -
pos its usu ally var ies from a dozen to sev eral dozen metres, and
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Fig. 1. The oc cur rence of over bur den rocks upon the top sur face of the Car bon if er ous and older strata in the west ern part of the sub stra tum
of the Pol ish Carpathian Foredeep with lo ca tion of sam pled boreholes

Zones of or ganic mat ter char ac ter iza tion: A – Bochnia–Kazimierza Wielka, B – D¹browa Tarnowska–Tarnów, 
C – Pilzno–Rzeszów–Mielec, D – Tarnawa–Rajbrot



only in a few bore holes does it ex ceed 100 metres (Krajewski et 
al., 2011). The Up per Ju ras sic–Lower Cre ta ceous rel a tively
con tin u ous car bon ate se quence (Oxfordian to Valanginian –
Olszewska, 2004; Gutowski et al., 2007; Matyja and Barski,
2007; Krajewski et al., 2011) is char ac ter ized pro gres sively
greater thick nesses (Callovian–Oxford ian ca. 150–250 metres,
Kimmeridgian ca. 400 metres, Tithonian ca. 500 metres). The
Lower Cre ta ceous suc ces sion is ca. 130 metres thick. The Up -
per Cre ta ceous suc ces sion be gins with Cenomanian glauconitic 
sand stones and ends with green ish and light grey marls with
cherts that are Santon ian-Maastrichtian in age (Moryc, 2006).
The thick ness of these de pos its var ies from sev eral dozen up to
a few hun dred metres.

The sed i men tary pro file is com pleted by Mio cene strata fill -
ing the Neo gene ba sin of the Carpathian Foredeep (Oszczypko
et al., 2006). The thick ness of Mio cene cover is highly vari able: 
0 to 300 metres for the lower and mid dle Badenian, 0 to 1700
metres for the up per Badenian, and 0 to 2900 metres for the
lower Sarmatian (Ney et al., 1974). The to tal thick ness of the
Mio cene strata in the Pol ish part of the Carpathian Foredeep
ranges from few hun dred metres in the north ern ba sin to 3500
metres at their max i mum in the south (Wielkie Oczy graben;
Oszczypko et al., 2006). Ly ing al most hor i zon tally upon the
older strata, the autochthonous Mio cene strata of the Carpathian 
Foredeep have not been af fected by orogenic move ments. Fur -

ther to the south of the area ana lysed the thick Mio cene strata
give place to the Outer Carpathian flysch. The suc ces sion of
the Carpathian nappes is also very thick, ex ceed ing 7500 m in
the south ern most part of the area stud ied (KuŸmina 1 bore hole
– 7541 m) and its im pact on the in crease in or ganic mat ter ma -
tu rity is thus un ques tion able. 

SAMPLES

Rock sam ples were col lected from cores rep re sent ing Tri -
as sic, Ju ras sic and Cre ta ceous strata. A to tal of 483 core sam -
ples, mainly of car bon ates as well as claystones and siltstones
from 36 bore holes, were col lected and ana lysed (Fig. 1). The
dis tri bu tion of the core sam ple ma te rial, its qual ity and rep re -
sen ta tive ness in the study zones was very un even. In zone A
(Bochnia–Kazimierza Wielka), 54 sam ples were taken from
the Grobla E-1, Grobla S-1, Grobla W-1, P³awowice E-1 and
2, Strzelce Wielkie 1 and Szczurowa 11 bore holes (Fig. 1).
Zone B (D¹browa Tarnowska–Tarnów) was rep re sented by 64 
core sam ples from the Radlna 2  and 3, Stawiska 1, Zalasowa 1
and 2, and Zawada 8K bore holes. Zone C
(Pilzno–Rzeszów–Mielec) was best rep re sented; a to tal of 307
rock sam ples were taken from the Bêdzienica 2, Borowa 1,
Cierpisz 2, Dêbica 10K and 11, Dobrynin 2, Gawrzy³owa 3,
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T a  b l e  1

Geo chem i cal char ac ter is tics of the Me so zoic strata in the sub stra tum of the Pol ish Carpathian Foredeep

TOC – to tal or ganic car bon con tent; S1 + S2 – ge netic po ten tial of source rocks; BR – bi tu men ra tio; HI – hy dro gen in dex; Tmax – tem per a ture at max -
i mum S2 gen er a tion;  Ro – vitrnite reflectance; geochemical pa ram e ters and in di ces are given as min i mum and max i mum val ues (nu mer a tor) and me -
dian val ues (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); n.d. –
not de ter mined; n.c. – not clas si fied



Goleszów 2 and 5, Góra Ropczycka 1K, Kamienica Górna 1,
Nawsie 1, Nosówka 12, Pietrzejowa 1, Pilzno 40, Ropczyce 7,
Wiewiórka 4, Zagorzyce 6 and 7 bore holes (Fig. 1). The mar -
ginal zone D of the Silesian and Ma³opolska blocks is rep re -
sented by 58 sam ples from the £apanów 1, Muchówka 2,
Rajbrot 1 and 2, and Tarnawa 1 bore holes (Fig. 1). The bound -
aries of the study zones were gen er ally de ter mined by the ex -
tent of the Mid dle Ju ras sic strata, the main po ten tial source rock 
ho ri zon (Fig. 2; Kotarba et al., 2003; Krajewski et al., 2011).

In the pop u la tion ana lysed of sam ples in all the zones, Tri as -
sic and Cre ta ceous strata had the poor est rep re sen ta tion. Sam ples 
from the Up per Ju ras sic strata pre vailed in the D¹browa
Tarnowska–Tarnów and Bochnia–Kazimierza Wielka zones
(Ta ble 1). De spite the pre pon der ance of ma te ri als for anal y sis
from Up per Ju ras sic strata, the sam ples from the Mid dle Ju ras sic
rocks in the Pilzno–Rzeszów–Mielec zone con sti tute a large pro -
por tion, that pre dom i nate in the sam ple pop u la tion in the mar -
ginal zone of the Silesian and Ma³opolska blocks (Ta ble 2). Ta -
bles 1 and 2 show the ranges and av er age ba sic geo chem i cal pa -
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ram e ters and in di ces for each strati graphic ho ri zon, to gether with 
the num ber of sam ples and bore holes.

