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Fig. 14.	 Map of vitrinite reflectance (Ro) on the top of the Cambrian. Ro values derived from the 3D model on the Cambrian top.

Fig. 15.	 Model of average velocity in the Lublin Basin area, southern part of Podlasie Basin, Narol Zone and Radom-Kraśnik Zone. 
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al only data from 14 modern wells from over 70 drilled in 
shale gas exploration (details are in Papiernik et al., 2017b, 
2019). Extending the database will enable comprehensive 
modelling of lithological variables, the spatial reconstruc-
tion of sweet-spot locations and shape, and finally, risked 
resource assessment on a platform scale, using techniques 
developed at AGH for pilot areas during implementation of  
the ŁUPZAS project (e.g., Papiernik, 2017c).

CONCLUSIONS
The proposed project methodology of mapping and struc-

tural modelling uses and further develops the newest con-
cepts and methodologies in the Exploration & Production  
industry. The spatial scale of these solutions can be com-
pared only with some studies, implemented by the USGS 
and Schlumberger (Wygrala et al., 2013; Wygrala, 2014), 
Geological Survey of the Netherlands –TNO (Den Dulk and 
Doornenbal, 2014) and the British Geological Survey- BGS 
(Mathers, 2014; Peach et al., 2017), while the stratigraphic 
resolution of the completed maps/models seems to be much 
higher than those obtained for the Lower Palaeozoic strata 
with a stratigraphic resolution of geological series and stages.

The proposed model-cantered methodology enables the 
model to be utilized in many fields, starting from the data-
base function, accompanied by interactive data import, uni-
fication, reinterpretation, and management, through struc-
tural mapping and modelling, and used later as a framework 
for parametric modelling (lithology, petrophysical param-

eters, etc.), and finally for resource assessments including 
risk analyses. 

The proposed processing scheme is based on the use of 
multi-scale studies. Medium-scale models (basin-scale) are 
treated as a core component of the processing sequence and 
enable downscaling to local-scale models/maps and upscal-
ing to platform scale (the EEC). The complex and consid-
erably different tectonics of the Baltic Basin, the Podlasie 
Basin and especially the Lublin Basin influence the choice 
of modelling techniques The Corner Point Gridding meth-
od – more efficient and versatile in the further use of models 
cannot operate with the thrust-and-fault tectonics occurring 
in the Lublin Basin, while the geometrically more advanced 
Structural Framework method cannot be used on a platform 
scale, owing to technical limitations (too large grid size) of 
the method. In such a case, the most universal 3D models 
are designated on a basin scale, encompassing a uniform 
type of geology. The proposed hierarchy is due not only by 
geological reasons. In logistical terms, modelling and map-
ping carried out in this way enable a better organization of 
teamwork. Such a scheme also increases the detail of the 
solutions obtained, while optimizing the efficiency of com-
puter processing. 

The structural, thickness and palaeothickness maps de-
scribed and the 3D models of the Lower Palaeozoic that 
have been developed during the course of the project for 
the onshore part of the EEC in Poland are the most detailed 
cartographic study of the region ever completed. However, 
they need to be updated in the coming years after declas-

Table 7

Specification of resultant structural (FMT) maps of Lower Palaeozoic created within stage 7.

No FSM structural map FTM-Chronostratigraphic 
complexes thickness FTM - Lithostratigraphic complexes thickness

1 Precambrian top lower Cambrian Sępopol Formation
2 lower Cambrian top middle Cambrian Rajsko Formation 
3 middle Cambrian top upper Cambrian Słuchowo Formation (additionally Płonka Formation)

4 upper Cambrian top Cambrian Pieszków Formation, Widowo Formation, Uherka Forma-
tion, Narew Formation

5 Cambrian top (Fig.12) Tremadocian Ordovician Carbonate Complex 

6 Tremadoc Arenig Sasino Formation* (additionally Włodawka Formation 
and Udal Member)

7 Arenig Llanvirnian Marly Carbonate Complex Of Ordovician 
8 Llanvirnian Caradocian Barciany Formation
9 Caradocian Ashgill Jantar Formation*

