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SUMMARY 

Paper describes major aspects of the epigenesis processes effect on the reservoir properties of 
different types of rocks: terrigenous, carbonate, and shales. . Research covers the territory of 
two ramparts: Kotelva-Berezivka and Solokha-Dykanka in the central part of the Dnieper-
Donets basin. There was identified the most affected zone which is located within 110-120°C 
temperature window, co-called epigenesis compacted zone (ECZ). This zone was mostly 
affected by the following processes: carbonatization, kaolinitization, silicification, 
microstylolitization, micasization, microfracturing, etc. ETZ plays major role in the formation 
of secondary seals and reservoirs. These are the result of the background and superimposed 
tectonic processes and metasomatic transformations. This study is another step toward 
allocating new deep reservoirs at great depth.  
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Introduction 
 Studies of the oil and gas bearing zones of the Dnieper-Donets Basin (DDB) revealed a 
significant influence of secondary processes on the filtration-capacity properties of Carboniferous 
sedimentary rocks with different composition and origin. In particular, there was identified the 
influence of secondary alterations on the formation of epigenetic compacted zone (ECZ) within the 
temperature range of 110-120 °С (Tereschenko, 2008; Zarytskyi and Zarytskyi, 2013). Such 
compacted zone plays major role in secondary seals formation of oil and gas pools, and may cause the 
occurrence of abnormally high pressure. The discovery of pools at depths exceeding 6000 m showed 
that reservoirs at such depths are mostly secondary and are caused by deep (hypogene) superimposed 
tectonic processes and metasomatic transformations (allotigenous mineralization) (Lukin and Hafich, 
2016). 
 Therefore, at the current stage of studying the oil and gas potential of the DDB, the discovery of 
new hydrocarbon pools associated with secondary reservoirs and seals at depths exceeding 4 km. This 
is one of the most promising directions for further exploration. 
Method and Theory  
 The research area is located in the central part of the pre-axial zone of the Dnieper-Donets 
depression, within Kotelva-Berezivka and Solokha-Dykanka ramparts. A number of salt dome 
structures are also presented here – Bakei, Kolontaiv, Karaikozivka and others. Also, a number of gas 
condensate and oil gas condensate fields have been discovered in the Mississippian (Carboniferous) 
rocks, including Berezivka, Bilsk, Solokha, Western Solokha, Kolomak, Kotelva, and Stepove. The 
Mississippian strata is heterogeneous in its lithological composition. Its composition is dominated by 
terrigenous and terrigenous-clay rocks, but the so-called "Lower Visean plate" is composed of 
carbonate rocks.  
 Core was taken by the authors from 16 deep wells drilled within seven above-mentioned fields. 
The core samples were studied by the mineralogical and petrographic methods under a polarizing 
microscope. To conduct the research 101 transparent slides were made from rocks of different 
lithological composition (lithotypes). Carbonate rocks were studied in 25 thin sections, terrigenous 
rocks in 43 thin sections, and shale rocks in 33 thin sections. In addition, authors used electron 
microscopy method to study carbonate and clay rocks in order to find out their microstructure and 
determine their chemical composition (4 polished sections are made of carbonate rocks, 9 polish 
sections are made of shales). For geochemical silicate analysis (X-ray spectral fluorescence analysis) 
25 powder samples were prepared to determine the main rock-forming elements. Electron-probe 
microanalysis allowed to determine the content of rare elements. These studies were carried out in the 
R&D laboratory of mineralogical and geochemical study of the Institute of Geology of Taras 
Shevchenko National University of Kyiv. 
 The interpretation of the obtained results was carried out with the involvement of data from 
laboratory reservoir properties studies, obtained by the Ukrainian Research Institute of Gas 
(UkrNDIGaz), in Kharkiv. To trace the correlation of the studied intervals laterally authors used well 
log analysis. To reconstruct the sequence of secondary superimposed and background alterations the 
technique of stage analysis was used (Yapaskurt, 1999). The complex interpretation of the obtained 
results was carried out using the concept of “Epigenetic compacted zone”, which was substantiated by 
Kharkiv researchers (Zarytskyi and Zarytskyi, 2013; Tereschenko, 2008). 
 Below are the main results of studies of secondary transformations for the main lithological 
types of the Mississippian: terrigenous, carbonate and shale rocks. 
 The petrographic study of slide sections of carbonate rocks allowed to reveal evidences if 
secondary alterations such as calcitization, dolomitization, silicification, dissolution, secondary 
fracturing, and pyritization (Tunik and Ohar, 2017). There was observed the tendency of permeability 
and porosity values increasing as a result of secondary dolomitization, dissolution, and fracturing, 
which generally correlates with the data of other researchers (Wayne, 2008). At the same time, 
recrystallization, calcitization, and silicification processes reduce the pore space and permeability of 
these rocks. 
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 During microscopic studies of terrigenous rocks most common secondary changes were the 
following: dissolution and regeneration of quartz, microstylolitization, kaolinitization, calcitization, 
micasization, microfracturing, pyritization, and sideritization. The epigenetic alterations of such rocks 
are well-studied, since they are the most often reservoirs of hydrocarbons in the oil and gas basins of 
the world (Worden et all., 2003). 
 It allowed to estimate the most important trends in the effect on the reservoir properties of rocks. 
It was found that the paragenetic relation between the corrosion of quartz grains and secondary 
calcitization sharply reduces the reservoir properties of sandy-siltstone rocks. At the same time, the 
formation of secondary reservoirs is associated with microfracturing, sideritization, and 
kaolinitization, which is confirmed by the examples of the Bilske, Kotelevske, Stepove, and Kolomak 
fields. Also, a stable kaolinite-siderite paragenesis was observed in the case of deep zones of Stepove 
and Kolomak fields, which is common for rocks with enhanced porosity and permeability values.  
 Signs of regressive diagenesis were identified at Berezivka field, manifested by intensive 
kaolinitization with common enhancing of reservoir properties of sandstones, which is also associated 
with the dissolution of calcite cement in conditions of a strongly acidic environment. Such processes 
may indicate the local inversion of tectonic movements and the formation of highly porous secondary 
reservoirs (Tunik and Ohar, 2019). 
 The study of the clay mineral composition reveals the most important diagenetic transformations 
and its influence on the sealing properties. It was established that the studied clay rocks were 
transformed under the influence of background and superimposed processes. Among the general 
factors, rock compaction and micasization of montmorillonite through the mixed-layer stage were 
identified. At the same time, compaction evidently led to a decrease in porosity values. Micasization 
processes are accompanied by an increase in the potassium content, which is also confirmed by 
geochemical studies (Tunik, 2021). 
 Superimposed processes include calcitization (sideritization), pyritization, and kaolinitization. 
Simulateneously, sideritization and pyritization do not significantly effect the reservoir properties of 
the studied rocks. Instead, epigenetic kaolinitization enhance their porosity. This trends are also 
confirmed by the data of other researchers (Wayne, 2008). In current situation the identified secondary 
alterations of clayey rocks do not lead to a significant deterioration of sealing properties. 
 A model of the ECZ is a summary of the study of Mississippian rocks and its manifested 
background and superimposed secondary processes. For a comprehensive interpretation of these 
results, reservoir properties of the studied rocks and thermobaric data along with the technique of the 
predicting were used. According to its developers, the ECZ formed as a result of the inflow and 
precipitation of carbonate substances from solutions in the geochemical barrier interval, which is 
limited by the isotherms of 110 and 120 °C. Zones of decompaction, fracturing, and metasomatic 
mineralization are located below the transitional compacted zone, which can form potential reservoirs 
of secondary origin (Tereschenko, 2008; Zarytskyi and Zarytskyi, 2013). In general, the specified 
temperature interval limits the zone of compacted rocks, the position of which in the section does not 
directly depend on the depth, lithology and age of the rocks. 
 The results of the analysis show that according to calculations and measurements of formation 
pressure, a sharp jump in formation pressure values is observed below the ECZ, which confirms the 
presence of a compacted layer above. 
 Therefore, a detailed examination and analysis of well log data revealed that compacted zones 
localized in terrigenous rocks are slightly shifted relative to the calculated depths of the top and base 
of the ECZ. That may be due to the influence of tectonic inversion and paleotemperature factors, 
which are quite difficult to take into account. The upper part of the transitional compacted zone is not 
as dense as was expected, which can be explained by the time-limited effect of modern temperatures 
at calculated depths. 
 During studying carbonate and clay rocks, such a sharp shift of the transitional compacted zone 
was not observed, which may be related to the peculiarities and intensity of the manifested secondary 
alterations. In clay rocks, there are mainly observed background alterations and less observed 
influence of superimposed alterations, which does not create contrasting zones, possibly due to the 
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limited circulation of fluids in such rocks. Carbonate rocks, on the contrary, are easily subject to 
secondary changes, but their intensity depends on the primary conditions of sedimentation and on the 
inflow of aggressive deep solutions. There also was built the surfaces of top and base of the ECZ 
(Fig.1). 
 