METHODS 

Core sam ples were cleaned from mud con tam i na tion and
crushed to 0.5–2 cm. 200 g sam ples were milled to be low
0.2 mm di am e ter for geo chem i cal anal y ses. Screen ing py rol y -
sis anal y ses of rock sam ples were car ried on with a Rock-Eval
Model II in stru ment equipped with an or ganic car bon mod ule
(Espitalié and Bordenave, 1993). Aliquots of the pul ver ised
sam ples were ex tracted with di chloro methane:meth a nol
(93:7 v/v) in a SOXTEC™ ap pa ra tus. The asphaltene frac tion
was pre cip i tated with n-hex ane. The re main ing maltenes were
then sep a rated into compositional frac tions of sat u rated hy dro -
car bons, ar o matic hy dro car bons and res ins 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 n-hex ane, to lu ene and
to lu ene:meth a nol (1:1 v/v), respectively. 

Sta ble car bon iso tope anal y ses of the kerogen, bi tu men and
bi tu men frac tions were per formed us ing a Finnigan Delta Plus
mass spec trom e ter. Se lected sam ples of kerogen were treated
with hy dro chlo ric acid prior to anal y sis. The sta ble car bon iso -

tope data are shown in the d-no ta tion rel a tive to the V-PDB
stan dard (Coplen, 1995), with an an a lyt i cal pre ci sion es ti mated 
to be ±0.2‰. 

Iso la tion of kerogen for el e men tal anal y sis was achieved by 
SOXTEC™ ex trac tion of pul ver ised sam ples, decalcification of 
the solid res i due with hy dro chlo ric acid at room tem per a ture,
re moval of sil i cates with con cen trated hy dro flu oric acid, re -
moval of newly formed flu o ride phases with hot con cen trated
HCl, heavy liq uid sep a ra tion (aque ous ZnBr2 so lu tion, den sity
2.1 g/ml), and re peated ex trac tion with di chloro methane:meth -
a nol (93:7 v/v). El e men tal anal y sis of iso lated kerogen (C, H, N 
and S) was de ter mined with a Carlo Erba EA 1108 el e men tal
analyser. The quan tity of py rite con tam i nat ing the kerogen was
ana lysed as iron on a Perkin-Elmer Plasma 40 ICP-AES in stru -
ment af ter di gest ing the ash from burned kerogen (815oC, 30
min.) with hy dro chlo ric acid. The or ganic sul phur con tent in
kerogen was cal cu lated as the dif fer ence be tween to tal and py -
ritic sul phur. The ox y gen con tent was cal cu lated as a difference 
to 100% taking into account C, H, N, S, moisture and ash
contents. 

The iso lated sat u rated hy dro car bon frac tions from the bi tu -
mens were di luted in isooctane and ana lysed by GC-MS for
biomarker de ter mi na tion. The anal y sis was car ried out with
Agilent 7890A gas chromatograph equipped with Agilent
7683B au to matic sam pler, an on-col umn in jec tion cham ber and 
a fused sil ica cap il lary col umn (60 m × 0.25 mm i.d.) coated

with 95% methyl/5% phenylsilicone phase (DB-5MS, 0.25 mm 
film thick ness). He lium was used as the car rier gas. The GC
oven was pro grammed: 80°C held for 1 min, then in creased to
120°C at the rate of 20°C/min, then in creased fur ther to 300°C
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Fig. 2. Struc tural map of the top of the Mid dle Ju ras sic strata



at the rate of 3°C/min and fi nally held for 35 min. The gas
chromatograph was cou pled with the 5975C mass se lec tive de -
tec tor (MSD). The MS was op er ated with an ion source tem -
per a ture of 230°C, ion is ation en ergy of 70 eV, and a cy cle time
of 1 sec in the mass range from 45 to 500 Daltons. 

The ar o matic hy dro car bon frac tions were ana lysed by the
GC-MS for phenanthrene, dibenzothiophene and their de riv a -
tives. The anal y sis was car ried out us ing the same equip ment as 
for the sat u rate hy dro car bon frac tion. The GC oven was pro -
grammed from 40 to 300°C at the rate of 3°C/min. The MS was 
op er ated with a cy cle time of 1 sec in the mass range from 40 to
600 Daltons. 

Mea sure ments of the mean ran dom reflectance of
vitrinite-like macerals (Ro) 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 (Tay lor et al., 1998).  

GEOCHEMICAL CHARACTERISTICS 
OF ORGANIC MATTER

Geo chem i cal char ac ter iza tion of the Me so zoic strata be -
tween the cit ies of Kraków and Rzeszów (Fig. 1) was car ried
out for each of the sam pled strati graphic ho ri zons of Tri as sic,
Ju ras sic and Cre ta ceous in the four study zones. These zones
re veal great di ver sity in quan tity and qual ity of an a lyt i cal ma te -
ri als, which has a sig nif i cant im pact on the cred i bil ity and ac cu -
racy of the per formed char ac ter is tics and, there fore, they are
dis cussed sep a rately. 

BOCHNIA–KAZIMIERZA WIELKA ZONE 

This zone is rep re sented only by Up per Ju ras sic and Up per
Cre ta ceous strata. All the geo chem i cal char ac ter is tics are based 
on the re sults of anal y ses of 54 core sam ples from 7 bore holes
(Ta ble 1 and Fig. 1). 

