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Ab stract: Pe tro leum geo chem i cal data of 34 oils and con den sates ac cu mu lated in the Carpathian Foredeep and its
Me so zoic and Palaeozoic base ment were used to as sess their or i gin and ge netic type. The ana lysed liq uid hy dro -
car bons are char ac ter ized by vari able den si ties and sul phur con tents. No re la tion ship be tween these pa ram e ters
and the res er voir rock age has been found. Sec ond ary pro cesses of evap o ra tive frac tion ation and biodegradation
are ev i denced for some oils. These pro cesses pro ceeded most in ten sively on the oil from Góra Ropczycka-1K
well. The oils from Opaka-1, Lubaczów-157 and Góra Ropczycka-1K wells were gen er ated from or ganic mat ter
de pos ited in the Up per Ju ras sic car bon ates. The oil from the in flow in Za³azie-2 well orig i nated from the Cam -
brian strata, but also con tains biomarkers char ac ter is tic of Mio cene strata. The next fam ily, ge net i cally con nected
with the Si lu rian and Or do vi cian source rocks, con sists of oils ac cu mu lated in the Lower Car bon if er ous car bon a-
tes in Nosówka de posit and in the Up per Ju ras sic in the in flow into £êkawica-1 well. The con den sates col lected
from the Mio cene (£êkawica-1, Pilzno-37, Tarnów-39 and -45 wells) and Up per Ju ras sic strata (£¹kta-27 and
Tarnów-5 wells) were gen er ated by or ganic mat ter dis persed in the Mid dle Ju ras sic or Lower Car bon if er ous
clastic fa cies. The re main ing oils, from Grobla-P³awowice, Wierzchos³awice, Jastrz¹bka Stara, Partynia-Pod-
borze, D¹browa Tarnowska, Brzezówka and Zagorzyce de pos its, and the in flows into Tarnów-47 and Pilzno-12
wells were gen er ated from kerogen en riched in or ganic sul phur usu ally dis persed in car bon ate rocks. Such a type
of sed i ments oc curs in the De vo nian and Lower Car bon if er ous strata. Also, these strata as well as the under ly ing
Si lu rian rocks have suf fi cient ma tu rity for gen er a tion of the dis cussed oils. The oleanane in the dis cussed oils most 
prob a bly orig i nates from kerogen of the Up per Cre ta ceous or Mio cene strata, through which these oils mi grated
and eluted this biomarker.
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IN TRO DUC TION

The Pol ish Outer Carpathians and their foredeep ba sin
be long to the larg est and old est pe tro leum prov inces of Cen -
tral Eu rope. The ex ploi ta tion of gas in the ana lysed part of
the Carpathian Foredeep be gan in 1955 when the Niwiska
gas field in the Tri as sic strata was dis cov ered. Two years
later the Lubaczów gas field in the Mio cene and Up per Ju -
ras sic strata was dis cov ered, and in 1958 Partynia-Podborze 
– the first oil de posit in the Up per Ju ras sic car bon ates was
found (Karnkowski, 2007).

So far, 26 oil, gas-con den sate and gas fields have been
en coun tered in the Me so zoic and Palaeozoic strata of the
Carpathian Foredeep and the sub-Carpathian base ment
(Kotarba et al., 2011), with booked re serves of 7.5 bil lion cu -
bic metres of nat u ral gas and 4.7 mil lion tons of oil. The cu -
mu la tive pro duc tion amounts to 6.1 bil lion cu bic metres of

gas and 4.3 mil lion tons of oil (Górka et al., 2007). The ge ol -
ogy and hy dro car bon mi gra tion and ac cu mu la tion con di tions
of the study area are de scribed in ear lier works (e.g., Karn-
kowski, 2001; Oszczypko et al., 2006; Florek et al., 2006;
Laskowicz et al., 2008). His tor i cally (e.g., ten Ha ven et al.,
1993), the Oligocene Menilite Shales were con sid ered to be
the most im por tant source rock for the ma jor ity of oils ac cu -
mu lated in the base ment of the Carpathian Foredeep. Re -
cently, in view of the re sults of ex tended geo chem i cal in ves -
ti ga tions and mod el ling of pe tro leum gen er a tion and ac cu -
mu la tion pro cesses (e.g., Dudek et al., 2003; Matyasik et al.,
2010), the Up per and Lower Palaeozoic strata have been re -
garded as the most prob a ble source rocks; es pe cially the Or -
do vi cian and Si lu rian strata show a high hy dro car bon po ten -
tial (Wiêc³aw et al., 2011; Kotarba et al., 2011).



The main pur pose of this study is to char ac ter ise liq uid
hy dro car bons (oils and con den sates) ac cu mu lated in the
Carpathian Foredeep suc ces sion as well as its Me so zoic–
Palaeozoic base ment strata in south-east ern Po land (Fig. 1),
i.e. to iden tify their source rocks, ma tu rity, mi gra tion dis -
tance and oc cur rence of sec ond ary pro cesses. Ad di tion ally,
au thor re vises the con cep tion pro posed by ten Ha ven et al.
(1993) on the or i gin of ma jor ity of oils ac cu mu lated in the
Carpathian Foredeep base ment from the Oligocene Menilite 
Shales of the Outer Carpathians.

The pri mary char ac ter is tic of oils was pre sented by,
e.g., Kisielow and Wdowiarz (1967), ten Ha ven et al.
(1993), Curtis et al. (2004), and Kotarba et al. (2004). This
pa per sum ma rizes data from the pre vi ous works and for the
first time pres ents the re sults of wide-range anal y ses: den -
sity, sul phur con tent in oil and in asphaltenes, nickel and va -
na dium con tent, whole oil GC, sta ble car bon iso topes, and
biomarkers com po si tion. For con den sates ac cu mu lated in
the Mio cene mo las ses of the Carpathian Foredeep, such
com pre hen sive stud ies are per formed for the first time.

METH ODS

Sam pling pro ce dure

20 crude oil and con den sates were col lected (Ta ble 1):
7 from the Mio cene strata of the Carpathian Foredeep (Cier- 
pisz-3, £êkawica-1 (con den sate), Pilzno-37, Tarnów-39,
Tarnów-45, Zalasowa-2 and Za³azie-2), 12 from the Meso-
zoic strata (Brzezówka-24, Góra Ropczycka-1K, Grobla-
36, -89, -109, Jastrz¹bka Stara-20, £êkawica-1, Opaka-1,
P³awowice-36, -41, Tarnów-5 and Wierzchos³awice-5), and 
one from the Palaeozoic strata (Trzebownisko-3) (Fig. 1).
Most oils and con den sates were col lected from pro duc ing
wells. Some of them (Zalasowa-2, Za³azie-2, £êkawica-1
and Opaka-1) were taken from oil in flows into the wells.
The con den sate from Pilzno-37 well was col lected from the
brine sur face and the oil from £êkawica-1 well was col -
lected from mud.

Ad di tion ally, for com par a tive pur poses, 14 oils and
condensates from the Mio cene strata and the Palaeozoic–
Me so zoic base ment de scribed by ten Ha ven et al. (1993),
Curtis et al. (2004) and Kotarba et al. (2004) were taken
into con sid er ation (Ta ble 1, Fig. 1).

An a lyt i cal meth ods

Oils were ana lysed for the API grav ity with the use of
the Anton Paar DMA5300M den sity me ter and for sul phur
con tent with the Leco SR-12 analyser. Va na dium and nickel 
con tents were de ter mined by the ICP-OES method us ing the 
Perkin Elmer WMA400 spectrophotometer ac cord ing to the 
ASTM D 5708:2002 stan dard. Be fore the deasphalting, the
oils were topped un der ni tro gen (5 hrs) at a tem per a ture of
60°C. The asphaltene frac tion was pre cip i tated with n-hex -
ane. The re main ing maltenes were then sep a rated into 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), re -
spec tively. The oils and their in di vid ual frac tions for the
measurement of sta ble car bon iso tope com po si tion were
combusted in an on-line sys tem. The sta ble car bon iso tope
anal y ses were per formed us ing the Finnigan Delta Plus
mass spec trom e ter. The sta ble car bon iso tope data is presen- 
ted in the d-no ta tion rel a tive to V-PDB stan dard (Coplen,
1995), with the an a lyt i cal pre ci sion of ± 0.2‰. The el e men -
tal com po si tion of asphaltenes was per formed on the Carlo
Erba EA1108 el e men tal analyser.

