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The Rock-Eval source rock char ac ter is tics, min eral com po si tion and type-po ros ity of res er voir ho ri zons, and or i gin of nat u ral 
gas in the De vo nian of the Lublin and Lviv bas ins are de scribed. In the Lower De vo nian, the TOC con tent ranges from 0.01 to
1.82 wt.% in the Lublin Ba sin, and from 0.01 to 0.45 wt.% in the Lviv Ba sin. Trans for ma tion of or ganic mat ter var ies from im -
ma ture in the Lochkovian (Lviv Ba sin) to ma ture and overmature in the Emsian (Lublin Ba sin). The or ganic mat ter con tains
mainly Type-II kerogen, and un der went pri mary and/or sec ond ary ox i da tion pro cesses. In the Mid dle De vo nian, the TOC
con tent var ies from 0.00 to 1.63 wt.% in the Lublin Ba sin, and from 0.02 to 0.64 to 2.35 wt.% in the Lviv Ba sin. The or ganic
mat ter con tains mainly Type-II kerogen and is im ma ture in the Givetian of the Lviv Ba sin and ma ture in the Eifelian of the Lviv
Ba sin and in the Eifelian and Givetian in the Lublin Ba sin. In the Up per De vo nian, the TOC con tent is from 0.02  to 2.62 wt.%
in the Lublin Ba sin, and from 0.04 to 1.43 wt.% in the Lviv Ba sin. Type-II kerogen dom i nates in both bas ins. Or ganic mat ter is
ma ture in the Up per De vo nian in the Lublin Ba sin and in the Famennian of the Lviv Ba sin and overmature in the Frasnian of
the Lviv Ba sin. The res er voir ho ri zons in the De vo nian of the Lublin and Lviv bas ins are de vel oped in clastic, car bon ate and
sul phate rocks. Terrigenous rocks form sev eral sep a rate ho ri zons in the Lower and Mid dle De vo nian of the Lviv Ba sin, and in 
the Up per De vo nian (Famennian) of the Lublin Ba sin. Their fil tra tion prop er ties re late to inter gra nu lar po ros ity, while the frac -
ture space has sub or di nate sig nif i cance. Carbonate rocks form thick sat u rated ho ri zons in the Givetian in the Lviv Ba sin, and
in the Eifelian, Givetian and Frasnian in the Lublin Ba sin. Their fil tra tion prop er ties are pro duced by frac ture po ros ity.
Sulphates and car bon ate-sul phate rocks with frac ture and cav ern po ros ity play a role as res er voir ho ri zons in the Mid dle De -
vo nian of the Lublin Ba sin. The nat u ral gas col lected from the Up per De vo nian of the Lublin Ba sin was gen er ated mainly dur -
ing low-tem per a ture thermogenic pro cesses, from Or do vi cian–Si lu rian Type-II kerogen. The gas from the Mid dle De vo nian
res er voirs of the Lviv Ba sin was pro duced from Or do vi cian–Si lu rian Type-II kerogen and partly from the Mid dle and Up per
De vo nian mixed Type-III/II kerogen with ma tu rity from about 0.9 to 1.4%. Car bon di ox ide was formed by both thermogenic
and mi cro bial pro cesses. Mo lec u lar ni tro gen was gen er ated mainly through ther mal trans for ma tion of or ganic mat ter and
also from de struc tion of NH4-rich illite of the clayey fa cies of the Or do vi cian–Si lu rian strata.

Key words: De vo nian, Lublin Ba sin, Lviv Ba sin, Rock-Eval py rol y sis, pe trog ra phy, iso tope geo chem is try.

INTRODUCTION

Since the 1960s sev eral gas and oil fields have been dis -
cov ered, and nu mer ous gas shows ob served, in the De vo nian
strata of the Lublin and Lviv bas ins (Karnkowski, 1999;
Helcel-Weil and Dziêgielowski, 2003). In Ukraine, a num ber of
oil and gas shows have been tested in the Lokachi, Olesko,
Gorokhiv and Oglyadiv bore holes, and two gas fields (Lokachi

and Velyki Mosty) have been dis cov ered (Khizhniakov, 1975;
Krupskiy, 2001; Krupskiy et al., 2014). In Po land, ef fec tive gas
and oil ac cu mu la tions have been found in De vo nian rocks in the 
Ciecierzyn, Me³giew, Komarów and Glinnik bore holes in the
Lublin Ba sin (Fig. 1).

The source rock po ten tial, petrographic prop er ties of res er -
voir rocks and the or i gin of nat u ral gas in the De vo nian of the
west ern mar gin of the East Eu ro pean Plat form are the sub ject
of this pa per. We com pare the Rock-Eval char ac ter is tics of the
source rocks, min eral com po si tion and po ros ity-type of res er -
voir ho ri zons, as well as the com po si tion of nat u ral gas in the
De vo nian be tween the Lviv and Lublin bas ins. The or i gin of hy -
dro car bon com po nents, car bon di ox ide and mo lec u lar ni tro gen
in the nat u ral gas are founded on their mo lec u lar and sta ble iso -
to pic com po si tions (12,13C in CH4, C2H6, C3H8, nC4H10, iC4H10
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and CO2, 
1,2H in CH4, and 14,15N in N2) in the Glinnik oil and gas

and Ciecierzyn gas fields in the Lublin Ba sin, and in the Lokachi
gas field in the Lviv Ba sin.

GEOLOGICAL SETTING 
AND PETROLEUM OCCURRENCES

GEOLOGICAL CHARACTERISTICS OF THE LUBLIN 
AND LVIV BASINS

The Lublin and Lviv bas ins are SE-trending struc tural de -
pres sions, sit u ated at the SW mar gin of the East Eu ro pean
Craton. The bas ins are bor dered to the SW by the
£ysogóry–Radom and Ma³opolska blocks and the Rava Rus’ka
Zone of the Trans-Eu ro pean Su ture Zone (TESZ). The Lublin
and Lviv bas ins con sist of de formed Riphean–Penn syl va nian
strata (e.g., ¯elichowski, 1972; Pomyanovskaya, 1974;
Mi³aczewski, 1981; ¯elichowski and Koz³owski, 1983; Kruglov
and Tsypko, 1988; Chebanenko et al., 1990; Vashchenko et al., 
2007; Narkiewicz, 2007, 2011; Narkiewicz et al., 2011, 2015;
Krzywiec et al., 2017; Fig. 2). These at tain ~10 km in thick ness
in the Lublin Ba sin and thin out to ward the cen tre of the East Eu -
ro pean Craton (Figs. 1 and 2). This suc ces sion is over lain by
slightly de formed (epi-Variscan) Perm ian-Me so zoic strata of
the Ger man-Pol ish Ba sin (see Krzywiec et al., 2017 for ref er -
ences). The NE limit of the bas ins is de fined by the ero sional
pinch-out of Penn syl va nian strata in the Lublin Ba sin and of De -
vo nian strata in the Lviv Ba sin at the sub-Me so zoic subcrop
(e.g., Po¿aryski and Dembowski, 1983). The SW bound ary
con sists of two re gional fault zones: the Ursynów–Kazimierz
Fault Zone to the north-west and the Izbica–Zamoœæ–Nesteriv
Fault Zone to the south-east. The Teisseyre-Tornquist Zone is
slightly to the SW of these (Krzywiec et al., 2017; Fig. 1).

The thick ness of the Lower De vo nian strata reaches
>2000 m in the Lublin Ba sin and up to 1900 m in the Lviv Ba sin
(Mi³aczewski, 1981; Chebanenko et al., 1990; Narkiewicz,
2011, Radkovets, 2016). The suc ces sion is com posed of lime -
stones, marls, claystones and fine-grained siliciclastic rocks in
the lower part, and of con ti nen tal clastic rocks in the up per part.
The Lower De vo nian is di vided into the Sycyna, Czarnolas and
Zwoleñ for ma tions in the Lublin Ba sin, which cor re spond to the
Tyver and Dnister se ries in the Lviv Ba sin (Fig. 3). Gas ac cu mu -
la tions in the Lower De vo nian de pos its were dis cov ered at
Lokachi in the NW part of the Lviv Ba sin (Fig. 4C).

