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Ab stract: Quan tity, ge netic type and ma tu rity of or ganic mat ter dis persed in the Lower Palaeozoic se quence from
the Lower Cam brian to Si lu rian strata of the Pol ish and Ukrai nian parts of the Carpathian Foredeep base ment in
the Tarnogród–Stryi area were eval u ated based on the re sults of geo chem i cal anal y ses of 475 rock sam ples
col lected from 45 wells. The best source rocks were found in the Si lu rian strata where the pres ent to tal or ganic
car bon (TOC) con tent is up to 2.6 wt%. They oc cur in the vi cin ity of Wola Obszañska, where the me dian of the
pres ent and the ini tial to tal or ganic car bon (TOC) con tents in the in di vid ual wells amount to 0.98 and 1.6 wt%,
re spec tively. The Cam brian and Or do vi cian strata have a poorer hy dro car bon po ten tial and their pres ent TOC
con tent never ex ceeds 1 wt%. In all of the in ves ti gated Lower Palaeozoic strata, or ganic mat ter is rep re sented by
the oil-prone Type-II kerogen de pos ited in anoxic or sub-oxic con di tions. The ma tu rity of source rocks ranges
from early ma ture (the ini tial phase of the low-tem per a ture thermogenic pro cesses) in se lected zones of the
Si lu rian strata in the vi cin ity of Wola Obszañska, through the mid dle and the fi nal phase of “oil win dow” in the
Or do vi cian and Cam brian strata in the Pol ish part of the study area, to the overmature stage in the Or do vi cian
strata in the south-east ern part of the study area (Ukraine).
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IN TRO DUC TION

The Si lu rian and Or do vi cian strata in the Pol ish part of
the Palaeozoic base ment of the Carpathian Foredeep be -
tween Kraków and Rzeszów char ac ter ized by good hy dro -
car bon po ten tial (Wiêc³aw et al., 2011) are ranked among
the most prob a ble source rocks of the oils ac cu mu lated in
the Palaeozoic–Me so zoic se quence of this area (Wiêc³aw,
2011). The ob jec tive of our study is to de fine the hy dro car -
bon po ten tial of source rocks within the Lower Palaeozoic
se quence in the mar ginal zone of the base ment of the
Carpathian Foredeep in the Tarnogród–Lubaczów re gion of 
the Ma³opolska Block (Po land) and in the Mosty–Stryi re -
gion (Ukraine) (Fig. 1). We ex am ined the TOC con tent, the
or ganic mat ter type, the ther mal ma tu rity and pe tro leum
gen er a tion po ten tial and as sessed the source rock qual ity of
Cam brian, Or do vi cian and Si lu rian strata based on the geo -
chem i cal cri te ria pro posed by Pe ters and Cassa (1994) and
Hunt (1996). In the Pol ish part of the study area (Fig. 1), the

source rock ho ri zons were iden ti fied, and their thick ness
and the ini tial to tal or ganic car bon (TOC0) con tent in the in -
di vid ual ar eas were es ti mated. In con trast, for the Ukrai nian 
part, the sam pling was sparse and not rep re sen ta tive enough 
to iden tify and char ac ter ise the source rock ho ri zons and in
this area only se lected data are avail able. The anal y ses con -
ducted in this study pro vided ba sic data for the 1-D and 2-D
mod el ling (Kosakowski et al., in press) of gen er a tion, ex -
pul sion and mi gra tion pro cesses.

The pre lim i nary geo chem i cal stud ies of or ganic mat ter
de pos ited within the Lower Palaeozoic strata of the study
area were pre sented by Kotarba et al. (2008).

GELOGICAL SET TING

The Pre cam brian–Palaeozoic–Me so zoic base ment of
the Carpathian Foredeep in cludes four main struc tural
stages as so ci ated with strong and di ver si fied di a strophic ep -



i sodes: (i) the Up per Pro tero zoic stage (the Assynthian oro-
genic phase), (ii) the Cam brian–Si lu rian stage (the Cal edo -
nian orog eny), (iii) the De vo nian–Car bon if er ous stage (the
Variscan orog eny), and (iv) the Zechstein–Me so zoic stage
(the Lara mide orogenic phase) (Medvedev, 1979; Bu³a &
Habryn, 2008).

The Lower Palaeozoic suite in the study area (Fig. 1) is
com posed of (i) the Cam brian strata, rep re sented by
strongly de formed clastic rocks usu ally up to 1,000 m thick
(Bu³a & Habryn, 2011; Drygant 2000); (ii) the Or do vi cian
car bon ate and clastic com plex, usu ally less than a hun dred
metres thick (Drygant et al., 2006; Bu³a & Habryn, 2011);
and (iii) the Si lu rian dark-col oured fine-grained claystone
and mudstone se quence, up to 200 m thick (Kowalska et al., 
2000; Medvedev, 1979).

At the bot tom of the Palaeozoic sec tion the Lower
Cam brian strata oc cur, con tact ing di rectly the Pre cam brian
Lower San Horst Struc ture. Above them, the Mid dle and
Up per Cam brian strata were re cog nised. The Cam brian
strata are de vel oped as a mix ture of change able pro por tions
of claystones, sandy mudstones and quartz sand stones, of -
ten heterolitic (Bu³a & Habryn, 2011).

The Or do vi cian car bon ate and clastic com plex un con -
form ably over lies the Cam brian strata of dif fer ent age (Bu³a 
& Habryn, 2008). The old est Or do vi cian strata (late Trema-
docian–early Arenigian) are rep re sented by thin glauconite
and quartz sand stones with con glom er ates (Trela, 2006).
The sand stones are cov ered by thin (0.5–4 m) dolomites and 
lime stones (Kowalska et al., 2000). The up per most Areni-
gian and Llanvirnian are rep re sented by lime stones and
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Fig. 1. Geo log i cal map of SE Po land and west ern Ukraine with out  Ter tiary and Me so zoic strata and lo ca tion of sam pled wells. Geo-
logy of the Pol ish part af ter Bu³a and Habryn (2011) and Ukrai nian part af ter Shulga and Zdanowski (2007)



marls. The Caradocian–Ashgillian claystones, lo cally marly,
mudstones with graptolites and marly sand stones are fin ish -
ing the sec tion of the Or do vi cian (Kowalska et al., 2000). In
the study area, they do not form a con tin u ous cover. The Or -