For the whole oil anal y sis, high res o lu tion gas chro ma -
tog ra phy was used. For this pur pose, 1 µl of sam ple di luted
in CS2 was in tro duced into a split-less in jec tor of the Hew-
lett Packard 5890 se ries II GC held at a tem per a ture of
300°C. From there, the sam ple passed through a 50 m ×
0.2 mm Agilent DB1 col umn (0.5 µm film thick ness) with a
con stant flow 0.3 ml/min of ni tro gen as the car rier gas. The
col umn oven was pro grammed to hold at 30°C for 5 min utes 
and then to in crease to 320°C at 3°C/min, at which point it
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Fig. 1. Geo log i cal sketch-map show ing lo ca tion of crude oil sam pling sites. For ex pla na tion of sam ple codes see Ta ble 1



was held for 20 min utes. Com po nents eluting from the col -
umn were de tected by a flame ion iza tion de tec tor (FID) held 
at 325°C.

The iso lated sat u rated hy dro car bon frac tions from the
oils were di luted in isooctane and ana lysed by the GC-MS
for biomarkers com po si tion. The anal y sis was car ried out
with the Agilent 7890A gas chromatograph equipped with
the 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% phenylsiloxane
phase (DB-5MS, 0.25 µm film thick ness). He lium was used
as a car rier gas. The GC oven was pro grammed: 80°C held
for 1 min, then in creased to 120°C at a rate of 20°C/min,
then in creased fur ther to 300°C at a rate of 3°C/min and at
fi nal tem per a ture held for 35 min. The gas chromatograph
was cou pled with a 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
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Ta ble 1

Res er voir data, API grav ity, sul phur, va na dium and nickel con tents, frac tions and sta ble car bon iso tope com po si tion

Well
Sample

code

Reservoir
Depth

(m)
Gravity
(oAPI)

Sulphur
(wt%)

V Ni Fraction (wt%)
sat./
aro.

  Stable carbon isotopes d13C (‰)

Litho-
logy

Strati-
graphy

(ppm) sat. aro. res. asph. sat. oil aro. res. asph.

Brzezówka-12* Bw-12
carb.

U. Jura-
ssic

1,958-1,985 36.7 0.12 n.a. n.a. 77.0 16.7 6.1 0.2 4.6 -26.9 -26.1 -25.8 -26.0 -26.1

Brzezówka-24 Bw-24 1,892-1,913 36.2 0.21 1.4 0.3 61.8 31.6 5.4 1.2 2.0 -26.6 -26.1 -25.9 -26.0 -26.2

Cierpisz-3 Ci-3 sand. Miocene 1,346-1,330 n.a. n.a. n.a. n.a. 95.1 2.7 2.2 tr. 35.2 -27.5 -27.4 -28.0 -27.6 -28.4

D¹browa
Tarnowska-11*

DT-11

carb.
U. Jura-

ssic

688-698 35.6 1.38 n.a. n.a. 85.8 10.8 2.8 0.6 7.9 -25.7 -25.4 -25.1 -25.6 -25.6

Góra
Ropczycka-1K

GRp-
1K

2,103-2,117 25.4 0.10 1.2 1.0 89.3 9.4 1.3 0.0 9.5 -26.2 -25.5 -26.7 -28.7 n.a.

Grobla-109 Ga-109 726.5-740 39.0 0.50 1.0 0.3 78.2 16.6 4.6 0.6 4.7 -28.1 -28.4 -28.6 -28.6 -28.7

Grobla-34* Ga-34 748-760 42.0 0.66 n.a. n.a. 86.1 8.1 5.3 0.5 10.6 -27.6 -27.6 -27.9 -27.7 -27.4

Grobla-36 Ga-36 766-781 41.6 0.41 1.0 0.3 78.6 17.5 3.2 0.7 4.5 -28.1 -28.1 -28.3 -28.4 -28.1

Grobla-49* Ga-49 sand. U.Cret. 754.5-750.5 44.0 0.66 n.a. n.a. 89.7 8.3 1.5 0.5 10.8 -27.5 -27.4 -27.6 -27.4 -27.7

Grobla-89 Ga-89
sand.
+carb.

U.Jura.+
U. Cret.

700.5-662.5 43.1 0.48 1.0 3.2 78.4 16.1 4.1 1.4 4.9 -28.1 -28.1 -28.5 -28.5 -28.3

Jastrz¹bka
Stara-6**

JS-6

sand.
U.Creta-

ceous

1,285-1,295 41.0 1.22 n.a. n.a. 62.0 23.0 15.0 2.7 -25.2 -25.1 -25.1 -25.5 -26.0

Jastrz¹bka
Stara-20

JS-20 1,294-1,288 35.4 0.80 1.0 2.9 75.2 20.2 4.2 0.4 3.7 -26.0 -26.1 -25.6 -26.0 -26.0

Lubaczów-157* Lb-157

carb.
U.Jura-

ssic

1,075-1,130 16.6 6.42 61 33 28.0 30.8 16.3 24.9 0.9 -28.4 -29.3 -29.5 -29.8 -30.0

£¹kta-27** Lk-27 2,258-2,268 62.2 0.01 n.a. n.a. 99.7 0.1 0.14 0.07 997 -26.7 -26.4 -25.5 -25.8 n.a.

£êkawica-1 Lc-1 1,992-2,000 30.4 0.38 0.9 1.5 70.3 22.2 5.8 1.7 3.2 -29.7 -29.5 -29.1 -29.0 -29.4

£êkawica-1(c.) Lc-1(c.) sand. Miocene 1,830-1,835 57.2 0.40 1.0 0.3 100.0 0.0 0.0 0.0 n.c. n.a. -28.1 n.a. n.a. n.a.

Nosówka-1# Na-1

carb.

L. Carb.
3,465-3,540 33 0.06 n.a. n.a. 79.4 14.2 5.4 1.0 5.6 -29.5 -29.4 -28.9 -28.6 -28.8

Nosówka-2# Na-2 3,353-3,438 n.a. n.a. n.a. n.a. 81.0 13.5 4.5 1.0 6.0 -29.4 -29.3 -28.8 -28.5 -28.9

Opaka-1 Ok-1

U.Jura-
ssic

1,007-1,057 5.3 10.10 158 71 10.1 41.6 15.8 32.5 0.2 -30.4 -29.9 -30.0 -29.7 -30.0

Partynia
Podborze-49*

PP-49 817-821 34.2 0.32 n.a. n.a. 87.3 9.7 1.9 1.1 9.0 -25.7 -25.5 -24.7 -24.5 -25.0

Pilzno-12* Pi-12 2,189-2,233 33.0 2.31 n.a. n.a. 85.1 12.8 1.8 0.3 6.6 -26.5 -26.4 -25.9 -25.9 -25.9

Pilzno-37 Pi-37 sand. Miocene 1,672-1,765 n.a. 0.00 n.a. n.a. 92.8 3.1 4.1 0.0 29.9 -28.3 -28.3 -27.9 -27.6 n.a.

P³awowice-36 Pl-36 carb. U.Jura. 605.5-645 34.5 0.90 0.8 1.7 79.9 15.9 3.4 0.8 5.0 -28.1 -28.2 -28.5 -28.5 -28.4

P³awowice-41 Pl-41
carb.

+sand.
U.Jura.+
U. Cret.

584-573 36.6 0.73 0.8 1.0 78.8 17.2 3.0 1.0 4.6 -28.0 -28.0 -28.3 -28.4 -28.1

Tarnów-39 Ta-39

sand. Miocene

1,406-1,396 57.4 0.00 n.a. n.a. 100.0 0.0 0.0 0.0 n.c. n.a. -27.3 n.a. n.a. n.a.

Tarnów-45 Ta-45 1,370-1,365 58.7 0.00 n.a. n.a. 100.0 0.0 0.0 0.0 n.c. n.a. -27.3 n.a. n.a. n.a.

Tarnów-47* Ta-47 1,488-1,492 28.6 0.55 n.a. n.a. 80.3 13.7 4.4 1.6 5.9 -26.8 -26.5 -26.2 -25.6 -26.0

Tarnów-5 Ta-5
carb.

U.Jura. 1,650-1,662 50.9 0.24 1.2 1.4 100.0 0.0 0.0 0.0 n.c. n.a. -28.1 n.a. n.a. n.a.