UPPER JURASSIC STRATA

Al though hav ing much better sam ple cov er age, the TOC
con tent in the Up per Ju ras sic strata turned out to be as low as in
the Up per Cre ta ceous strata, and ranged from ca. 0 to
0.39 wt.%, with me dian 0.14 wt.% (Ta ble 1). The high est TOC
val ues con cen trated in laminae and lenses of marly car bon ates
(Kotarba et al., 2003). The hy dro car bons con tent ranges from
ca. 0 to 0.69 mg HC/g of rock (Ta ble 1). All sam ples had low
hy dro gen in dex (HI) val ues, and the me dian was equal to
119 mg HC/g TOC (Ta ble 1 and Fig. 4A). The ther mal ma tu -
rity in dex Tmax be low 430oC in di cates that the Up per Ju ras sic
or ganic mat ter did not reach the thresh old for thermogenic hy -
dro car bon gen er a tion (Ta ble 1 and Fig. 4A). There fore, it can
be in ferred that the Up per Ju ras sic strata do not meet the quan -
ti ta tive geo chem i cal cri te ria of source rocks (Fig. 3A) and the
geo log i cal pros pects of these strata are re stricted to the role of
the res er voir rocks (Baran et al., 1999; Dar³ak et al., 2004,
Gliniak et al., 2004; Gliniak and Urbaniec, 2005).

UPPER CRETACEOUS STRATA

The car bon ate rocks of the Up per Cre ta ceous strata have
very low to tal or ganic car bon (TOC) con tent, be low 0.28 wt.%
(Ta ble 1). The hy dro car bon (S1 + S2) con tent is be low the sen si -
tiv ity of the Rock-Eval ap pa ra tus. Though the strata were sam -
pled only in two bore holes – P³awowice E-1 and 2 (11 core
sam ples), it can be con cluded that they did not ful fil the cri te ria
of source rocks. 

D¥BROWA TARNOWSKA–TARNÓW ZONE

This zone is rep re sented by a sim i lar num ber of sam ples as
the pre vi ous one. How ever, the sam ples rep re sent a broader
strati graphic range, ad di tion ally the Lower Cre ta ceous and
Mid dle Ju ras sic strata were in cluded as well as one sam ple
from the Mid dle Tri as sic (Ta ble 1). 

TRIASSIC STRATA

The Tri as sic strata are rep re sented by one sam ple only. The
TOC value is 0.33 wt.% and the con tent of hy dro car bons
equals 0.28 mg HC/g rock (Ta ble 1 and Fig. 3B). Be cause of
this lim ited data, this strati graphic ho ri zon can not be as sessed
from a pe tro leum po ten tial point of view. 

MIDDLE JURASSIC STRATA

The high est or ganic car bon con tents in the Me so zoic pro -
file of the study area were re corded in the Mid dle Ju ras sic
strata. These strata were sam pled only in the Zalasowa 1
(3 sam ples) and Oleœnica 3 (1 sam ple) bore holes (Fig. 1). De -
spite the large range of vari a tion in the con tents of TOC, rang -
ing from 0 to 1.55 wt.%, the me dian value was only 0.18 wt.%
(Ta ble 1). Gen er ally, low TOC val ues cor re spond to  low con -
tents of hy dro car bons, not more than 0.7 mg HC/g of rock (Ta -
ble 1 and Fig. 3B). The hy dro car bon po ten tial is also very low
and reaches a max i mum of 121 mg HC/g TOC. The low ma tu -
rity, in di cated by Tmax be low 430°C (Fig. 4B) re veals that the
thresh old for thermogenic trans for ma tion has not yet been
reached. Con se quently, these data show that the Mid dle Ju ras -
sic clastic rocks are gen er ally lean and only lo cally may be con -
sid ered as a source of thermogenic hy dro car bons (Fig. 3B;
Kotarba et al., 2003; Kotarba and Koltun, 2006).

UPPER JURASSIC STRATA

The most sam pled Up per Ju ras sic strata dem on strate great
vari abil ity of TOC and hy dro car bon con tents. The vari abil ity of
TOC con tent is sim i lar to that in the pre vi ously de scribed zone,
rang ing be tween ca. 0 and 0.55 wt.%, with a very low me dian
0.05 wt.% (Ta ble 1). As with the TOC val ues, the re sid ual hy -
dro car bon con tent is also low, gen er ally less than 1 mg HC/g
rock (Ta ble 1 and Fig. 3B). Anal o gous to the Bochnia–Kazi -
mierza Wielka zone, the Up per Ju ras sic strata, are res er voir
rather than source rocks (Such, 1999; Gregosiewicz et al., 2001;
Kotarba and Koltun, 2006; Gliniak et al., 2008). 
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CRETACEOUS STRATA

The geo chem i cal char ac ter is tics of the Up per Cre ta ceous
strata, based on the re sults of four anal y ses from the Radlna 2
bore hole, does not dif fer from the char ac ter is tics of these strata
in the ad ja cent Bochnia–Kazimierza Wielka zone (Figs. 1, 3B
and Ta ble 1). They also have a low con tent of or ganic car bon
and an ab sence of hy dro car bons, ex cept for one sam ple (Ta -
ble 1). The Lower Cre ta ceous strata, sam pled in the Radlna 3
bore hole, also have low TOC con tent and hy dro car bons are ab -
sent (Ta ble 1). 

PILZNO–RZESZÓW–MIELEC ZONE

This zone was best rep re sented with re gard to the num ber
of sam ples and the num ber of bore holes. The geo chem i cal
anal y ses were car ried out for the Lower Tri as sic, Mid dle and

Up per Ju ras sic, Lower and Up per Cre ta ceous strata. In to tal re -
sults of geo chem i cal anal y sis of 307 core sam ples taken from
19 bore holes were used (Ta ble 2 and Fig. 1). The sam ple dis tri -
bu tion, how ever, is un even among these strata. In the Lower
Tri as sic strata, only 6 sam ples were taken from 2 bore holes
(Ta ble 2). In the Lower Cre ta ceous strata 22 sam ples were
taken, but only from 4 bore holes. A sim i lar pop u la tion of sam -
ples was col lected in the Up per Cre ta ceous strata – 6 sam ples
from 2 bore holes.