do vi cian strata are pre served within fold, fold-and-block and 
block struc tures (Drygant et al., 2006; Bu³a & Habryn,
2008). The Si lu rian strata rep re sent a rel a tively deep-wa ter
depositional en vi ron ment (Malec, 2006). North-east wardly
they are re placed by the thin ner, pre dom i nantly car bon ate
shelf sed i ments. In the study area the Si lu rian strata rep re -
sent the full strati graphic sec tion, from Llandovery to Pri-
doli (Kowalska et al., 2000). The De vo nian and Car bon if er -
ous de po si tion did oc cur in the study area, but cur rently the
strata are not pres ent be cause they were eroded dur ing the
Hercynian orog eny in the late Car bon if er ous time (Narkie-
wicz et al., 1998). These suc ces sive Palaeozoic events re -
sulted in a sig nif i cant burial and ther mal mat u ra tion of the
Lower Palaeozoic strata dur ing the late Palaeozoic, with
sub se quent ero sion and up lift. The tec tonic po si tion and
lithostratigraphic char ac ter is tics of the study area were de -
scribed in de tail by Bu³a and Habryn (2011). Gen er al ized
lithostratigraphic col umn of the Palaeozoic–Me so zoic base -
ment, show ing also the dis tri bu tion of pe tro leum ac cu mu la -
tions and or ganic-rich fa cies, was pre sented by Kotarba and
Koltun (2006, Fig. 15) and Kotarba et al. (2011, Fig. 2).

SAM PLES

The rock sam ples were col lected from cores rep re sent -
ing all stratigraphically re cog nised strata from the Pol ish
and Ukrai nian parts of the Carpathian Foredeep base ment.
In to tal, 475 core sam ples from 45 wells (about 400 g each),
dom i nantly claystones and siltstones as well as marls and
car bon ates (Fig. 1), were col lected and ana lysed. Ta ble 1 in -
cludes the num ber of sam ples col lected from the in di vid ual
wells and strati graphic lev els. From the Cam brian strata 271 
sam ples were col lected, from the Or do vi cian strata – 44,
and from the Si lu rian ones – 160 sam ples (Ta ble 1). From
the Ukrai nian part, 41 sam ples from 5 wells were col lected
(Ta ble 1, Fig. 1).

METH ODS

The core sam ples were cleaned from mud con tam i na -
tions and crushed to 0.5–2 cm frac tion. Then, 200 g of each
sam ple were milled to frac tion <0.2 mm for geo chem i cal
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Ta ble 1 con tin ued

Well
Well
code

Stratigraphy

Cambrian
Ordo-
vician

Silu-
rianLower Middle Upper

(undi-
vided)

Ukraine

Chornokuntsi-1 Ch-1 21

Makuniv-1 Mv-1 2

Mosty-1 Mt-1 14

Rudky-300 Ri-300 3

Verchany-1 Vy-1 1

TOTAL 114 100 36 21 44 160

Ta ble 1

Quan tity and stra tig ra phy of the rock sam ples col lected
from in di vid ual wells

Well
Well
code

Stratigraphy

Cambrian
Ordo-
vician

Silu-
rianLower Middle Upper

(undi-
vided)

Poland

Biszcza-1 Bi-1 - 7 - - - -

Biszcza-2 Bi-2 - 1 - - - -

Biszcza-3 Bi-3 - 2 - - - -

Biszcza-4 Bi-4 - 1 - - - -

D¹browica Du¿a-3 DD-3 5 - - - - -

D¹browica Du¿a-5 DD-5 3 - - - - -

Dzików-12 Dz-12 - 3 - - - -

Dzików-13 Dz-13 - 5 - - - -

Dzików-15 Dz-15 - 4 - - - -

Ksiê¿pol-10 Kp-10 - 35 - - - -

Ksiê¿pol-11 Kp-11 - 6 - - - -

Ksiê¿pol-14 Kp-14 - 5 - - - -

Ksiê¿pol-15 Kp-15 - - 7 - - -

Ksiê¿pol-18 Kp-18 - 7 - - - -

Kury³ówka-12 Ku-12 6 - - - - -

Kury³ówka-13 Ku-13 12 - - - - -

Kury³ówka-18 Ku-18 1 - - - - -

Kury³ówka-20 Ku-20 1 - - - - -

Lubliniec-9 Ll-9 - - - - 2 -

Luchów-3 Lw-3 3 - - - - -

Markowice-2 Mk-2 - - - - - 24

Mo³odycz-1 Mz-1 - - 2 - - -

Opaka-1 Ok-1 - - 5 - - -

Rudka-8 Ru-8 5 - - - - -

Rudka-10 Ru-10 8 - - - - -

Rudka-11 Ru-11 9 - - - - -

Rudka-13 Ru-13 22 - - - - -

Sarzyna-17 Sa-17 9 - - - - -

Sarzyna-18 Sa-18 8 - - - - -

Sarzyna-20 Sa-20 5 - - - - -

Sieraków Nowy-1 SN-1 - 5 - - - -

Tymce-1 Ty-1 - - - - 6 -

Wola Obszañska-8 WO-8 - - 10 - 12 7

Wola Obszañska-9 WO-9 - - 1 - 2 -

Wola Obszañska-10 WO-10 - - 2 - 12 109

Wola Obszañska-13 WO-13 - - - - 9 -

Wola Obszañska-14 WO-14 - - - - - 9

Wola Obszañska-15 WO-15 - - 9 - - -

Wola Obszañska-16 WO-16 - - - - - 9

Wola Ró¿aniecka-7 WR-7 - 19 - - - -



analyses. Screen ing py rol y sis anal y ses were car ried out with
the use of the Rock-Eval Model II in stru ment equipped with
an or ganic car bon mod ule. Aliquots of the pul ver ised sam -
ples were ex tracted with di chloro methane:meth a nol (93:7
v/v) in the 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 x 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 sta ble car bon iso tope anal y ses of kerogen, bi tu men
and bi tu men frac tions were per formed us ing the Finnigan
Delta Plus mass spec trom e ter. Se lected sam ples of kerogen
were pre-treated with hy dro chlo ric acid. The sta ble car bon
iso tope data are pre sented in the d-no ta tion rel a tive to the
V-PDB stan dard (Coplen, 1995), at the es ti mated an a lyt i cal
ac cu racy of ± 0.2 ‰.

Iso la tion of kerogen for el e men tal anal y sis was achie-
ved by the 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 made with
the 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, us -
ing the Perkin-Elmer Plasma 40 ICP-AES in stru ment af ter
di gest ing the ash from burned kerogen (815°C, 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 of the to tal and py -
ritic sul phur. The ox y gen con tent was cal cu lated as the dif -
fer ence to 100 %, tak ing into ac count C, H, N, S, mois ture
and ash con tents.

The iso lated sat u rated hy dro car bon frac tions from the
bi tu men were di luted in isooctane and ana lysed by the
GC-MS for biomarker de ter mi na 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 %
phenylsilicone phase (DB-5MS, 0.25 µm 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 at the
rate of 3°C/min and fi nally held for 35 min. The gas chro-
matograph 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 of the bi tu men
were ana lysed by the GC-MS for phenanthrene, dibenzo-
thiophene and their de riv a tives de ter mi na tion. 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–1. 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 vitri-
nite-like macerals (Ro) were car ried out with the Zeiss-
Opton microphotometer at 546 nm wave length, 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).

