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The quan tity, ge netic type and ma tu rity of or ganic mat ter dis persed in the Lower Cam brian to the up per most part of the Si lu rian
(Pridoli) se quence of the Pol ish part of the Bal tic re gion was de ter mined based on the re sults of geo chem i cal anal y ses of a to tal of 1377 
rock sam ples col lected from 38 on shore and off shore bore holes. The best source rocks were found in the Up per Cam -
brian–Tremadocian suc ces sion where pres ent and ini tial to tal or ganic car bon (TOC) con tents are up to ca. 18 and 20 wt.%, re spec -
tively. Caradocian (Or do vi cian) strata can be con sid ered as an ad di tional source of hy dro car bons. In the in di vid ual bore holes me dian
pres ent and ini tial TOC con tents vary from 0.5 to 3.3 wt.% and from 1 to 6 wt.%, re spec tively. The Llandovery (Si lu rian) strata re veal
mod er ate and lo cally high hy dro car bon po ten tial of the source rocks. The pres ent TOC con tent reaches lo cally 10 wt.% (usu ally
1–2 wt.%). An other source of hy dro car bons can be clayey in ter ca la tions within the Mid dle Cam brian strata. Their or ganic mat ter con -
tent rarely ex ceeds 1 wt.%, be ing of ten a re sult of ad vanced or ganic mat ter trans for ma tion. In all lower Pa leo zoic strata in ves ti gated
from the Pol ish part of the Bal tic re gion oil-prone, low-sul phur Type-II kerogen oc curs, de pos ited in anoxic or sub-oxic con di tions.
The ma tu rity of all source rocks changes from the ini tial phase of the low-tem per a ture thermogenic pro cesses in the north east ern part
to the overmature stage in the south west ern part of the study area.
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INTRODUCTION

Oil ex ploi ta tion in the Pol ish part of the Bal tic re gion be gan 
on shore in 1970, when a small ac cu mu la tion in Żarnowiec was
dis cov ered (Strzetelski et al., 2004). The first off shore oil de -
posit (B3 struc ture) was dis cov ered in 1981 (Karnkowski,
1999; Domżalski and Mazurek, 2003). All the oil and gas ac cu -
mu la tions found in the Pol ish part of the Bal tic re gion oc cur in
an ti cli nal struc tures formed in Mid dle Cam brian sand stone res -
er voir rocks (e.g., Sikorski and Solak, 1991; Domżalski et al.,
2004; Karnkowski et al., 2010). The Up per Cam -
brian–Tremadocian black shale suc ces sion is con sid ered as
their main source rock (e.g., Schleicher et al., 1998). Its thick -
ness var ies usu ally from 5 to 35 metres (Modliński and
Podhalańska, 2010) and the to tal or ganic car bon (TOC) con -
tent is up to 12 wt.% (Górecki et al., 1992; Schleicher et al.,

1998; Kosakowski et al., 2008). Also in the other parts of the
Bal tic re gion and its vi cin ity this suc ces sion is very rich in or -
ganic car bon (up to 20 wt.% TOC; e.g., Lewan and Buchardt,
1989; Buchardt and Lewan, 1990; Leventhal, 1991; Górecki et
al., 1992; Bharati et al., 1992, 1995; Kanev et al., 1994;
Schleicher et al., 1998; Buchardt et al., 1998; Pedersen et al.,
2006). Apart from the Up per Cam brian–Tremadocian suc ces -
sion, Mid dle Cam brian, Caradocian (Or do vi cian) and
Llandovery (Si lu rian) strata are also lo cally en riched in or ganic 
mat ter and, thus, are con sid ered as source rocks (e.g., Górecki
et al., 1992; Schleicher et al., 1998; Karnkowski, 2003). The
lower part of the Si lu rian suc ces sion is the most im por tant
source rock in the east ern part of the Bal tic re gion, par tic u larly
due to its sig nif i cant thick ness (up to 400 m; e.g., Ulmishek,
1990) and TOC con tent (up to 10 wt.%, lo cally up to 20 wt.%;
Zdanaviciute and Bojesen-Koefoed, 1997; Zdanaviciute et al.,
1998; Zdanaviciute and Lazauskiene 2004, 2007). The ma tu -
rity of the lower Pa leo zoic strata in the Bal tic re gion is vari able.



Pre vi ous stud ies car ried on in the Pol ish part of the ba sin
showed that the ma tu rity of the or ganic mat ter ranges from the
ini tial phase of the low-tem per a ture thermogenic pro cesses
(“oil win dow”) up to the overmature zone (e.g., Kosakowski et
al., 1999; Poprawa et al., 1999; Grotek, 1999, 2006;
Karnkowski, 2003; Poprawa and Grotek, 2005). 

The main ob jec tive of our study is to re vise pre vi ous data
and to de fine the pe tro leum po ten tial of the lower Pa leo zoic
strata in the Pol ish part of the Bal tic re gion (Fig. 1). We ex am -
ined the TOC con tent, or ganic mat ter type, ther mal ma tu rity
and pe tro leum po ten tial of the en tire lower Pa leo zoic se quence. 
The source rock as sess ment was done based on geo chem i cal
cri te ria pro posed by Pe ters and Cassa (1994) and Hunt (1996). 

The large num ber of ana lysed sam ples en ables us to lo cal -
ize the lev els of the best source rocks in the lower Pa leo zoic
strata and to es ti mate their ini tial to tal or ganic car bon (TOC0)
con tent in in di vid ual bore holes. 

SAMPLES 

The rock sam ples were taken from cores rep re sent ing all
strata rec og nized from the Pol ish part of the Bal tic re gion.

Both the on shore and off shore bore holes were sam pled. To -
tally, 1377 core sam ples from 38 bore holes, weight ing about
400 g each, mainly claystones and siltstones as well as marls
and car bon ates (Fig. 1) were col lected and ana lysed. Ta ble 1
shows sam ples col lected from in di vid ual bore holes and strati -
graphic lev els.

METHODS

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

us ing alu mina:sil ica gel (2:1 v/v) col umns (0.8 ´ 25 cm). The
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Fig. 1. Tec tonic sketch map of the Pol ish part of Bal tic re gion and lo ca tion of sam pled bore holes

Fault sys tem af ter Pokorski (2010) 
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T a  b l e  1

Quan tity of the rock sam ples col lected from in di vid ual bore holes

Borehole
Cam brian Or do vi cian Si lu rian

Cm1 Cm2 Cm3 Ot Oar Oln Oc Oa Sla Sw Sld Sp

A23-1/88   2   6    5 –   3 –    1 – – – – –

A8-1/83 –   4    9 4 – – – – – –     3 –

B16-1/85 –   1    9 – – – – – – – – –

B21-1/95 – 26  28 2   3   1    7 –   2    3      6 –

B3-9/95 –   8    4 3   3   1    2 2 14  12      6 –

B4-1/81 –   2 – 5 – – – – – – – –

B4-2A/02 –   6  19 – – – – – – – – –

B4-N1/01 –   3  11 – – –    1 –   1 – – –

B6-1/82 – –    2 4 – –    2 –   2 – – –

B6-2/85 –   5 – 3   1 – – – – – – –

B6-3/02 – 12  24 – – – – – – – – –

B7-1/91 – – – 15 – – – – – – – –

B8-1/83 –   3 – – – – – – – – – –

Białogóra 1   1   2   6 – – –    1 – – –      2 –

Białogóra 2 –   2 – – – –  13 – – –      4 –

Białogóra 3 –   7  12 –   4 –    6 – – – – –

Białogóra 4K –   1 – – – – – – – – – –

Białogóra 6 –   5  10 – – –    6 – – – – –

Darżlubie IG 1 –   1 – – – – – – – – – –

Dębki 2 – –     2 – – – – – – – – –

Dębki 3 – 21    6 –   4   8  11 –   3    9   15 –

Dębki 4 – 26  16 – – – – – – – – –

Dębki 5K –   2 – – – – – – – – – –

Gdańsk IG 1  13 12 – –   1   2    9 4 16  13   37   6

Hel IG 1  10 14   3 –   4 –    7 3   9    1   15   6

Kościerzyna IG 1    6 25 – –   1 –    1 1   5    5     4 –

Lębork IG 1 – – – – – –    2 1   1  10   64   1

Łeba 8   8 32    6 –   3   1  11 2 –    5   18   4

Malbork IG 1  28 29 – –   3 –    2 4   6    7   14   8

Malbork 3 – 33 – – –   1 – – – – –   3

Nowa Kościelnica 1  51 27 – –   8   1    4 – – – – –

Piaśnica 2 –    2    2 – – –    2 –   2 – – –

Słupsk IG 1   9 10 – – – –    5 2 –  29   22 –

Żarnowiec IG 1  10 18    6 –   2   1    8 1 13  31   23   6

Żarnowiec 6K – –    8 –   2 –    9 –   3    2 – –

Żarnowiec 7 –    4 – – – – – – – – – –

Żarnowiec 8K –    2 – –   2 – – – – – – –

Żarnowiec 9K –    3 – – – – – – – – – –

TOTAL 138 354 188 36 44 16 110 20 77 127 233 34

Cm1 – Lower Cam brian, Cm2 – Mid dle Cam brian, Cm3 – Up per Cam brian, Ot – Tremadocian, Oar – Arenigian, Oln –
Llanvirnian, Oc – Caradocian, Oa – Ashgillian, Sla – Llandovery, Sw – Wen lock, Sld – Lud low, Sp – Pridoli



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 a Finnigan Delta Plus
mass spec trom e ter. Se lected sam ples of kerogen were treated
with hy dro chlo ric acid prior to the anal y sis. 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). The an a lyt i cal pre ci sion is es -
ti mated to be ±0.2‰. 