LOWER TRIASSIC STRATA

In the Lower Tri as sic strata, the TOC con tent is low. Mea -
sured TOC val ues range from 0.02 to 0.36 wt.%, with a me dian
of 0.13 wt.% (Ta ble 2) and the hy dro car bon (S1 + S2) con tent
ranges from 0.10 to 0.67 mg HC/g rock (Fig. 3C). The lim ited
num ber of sam ples does not al low for di rect as sess ment of the
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Fig. 3. Pe tro leum source qual ity di a gram for Me so zoic or ganic mat ter in (A) the Bochnia–Kazimierza Wielka
zone, (B) the D¹browa Tarnowska–Tarnów zone, (C) the Pilzno–Rzeszów–Mielec zone and (D) the mar ginal

zone of the Ma³opolska–Upper Silesian blocks – Tarnawa–Rajbrot zone

 Clas si fi ca tion af ter Hunt (1979), Pe ters and Cassa (2002) 



source po ten tial of this strati graphic unit. How ever, these lim -
ited re sults (low TOC and hy dro car bon con tents, low hy dro -
car bon po ten tial, me dian of HI equal to 76 mg HC/g TOC), and 
some re sults from the ad ja cent zones sug gest that the Lower
Tri as sic strata in the Pilzno–Rzeszów–Mielec zone are poor
gas-prone source rocks (Figs. 3C and 4C). 

MIDDLE JURASSIC STRATA

In the Pilzno–Rzeszów–Mielec zone, the re sults of 55 sam -
ples from 4 bore holes lo cated south of the Carpathian
Overthrust range be tween Dêbica and Rzeszów were used for
the geo chem i cal char ac ter iza tion of the source rocks (Ta ble 2
and Figs. 1, 2) in the Mid dle Ju ras sic strata. Mea sured or ganic
car bon con tent var ies be tween 0.08 to 3.83 wt.%, with a me -
dian of 0.93 wt.% (Ta ble 2). A sim i larly high vari abil ity is ob -
served in the hy dro car bon con tent, from 0.14 up to 4.33 mg
HC/g rock, pre dom i nantly be low 1 mg HC/g rock (Ta ble 2 and
Fig. 3C). These val ues in di cate that de spite the rel a tively high
or ganic car bon con tent, the hy dro car bon po ten tial is gen er ally
low; lo cal lev els char ac ter iz ing fair or good hy dro car bon po -
ten tial were noted (Fig. 3C). This con clu sion is sup ported by
low hy dro gen in dex val ues, usu ally be low 100 mg HC/g TOC
(Ta ble 2 and Fig. 4C). The dis tri bu tion of n-al kanes and
isoprenoids and sta ble car bon iso tope com po si tion sug gest

dom i na tion by ter res trial Type-III kerogen (Ta bles 3, 4 and
Figs. 5, 6). This the sis is sup ported by strong dom i na tion C29

reg u lar steranes over C27 steranes (Huang and Meinschein,
1979). Re sults of the el e men tal com po si tion of kerogen of the
sin gle sam ple sug gest the pres ence low-gen er a tive, re worked
Type-IV kerogen (Ta ble 6 and Fig. 7). The pres ence of mixed,
Type-III/II kerogen in di cated in these strata in pre vi ous pub li -
ca tions (Kotarba et al., 2003; Kosakowski et al., 2008) was not
de tected here. The or ganic mat ter was de pos ited prob a bly in
anoxic con di tions – the Pr/Ph ra tio of the sin gle sam ple is be -
low 1.0 (Didyk et al., 1978; Ta ble 3). The ther mal ma tu rity of
the or ganic mat ter has been de ter mined only in the bore holes
from the Rzeszów re gion. The Tmax val ues (Ta ble 2 and
Fig. 4C), biomarker (Ta ble 5 and Fig. 8) and ar o matic hy dro -
car bon (Ta ble 7) in di ces and Ro val ues (Ta ble 8) in di cate that
the Mid dle Ju ras sic or ganic mat ter reached an early stage of
thermogenic pro cesses. The most ma ture lev els, rang ing from
0.75 to 0.8% Ro, were seen in the Zagorzyce 6 bore hole pro file
(Ta ble 8). Biomarker as well as ar o matic hy dro car bon in di ces
show that in the Nawsie 1 bore hole pro file (Ta bles 5, 7 and
Fig. 8) or ganic mat ter also prob a bly reaches a ma tu rity of ca.
0.7% Ro.

In gen eral, the Mid dle Ju ras sic strata in the
Pilzno–Rzeszów–Mielec zone show good source rock prop er -
ties, but with high vari abil ity in geo chem i cal char ac ter is tics
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Fig. 4. Hy dro gen in dex ver sus Rock-Eval Tmax tem per a ture for Me so zoic or ganic mat ter 
in (A) the Bochnia–Kazimierza Wielka zone, (B) the D¹browa Tarnowska–Tarnów
zone, (C) the Pilzno–Rzeszów–Mielec zone and (D) the mar ginal zone of the
Ma³opolska–Up per Silesian blocks – Tarnawa–Rajbrot zone

Ma tu rity paths of the main kerogen types af ter Espitalié et al. (1985); dashed-dot ted  line –
bound ary be tween kerogen types II and III (HI = 250) for tran si tional or ganic mat ter, and
dot ted line – bound ary be tween kerogen types II and III (HI = 300) for coals; ex pla na tions as
in Fig ure 3
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Borehole Bore hole code Depth [m] Stra tig ra phy CPI(17–31) CPI(17–23) CPI(25–31) Pr/Ph Pr/n-C17 Ph/n-C18

Góra Ropczycka 1K GRp-1K 3205.4 Mid dle Ju ras sic n.c. n.c. 1.82 n.c. n.c. n.c.

Nawsie 1 Nw-1 4530.5 Mid dle Ju ras sic 1.07 1.03 1.20 n.c. n.c. 0.61

Zagorzyce 6 Ze-6 4027.5 Mid dle Ju ras sic n.c. n.c. 1.08 n.c. n.c. n.c.

Zagorzyce 6 Ze-6 3984.5 Mid dle Ju ras sic 1.11 0.93 1.39 0.56 1.58 0.39

Borowa 1 Br-1 1569.5 Up per Ju ras sic 1.11 0.82 1.58 0.19 1.48 1.48

Dêbica 10K Dc-10K 2882.4 Up per Ju ras sic 1.00 0.76 1.54 0.70 1.30 0.61

Goleszów 5 Go-5 1148.3 Up per Ju ras sic 1.01 0.76 2.97 0.19 1.49 1.47

Goleszów 5 Go-5 1098.3 Up per Ju ras sic 1.15 0.92 1.83 0.21 0.95 0.98

Nawsie 1 Nw-1 3807.5 Up per Ju ras sic n.c. n.c. 1.39 n.c. n.c. n.c.