The ini tial TOC con tents for the strata from which geo -
chem i cal data were avail able were de ter mined based on
their pres ent TOC con tent and val ues of the H/C atomic ra -
tio, by the method pro posed by Baskin (1997) and as sum ing 
the pres ence of the Type-II kerogen in all strata. The ini tial
TOC0 con tent was cal cu lated from the equa tion:

TOC0 = TOC/(1 – x) (1)

where: x – rel a tive mass loss of the TOC in re la tion to ma tu -
rity level de scribed by the (H/C)at value (af ter Baskin,
1997).

In the case when di rectly mea sured el e men tal data were 
not avail able, the H/C val ues were cal cu lated based on the
mea sured Ro val ues us ing the equa tion cal cu lated as the
best-fit for the H/C – Ro re la tion ship worked out by Behar et 
al. (1995) from py rol y sis ex per i ments with the Toarcian
shale in France:

(H/C)at = 1.519e–0.52Ro   R2 = 0.943 (2)

If di rect mea sure ments of the Ro or (H/C)at val ues were
un avail able, the ther mal ma tu rity of or ganic mat ter was as -
sumed to be sim i lar to that in the neigh bour ing wells or it
was es ti mated based on the Ro – depth re la tion ship in the in -
di vid ual wells.

The pres ent TOC con tent was de ter mined as a me dian
value of above-thresh old val ues. Due to the high trans for -
ma tion ra tio in some places, the as sumed thresh old TOC
quan tity was 0.3 wt%. Tak ing into ac count the ma tu rity
level cor re spond ing to H/Cat = 0.9, this value re fers to an
ini tial TOC of 0.5 wt%, which is the min i mum TOC con tent 
for po ten tial hy dro car bon source rocks (Pe ters & Cassa,
1994).

RE SULTS AND DIS CUS SION

Hy dro car bon po ten tial of in di vid ual strati graphic
units

Cam brian strata
From the Cam brian strata, 271 sam ples from 37 wells

were col lected (Ta ble 1). In the Pol ish part, the Lower, Mid -
dle and Up per Cam brian strata were iden ti fied based on
microfossils (Jachowicz–Zdanowska, 2011) whereas in the
Ukrai nian part, due to poor pres er va tion of fos sils, it was
im pos si ble to iden tify the age.

The Cam brian strata are lean in or ganic mat ter. The to -
tal or ganic car bon (TOC) con tent ranges from ca. 0.0 to
0.40 wt%, with the me dian of 0.05 wt% in the Lower Cam -
brian, from 0.0 to 0.41 wt% with the me dian of 0.21 wt% in
the Mid dle Cam brian, from 0.04 to 0.44 wt% with the me -
dian of 0.26 wt% in the Up per Cam brian, and from 0.09 to
0.34 wt% with the me dian of 0.14 wt% in the un di vided
Cam brian strata (Ta ble 2). The re sid ual hy dro car bon po ten -
tial is also very low and only in 6 sam ples (1 from the Lower 
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and 5 from the Up per Cam brian) ex ceeds 0.5 mg HC/g rock
(Fig. 2). The high est TOC and hy dro car bon po ten tial val ues 
were re corded in the Up per Cam brian strata in the Wola
Obszañska-8 well sec tion where two sam ples are char ac ter -
ized by S1+S2 val ues over 1 mg/g rock (Fig. 3A). Also in
the Luchów-1 well, a level with an in creased hy dro car bon

po ten tial was ob served (Fig. 3A). The re la tion ship be tween
the hy dro gen in dex HI and the Tmax tem per a ture in di cates
the pres ence of the oil-prone Type II kerogen (Fig. 4A). The 
low val ues of the HI ob served in some sam ples, sug gest ing
the pres ence of the terrigenous Type III kerogen, are prob a -
bly the re sult of the par tial ox i da tion of the or ganic mat ter at 
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Fig. 2. His to grams of to tal or ganic car bon, re sid ual hy dro car bon con tents, hy dro gen in dex and Tmax tem per a ture for the iden ti fied
Lower Palaeozoic strata



the sed i men ta tion stage. El e vated val ues of the ox y gen in -
dex (OI) sup port this the sis. This sit u a tion is es pe cially well
ex pressed in the Mid dle Cam brian strata, where the OI val -
ues reach up to 435 mg CO2/g TOC (Ta ble 2). A sim i lar sit -
u a tion was ear lier ob served by Wiêc³aw et al. (2010) in the
sandy Mid dle Cam brian strata of the Bal tic Ba sin.

The dis tri bu tion of n-al kanes and isoprenoids (Ta ble 3,
Figs 5, 6A), the sta ble car bon iso tope com po si tion (Ta ble 4,
Figs 7A, 8) and the biomarker data (Ta ble 5, Fig. 9) sup port
the al gal or i gin of the or ganic mat ter dis persed in the in ves -
ti gated strata. The or ganic mat ter was de pos ited usu ally in
the re duc ing con di tions (Pr/Ph<1, Ta ble 3). Only in the
sam ple WO-10/1193, the value of this ra tio is close to two

in di cat ing sub-oxic con di tions of the or ganic mat ter de po si -
tion (Didyk et al., 1978; ten Ha ven, 1996), al though the el e -
vated val ues of this ra tio can also be a re sult of in creased
ma tu rity (e.g., Al-Arouri et al., 1998). The sta ble car bon
iso tope com po si tion in di cates the pres ence of the same type
and fa cies of the or ganic mat ter in all ep ochs (Figs 7A, 8).
The com po si tion of the reg u lar steranes (Fig. 9) sup ports
this state ment and shows that only in the Bi-1/1045.5 sam -
ple the or ganic mat ter slightly dif fers from other sam ples.

