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In the Polik-Bodzanów zone and in the Podlasie Basin, 
the rate of gas expulsion from the Caradocian source rocks 
reached values close to zero in the entire NE area in the 
zone between the Krzyże-4, Stadniki IG-1 and Mielnik IG-1 
wells (Fig. 9A). Expulsion values increase in a westerly di-
rection to 50–100 Mtons/km2/Ma in the area between the 
Okuniew IG-1 and Bodzanów IG-1 wells (Fig. 9A). Oil ex-
pulsion from the Caradocian source rocks reached values 
not exceeding 1 Mtons/km2/Ma in the east of the research 
area (Fig. 10A). In a westerly direction, however, the values 
rise to over 200 Mtons/km2/Ma in the area between the Oku-
niew IG-1 and Bodzanów IG-1 wells (Fig. 10A). 

In the Lublin Basin, the rate of gas expulsion from the 
Caradocian source rocks reached low values in the NE part 
of the study area (Fig. 9A). The rates of the expulsion in-
crease in a westerly direction to 20 Mtons/km2/Ma in the 
area between the Busówno IG-1, Łopiennik IG-1 and Nar-
ol IG-1 wells (Fig. 9A). Oil expulsion from the Caradocian 
source rocks reached values not exceeding 1 Mtons/km2/Ma  

in the eastern part of the research area. In western and 
southern directions, however, the values increase to over  
50 Mtons/km2/Ma in the Narol IG-1 region (Fig. 10A). 

In the Baltic Basin, the rate of gas expulsion from the 
Llandovery source rocks reached values close to zero or 
not exceeding 1 Mtons/km2/Ma in the eastern part of the 
study area (Fig. 9B). On the other hand, west of the line 
between the Młynary-1 and Olsztyn IG-2 boreholes, the 
value of expulsion is higher than 1 Mtons/km2/Ma and in-
creases further to the west. In the area between the Słupsk 
IG-1 and Kościerzyna IG-1 wells, it reaches 6–10 Mtons/
km2/Ma (Fig. 9B). Oil expulsion from Llandovery source 
rocks reached values not exceeding 1 Mtons/km2/Ma in the 
eastern part of the study area (Fig. 10B), whereas from the 
area between the Gdańsk IG-1 and Malbork IG-1 wells, it 
increased westwards. In the zone between the Żarnowiec 
IG-1 and Słupsk IG-1 wells, these values increased to ca. 
100 Mtons/km2/Ma. The highest values are in the region of 

Fig. 9.	 Gas expulsion rate in the Caradocian source rocks (A), in the Llandovery source rocks (B), in the Wenlock source rocks (C). 
Based on Botor et al. (2017c), modified.
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the Kościerzyna IG-1 well, exceeding 200 Mtons/km2/Ma 
(Fig. 10B). 

In the Polik-Bodzanów zone and in the Podlasie Basin, 
the rate of gas expulsion from the source rocks reached 
values close to zero in the entire eastern area between the 
Krzyże-4, Stadniki IG-1 and Mielnik IG-1 wells (Fig. 9B). 
Expulsion values increased in the western direction to 
over 15 Mtons/km2/Ma in the area of the Bodzanów IG-1 
well (Fig. 9B). The rate of oil expulsion from the Llando-
very source rocks reached similar values, not exceeding 
1 Mtons/km2/Ma in the eastern part of the research area 
(Fig. 10B). In the western direction, however, the values 
increased to 20–50 Mtons/km2/Ma in the area between the 
Okuniew IG-1 and Go wells with a maximum value of 
over 100 Mtons/km2/Ma in the area of the Łochów IG-2 
well (Fig. 10B). 