Pilzno 40 Pi-40 2963.5 Up per Ju ras sic 1.30 1.05 1.73 0.87 1.52 0.73

Pr – pristane; Ph – phytane; n.c. – not cal cu lated due to partly evap o ra tion of hy dro car bons; CPI(17–31) = [(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)]

T a  b l e  3

In di ces cal cu lated based on dis tri bu tion of the n-al kanes and isoprenoids in bi tu men ex tracted 
from the Ju ras sic strata in the Pilzno–Rzeszów–Mielec zone

Borehole 
code

Depth    
[m] Stra tig ra phy

Frac tions [wt.%]   d13C [‰]

Sat. Aro. Res. Asph. Sat. Bit. Aro. Res. Asph. Ker.

GRp-1K 3205.4 Mid dle Ju ras sic 3 9 19 69 –28.9 –25.0 –26.4 –25.6 –24.5 –23.8

Nw-1 4530.5 Mid dle Ju ras sic 2 18 21 59 –27.6 –24.2 –24.3 –24.4 –23.9 –23.3

Ze-6 4027.5 Mid dle Ju ras sic 6 12 19 63 –28.5 –26.1 –26.2 –26.6 –25.7 –24.4

Ze-6 3984.5 Mid dle Ju ras sic 2 14 19 65 –27.2 –24.4 –24.5 –24.9 –24.2 –22.9

Br-1 1569.5 Up per Ju ras sic 11 6 32 51 –27.0 –25.0 –25.1 –25.2 –24.5 –22.0

Dc-10K 2882.4 Up per Ju ras sic 19 6 32 43 –30.7 –28.6 –29.1 –28.6 –27.6 –26.7

Go-5 1148.3 Up per Ju ras sic 12 8 41 39 –28.8 –28.3 –29.0 –28.6 –27.6 –26.0

Go-5 1098.3 Up per Ju ras sic 9 2 43 46 –28.8 –28.2 –27.7 –28.3 –28.1 –26.5

Nw-1 3807.5 Up per Ju ras sic 14 17 36 33 –29.8 –28.4 –29.1 –28.3 –27.5 –27.3

Pi-40 2963.5 Up per Ju ras sic 15 12 33 40 –29.6 –28.9 –29.6 –28.7 –28.6 –27.3

Aro. – ar o matic hy dro car bons, Asph. – asphaltenes, Bit. – bi tu men, Ker. – kerogen, Res. – res ins, Sat. – sat u rated hy dro car bons

T a  b l e  4

Frac tions and sta ble car bon iso tope com po si tion of bi tu men, its in di vid ual frac tions and kerogen 
of the Ju ras sic strata in the Pilzno–Rzeszów–Mielec zone

Fig. 5. Ge netic char ac ter iza tion of bi tu men from
the Pilzno–Rzeszów–Mielec zone in terms of
pristane/n-C17 and phytane/n-C18 ac cord ing to the
cat e go ries of Obermajer et al. (1999) 

Fig. 6. Ge netic char ac ter iza tion of bi tu men from
the Pilzno–Rzeszów–Mielec zone based on the
sta ble car bon iso tope com po si tion of sat u rated
and ar o matic hy dro car bons 

Ge netic fields af ter Sofer (1984); 
ex pla na tions as in Fig ure 5
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Borehole
code Depth [m] Stra tig ra phy C27 C28 C29

C29/C27 Mor/
Hop

H31
S/(S + R)

H32
S/(S + R) C29SR C29bb C29Ts/

C29H
Ts/Tm Dia/Reg

ster

GRp-1K 3205.4 Mid dle Ju ras sic 23 21 56 2.41 0.37 0.57 0.52 0.39 0.36 0.07 0.06 0.09

Nw-1 4530.5 Mid dle Ju ras sic 22 26 52 2.39 0.44 0.58 0.57 0.56 0.38 0.05 0.04 0.25

Ze-6 4027.5 Mid dle Ju ras sic 18 33 49 2.65 0.62 0.57 0.56 0.41 0.25 0.03 0.03 0.13

Ze-6 3984.5 Mid dle Ju ras sic 18 30 53 2.96 0.66 0.53 0.55 0.28 0.28 0.06 0.02 0.21

Br-1 1569.5 Up per Ju ras sic 38 17 45 1.17 0.45 0.22 0.21 0.27 0.11 0,02 0.12 0.04

Dc-10K 2882.4 Up per Ju ras sic 50 19 31 0.61 0.44 0.39 0.36 0.12 0.30 0.18 0.29 0.47

Go-5 1148.3 Up per Ju ras sic 44 18 38 0.88 0.63 0.25 0.45 0.10 0.29 0.43 0.31 0.11

Go-5 1098.3 Up per Ju ras sic 34 21 45 1.32 0.59 0.18 0.24 0.28 0.15 0.12 0.20 0.10

Nw-1 3807.5 Up per Ju ras sic 57 19 24 0.42 0.39 0.52 0.43 0.29 0.22 0.16 0.13 1.68

Pi-40 2963.5 Up per Ju ras sic 44 25 31 0.70 0.47 0.38 0.33 0.08 0.31 0.22 0.18 0.63

C27 = C27aaa20R sterane/(C27 + C28 + C29)aaa20R steranes; C28 = C28aaa20R sterane/(C27 + C28 + C29)aaa20R steranes; C29 = C29aaa20R

sterane/(C27 + C28 + C29)aaa20R steranes; C29/C27ster =  SC29 reg u lar steranes/SC27 reg u lar steranes; Mor/Hop = moretane/17a hopane; H31 S/(S + R) =

homohopane 22S/(22S + 22R); H32 S/(S + R) = bishomohopane 22S/(22S + 22R); C29SR = epim er is ation of reg u lar steranes C29 ra tio; C29bb = ra tio of

bb-epimeres of reg u lar steranes C29 to sum of bb + aa steranes; C29Ts/C29H = C2918a norneohopane/C29 norhopane; Ts/Tm = C27 18a trisnorhopane/C27