The Mid dle De vo nian reaches a max i mal thick ness of
~200 m in the cen tral part of the Lublin Ba sin and >300 m at the
SW mar gin of the Lviv Ba sin (Fig. 1A). The suc ces sion is com -
posed of car bon ates in ter ca lated with clastics and evaporites.
In the Lublin Ba sin, the Mid dle De vo nian de pos its are in cluded
to the Telatyñ For ma tion, which is di vided into the Przewodów
and Gie³czew mem bers in the NW and cen tral part of the ba sin,

and into the Przewodów, Machnów, ¯niatyñ, Pe³cza, Rachanie
and Mircza mem bers in the SE part (Fig. 3). In the Lviv Ba sin,
the Mid dle De vo nian suc ces sion is di vided into the Lopushany,
Pelcha and Strutyn suites. The Przewodów, Machnów and
¯niatyñ mem bers cor re spond to the Lopushany Suite. The
Pe³cza Mem ber and Pelcha Suite are lat eral equiv a lents, while
the Rachanie and Mircza mem bers cor re late with the Strutyn
Suite (Fig. 3). Gas ac cu mu la tions within the Mid dle De vo nian
de pos its were dis cov ered in Komarów in the SE part of the
Lublin Ba sin and in Lokachi in the NW part of the Lviv Ba sin
(Fig. 4C).

The Up per De vo nian strata reach a max i mal thick ness
>2000 m in the cen tral part of the Lublin Ba sin and >1200 m in
the cen tral part of the Lviv Ba sin (Fig. 1B).The Frasnian is com -
posed of shal low-ma rine plat form type car bon ates. In the Lublin
Ba sin these de pos its are in cluded to the Modryñ For ma tion,
which is di vided into the Krzewica, Lipowiec, £osieñ and
Zubowice mem bers in the SE part, and into the £osieñ,
Ciecierzyn, Me³giew and Zubowice mem bers in the cen tral part
of the ba sin (cf. Mi³aczewski, 1981; Narkiewicz, 2011). In the Lviv 
Ba sin, the Frasnian is di vided (from the base to the top of the
sec tion) into the Remeziv and Zolochiv suites, and Voronezh,
Yevlanovo and Livny ho ri zons. The Krzewica and Lipowiec
Mem bers cor re spond to the Remeziv Suite. The Ciecierzyn and
£osieñ mem bers cor re late with the Zolochiv Suite, while the
Zubowice Mem ber cor re sponds to the Voronezh, Yevlanovo and 
Livny ho ri zons (Fig. 3). Gas ac cu mu la tions within the Frasnian
de pos its were dis cov ered in Ciecierzyn field (Zubowice Mem ber) 
and Me³giew field (Me³giew Mem ber) in the cen tral part of the
Lublin Ba sin (Fig. 4B).

The Famennian is com posed of basinal fine-grained
clastic-car bon ate rocks in the lower part, and of la goonal-con ti -
nen tal clastic rocks in the up per part. In the cen tral and NE part
of the Lublin Ba sin, the Famennian suc ces sion is di vided into
the Bychawa and Firlej for ma tions, Niedrzwica Beds, Hulcze
For ma tion and a suc ces sion of var ie gated clastic rocks
(Narkiewicz, 2011). The Firlej and Hulcze for ma tions oc cur in
the SE part of the ba sin. They cor re spond to the Zadon, Yelets,
Litovezh, Zakhidnyi Bug and Volodymyr Volynskyi units in the
Lviv Ba sin (Fig. 3). Gas ac cu mu la tions in the Famennian
Bychawa and Hulcze for ma tions were dis cov ered in the Glinnik
(Fig. 4A) and Ciecierzyn (Fig. 4B) fields, in the cen tral part of
the Lublin Ba sin.

PETROLEUM OCCURRENCES

So far, 4 gas-fields and one oil-field have been dis cov ered
in the De vo nian of the Lublin Ba sin. These are as fol lows:
Ciecierzyn, Me³giew A, Me³giew B, Komarów and Glinnik fields.
An other 2 gas ac cu mu la tions – of Lokachi and Velyky Mosty –
oc cur in the De vo nian of the Lviv Ba sin.

Source rock geochemistry, petrography of reservoir horizons and origin of natural gas... 571

Fig. 1. Sub-Car bon if er ous map of the Mid dle (A)  and Up per (B) De vo nian subcrops in the south west ern mar gin of the East Eu ro -
pean Craton (mod i fied af ter Medvedyev, 1979; Po¿aryski and Dembowski, 1983; ¯elichowski and Koz³owski, 1983; Chebanenko et
al., 1990; Mi³aczewski, 2010; Narkiewicz et al., 2015; Krzywiec et al., 2017) with lo ca tion of De vo nian oil- and gas-fields and bore -
holes stud ied

Bore holes: Lviv Ba sin: Ba – Baluchyn, Dv – Dobrotvir, Go – Gorokhiv, Kkh – Krekhiv, Li – Litovezh, Lo – Lokachi, Mv – Mynkiv, Og –
Oglyadiv,  Pdl – Pidluby, Pe – Peremyshlyany, Pi – Pidberezzia, RR – Rava Ruska, So – Sokal, Su – Sushne, St – Stremin, VV –
Volodymyr-Volynsky, WM – Velyki Mosty; Lublin Ba sin:  Ab – Abramów, By – Bychawa, C – Ciepielów, Cn – Ciecierzyn, G – Garwolin, Gi –
Gie³czew, Gl – Glinnik, H – Horod³o, I – Izdebno, Ka – Kawêczyn, KB – Krowie Bagno IG, Kk – Kock, Ko – Komarów, Kr– Korczmin, L – Lublin, 
M – Maciejowice, N – Niedrzwica, OL – Opole Lubelskie, P³ – P³usy, Po – Potok IG, R – Rudnik, S – Stê¿yca, St – Strzelce, Sw – Œwidnik, T –
Terebin, W – Wilga (be tween the Lublin and Ciecierzyn bore holes there are also Krêpiec-1, Minkowice-4a, and Me³giew-2). Oil- and
gas-fields: C – Ciecierzyn, G – Glinnik, M – Me³giew A and Me³giew B un di vided, K – Komarów, L – Lokachi

https://gq.pgi.gov.pl/article/view/7453
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The Glinnik oil and gas field is lo cated in the cen tral part of
the Lublin Ba sin (Fig. 1). The oil ac cu mu la tion was dis cov ered
in 1990 in the Up per De vo nian (Famennian) sand stones of the
Hulcze For ma tion (Fig. 4A). The res er voir rocks oc cur at depths 
be tween 3293.0 and 3300.0 m, rang ing from 1.5 to 7.0 m in
thick ness. The Glinnik an ti cli nal-type trap was pen e trated by 3
bore holes: Glinnik-1, -3 and -4. The oil-field sur face is 0.6 km2

and cur rent re sources are es ti mated at 5,000 t of oil and
0.0006 bn m3 of gas. Hy dro car bon ac cu mu la tions are sealed by 
Mis sis sip pian (Visean) claystones and siltstones.

The Ciecierzyn gas field is lo cated in the cen tral part of the
Lublin Ba sin, ~20 km SE from the Glinnik field (Fig. 1). The ef -
fec tive gas ac cu mu la tion was dis cov ered in 1984 in the Up per
De vo nian (Frasnian) dolomites of the Werbkowice Mem ber
(sensu Mi³aczewski, 1981) in the Modryñ For ma tion (Fig. 4B).
The main gas ho ri zon oc curs at depths be tween 3736.0 and
3820.0 m and ranges from 33 to 80 m in thick ness. A smaller
gas-sat u rated ho ri zon in the Ciecierzyn field oc curs in the
Famennian marly lime stones of the Bychawa For ma tion at
depths be tween 2449.0 and 3431.0 m. Small hy dro car bon
shows ap pear also within the Famennian sand stones of the
Hulcze For ma tion at depths be tween 1560.0 and 1590.0 m.
Nei ther of these Famennian ho ri zons have been ex ploited. The
Ciecierzyn an ti cli nal-type trap was pen e trated by 3 bore holes:
Ciecierzyn-1, -2 and -3. The gas-field sur face is 6.5 km2 and
cur rent gas re sources are es ti mated at 0.450 bn m3. The main
gas-bear ing ho ri zon in the Ciecierzyn field is sealed by car bon -
ates of the Zubowice Mem ber (Fig. 4B). The two youn ger ho ri -
zons are sealed by the Famennian marls and Mis sis sip pian
(Visean) claystones and siltstones, re spec tively.