In the Lublin area, the rates of gas expulsion from the 
Llandovery source rocks had values close to zero in the 
entire eastern area (Fig. 9B). Expulsion rates increased to-

wards the SW to over 15 Mtons/km2/Ma, with local maxima 
in the area between the Dyle IG-1, Narol IG-1 and Sied-
liska IG-1 wells (Fig. 9B). The rates of oil expulsion from 
Llandovery source rocks also had values close to zero in the 
eastern area, while in a westerly direction these values rose 
to create local peaks in the area of the Siedliska IG-1 and 
Krowie Bagno IG-1 wells (Fig. 10B). 

In the Baltic Basin, the rates of gas expulsion from the 
Wenlock source rocks have values close to zero or not ex-
ceeding 1 Mtons/km2/Ma in the eastern area (Fig. 9C). How-
ever, west of the area between the Malbork IG-1 and Gdańsk 
IG-1 wells, the expulsion value grows westwards, reach-
ing 60 Mtons/km2/Ma in the area of the Słupsk IG-1 well. 
The oil expulsion from the Wenlock source rocks reached 
values close to zero or not exceeding 1 Mtons/km2/Ma  
in the eastern part of the research area (Fig. 10C). Howev-
er, these values increase westwards from the area between 
the Gdańsk IG-1 and Malbork IG-1 wells (ca. 50 Mtons/
km2/Ma). In the zone between the Żarnowiec IG-1 and 

Fig. 10.	 Oil expulsion rate in the Caradocian source rocks (A), in the Llandovery source rocks (B), in the Wenlock source rocks. Based 
on Botor et al. (2017c), modified. 
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Słupsk IG-1 wells, these values increase from ca. 60 to  
320 Mtons/km2/Ma. The highest values are in the area be-
tween the Słupsk IG-1 and Kościerzyna IG-1 wells (up to 
ca. 330 Mtons/km2/Ma (Fig. 10C).  

In the Polik-Bodzanów zone and in the Podlasie Basin, the 
rate of gas expulsion from the Wenlock source rocks have 
values close to zero in the entire eastern area between the 
Krzyże-4, Stadniki IG-1 and Mielnik IG-1 wells (Fig. 9C).  
The expulsion rate increases in the westerly direction to 
about 100 Mtons/km2/Ma in the Bodzanów IG-1 well  
(Fig. 9C). The oil expulsion rates from the Wenlock source 
rocks have values not exceeding 1 Mtons/km2/Ma in the 
eastern area (Fig. 10C). In a westerly direction, however, 
the values increase to 300 Mtons/km2/Ma in the area of the 
Bodzanów IG-1 well (Fig. 10C). 

In the Lublin area, the rates of gas expulsion from the Wen-
lock source rocks have values close to zero in the entire east-
ern area (Fig. 9C). The values of expulsion rate increase in 
a westerly direction to ca. 60–70 Mtons/km2/Ma in the region 
of the Siedliska IG-1 well (Fig. 9C). The rates of oil expulsion 
from the Wenlock source rocks have values not exceeding  
1 Mtons/km2/Ma in the eastern area (Fig. 10C). In a westerly 
direction, however, the values rise to about 200 Mtons/km2/
Ma in the area of the Siedliska IG-1 well (Fig. 10C).

Finally, it is worth mentioning that owing to the lack of 
detailed geochemical and hydrocarbon sorption data in the 
source rocks studied, the assessment of expulsion should be 
considered as ambiguous and not very precise. It only shows 
some general, regional trends of change and the zones of ex-
pulsion without any detailed quantification.  

Implications for petroleum exploration

In summary, in the area of the Baltic Basin, the degree 
of kerogen transformation and the generation potential in-
crease from the east (from the Gołdap IG-1 well) to the west 
(to the Słupsk IG-1 well) in a more or less regular manner. 
This conclusion applies to all source rocks analysed (Wen-
lock, Llandovery, and Caradocian). The eastern zone of 
the basin in the area from the Gołdap IG-1 well to the area 
around the Henrykowo-1 well shows negligible potential 
(close to zero), owing to the very low transformation of ker-
ogen. However, in the area between the Henrykowo-1 and 
Młynary-1 wells, the generation potential clearly increases 
towards the west. However, in the westernmost area (the 
Słupsk IG-1 well) the Lower Palaeozoic source rocks anal-
ysed are overmature in relation to the generation of hydro-
carbons. 