The ther mal ma tu rity of the in ves ti gated strata was de -
ter mined based on the pyrolytic data (Ta ble 2), the mea sure -
ments of the vitrinite-like macerals reflectance (Ta ble 2), as
well as the biomarker (Ta ble 5) and the ar o matic hy dro car -
bons dis tri bu tion (Ta ble 6). Due to a low re sid ual hy dro car -
bon con tent, the Tmax val ues were de ter mined only for 24
sam ples from the Mid dle and Up per Cam brian strata (Ta ble
2). The Tmax val ues in di cate ma tu rity from the ini tial,
through the mid dle up to the fi nal phase of the “oil win dow” 
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Fig. 3. Pe tro leum source qual ity di a gram for or ganic mat ter of
(A) Cam brian, (B) Or do vi cian and Si lu rian strata. Clas si fi ca tion
af ter Pe ters and Cassa (1994)

Fig. 4. Rock-Eval hy dro gen in dex ver sus Tmax tem per a ture for
(A) Cam brian and (B) Or do vi cian and Si lu rian strata. Ma tu rity
paths of in di vid ual kerogen types af ter Espitalié et al. (1985)



(from 422 to 457oC; Ta ble 2, Figs 2, 4A). The ma tu ri ties
cal cu lated based on the biomarkers, methylphenanthrenes
and methyldibenzothiophenes dis tri bu tion (Ta bles 5, 6) cor -
re spond to those as sessed based on the Tmax val ues. Some
dis crep an cies be tween the MPI and MDR val ues may be
con nected with an an a lyt i cal er ror caused by gen er ally low
con cen tra tions of methyldibenzothiophenes. In the ma jor ity 
of the wells, how ever, it was im pos si ble to de ter mine these
val ues due to the ab sence of hy dro car bons. The reflectance
of vitrinite-like macerals in the sam ples from the Chorno-
kuntsi-1, Mosty-1 and Rudky-300 wells (Ukraine) and the
Ksiê¿pol-10, -11 and -15 wells (Po land) re veals the ma tu -
rity of the or ganic mat ter from 1.4 to over 2 % Ro (Ta ble 2)
in di cat ing full ther mal trans for ma tion. Thus, the TOC in
these wells rep re sents non-gen er a tive re sid ual car bon. The
mea sured vitrinite-like macerals reflectance of the or ganic

mat ter from the Opaka-1 and Wola Obszañska-8 wells is
lower than in the pre vi ously dis cussed wells (Ta ble 2) and
cor re sponds well to the Rock-Eval data (Ta ble 2 and Fig.
4A).

Or do vi cian strata
From the Or do vi cian strata 44 sam ples were col lected

(Ta ble 1). Most of them came from a small area in the vi cin -
ity of Wola Obszañska, Lubliniec and Tymce (Po land) and
only one sam ple was taken from the Ukrai nian Verchany-1
well sec tion (Ta ble 1, Fig. 1). The to tal or ganic car bon
(TOC) con tent var ies in the strata of this pe riod from 0.04 to 
0.97 wt%, with the me dian of 0.21 wt% (Ta ble 2). Only for
two sam ples the TOC does ex ceed the value of 0.5 wt%
(Fig. 2) clas si fy ing the ana lysed strata as gen er ally lean for
the gen er a tion of hy dro car bons. The re sid ual hy dro car bon
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Ta ble 2

Geo chem i cal char ac ter is tics and hy dro car bon po ten tial of the Lower Palaeozoic strata
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Fig. 5. Ex am ples of n-al kanes and isoprenoids dis tri bu tions in (A) Mid dle Cam brian, (B) Up per Cam brian, (C) Or do vi cian and (D) Si -
lu rian strata. Nor – nor-pristane; Pr – pristane; Ph – phytane
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Fig. 6. Ge netic char ac ter iza tion of bi tu men from (A) Cam brian and (B) Or do vi cian and Si lu rian strata in terms of pristane/n-C17H36

and phytane/n-C18H38 ac cord ing to the cat e go ries of Obermajer et al. (1999)

Ta ble 3

In di ces cal cu lated from dis tri bu tion of the n-al kanes and isoprenoids in bi tu men

Well Depth (m) Stratigraphy CPI(17-31) CPI(17-23) CPI(25-31) Pr/Ph Pr/n-C17 Ph/n-C18

Luchów-3 1,280.5 Lower Cambrian n.c. n.c. n.c. n.c. 0.83 0.54

Biszcza-1 1,045.5

Middle Cambrian

n.c. n.c. 1.05 n.c. 0.27 0.28

Ksiê¿pol-10
978.8 n.c. n.c. n.c. n.c. n.c. 0.53

1,096.4 n.c. n.c. n.c. n.c. n.c. n.c.

Ksiê¿pol-11 940.5 0.87 0.79 1.12 0.14 0.74 0.64

Opaka-1 1,278.3

Upper Cambrian

1.16 0.98 1.39 0.34 0.41 0.44

Wola Obszañska-8

1,006.5 0.96 0.94 1.03 0.41 0.14 0.24

1,064.4 0.92 0.89 1.06 0.56 0.19 0.17

1,068.5 0.94 0.89 1.01 0.55 0.11 0.13

1,096.3 0.99 0.96 1.10 0.70 0.09 0.11

Wola Obszañska-10 1,193.0 1.01 1.02 0.98 1.86 0.26 0.15

Chornokuntsi-1 2,183-2,190 Cambrian (undivided) 1.01 0.86 1.36 0.30 0.67 0.80

Wola Obszañska-8 952.3 Ordovician 1.01 0.99 1.08 1.53 0.38 0.23

Markowice-2 941.5

Silurian

n.c. n.c. n.c. n.c. n.c. 0.37

Wola Obszañska-8 909.9 1.01 0.99 1.13 1.70 0.44 0.22

Wola Obszañska-14 928.7 0.93 0.94 0.91 1.20 1.79 0.85

Wola Obszañska-8 913.5 0.97 0.94 1.01 1.25 0.83 0.54

Wola Obszañska-10 956.0 1.15 1.18 1.04 2.03 0.53 0.30

Wola Obszañska-14 927.9 0.99 0.98 0.98 1.38 1.25 0.86

Wola Obszañska-16 910.5 0.99 0.98 1.03 0.88 0.25 0.27

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)]
 Pr – pristane; Ph – phytane; n.c. – not cal cu lated



con tent (S2) as well as the hy dro car bon po ten tial (S1+S2),
com pa ra ble to the TOC val ues, are low and range from 0.01
to 0.91 and from 0.06 to 1.31 mg HC/g rock, re spec tively,
with the me dian val ues of 0.18 and 0.29 mg HC/g rock, re -
spec tively (Ta ble 2, Fig. 3B). In two sam ples col lected from 
the Wola Obszañska-8 sec tion, the S1+S2 val ues are ca. 1
mg HC/g rock and 0.5 wt% TOC (Fig. 3B) indicating a fair
hydrocarbon potential.