Trzebownisko-3 To-3 M. Dev. 2,055-2,065 39.6 0.17 1.2 0.3 94.1 3.8 2.1 tr. 24.8 -27.4 -27.3 -26.6 -26.2 n.a.

Wierzchos³a-
wice-5

Wi-5
sand.
+carb.

U.Jura.+
U. Cret.

1,450-1,486 44.9 0.12 1.2 0.3 77.1 17.7 4.7 0.5 4.4 -28.6 -28.7 -29.0 -28.8 -28.7

Zagorzyce-6* Ze-6

carb.
U.Jura-

ssic

2,878-2,925 27.9 1.66 1.2 1.0 67.2 20.8 10.6 1.4 3.2 -26.5 -26.2 -25.4 -26.0 -26.1

Zagorzyce-6
(c.)*

Ze-6(c.) 2,817-2,871 55.0 0.01 0.3 0.3 99.6 0.3 0.1 0.01 332 -26.3 -26.0 -25.3 -26.6 -27.4

Zalasowa-2 Zs-2 sand. Miocene 2,959-2,973 19.4 1.37 n.a. n.a. 46.4 22.4 27.4 3.8 2.1 -29.8 -29.4 -29.5 -28.8 -27.6

Za³azie-2 Zz-2 sand.
Cm+

Miocene
2,600-2,658 46.6 0.10 0.7 1.5 80.4 16.3 3.3 0.03 4.9 -27.6 -27.0 -25.6 -25.9 -26.7

c. – con den sate; sand. – sand stones; carb. – car bon ates; U. – Up per; L. – Lower; M. – Mid dle; Cm  – Cam brian;  Dev. – De vo nian; Jura. – Ju ras sic; Cret. –
Cre ta ceous; sat. – sat u rated hy dro car bons; aro. – aromatics; res. – res ins; asph. – asphaltenes; n.a. – not ana lysed; n.c. – not cal cu lated; tr. – traces; * – data
from Curtis et al. (2004); ** – data from ten Ha ven et al. (1993); # – data from Kotarba et al. (2004)



in the mass range from 45 to 500 Daltons. The ar o matic hy -
dro car bon frac tions of the oils were ana lysed by the GC-MS 
for phenanthrene, dibenzothiophene and their methyl de riv -
a tives rel a tive con cen tra tions. 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 a 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.

RE SULTS AND DIS CUS SION

Iden ti fi ca tion of sec ond ary pro cesses

Geo chem i cal and phys i cal prop er ties of mi grat ing oil or
oil ac cu mu lated in a de posit may be changed by sec ond ary
pro cesses, such as biodegradation, wa ter-wash ing, ox i da tion, 

frac tional evap o ra tion and ther mal crack ing (e.g., Blanc &
Connan, 1994; Pe ters et al., 2005; Thomp son, 1983, 2010;
Palmer, 1984, 1993; Holba et al., 1996; Akinlua et al., 2006).

The whole oil GC anal y sis in di cated that for ma jor ity of 
the ana lysed oils and con den sates in the aliphatic frac tion
some com po nents dom i nate (Fig. 2A). In some oils, methyl- 
cyc lo hex ane dom i nates over n-heptane re sult ing in low val -
ues of the n-heptane/methylcyclohexane ra tio (Table 2,
Fig. 3). The val ues of this ra tio be low one, cor re lated with
the high to lu ene/n-heptane ra tio, in di cate evap o ra tive frac -
tion ation pro cesses (Thomp son, 1987; Holba et al., 1996).
The most ex ten sive evap o ra tive frac tion ation pro ceeded on
the oil col lected from Góra Ropczycka-1K well (Figs
2B, 3). The val ues of the above-men tioned ra tios strongly
de pend on source rock li thol ogy (Holba et al., 1996; Dzou,
2010). This is the most prob a ble rea son of the atyp i cal, el e -

446  D. WIÊC£AW

Ta ble 2

In di ces cal cu lated based on whole oil GC anal y sis

Sample
code

Reservoir
stratigraphy

Toluene/
n-C7H16

n-C7H16/
MCH

HR HHI
CH/

MCH
IHR

n-C7H16/
2-MH

m-+o-+p-
xylene/
n-C8H18

Temp.
(°C)

CPI17-23 Pr/Ph Pr/n-C17 Ph/n-C18

Bw-24

U.Jurassic

1.34 0.64 24.9 0.79 0.42 1.54 3.12 1.23 123 1.03 2.01 0.75 0.38

DT-11** n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 2.40 0.76 0.34

GRp-1K 134.8 0.06 2.2 0.07 0.66 0.20 2.08 182.1 114 n.c. 0.64 0.85 5.60

Ga-109 0.02 1.48 62.1 1.54 0.27 2.06 5.81 0.36 120 1.11 1.50 0.31 0.29

Ga-34** n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 1.92 0.27 0.20

Ga-36 0.02 1.62 62.1 1.80 0.33 2.13 5.56 0.35 122 1.10 1.26 0.27 0.29

Ga-49** U.Cretaceous n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 1.49 0.24 0.21

Ga-89
U.Jura.

+U.Cret.
0.03 1.65 59.9 1.92 0.37 2.15 5.28 0.34 123 1.12 1.31 0.27 0.29

JS-20 U.Cretaceous 0.28 0.75 28.0 0.91 0.40 1.99 2.88 0.79 125 1.03 2.27 0.62 0.30

Lk-27
U.Jurassic

0.31 1.28 39.4 1.73 0.49 2.28 3.41 0.51 126 n.d. 3.33** 0.71** 0.33**

Lc-1 n.c. n.c. n.c. n.c. n.c. n.c. n.c. n.c. n.c. 1.12 1.19 0.32 0.04

Lc-1(c.) Miocene 0.68 1.50 56.1 1.62 0.39 2.04 5.27 0.47 123 n.c. 3.69 0.32 0.30

Na-1** L. Carb. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 2.00 0.95 0.51

Ok-1
U.Jurassic

0.48 2.53 41.3 2.93 0.48 1.44 3.70 0.44 118 1.05 0.37 0.15 0.50

Pi-12** n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 1.89 0.75 0.41

Pi-37 Miocene n.c. n.c. n.c. n.c. n.c. n.c. n.c. n.c. n.c. 1.88 1.38 7.75 12.3

Pl-36 U.Jurassic 0.04 0.62 25.1 0.79 0.26 1.77 2.49 0.84 123 1.10 1.47 0.78 0.24

Pl-41
U.Jura.

+U.Cret.
0.11 0.66 26.6 0.81 0.26 1.76 2.66 0.33 122 1.09 1.45 0.25 0.23

PP-49** U.Jurassic n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 2.48 0.78 0.32

Ta-39

Miocene

0.63 1.51 58.2 1.56 0.34 1.84 5.66 0.43 121 n.c. 4.06 0.81 0.51

Ta-45 0.58 1.49 56.2 1.58 0.36 1.84 5.35 0.44 122 n.c. n.c. n.c. n.c.

Ta-47** n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 1.64 0.81 0.53

Ta-5 U.Jurassic 1.18 1.12 48.3 1.18 0.38 1.70 5.87 0.89 122 n.c. 3.15 0.15 0.12

Wi-5
U.Jura.