Iso la tion of kerogen for el e men tal anal y sis was achieved
by SOXTEC™ ex trac tion of pul ver ised sam ples,
decalcification of the solid res i due with hy dro chlo ric acid at
room tem per a ture, re moval of sil i cates with con cen trated hy -
dro flu oric acid, re moval of newly formed flu o ride phases
with hot con cen trated HCl, heavy liq uid sep a ra tion (aque ous
ZnBr2 so lu tion, den sity 2.1 g/ml) and re peated ex trac tion with 
di chloro methane:meth a nol (93:7 v/v). El e men tal anal y sis of
iso lated kerogen (C, H, N and S) was 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, on a
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 dif fer ence of to tal and py ritic sul phur. The ox y gen
con tent was cal cu lated as dif fer ence to 100%, tak ing into ac -
count C, H, N, S, mois ture and ash con tents. 

The biomarker dis tri bu tions were de ter mined by ana lys ing
the maltene frac tion on a com put er ized GC-mass spec trom e ter
(MS) sys tem us ing a Hewlett Packard 6890 GC with a

DB-1701 60 m ´ 0.31 mm col umn (0.25 mm film thick ness,
bonded phase: 14% cyanopropylphenyl – 86% dimethyl -
polysiloxane co pol y mer) di rectly in ter faced to a JEOL
GC-Mate mag netic sec tor MS. Splitless in jec tion was made in
to the in jec tor op er ated iso ther mally at 300°C. Tem per a ture
was pro grammed as fol lows: 50 to 150°C at 50°C/min , 150 to
300°C at 3°C/min and 300°C held for 9 min utes. He lium was
used as car rier gas with a con stant flow rate of 2 ml/min. Dy -
namic mass res o lu tion was 3000 (50 per cent val ley). Mul ti ple
ion de tec tion was ac com plished by switch ing the ac cel er at ing
volt age at a con stant mag netic field. The se lected ions were m/z 
= 191 (terpanes and gammacerane), m/z = 217 (steranes), m/z = 
231 (triaromatic ste roids) and m/z = 253 (monoaromatic ste -
roids). Ten ta tive peak iden ti fi ca tions were based on elu tion
time and con firmed in many cases with mass spec tra (Philp,
1985) and MS-MS. Peak heights were used for mea sur ing
com pound con cen tra tions to avoid the er ro ne ous mea sure ment
of co-eluting com pounds. 

The sat u rated hy dro car bon frac tions of the ex tracted bi tu -
mens were ana lysed with the GC for n-al kanes and
isoprenoids. Anal y ses were car ried out with a Hewlett Packard
type 5890 Se ries II gas chromatograph equipped with fused sil -

ica cap il lary col umn (25 m ´ 0.32 mm i.d.) coated with methyl

sil i cone gum phase (HP-1 0.52 mm film thick ness) and flame
ion is ation de tec tor. Ni tro gen was used as a car rier gas. The GC
oven was pro grammed from 110 to 315°C at 5°C/min and
315°C was held for 15 min utes. The ar o matic hy dro car bon
frac tions were ana lysed for phenantrene and its de riv a tives
with the same GC, car rier gas and de tec tor us ing a fused sil ica

cap il lary col umn (60 m ´ 0.25 mm i.d.) coated with 95%

methyl/5% phenylsilicone phase (DB-5, 0.25 mm film thick -

ness). The GC oven was pro grammed from 80 to 315°C at a

rate of 3°C/min. 
The ura nium and tho rium con tents in rocks were de ter -

mined by in stru men tal neu tron ac ti va tion anal y sis (INAA)
(Hoffman, 1992) at the Actlab Lab o ra to ries®, Canada. 

Mea sure ments of mean ran dom reflectance of vitrinite-like
macerals (Ro) were car ried out with a 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
In ter na tional Com mit tee for Coal and Or ganic Pe trol ogy
(ICCP) pro ce dure (Tay lor et al., 1998).  

The ini tial TOC con tent 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 H/C atomic ra tio, ac cord ing to the
method pro posed by Baskin (1997) and as sum ing the pres ence
of Type-II kerogen in all strata. The ini tial TOC con tent was
cal cu lated from the equa tion:

TOC0 = TOC/(1 – x) [1]

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

In the case of leach ing di rectly mea sured el e men tal data, the 
H/C val ues were de ter mined based on Ro val ues us ing the equa -
tion af ter Buchardt and Lewan (1990) for the Alum Shale For -
ma tion in Swe den: 

(H/C)at = (Log Ro – 0.812)/(–1.018) [2]

When the di rect mea sure ments Ro or (H/C)at val ues were
un avail able, the ther mal ma tu rity of the or ganic mat ter was as -
sumed to be as in the neigh bour ing bore holes or based on the Ro

– depth re la tion in in di vid ual boreholes. In the case of the
Caradocian, the same ma tu rity was as sumed as for the Up per
Cam brian–Tremadocian rocks due to sim i lar burial depths of
both suc ces sions (Modliński and Podhalańska, 2010).  

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 a ma tu rity level cor re spond ing
to (H/C)at = 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 and Cassa, 1994). 

RESULTS AND DISCUSSION

HYDROCARBON POTENTIAL
OF INDIVIDUAL STRATIGRAPHIC UNITS

CAMBRIAN STRATA

The source rock po ten tial of Cam brian strata is highly vari -
able and de pends on their li thol ogy. Po ten tial source rocks are
con nected with claystones and siltstones pres ent in all the
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mem bers (lower, mid dle and up per), in vari able
pro por tions. The Lower Cam brian strata are de -
vel oped mainly as sand stones with interbedded
siltstones. In the up per part of the se quence more
shales and siltstones oc cur (Lendzion, 1983;
Modliński and Podhalańska, 2010). The Mid dle
Cam brian strata are sim i lar to the Lower Cam -
brian ones. There are black shales of the
Eccaparadoxides oelandicus Zone and the low -
er most part of the Paradoxides paradoxissimus
Zone in the lower part of the se quence as well as
sandy and silty strata of the Paradoxides
paradoxissimus Zone in its up per part. The Up -
per Cam brian strata are de vel oped as black shales 
with thin lenses of dark lime stones. Their to tal
thick ness is up to 20 m (Modliński and
Podhalańska, 2010). 

The geo chem i cal char ac ter is tics of the Cam -
brian strata based on Rock-Eval and n-alkane and
isoprenoid data are pre sented in Ta ble 2. The
Lower Cam brian siltstones are very poor in or -
ganic mat ter. The mea sured TOC val ues do not
ex ceed 0.4 wt.% and the me dian equals 0.09 wt.%
(Ta ble 2 and Fig. 2). Even tak ing into con sid er -
ation the very high ma tu rity of these strata (al most
5% reflectance of vitrinite-like macerals, Ta ble 2;
Grotek, 2006) it is nec es sary to rec og nize that this
strati graphic mem ber did not gen er ate sig nif i cant
amounts of hy dro car bons. 

The re sults of  Rock-Eval anal y sis of the
Mid dle Cam brian siltstones and claystones re -
veal con sid er able vari abil ity of TOC con tent,
from val ues close to zero up to nearly 6 wt.%
(Ta ble 2  and Fig. 2). The me dian of 0.23 wt.%
cal cu lated for a sig nif i cant pop u la tion of
Rock-Eval re sults in di cates the gen er ally poor
hy dro car bon po ten tial of these strata. How ever,
the el e vated val ues of TOC to gether with S1 and
S2 val ues in some sam ples re veal the pres ence of
lay ers or lenses hav ing good or very good source
rock po ten tial. The extractable hy dro car bon con -
tents con firm the Rock-Eval data (Fig. 3) show -
ing the pres ence of epigenetic hy dro car bons in
some sam ples. The val ues of pro duc tion in dex
(PI) up to 0.65 and bi tu men ra tio (BR) up to 710
mg bit/g TOC are char ac ter is tic for sam ples con -
tain ing mi grat ing hy dro car bons (Ta ble 2).  This
is not sur pris ing be cause sand stone res er voir
units ex ist within the Mid dle Cam brian strata
(Modliński and Podhalańska, 2010; Karnkowski et al., 2010).  

The Up per Cam brian black shales show the best hy dro car -
bon po ten tial within the Cam brian suc ces sion. The mea sured
TOC con tents vary from 0.13 to 18.4 wt.%, with a me dian
value of 7.8 wt.% (Ta ble 2 and Fig. 2). Re sid ual hy dro car bons 
(S2) and pe tro leum po ten tial (S1 + S2) are also very high, up to
72 and 75.2 mg HC/g rock, re spec tively, with me dian val ues
of 11.3 and 13.5 mg HC/g rock, re spec tively (Ta ble 2 and Fig. 
2). Such val ues doc u ment the ex cel lent hy dro car bon po ten tial 
of this strati graphic unit. The con tent of extractable hy dro car -

bons (Fig. 3A) re veals that the Up per Cam brian shales are
mainly mod er ate or even good source rocks. This as sess ment
is prob a bly in valid due to irradation of or ganic mat ter from ra -
dio genic el e ments, mainly ura nium. Landais (1996), Lewan
and Buchardt (1989) and Court et al. (2006) in di cated low er -
ing of the bi tu men yield caused by complexation, aro ma ti sa -
tion and ox i da tion of or ganic mat ter dur ing radiolytic de com -
po si tion.