In the Polik-Bodzanów Zone and in the Podlasie Basin, 
the kerogen transformation degree and generation potential 
increase also substantially from east (and NE) (Krzyże-4) to 
west (and SW) towards the area between the Okuniew IG-1 
and Bodzanów IG-1 wells in all source rocks analysed. The 
eastern zone, in the area between the Krzyże-4 borehole to 
the Stadniki IG-1 and Mielnik IG-1 wells, shows negligible 
potential, owing to the low transformation of kerogen. In the 
area between the Wrotnów IG-1, Łochów IG2 and Tłuszcz 
IG-1 wells, the generation potential is clearly increasing to-
wards the west and southwest, reaching a maximum in the 
area around the Bodzanów IG-1 well. 

In the Lublin Basin, the thermal maturity and, as a result, 
the kerogen transformation rate of the Lower Palaeozoic 
source rocks varies. However, the trend of increasing trans-
formation of kerogen toward the SW is preserved, as in the 
Baltic, Polik-Bodzanów and Podlasie areas. The main pe-
riod of generation and expulsion of hydrocarbons from the 
Lower Palaeozoic source rocks was mainly in the Devoni-
an and Carboniferous. The scope of development of these 
processes clearly increases towards the south and south-
west, reaching a maximum in the area between the Łopien-
nik IG-1, LK, and Narol IG-1 wells. Only in the NW part of 
the Mazowsze-Lublin Trough, that is in the area between 
the Nadarzyn IG-1, Wilga IG-1, and Warka IG-1 wells, 
there could have been local Jurassic–Cretaceous reheating 
associated with significant burial due to the development 
of the Polish Basin (Botor et al., 2002) and the assumed 
effects of hot solutions (Kozłowska and Poprawa, 2004).  
In this zone, there is no significant coalification jump be-
tween the Carboniferous and the Permian–Mesozoic strata. 
In this zone, at the present stage of research, it can be as-
sumed that hydrocarbon generation could have taken place 
both in the Palaeozoic and in the Mesozoic. However, there 
is no drilled profile of the entire Lower Palaeozoic, which 
makes detailed recognition impossible. In addition, in in-
verted basins with a rift-related origin (like the Polish Basin),  
a significant increase in the thickness of sediments in the 
late stages of development may even have caused a cool-
ing effect associated with a decrease in thermal flux (e.g., 
Ceriani et al., 2006). As a result, maximum temperatures 
do not occur during the maximum burial. This issue re-
quires further research. 

In the entire SW part of the EEC, hydrocarbon expulsion 
(both natural gas and oil) occurred in the period from the 
latest Silurian to the Late Carboniferous, only slightly de-
layed in relation to generation, in one and sometimes in sev-
eral phases, usually slightly distant from one another. The 
earliest (Late Silurian) phases of generation and expulsion 
occurred in the westernmost zone between the Słupsk IG-
1, Kościerzyna IG-1, Bodzanów IG-1 and Łopiennik IG-1 
wells (close to the TTZ). To the east of this zone, the phase 
of generation and expulsion took place in the Devonian and 
partly in the Carboniferous. The process of expulsion oc-
curred almost simultaneously with the generation of hydro-
carbons or slightly later. Hydrocarbon expulsion occurred 
mainly in the western zone of the basins (generally west of 
the line of wells Gdańsk IG-1, Malbork IG-1, Tłuszcz IG-1, 
and Krowie Bagno IG-1. However, detailed quantification 
of this expulsion requires further geochemical studies and 
additional studies on the sorption of hydrocarbons. The hy-
drocarbons generated were greatly scattered, owing to the 
tectonic multiphase inversion of the Palaeozoic basins, es-
pecially the Variscan and Late Cretaceous–early Palaeogene 
inversion (e.g., Krzywiec, 2009; Krzywiec et al., 2017a, b), 
and as a result only a small fraction of them could have sur-
vived to the present day. The hydrocarbons that were subject 
to retention as a result of absorption in the kerogen them-
selves had the greatest chance of preservation. 