 
Figure 1. Top and base surfaces of the ECZ within research area based on the field and experimental 
data from UkrNDIGaz and porosity values retrieved from the well logs (Karpenko and Tunik, 2018). 
Upper surface represents 110°C isotherm and lower surface represents 120°C 
 
 In general, our research confirms the concept of the ECZ existence. Rocks in the temperature 
range of 110–120 °C underwent the greatest secondary alterations, which is confirmed by a standard 
complex of laboratory studies, reservoir properties evaluation of rocks and well log data (Karpenko 
and Tunik, 2018). However, in some cases, the transitional compacted zone shifts below the 120 °С 
isotherm, which is probably due to the influence of tectonic inversions and paleotemperatures on 
sedimentary rocks, which were not taken into account when calculating the borders of transitional 
compacted zone. 
Conclusions 
 The results of the conducted research within the Kotelva-Berezivka and Solokha-Dykanka 
ramparts allow us to draw a number of conclusions, the most important of which are as follows: 

1. Mississippian rocks of different lithological composition at depths exceeding 4000 m were 
changed as a result of background and superimposed processes. Background processes that caused by 
pressure and temperature increasing with depth indicate that the studied rocks are at the stage of late 
diagenesis. 

2. The effect of superimposed processes depends on the primary composition of the rocks. They 
may lead to a significant change in the mineral composition and structure of carbonate, terrigenous, 
and shale rocks of the Mississippian along with reservoir properties. Some processes may enhance 
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reservoir quality by generating secondary porosity, whereas other processes can destroy it. In some 
situations, diagenesis can actually generate a hydrocarbon trap. The processes of secondary 
dolomitization had the greatest impact on the increase in porosity of carbonate rocks, and the porosity 
of terrigenous rocks increased as a result of secondary kaolinization. Kaolinitization also affects shale 
rocks, reducing their sealing properties. 

3. The presence of the ECZ within the isotherm interval of 110-120 °С was confirmed and its 
borders were changed. Within this zone the intensity of diagenetic processes increases significantly, 
which leads to the compaction of rocks and the formation of secondary seal. At the same time, the 
position of the transition compacted zone in the studied wells is not stable, which is explained by 
tectonic inversions and the influence of paleotemperature factor. 
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