+U.Cret.
1.16 1.10 48.2 1.12 0.37 1.65 6.08 0.79 122 0.78 1.51 0.19 0.20

Zz-2 Cm+Miocene 1.72 1.25 58.9 1.14 0.35 1.91 6.47 1.21 120 1.02 3.53 0.23 0.07

c. – con den sate; U. – Up per; Jura. – Ju ras sic; Cret. – Cre ta ceous; L. – Lower; Carb. – Car bon if er ous; Cm – Cam brian; MCH – methylcyclohexane; HR
(heptane ra tio) = 100x n-C7H16/S(CH+C7HCs); CH – cyc lo hex ane; HCs – hy dro car bons; HHI = (n-C6H14 + n-C7H16)/(CH+MCH); IHR (isoheptane ra tio) =
(2- + 3-MH)/(1c3- + 1t3- + 1t2-DMCPs); MH – methylhexane; DMCP – dimethylcyclopentane; Temp. – tem per a ture = 140 + 15[ln(2,4-DMP/2,3-DMP)]
(Mango, 1997); DMP – dimethylpentane; CPI(17-23) = [(C17+C19+C21)+ (C19+C21+C23)]/[2×(C18+C20+C22)]; Pr – pristane; Ph – phytane; n.c. – not cal cu lated
due to lack of hy dro car bons; n.d. – not de ter mined; ** – data af ter ten Ha ven et al. (1993) – anal y ses of these sam ples were con ducted on sep a rated sat u -
rated hy dro car bon frac tion 



vated value of n-heptane/methylcyclohexane ra tio of the
Opaka-1 oil. Ac cord ing to the clas si fi ca tion of Pe ters et al.
(2005), this oil was gen er ated from car bon ate source rock.
Biodegra da tion pro cesses were ev i denced by val ues of Hal-

pern’s (1995) ra tios (Ta ble 3, Fig. 4) and in creased con cen -
tra tions of isoprenoids in re la tion to n-al kanes re sult ing in
in creased val ues of the pristane/n-C17 and phytane/n-C18

ra tios. The ad vanced prog ress of these pro cesses was ob -
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Fig. 2. Whole oil chromatogram of (A) Grobla-89 and (B) Góra Ropczycka-1K sam ples. Num bers re fer to car bon at oms in n-alkane
chain, DMCP – dimethylcyclopentane, MCH – methylcyclohexane, DMH – dimethylhexane, ECP – ethylcyclopentane, TMCP –
trimethylcyclopentane, TMP – trimethylpentane



served in con den sate which con tacted with brine (Pilzno-
37, Fig. 5). Also, in the Góra Ropczycka-1K oil, which un -
der went evaporation, biodegradation pro cess oc curred (Fig. 
5). In Za³azie-2 oil the course of biodegradation pro cess

was mild (Fig. 4). The ra tios cal cu lated based on the dis tri -
bu tion of short-chain hy dro car bons con firm the pre vi ous
sug ges tion and sup ports ev i dence on biodegradation pro -
cesses in the oil col lected from Góra Ropczycka-1K well
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Fig. 3. To lu ene/n-heptane ra tio ver sus n-heptane/methylcyclo-
hex ane ra tio. Scheme af ter Thomp son (1987). For ex pla na tion of
sam ple codes see Ta ble 1

Fig. 4. Star di a gram of C7 oil trans for ma tion ra tios. Scheme of
star di a gram af ter Halpern (1995). Ex pla na tion of in di ces as in Ta -
ble 3, ex pla na tion of sym bols as in Fig. 3, for ex pla na tion of sam -
ple codes see Ta ble 1

Ta ble 3

Val ues of Halpern (1995) C7 ra tios

Sample
code

Reservoir
stratigraphy

TR1 TR2 TR3 TR4 TR5 TR6 TR7 TR8 C1 C2 C3 C4

Bw-24

U.Jurassic

20.2 15.1 5.4 4.8 10.2 0.32 2.0 3.2 0.03 0.59 0.19 0.11

GRp-1K 412 3.06 1.9 1.5 3.4 2.62 4.1 1.8 0.02 0.77 0.13 0.00

Ga-109 1.0 41.4 7.8 7.1 14.9 0.38 2.3 4.7 0.03 0.60 0.16 0.15

Ga-36 0.9 42.6 8.2 7.7 15.8 0.38 2.3 4.7 0.03 0.58 0.18 0.13

Ga-89 U.Jura. + U.Cret. 1.1 39.7 7.9 7.5 15.4 0.30 2.2 4.6 0.02 0.57 0.18 0.14

JS-20 U.Cretaceous 4.0 14.4 5.6 5.0 10.6 0.32 1.6 2.9 0.04 0.55 0.20 0.11

Lk-27 U.Jurassic 5.8 18.4 6.0 5.4 11.4 0.20 1.6 3.1 0.03 0.55 0.22 0.11

Lc-1(c.) Miocene 28.1 41.1 8.0 7.8 15.9 0.52 2.4 4.4 0.03 0.59 0.19 0.11

Ok-1
U.Jurassic

17.0 35.2 12.6 9.5 22.1 1.43 4.5 3.4 0.00 0.73 0.17 0.09

Pl-36 0.5 12.4 5.7 5.0 10.7 0.32 2.0 3.2 0.04 0.55 0.18 0.16

Pl-41 U.Jura. + U.Cret. 1.5 13.7 5.8 5.1 11.0 0.30 2.0 3.3 0.04 0.56 0.17 0.15

Ta-39
Miocene

26.7 42.4 8.1 7.5 15.6 0.64 2.7 4.4 0.02 0.63 0.18 0.10

Ta-45 23.0 39.9 8.0 7.5 15.5 0.44 2.6 4.3 0.02 0.62 0.18 0.10

Ta-5 U.Jurassic 45.7 38.8 7.0 6.6 13.6 0.16 2.4 4.3 0.03 0.59 0.18 0.11

Wi-5 U.Jura. + U.Cret. 44.3 38.3 6.8 6.3 13.1 0.37 2.4 4.3 0.03 0.60 0.18 0.12

Zz-2 Cm + Miocene 146 84.9 12.7 13.1 25.8 0.85 4.7 5.4 0.01 0.74 0.20 0.03

U. – Up per; Jura. – Ju ras sic; Cret. – Cre ta ceous; Cm – Cam brian; TR1 = to lu ene/1,1-DMCP; DMCP – dimethylcyclopentane; TR2 = n-C7H16/1,1-DMCP;
TR3 = 3-methylhexane/1,1-DMCP; TR4 = 2-methylhexane/1,1-DMCP; TR5 = P2/1,1-DMCP; P2 = 2-methylhexane + 3-methylhexane; TR6 = 1-cis-2-
DMCP/1,1-DMCP; TR7 = 1-trans-3-DMCP/1,1-DMCP; TR8 = P2/P3; P3 = 2,2-dimethylpentane + 2,3-dimethylpentane + 2,4-dimethylpentane +
3,3-dimethylpentane + 3-ethylpentane; C1 = 2,2-dimethylpentane/P3; C2 = 2,3-dimethylpentane/P3; C3 = 2,4-dimethylpentane/P3; C4 = 3,3-dimethyl-
pentane/P3



(Fig. 6). The dis tri bu tion of n-al kanes and isoprenoids (Fig.
2) and the val ues of hy dro car bon in di ces (Ta ble 2) showed
that sec ond ary pro cesses ob served in the oils were not ex -
ten sive. On the gas chromatogram of the most de graded
sam ple, the char ac ter is tic of “biodegradation hump” of the
un re solved com plex mix ture was not ob served (Pe ters et al., 
2005, p. 106). Since not all n-al kanes were de graded, ad -
vance ment of biodegradation is on the sec ond de gree in the
ten-de gree scale of Pe ters and Moldovan (1993).

The ther mal crack ing of oil, sig nif i cant in ac cu mu la -
tions at tem per a tures in the range of 150–175°C (Claypool
& Mancini, 1989) for ana lysed oils had never oc curred be -
cause they have never reached such tem per a tures un der the
geo log i cal con di tions of the Carpathian Foredeep and its
Palaeozoic–Me so zoic ba sin (Kosakowski & Wróbel, 2011).
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Fig. 5. Ge netic char ac ter iza tion of oils in terms of pristane/
n-C17 and phytane/n-C18 ac cord ing to the cat e go ries of Obermajer
et al. (1999). For ex pla na tion of sam ple codes: see Ta ble 1

Fig. 6. Heptane ra tio ver sus isoheptane ra tio. Kerogen type
curves af ter Thomp son (1983). For ex pla na tion of sam ple codes
see Ta ble 1

Ta ble 4

El e men tal com po si tion of asphaltenes

Sample
code

Reservoir
stratigraphy

Elemental composition (daf, wt%) Atomic ratio

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

Bw-24
Upper

Jurassic

84.7 13.6 1.0 0.3 0.4 1.93 0.01 0.003 0.002

Ga-109 75.2 8.6 8.5 0.3 7.4 1.37 0.08 0.004 0.037

Ga-36 79.3 8.8 3.9 0.2 7.7 1.34 0.04 0.002 0.036

Ga-89
Upper Jurassic +
Upper Cretaceous

83.1 13.6 1.9 0.1 1.3 1.96 0.02 0.001 0.006

JS-20 Upper Cretaceous 79.2 11.7 6.2 0.2 2.8 1.77 0.06 0.002 0.013

Lc-1
Upper

Jurassic

82.7 11.8 4.6 0.3 0.5 1.71 0.04 0.004 0.002

Ok-1 75.1 8.8 4.5 0.9 10.8 1.40 0.04 0.010 0.054

Pl-36 80.4 8.9 5.3 0.3 5.1 1.34 0.05 0.003 0.024

Pl-41 Upper Jurassic +
Upper Cretaceous

81.7 12.3 2.2 0.2 3.6 1.80 0.02 0.002 0.016

Wi-5 76.0 7.5 8.4 0.5 7.6 1.18 0.08 0.006 0.038

daf – dry, ash-free ba sis



Ge netic type and depositional en vi ron ment of source
or ganic mat ter

Geo chem i cal pa ram e ters eval u ated from the light hy -
dro car bons anal y ses of the oils ana lysed show com pa ra ble
val ues (Ta ble 3, Fig. 7). Only oils col lected from Opaka-1
and Za³azie-2 wells do dif fer from the other oils (Fig. 7).