The range of hy dro gen in di ces val ues for both the Mid dle
and Up per Cam brian strata is com pa ra ble, from 13 to 427 (me -

Habitat and hydrocarbon potential of the lower Paleozoic source rocks in the Polish part of the Baltic region 163

T a  b l e  2

Geo chem i cal char ac ter is tics and hy dro car bon po ten tial of the Cam brian strata
in the Pol ish part of the Bal tic re gion

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



dian 147 mg HC/g TOC) and from 6 to 484 mg HC/ TOC (me -
dian 209 mg HC/g TOC), re spec tively (Ta ble 2 and Fig. 2) in -
di cat ing the vary ing hy dro car bon po ten tial of both strati -
graphic units. 

The ge netic type of dis persed or ganic mat ter in the Cam -
brian strata is de ter mined by the age of the rocks and the en vi -
ron men tal con di tions of sed i men ta tion. Here, sapropelic ma te -
rial de rived prob a bly from al gae and bac te ria is pres ent (e.g.,
Rid ing, 2001). Tak ing into con sid er ation val ues of
pristane/phytane ra tio from 0.2 to 2.65, at me dian value 0.74
(Ta ble 2), it is con cluded that the or ganic mat ter was de pos ited
un der re duc ing and sub-oxic con di tions (Didyk et al., 1978;
McKirdy and Kantsler, 1980). Re sults of geo chem i cal stud ies:
Rock-Eval data (Ta ble 2 and Fig. 4), dis tri bu tion of biomarkers 
(Ta bles 2 and 3; Fig. 5), sta ble car bon iso tope ra tios (Ta ble 4 
and Fig. 6) and el e men tal com po si tion of kerogen (Ta ble 5 and
Fig. 7) point to the pres ence of oil-prone Type-II kerogen. Oc -
ca sional low HI val ues, sug gest ing the pres ence of Type-III
kerogen (Fig. 4A and B), were de ter mined for sam ples low in
TOC, where or ganic mat ter was prob a bly partly ox i dized. The
n-alkane dis tri bu tion shows max ima at 17–19 car bon at oms.
Dom i nance of short-chain n-al kanes sug gests their gen er a tion
from al gal kerogen (Pe ters et al., 2005). The large share of C27

reg u lar steranes, from 0.49 to 0.64, in the reg u lar steranes dis -
tri bu tion (Ta ble 3) also con firms an al gal source of the ex -
tracted bi tu mens (Czochanska et al., 1988) and very high val -
ues of the diasterane/reg u lar sterane ra tio, up to 4.6 (Ta ble 3),
in di cate a siliciclastic depositional en vi ron ment of the or ganic
mat ter (Pe ters et al., 2005).  

The ma tu rity level of the Cam brian strata was de ter mined
mainly based on the Rock-Eval data (Tmax) and the reflectance
of vitrinite-like macerals (Ro) (Ta ble 2). For in ter pre ta tion 129 
re sults of Ro mea sure ments were used, 111 of them from
Grotek (2006). These re sults were ver i fied by ma tu rity in di ces 
cal cu lated from dis tri bu tions of biomarkers (Ta ble 3) and ar o -
matic hy dro car bons (Ta ble 6). The Tmax and Ro val ues show
the large ma tu rity range of the strata in ves ti gated, from the
ini tial phase of the low-tem per a ture thermogenic pro cesses
(“oil win dow”) to the overmature zone (Ta bles 2 and 6;
Figs. 2 and 4). The Tmax val ues re fer only to a level of ma tu rity
cor re spond ing to the “oil win dow” stage, be cause a lim i ta tion
of the ap pli ca bil ity of this in dex is the suf fi cient re sid ual hy -
dro car bons quan tity. For very ma ture sam ples the Tmax val ues
were un re li able since only trace amounts of re sid ual hy dro -
car bons (S2 peak) were found. The mea sured reflectance of
vitrinite-like macerals shows a ma tu rity up to 4.9% in Lower
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Fig. 2. His to grams of to tal or ganic car bon and re sid ual hy dro car bon con tents, hy dro gen in dex, Tmax tem per a ture and me dian val ues
of the in di vid ual pa ram e ters and in di ces for the Cam brian strata of the Pol ish part of Bal tic re gion

Me dian pa ram e ter and in dex val ues are given in bold and italic



Cam brian, 4.1%, in Mid dle Cam brian and 2.4% in Up per
Cam brian strata, re spec tively (Ta ble 2). The high est ma tu ri -
ties are noted at deep est-bur ied lev els (over 4000 m; fig. 2 in
Grotek, 2006). The biomarker (Ta ble 3 and Fig. 8) and the ar -
o matic hy dro car bon (Ta ble 6) dis tri bu tions con firm op ti cal
and pyrolytic mea sure ments. Sterane and hopane
isomerization in di ces are close to equi lib rium in di cat ing a
ma tu rity cor re spond ing to the “oil win dow”. The biomarker
in di ces cal cu lated for the Up per Cam brian shales may have
been af fected by ra di a tion from ra dio genic el e ments. Lewan
and Buchardt (1989) re ported that terpanes are more sen si tive
to ura nium con tent then steranes. The ura nium and tho rium
de cay in flu enced es pe cially the n-alkane and isoprenoid dis -
tri bu tions, and led to the char ac ter is tic “hump” of un re solved
com plex mix ture (UCM) com posed of poly mer ized spe cies
(Lewan and Buchardt, 1989) in gas chromatograms (Fig. 9)
con sti tut ing of polyaromatic hy dro car bons and ox y gen-con -
tain ing com pounds (Court et al., 2006). 

ORDOVICIAN STRATA 

The Up per Cam brian black shales grade con tin u ously into
the low er most part of the Or do vi cian strata (Tremadocian). The 
over ly ing Arenigian strata are de vel oped as dark grey and
black claystones with laminae of grey ish-green claystones and
lime stones and marlstones above (Modliński and Podhalańska,
2010). The Llanvirnian is de vel oped as marly lime stones and
lo cally black, dark grey and grey ish-green claystones. It is
over lain by black, dark grey and grey ish-green claystones of
Caradocian and marlstones and claystones of Ashgillian age
(Modliński and Podhalańska, 2010).

The Rock-Eval py rol y sis re sults show that in the
Tremadocian strata high amounts of or ganic car bon, up to
14.5 wt.%, dom i nate (me dian 9.1 wt.% TOC, Ta ble 7 and
Fig. 10). Both the re sid ual hy dro car bon po ten tial and the sum
of hy dro car bons con tent (S1 and S2) are also very high and vary
from 0.34 to 58.8 (me dian 27.8 mg HC/g rock) and from 0.57
to 64.2 mg HC/g rock (me dian 29.7 mg HC/g rock), re spec -
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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 C – Si lu rian strata of the Pol ish part of Bal tic re gion

Clas si fi ca tion af ter Hunt (1979) and Leenheer (1984)



tively (Ta ble 7 and Fig. 10). They in di cate an ex cel lent hy dro -
car bon po ten tial of this unit. High hy dro gen in dex val ues,
mainly from 300 to 400 mg HC/g TOC (Ta ble 7 and Fig. 10),
sup port this the sis. The extractable hy dro car bons con tent, com -
pa ra ble to that of the Up per Cam brian due to the in creased
quan ti ties of ra dio ac tive el e ments, show only mod er ate and
good oil source rock po ten tial (Fig. 3A, B). Gen er ally, the geo -
chem i cal pa ram e ters and in di ces of Tremadocian strata are the
same as those in the Up per Cam brian. Some ob served dif fer -
ences are only an ef fect of the sam ples pop u la tion. 

The clay-car bon ate Arenigian strata have dif fer ent geo -
chem i cal char ac ter is tics than the Tremadocian rocks. The mea -
sured TOC con tents are low and usu ally do not ex ceed

0.5 wt.% (Ta ble 7 and Fig. 10). Mea sur able quan ti ties of hy -
dro car bons were found in only 30% of sam ples col lected from
this unit. Val ues of all quan ti ta tive pa ram e ters and in di ces (S1,
S2 and TOC) as well as the hy dro gen in dex (mainly be low
100 mg HC/g TOC) in di cate the low hy dro car bon po ten tial of
these strata (Ta ble 7 and Fig. 10). How ever, in creased TOC and 
hy dro car bon con tents were noted in some in ter vals (e.g., Łeba
8 and Żarnowiec 8K bore holes), which sug gest that parts of the
Arenigian strata may be con sid ered as a sup ple men tary source
of hy dro car bons (Fig. 3B). 

The Llanvirnian strata, be sides their low num ber of rep re -
sen ta tive sam ples, show the poor est source rock pa ram e ters. As 
a mat ter of fact, the mea sured TOC val ues vary from 0.0 to
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Fig. 4. Rock-Eval hy dro gen in dex ver sus Tmax tem per a ture for A – Mid dle Cam brian, B – Up per Cam -
brian, C – Tremadocian and Arenigian (Or do vi cian), D – Llanvirnian, Caradocian and Ashgillian
(Or do vi cian), E – Llandovery and Wen lock (Si lu rian) and F – Lud low and Pridoli (Si lu rian) of the
Pol ish part of the Bal tic re gion

Ma tu rity paths of in di vid ual kerogen types af ter Espitalié et al. (1985) 



1.3 wt.% (Ta ble 7) and the me dian is only 0.19 wt.% (Ta ble 7
and Fig. 10). Also the hy dro car bon con tent (S1 + S2) and hy dro -
gen in dex val ues, which were de ter mined only for ca. 20% of
the sam ples, in di cate the poor hy dro car bon po ten tial of this di -
vi sion (Ta ble 7). 

