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Introduction
Unconventional hydrocarbon deposits (shale oil and gas, tight gas, coal-bed-methane-

CBM and gas hydrates) are very important components of the natural energy resources. 
They are under detailed investigations in many countries all over the world and intensity 
of the research works depends on economy state in the hydrocarbon prospecting industry 
and politics, which nowadays is mostly oriented to renewable energy resources. Poland, with 
relatively low resources of hydrocarbon, is extremely interested in detailed recognition of 
the Paleozoic shales with gas observed from the primary drillings in the Baltic, Podlasie and 
Lublin Basins as potential shale gas resources [1-5]. 

Geological setting
The Silurian and Ordovician shale formations in the north-eastern and central-eastern 

Poland are observed along the margin of the East European Platform. The analysis was 
focused on two formations in the Baltic Basin: Ordovician Sasino Formation (Sa Fm) and Jantar 
Member (Ja Mb) of the Silurian Pasłęk Formation as potential resources of unconventional 
hydrocarbons [1,4,5]. The discussed formations are composed of black, dark gray, and gray-
greenish bituminous shales. Average TOC values of Sa Fm and Ja Mb are 3.1 and 3.0 wt.%, 
respectively. Depth of occurrence is between 2800-3200m. 

Materials and Methods
The Silurian and Ordovician formations are heterogeneous due to geological, 

sedimentological, mineralogical, geochemical, and petrophysical parameters. Results 
of well logs suffer additionally from the influence of factors related to the construction of 
logging devices. So, combining the point type laboratory results and continuous well logging 
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Abstract
Results of laboratory experiments and well logging processing and interpretation are described 

to show the investigation trial realized on the Polish Silurian and Ordovician shale gas deposits in 
the Baltic Basin, north Poland. Standard and sophisticated laboratory methods of density, porosity, 
permeability, mineral composition and geochemical parameters measurements on rock samples were 
performed. Statistical methods were applied to standard, dipole sonic and geochemical well logs to limit 
the processed data without loss of useful petrophysical information, avoiding redundancy and doing the 
primary classification. The goal of this specific trial was to build petrophysical model of shale gas rocks 
taking into account low porosity, very low permeability, TOC equal at least 2 wt.% and organic matter as 
a kerogen and bitumen, free gas gathered in the rock matrix effective porosity and in secondary porosity. 
The unique model for the Polish shale gas formations is explained by age, depth of occurrence and mineral 
composition of the Silurian and Ordovician shales, different from those described in the literature. 
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outcomes based on various physical basis are very important 
scaling platform in construction of static geological model before 
seismic data interpretation. Therefore, the methodology applied 
in these investigations was focused on realizing many laboratory 
measurements on the same part of the rock and then constructing 
the most probable relationships between them. Mutual 
relationships between parameters from well logging and cross-
relations between lab and well origin variables were also included. 
The results illustrate the mutual relations between investigated 
variables and lithology, reservoir parameters, hydrocarbon 
production potential, and other factors used to characterize shale 
rock formation. List of the used laboratory methods comprises the 
following: mercury injection porosimetry, physical adsorption of 
nitrogen at 77K, NMR experiments, pressure decay permeability 
method and pulse decay permeability method for selected plugs, 
water immersion porosimetry with light kerosene immersion 
porosimetry [6], helium pycnometer, Rock-Eval pyrolysis, XRD 
analysis and micro-tomography imaging. From the other side all 
available well logs were included: GR, SGR-URAN, THOR, POTA, 
NPHI, RHOB, PE, LLD, LLS, XRMI, DT, DTP and DTS from dipole sonic 
device and results of the comprehensive interpretation of well logs 

as total and effective porosity, PHI and PHIE, respectively, volume 
of kerogen VKER, volume of shale VSH, volumes/mass of elements 
from geochemical log.

Results
Density and porosity turned out to be the critical petrophysical 

properties in shale gas formation characterization. Laboratory 
measurements of bulk, specific, grain, and material density in the 
mudstones of complicated structure revealed differences in their 
mineral composition and the presence of organic matter. Total and 
effective porosity values observed from laboratory measurements 
and well logging varied in the mudstone rocks with a thinly laminated 
macrostructure and high-tortuosity porous space microstructure. 
Density and porosity were measured in the laboratory using 
sophisticated methods, but the results only provided point 
information. In comparison, measurements recorded in continuous 
well logging were influenced by environmental conditions and 
the vertical resolution of logging devices. Creative combining 
these two types of results requires depth matching of laboratory 
measurements and vertical averaging of well logging outcomes, 
and this was used to construct mutual relationships resulting in 
detailed petrophysical characteristics (Figure 1) [1,2,7].

Figure 1: 3D illustration of mutual relationships between well logging results: GR, RHOB, DT, VKER, VSH and lab 
determined mass of organic matter OM in Sa Fm and Ja Mb.

Conclusion 
Statistical methods revealed great heterogeneity of shale 

formations and abled primary classifications [8,9]. Depth matching 
of laboratory results and well logging outcomes was the basis for 
data upscaling. Sophisticated micro-tomography experiments 
showed complicated geometry of pore structure of shale rocks 
[7,10]. Extended density and porosity investigations helped in 
identification of gas presence in macro and micro pores [11]. 
Geochemical log results verified with the XRD analysis allowed 
mineral composition recognition to obtain reliable information on 
friability of shale rocks.
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