In the Or do vi cian strata, like in the Cam brian strata, the
oil-prone Type II kerogen is pres ent. This the sis is sup -
ported by the re la tion ship be tween the hy dro gen in dex HI
and the Tmax tem per a ture (Fig. 4B), the n-al kanes and
isoprenoids dis tri bu tion (Ta ble 3, Figs 5, 6B), the sta ble car -
bon iso tope com po si tion (Ta ble 4, Figs. 7B, 8), the bio-
marker dis tri bu tion (Ta ble 5, Fig. 9) and the kerogen el e -
men tal com po si tion (Ta ble 7, Fig. 11). The or ganic mat ter
was de pos ited in nor mal ma rine con di tions (1<Pr/Ph<3, Ta -
ble 3) (Didyk et al., 1978). The sta ble car bon iso tope com -
po si tion re veals the pres ence of a very light or ganic mat ter,
much lighter than in the Cam brian strata (Figs. 7B, 8). This
phe nom e non can be ex plained by the fact that the change in
the depositional en vi ron ment caused the change in or ganic
as sem blages as sim i lat ing CO2 en riched in 12C. The com po -
si tion of the reg u lar steranes (Fig. 9) in di cates the same type 
of organic matter in the Ordovician strata as in the Cam-
brian ones.

The ther mal ma tu rity of the Or do vi cian strata, com pa -
ra ble to the Cam brian ones, was de ter mined based on the
pyrolytic data (Ta ble 2), the mea sure ments of the vitrinite-

like macerals reflectance (Ta ble 2), the biomarker (Ta ble 5)
and the ar o matic hy dro car bons dis tri bu tion (Ta ble 6). In di -
rectly, the re sults of the kerogen el e men tal com po si tion
anal y ses were also used for this pur pose (Ta ble 7). Sim i larly 
to the Cam brian strata, due to the low re sid ual hy dro car bon
con tent, the Tmax val ues were also de ter mined for 16 sam -
ples only (Ta ble 2, Fig. 2). These val ues in di cate the ma tu -
rity from the ini tial, through the mid dle, up to the fi nal
phase of the “oil win dow” (from 425 to 453°C; Ta ble 2,
Figs. 2, 4B). The ma tu rity in di ces cal cu lated based on the
biomarkers, methylphenanthrenes and methyldibenzothio-
phenes dis tri bu tion of a sin gle sam ple (Ta bles 5, 6, Fig. 10)
cor re spond with the Tmax value (441°C) of the sam ple in di -
cat ing the mid dle phase of the oil win dow. Sim i larly to the
Cam brian strata, in the ma jor ity of the wells it was im pos si -
ble to de ter mine other ma tu rity in di ces than the reflectance
of vitrinite-like macerals due to the ab sence of hy dro car -
bons. An ex tremely high ma tu rity was ob served in the sam -
ple from the Verchany-1 well (Ukraine) – 2.7% Ro (Ta ble
2) in di cat ing full ther mal trans for ma tion of the or ganic mat -
ter. Thus, the TOC in this well rep re sents the non-gen er a -
tive re sid ual car bon. The vitrinite-like ma te rial reflectance
of the or ganic mat ter from the Lubliniec-9, Tymce-1 and
Wola Obszañska-8 wells is lower than in the above-men -
tioned well (Ta ble 2) and cor re sponds with the Rock-Eval,
biomarkers, ar o matic hy dro car bons and kerogen el e men tal
com po si tion data.

Si lu rian strata
160 sam ples were col lected from the Si lu rian strata (Ta -

ble 1) and, ex cept for two sam ples taken from the Maku-
niv-1 sec tion, they all come from the vi cin ity of Wola
Obszañska and Markowice (Po land) (Ta ble 1, Fig. 1). The
to tal or ganic car bon (TOC) con tent var ies in these strata
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Fig. 7. Sta ble car bon iso tope com po si tion of bi tu men, its frac -
tions and kerogen from (A) Cam brian and (B) Or do vi cian and Si -
lu rian strata

Fig. 8. Ge netic char ac ter iza tion of bi tu men from (A) Cam brian
and (B) Or do vi cian and Si lu rian strata based on 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)



from 0.02 to 2.6 wt%, with the me dian of 0.82 wt%
(Table 2). Sam ples with the TOC con tent from 0.5 to 1 wt%
dom i nate, but also good source rocks with the TOC con tent
from 1 to 2 wt% have a sig nif i cant share (Figs. 2, 3B). In six 
sam ples, the TOC val ues over 2 wt% were determined
(Fig. 2). The re sid ual hy dro car bon con tent (S2) as well as
the hy dro car bon po ten tial (S1+S2), are di rectly pro por tional 
to the TOC val ues, and vary from 0.0 to 4.9 and 0.05 to 5.3
mg HC/g rock, re spec tively, with the me dian val ues of 1.27
and 1.83 mg HC/g rock, re spec tively (Ta ble 2, Fig. 3B). The 
Si lu rian strata in the Wola Obszañska-8 and 10 wells have
the best hydrocarbon potential (Fig. 3B).

In the Si lu rian strata, like in the pre vi ously dis cussed
older strata, the oil-prone Type II kerogen is pres ent. This
the sis is sup ported by the re sults of pyrolytic data (Fig. 4B),
the n-al kanes and isoprenoids dis tri bu tion (Ta ble 3, Figs 5,
6B), the sta ble car bon iso tope com po si tion (Ta ble 4, Figs
7B, 8), the biomarker dis tri bu tion (Ta ble 5, Fig. 9) and the
kerogen el e men tal com po si tion (Ta ble 7, Fig. 11). The hy -
dro gen in dex val ues are usu ally from 100 to 200 mg HC/g
TOC (Figs 2, 3B), with a lo cal de crease be low 100 mg HC/g 
TOC and one ex cep tion ally high value de ter mined for the
WO-10/956 sam ple (Ta ble 2, Figs 2, 3B). The low est HI
val ues sug gest ing the pres ence of the Type III kerogen were 
ob tained for the sam ples poor est in the or ganic mat ter. The
or ganic mat ter in the Si lu rian strata was de pos ited, sim i larly 
to the Or do vi cian strata, in nor mal ma rine con di tions
(1<Pr/Ph<3; Ta ble 3) (Didyk et al., 1978). The sta ble car -
bon iso tope com po si tion re veals the pres ence of a very light
or ganic mat ter (Figs 7B, 8), usu ally of al gal or i gin (Lewan,

1986). Two dis tinct or ganic fa cies char ac ter ized by a dif fer -
ent sta ble car bon iso tope com po si tion can be ob served: the
first one in the Markowice-2, Wola Obszañska-8 and -16
wells, and the sec ond one – en riched in 12C iso tope – in the
Wola Obszañska-10 and -14 wells (Figs 7B, 8). The en rich -
ment in 13C iso tope in the sta ble car bon iso tope com po si -
tion of sat u rated hy dro car bons of the sam ple col lected from
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Ta ble 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

Well Depth (m) Stratigraphy
Fractions (wt%)   d13C (‰)