The Caradocian claystones show fa vour able quan ti ta tive
pa ram e ters of source rocks. The TOC con tent var ies from
0.01 to 7.0 wt.% with me dian 1.9 wt.% (Ta ble 7). The high est
val ues were noted in the off shore part of the Łeba and
Darłowo blocks (Fig. 1). The TOC con tent in creases from the
plat form bor der to the north east ern part of the Bal tic re gion. A 
high vari abil ity of re sid ual hy dro car bon po ten tial (S2) and hy -
dro car bons con tent (S1 + S2) was also ob served (Ta ble 7 and
Fig. 10). Val ues of S2 vary from 0.05 to 10.6 mg HC/g rock
with me dian 2.4 mg HC/g rock (Ta ble 7 and Fig. 10), which
in di cates the gen er ally good hy dro car bon po ten tial of the
Caradocian strata. The extractable hy dro car bon con tent sup -
ports this as sess ment (Fig. 3B).
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Fig. 5. Ge netic char ac ter iza tion of bi tu men from A – Mid dle Cam -
brian, B – Up per Cam brian, C – Tremadocian and Arenigian (Or do -
vi cian), D – Llanvirnian, Caradocian and Ashgillian (Or do vi cian), E
– Llandovery and Wen lock (Si lu rian) and F – Lud low and Pridoli
(Si lu rian) of the Pol ish part of the Bal tic re gion 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 sym bols see Fig ure 4
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T a  b l e  4

Frac tions and sta ble car bon iso tope com po si tion of bi tu men, its in di vid ual frac tions
and kerogen in lower Pa leo zoic strata

Borehole Depth
[m] Stra tig ra phy

Frac tions
 [wt.%]

  δ13C
 [‰]

Sat Aro Res Asph Sat Bit Aro Res Asph Ker

A23-1/88 1321.3 Mid dle Cam brian 70 15   9   6 –29.9 –29.6 –29.3 –29.2 –29.8 –30.2

B3-9/95 1458.7 Mid dle Cam brian 53 24 16   7 –29.5 –29.2 –28.8 –29.2 –28.7 –28.4

Białogóra 4K 2775.2 Mid dle Cam brian 37 26 21 16 –28.5 –28.6 –28.7 –29.1 –29.5 –30.4

Dębki 4 2682.2 Mid dle Cam brian 62 17 11 10 –30.3 –29.9 –29.4 –29.7 –29.5 –29.6

Żarnowiec IG 1 2750.4 Mid dle Cam brian 58 16 13 13 –30.2 –30.1 –30.0 –29.9 –30.1 –30.6

A23-1/88 1313.4 Up per Cam brian 47 23 19 11 –27.7 –27.8 –27.8 –27.8 –28.0 –28.6

B16-1/85 1847.5 Up per Cam brian 29 33 23 15 –26.9 –27.7 –28.0 –28.2 –28.1 –29.2

B16-1/85 1857.6 Up per Cam brian 32 31 21 16 –27.8 –27.4 –27.6 –27.2 –27.2 –27.3

B21-1/95 1731.7 Up per Cam brian 39 31 20 10 –28.3 –28.4 –28.7 –28.6 –28.4 –29.4

B4-2A/02 1120.5 Up per Cam brian 22 33 24 21 –28.6 –28.7 –29.3 –28.7 –28.3 –29.3

Dębki 3 2680.9 Up per Cam brian 39 27 14 20 –27.9 –27.9 –27.9 –27.7 –27.2 –27.8

Dębki 4 2668.8 Up per Cam brian 61 19   9 11 –28.2 –28.3 –28.0 –28.0 –28.1 –28.5

Hel IG 1 3047.1 Up per Cam brian 39 36 16   9 –27.7 –28.3 –28.8 –28.8 –28.4 –30.0

Łeba 8 2730.0 Up per Cam brian 30 28 21 21 –26.6 –27.1 –26.6 –27.4 –28.0 –29.2

Żarnowiec IG 1 2723.6 Up per Cam brian 63 22   6   9 –28.6 –28.6 –28.5 –28.2 –28.9 –28.3

Żarnowiec 6K 2832.0 Up per Cam brian 66 16   6 12 –27.0 –27.2 –27.2 –27.3 –28.3 –26.6

A8-1/83 1930.5 O.–Tremadocian 29 22 40   9 –28.3 –28.3 –28.0 –28.4 –28.3 –29.6

B3-9/95 1410.5 O.–Tremadocian 43 31 15 11 –29.5 –29.3 –29.2 –28.6 –28.5 –29.5

B4-1/81 1103.7 O.–Tremadocian 23 34 25 18 –29.7 –29.5 –29.7 –29.3 –29.3 –30.0

B6-1/82 1416.15  O.–Tremadocian 34 31 26   9 –28.7 –28.9 –29.1 –29.1 –28.9 –29.8

B6-1/82 1420.0 O.–Tremadocian 33 34 25   8 –28.7 –28.9 –29.2 –29.0 –29.0 –30.1

Białogóra 2 2615.0 O.–Caradocian 78 10   9   3 –30.3 –30.2 –30.0 –29.8 –31.1 –30.4

Dębki 3 2641.0 O.–Caradocian 66 16 15   3 –31.3 –31.1 –30.9 –30.7 –30.3 –31.3

Dębki 3 2645.0 O.–Caradocian 83 10   4   3 –30.1 –30.1 –29.9 –30.0 –31.1 –30.7

Gdańsk IG 1 3105.1 O.–Caradocian 60 12 17 11 –30.3 –30.2 –29.7 –29.6 –30.0 –30.7

Hel IG 1 2990.2 O.–Caradocian 79 12   6   3 –31.1 –30.9 –30.5 –30.3 –29.8 –31.1

Łeba 8 2672.5 O.–Caradocian 85   7   6   2 –30.3 –30.2 –29.2 –29.2 –28.9 –30.9

Żarnowiec IG 1 2660.4 O.–Caradocian 74 18   6   2 –30.9 –31.0 –30.9 –30.9 –30.4 –31.6

Żarnowiec IG 1 2690.3 O.–Caradocian 74 16   6   4 –31.2 –31.0 –30.8 –30.9 –30.9 –31.8

Żarnowiec 6K 2771.0 O.–Caradocian 85   7   6   2 –30.4 –30.3 –29.2 –29.9 –30.8 –30.3

B3-9/95 1320.4 S.–Llandovery 39 27 18 16 –30.2 –29.6 –30.0 –28.9 –28.3 –28.2

B3-9/95 1324.6 S.–Llandovery 38 24 16 22 –30.5 –30.4 –30.4 –30.1 –30.1 –30.4

Żarnowiec IG 1 2639.2 S.–Llandovery 70 18   9   3 –30.1 –29.8 –29.9 –29.8 –29.9 –30.4

Gdańsk IG 1 2923.1 S.–Wen lock 65 12 12 11 –30.6 –30.7 –30.5 –30.2 –30.2 –30.7

Żarnowiec IG 1 2576.7 S.–Wen lock 68 17   9   6 –29.6 –29.5 –29.3 –29.2 –29.6 –29.9

B3-9/95  906.5 S.–Lud low 25 26 23 26 –28.6 –28.3 –28.3 –27.8 –27.5 –27.8

Gdańsk IG 1 2471.6 S.–Lud low 37 18 15 30 –28.1 –27.9 –28.3 –28.1 –28.0 –27.8

Żarnowiec IG 1 2201.8 S.–Lud low 47 18 20 15 –30.3 –30.2 –30.0 –30.1 –30.0 –30.3

Żarnowiec IG 1 2408.7 S.–Lud low 59 19 12 10 –31.0 –31.1 –31.2 –31.0 –31.2 –30.8

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, O. – Or -
do vi cian, S. – Si lu rian



The geo chem i cal char ac ter is tics of the Ashgillian strata are
com pa ra ble to that for the Arenigian and Llanvirnian rocks
(Ta ble 7). Low con cen tra tions of or ganic car bon as well as hy -
dro car bons show, that these strata can not be con sid ered as
source rocks for eco nomic ac cu mu la tions of hy dro car bons (Ta -
ble 7; Figs. 3B and 10).

Sim i larly to the Cam brian ones, the Or do vi cian strata con -
tain oil-prone Type-II kerogen. This was shown by Rock-Eval
(Ta ble 7 and Fig. 4C, D), biomarker (Ta bles 3 and 7; Fig. 5C,
D), sta ble car bon iso tope ra tions (Ta ble 4 and Fig. 6C, D) and
kerogen el e men tal com po si tion (Ta ble 5 and Fig. 7) data. The
low HI val ues, sug gest ing the pres ence of Type-III kerogen in
Arenigian and Caradocian strata (Fig. 4C, D) were de ter mined
for sam ples poor in or ganic mat ter, prob a bly de pos ited un der
sub-oxic con di tions. The depositional en vi ron ment in di cated
by biomarker in di ces (Ta bles 3 and 7) was mainly anoxic and
re duc ing. The rare val ues of pristane/phytane ra tio over unity
(Ta ble 7) sug gest sub-oxic con di tions in parts of the sed i men -
tary ba sin (Didyk et al., 1978). An in flu ence of ra dio genic ra di -
a tion on or ganic mat ter, es pe cially ob served in the
Tremadocian strata (Lewan and Buchardt, 1989), can not be ex -
cluded. 