Oils de pos ited in the Mio cene strata as well as in the
Mesozoic and Palaeozoic base ment are char ac ter ized by
grav ity in a wide range, from 19.4 to 58.7 and 5.3 to 62.2
°API, re spec tively (Ta ble 1, Fig. 8). Oils and con den sates
col lected from the de pos its in the Mio cene are usu ally char -
ac ter ized by higher grav ity val ues, over 45°API, whereas
oils in the base ment of the Carpathian Foredeep usu ally
have lower grav ity val ues (be low 30°API, Ta ble 1, Fig. 8).
The crude oils with the high est sul phur con tent (over 2
wt%) oc cur only in the Up per Ju ras sic car bon ates (Opaka-1, 
Lubaczów-157 and Pilzno-12, Figs 1, 8) sug gest ing the
high-sul phur Type IIS kerogen as their source rock (Orr,
1986, 2001) de pos ited in car bon ates (Moldowan et al.,
1985). Be cause of the fact that in these oils biodegradation
pro cesses were not ob served, the rea son for high sul phur
con tent in these oils is that they were gen er ated from the
high-sul phur, Type IIS kerogen (Fig. 8). This state ment is
sup ported by the re sults of the el e men tal anal y sis of asphal-
tenes pre cip i tated from these oils (Ta ble 4, Fig. 9). High va-
lues of the S/C atomic ra tio in asphaltenes, i.e. over 0.035,
sug gest a ge netic re la tion ship of these oils with high-sul -
phur kerogen (Fig. 9) (Orr, 1986). In the low-sul phur oils:
Wierzchos³awice-5, Grobla-36 and Grobla-109 (Ta ble 1,
Fig. 8), asphaltenes are char ac ter ized by a high con tent of
this el e ment (Fig. 9). It is pos tu lated that these oils are a
mix ture of heavy, rich in asphaltenes high sul phur oil (gen -
er ated from Type IIS kerogen) and rich in low-weight hy -
dro car bons light oil, gen er ated at a higher ma tu rity stage or
from low-sul phur kerogen. The re sults on the va na dium and 
nickel con tent (Ta ble 1, Fig. 10) show that the ma jor ity of
oils were gen er ated from or ganic mat ter de pos ited un der
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Fig. 7. Cor re la tion of oils us ing star di a gram of C7 hy dro car bon 
ra tios. Ex pla na tion of in di ces as in Ta ble 3, for ex pla na tion of
sam ple codes see Ta ble 1

Fig. 8. Sul phur con tent ver sus grav ity. Clas si fi ca tion of source
kerogen type by Orr (2001). For ex pla na tion of sam ple codes see
Ta ble 1

Fig. 9. S/C atomic ra tio in asphaltenes ver sus sul phur con tent
in oils. Clas si fi ca tion of source kerogen type by Orr (1986). For
ex pla na tion of sam ple codes see Ta ble 1



con di tions in which nickel and va na dium ions were avail -
able (re gime II in Lewan, 1984) (Fig. 10), cor re spond ing
with ma rine and deltaic fa cies (the Type II and III kerogen).
The oils col lected from Opaka-1, Lubaczów-157 and
Zagorzyce-6 wells lie in Lewan’s (1984) re gime III hav ing
biogenic pe lagic mat ter as the source rock (Fig. 10).

Dis tri bu tions of n-al kanes and isoprenoids in the ana -
lysed crude oils are vari able, usu ally monomodal, with a
dis tinct max i mum in the short-chain range (Fig. 2A), char -
ac ter is tic of hy dro car bons gen er ated from ma rine or ganic
mat ter (e.g., Pe ters et al., 2005). The CPI val ues are usu ally
above 1.0 in di cat ing that the source or ganic mat ter was de -
pos ited mainly in clastic rocks (Moldowan et al., 1985).
This is sup ported by the high val ues of the pristane/phytane
(Pr/Ph) ra tios, usu ally above unity (Ta ble 2), in di cat ing
sub-oxic con di tions prev a lence dur ing the de po si tion of
their source rock (Didyk et al., 1978). Only two ex cep tions
to these rules are ob served: the CPI value of the Wierzcho-
s³awice-5 oil equals 0.78 and the Pr/Ph ra tio of the Góra
Ropczycka-1K oil equals 0.64 (Ta ble 2), sug gest ing the
dom i na tion of car bon ates in the min eral com po si tion of the
source rocks of these oils. This con cept is con firmed by the
cor re la tion be tween the pristane/n-C17 and phytane/n-C18

in di ces (Fig. 5) and the dibenzothiophene/phenanthrene and 
pristane/phytane ra tios (Fig. 11). The el e vated value of the
pristane/phytane ra tio, ca. 3.5 for the Za³azie-2 oil, sug gests 

their ge netic cor re la tion with deltaic fa cies of the Mio cene
mo las ses and the in creased DBT/Phen ra tio re veals partly
the gen er a tion of this oil from a ma rine car bon ate or ma rine
marl. The source or ganic mat ter of the Opaka-1 oil was de -
pos ited un der dif fer ent con di tions. This oil was gen er ated
from ma rine kerogen (Type I is not ex cluded) de pos ited in
car bon ates (Ta bles 2, 5, Figs 5, 11). These data are very
sim i lar to the re sults of the Kokhanivka-26 and Orkho-
vychi-2 oils col lected in the Ukrai nian part of the Carpa-
thian Foredeep base ment (Wiêc³aw et al., in press). In ter -
pre ta tions of the source rock li thol ogy of the Pilzno-37 and
Góra Ropczycka-1K oils (Fig. 11) are prob a bly in valid due
to a change in their com po si tion upon sec ond ary pro cesses.
The dis tri bu tion of reg u lar 5a,14a,17a(H)-20R steranes in
the crude oils (Ta ble 6, Fig. 12) shows the pres ence of some
dis tinct oil groups. The first group is rep re sented by the No-
sówka-1 oil, sig nif i cantly dif fer ent from the other oils. The
sec ond group in cludes oils from the Grobla and Wierzcho-
s³awice de pos its, the third one – oils from the Brzezówka,
Partynia Podborze, Pilzno (Ju ras sic), Za³azie and D¹browa
Tarnowska de pos its, and the fourth one – the re main ing oils
(Fig. 12). Oleanane was de tected in the ma jor ity of the ana -
lysed oils (Ta ble 6, Fig. 13A). This biomarker re lates to an -
gio sperm ous higher plants and de fines the age of the source
or ganic mat ter as Cre ta ceous or youn ger (Ekweozor & Udo, 
1988). As the most prob a ble source rocks for these oils, ten
Ha ven et al. (1993) and Curtis et al. (2004) pro posed the
Oligocene Menilite Shales rich in or ganic mat ter. This bio-
marker does not oc cur in oils de pos ited in the Palaeozoic
(the Nosówka de posit) and Me so zoic base ment of the Car-
pathian Foredeep (in flows into Opaka-1 and £êkawica-1
wells, and the Tarnów (Ju ras sic) and £¹kta de pos its) (Ta ble
6, Fig. 13A), nor in the Mio cene strata (Tarnów, £êkawica
and Pilzno de pos its), thus suggesting their source rock most
prob a bly as Ju ras sic or older. In the other oils, oleanane is
pres ent in vari able rel a tive quan ti ties reach ing the value of
(18a + 18b-oleanane)/17a hopane ra tio up to 0.28 for the
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Fig. 10. V/(V+Ni) ra tio ver sus sul phur con tent in oils. Clas si fi -
ca tion of source kerogen sed i men ta tion con di tions af ter Lewan
(1984). I – open lac us trine and playa fa cies; II – open ma rine and
deltaic fa cies; III – biogenic pe lagic fa cies, for ex pla na tion of sam -
ple codes see Ta ble 1

Fig. 11. A cross-plot of the dibenzothiophene/phenanthrene ra -
tio ver sus the pristane/phytane ra tio. Clas si fi ca tion of source kero- 
gen 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 fate-rich; Zone 2 – lac us trine sul phate – poor; Zone 3
– ma rine shale and other lac us trine; Zone 4 – flu vial/deltaic, for
ex pla na tion of sam ple codes see Ta ble 1



Jastrz¹bka Stara-20 oil de pos ited in the Up per Cre ta ceous
sand stones (Ta ble 6, Fig. 13A).