Apart from the two fields men tioned above, the Me³giew and 
Komarów gas-fields also oc cur in the Lublin Ba sin. The Me³giew 
field (di vided into the Me³giew A and B fields) is lo cated in the
cen tral part of the Lublin Ba sin and was pen e trated by 9 bore -
holes. The gas ac cu mu la tions were dis cov ered in 1991 in the
Up per De vo nian (Frasnian) dolomites (Me³giew A) and lime -
stones (Me³giew B) of the Modryñ For ma tion (Helcel-Weil and
Dziêgielowski, 2003). The Komarów gas field was lo cated in the 
south east ern part of the Lublin Ba sin and was pen e trated by 9
bore holes. The ef fec tive gas ac cu mu la tion was dis cov ered in
1967 in the Mid dle De vo nian (Givetian) lime stones, dolomites,
an hyd rites and sand stones of the Telatyñ For ma tion. Its ex ploi -
ta tion ended in 1979.

The Lokachi gas-field is lo cated in the north east ern part of
the Lviv Ba sin. The ef fec tive gas ac cu mu la tions were dis cov -
ered in 1979 in one ho ri zon of the Lower De vo nian sand stones
of the Tyver Se ries (Lochkovian) and in 6 ho ri zons in the Mid dle
De vo nian (Eifelian, Givetian) – sand stones, biodetrital
dolomitised lime stones and dolomitites of the Lopushany,
Pelcha and Strutyn suites (Fig. 4C). The res er voir rocks oc cur
at depths be tween 815.0 and 1200.0 m, rang ing from 3.2 to
7.8 m in thick ness (Fedyshyn, 1998). The gas col umn is 182 m
at the field, rang ing in sep a rate ho ri zons from 34 to 94 m. Gas
ac cu mu la tions are sealed by sul phate and car bon ate-sul phate
rocks, which range in thick ness from 15 to 20 m. The Lokachi
gas field is pen e trated by 28 bore holes, while gas-bear ing ho ri -
zons have been dis cov ered in 21 of them (Lokachi-2, -5, -7,-27,
-51, -53, -54, -55, -56, -57, -58, -59, -61, -62, -63, -64, -65, -66,
-67, 100 and -101). The gas-field sur face is 38.5 km2 and ini tial
re sources are es ti mated at 6972 m m3 of gas (Fedyshyn, 1998;
Galabuda et al., 2007).

Apart from the Lokachi gas field, there is also the Velyki
Mosty gas field, lo cated in the NW part of the Lviv Ba sin. The
Velyki Mosty gas field was pen e trated by 31 bore holes, two of
which have yielded com mer cial gas. The field was dis cov ered
in 1964 in the Mid dle De vo nian (Givetian) terrigenous rocks of
the Lopushany Suite.

METHODOLOGY

ROCK SAMPLING SITES AND PROCEDURE 
OF ROCK-EVAL ANALYSES

In to tal, 69 rock sam ples were col lected from the De vo nian of 
the Lublin Ba sin. They were taken from seven bore holes:
Abramów-1, Ciecierzyn-1, Gie³czew IG 1, Glinnik-2, Komarów IG 
1, Korczmin IG 2 and Œwidnik IG 1. An other 51 De vo nian rock
sam ples have been col lected from the Lviv Ba sin (Ukrai nian part
of the study area). They were taken from nine teen bore holes:
Baluchyn-1, Dobrotvir-1, Gorokhiv-6, Litovyzh-1, Lokachi-2, -3,
-7, -8, -27, Mlynkiv-3, Ogladiv-2, Peremyshlyany-1, -2,
Pidberezzya-1, Sokal-1, Stremin-1, Sushne-1, Velyki Mosty-32,
Volodymyr Volynsky-1. The source rock po ten tial is based on
Rock-Eval 6 py rol y sis anal y ses. Sam ples have been col lected
only from unweathered parts of the cores, then they were
cleaned with a brush to re move mud con tam i na tion and pul ver -
ized to <0.2 mm. A list of ana lysed rock sam ples and re sults of
Rock-Eval anal y ses is given in Ap pen dix 1*.

We used also the pre vi ous re sults of Rock-Eval-II py rol y sis
anal y ses pro vided by Kotarba et al. (1998, 2005). These in -
clude 376 De vo nian sam ples de rived from twenty six bore holes 
from the Lublin Ba sin (Bychawa IG 1, Ciepielów IG 1,
Garwolin-1, Gie³czew PIG 5, Horod³o-1, Izdebno IG 1,
Kawêczyn-1, Kock IG 2, Komarów IG 1, Krêpiec-1, Krowie
Bagno IG 1, Lublin IG 1, Maciejowice IG 1, Me³giew-2,
Minkowice-4a, Niedrzwica IG 1, Opole Lubelskie IG 1, P³usy
IG 1, Rudnik IG 1, Stê¿yca-1, Stê¿yca-2, Strzelce IG 2, Szwejki
IG 3, Œwidnik IG 1, Terebin IG 5 and Wilga IG 1).

In to tal, we used the re sults of 445 Rock-Eval py rol y sis
mea sure ments from the Lublin Ba sin and 51 mea sure ments
from the Lviv Ba sin for the geo chem i cal char ac ter is tics of the
De vo nian rocks. The lo ca tion of the bore holes ana lysed is
shown in Fig ure 1, while the strati graphic and depth po si tions of 
sam ples are il lus trated in Fig ure 3.

ROCK SAMPLING SITES AND PROCEDURE 
OF PETROGRAPHIC ANALYSES

In to tal, 65 rock sam ples from 15 bore holes have been ana -
lysed (Ap pen dix 2), with 32 sam ples  taken from 8 bore holes in
the Lublin Ba sin (Abramów-1, Ciecierzyn-1, Gie³czew IG 1,
Glinnik-2, Komarów IG 1, Korczmin IG 2, Lublin IG 1 and
Œwidnik IG 1), and 33 sam ples were col lected from 5 bore holes
in the Lviv Ba sin (Krekhiv-1, Lokachi-4, -5 and -27 and
Peremyshlyany-1; see Figs. 1 and 3 for lo ca tion).

The CaCO3 and CaMg(CO3)2 rock-con tent were cal cu lated
from chem i cal anal y ses, per formed at the In sti tute of Ge ol ogy
and Geo chem is try of Com bus ti ble Min er als. Min eral car bon
con tent was mea sured us ing Rock-Eval py rol y sis (Ta ble 1).
Thin sec tions were ex am ined un der a Carl Zeiss Jena po lar iz -
ing mi cro scope.
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* Supplementary data associated with this article can be found, in the online version, at doi: 10.7306/gq.1361

https://gq.pgi.gov.pl/article/downloadSuppFile/25586/3090
https://gq.pgi.gov.pl/article/downloadSuppFile/25586/3091
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Fig. 3A – stra tig ra phy, cor re la tion and hy dro car bon po ten tial of the De vo nian in the Lublin Ba sin with lo ca tion of the sam ples 
hy dro car bon ac cu mu la tions af ter Helcel-Weil and Dziêgielowski (2003); B – stra tig ra phy, cor re la tion and hy dro car bon po ten tial

stra tig ra phy and li thol ogy af ter Pomyanovskaya (1974);

 N.B. – Niedrzwica Beds, Ciec. Mb. – Ciecierzyn Member, Krz. Mb. – Krzewica Member, 
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studied  in the boreholes analysed; stratigraphy and lithology after Mi³aczewski (1981) and Narkiewicz (2011); 
of the Devonian in the Lviv Basin with location of the samples studied in the boreholes analysed; 
hydrocarbon accumulations after Krupskiy et al. (2014)

Mir.  – Mircza Member, Rach. – Rachanie Member, Plc. – Pe³cza Member
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GAS SAMPLING SITES AND ANALYTICAL PROCEDURE

Four gas sam ples were col lected from the pro duc ing bore -
holes. In the Lublin Ba sin, two gas sam ples come from the Mid -
dle De vo nian res er voirs in the Ciecierzyn-1 (depth in ter val of
3740–3820 m) and Glinnik-3 (depth in ter val of 2293–2325 m)
bore holes (Ta ble 2). In the Lviv Ba sin, gas sam ples were taken
from the Mid dle De vo nian lime stone and terrigenous rocks of
the Lokachi-27 (depth in ter val of 815–870 m) and Lokachi-65
(depth in ter val of 938–956 m) bore holes. Free gas from the
Lokachi-27, Lokachi-65 and Ciecierzyn-1 bore holes was sam -
pled di rectly at the pro duc ing well heads and put into metal con -
tain ers (~1000 cm3), while gas dis solved in oil in the Glinnik-3
bore hole was taken from the sep a ra tor to a glass con tainer
(~500 cm3; Ta ble 2).