The ma tu rity of the Or do vi cian strata was de ter mined with 
the same meth ods as for the Cam brian ones (Ta bles 3 and
5–7). For in ter pre ta tion, 41 re sults of Ro mea sure ments were
used, 28 of them from Grotek (2006). Both the Tmax and Ro

val ues show the ma tu rity of the strata in ves ti gated from the
ini tial phase of low-tem per a ture thermogenic pro cess (“oil
win dow”) up to the overmature zone (Ta bles 6 and 7; Figs. 4
and 10). The Tmax val ues re fer mainly to ma tu rity cor re spond -
ing to the “oil win dow” stage, be cause in sam ples show ing
higher trans for ma tion lev els the quan ti ties of re sid ual hy dro -
car bons were in suf fi cient to get cor rect Tmax value. The mea -
sured reflectance of vitrinite-like macerals show ma tu rity up
to 2.3% in Tremadocian, 1.74%, in Arenigian, 4.2% in
Caradocian and 3.9% in the Ashgillian strata (Ta ble 7). The
high est ma tu ri ties are no ticed in deeply bur ied lev els (over
4000 m; fig. 4 in Grotek, 2006). The biomarker (Ta ble 3 and
Fig. 8) and the ar o matic hy dro car bon (Ta ble 6) dis tri bu tions
sup port the pre vi ous data. Sterane and hopane isomerization
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Fig. 6. Ge netic char ac ter iza tion of bi tu men from A – Mid dle Cam -
brian, B – Up per Cam brian, C – Tremadocian and Arenigian (Or do vi -
cian), D – Lanvirnian, Caradocian and Ashgillian (Or do vi cian), E –
Llandovery and Wen lock (Si lu rian) and F – Lud low and Pridoli (Si lu -
rian) of the Pol ish part of the Bal tic re gion based on the sta ble car bon
iso tope com po si tion of sat u rated and ar o matic hy dro car bons 

Ge netic fields af ter Sofer (1984);
 for ex pla na tion of sym bols see Fig ure 4

T a  b l e  5

El e men tal com po si tion of kerogen from the lower Pa leo zoic strata

Borehole Depth
[m] Stra tig ra phy

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

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)

Białogóra 4K 2775.2 Mid dle
Cam brian 83.2 5.6 4.8 2.8 3.6 0.81 0.04 0.029 0.016 0.44 0.04 0.028 0.016

B21-1/95 1731.7 Up per
Cam brian 86.6 6.2 3.0 2.3 1.9 0.87 0.03 0.023 0.008 0.46 0.03 0.022 0.008

B16-1/85 1847.5 Up per
Cam brian 84.7 5.2 5.2 2.6 2.3 0.74 0.05 0.026 0.010 0.42 0.04 0.025 0.010

B16-1/85 1857.6 Up per
Cam brian 84.7 5.3 4.8 2.8 2.4 0.75 0.04 0.028 0.011 0.43 0.04 0.027 0.011

Dębki 3 2680.9 Up per
Cam brian 82.6 5.6 6.4 2.7 2.7 0.81 0.06 0.028 0.012 0.45 0.05 0.027 0.012

B4-1/81 1103.7 O. –
Tremadocian 86.0 7.2 3.4 2.5 0.8 1.01 0.03 0.025 0.004 0.50 0.03 0.025 0.004

daf – dry, ash-free ba sis, O. – Or do vi cian



in di ces are near equi lib rium and are com pa ra ble to those from 
the Cam brian strata. The biomarker in di ces cal cu lated for the
Tremadocian shales, com pa ra ble to the Up per Cam brian,
could be af fected by ra di a tion from ra dio genic el e ments
(Lewan and Buchardt, 1989; Court et al., 2006).

SILURIAN STRATA 

The Si lu rian strata rep re sent a con tin u ous suc ces sion of
siltstones and claystones interbedded with thin sand stones
(Szymański and Modliński, 2003). The Llandovery de pos its
are de vel oped as black, dark grey and grey claystones of max i -
mum thick ness 80 m, and Wen lock strata as dark grey, grey
and lo cally black clay- and siltstones. A lithofacial de vel op -
ment com pa ra ble to the above de scribed strata was ob served
also in the Lud low and Pridoli; how ever, grey and light grey
claystones dom i nate (Modliński and Podhalańska, 2010). The
thick ness of the last-men tioned unit var ies from 500 to 1400 m
and from 20 to 700 m, respectively. 

The pri mary iden ti fi ca tion of the or i gin of free (or
extractable) hy dro car bons pres ent in the rocks in ves ti gated
show, in most cases, their syngenetic na ture. Only in sparse
sam ples col lected from the Llandovery, Wen lock and Lud low
strata the geo chem i cal data (PI val ues, Ta ble 8; and extractable
hy dro car bons con tent – Fig. 3C) points to the pres ence of

epigenetic HC. These sam ples were ex cluded from source rock
char ac ter iza tion.

The Llandovery claystones show mod er ate and lo cally
good quan ti ta tive source rock pa ram e ters and in di ces. The
TOC con tent var ies from 0.02 to 10.2 wt.% with me dian
0.77 wt.% (Ta ble 8 and Fig. 11). Low val ues, be low 1 wt.%,
pre vail  but in 11 sam ples TOC con tents over 5 wt.% were af -
firmed (Fig. 11). Sim i larly high vari abil ity is noted in the case
of hy dro car bons (S2 and S1 + S2) – from 0.12 to 40.6 (with me -
dian 1.51 mg HC/g rock) and from 0.25 to 43.7, (with me dian
value of 2.1 mg HC/g rock), re spec tively (Ta ble 8 and Fig. 11).
In four sam ples the re sid ual hy dro car bon po ten tial ex ceeded
20 mg HC/g rock, in di cat ing the pres ence of ex cel lent source
rocks (Pe ters and Cassa, 1994). The hy dro gen in dex also var ies
over a wide range – from 8 to 436 mg HC/g TOC with a me dian 
value of 115 mg HC/g TOC (Ta ble 8 and Fig. 11) show ing the
mod er ate hy dro car bon po ten tial of Llandovery strata. The
extractable hy dro car bon con tent in di cates a very good oil
source po ten tial of these strata (Fig. 3C).

The Wen lock claystones show gen er ally mod er ate quan ti -
ta tive source rock pa ram e ters and in di ces, but lo cally they are
en riched in or ganic mat ter. The TOC con tent var ies from 0.02
to 1.51 wt.% (Ta ble 8). The me dian value of TOC (0.73 wt.%)
is com pa ra ble to that of the Llandovery strata (Ta ble 8 and
Fig. 11). The hy dro car bons (S1 and S2) con tents are lower there
than those in the Llandovery and their sum reaches a max i mum
of 4.1 mg HC/g rock (Ta ble 8). The re sid ual hy dro car bon po -
ten tial ex ceeds 2.5 mg HC/g rock only for four sam ples
(Fig. 11). Hy dro gen in dex val ues are com pa ra ble to those of 
Llandovery strata (Ta ble 8 and Fig. 11). High con tents of hy -
dro car bons (sat u rated and ar o matic), up to 85% in some bi tu -
mens (Ta ble 4), in di cate there the pres ence of mi grated hy dro -
car bons (Fig. 3C).     

The Lud low claystones and the Pridoli claystones and
siltstones are poor source rocks. The TOC con tents vary from
0.00 to 1.13 wt.% (me dian 0.19 wt.%) and from 0.02 to
0.52 wt.% (me dian 0.12 wt.%), re spec tively (Ta ble 8). Low
TOC val ues, be low 1 wt.% pre vail (Fig. 11). The re sid ual hy -
dro car bon po ten tial of both mem bers never ex ceeds 2.5 mg
HC/g rock (Ta ble 8 and Fig. 11). The HI val ues are com pa ra ble
to those of other Si lu rian stages, mainly from 100 to 200 mg
HC/g TOC (Ta ble 8 and Fig. 11). The very good oil source rock 
as sess ment of the Lud low strata (Fig. 3C), may be in valid due
to el e vated hy dro car bon con tents in bi tu men in di cat ing an
epigenetic or i gin of part of them (Fig. 3C). 

The pyrolytic Rock-Eval (Ta ble 8 and Fig. 4E, F) to gether
with the biomarker (Ta ble 8 and Fig. 5E, F) and sta ble car bon
iso tope (Ta ble 4 and Fig. 6E, F) data point to pres ence of
oil-prone Type-II kerogen. The or ganic mat ter was de pos ited in 
anoxic (re duced) as well as in sub-oxic con di tions, as shown by 
val ues of the pristane/phytane ra tio from 0.86 to 2.41 (Ta ble 8).
The pres ence of Type-III kerogen (low val ues of HI) in some
sam ples (Fig. 4E, F) is prob a bly a re sult of par tial ox i da tion of
or ganic mat ter dur ing de po si tion (Espitalié et al., 1985). The
low HI val ues are noted only for organics-poor lev els.  

The ma tu rity of Si lu rian strata was mainly based on val ues of 
Tmax tem per a ture and reflectance of vitrinite-like macerals (Ta ble 
8; Figs. 4 and 11) and sup ported by in di ces de ter mined from the
dis tri bu tion of ar o matic hy dro car bons (Ta ble 6). For in ter pre ta -
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Fig. 7. El e men tal com po si tion of or ganic mat ter
from Cam brian and Or do vi cian strata
of the Pol ish part of the Bal tic re gion

Fields rep re sent nat u ral ma tu rity paths for in di vid ual 
kerogens af ter Hunt (1996); O – Or do vi cian 



tion, 152 re sults of Ro mea sure ments were used, 150 of them
from Grotek (2006). The low est ma tu ri ties, cor re spond ing to the
ini tial phase of the “oil win dow” are noted off shore (Łeba
Block) and they in crease to wards the south-west up to the
overmature zone in the Llandovery strata in the vi cin ity of
Lębork and Słupsk (Grotek, 2006). The low est ma tu rity was ob -
served for the Pridoli strata, reach ing not more then the mid dle
phase of the “oil win dow” (Ta ble 8 and Fig. 4F). 