10 Ashgill Ordovician Pasłęk Formation (Additional Wrotnowo Formation) 

11 Ordovician top lower Silurian  
(Llandovery) Pelplin Formation

12 lower Silurian (Llandovery) middle Silurian (Wenlock) Kociewie Formation
13 middle Silurian (Wenlock) Ludlow Reda Member
14 Ludlow top Pridoli (Fig. 11) Puck Formation
15 Silurian top Silurian  

* Sasino Fm top and base and Jantar Fm top surfaces were created additionally. 
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sifying information obtained by private operators during 
shale gas exploration. These updates should apply to both 
borehole and seismic data. The updated models then will be 
an excellent basis for the regional assessment of resources 
of shale gas prospects in the Silurian and Ordovician strata 
of the EEC. 

 The opinion of the authors is that the methodology pre-
sented should be used by petroleum companies as well as by 
geological surveys. 

Acknowledgements

This study was carried out within the framework of the project 
“Selection of an optimum methodology of estimation of resources 
and exploration risks (geological and commercial) for unconven-
tional resources of the type of “shale gas”, “shale oil” and “tight gas” 
in Poland and development of a methodology of documenting the 
unconventional accumulations” funded by the National Centre for 
Research and Development, Blue Gas (BG1/GAZGEOLMOD/13). 

The software used in mapping and modelling procedures was 
granted to AGH-UST in Kraków by SIS Schlumberger in the frame-
work of University Donation Agreement 1-1BWJ0PN Revision 1.

Special thanks go to Marek Hajto, Anna Sowiżdżał, Justyna 
Zając, Joanna Jasnos, Gabriel Ząbek, Paulina Krakowska, Kamil 
Mitan, Grzegorz Machowski, Katrzyna Luboń, Wojciech Górecki 
and many others, who had prominent roles in the realization of the 
cartographic Part GAZGEOLMOD Project. We would also like to 
thank the reviewers Krzysztof Sowiżdżał and Bjorn Wygrala for 
providing valuable and insightful feedback on the manuscript.

REFERENCES
Abrahamsen, P., Hauge, R., Heggland, K. & Mostad, P., 2000. Es-

timation of Gross Rock Volume of Filled Geological Struc-
tures With Uncertainty Measures. SPE Reservoir Evaluation 
& Engineering, 3: 304–309.

Antonowicz, L., Hooper, R. & Iwanowska, E., 2003. Lublin Syn-
cline as a result of thin-skinned Variscan deformation (SE Po-
land). Przegląd Geologiczny, 51: 344–350. [In Polish, with 
English abstract.]

Arnold, D., Demyanov, V., Christie, M., Bakay, A. & Gopa, K., 
2016. Optimisation of decision making under uncertain-
ty throughout field lifetime: A fractured reservoir example. 
Computers & Geosciences, 95: 123–139.

Barmuta, J., Barmuta, M., Golonka, J. & Papiernik, B., 2017. 
Dwuwymiarowa rekonstrukcja morfologii basenu ordow-
icko-sylurskiego wzdłuż linii Gałajny-2 – Kałuszyny-2, In: 
Golonka, J. & Bębenek, S. (eds), Opracowanie map zasięgu, 
biostratygrafia utworów dolnego paleozoiku oraz analiza 
ewolucji tektonicznej przykrawędziowej strefy platformy 
wschodnioeuropejskiej dla oceny rozmieszczenia niekon-
wencjonalnych złóż węglowodorów. Wydawnictwo Arka, 
Cieszyn, Poland, pp. 356–362 [In Polish.]

Barmuta, J., Barmuta, M., Golonka, J. & Papiernik, B., 2019.  
Reconstruction of initial thickness and geometry of the Lower 
Palaeozoic strata in the Podlasie and Baltic basins, East Eu-
ropean Craton. Annales Societatis Geologorum Poloniae, 89: 
471–480.