17a trisnorhopane; Dia/Reg = C27 ba 20S diasterane/C29 aaa 20R sterane

T a  b l e  5

Se lected biomarker char ac ter is tics of bi tu men from the Ju ras sic strata in the Pilzno–Rzeszów–Mielec zone

Bore hole
code

Depth
[m] Stra tig ra phy

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

Nw-1 4530.5 Mid dle Ju ras sic 78.9 3.8 15.2 1.4 0.7 0.57 0.14 0.015 0.003

Nw-1 3807.5 Up per Ju ras sic 79.2 7.3 9.7 1.7 2.1 1.11 0.09 0.018 0.010

daf – dry, ash-free ba sis

T a  b l e  6

El e men tal com po si tion of kerogen from the Ju ras sic strata

Fig. 7. Ge netic char ac ter iza tion of Ju ras sic or ganic 
mat ter in the Pol ish part of the Carpathian Foredeep

Fields rep re sent ing nat u ral ma tu rity paths for in di vid ual
kerogens af ter Hunt (1996); ex pla na tions as in Fig ure 5

Fig. 8. Sterane C2920S/(20S + 20R) ra tio ver sus C29bb/(bb + aa)
ra tio for Ju ras sic or ganic mat ter in the Pol ish part of the

Carpathian Foredeep

Ma tu rity fields af ter Pe ters and Moldowan (1993); 
ex pla na tions as in Fig ure 5



(Fig. 3C). The ma jor ity of the Ju ras sic sec tion has a low hy dro -
car bon po ten tial, but lo cally this po ten tial is ex cel lent. The
ther mal ma tu rity of the or ganic mat ter is suf fi cient for gen er at -
ing hy dro car bons (Figs. 4C and 8). In the zone ana lysed from
the Me so zoic pro file, the Mid dle Ju ras sic strata are the main
gas-prone source rock. 

UPPER JURASSIC STRATA

Most sam ples of the Up per Ju ras sic strata do not dif fer in
their geo chem i cal char ac ter is tics from the ad ja cent zones.
Mea sured TOC val ues in the 217 core sam ples from 16 bore -

holes vary across a rel a tively wide range, from 0 to 1.25 wt.%
(Ta ble 2 and Figs. 1, 3C). How ever, as in other zones, the or -
ganic car bon con tent is very low, with me dian of 0.05 wt.%
(Ta ble 2). The hy dro car bon con tent is highly vari able and
ranges from val ues close to zero up to 5.1 mg HC/g rock (Ta -
ble 2 and Fig. 3C). Higher con tents of TOC and hy dro car bons
ob served in the Dobrynin 2, Nawsie 1 bore holes and partly in
the Pilzno 40 bore hole (Ta ble 2 and Fig. 1), may be as so ci ated
with in ter ca la tions of ei ther OM-rich clays, or may be the re sult 
of strati graphic mis iden ti fi ca tion of the Me so zoic pro file. The
me dian of hy dro car bon po ten tial (HI in dex) does not ex ceed
110 mg HC/g TOC, but in di vid ual val ues reach up to
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Bore hole
code Depth [m] Stra tig ra phy MPI1 MPR MPR1 Rcal 

[%]
Rcal(MPR) 

[%] MDR Rcal(DBT)
[%]

Tmax(DBT)
[°C]

GRp-1K 3205.4 Mid dle Ju ras sic 0.56 0.63 0.33 0.70 0.57 1.3 0.6 430

Nw-1 4530.5 Mid dle Ju ras sic 0.58 0.70 0.40 0.72 0.73 2.4 0.7 435

Ze-6 4027.5 Mid dle Ju ras sic 0.62 0.68 0.41 0.74 0.75 1.0 0.6 428

Ze-6 3984.5 Mid dle Ju ras sic 0.43 0.43 0.32 0.63 0.55 1.2 0.6 429

Br-1 1569.5 Up per Ju ras sic 0.80 0.75 0.37 0.85 0.66 1.1 0.6 428

Dc-10K 2882.4 Up per Ju ras sic 0.39 0.54 0.35 0.61 0.63 0.6 0.6 426

Go-5 1148.3 Up per Ju ras sic 0.97 0.89 0.41 0.95 0.76 0.5 0.5 426

Go-5 1098.3 Up per Ju ras sic 0.53 0.88 0.44 0.69 0.83 1.6 0.6 431

Nw-1 3807.5 Up per Ju ras sic 0.60 0.63 0.37 0.73 0.67 0.8 0.6 427

Pi-40 2963.5 Up per Ju ras sic 0.38 0.41 0.28 0.60 0.46 0.6 0.6 426

MPI1 = 1.5(2 – MP + 3 – MP)/(P + 1 – MP + 9 – MP): P – phenanthrene, MP – metylphenanthrene; MPR = 2 – MP/1 – MP; MPR1 = (2 – MP + 3 – MP)/(1 –
MP + 9 – MP + 2 – MP + 3 – MP); Rcal = 0.60MPI1 + 0.37 for MPR <2.65 (Radke, 1988); Rcal(MPR) = –0.166 + 2.242(MPR1) (Kvalheim et al., 1987);  MDR
= 4 – MDBT/1 – MDBT: MDBT – methyldibenzothiophene; Rcal(DBT) = 0.51 + 0.073MDR; Tmax(DBT) = 423 + 5.1MDR (Radke and Willsch, 1994)

T a  b l e  7

Ma tu rity in di ces cal cu lated based on dis tri bu tion of phenanthrene and dibenzothiophene 
and their methyl de riv a tives in bi tu men of the Ju ras sic strata in the Pilzno–Rzeszów–Mielec zone

Bore hole
code

Depth 
[m] Stra tig ra phy

Macerals [%]
OM [%] Ro

[%] Range No. of
meas.

Ro redep. 
[%]V L I

Be-2 4364.5 Mid dle Ju ras sic 5.5 15.0 2,0 22.5 0.66 0.55–0.77 125 1.00–1.40

Be-2 4592.5 Mid dle Ju ras sic 0.9 4.8 0.1 5.8 0.66 0.48–0.84 61 n.m.