Sat Aro Res Asph Sat Bit Aro Res Asph Ker

Luchów-3 1,280.5 Lower Cambrian 20 9 34 37 -28.5 -27.5 -27.7 -27.4 -27.1 -28.6

Biszcza-1 1,045.5

Middle Cambrian

25 8 29 38 -27.2 -28.3 -27.9 -27.9 -29.5 -27.4

Ksiê¿pol-10
978.8 25 9 38 28 -28.5 -28.2 -28.1 -28.4 -27.8 -27.5

1,096.4 13 1 60 26 -27.7 -29.1 -27.7 -29.3 -29.5 -27.4

Ksiê¿pol-11 940.5 10 7 42 41 -28.1 -27.6 -28.4 -27.8 -27.2 -28.3

Wola Obszañska-8

1,006.5

Upper Cambrian

35 12 29 24 -29.6 -29.4 -29.6 -29.3 -29.0 -28.6

1,064.4 31 11 37 21 -29.4 -29.4 -29.2 -29.6 -29.2 -29.0

1,068.5 36 17 35 12 -29.4 -29.3 -29.7 -29.2 -29.2 -29.5

1,096.3 44 16 32 8 -29.0 -28.9 -28.8 -28.8 -29.0 -28.6

Wola Obszañska-10 1,193.0 51 18 20 11 -29.9 -29.7 -29.5 -29.6 -29.2 -29.1

Chornokuntsi-1 2,183-2,190 Cambrian (undivided) 13 12 31 44 -28.8 -27.6 -27.9 -28.1 -26.8 -26.8

Wola Obszañska-8 952.3 Ordovician 50 16 25 9 -30.6 -30.3 -30.9 -29.8 -29.6 -30.7

Markowice-2 941.5

Silurian

5 6 36 53 -27.6 -28.8 -28.0 -28.2 -29.4 -27.7

Wola Obszañska-8
909.9 45 20 22 13 -29.7 -29.4 -29.2 -28.9 -29.3 -29.4

913.5 32 28 26 14 -29.2 -28.5 -28.7 -28.0 -27.8 -29.0

Wola Obszañska-10 956.0 44 22 21 13 -31.2 -31.0 -31.2 -30.5 -30.1 -31.0

Wola Obszañska-14
927.9 49 23 21 7 -30.7 -30.4 -30.5 -29.9 -29.7 -30.4

928.7 40 21 31 8 -30.7 -30.5 -30.6 -30.3 -29.6 -30.3

Wola Obszañska-16 910.5 34 29 25 12 -29.3 -29.0 -29.0 -28.4 -28.3 -30.1

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

Fig. 9. Ter nary di a gram of dis tri bu tion of the reg u lar steranes
with aaa con fig u ra tion in bi tu men. Clas si fi ca tion af ter Pe ters et
al. (2005) mod i fied by au thors
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Ta ble 5

Se lected biomarker char ac ter is tics of bi tu men from the Lower Palaeozoic strata

Well
Depth

(m)
Stratigraphy

S/
(S+T)

C27 C28 C29
Dia/
Reg

Mor/
Hop

C27

dia/reg
C29

S/R
C29

bb/aa
H31

S/(S+R)
Ts/Tm GI

C29/
C27

ste-
rane

C29Ts/
C29H

C35/
C34

Luchów-3 1,280.50 Lower Cambrian 0.25 36 30 35 0.65 0.17 0.65 0.79 1.22 0.56 0.56 0.53 0.94 0.09 0.84

Biszcza-1 1,045.50
Middle

Cambrian

0.78 28 24 48 0.47 0.07 0.47 0.57 0.72 0.51 1.60 0.45 1.24 0.12 1.05

Ksiê¿pol-10
978.80 0.26 33 30 36 0.69 0.05 0.69 0.62 1.30 0.62 0.60 0.44 0.91 0.15 0.77

1,096.40 0.30 42 28 30 0.36 0.08 0.36 0.98 1.44 0.57 0.78 0.51 0.79 0.09 0.83

Wola
Obszañska-8

1,006.50
Upper Cambrian

0.35 41 24 35 0.45 0.07 0.45 1.03 1.33 0.49 0.54 0.28 0.72 0.04 1.18

1,064.40 n.c. n.c. n.c. n.c. n.c. 0.13 n.c. n.c. n.c. 0.64 0.85 0.85 n.c. 0.22 n.c.

952.30 Ordovician 0.32 42 26 32 0.36 0.13 0.36 0.94 1.12 0.61 0.57 0.64 0.75 0.13 0.97

Markowice-2 941.50

Silurian

0.33 35 28 37 0.45 0.11 0.45 0.60 0.88 0.54 0.86 0.31 0.88 0.10 0.88

Wola
Obszañska-8

909.90 n.c. 33 32 35 n.c. n.c. n.c. n.c. n.c. n.c. n.c. n.c. n.c. n.c. n.c.

928.70 n.c. n.c. n.c. n.c. n.c. n.c. n.c. n.c. n.c. n.c. n.c. n.c. n.c. n.c. n.c.

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;
Mor/Hop = Moretane/17a hopane; C27 dia/reg = C27 ba 20(S+R) diasterane/SC27 reg u lar steranes; C29S/R = epim er is ation of reg u lar steranes C29 ra tio;
C29bb/aa = ra tio of bb-epimeres to aa-epim ers of reg u lar steranes C29, H31S/(S+R) = homohopane 22S/(22S+22R); Ts/Tm = C27 18a trisnorhopane/C27

17a trisnorhopane, GI = Gammacerane/17a hopane; C29/C27sterane =  SC29 reg u lar steranes/SC27 reg u lar steranes; C29Ts/C29H = C29 18a norneoho-
pane/C29 norhopane; C35/C34 = C35 (22S+22R) homohopanes/C34 (22S+22R) homohopanes; n.c. – not cal cu lated due to lack of biomarkers

Ta ble 6

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

Well Depth (m) Stratigraphy MPI1 MPR MPR1
Rcal

(%)
Rcal(MPR)

(%)
MDR

Rcal(DBT)

(%)
Tmax (DBT)

(°C)

Luchów-3 1,280.5 Lower Cambrian 1.38 1.48 0.54 1.2 1.0 1.3 0.6 429

Biszcza-1 1,045.5

Middle Cambrian

0.45 0.97 0.44 0.6 0.8 2.4 0.7 435

Ksiê¿pol-10
978.8 1.13 1.16 0.47 1.0 0.9 1.2 0.6 429

1,096.4 0.72 0.91 0.42 0.8 0.8 traces

Wola Obszañska-8

1,006.5 Upper Cambrian 0.84 0.80 0.40 0.9 0.7 5.3 0.9 450

1,064.4

Upper Cambrian

1.17 1.12 0.46 1.1 0.9 3.5 0.8 441

1,068.5 1.20 1.28 0.50 1.1 1.0 n.a.

1,096.3 1.22 1.41 0.51 1.1 1.0 n.a.