IDENTIFICATION AND CHARACTERISTICS
OF THE SOURCE ROCKS WITHIN

THE INDIVIDUAL STRATIGRAPHIC UNITS

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 of the pe tro leum ba sin in
re spect of cal cu la tion of the vol u met ric hy dro car bon po ten tial
of its structural area unit.

Re sults of geo chem i cal anal y ses in di cate that the Up per
Cam brian–Tremadocian suc ces sion has the best hy dro car bon
po ten tial in the lower Pa leo zoic se quence in the Pol ish part of
the Bal tic re gion. These strata can be rec og nized as ex cel lent
source rocks (Ta bles 2 and 7). Other units, in which el e vated
and lo cally very high or ganic car bon con tents were noted, are
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T a  b l e  6

Ma tu rity in di ces cal cu lated based on dis tri bu tion of phenantrene and its methyl de riv a tives in bi tu mens
and Rock-Eval Tmax tem per a ture of the lower Pa leo zoic strata

Borehole Depth
 [m] Stra tig ra phy MPI1 MPR MPR1 Rcal 

[%]
Rcal(MPR)

[%]
Tmax
[oC]

A23-1/88 1319.0 Mid dle Cam brian 1.00 0.96 0.43 0.97 0.80 n.a.

Białogóra 4K 2775.2 Mid dle Cam brian 0.95 1.02 0.42 0.94 0.78 447

Żarnowiec IG 1 2734.2 Mid dle Cam brian 0.95 1.02 0.43 0.94 0.80 441

B16-1/85 1847.5 Up per Cam brian 1.17 1.31 0.48 1.07 0.90 436

B16-1/85 1857.6 Up per Cam brian 0.98 1.05 0.42 0.96 0.77 441

B21-1/95 1731.7 Up per Cam brian 1.01 1.27 0.42 0.97 0.79 438

B4-2A/02 1120.5 Up per Cam brian 1.02 1.61 0.45 0.98 0.84 436

B6-1/82 1432.75 Up per Cam brian 1.44 2.23 0.55 1.23 1.06 431

Dębki 3 2680.9 Up per Cam brian 0.92 1.02 0.43 0.92 0.79 440

Łeba 8 2730.7 Up per Cam brian 1.96 2.33 0.64 1.55 1.28 462

Łeba 8 2734.4 Up per Cam brian 1.69 2.04 0.63 1.39 1.24 443

A8-1/83 1930.5 O.–Tremadocian 2.11 2.28 0.60 1.64 1.18 n.a.

B4-1/81 1103.7 O.–Tremadocian 0.58 0.80 0.32 0.72 0.55 440

B6-1/82 1425.0 O.–Tremadocian 1.17 1.78 0.47 1.07 0.88 434

Łeba 8 2708.8 O.–Arenigian 1.93 1.71 0.59 1.53 1.16 445

Dębki 3 2641.0 O.–Caradocian 1.02 1.12 0.45 0.98 0.84 445

Łeba 8 2666.1 O.–Caradocian 1.91 1.69 0.59 1.51 1.16 440

Łeba 8 2672.7 O.–Caradocian 1.85 1.55 0.58 1.48 1.13 448

Żarnowiec IG 1 2686.2 O.–Caradocian 1.11 1.06 0.45 1.03 0.84 445

B6-1/82 1334.75 S.–Llandovery 0.56 0.69 0.30 0.71 0.51 438

Żarnowiec IG 1 2636.1 S.–Llandovery 1.16 1.20 0.46 1.07 0.87 452

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); Tmax – max i mum temparature of the S2 peak (Rock-Eval);  n.a. – not ap pli ca ble; O. – Or -
do vi cian; S. – Si lu rian

Fig. 8. Sterane C29 20S/(20S + 20R) ra tio ver sus C29 bb/(bb+aa)
ra tio for Cam brian and Or do vi cian strata of the Pol ish part

of the Bal tic re gion 

Ma tu rity fields af ter Pe ters and Moldowan (1993); O – Or do vi cian 



clayey lev els in the Mid dle Cam brian (Ta ble 2), Caradocian
(Ta ble 7) and Llandovery (Ta ble 8) strata. The other strati -
graphic di vi sions (Lower Cam brian, Arenigian, Llanvirnian,
Ashgillian, Wen lock, Lud low and Pridoli) gen er ally show poor 
hy dro car bon po ten tial and can be omit ted in the gen eral pe tro -
leum bal ance of the study re gion.

De ter mi na tion of thick ness and orig i nal or ganic car bon con -
tent of source rocks were made for Mid dle Cam brian, Up per
Cam brian–Tremadocian, Caradocian and Llandovery strata.

MIDDLE CAMBRIAN

The only Mid dle Cam brian rocks with source rock po ten -
tial are black claystones oc cur ring in the Eccaparadoxides

oelandicus Zone and the low er most part, and siltstone in ter ca -
la tions within the Paradoxides paradoxissimus Zone.

Pre cise de ter mi na tion of source rock thick ness can not be
made on the ba sis of the re sults of geo chem i cal anal y ses, due to
the non-rep re sen ta tive sam pling in the in di vid ual bore holes
caused by the dom i na tion of sandy fa cies in the Mid dle Cam -
brian strata. There fore eval u a tion of source rock thick ness is
only an estimate. 

The pri mary el e ment of source rock thick ness de ter mi na -
tion was the es ti ma tion of the thick ness of clayey rocks. This
was done based on a fa cial-thick ness map of the Mid dle Cam -
brian strata (fig. 3 in Modliński and Podhalańska, 2010). The
source rock thick ness was es ti mated from avail able well data
(core de scrip tions, well logs) tak ing into con sid er ation the re -
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T a  b l e  7

Geo chem i cal char ac ter is tics and hy dro car bon po ten tial of the Or do vi cian strata of the Pol ish part of the Bal tic region

For ex pla na tions see Ta ble 2



sults of geo chem i cal anal y ses of dis persed or ganic mat ter. The
es ti mated por tion of source rocks var ies from 20 to 30% of the
clayey suc ces sion thick ness, which cor re sponds to 10–15% of
the Mid dle Cam brian strata thick ness. 

An at tempt to es ti mate the source rock po ten tial was made
for 26 bore holes, in which the li thol ogy and TOC con tent were
de ter mined (Ta ble 9). The es ti mated thick nesses usu ally equal
20–30 m. The high est val ues, ca. 40 m, were re corded in
Białogóra 2, Hel IG 1 and Łeba 8 bore holes. 

The Mid dle Cam brian strata gen er ally have low dis persed
or ganic mat ter con tents. The high est me dian of pres ent TOC
con tent in the source rock lev els was cal cu lated in the
A23-1/88 bore hole (0.9 wt.%; Ta ble 9). For the most bore -
holes, me di ans of the TOC val ues do not ex ceed 0.5 wt.%. The
ini tial to tal or ganic car bon (TOC0) con tent cal cu lated with the
method pro posed by Baskin (1997) usu ally does not ex ceed
1 wt.% (Ta ble 9). The high est val ues of TOC0 were es ti mated

in the bore holes: A23-1/88 – 1.7 wt.%, B16-1/85 – 1.2 wt.%
and Białogóra 3 – 1.2 wt.% (Ta ble 9).

 It can be gen er ally con cluded that the clayey in ter ca la tions
within the Mid dle Cam brian strata are poor and lo cally mod er -
ate source rocks.

UPPER CAMBRIAN –TREMADOCIAN 

The Up per Cam brian and Tremadocian strata were de pos -
ited con tin u ously. They are de vel oped gen er ally as bi tu mi nous
shales. Their thick ness var ies from a few to ca. 35 metres
(Modliński and Podhalańska, 2010). 

Thick ness of the source rocks and their orig i nal TOC0 con -
tent was de ter mined for 22 bore holes (Ta ble 10). The av er age
thick ness of source rocks, es ti mated from avail able well data
(core de scrip tions, well logs), is ca. 90% of the to tal thick ness
(Ta ble 10).
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Fig. 9. Ex am ples of n-alkane and isoprenoid dis tri bu tions (GC-FID)
 in bi tu men ex tracted from Up per Cam brian strata

Ura nium and tho rium con tents re fer to whole rock sam ples; UCM – un iden ti fied com plex mix ture 



The me di ans of the pres ent TOC con tent in this suc ces sion
cal cu lated for in di vid ual bore holes al ways ex ceed 3 wt.%. The
high est val ues, above 10 wt.%, were ob served in the B3-9/95,
B4-1/81, B4-2A/02, B4-N1/01, B6-1/82 and B6-3/02 bore -
holes (Łeba Block) (Ta ble 10). The lower TOC con tents in ar -
eas out side of the Łeba Block re veal higher ma tu rity of the or -
ganic mat ter (Ta ble 10). 

The ini tial or ganic car bon con tent in the Up per Cam -
brian–Tremadocian suc ces sion was very high and usu ally ex -
ceeded 10 wt.% (Ta ble 10). The high est TOC0 val ues were es -

ti mated in the bore holes B6-3/02 – 20 wt.%, B4-N1/01 and
B6-1/82 – 18 wt.%, and B3-9/95 – 17 wt.% (Ta ble 10). 

Gen er ally, it can be con cluded that clayey Up per Cam -
brian–Tremadocian suc ces sion is an ex cel lent source rock. The 
high est ini tial or ganic car bon con tents – up to 20 wt.% were
found in the off shore area (“B” pro files) (Ta ble 10). 