Be-2 4594.5 Mid dle Ju ras sic 0.9 4.2 ab. 5.1 0.64 0.49–0.73 60 n.m.

GRp-1K 3205.4 Mid dle Ju ras sic 3.4 4.5 1.3 9.2 0.63 0.50–0.66 50 n.m.

GRp-1K 3212.7 Mid dle Ju ras sic 4.5 3.8 1.0 9.3 0.59 0.48–0.72 108 0.90–1.10

Ze-6 3983.5 Mid dle Ju ras sic 3.2 1.1 0.2 4.5 0.75 0.57–0.90 90 1.10–1.50

Ze-6 4027.3 Mid dle Ju ras sic 5.5 2.0 1.1 8.6 0.78 0.63–0.95 78 1.10–1.30

Dc-10K 2882.4 Up per Ju ras sic tr. ab. ab. tr. n.m. n.m. n.d. 0.90–1.50

Nw-1 3807.5 Up per Ju ras sic 0.1 0.3 0.1 0.5 0.6 0.46–0.67 15 1.00–1.35

Nw-1 3867.5 Up per Ju ras sic 0.6 0.2 0.1 0.9 n.m. n.m. n.d. 1.00–1.32

Nw-1 4008.5 Up per Ju ras sic 0.1 0.1 0.1 0.3 0.69 0.63–0.79 12 0.98–1.16

Nw-1 4232.5 Up per Ju ras sic 0.1 0.3 0.1 0.5 n.m. 0.60–0.80 8 0.95–1.30

Ze-6 3579.6 Up per Ju ras sic 0.1 0.2 tr. 0.3 n.m. 0.41–0.44 11 1.20–1.32

Ze-6 3681.4 Up per Ju ras sic tr. 0.1 ab. 0.1 n.m. n.m. n.d. 1.25–1.30

Ze-6 3800.7 Up per Ju ras sic tr. 0.1 ab. 0.1 n.m. 0.44–0.49 10 1.00–1.10

Ze-6 2817.0 Lower Cre ta ceous 0.1 ab. ab. 0.1 1.28 1.16–1.43 13 1.22–1.60

Be-2 – Bêdzienica 2 bore hole; ab bre vi a tions of oth ers bore holes see Ta ble 3; V – vitrinite group; L – liptinite group; I – inertinite group; OM – or ganic
mat ter; Ro – vitrinite reflectance; meas. – mea sure ments; Ro redep. – vitrinite reflectance of re de pos ited or ganic mat ter; ab. – ab sent; n.d. – no data; n.m. – not
mea sured; tr. – traces

T a  b l e  8

The macerals com po si tion and vitrinite reflectance of the Ju ras sic and Cre ta ceous strata in the Pilzno–Rzeszów–Mielec zone



425 mg HC/g TOC (Ta ble 2). This di ver sity is prob a bly a re sult 
of ge netic di ver sity in the types of de pos ited or ganic mat ter.
Cor re la tion be tween the hy dro gen in dex HI and Tmax tem per a -
ture (Fig. 4C), re sults of biomarker dis tri bu tion (Ta bles 3, 5 and 
Fig. 5), iso to pic com po si tion (Ta ble 4 and Fig. 6) and kerogen
el e men tal com po si tion (Ta ble 6 and Fig. 7) show the pres ence
of both gas-prone Type-III and oil-prone Type-II kerogens
with a dom i na tion by the lat ter. Ac cord ing to the n-alkane and
isoprenoid dis tri bu tion, or ganic mat ter gen er ally was de pos ited 
in anoxic con di tions (Pr/Ph <1; Ta ble 3). The Up per Ju ras sic
or ganic mat ter is gen er ally im ma ture or at most early ma ture,
i.e. Tmax tem per a ture is be low 430oC and vitrinite reflectance
(Ro) be low 0.7% (Ta bles 2 and 8, Fig. 4C). Also, in di ces cal cu -
lated based on biomarker and ar o matic hy dro car bon dis tri bu -
tion (Ta bles 5, 7 and Fig. 8) show a low ma tu rity of the  strata
in ves ti gated. Ma tu rity in di ces of sam ples Br-1/1569.5 and
Go-5/1148.3 cal cu lated based on methylphenanthrenes dis tri -
bu tion (Ta ble 7) sug gest ing their in creased ma tu rity (mid dle
phase of the oil win dow) are prob a bly over stated be cause these
used are ded i cated for terrigenous Type-II OM (Radke, 1988),
whereas in the Up per Ju ras sic car bon ates oil-prone Type-II
kerogen dom i nates. Only in the east ern part of the zone, near
the Nawsie 1 and Zagorzyce 1 bore holes, ma tu rity in creases
slightly and reaches the early ma ture stage (Figs. 4C and 8).
Re sults of geo chem i cal anal y ses of the Up per Ju ras sic rocks
con firm poor source rock char ac ter is tics in the zone stud ied,
but the pres ence of hy dro car bons in these strata in di cates their
good res er voir prop er ties (Gliniak et al., 2005).

CRETACEOUS STRATA

Geo chem i cal anal y ses con firm that the Cre ta ceous strata
have geo chem i cal char ac ter is tics sim i lar to those in the zones
dis cussed above (Fig. 3C). In the Up per Cre ta ceous strata,
TOC con tent ranges from ca. 0.04 up to 0.19 wt.%, with a me -
dian of 0.04 wt.%, while in the Lower Cre ta ceous rocks it
reaches as much as 2.15 wt.%, though the me dian for both
these strati graphic ho ri zons is very sim i lar (Ta ble 2). The high -
est TOC val ues here were ob served in a sin gle sam ple from the
Kamienica Górna 1 bore hole (Figs. 1 and 3C). Such high TOC
val ues may re sult from the pres ence of clay laminae in car bon -
ate rocks, er ro ne ous stra tig ra phy, or some er ror dur ing sam -
pling for geo chem i cal anal y sis.  