Chornokuntsi-1 2,183-2,190
Cambrian

(undivided)
0.91 1.38 0.53 0.9 1.0 n.a.

Wola Obszañska-8
952.3

Ordovician
0.90 0.89 0.42 0.9 0.8 5.7 0.9 452

952.3 0.92 1.01 0.43 0.9 0.8 n.a.

Markowice-2 941.5

Silurian

1.70 1.80 0.55 1.4 1.1 1.3 0.6 430

Wola Obszañska-8
909.9 0.64 0.82 0.38 0.8 0.7 traces

913.5 0.79 1.25 0.38 0.8 0.7 n.a.

Wola Obszañska-14

927.9 0.87 1.29 0.42 0.9 0.8 n.a.

928.7 0.80 0.95 0.38 0.9 0.7 8.6 1.1 467

910.5 1.05 1.21 0.44 1.0 0.8 n.a.

MPI1 = 1.5(2-MP+3-MP)/(P+1-MP+9-MP), P - phenanthrene; MP - methylphenanthrene, 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



the Markowice-2 sec tion is prob a bly caused by ox i da tion
and/or biodegradation of or ganic mat ter (e.g., Stahl, 1980).
The com po si tion of regular steranes (Fig. 9) indicates the
same type of the organic matter as in the Ordovician and
Cambrian strata.

The ther mal ma tu rity of the Si lu rian strata, like in the
pre vi ously dis cussed Or do vi cian strata, was de ter mined
based on pyrolytic data (Ta ble 2), mea sure ments of the
vitrinite-like macerals reflectance (Ta ble 2), the biomarker
(Ta ble 5), the ar o matic hy dro car bon dis tri bu tion (Ta ble 6)
and the re sults of the kerogen el e men tal com po si tion analy-
ses (Ta ble 7). The Tmax val ues in di cate ma tu rity from the
ini tial to the fi nal phase of the “oil win dow” (from 424 to
454°C; Ta ble 2, Figs 2, 4B). The ma tu rity in di ces cal cu lated 
based on the biomarkers, methylphenanthrenes and methyl-
dibenzothiophenes dis tri bu tion (Ta bles 5, 6, Fig. 10) cor re -
spond with the Tmax val ues. The vitrinite-like ma te rial ref-
lectance of the or ganic mat ter cor re sponds with the Rock-
Eval, biomarker, ar o matic hydrocarbon and kerogen ele-
men tal composition analysis data.

Iden ti fi ca tion and geo chem i cal char ac ter is tics
of the source rocks

The iden ti fi ca tion of source rock ho ri zons is an es sen -
tial el e ment of pe tro leum sys tem anal y ses for the cal cu la -
tion of the vol u met ric hy dro car bon po ten tial. Usu ally, for
the 1-D mod el ling of the gen er a tion and ex pul sion of hy dro -
car bons, the source rocks thick ness and the ini tial or ganic
car bon con tent are es ti mated for an in di vid ual strati graphic
com plex within each well sec tion. In the ar eas where the
sam pled wells were close to one an other, the av er age source 
rocks thick ness and the ini tial or ganic car bon con tent of an
in di vid ual strati graphic di vi sion were cal cu lated. These
source rock data were used in the hy dro car bon gen er a tion
mod el ling pro ce dure by Kosakowski et al. (in press).

The re sults of geo chem i cal anal y ses in di cate that
source rocks may be pres ent in all the ana lysed time di vi -

sions from the Cam brian to the Si lu rian. The Si lu rian strata
have the best hy dro car bon po ten tial in the study area and
can be clas si fied as good source rocks (Ta bles 2, 8). The
Cam brian and Or do vi cian ho ri zons with el e vated or ganic
car bon con tents could be con sid ered as an ad di tional lo cal
source of hy dro car bons. Due to the very high ma tu rity of
the Cam brian siliclastic strata, re sult ing in a mass loss of the 
Type-II kerogen of ca. 40 wt% (Baskin, 1997), the or ganic
car bon thresh old of the source rocks, rou tinely ac cepted at
0.5 wt% (e.g., Pe ters & Cassa, 1994), was low ered down to
0.3 wt% TOC. Due to the dom i na tion of car bon ates in the
Or do vi cian strata (Bu³a & Habryn, 2011), the thresh old of
the source rock TOC was lowered for these strata to the
same level as for the Cambrian strata.

An at tempt to es ti mate the source rock po ten tial was
made for 24 wells in the Pol ish part of the ana lysed area,
where the TOC con tent was de ter mined and the li thol ogy
was avail able (Ta ble 8). A pre cise de ter mi na tion of the
source rock thick ness could not be achieved dur ing this
study. This was due to the non-rep re sen ta tive sam pling in
the in di vid ual wells, where the drill ing did not cover the en -
tire sec tion of the in ves ti gated strata (Ta ble 8). There fore,
the source rock thick ness could only be es ti mated. Es pe -
cially for the Cam brian strata, whose thick ness was estima-
ted up to ca. 1,000 m (Bu³a & Habryn, 2011), the sampling
in ter val cov ered, at most, a few dozen metres (Ta ble 8). In
the case of these strata, the 50 m thick ness of source rock was 
ar bi trarily as sumed for the test pur poses (Ta ble 8).

The pri mary el e ment of the source rock thick ness de ter -
mi na tion of the Si lu rian strata was es ti ma tion of the thick -
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Fig. 10. Sterane C29 20S/20R ra tio ver sus C29 bb/aa ratio. Ma -
tu rity fields af ter Pe ters and Moldowan (1993)

Fig. 11. El e men tal com po si tion of or ganic mat ter from Or do vi -
cian and Si lu rian strata. Fields rep re sent nat u ral ma tu rity paths for
in di vid ual kerogens af ter Hunt (1996)



ness of clayey rocks. This was done based on avail able well
data (core de scrip tions, well-logs) as well as, oc ca sion ally,
by anal ogy with the neigh bour ing wells. Al though these
sed i ments were usu ally not in ter sected by drill ing, the thick -
ness val ues can be es ti mated based on geo log i cal data (Bu³a
& Habryn, 2008; 2011). The re sults of geo chem i cal anal y -
ses were the sec ond el e ment de ter min ing the source rock
thick ness (TOC con tent). The es ti mated thick ness of source
rocks was cal cu lated by mul ti ply ing the to tal clayey com -
plexes thick ness by the frac tion of quan tity of sam ples hav -
ing up-thresh old TOC content (above 0.5 wt%) and all the
analysed samples.

Based on sim i lar as sump tions for the Or do vi cian strata,
it was as sessed that the thick ness of the source rocks in the
vi cin ity of Lubliniec and Wola Obszañska was ca. 20 m
(Ta ble 8). For the Si lu rian strata, the 60 m and 100 m thick
source rocks were es ti mated in the Markowice-2 well and in 
the vi cin ity of Wola Obszañska, re spec tively (Ta ble 8).