CARADOCIAN

The Caradocian strata are de vel oped mainly as black and
dark grey claystones of max i mum thick ness ca. 70 m
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Fig. 10. His to grams of to tal or ganic car bon and re sid ual hy dro car bons con tents, hy dro gen in dex, Tmax tem per a ture and me dian val ues
of the in di vid ual pa ram e ters and in di ces for the Or do vi cian strata of the Pol ish part of the Bal tic re gion

Me dian pa ram e ter and in dex val ues are given in bold and italic



(Modliński and Podhalańska, 2010). The thick ness of the
clayey fa cies es ti mated from avail able well data (core de scrip -
tions, well logs) con sti tutes ca. 80% of full thick ness (Ta -
ble 11). This thick ness was as sumed as the source rock in ter val. 
Re sults of geo chem i cal anal y ses show that ca. 80% of the sam -
ples have above-thresh old TOC con tents (Ta ble 11).

An at tempt to iden tify the source rock thick ness was made
for 18 bore holes, in which the li thol ogy of po ten tial source
rocks has been de ter mined and the TOC con tents were avail -
able (Ta ble 11). The es ti mated thick nesses were usu ally about
25 m. The high est one, ca. 45 m, was de ter mined in the
B21-1/95 bore hole (Ta ble 11). 

The Caradocian strata have mod er ately vari able or ganic
mat ter con tents. The high est me dian of the TOC pres ent in the
source rock ho ri zons was cal cu lated in the Białogóra 2 –
3.3 wt.%, Żarnowiec 6K – 2.9 wt.% and Żarnowiec IG 1–
2.1 wt.% (Ta ble 11) bore holes. For most of the bore holes it var -
ied from 0.8 to 1.8 wt.%. The es ti ma tion of TOC0 val ues for the 
Białogóra 2 and Żarnowiec 6K bore holes in di cate ca. 6.0 and
5.0 wt.%, re spec tively (Ta ble 11). Also in two other bore holes
the ini tial or ganic car bon con tents are above 3 wt.% (Hel IG 1 – 
3.1 wt.% and Żarnowiec IG 1 – 3.7 wt.%; Ta ble 11).

Gen er ally, the Caradocian claystones have good source
rock pa ram e ters (TOC0 = 1.8 wt.%, on av er age). The high est
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For ex pla na tions see Ta ble 2

T a  b l e  8

Geo chem i cal char ac ter is tics and hy dro car bon po ten tial of the Si lu rian
 of the Pol ish part of the Bal tic re gion



or ganic car bon con tents were cal cu lated for bore holes lo cal -
ized on shore in the Żarnowiec Block (Ta ble 11 and Fig. 1). 

LLANDOVERY 

The Llandovery strata are de vel oped al most en tirely as
clayey fa cies: black, dark grey and grey claystones and
siltstones with a max i mum thick ness up to ca. 80 m (Modliński
and Podhalańska, 2010). Re sults of Rock-Eval anal y ses re veal
that ca. 90% of the sam ples have above-thresh old TOC con -
tents, so that the source rocks should con sti tute on av er age 90% 
of the whole thick ness of this di vi sion (Ta ble 12). Es ti ma tion of 
source rock thick ness was made for 12 bore holes and it var ies
from 35 to 65 m, mainly from 50 to 60 m (Ta ble 12). 

The strata in ves ti gated have mod er ately vari able pres ent
TOC con tents. The high est me dian val ues were cal cu lated for
the Żarnowiec IG 1 – 3.9 wt.%, B3-9/95 – 3.2 wt.% and

B21-1/95 – 2.5 wt.% bore holes (Ta ble 12).  For the ma jor ity of
bore holes val ues of this in dex stay be low 1.5 wt.% (Ta ble 12). 

The high est val ues of ini tial or ganic car bon con tent were
cal cu lated for the Żarnowiec IG 1, B3-9/95 and B21-1/95 bore -
holes, with TOC0 con tents of 7, 5 and 4.3 wt.%, re spec tively 
(Ta ble 12). Gen er ally, the clayey Llandovery strata char ac ter -
ize mod er ate and lo cally good source rock in di ces – me dian of
TOC0 equals to 1.7 wt.% and the high est ini tial or ganic car bon
con tents were af firmed in bore holes lo cal ized in the Żarnowiec
and Łeba blocks (Ta ble 12 and Fig. 1). 

CONCLUSIONS 

In the Pol ish part of the Bal tic re gion the best source rock
pa ram e ters and in di ces are ob served for the Up per Cam -
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Fig. 11. His to grams of to tal or ganic car bon and re sid ual hy dro car bons con tents, hy dro gen in dex, Tmax tem per a ture and me dian val ues
 of the in di vid ual pa ram e ters and in di ces for the Si lu rian strata of the Pol ish part of the Bal tic re gion 

Me dian pa ram e ter and in dex val ues are given in bold and italic



brian–Tremadocian suc ces sion. The pres ent TOC con tent
reaches ca. 18 wt.%, and, tak ing into con sid er ation the ma tu rity 
of these strata (0.7–0.8% Ro), the es ti mated ini tial or ganic car -
bon con tent might have been even about 20 wt.%. Usu ally, the
TOC con tents are at the level of sev eral per cent. The best
source rocks oc cur in the Łeba Block where or ganic mat ter is
less trans formed. Lower TOC val ues were ob served in the re -
main ing area but, tak ing into ac count the ma tu rity of the or -
ganic mat ter, the ini tial TOC0 val ues were also a dozen or so
per cent. The Alum Shales from South ern Swe den de scribed by 

Lewan and Buchardt (1989), Buchardt and Lewan (1990),
Leventhal (1991), Kanev et al. (1994), Bharati et al. (1992,
1995), Schleicher et al. (1998) and Pedersen et al. (2006) are
very sim i lar to this unit. 

Ad di tional sources of hy dro car bons can be con sid ered to be 
the Caradocian (Or do vi cian) and the Llandovery (Si lu rian)
source rocks. The cal cu lated mean ini tial or ganic car bon con -
tents in the Caradocian source rocks in the spe cific bore holes
vary from 1 to 6 wt.%, usu ally 1–2.5 wt.%. The best source
rocks within this level oc cur in the Łeba and in the Żarnowiec
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T a  b l e  9

Es ti mated thick ness and ini tial or ganic car bon con tent of iden ti fied source rocks in the Mid dle Cam brian strata

Borehole
To tal

 thick ness
[m]

Source rock
thick ness

[m]

TOC
[wt.%] n Ro [%] H/C x

TOC0       
[wt.%]

A23-1/88 176.4 25 0.9 6 1.40 0.65 0.45 1.7

A8-1/83 159.5 25 0.2 2 2.40 0.42 0.46 0.5

B16-1/85 261.5 n.det.# 0.7 1 1.13 0.75 0.42 1.2

B21-1/95 241.5 35 0.3 5 0.90 0.84 0.40 0.5

B3-9/95 117.3 (n.d.) 20 0.4 7 no data n.c. 0.40 0.6

B4-1/81 194.5 30 0.4 2 0.74 0.93 0.37 0.7

B4-2A/02 89 (n.d.) 30 0.4 5 no data n.c. 0.37 0.7

B4-N1/01 84.1 (n.d.) 30 0.5 4 no data n.c. 0.37 0.7

B6-1/82 229.5 20 0.5 no data 0.85 0.87 0.39 0.8

B6-2/85 187.0 20 0.4 3 no data n.c. 0.39 0.7

B6-3/02 117 (n.d.) 20 0.6 8 no data n.c. 0.39 1.0

B8-1/83 201.0 30 0.6 2 0.76 0.91 0.38 0.9

Białogóra 2 261.5 40 0.3 1 no data n.c. 0.41 0.5

Białogóra 3 39 (n.d.) 30 0.7 1 1.01 0.79 0.41 1.2

Białogóra 6 275.5 30 0.3 1 no data n.c. 0.41 0.5

Dębki 3 125.5 25 0.4 6 no data n.c. 0.43 0.7

Dębki 4 50.5 (n.d.) 25 0.4 10 1.12 0.75 0.43 0.7

Gdańsk IG 1 158.7 20 0.4 7 1.38 0.66 0.44 0.8

Hel IG 1 238.0 40 0.4 4 1.24 0.71 0.43 0.7

Kościerzyna IG 1 310.7 n.det. <0.3 0 1.78 0.55 n.c. n.c.