The size and intensity of hydrocarbon seepages from the 
Polish Lower Palaeozoic shales was relatively low. On the 
entire SW slope of the EEC analysed, gas seepages indicate 



169PETROLEUM GENERATION AND EXPULSION IN THE LOWER PALAEOZOIC PETROLEUM

the presence of dry gas with a high methane content, con-
taining no nitrogen or other non-hydrocarbon components, 
except for in the eastern part of the Polish shale zone, where 
nitrogen is present (Poprawa, 2010). The seepages of gas 
and oil have a zonality that corresponds approximately to 
the zones of kerogen thermal maturity, which determined 
the development of hydrocarbon generation processes  
(Poprawa, 2010). 

The Baltic Basin has a relatively simple tectonic struc-
ture, while that of the Lublin Basin is much more complicat-
ed, which is a disadvantageous factor in relation to the pos-
sibility of preservation of the hydrocarbon accumulations. 
The study area is characterized by a relatively high degree 
of lithological consolidation and rock brittleness (Poprawa, 
2010; Podhalańska et al., 2016). The Lower Palaeozoic 
source rocks on the SW margin of the EEC show a lower 
TOC and lower thermal maturity at the optimal exploitation 
depth interval i.e. 1.5–3.5 km, compared to the US equiva-
lents (Jarvie et al., 2006; Poprawa, 2010).

CONCLUSIONS
The above discussion on the generation and expulsion 

of hydrocarbons demonstrates that the maturity of organ-
ic matter in the Lower Palaeozoic strata indicates the ad-
vancement of generation from the phase of low-tempera-
ture thermogenic processes in the NE part of the Baltic and 
Podlasie-Lublin basins to the overmature stage along the 
zone adjacent to the TTZ. The results of the modelling of 
generation and expulsion processes showed that they took 
place mainly in the Devonian and Carboniferous periods 
and in the westernmost part (along the TTZ), even in the  
latest Silurian. This applies to both the Baltic area and  
the Polik-Bodzanów Zone, the Podlasie-Lublin area and the 
Biłgoraj-Narol area. During the Mesozoic and Cainozoic 
eras, generation processes essentially were not resumed or 
intensified.

The Lower Palaeozoic sediments were subject to intense 
subsidence and rapid burial in the Palaeozoic and then 
were uplifted, in several phases, but with the predomi-
nance of the late Variscan tectonic inversion. Unfortunate-
ly, the generation of hydrocarbons and their expulsion took 
place only in the Palaeozoic (latest Silurian to Carbonifer-
ous), at least 300 million years ago. Most of the hydrocar-
bons were subjected to expulsion and possible migration.  
As a result, there was a large dispersion of the hydrocar-
bons generated. The chance of preservation of these hy-
drocarbons in the source rocks is small. As a result, the cal-
culated saturation of shale hydrocarbons is relatively low 
(e.g., Botor, 2016), which also is confirmed by the results 
of new drilling in the EEC area.

Nevertheless, it was found that zones with an increased 
shale gas potential can only occur in a narrow belt on the 
SW slope of the EEC, parallel to the edge of the TTZ.  
The most promising seem to be the Caradocian, Llando-
very and Wenlock source rocks in the zone between the 
Lębork IG-1 and Kościerzyna IG-wells in the Baltic Basin 
and the Wenlock source rocks in the Podlasie-Lublin Basin 
between the Okuniew IG-1, Go, Łopiennik IG-1 and Narol 
IG-1 wells. 
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