TARNAWA–RAJBROT ZONE

The Tarnawa–Rajbrot zone is lo cated in the mar ginal parts of
the Ma³opolska and Silesian blocks. In this zone, Lower Tri as sic,
Mid dle and Up per Ju ras sic, and Up per Cre ta ceous strata were
geochemically char ac ter ized. The char ac ter is tics of the in di vid ual
strati graphic di vi sions cor re spond to their trends in the re main ing
ar eas. The Mid dle Ju ras sic and Up per Cre ta ceous strata, as in the
ad ja cent zones, con tain a small amount of or ganic car bon and hy -
dro car bons, close to zero  (Ta ble 2 and Fig. 3D). They do not ex -
hibit char ac ter is tics of good source rocks (Kotarba et al., 2001).
Only in the Tarnawa 1 bore hole the Mid dle Ju ras sic strata pres ent
high or ganic car bon and hy dro car bon con tents, up to 14.9 wt.%
and 53.4 mg HC/g TOC, re spec tively. Slightly higher con tents of
TOC and hy dro car bons are ob served in the Lower Tri as sic strata,
but they are not con sid ered to be rep re sen ta tive be cause the sam -
ples were col lected only from one bore hole – Tarnawa 1 (Fig. 1).

The me dian of TOC is low – 0.25 wt.%, but a max i mum con tent is 
as high as 2.3 wt.% (Ta ble 2). Also, the hy dro car bon con tent (S1 +
S2) is vari able and can reach the max i mum value of 6.27 mg HC/g
rock (Ta ble 2 and Fig. 3D). The amount of hy dro car bon po ten tial
HI is low, with the me dian equal to 120 mg HC/g TOC (Ta ble 2).
The ge netic type of or ganic mat ter was de ter mined based on
Rock-Eval py rol y sis that in di cated gas-prone Type-III kerogen
(Fig. 4D). In gen eral, the po ten tial of the Lower Tri as sic rocks is
low (Fig. 3D), and they can only lo cally con sti tute a source of hy -
dro car bons (Kotarba et al., 2001). The Mid dle Ju ras sic strata have
def i nitely the best source rock pa ram e ters. Al though the val ues of
in di vid ual geo chem i cal pa ram e ters and in di ces vary con sid er ably,
the me di ans are rel a tively high (Ta ble 2 and Fig. 3D). Most of the
in creased or ganic car bon con tent val ues were mea sured in sam -
ples col lected from lenses of lig nites. These sam ples also have
very high hy dro car bon con tents, up to 53.4 mg HC/g rock (Ta -
ble 2 and Fig. 3D). In the other sam pled bore holes – £apanów 1,
Rajbrot 1 and 2 (Fig. 1), the Mid dle Ju ras sic rocks are lean in or -
ganic car bon, close to 0. The re sults of Rock-Eval py rol y sis,
biomarker dis tri bu tions and sta ble car bon iso tope com po si tions
(Kotarba et al., 2001) in di cate that mixed Type-III/II kerogen
dom i nates. The Mid dle Ju ras sic strata are im ma ture or at an early
stage of the “oil win dow” (Ta ble 2 and Fig. 4D). 

CONCLUSIONS

The geo chem i cal anal y sis of the Me so zoic pro file in the
south east ern part of Po land, in four sep a rate zones be tween the
cit ies of Kraków and Rzeszów, re veals their gen er ally low
source-rock po ten tial for hy dro car bons. The Tri as sic, Up per
Ju ras sic and Cre ta ceous strata have gen er ally very low TOC
and hy dro car bon (S1 + S2) con tents. Only in the east ern part of
the area, near Rzeszów, was an in crease in their con tents ob -
served. This par tic u larly re lates to the Up per Ju ras sic car bon -
ates, in which the TOC con tent reaches 1.25 wt.% and hy dro -
car bons up to 5.1 mg HC/g rock. Good, and some times even
very good source qual ity is ob served in interbeds con tain ing
oil-prone Type-II kerogen, oc cur ring within the gen er ally poor
car bon ate strata. Un der such cir cum stances, these interbeds can 
be lo cal source rocks. How ever, the low ma tu rity of dispersed
organic matter limits their source potential.

The Mid dle Ju ras sic strata rep re sent a strati graphic ho ri zon
with the best geo chem i cal char ac ter is tics for source rocks.
These strata were found in the en tire study area, but they do not
form a con tin u ous strata cover. In the three zones: D¹browa
Tarnowska–Tarnów, Pilzno–Rzeszów–Mielec and Tarna -
wa–Rajbrot, the Mid dle Ju ras sic source rocks have both the
high est or ganic car bon con tents and hy dro car bon po ten tial
(S1 + S2). The TOC con tent and hy dro car bon po ten tial in the
first zone ranges from 0 to 1.55 wt.% (me dian value 0.18 wt.%) 
and 0.47 to 0.66 mg HC/g rock (me dian value 0.58 mg HC/g
rock), re spec tively, in the Pilzno–Rzeszów–Mielec zone from
0 to 3.83 wt.% (me dian value 0.93 wt.%) and from 0.14 to
4.33 mg HC/g rock (me dian value 0.86 mg HC/g rock), and in
Tarnawa–Rajbrot from 0 to 14.9 wt.% (me dian value
0.20 wt.%) and 0.40 to 53.4 mg HC/g rock (me dian value
22.8 mg HC/g rock), re spec tively. Their hy dro car bon po ten tial
is vari able, but the max i mum val ues in di cate the pres ence of
ex cel lent source rock in ter ca la tions. Such in ter ca la tions of ex -
qui site qual i ties were most likely a source of hy dro car bons in
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the dis cov ered and doc u mented ac cu mu la tions in the Me so zoic 
strata, es pe cially in Up per Ju ras sic-Lower Cretaceous
carbonates and Upper Cretaceous sandstones.

Or ganic mat ter in the Mid dle Ju ras sic strata is of mixed
type, dom i nated by gas-prone Type-III kerogen. Rock-Eval
Tmax tem per a ture val ues in di cate that or ganic mat ter is im ma -
ture, or ma ture in the early phase of the low-tem per a ture
thermogenic pro cess (“oil win dow”). The ma tu rity of kerogen
in creases to wards and be neath the Outer Carpathians. 
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