The mo lec u lar com po si tions of the nat u ral gases col lected
(CH4, C2H6, C3H8, iC4H10, nC4H10, C5H12, C6H14, CO2, O2, H2,
N2, He, Ar) were ana lysed with an Agilent 7890A
chromatograph (GC). The Agilent GC was equipped with a
three-valve sys tem us ing three 1/8 inch packed col umns (3 ft
Hayesep Q 80/100 mesh, 6 ft Hayesep Q 80/100 mesh and 10
ft mo lec u lar sieve 13X 45/60 mesh) and a GS-Alu mina cap il lary 
col umn (50 m ´ 0.53 mm). The sys tem con sisted of two in de -
pend ent chan nels. The chan nel, which made use of FID for the
de tailed hy dro car bon anal y sis was a sim ple gas sam pling valve 
in ject ing the sam ple into the GS-Alu mina col umn. The sec ond
chan nel, in volv ing packed col umns, was used for de ter min ing
meth ane, eth ane and non-hy dro car bon gases. The GC oven
was set as pro grammed: ini tial tem per a ture 60°C held for
1 min., then in creased to 90°C at rate of 10°C/min., again in -
creased to 190°C at rate of 20°C/min. and fi nally held for 5 min.
The front de tec tor (TCD) was op er ated at a tem per a ture of
150°C and the back de tec tor (FID)  at a tem per a ture of 250°C.
He lium was used as a car rier gas with flow through the TCD
chan nel of 28 ml/min. and through the FID chan nel of 7ml/min.
He con cen tra tion was de ter mined on a Chrom-5 GC equipped
with TCD and 1/8 in. 2.5 m long packed col umn with a mix ture
of 4A and 5A mo lec u lar sieves (2:1 v/v) us ing ar gon as the car -
rier gas at a con stant tem per a ture of 25°C. The Ar con cen tra -
tion was de ter mined on the same GC at the same tem per a ture
pro gram as he lium us ing a 2.5 m long packed col umn filled with
a 13X mo lec u lar sieve and hy dro gen as car rier gas.

Sta ble iso tope anal y ses were per formed us ing Finnigan Delta
Plus and Micromass VG Op tima mass spec trom e ters. The sta ble
car bon iso tope data were ex pressed in the d-no ta tion rel a tive to
VPDB on a scale such that NBS-22 (oil ref er ence ma te rial) is
–30.03‰. The sta ble hy dro gen iso tope data were re ported in
delta no ta tion (d2H, ‰) rel a tive to the in ter na tional stan dard, Vi -

enna Stan dard Mean Ocean Wa ter (VSMOW = 0.0‰) and nor -
mal ized to Stan dard Light Arc tic Pre cip i ta tion SLAP (2-point cal i -
bra tions) as rec om mended by Coplen (2011). An a lyt i cal pre ci sion
was es ti mated to be ±0.2‰ for car bon and ±3‰ for hy dro gen iso -
topes. Meth ane, eth ane, pro pane, i-bu tane and n-bu tane were
sep a rated chromatographically for sta ble car bon iso tope anal y -
ses. Wa ter re sult ing from the com bus tion of meth ane for sta ble
hy dro gen iso tope anal y ses was re duced to mo lec u lar hy dro gen
with zinc. The method was de vel oped by Coleman et al. (1982)
and we used its ver sion mod i fied by Florkowski (1985). The re sults 
of sta ble ni tro gen iso tope anal y ses were pre sented in d-no ta tion
(d15N, ‰) rel a tive to the air ni tro gen stan dard. An a lyt i cal pre ci sion
was es ti mated to be ±0.4‰. Mo lec u lar ni tro gen was sep a rated
chromatographically for sta ble ni tro gen iso tope anal y sis and
trans mit ted to the mass spec trom e ter via the on-line sys tem.

RESULTS AND DISCUSSION

GEOCHEMICAL CHARACTERISTICS OF ORGANIC MATTER

Pre vi ous geo chem i cal stud ies re veal that the main source
rocks in the Lviv and Lublin bas ins are Or do vi cian and Si lu rian
strata (Kotarba et al., 2011; Wiêc³aw et al., 2011, 2012;
Radkovets, 2015). The Mid dle and Up per De vo nian, Mis sis sip -
pian, Mid dle and Up per Ju ras sic and Up per Cre ta ceous are of
mi nor im por tance (Kotarba et al., 1998, 2003, 2011;
Kosakowski et al., 2012a, b).

The hy dro car bon po ten tial of the Lower De vo nian in the
Lublin Ba sin is gen er ally poor to good (Ta ble 1), and the TOC
con tent ranges from 0.01 to 1.82 wt.% (me dian 0.06 wt.%). In
the Lochkovian the TOC var ies gen er ally from 0.01 to 0.70 wt.% 
with only one sam ple reach ing 1.82 wt.% in the Krowie
Bagno IG 1. In the Emsian the TOC var ies gen er ally from 0.01
to 0.46 wt.% (me dian 0.06 wt.%), with only one sam ple reach ing 
1.16 wt.% in the Szwejki IG 3 bore hole (Ta ble 1 and Fig. 5). In
the Lviv Ba sin, the hy dro car bon po ten tial of the Lower De vo -
nian is gen er ally poor to fair (Ta ble 1). The TOC con tent var ies
from 0.01 to 0.20 wt.% (me dian 0.04 wt.%) in the Lochkovian
and from 0.04 to 0.45 wt.% (me dian 0.12 wt.%) in the
Pragian-Emsian (Ta ble 1 and Fig. 5). The Rock-Eval Tmax val -
ues (Ta ble 1) in di cate that trans for ma tion of or ganic mat ter in
the Lower De vo nian var ies from im ma ture in the Lochkovian of
the Lviv Ba sin to ma ture and overmature in the Emsian of the
Lublin Ba sin (Ta ble 1 and Fig. 6). Or ganic mat ter in the Lower
De vo nian con tains mainly Type-II kerogen, and un der went pri -
mary and/or sec ond ary ox i da tion pro cesses (Figs. 6 and 7).
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Bore hole
Sam -
ple

code 
Field name Stra tig ra phy

of res er voir 
Name of 
ho ri zon

Sur face   
[m a.s.l.]

Res er voir
depth          

[m b.s.l.]

Type of gas
ac cu mu la tion

Co or di nates

Lat i tude (N) Lon gi tude (E)

Lviv Ba sin

Lokachi-27 Lo-27 Lokachi M. De vo nian
– Givetian P.&S. 210 815–870 free 50°46’27" 24°41’15"

Lokachi-65 Lo-65 Lokachi M. De vo nian
– Eifelian Lop. 230** 938–956 free 50°43’15" 24°43’46"

Lublin Ba sin

Ciecierzyn-1 Cn-1 Ciecierzyn U. De vo nian
– Frasnian 176 3740–3820 free 51°16’52” 22°36’10”

Glinnik-3 Gl-3 Glinnik U. De vo nian
– Frasnian 156 2293–2325 dis solved 51°25’37” 22°22’09”

U. – Up per, M. – Mid dle, Lop. – Lopushany Suite, P.&S. – Pelcha and Strutyn Suite, a.s.l. – above sea level, b.s.l. – be low sur face level; ** –
sur face el e va tion and co or di nates are given for the Lokachi-5 bore hole, which is a du pli cate of the Lokachi-65 bore hole

T a  b l e  2

Lo ca tion of gas bore holes sam pled

https://gq.pgi.gov.pl/article/view/7758
https://gq.pgi.gov.pl/article/view/13844
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Fig. 5. Petroleum source quality of residual hydrocarbon
potential versus total organic carbon 

(classification after Peters and Cassa, 1994)

Fig. 6. Rock-Eval hydrogen index versus Tmax temperature 
(genetic paths and maturity fields after Espitalié et al., 1985)

Fig. 7. Rock-Eval hydrogen index versus oxygen index
(maturity paths of individual kerogen types 

after Espitalié et al., 1985)
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Fig. 8. Rock-Eval total organic carbon versus mineral carbon



In the Mid dle De vo nian of the Lublin Ba sin, the TOC con tent 
var ies from 0.00 to 0.62 wt.% (me dian 0.16 wt.%) in the Eifelian, 
and from 0.03 to 1.63 wt.% (me dian 0.18 wt.%) in the Givetian
(Ta ble 1 and Fig. 5). The Rock-Eval Tmax val ues in di cate that or -
ganic mat ter is ma ture in the whole suc ces sion (Ta ble 1 and
Fig. 6). The hy dro car bon po ten tial is gen er ally poor and fair. In
the Lviv Ba sin, the TOC con tent var ies from 0.02 to 0.64 wt.%
(me dian 0.08 wt.%) in the Eifelian, and from 0.01 to 2.35 wt.%
(me dian 0.19 wt.%) in the Givetian (Ta ble 1 and Fig. 5).
Rock-Eval Tmax val ues in di cate that trans for ma tion of or ganic
mat ter is im ma ture in the Givetian and ma ture in the Eifelian
(Ta ble 1 and Fig. 6). The hy dro car bon po ten tial is from poor to
good (Ta ble 1 and Fig. 5).