Buła, Z. & Habryn, R. (eds), 2008. Geological-structural map of 
top surface of the Palaeozoic (excluding the Permian) and 

Precambrian A. The top surface of the Palaeozoic. In: Geolo- 
gical-Structural Atlas of the Palaeozoic Basement of the Out-
er Carpathians and Carpathian Foredeep. Państwowy Insty-
tut Geologiczny, Warszawa.

Buniak, A., Kędzior, A., Paszkowski, M., Porębski, S. J. & Zach-
arski, J., 2016. Factors limiting reservoir quality of pericra-
tonic Silurian shales in Poland – New evidence from cores in 
Lublin Basin. In: AAPG Datapages/Search and Discovery Ar-
ticle #90259 ©2016 AAPG Annual Convention and Exhibition, 
Calgary, Alberta, Canada, June 19–22, 2016. Http://www.
searchanddiscovery.com/abstracts/html/2016/90259ace/ab-
stracts/2374563.html

Chatellier, J.-Y. & Jarvie, D. M. (eds), 2013. Critical Assessment 
of Shale Resource Plays. American Association of Petroleum 
Geologists, Tulsa, 186 pp.

Chilès, J.-P. & Delfiner, P., 1999. Geostatistics: Modeling Spatial 
Uncertainty. Wiley, New York, 695 pp.

Cichostępski, K., Kwietniak, A., Dec, J., Kasperska, M. & Pietsch, 
K., 2019. Integrated geophysical data for sweet spot identifi-
cation in Baltic Basin, Poland. Annales Societatis Geologo-
rum Poloniae, 89: This volume.

Coburn, T. C., Yarus, J. M. & Chambers, R. L., 2006. Stochastic 
Modeling and Geostatistics: Principles, Methods, and Case 
Studies. Volume II. American Association of Petroleum Geol-
ogists, Tulsa, 409 pp.

Cosentino, L., 2001. Integrated Reservoir Studies. Editions 
Techtips, Paris, 310 pp.

Deutsch, C. V. & Journel, A. G., 1992. GSLIB : Geostatistical 
Software Library and User’s Guide, 1st ed. Oxford University 
Press, New York, 340 pp.

Doornenbal, H., Abbink, O., Duin, E., Dusar, M., Hoth, P., Jasion-
owski, M., Lott, G., Mathiesen, A., Papiernik, B., Veldkamp, 
H., Wirth, H., Hajto, M., Kudrewicz, R., Machowski, G. & 
Sowiżdżał, A., 2010. Introduction, stratigraphic framework 
and mapping. In: Doornenbal, H. & Stevenson, A. (eds), 
Petroleum Geological Atlas of the Southern Permian Basin 
Area. EAGE Publications, Houten, pp. 1–9.

Dubrule, O., 1998. Geostatistics in Petroleum Geology. American 
Association of Petroleum Geologists, Tulsa, Continuing Edu-
cation Course Notes Series #38, 45 pp.

Dubrule, O., 2003. Geostatistics for Seismic Data Integration in 
Earth Models. Society of Exploration Geophysicists and Eu-
ropean Association of Geoscientists and Engineers, 273 pp.

Den Dulk, M. & Doornenbal, J. C., 2014. Subsurface mapping 
and modelling in the Netherlands: workflow automation, 
td-conversion and fault modelling. Przegląd Geologiczny, 62:  
812–817. [In Polish, with English abstract.]

Dziadzio, P., Porębski, S. J., Kędzior, A., Liana, B., Lis, P., Pasz-
kowski, M., Podhalańska, T. & Ząbek, G., 2017. Architektura 
facjalna syluru zachodniej części kratonu wschodnioeurope-
jskiego. In: Golonka, J. & Bębenek, S. (eds), Opracowanie 
map zasięgu, biostratygrafia utworów dolnego paleozoiku 
oraz analiza ewolucji tektonicznej przykrawędziowej strefy 
platformy wschodnioeuropejskiej dla oceny rozmieszczenia 
niekonwencjonalnych złóż węglowodorów. Wydawnictwo 
Arka, Cieszyn, pp. 232–277. [In Polish.]