Łeba 8 246.0 40 0.6 13 1.31 0.68 0.43 1.0

Malbork IG 1 193.5 30 0.3 14 1.27 0.70 0.43 0.6

Malbork 3 106.5 (n.d.) 20 0.3 1 no data n.c. 0.43 0.5

Nowa Kościelnica 1 160.5 20 0.5 14 1.13 0.75 0.42 0.8

Słupsk IG 1 97.0 20 0.4 5 4.00 0.21 0.46 0.8

Żarnowiec IG 1 273.6 30 0.4 5 1.47 0.63 0.44 0.7

TOC – mean pres ent or ganic car bon con tent in the source rock lev els, n – quan tity of above-thresh old TOC mea sure ments, Ro

– reflectance of vitrinite-like macerals, H/C – hy dro gen/car bon atomic ra tio of kerogen, x – rel a tive mass loss of TOC in re la -
tion to the ma tu rity de scribed by the H/C value (af ter Baskin, 1997), TOC0 – ini tial or ganic car bon con tent, n.det. – not de ter -
mined, n.d. – not drilled, n.c. – not cal cu lated, val ues of H/C in italic were cal cu lated from Ro val ues by the equa tion of
Buchardt and Lewan (1990), TOC and x val ues in italic were used for cal cu la tions by anal ogy to the neigh bour ing bore holes,
Ro val ues in italic were cal cu lated from the ma tu rity-depth re la tion in the in di vid ual bore holes, # – value not de ter mined due
to un rep re sen ta tive sam pling
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T a  b l e  1 0

Es ti mated thick ness and ini tial or ganic car bon con tent of source rocks iden ti fied
 in the Up per Cam brian–Tremadocian succession

Bore hole To tal thick ness [m] Source rock thick ness [m] TOC [wt.%] n Ro [%] H/C x TOC0 [wt.%]

A23-1/88 11.1 10 6.3 5 1.35 0.67 0.44 11

A8-1/83 18.5 16 5.2 13 2.32 0.44 0.46 10

B16-1/85 27.0 24 6.6 9 1.01 0.74 0.43 12

B21-1/95 34.5 30 9.3 30 no data 0.87 0.40 15

B3-9/95 4.7 4 13.2 7 no data 1.10 0.24 17

B4-1/81 6.5 5 10.8 5 0.73 1.01 0.33 16

B4-2A/02 13.5 11 10.2 19 0.74 0.93 0.37 16

B4-N1/01 13.4 11 11.3 11 no data 0.94 0.37 18

B6-1/82 26.5 24 10.9 6 0.84 0.87 0.39 18

B6-2/85 24.0 22 9.8 4 no data 0.95 0.37 16

B6-3/02 26.5 24 12.0 24 no data 0.91 0.39 20

B7-1/91 6.0 4 8.8 16 0.72 0.93 0.38 14

Białogóra 1 17.5 16 4.9 6 no data n.c. 0.42 8

Białogóra 3 14.0 13 4.5 13 1.24 0.77 0.42 8

Białogóra 6 16.5 15 3.2 10 no data n.c. 0.42 6

Dębki 3 12.0 11 6.0 6 1.18 0.81 0.41 10

Dębki 4 12.5 11 3.6 16 1.12 0.75 0.42 6

Hel IG 1 5.0 4 5.8 4 1.15 0.74 0.42 10

Łeba 8 11.5 11 7.2 6 1.17 0.73 0.42 12

Piaśnica 2 17.5 16 8.0 2 1.22 0.71 0.43 14

Żarnowiec IG 1 9.6 9 4.6 6 1.34 0.67 0.44 8

Żarnowiec 6K 38.5 35 7.0 8 no data 0.75 0.42 12

For ex pla na tions see Ta ble 9

T a  b l e  1 1

Es ti mated thick ness and ini tial or ganic car bon con tent of source rocks iden ti fied in the Caradocian (Or do vi cian) strata

Borehole To tal thick ness [m] Source rock thick ness [m] TOC [wt.%] n Ro [%] H/C x TOC0 [wt.%]

B21-1/95 54.0 45 1.2 6 no data 0.87 0.40 2.1

B3-9/95 37.0 30 1.7 2 no data 1.10 0.24 2.3

B4-N1/01 37.5 30 0.9 1 no data 0.94 0.37 1.4

Białogóra 2 34.5 25 3.3 12 1.24 0.70 0.43 6

Białogóra 3 35.0 25 0.8 6 1.24 0.70 0.43 1.4

Białogóra 6 32.0 25 0.8 3 1.24 0.70 0.43 1.3

Dębki 3 34.5 25 1.5 10 1.20 0.70 0.43 2.6

Gdańsk IG 1 13.3 10 0.9 9 1.30 0.69 0.43 1.6

Hel IG 1 25.5 20 1.8 7 1.15 0.74 0.42 3.1

Kościerzyna IG 1 15.0 10 0.8 1 1.72 0.57 0.46 1.5

Lębork IG 1 21.1 n.det. <0.3 0 2.30 n.c. n.c. n.c.

Łeba 8 36.0 25 1.3 11 1.17 0.73 0.43 2.3

Malbork IG 1 9.5 n.det. <0.3 0 1.23 n.c. n.c. n.c.

Nowa Kościelnica 1 11.0 10 0.6 3 0.99 0.80 0.41 1.0

Piaśnica 2 32.5 25 1.2 2 no data n.c. 0.43 2.1

Słupsk IG 1 22.0 15 0.5 4 4.20 0.19 0.47 0.9

Żarnowiec IG 1 32.2 25 2.1 6 1.25 0.70 0.43 3.7

Żarnowiec 6K 34.5 25 2.9 9 no data n.c. 0.43 5

Val ues of H/C in italic were cal cu lated from Ro val ues by equa tion worked out by Buchardt and Lewan (1990) or, in the case of lack of Ro mea sure -
ments the same val ues were taken as for the Up per Cam brian–Tremadocian suc ces sion; for other ex pla na tions see Ta ble 9



blocks, where cal cu lated ini tial TOC0 val ues equal usu ally
2–6 wt.%. The TOC0 val ues of the Llandovery source rocks is
usu ally 1–2 wt.%. The thick ness of these units, usu ally from 20 
to 30 m and from 50 to 60 m, re spec tively point to them as pos -
si ble sources of shale gas (Poprawa and Kiersnowski, 2008).

Due to their short dis tance to the res er voirs, the clayey in -
ter ca la tions within the Mid dle Cam brian strata can not be ne -
glected as source rocks. Their TOC con tent is rather low and
rarely ex ceeds 1 wt.%. These de pos its are the deep est bur ied
and, thus, have the high est ma tu ri ties. This is re spon si ble for
their low pres ent HC po ten tial. The prox im ity of sand stones
caused par tial ox i da tion of or ganic mat ter pres ent in the
claystones and po ten tial loss of their gen er a tion ca pa bil i ties.
Es ti mated ini tial TOC0 val ues in in di vid ual bore holes do not
dif fer sig nif i cantly and vary from 0.5 to 1.7 wt.%. 

Oil-prone Type-II kerogen oc curs in all source rock lev els
of lower Pa leo zoic strata in the Pol ish part of the Bal tic re gion.
It has low or ganic sul phur con tents (Więcław et al., 2010a) and 
was de pos ited un der anoxic or sub-oxic con di tions. The ma tu -
rity of the strata in ves ti gated change from the ini tial phase of
the “oil win dow” in both the Si lu rian and Or do vi cian strata in
the north east ern part of the Łeba Block to the overmature stage
in the south west ern part of the study area in the deeply bur ied
sed i ments at the con tact with the Teisseyre-Tornquist Zone. 

From the or ganic geo chem is try point of view all source
rock units ana lysed have suit able pa ram e ters and in di ces

(quan tity, qual ity and ma tu rity) for gen er a tion of oils and nat u -
ral gases pres ent in the Mid dle Cam brian sand stone res er voirs
(Kotarba, 2010; Więcław et al., 2010b). Also, the tec ton ics of
the area in ves ti gated, show ing con tact of the lower parts of the
Si lu rian strata with the Cam brian strata (Poprawa et al., 1999;
Pokorski, 2010), do not ex clude any of the source rocks iden ti -
fied from be ing sources for the Mid dle Cam brian res er voir
sand stones. The geo chem i cal char ac ter is tics of the oils show
good cor re la tion with source rocks oc cur ring in en tire lower
Pa leo zoic se quence (Więcław et al., 2010b). 

Ac knowl edge ments. The re search was un der taken as part
of a pro ject of the Min is try of the En vi ron ment (No.
182/2005/Wn-06/FG-sm-tx/D). An a lyt i cal work by H. Zych
and T. Kowalski from the AGH Uni ver sity of Sci ence and
Tech nol ogy in Kraków is grate fully ac knowl edged. The au -
thors thank M. D. Lewan and A. War den from the US Geo log i -
cal Sur vey in Den ver for biomarker anal y ses. J. Köster from the 
C. von Ossietzky Universität Oldenburg and P. Poprawa from
the Pol ish Geo log i cal In sti tute – Na tional Re search In sti tute in
War saw, gave very con struc tive re marks and com ments that
greatly im proved the dis cus sion and the pos si ble con se quences
of the hy poth e ses pre sented in the manu script.
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T a  b l e  1 2

Es ti mated thick ness and ini tial or ganic car bon con tent of iden ti fied source rocks 
in the Llandovery (Si lu rian) strata

Borehole To tal thick ness
[m]

Source rock thick ness
[m]

TOC
[wt.%] n Ro [%] H/C x TOC0 [wt.%]

B21-1/95 63.0 55 2.5 2 0.90 0.84 0.42 4.3

B3-9/95 53.0 50 3.2 8 0.70 0.95 0.37 5

B4-N1/01 59.0 55 1.1 1 0.70 0.95 0.37 1.7

B6-1/82 60.5 55 1.2 3 0.82 0.88 0.39 2.0

Dębki 3 63.0 55 0.6 1 1.20 0.72 0.43 1.0

Gdańsk IG 1 40.0 35 1.7 12 1.27 0.70 0.44 3.0

Hel IG 1 49.5 45 1.1 6 0.93 0.83 0.40 1.8

Kościerzyna IG 1 71.0 65 0.9 5 1.69 0.57 0.46 1.6

Malbork IG 1 42.5 40 1.0 5 1.12 0.75 0.42 1.7

Piaśnica 2 66.5 60 0.4 1 1.20 0.72 0.43 0.6

Żarnowiec IG 1 63.0 55 3.9 7 1.21 0.72 0.43 7

Żarnowiec 6K 65.5 60 0.6 3 1.20 0.72 0.43 1.0

For ex pla na tions see Ta ble 9
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