In the Up per De vo nian of the Lublin Ba sin, the TOC con tent
var ies from 0.02  to 2.44 wt.% (me dian 0.17 wt.%) in the
Frasnian, and from 0.00 to 2.62 wt.% (me dian 0.18 wt.%) in the
Famennian (Ta ble 1 and Fig. 5). The hy dro car bon po ten tial is
from poor to very good in the Frasnian and Famennian. The
pre vi ous geo chem i cal stud ies (Rock-Eval py rol y sis, n-alkane
and isoprenoid dis tri bu tion and sta ble car bon iso topes) of 198
sam ples from the De vo nian of the Radom–Lublin area (Kotarba 
et al., 1998) re veal that fair source ho ri zons oc cur within the
Famennian Bychawa For ma tion hav ing TOC from 0.1 to
1.25 wt.%, and low-tem per a ture thermogenic trans for ma tion
(“oil win dow”) oil-prone Type-II kerogen pre dom i nates. Worse
source ho ri zons oc cur within the Famennian Niedrzwica For -
ma tion (Kotarba et al., 1998). In the Lviv Ba sin, the TOC con -
tent var ies from 0.04 to 1.43 wt.% (me dian 0.08 wt.%) in the
Frasnian, and from 0.07 to 0.10 wt.% (me dian 0.09 wt.%) in the
Famennian (Ta ble 1 and Fig. 5). Rock-Eval Tmax val ues in di cate 
that trans for ma tion of or ganic mat ter is ma ture in the
Famennian, and overmature in the Frasnian (Ta ble 1 and
Fig. 6). The hy dro car bon po ten tial is gen er ally from poor to
good in the Frasnian (Ta ble 1 and Fig. 5).

Di a grams of hy dro gen in dex ver sus Tmax tem per a ture
(Fig. 6) and ox y gen in dex (Fig. 7) sug gest that mixed Type-II/III
kerogen dom i nates in the Mid dle and Up per De vo nian of the
Lublin and Lviv bas ins. How ever, the shift in the di rec tion of
Type-III kerogen can be con nected with the pri mary ox i da tion
dur ing sed i men ta tion and/or sec ond ary hy dro ther mal ox i da tion
of dis persed or ganic mat ter dur ing dolomitization (Fig. 7), in di -
cat ing the dom i na tion of Type-II kerogen. These sug ges tions
were con firmed by the re sults of so phis ti cated anal y ses
(biomarker dis tri bu tion, el e men tal com po si tion of kerogen and
sta ble car bon iso topes) from Kotarba et al. (1998, 2005).

Rock-Eval min eral (equiv a lent of car bon ate) car bon con tent 
is in sig nif i cant in the Lower De vo nian, and ranges from 0.01 to
3.76 wt.% with me dian val ues vary ing from 0.03 wt.% in the
Emsian of the Lublin Ba sin, through 0.45 wt.% in the
Pragian-Emsian of the Lviv Ba sin, to 1.70 wt.% in the
Lochkovian of the Lviv Ba sin (Ta ble 1 and Fig. 8). In the Mid dle
and Up per De vo nian, the pa ram e ter var ies from 0.00 to
13.0 wt.%, with me dian val ues rang ing from 0.58 wt.% in the
Eifelian of the Lublin Ba sin, through 0.89 wt.% in the Eifelian
and 3.12 wt.% in the Givetian of the Lviv Ba sin, to 13.0 wt.% in
the Frasnian of the Lublin Ba sin (Ta ble 1 and Fig. 8). The TOC
con tent was ob served to in crease with the in creas ing of the car -
bon ate (min eral car bon) con tent, mainly in the Eifelian and
Givetian of the Lviv Ba sin, and in the Famennian of the Lublin
Ba sin (Ta ble 1 and Fig. 8).

PETROGRAPHY OF RESERVOIR ROCKS

Seven gen eral types of res er voir rock can be dis tin guished
in the De vo nian of the Lublin and Lviv bas ins. These are sand -
stones, siltstones, dolomites, biodetrital dolomitized lime -
stones, lime stones, marls and an hyd rites.

Sand stones form res er voir ho ri zons in the Mid dle and Up -
per De vo nian in the Lublin and Lviv bas ins. They are sat u rated
in the Mid dle De vo nian in the Lopushany, Pelcha, and Strutyn
suites in the Lokachi field (Lviv Ba sin), and in the Telatyñ For -
ma tion in the Komarów field (Lublin Ba sin). Thin in ter ca la tions
of sat u rated sand stone oc cur also in the the Up per De vo nian in
the Lublin Ba sin – in the Frasnian Modryñ For ma tion in the
Me³giew fields, and in the Famennian Hulcze For ma tion in the
Glinnik and Ciecierzyn fields (Fig. 4). The Mid dle De vo nian
sand stones (Fig. 9A, B) are com posed of semi-rounded and in
places rounded grains, rep re sented by quartz (80–90%), sel -
dom by feld spar (0.1–5%), and mus co vite scales (0.1–1%; Ap -
pen dix 2). Two kinds of ma trix are ob served: car bon ate
(4–19%) – rep re sented by dolomitised cal cite (Fig. 9A) and clay 
(3–13%) – com posed of hydromica (Fig. 9B). Zir con is spo rad i -
cally ob served as an ac ces sory min eral. The ma trix is con -
tact-po rous and con tact. Re gard less of the ma trix type, the pore 
space in the rocks is formed by inter gra nu lar spaces of 0.05 to
0.5 mm size (Fig. 9A–C). The po ros ity ob served in the Mid dle
De vo nian sand stones ranges from 0.8 to 1.2% in the Eifelian in
the Lublin Ba sin, and from 1 to 6.5% in the Givetian in the Lviv
Ba sin (Ap pen dix 2). Ac cord ing to Fedyshyn (1998), in the
Lokachi field the po ros ity of sand stones in creases up to 19.8%,
and per me abil ity var ies from 0.02 to 8.33 mD. The Up per De vo -
nian sand stones are char ac ter ized by con tact-po rous and po -
rous hydromica ma trix, which reaches up to 21% of the rock.
Inter gra nu lar pores in the rock are from 0.08 to 1.3 mm (Fig. 9D, 
E). The ob served po ros ity of these sand stones ranges from 2.5
to 5.5 % in the Famennian in the Lublin Ba sin (Apprendix 2). It
in creases up to 13.0% in the Glinnik field (Helcel-Weil and
Dziêgielowski, 2003; RzeŸnik, 2012). The grains are rep re -
sented by terrigenous quartz (up to 73%), authigenic glauconite 
(lo cally up to 7%), feld spar (4–6%), and mus co vite (1.5–2%).
Ore min er als are rep re sented by py rite (up to 5%).

Siltstones form res er voir ho ri zons in the same sat u rated ho -
ri zons as sand stones. The Mid dle De vo nian siltstones (Fig. 9C) 
are usu ally finely lam i nated. The fab ric is formed by al ter nat ing
streaks of clay ma te rial up to 0.5 mm thick and lens-like ac cu -
mu la tions of silt, com posed of quartz grains (60–67%), feld spar
(up to 3%) rhombohedral do lo mite (up to 5%), mus co vite scales 
(2–3%), glauconite (up to 1%) and py rite (1–7%). Or ganic mat -
ter is pres ent in a vein-like ac cu mu la tions. The ma trix is of po -
rous and con tact-po rous type, rep re sented by hydromica (up to
22%) and a small ad mix ture of do lo mite (0.5–5%). Inter gra nu lar  
pores of 0.05 to 0.3 mm size have been ob served in the
siltstones (Fig. 9C). The po ros ity ob served in the Mid dle De vo -
nian siltstones ranges from 7 to 8.5% in the Lviv Ba sin
(Apprendix 2).