Golonka, J., Krzywiec, P., Pietsch, K., Barmuta, J., Bębenek, 
S., Botor, D., Porębski, S. J., Papiernik, B., Barmuta, M., 
Michna, M., Buniak, A. & Mikołajewski, Z., 2017. Paleo-
zoic Evolution of the Eastern European Platform in Poland 



424 B. PAPIERNIK & M. MICHNA

and Shale Gas Potential. In: AAPG Datapages/Search and 
Discovery Article #90291 ©2017 AAPG Annual Convention 
and Exhibition, Houston, Texas, April 2-5, 2017. Http://www.
searchanddiscovery.com/abstracts/html/2017/90291ace/ab-
stracts/2611996.html.

Górecki, W. (ed.), 2008. Zasoby prognostyczne, nieodkryty po-
tencjał gazu ziemnego w utworach czerwonego spągowca i 
wapienia cechsztyńskiego w Polsce. NFOŚiGW, Kraków. No 
CBDG:951613, Archival No. 2293/2009 Arch. CAG PIG, 
Warszawa and Archival No. 4072/2016 Arch. CAG PIG, 
Warszawa. [Unpublished archive elaboration; in Polish.] 

Górecki, W., Kuźniak, T., Łapinkiewicz, A. P., Maćkowski, T., 
Strzetelski, W. & Szklarczyk, T., 1995. Atlas zasobów energii 
geotermalnej na Niżu Polskim. In: Górecki, W. (ed.), To-
warzystwo Geosynoptyków GEOS, Kraków, 37 pp. [In Pol-
ish, with English summary.]

Górecki, W., Reicher, B., Maćkowski, T., Łapinkiewicz, A. P., 
Papiernik, B. & Poprawa, P., 1998. Ocena Potencjału Nafto- 
wego i Możliwości Odkrycia Złóż Węglowodorów w Ut-
worach Mezozoicznych w Wybranych Strefach Niżu Polskiego 
w Relacji Do Basenu Morza Północnego – Analiza i Interpre-
tacja w Systemie Landmark. In: Górecki, W. (ed.), Kraków. 
No CBDG 119053 Archival No. 596/99 Arch. CAG PIG, 
Warszawa. [Unpublished archive elaboration; in Polish.] 

Górecki, W. (ed.), Sowiżdżał, A., Jasnos, J., Papiernik, B., Haj-
to, M., Machowski, G., Kępińska, B., Czopek, B., Kuźniak, 
T., Kotyza, J., Luboń, W., Pełka, G., Zając, A., Szczepański, 
A., Haładus, A., Kania, J., Banaś, J., Solarski, W., Mazurkie-
wicz, B., Zubrzycki, A., Luboń, K., Peryt, T., Barbacki, A., 
Pająk, L., Tomaszewska, B., Harasimiuk, M., Kurzydłowski, 
K., Nowak, J. J., Latour, T., Czerwińska, B., Kudrewicz, R. 
& Szewczyk, J., 2012. Geothermal Atlas of the Carpathian 
Foredeep. GOLDRUK, Kraków, 418 pp. [In Polish, with En-
glish summary.]

Górecki, W. (ed.), Szczepański, A., Sadurski, A., Hajto, M., Pa-
piernik, B., Kuźniak, T., Kozdra, T., Soboń, J., Szewczyk, 
J., Sokołowski, A., Strzetelski, W., Haładus, A., Kania, J., 
Kurzydłowski, K. J., Gonet, A., Capik, M., Śliwa, T., Ney, 
R., Kępińska, B., Bujakowski, W., Rajchel, L., Banaś, J., 
Solarski, W., Mazurkiewicz, B., Pawlikowski, M., Nagy, S., 
Szamałek, K., Feldman-Olszewska, A., Wagner, R., Kozłows-
ki, T., Malenta, Z., Sapińska-Śliwa, A., Sowiżdżał, A., Koty-
za, J. & Leszczyński, K. P., 2006a. Atlas of Geothermal 
Resources of Mesozoic Formations in the Polish Lowlands. 
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