The high est val ues of the ini tial or ganic car bon con tent
(TOC0) were es ti mated in the Si lu rian strata in the vi cin ity
of Wola Obszañska – 1.6 wt% (Ta ble 8). In the re main ing
iden ti fied source rock ho ri zons, the source rocks po ten tial is 
much in fe rior. The TOC0 val ues in the Or do vi cian strata in
the vi cin ity of Lubliniec and Wola Obszañska equalled to

ca. 0.8 wt%, whereas the TOC0 val ues in the other ar eas and 
sed i ments prob a bly ranged from 0.5 to 0.7 wt%, iden ti fy ing
these ho ri zons as fair source rocks (Table 8).

CON CLU SIONS

Among the Cam brian to Si lu rian suc ces sion of the Tar-
nogród–Stryi area, the Si lu rian mudstones and claystones
dis play the best source-rock char ac ter is tics with the TOC
val ues up to 2.6 wt% and the me dian of 0.8 wt%. The best
source rocks are pres ent in the Wola Obszañska-8 and -16
wells, where the pres ent me dian of the TOC equals ca. 1.5
and 1.7 wt%, re spec tively. The Cam brian and Or do vi cian
rocks are lean in the or ganic mat ter with the pres ent TOC
con tent rarely ex ceed ing 0.50 wt%. The pres ent hy dro car -
bon po ten tial of the in ves ti gated strata is low and usu ally
does not ex ceed 200 mg HC/g TOC. The high est me di ans of 
the HI were cal cu lated for the Lower Cam brian and Si lu rian 
strata (173 and 145 mg HC/g TOC, re spec tively). The
oil-prone Type II kerogen is the dom i nant or ganic mat ter
type through out the sec tion stud ied. Due to the high ma tu -
rity it is im pos si ble to de ter mine the ki netic type of kerogen. 
The or ganic mat ter was de pos ited in re duc ing and sub-oxic
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Ta ble 7

El e men tal com po si tion of kerogen from the Or do vi cian and Si lu rian strata

Well
Depth

(m)
Stratigraphy

Elemental composition
(daf, wt%)

Atomic ratio Mole fraction

C H O N S H/C O/C N/C S/C H/(H+C) O/(O+C) N/(N+C) S/(S+C)

Wola Obszañska-8 952.3 Ordovician 84.2 5.3 7.6 2.2 0.7 0.75 0.07 0.023 0.003 0.43 0.06 0.022 0.003

Wola Obszañska-14 928.7 Silurian 82.9 6.4 7.7 2.5 0.6 0.92 0.07 0.026 0.003 0.48 0.06 0.025 0.003

daf – dry, ash-free ba sis

Ta ble 8

Es ti mated thick ness and ini tial or ganic car bon con tent of the iden ti fied source rocks in the Tarnogród-Lubaczów area

Well Stratigraphy
Total

thickness*
(m)

Source-rock
thickness*

(m)
n

TOC
(wt%)

Ro

(%)
H/C x

TOC0

(wt%)

Biszcza-1, Ksiê¿pol-10, Ksiê¿pol-11,
Ksiê¿pol-14

Middle Cambrian 70 (n.p.) 50 (test) 57 0.37 (7) 1.9 0.57 0.45 0.7

Markowice-2 Silurian 133 (n.p.) 60 24 0.36 (4) 1.1 0.86 0.39 0.6

Luchów-3, Rudka-8, -10, -11, -13 Lower Cambrian 40 (n.p.) 50 (test) 47 0.4 (1) 1.1 0.86 0.39 0.7

Ksiê¿pol-15, Wola Obszañska-15 Upper Cambrian 48 (n.p.) 50 (test) 16 0.34 (5) 1.4 0.73 0.43 0.6

Ksiê¿pol-18, Wola Ró¿aniecka-7 Middle Cambrian 64 (n.p.) 50 (test) 26 0.34 (5) 1.1 0.86 0.39 0.6

Mo³odycz-1, Wola Obszañska-8, -9, -10 Upper Cambrian 104 (n.p.) 50 (test) 15 0.32 (9) 1.1 0.86 0.39 0.5

Dzików-12, -13, -15 Middle Cambrian 11 (n.p.) 50 (test) 12 <0.3 0.6#

Lubliniec-9, Wola Obszañska-8, -9, -10, -13 Ordovician 48 (n.p.) 20 37 0.45 (8) 0.95 0.75 0.42 0.8

Wola Obszañska-8, -10,   -13, -14, -16 Silurian 46 (n.p.) 100 134 0.98 (127) 0.88 0.92 0.38 1.6

* – av er age thick ness when at least two wells were taken into con sid er ation; n – to tal quan tity of rock sam ples; TOC – mean pres ent or ganic car bon con tent
in the source-rock lev els (in brakets – quan tity of up-thresh old TOC mea sure ments); Ro – vitrinite-like macerals reflectance; H/C – hy dro gen/car bon atomic 
ra tio in kerogen; x – rel a tive loss of TOC mass re spond ing the ma tu rity de scribed by H/C value af ter Baskin (1997); TOC0 – ini tial or ganic car bon con tent;
n.p. – not pen e trated to bot tom;  val ues of H/C typed in italic were cal cu lated from Ro val ues by equa tion worked out by Behar et al. (1995) or, in the case of
lack of Ro mea sure ments were taken the same val ues as in neigh bour ing wells; test – syn thetic thick ness taken due to poor drill ing of the strata; # – value es -
ti mated based on data from neigh bour ing wells



con di tions. Its ther mal ma tu rity ranges from the ini tial
phase of the “oil win dow” in the Si lu rian, through the mid -
dle phase in the Or do vi cian and se lected ar eas of the Cam -
brian strata, up to the overmature phase in the Or do vi cian
sec tion of Verchany-1 and the Cambrian sections of the
Chornokuntsi-1, Mosty-1 and Ksiê¿pol-11 wells.

The es ti mated ini tial to tal or ganic car bon con tent in the
source rock of the Cam brian strata was from 0.6 to 0.7 wt%
in di cat ing their poor source rock po ten tial. The Or do vi cian
source rocks are char ac ter ized also by a poor source-rock
po ten tial with the cal cu lated me dian TOC0 value of 0.8
wt%. The es ti mated ini tial or ganic car bon con tent in the Si -
lu rian strata equals ca. 1.6 wt% in di cat ing a good or very
good source-rock po ten tial of the in ves ti gated strata. The
pre sented data in di cate a poorer hy dro car bon po ten tial of
the ana lysed Lower Palaeozoic strata than that of the cor re -
spond ing se quence in the Kraków–Rzeszów area (Wiêc³aw
et al., 2011).
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