Dolomites form res er voir ho ri zons in the Mid dle De vo nian in 
the Lokachi field in the Lviv Ba sin, as well as in the Mid dle De vo -
nian in the Komarów field, and in the Frasnian in the Ciecierzyn
and Me³giew fields in the Lublin Ba sin. The Mid dle De vo nian
dolomites con tain 92 to 97% of CaMg(CO3)2 and 1–4% of clay
min er als. The pres ence of pyritised streaks and or ganic mat ter
gives a grey and dark grey col our to these rocks. The dolomites
(Fig. 10B, C) are com posed of microcrystalline and fine- to me -
dium-grained (0.3–2 mm) do lo mite crys tals, that usu ally have
rhombohedral shape and de vel oped inter gra nu lar po ros ity. The 
pore space is rep re sented mainly by iso met ric-ir reg u lar pores
and frac ture-like mi cro-cav i ties of 0.01 to 0.5 mm size. The ob -
served po ros ity in the Mid dle De vo nian dolomites ranges from
3.0 to 9.0% in the Givetian in the Lviv Ba sin (Ap pen dix 2). Ac -
cord ing to Fedyshyn (1998), dolomites in the Lokachi field have
the pore and frac ture-type po ros ity vary ing from 3 to 16.5%, and 
per me abil ity from 0.01 to 4.34 mD. The Up per De vo nian
dolomites are usu ally rep re sented by fine- to me dium-grained
do lo mite crys tals of rhombohedral shape with inter gra nu lar po -
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Fig. 9. Photomicrographs of the Middle and Upper Devonian
terrigenous reservoir rocks

A – sand stone with car bon ate ma trix from the Lokachi-27 bore hole,
depth 833 m (Ukraine, Lokachi gas field, Givetian, Strutyn Suite); B
– sand stone with clay ma trix from the Lokachi-27 bore hole, depth
851 m (Ukraine, Lokachi gas field, Givetian, Strutyn Suite); C –
siltstone with clay ma trix from the Lokachi-27 bore hole, depth 863 m 
(Ukraine, Lokachi gas field, Givetian, Pelcha Suite); D – glauconitic
sand stone with clay ma trix  from the Glinnik-2 bore hole, depth
2330.5 m (Po land, Glinnik oil and gas-field, Famennian, Hulcze For -
ma tion); E – sand stone with clay ma trix from the Lublin IG 1 bore -
hole, depth 2224.6 (Po land, Famennian, Hulcze For ma tion); cm –
dolomitised cal cite, gl – glauconite, hm – hydromica, is – inter gra nu -
lar space, pr – pyritised or ganic mat ter, q – quartz
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Fig. 10. Photomicrographs of the Middle and Upper Devonian carbonate reservoir rocks

A – biodetrital dolomitised lime stone from the Lokachi-27 bore hole, depth 816 m (Ukraine, Lokachi gas field, Givetian, Strutyn Suite); B–E –
fine- to me dium-grained do lo mite: B – from the Lokachi-5 bore hole, depth 905.6 m (Ukraine, Lokachi gas field, Givetian, Pelcha Suite), C –
from bore hole Lokachi-27, depth 832 m (Ukraine, Lokachi gas field, Givetian, Strutyn Suite), D – from the Ciecierzyn-1 bore hole, depth
3776.5 m (Po land,Ciecierzyn oil field, Famennian, Bychawa For ma tion), E – from the Lublin IG 1 bore hole, depth 4234 m (Po land,
Famennian, Bychawa For ma tion); F – marl from the Lublin IG 1 bore hole, depth 3512.6 m (Po land, Frasnian, Mordyñ For ma tion); bi – cal car -
e ous bioclasts, dg – do lo mite graine, mcv – mi cro-cav i ties, om – or ganic mat ter, other ex pla na tions as in Fig ure 9



ros ity de vel oped and frac ture-like mi cro-cav i ties 0.01 to 0.5 mm 
in size (Fig. 10D, E). Pores are filled with microcrystalline py rite,
the amount of which reaches 5% of the rock. The ob served po -
ros ity in the Up per De vo nian dolomites ranges from 1.5 to 4.5%
in the Frasnian in the Lviv Ba sin, and from 0.5 to 1.5% in the
Frasnian, and from 0.5 to 2.5% in the Famennian in the Lublin
Ba sin (Ap pen dix 2). In the Ciecierzyn and Me³giew A fields, the
dolomites have frac ture-type po ros ity from 1.0 to 2.5%, and per -
me abil ity es ti mated at 0.1 mD (Stachurski et al., 1985;
Modzelewski, 1999; Helcel-Weil and Dziêgielowski, 2003;
Helcel-Weil et al., 2007).

Biodetrital dolomitised lime stones (Fig. 10A) form res er voir
ho ri zons in the Mid dle De vo nian in the Lokachi field in the Lviv
Ba sin. These lime stones are com posed of skel e tal de bris
(35%) with brachi o pods, tentaculites, and fewer cor als and cal -
car e ous bioclasts. A small ad mix ture of py rite and or ganic mat -
ter, which fill the len tic u lar mi cro-cav i ties, is also ob served. The
ma trix is com posed of microcrystalline to fine-crys tal line car -
bon ates with 69–76% cal cite, 23–26% do lo mite, and 1–3% clay 
min er als. The po ros ity of these lime stones ranges from 0.7 to
2.5% (Ap pen dix 2).

Lime stones form res er voir ho ri zons in the Up per De vo nian
in the Me³giew B field in the Lviv Ba sin. Ac cord ing to Helcel-Weil 
and Dziêgielowski (2003) these lime stones have frac ture-type
po ros ity up to 1.4%.

Marls (Fig. 10F) form res er voir ho ri zons in the Up per De vo -
nian Bychawa For ma tion in the Ciecierzyn field (Lublin Ba sin).
The marls are com posed of 44–48% cal cite, 38–46% clay min -
er als and 7–12% do lo mite. Thick mi cro-cav i ties up to 0.1 mm,
filled with or ganic mat ter and py rite (up to 5%) are ob served.
The po ros ity of these marls ranges from 0.7 to 2.5% in the
Famennian in the Lublin Ba sin (Ap pen dix 2).

An hyd rites (Fig. 11A) and dolomites with anhydrite con cre -
tions (Fig. 11B) form a res er voir ho ri zon in the Telatyñ For ma -
tion in the Komarów field. The an hyd rites are com posed of fine-
and me dium-grained par al lel-ori ented or tan gled-fi brous ag gre -
gates of anhydrite crys tals (1–2%) with clay films >0.1 mm
occuring at the bed ding planes. The dolomites are com posed of 
fine rhombohedral grains of do lo mite (0.1–1 mm), among which 
the ir reg u lar crys tals of anhydrite are ob served. Py rite ag gre -

gates (up to 0.1 mm) are al ways pres ent. The fil tra tion
properities in these rocks are re lated to sec ond ary frac tures
and cav erns with no pri mary po ros ity (Ap pen dix 2).

ORIGIN OF NATURAL GAS

The gas ana lysed, col lected from the Mid dle and Up per De -
vo nian res er voirs (Fig. 1 and Ta ble 2), shows vari a tion in mo -
lec u lar and iso to pic com po si tion. The mo lec u lar com po si tion
and in di ces, and iso to pic com po si tion are re ported in Ta bles 3
and 4, re spec tively.

Hy dro car bon gas. For clas si fi ca tion of the hy dro car bon gas
ana lysed, the di ag nos tic di a grams (Figs. 12 and 13) were ap plied
af ter Whiticar et al. (1986), Schoell (1988), Whiticar (1994) and
Berner and Faber (1996, 1997). An im por tant im pli ca tion from the
in ter pre ta tion is that a lin ear re la tion ship of sta ble car bon iso topes
of meth ane, eth ane, pro pane and butanes ver sus their re cip ro cal
car bon num ber (Fig. 14) as as sumed by Chung et al. (1988) and
Rooney et al. (1995) is not a suf fi cient in di ca tor of nat u ral gas gen -
er ated from a sin gle source. Zou et al. (2007) and Kotarba et al.
(2009) sug gested that in this type of plot a “dog leg” trend, char ac -
ter ized by rel a tively 13C-de pleted meth ane and 13C-en riched pro -
pane com pared to eth ane, is in dic a tive of nat u ral gas that was not
gen er ated from a sin gle source rock (mul ti ple source) or that has
un der gone post-gen er a tion al ter ation (e.g., sec ond ary gas crack -
ing, mi cro bial ox i da tion, thermochemical sul phate re duc tion).
More over, the de gree of 13C de ple tion of meth ane in re la tion to
eth ane can be used for eval u at ing the mix ing pro por tion of mi cro -
bial meth ane and thermogenic gas (Kotarba and Lewan, 2004;
Kotarba et al., 2009).