The sta ble car bon iso tope com po si tion of crude oils and 
their in di vid ual frac tions (Ta ble 1) sup port the biomarker
data and in di cate that the ana lysed oils and con den sates

were gen er ated from sev eral source rocks dif fer ing in the
type of or ganic mat ter (Figs 13–15). In the ma jor ity of these
oils, asphaltenes are de pleted in 13C iso tope rel a tive to res -
ins, which is char ac ter is tic of oil gen er ated from al gal kero-
gen (Galimov, 1973, 1986). This ef fect can also re sult from
biodegradation pro cesses (Stahl, 1980), but, as noted above, 
only in not big quan tity of oils these pro cesses were obser-
ved on a lim ited scale. Some dif fer ences in the sta ble car bon 
iso tope com po si tion fol low changes in source rock fa cies
and ma tu rity (Waples & Tornheim, 1978; Chung et al.,
1981; Lewan, 1983) or migration dis tance (Stahl, 1980).
A distinct sta ble car bon iso tope com po si tion was de tected
in the oils and con den sates: i) de pos ited in the Lower Car -
bon if er ous strata (Nosówka de posit) and oil in flows in
£êkawica-1 (Ju ras sic) and Zalasowa-2 (Mio cene), ii) ac cu -
mu lated in the Up per Ju ras sic strata in the vi cin ity of Luba-
czów (Opaka-1 and Lubaczów-157 wells), iii) ac cu mu lated
in the Grobla-P³awowice, Wierzchos³awice and Pilzno
(Miocene) de pos its, iv) in flow in Za³azie-2 well, and v) the
re main ing oils (Figs 13–15). In a num ber of oils (e.g., Za³a-
zie-2 and Zalasowa-2 wells) some changes in the iso tope
com po si tion may re sult from admixture of oil generated
from kerogen enriched in lighter stable carbon isotope (Figs 
13–15).

The frac tional com po si tion and the sat u rate/ar o matic
hy dro car bon (sat/aro) ra tios have been sug gested to be in -
flu enced by mi gra tion dis tance. The in ves ti gated crude oils
have vari able con tents of asphaltenes, usu ally be low 1 wt%, 
with the high est value of 32.5 wt% in oil col lected from
Opaka-1 well (Ta ble 1, Fig. 16). High con cen tra tions of
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Ta ble 5

In di ces cal cu lated based on phenanthrene and dibenzothiophene and their de riv a tives dis tri bu tion

Samplecode
Reservoir

stratigraphy
MPI 1 MPR MPR1

Rcal

(%)
Rcal(MPR)

(%)
DBT/P MDR

Rcal(DBT)

(%)
Tmax(DBT)

(°C)

Bw-24

U.Jurassic

0.80 0.90 0.43 0.85 0.81 0.3 4.8 0.9 448

GRp-1K 0.90 1.57 0.57 0.91 1.10 0.3 1.7 0.6 432

Ga-109 0.59 0.74 0.38 0.72 0.69 0.5 4.2 0.8 444

Ga-36 0.56 0.77 0.40 0.70 0.72 0.5 3.9 0.8 443

Ga-89 U.Jura. +U.Cret. 0.61 0.77 0.39 0.74 0.71 0.6 4.0 0.8 443

JS-20 U.Cretaceous 0.78 0.83 0.42 0.84 0.77 0.6 2.4 0.7 435

Lc-1 U.Jurassic 0.75 0.90 0.45 0.82 0.84 0.4 5.1 0.9 449

Lc-1(c.) Miocene traces of hydrocarbons

Ok-1 U.Jurassic 0.63 0.63 0.42 0.75 0.77 3.7 0.6 0.6 426

Pi-37 Miocene 0.42 0.76 0.42 0.62 0.77 1.4 1.2 0.6 429

Pl-36 U.Jurassic 0.56 0.65 0.37 0.70 0.66 0.6 5.2 0.9 450

Pl-41 U.Jura. +U.Cret. 0.57 0.67 0.36 0.71 0.65 0.5 4.2 0.8 444

Ta-39
Miocene

traces of hydrocarbons

Ta-45 traces of hydrocarbons

Ta-5 U.Jurassic traces of hydrocarbons

Wi-5 U.Jura. +U.Cret. 0.65 0.74 0.39 0.76 0.71 0.4 4.2 0.8 445

Zz-2 Cm+Miocene 0.66 0.87 0.46 0.77 0.86 1.3 6.0 0.9 453

U. – Up per; Jura. – Ju ras sic; Cret. – Cre ta ceous; Cm – Cam brian; MPI1 = 1.5(2-MP+3-MP)/(P+1-MP+9-MP); P – phenantrene; MP – metylphenantrene,
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);  DBT – dibenzothiophene; MDR = 4-MDBT/1-MDBT (Radke et al., 1986); MDBT – methyldibenzothiophene;
Rcal(DBT) = 0.51+0.073MDR (Radke & Willsch, 1994); Tmax(DBT) = 423+5.1MDR (Radke, 1988)

Fig. 12. Ter nary di a gram of C27, C28 and C29 reg u lar aaa
sterane com po si tion (m/z = 217). For ex pla na tion of sam ple codes
see Ta ble 1



asphaltenes con versely cor re late with low sat u rated-hy dro -
car bon con tent and the low sat/aro ra tios (Ta ble 1, Fig. 16).
The low est val ues of sat/aro are noted for oils from
Opaka-1, Lubaczów-157 and Zalasowa-2 wells. These oils
prob a bly mi grated the short est dis tance. The con den sates
from the £êkawica and Tarnów gas de pos its prob a bly mi -
grated the lon gest dis tance (Fig. 16). Val ues of this ra tio can 
be af fected by ma tu rity and ther mal crack ing pro cesses, but
the latter mentioned process was not observed here.

Ma tu rity

The ma tu rity of crude oils was de ter mined based on
compo si tion of light hy dro car bons (Ta ble 2), se lected
biomarkers (Ta ble 6), and in di ces de riv ing from rel a tive
con cen tra tions of phenanthrene and dibenzothiophene and
their methyl de riv a tives (Table 5).

The dis tri bu tion of methylphenanthrenes re veals a nar -
row range of ma tu rity of oils (in con den sates these hy dro -
car bons did not oc cur) in di cat ing their gen er a tion in the ini -
tial phase and peak of the oil win dow (Rcal about 0.6–0.9%)
(Ta ble 5). The ma tu rity in di ces cal cu lated based on methyl-
dibenzothiophenes dis tri bu tions con firm the same range of
the oil ma tu ri ties (Ta ble 5), but they dif fer for in di vid ual
oils. As the MPI and MPR in di ces were eval u ated for ter res -
trial or ganic mat ter (e.g., Radke, 1988; Radke et al., 1986),
while ma tu rity de scribed by the MDR val ues for oils gen er -
ated mostly from ma rine Type II kerogen are more ad e quate 
for as sess ing the ma tu rity of in ves ti gated oils. Less ma ture
oils, gen er ated at ca. 0.6 % Ro, are ac cu mu lated in the Góra
Ropczycka and Opaka (Up per Ju ras sic) and Pilzno (Mio -
cene) de pos its (Ta ble 5). The re main ing oils are char ac ter -
ised by com pa ra ble ma tu ri ties (Ta ble 5). A re la tion ship be -
tween the ma tu rity and lo cal ity as well as depth of oil ac cu -

mu la tion is not ob served. The biomarker dis tri bu tion sup -
ports the above ob ser va tion. The sterane and terpane dis tri -
bu tions show that the ana lysed oils were gen er ated from the
or ganic mat ter be ing at vari able ma tu rity lev els (Fig. 17):
from im ma ture, through the early-ma ture to the ma ture
stages. The epim er is ation of steranes shows that less ma ture 
oils are in the Góra Ropczycka, Partynia-Podborze and
Pilzno de pos its (Up per Ju ras sic) and the most ma ture oils
are in the Brzezówka de posit (Up per Ju ras sic) and Za³azie-2 
well (Cam brian–Mio cene) (Fig. 17). The un usu ally low Ts/
(Ts+Tm) value of oil from Opaka-1 well is a re sult of car -
bon ate depositional en vi ron ment of its source rocks. This
ef fect was ear lier de scribed by, e.g., Barakat et al. (1997)
for the oils from Gulf of Suez and Al-Ameri et al. (2009) for 
the oils ac cu mu lated in the Mishrif res er voir of the South ern 
Iraq, both gen er ated from the car bon ate source rocks. Also,
oils from the Grobla-P³awowice, Wierzchos³awice, D¹-
browa Tarnowska, Jastrz¹bka Stara de pos its and the oil
inflow into £êkawica-1 well (Upper Jurassic) show lowered 
values of the Ts/(Ts+Tm) ratio suggesting the presence of
carbonates in their source rocks.

The tem per a ture of gen er a tion of hy dro car bons es ti -
mated from the dimethylpentane homo logues dis tri bu tion
(Mango, 1997) var ies in a nar row range, from 114 (Góra
Ropczycka-1K) to 126°C (£¹kta-27) (Ta ble 2) in di cat ing
com pa ra ble con di tions of gen er a tion of all the ana lysed oils
and condensates.

CON CLU SIONS

The wide range of geo chem i cal stud ies en abled one to
eval u ate de tailed ge netic char ac ter is tics of liq uid hy dro car -
bons (oils and con den sates) ac cu mu lated in the autochtho-
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Fig. 13. Pristane/phytane ra tio ver sus (A) oleanane/17a hopane ra tio and (B) sta ble car bon iso tope com po si tion of whole oil. For ex pla -
na tion of sam ple codes see Ta ble 1



nous Mio cene strata of the Carpathian Foredeep and its Me -
so zoic and Palaeozoic base ment. For this pur pose, pe tro -
leum geo chem i cal data on 34 oils and con den sates were
used. The ana lysed oils and con den sates show a wide range
of grav i ties from 5.3 to 62.2°API and sul phur con tents from
0.00 to 10.1 wt%. There is no re la tion ship be tween these pa -
ram e ters and the res er voir rock age. The heavi est oils
(Opaka-1 and Lubaczów-157) are char ac ter ized by the
high est sul phur con tent and rep re sent a sep a rate group,
which cor re lates with heavy oils in the Ukrai nian ter ri tory
(Vul  et al., 1998). These oils were gen er ated from a high-
sul phur kerogen de pos ited in the Up per Ju ras sic car bon ates, 
re corded by Kosakowski et al. (in press, b), lo cated in the
Ukrai nian part of the base ment of the Carpathian Foredeep.

Also, oil col lected from Góra Ropczycka-1K well pos i -
tively cor re lates with or ganic mat ter de pos ited in the car -
bon ates. The po ten tial source rock lev els for this oil were
ev i denced in the Up per Ju ras sic car bon ates in the vi cin ity of 
Rzeszów (Kosakowski, in press, a). Geo chem i cal in di ces of 
the Góra Ropczycka-1K oil in di cate strong evap o ra tive

frac tion ation and biodegradation pro cesses. This oil was
gen er ated at a very early stage of source or ganic mat ter ma -
tu rity at oil win dow mar gin, the same ma tu rity stage as the
Up per Ju ras sic rocks in the Rzeszów area (Kosakowski &
Wróbel, 2011).

The re main ing oils were gen er ated from or ganic mat ter
de pos ited in clastic de pos its (claystones, mudstones) or
strata, where that type of or ganic mat ter was dom i nant
(clayey marls). Oil col lected from the in flow in Za³azie-2
from the Cam brian and Mio cene strata orig i nated from the
Cam brian strata and also con tained biomarkers oc cur ring in
the Mio cene strata. The high ma tu rity of this oil is connec-
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Fig. 14. Sta ble car bon iso tope com po si tion of crude oils/con den -
sates and their in di vid ual frac tions of (A) ac cu mu lated in the Cam -
brian, Mid dle De vo nian, Lower Car bon if er ous and Mio cene
strata, (B) the Up per Ju ras sic strata, and (C) the Up per Ju ras sic–
Up per Cre ta ceous and Up per Cre ta ceous strata. For ex pla na tion of 
sam ple codes see Ta ble 1

Fig. 15. Ge netic char ac ter iza tion of oils in terms of d13C (ar o -
matic hy dro car bons) and d13C (sat u rated hy dro car bons) ac cord ing 
to the cat e go ries of Sofer (1984) of (A) ac cu mu lated in the Cam -
brian, Mid dle De vo nian, Lower Car bon if er ous and Mio cene
strata, (B) the Up per Ju ras sic strata, and (C) the Up per Ju ras sic–
Up per Cre ta ceous and Up per Cre ta ceous strata. For ex pla na tion of 
sam ple codes see Ta ble 1



ted with gen er a tion of the main stream of hy dro car bons
from the Lower Palaeozoic strata. The pres ence of the Mio -
cene hy dro car bons is ev i denced by the pres ence of oleanane 
and the high value of the pristane/phytane ratio.

The next oil group con sists of oil ac cu mu lated in the
Lower Car bon if er ous car bon ates in the Nosówka de posit
and the in flow into £êkawica-1 well (Up per Ju ras sic). The
ab sence of oleanane and pres ence of a very light car bon sta -
ble iso tope en ve lope sug gests their ge netic cor re la tion with
the Lower Palaeozoic source rocks (Or do vi cian and Si lu -
rian). These rocks in the ana lysed area have a very high hy -
dro car bon po ten tial; they also con tain oil-prone kerogen at
ma tu rity in the range for gen er a tion of liq uid hy dro car bons
(Wiêc³aw et al., 2011). This opin ion is con sis tent with pre -
vi ous stud ies on oils from the Nosówka de posit pre sented
by ten Ha ven et al. (1993) and Kotarba et al. (2004).

The next group of oils char ac ter ized by the ab sence of
oleanane is com posed of con den sates col lected from the
Mio cene (£êkawica-1, Tarnów-39 and -45 wells) and Up -
per Ju ras sic strata (£¹kta-27 and Tarnów-5 wells). In these
con den sates, to tal ab sence of biomarkers is ob served,
caused prob a bly by their high ma tu rity and a long way of
mi gra tion. Their or i gin may be de ter mined only based on
the sta ble car bon iso topes cor re la tion, be cause the in creased 
val ues of the pristane/phytane ra tio, i.e. over 3, may re flect
rather their high ma tu rity (Koopmans et al., 1996; Al-Aro-
uri et al., 1998). The Mid dle Ju ras sic or Lower Car bon if er -
ous clastic fa cies may be re garded as the prob a ble source
rocks of these con den sates (Wiêc³aw et al., 2011; Kosa-
kowski  et al., in press. a). The con den sate col lected from
Pilzno-37 well has a very sim i lar char ac ter is tic to the above- 
men tioned con den sates, but traces of biomarkers re corded
in this sam ple in di cate its lower ma tu rity than the pre vi ously 
dis cussed ones.

From the rest of oils, where the oleanane is pres ent, a
sep a rate group can be dis tin guished, con sist ing of oils ac cu -

mu lated in the Grobla-P³awowice and Wierzchos³awice de -
pos its. They are char ac ter ized by a light sta ble car bon iso -
tope en ve lope. In creased con cen tra tions of sul phur in oils as 
well as the pres ence of H2S in the ac com pa ny ing gas in the
Grobla-P³awowice de posit (Karnkowski, 1999) sug gest that 
both me dia were gen er ated from kerogen en riched in or -
ganic sul phur. Suit able con di tions in this area oc cur in the
Up per and Mid dle De vo nian strata, where lev els of marls
with the TOC up to 2.6 wt% were ob served (Wiêc³aw et al.,
2011). It is pos si ble that hy dro car bons were partly gen er -
ated from the Si lu rian strata. All the above men tioned
source rocks are char ac ter ized by suit able prop er ties (quan -
tity, qual ity and ma tu rity of or ganic mat ter) for gen er a tion
of the ana lysed oils. The source of oleanane in the dis cussed 
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Fig. 16 Sat u rated hy dro car bons/ar o matic hy dro car bons ra tio
ver sus asphaltenes con tent. For ex pla na tion of sam ple codes see
Ta ble 1

Fig. 17. Sterane C2920S/(20S+20R) ra tio ver sus (A) Ts/(Ts+Tm), and (B) C29bb/(bb+aa) ra tios. Ma tu rity fields af ter Pe ters and
Moldovan (1993), for ex pla na tion of sam ple codes see Ta ble 1



oils is prob a bly the or ganic mat ter dis persed in the Up per
Cre ta ceous rocks, from which it was eluted by the mi grat ing 
oils. Such pro cess was ear lier de scribed, e.g., by Mello et al.
(2000).