The plots of sta ble car bon iso tope com po si tion of meth ane
ver sus hy dro car bon in dex CHC (Fig. 12A) and hy dro gen iso tope
com po si tions of meth ane (Fig. 12B) from nat u ral gas ac cu mu -
la tions in the Up per De vo nian Ciecierzyn and Glinnik (Cn-1 and 
Gl-3 sam ples) res er voirs (Fig. 4A, B) in di cate that this gas was
gen er ated mainly dur ing a low-tem per a ture thermogenic pro -
cess. The gases from the Mid dle De vo nian Lokachi (Lo-27 and
Lo-65 sam ples; Fig. 4C) res er voirs con tain a sig nif i cant com po -
nent of mi cro bial meth ane. Mi cro bial eth ane en riched in 12C
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Fig. 11. Photomicrographs of the Middle Devonian sulphate and carbonate-sulphate sealing rocks 
from the Lokachi gas field

A – anhydrite (Lokachi-27, depth 827.8 m); B – dolomite with anhydrite concretions (Lokachi-5, depth 841.9 m); 
a – anhydrite, other explanation as in Figure 10
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(d13C from –61 to –52‰) has been re ported in pro duc ing mi cro -
bial gas ac cu mu la tions (Lillis, 2007) and mi cro bial pro pane in
some deep ma rine de pos its (Hinrichs et al., 2006). How ever, no 
mi cro bial eth ane and pro pane oc cur in such gas (Figs. 13, 14
and 15E, F). The sta ble car bon iso tope com po si tions of eth ane, 
pro pane and butanes (Figs. 13 and 14) sug gest that the hy dro -
car bon thermogenic com po nents were gen er ated from Or do vi -
cian–Si lu rian Type-II kerogen (Kotarba et al., 2011; Wiêc³aw et
al., 2011, 2012) and partly from Mid dle De vo nian mixed
Type-II/III kerogen (Figs. 13 and 14) of ma tu rity from ~0.9 to
1.4% on the vitrinite reflectance scale (Fig. 14).

Car bon di ox ide. Car bon di ox ide can be pro duced un der
cer tain geo log i cal con di tions as a re sult of var i ous biogenic and
abiogenic pro cesses: mi cro bial fer men ta tion, thermogenic de -
com po si tion of or ganic mat ter, decarboxylation of lipids, bac te -
rial res pi ra tion, hy dro car bon ox i da tion by thermochemical or mi -
cro bial sul phate re duc tion and by min er al ised wa ters, ther mal
de com po si tion of car bon ate rocks, man tle de gas sing and car -
bon ate res er voir dis so lu tion by acid flu ids (e.g., Gutsalo and
Plotnikov, 1981; Kotarba, 1988, 2012; Jenden et al., 1993; Dai
et al., 1996; Kotarba and Rice, 2001; Fischer et al., 2006;
Zhang et al., 2008, and ref er ences therein). It has been ob -
served that par tial pres sures of car bon di ox ide in crease sys -
tem at i cally with in creas ing tem per a ture in pe tro leum bas ins
(Smith and Ehrenberg, 1989). In ad di tion, this ef fect can be buf -
fered by feld spars, clay min er als, or car bon ates, and sug gests
that or gan i cally de rived car bon di ox ide may be re moved from
nat u ral gas by min eral pre cip i ta tion (Smith and Ehrenberg,
1989; Hutcheon and Aber crom bie, 1990).

Car bon di ox ide oc curs in the nat u ral gas ana lysed in con -
cen tra tions from 0.03 to 0.20 vol.% (Ta ble 3) and d13C(CO2) val -
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Sam ple 
code

Mo lec u lar in di ces Sta ble iso topes [‰]

CHC C1/C2 C2/C3 C3/C4+
i-C4/     
n-C4

i-C5/      
n-C5

d13C 
(CH4)

d2H 
(CH4)

d13C 
(C2H6)

d13C 
(C3H8)

d13C 
(iC4H10)

d13C 
(nC4H10)

d13C 
(CO2)

d15N  
(N2)

Lviv Ba sin

Lo-27 52 59.7 6.4 0.6 1.2 1.37 –48.0 –181 –33.3 –27.1 –26.2 –26.3 –8.1   –8.2

Lo-65 83 99.8 5.0 0.7 0.9 1.17 –50.2 –194 –32.3 –26.7 –27.0 –27.2 –8.9   –7.9

Lublin Ba sin

Cn-1 20 24.2 4.8 3.0 0.7 0.88 –36.7 –144 –35.2 –32.0 n.a. n.a. –9.2   –7.0

Gl-3   7 10.6 2.0 1.9 0.4 0.37 –49.0 –197 –33.5 –30.2 n.a. n.a. n.a. –11.3

CHC = CH4/(C2H6 + C3H8); n.a. – not ana lysed

T a  b l e  4

Mo lec u lar in di ces and sta ble car bon, hy dro gen and ni tro gen iso tope com po si tion of the nat u ral gas ana lysed

Fig. 12. d13C of meth ane ver sus (A) hy dro car bon in dex CHC (i.e.,

CH4/[C2H6 + C3H8]) and (B) d2H(CH4) for the nat u ral gas ac cu mu -
lated in the Mid dle and Up per De vo nian res er voirs of the study
area

Genetic fields after Bernard et al. (1976) and Whiticar (1994); 
key for gas sample codes see Table 3

Sam ple
code

CH4 C2H6 C3H8 iC4H10 nC4H10 iC5H12 nC5H12 C6H14 N2 CO2 He Ar H2

Lviv Ba sin

Lo-27 927 1.55 0.24 0.10 0.09 0.10 0.07 0.01 4.79 0.03 0.25 n.a. 0.012

Lo-65 95.4 0.96 0.19 0.07 0.07 0.08 0.07 0.01 2.92 0.04 0.13 n.a. 0.012

Lublin Ba sin

Cn-1 92.1 3.80 0.80 0.08 0.11 0.03 0.03 0.02 2.70 0.20 0.10 0.004 0.004

Gl-3 83.2 7.82 3.93 0.41 1.17 0.11 0.30 0.10 2.52 0.20 0.25 0.007 0.003

n.a. – not ana lysed

T a  b l e  3

Mo lec u lar com po si tion of ana lysed nat u ral gases



ues vary from –9.2 to –8.1‰ (Ta ble 4). The in sig nif i cant car bon
di ox ide con cen tra tions (Ta ble 4), the val ues of the car bon di ox -
ide-meth ane (CDMI) in dex (Fig. 15B) and plot of d13C(CO2) ver -
sus d13C(CH4) (Fig. 16) sug gest that in the gas ana lysed from
Ciecierzyn (Cn-1) a thermogenic com po nent oc curs, and in
Lokachi (Lo-27 and Lo-65) both thermogenic and mi cro bial
com po nents can ap pear to gether.

Mo lec u lar ni tro gen. Mo lec u lar ni tro gen is pro duced in large
quan ti ties dur ing both mi cro bial pro cesses and the thermogenic
trans for ma tion of or ganic mat ter (Kotarba, 1988; Krooss et al.,
1995). The pro cess of mo lec u lar ni tro gen gen er a tion from or -
ganic mat ter was also doc u mented by pyrolytic ex per i ments
(Gerling et al., 1997; Kotarba and Lewan, 2013). Mo lec u lar ni tro -
gen can also re leased from NH4-rich illites that have un der gone
in tense fluid/rock in ter ac tion (Mingram et al., 2005; Lüders et al.,
2005). The d15N-val ues of mo lec u lar ni tro gen from nat u ral gas
vary from –15 to 18‰ (Gerling et al., 1997). This iso to pic frac -
tion ation re sults from both pri mary ge netic fac tors and sec ond ary 
pro cesses tak ing place dur ing gas mi gra tion through the
gas-rock and gas-res er voir flu ids in ter faces (Stahl, 1977; Littke
et al., 1995; Gerling et al., 1997; Zhu et al., 2000; Krooss et al.,
2005; Mingram et al., 2005; Lüders et al., 2005).

Mo lec u lar ni tro gen oc curs in the nat u ral gas ana lysed in
con cen tra tions from 2.52 to 4.79% (Ta ble 3) and d15N(N2) val -
ues vary from –11.3 to –7.0‰ (Ta ble 4). The gen er ally in creas -
ing trend of d15N(N2) val ues with the growth of N2 con cen tra tion
(Fig. 17) may sug gest that mo lec u lar ni tro gen from the nat u ral
gas ana lysed was mainly gen er ated dur ing ther mal trans for ma -
tion of or ganic mat ter, and in the cases of Ciecierzyn (Cn-1) and 
Lokachi (Lo-27 and Lo-65) gas (Fig. 17) in sig nif i cant vol umes of 
it can also orig i nate dur ing de struc tion of NH4-rich illites of the
clayey fa cies of the Ordovocian-Si lu rian strata.
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Fig. 14. Sta ble car bon iso tope com po si tion of meth ane, eth ane,
pro pane i-bu tane and n-bu tane ver sus the re cip ro cal of their
car bon num ber for nat u ral gas ac cu mu lated in the Mid dle and
Up per De vo nian res er voirs of the study area

Struc ture of the graph af ter Chung et al. (1988) and Rooney et al.

(1995); av er age val ues of d13C = –30.0‰ for Or do vi cian, Si lu rian,
Mid dle and Up per De vo nian Type-II kerogen af ter Kotarba et al.

(1998) and Wiêc³aw et al. (2011, 2012), and av er age d13C val ues =
–24.9‰ Mis sis sip pian (clastic) Type-III kerogen af ter Wiêc³aw et al.
(2011); key for gas sam ple codes see Ta ble 3

Fig. 13. d13C(C2H6) versus (A) d13C(CH4) and (B) d13C(C3H8) for natural gas accumulated in the Middle and
Upper Devonian reservoirs of the study area

Po si tion of vitrinite reflectance curves for Type-II and -III kerogens af ter Berner and Faber (1996, 1997); curves were

shifted based on av er age d13C = –30.0‰ for Or do vi cian, Si lu rian, Up per and Mid dle De vo nian Type-II kerogen af ter

Kotarba et al. (1998) and Wiêc³aw et al. (2011, 2012), and av er age d13C val ues = –24.9‰ for Mis sis sip pian (clastic)
Type-III kerogen af ter Wiêc³aw et al. (2011); key for gas sam ple codes see Ta ble 3
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Fig. 16. d13C(CH4) versus d13C(CO2) for natural gas
accumulated in the Middle and Upper Devonian 

reservoirs of the study area

Compositional genetic fields modified after Gutsalo and Plotnikov
(1981), Milkov (2011) and Kotarba (2012); 

key for gas sample codes see Table 3

Fig. 17. d15N(N2) versus N2 concentration of natural gas
accumulated in the Middle and Upper Devonian 

reservoirs of the study area

Direction of increasing source rock after Gerling et al. (1997) and

d115N range of fixed-NH4 in rich illites after Mingram et al. (2005);
key for gas sample codes see Table 3

Fig. 15A – hydrocarbon index; B – carbon dioxide-methane index; C – d13C(CO2); 

D – d13C(CH4); E – d13C(C2H6); F – d13C(C3H8) versus depth of natural gas accumulated
 in the Middle and Upper Devonian reservoirs of the study area 

Key for gas sample codes see Table 3



CONCLUSIONS

1. In the Lower De vo nian the TOC con tent ranges from 0.01 
to 1.82 wt.% (me dian 0.06 wt.%) in the Lublin Ba sin, and from
0.01 to 0.45 wt.% (me dian 0.08 wt.%) in the Lviv Ba sin. The or -
ganic mat ter con tains mainly Type-II kerogen, and un der went
pri mary and/or sec ond ary ox i da tion pro cesses. Its trans for ma -
tion var ies from im ma ture in the Lochkovian of the Lviv Ba sin to
ma ture and overmature in the Emsian of the Lublin Ba sin.

2. In the Mid dle De vo nian of the Lublin Ba sin, the TOC con -
tent var ies from 0.00 to 0.62 wt.% (me dian 0.16 wt.%) in the
Eifelian, and from 0.03 to 1.63 wt.% (me dian 0.18 wt.%) in the
Givetian. The or ganic mat ter is ma ture. In the Lviv Ba sin, the
TOC con tent var ies from 0.02 to 0.64 wt.% (me dian 0.08 wt.%)
in the Eifelian, and from 0.01 to 2.35 wt.% (me dian 0.19 wt.%) in 
the Givetian. The or ganic mat ter is im ma ture in the Givetian,
and ma ture in the Eifelian. Type-II kerogen dom i nates.

3. In the Up per De vo nian of the Lublin Ba sin, the TOC con -
tent var ies from 0.02  to 2.44 wt.% (me dian 0.17 wt.%) in the
Frasnian, and from 0.00 to 2.62 wt.% (me dian 0.18 wt.%) in the
Famennian. The or ganic mat ter is ma ture. In the Lviv Ba sin, the
TOC con tent var ies from 0.04 to 1.43 wt.% (me dian 0.08 wt.%) in 
the Frasnian, and from 0.07 to 0.10 wt.% (me dian 0.09 wt.%) in
the Famennian. The or ganic mat ter is ma ture in the Famennian,
and overmature in the Frasnian. Type-II kerogen dom i nates.

4. Res er voir ho ri zons in the De vo nian of the Lublin and Lviv
bas ins are de vel oped in clastic, car bon ate and sul phate rocks.
Terrigenous res er voir rocks are com posed of fine and me -
dium–grained sand stones and fine- and coarse-grained
siltstones. The pore space in the rocks is formed by inter gra nu -
lar spaces of 0.05 to 0.5 mm size in the Mid dle De vo nian and
from 0.08 to 1.3 mm  in the Up per De vo nian. Terrigenous rocks
form gas-bear ing ho ri zons in the Mid dle De vo nian (Eifelian and
Givetian; Lopushany, Pelcha and Strutyn suites) in the Lokachi
field of the Lviv Ba sin, and gas- and oil-bear ing ho ri zons in the
Up per De vo nian (Famennian; Hulcze For ma tion) in the Glinnik
and Ciecierzyn fields of the Lublin Ba sin.

5. Car bon ate rocks are rep re sented by a wide range of
lithological types from lime stones to dolomites. Sec ond ary
processess formed frac ture-like mi cro-cav i ties up to 0.5 mm in 
size and a high po ros ity. In car bon ate res er voir rocks, frac -
tures pre vail, and pores are sub or di nate. Car bon ate rocks
form gas-bear ing ho ri zons in the Mid dle De vo nian Komarów
(Lublin Ba sin) and Lokachi (Lviv Ba sin) gas fields, as well as in 
the Frasnian in the Ciecierzyn and Me³giew A and B fields
(Lublin Ba sin). 

6. Sul phate and car bon ate-sul phate rocks are com posed of
an hyd rites and dolomites with anhydrite con cre tions. They form
a res er voir ho ri zon in the Telatyñ For ma tion in the Komarów
field.

7. The nat u ral hy dro car bon gas ana lysed, col lected from
the Mid dle and Up per De vo nian res er voirs, vary in their mo lec -
u lar and iso to pic com po si tions. Rel a tively 13C-de pleted meth -
ane and 13C-en riched pro pane com pared to eth ane in di cate
that nat u ral gas was not gen er ated from a sin gle source rock
(mul ti ple source) or has un der gone post-gen er a tion al ter ation.
Gas col lected from the Up per De vo nian of the Lublin Ba sin con -
tains only in sig nif i cant amounts of mi cro bial meth ane and was
gen er ated from Or do vi cian-Si lu rian Type-II kerogen. Gas from
the Mid dle De vo nian of the Lviv Ba sin in cludes a sig nif i cant
com po nent of mi cro bial meth ane and was gen er ated from Mid -
dle and Up per De vo nian mixed II/III kerogen of ma tu rity from
about 0.9 to 1.4% on the vitrinite reflectance scale.

8. Car bon di ox ide oc curs in the nat u ral gas ana lysed in con -
cen tra tions from 0.03 to 0.20 vol% and d13C(CO2) val ues vary
from –9.2 to –8.1‰. The in sig nif i cant con cen tra tions and sta ble 
car bon com po si tion of car bon di ox ide sug gest that in the gas
ana lysed from the Up per De vo nian of the Lublin Ba sin
(Ciecierzyn-1) a thermogenic com po nent oc curs, while in gas
from the Mid dle De vo nian of the Lviv Ba sin (Lokachi-27 and
Lokachi-65) both thermogenic and mi cro bial com po nents can
co-oc cur.

9. Mo lec u lar ni tro gen oc curs in the nat u ral gas ana lysed in
con cen tra tions from 2.52 to 4.79% and d15N(N2) val ues vary
from –11.3 to –7.0‰. The gen er ally in creas ing trend of d15N(N2) 
val ues with the growth of N2 con cen tra tion may sug gest that
mo lec u lar ni tro gen was mainly gen er ated dur ing ther mal trans -
for ma tion of or ganic mat ter and orig i nated dur ing de struc tion of
NH4-rich illites of the clayey fa cies of Or do vi cian–Si lu rian strata
in the Lublin (Ciecierzyn-1) and Lviv (Lokachi-27 and
Lokachi-65) bas ins.

Ac knowl edge ments. This geo chem i cal study was un der -
taken as stat u tory re search of the Fac ulty of Ge ol ogy, Geo -
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