Oils from the re main ing de pos its and in flows (Jast-
rz¹bka Stara, Partynia-Podborze, D¹browa Tarnowska, Brze- 
zówka, Zagorzyce, Tarnów-47, and Pilzno-12) have prob a -
bly the same or i gin as the pre vi ously dis cussed group. Par tic -
u larly high sul phur con tents, up to 2.3 wt%, point to the ge -

netic re la tion of these oils with the high-sul phur kerogen.
Oils gen er ated in the Si lu rian, De vo nian and/or Lower Car -
bon if er ous car bon ates have mi grated through the Ju ras sic
and/or Cre ta ceous strata eluting biomarkers from them. Olea- 
nane in these oils, is most prob a bly sourced from the Up per
Cre ta ceous rocks and/or the Mio cene strata seal ing res er -
voirs. How ever, gen er a tion of these oils by the Oilgocene
Menilite Shales de pos ited in the Outer Carpathian suite, as
pro posed by ten Ha ven et al. (1993), can not be ex cluded.
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Ta ble 6

Char ac ter is tics of se lected hy dro car bon bi o log i cal markers

Sample
code

Reservoir
strati-
graphy

S/
(S+T)

C27 C28 C29
Dia/
Reg

Ol/
Hop

Mor/
Hop

C27

dia/reg
C29

SR
C29

bbaa
TA(I)/

TA(I+II)
H31S/
(S+R)

Ts/
(Ts+Tm)

C29/
C27ster

C29Ts/
C29H

Bw-12*

Upper
Jurassic

0.15 38 24 38 1.87 0.23 0.13 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.

Bw-24 0.35 35 36 29 1.06 0.19 0.14 0.25 0.62 0.57 0.24 0.53 0.39 0.96 0.08

DT-11** n.d. 48 22 30 n.d. 0.07 n.d. 1.36 0.43 0.62 n.d. 0.62 0.50 n.d. 0.29

GRp-1K 0.62 36 25 39 0.20 0.18 0.15 0.28 0.12 0.00 0.36 0.39 0.24 0.84 2.01

Ga-109 0.16 24 17 59 0.53 0.16 0.10 0.30 0.42 0.47 0.28 0.53 0.44 1.40 0.03

Ga-34* 0.09 36 23 41 0.90 0.15 0.07 0.52** n.d. n.d. n.d. n.d. n.d. n.d. 0.38

Ga-36 0.16 22 29 49 0.87 0.17 0.10 0.32 0.53 0.55 0.26 0.53 0.44 1.30 0.05

Ga-49* U.Cret. 0.09 37 23 40 1.05 0.17 0.07 0.74** n.d. n.d. n.d. n.d. n.d. n.d. 0.36

Ga-89
U.Jura. +
U.Cret.

0.15 24 31 46 0.71 0.18 0.10 0.28 0.52 0.52 0.28 0.51 0.44 1.24 0.08

JS-20
U.Cret.

0.28 36 17 48 0.73 0.28 0.14 0.31 0.41 0.48 0.35 0.52 0.43 0.91 0.12

JS-6* 0.12 34 26 40 1.23 0.27 0.13 0.73** n.d. n.d. n.d. n.d. n.d. n.d. 0.34

Lc-1 U.Jura. 0.30 35 26 40 0.83 0.00 0.08 0.32 0.49 0.53 0.33 0.55 0.46 1.02 0.11

Lc-1(c.) Miocene n.c. n.c. n.c. n.c. n.c. 0.00 n.c. n.c. n.c. n.c. n.c. n.c. n.c. n.c. n.c.

Lb-157* U.Jura. 0.17 41 20 39 0.56 0.06 0.11 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.

Na-1**
L.Carbo-
niferous

n.d. 29 7 64 n.d. 0.00 n.d. 1.33 0.54 0.57 n.d. 0.58 0.85 n.d. 0.62

Ok-1
U.Jura.

0.22 34 23 43 n.c. 0.00 0.09 n.c. 0.50 0.50 0.14 0.51 0.07 1.45 0.10

Pi-12** n.d. 41 28 31 n.d. 0.18 n.d. 0.53 0.33 0.44 n.d. 0.58 0.57 n.d. 0.44

Pi-37 Miocene n.c. n.c. n.c. n.c. n.c. 0.00 n.c. n.c. n.c. n.c. n.c. n.c. n.c. 2.05 n.c.

Pl-36 U.Jura. 0.18 29 29 42 0.88 0.13 0.08 0.32 0.53 0.57 0.26 0.57 0.49 1.22 0.08

Pl-41
U.Jura. +
U.Cret.

0.17 31 26 43 0.72 0.19 0.10 0.28 0.50 0.52 0.24 0.51 0.50 1.13 0.07

PP-49** U.Jura. n.d. 38 31 31 n.d. 0.07 n.d. 0.27 0.21 0.29 n.d. 0.54 0.61 n.d. 0.34

Ta-39

Miocene

n.c. n.c. n.c. n.c. n.c. 0.00 n.c. n.c. n.c. n.c. n.c. n.c. n.c. n.c. n.c.

Ta-45 n.c. n.c. n.c. n.c. n.c. 0.00 n.c. n.c. n.c. n.c. n.c. n.c. n.c. n.c. n.c.

Ta-47** n.d. 33 26 41 n.d. 0.17 n.d. 1.21 0.45 0.59 n.d. 0.61 0.77 n.d. 0.55

Ta-5 U.Jura. n.c. n.c. n.c. n.c. n.c. 0.00 n.c. n.c. n.c. n.c. n.c. n.c. n.c. n.c. n.c.

Wi-5
U.Jura. +
U.Cret.

0.17 25 24 51 0.69 0.15 0.11 0.36 0.45 0.52 0.31 0.53 0.51 1.51 0.10

Ze-6(c.)*
U.Jura.

0 0 0 0 0 0.00 1.26 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.

Ze-6* 0.11 38 24 38 1.48 0.25 0.09 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.

Zz-2
Cm +

Miocene
0.18 41 29 31 0.33 0.14 0.08 0.14 0.58 0.57 n.c. 0.52 0.44 1.45 0.08

c. – con den sate; U. – Up per; Jura. – Ju ras sic; Cret. – Cre ta ceous; L. – lower; Cm – Cam brian; S/(S+T) = all steranes/(all steranes + all terpanes);  C27 =
C27aaa20R sterane/(C27+C28+C29) aaa20R steranes*100; C28 = C28aaa20R sterane/(C27+C28+C29)aaa20R steranes*100; C29 = C29aaa20R sterane/
(C27+C28+C29)aaa20R steranes*100; Dia/Reg = C27 ba 20S diasterane/C29aaa20R sterane; Ol/Hop = Oleanane/17a hopane; Mor/Hop = Moretane/17a
hopane; C27 dia/reg = C27 ba 20(S+R) diasterane/SC27 reg u lar steranes; C29SR = epim er is ation of reg u lar steranes C29 ra tio; C29bbaa = ra tio of bb-epimeres
of reg u lar steranes C29 to their to tal quan tity, TA(I)/TA(I+II) = (C21+C22 triaromatic)/(C21+C22+C26-28 triaromatic ste roids); H31S/(S+R) = homohopane
22S/(22S+22R); Ts/(Ts+Tm) = C27 18a trisnorhopane/(C27 18a trisnorhopane + C27 17a trisnorhopane), C29/C27ster =  SC29 reg u lar steranes/SC27 reg u lar
steranes; C29Ts/C29H = C29 18a norneohopane/C29 norhopane; * – data from Curtis et al. (2004); ** – data from ten Ha ven et al. (1993); n.d. – not de ter -
mined; n.c. – not cal cu lated due to lack of biomarkers
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