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NEPETBOPEHHA NOPUCTOCTI KAPBOHOBUX NMICKOBUKIB AOHBACY

Fuel and power complex of the country is in need for alternative energy sources, where methane being found in coal deposits can
be considered as one in the range. The Donets Basin is a perspective area for extracting coalbed methane in the terms of energy
resources concomitant. In order to evaluate the possibility of developing the Donbass as a coal gas deposit with complex exploita-
tion it is needed extra research of reservoir rock properties. Previously established regularities of transforming open porosity and
volume density of sandstones are of great practical importance, and are the basis for further studies of reservoir rock properties.
In this paper, particular attention was paid to the study of transformations of sandstones closed porosity. To observe the trans-
formation process of rocks closed porosity caused by changing conditions was used microscopic method is one of the applied
ones giving the possibility to observe gas inclusions in clastic mineral grains at high magnification (from 100 to 1200 power with
the use of immersion liquid). Presumably, these gas inclusions are a part of closed porosity so it is suggested to divide the closed
porosity into the cement-closed porosity and mineralogical closed porosity. Mineralogical closed porosity can serve as an indicator
of rocks transformation grade and the study of gas inclusion transformation taken place in sandstone quartz grains provides the
partial answer to the issue of changing gas component in the rocks pore space with increasing rocks catagenesis stage.
Keywords: catagenesis, sandstone, gas inclusions, closed porosity, quartz grains.

MaAMBHO-eHEPreTUYHUIA KOMMAEKC YKpaiHM NoTpebye anbTEPHATUBHUX EHEPrETUUHUX PECYPCIB, OAHUM 3 AKUX € METaH BYTiAbHUX
popoBHLL. TepcnekTMBHUM parioHOM BWMAODOYTKY BYFiAbHOMO rasy Ak eHepreTMuyHoi CMPOBWMHU € AOHEeUbkWin baceiH. AAs Toro,
1Wo6 OUIHUTM MOXAMBICTb PO3pP0bKK AoHOACY, AK KOMMAEKCHOIO ra3oBYriAbHOTO POAOBMLIA, HEOOXiAHI AOAATKOBI AOCAIAXEHHSN
KOAEKTOPCbKMX BAACTMBOCTEN Nopia. OTpUMaHi paHille BUEHUMK 3aKOHOMIPHOCTI 3MiHW 06'€MHOIT LLLIABHOCTI Ta BiAKPUTOI MOPUCTOCTI
nopia 6acenHy, € GyHaaMEHTAABHUMU | AIFat0Tb B OCHOBY MOAAABLLMX AOCAIAXEHD. Y AaHi poboTi 0cobAMBY yBary 6yA0 MpUAIAEHO
AOCAIAKEHHIO NEPETBOPEHDb 3aKPUTO MOPUCTOCTI NICKOBUKIB. AASI TOTO, LLIO6 NPOCTEXUTM MPOLIEC NEPETBOPEHHS 3aKPHUTOI MOPUCTOCTI
nopia MiA AIEK 3MIHIOHOLLMXCA YMOB 6yB 3aCTOCOBaHWIA MIKPOCKOMIYHUI METOA AOCAIAKEHHS!, 3@ AOMOMOTOH AKOr0, NMPU BEAUKMUX
36inbLIeHHaX (Bia 100 pAo 1200 kpaT i3 3acTtocyBaHHAM iMEPCiiHOI piAMHK) ByAM BUBUYEHI ra3opiAvHHI BKAKOUEHHSA B YAGMKOBMX
3epHax MiHepaniB. OCKiAbKK, iIMOBIPHO, A@HI BKAFOUEHHS IBASIKOTb COOO0 YaCTUHY 3aKPUTOO NMOPUCTOCTI 3aMPONOHOBAHO PO3AIAATU
3aKPUTY MOPUCTICTb Ha LEeMEHTHY i MiHepaAoriyHy. MiHepanoriyuHa 3akpuTa MOPUCTICTb, MOXE CAYXWUTU AK IHAMKATOP CTyMneHs
NnepeTBOPEHHS NMopia, @ AOCAIAKEHHA TpaHCHOPMALLiM ra30BUX BKAOUEHb B KBAPLIOBMX 3€pHaxX NiICKOBMKIB YaCTKOBO BIAMOBICTM Ha
NUTaHHSA NPO 3MiHy ra3oBOi CKAAAOBOI MOPOBOIo NPOCTOPY MOPIA 3i 36IAbLLEHHSIM CTaAIT KaTareHeay.

KArOHOBI cAOBa: KatareHes, NiCKOBMK, ra30Bi BKAFOUEHHS, 3aKpUTa MOPUCTICTb, KBApLIOBI 3epHa.

INTRODUCTION
Providing Ukraine by its own energy resources is an
urgent problem for the country’s power sector. As it
is known, natural gas is considered to be one of the
main power resources. Its share in the country’s
power balance is 41-43%. Ukraine is referred to the
countries with hydrocarbon production shortage
and is capable to satisfy the demand for natural
gas only up to 23 - 25%. Therefore, fuel and power
complex of the country is in need for alternative en-
ergy sources, where methane being found in coal
deposits can be considered as one in the range.
The Donets Basin is a perspective area for ex-
tracting coalbed methane in the terms of energy re-
sources concomitant. By different estimations the
total volume of methane content in coal mass of the
Donets Basin at depths from 500 to 1800 m varies
from 12 to 25 trillion m3. According to the scientists’
point of view, this basin should be considered as a
coal gas deposit with complex exploitation to reduce
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gas emissions into mine workings and obtain uncon-
ventional type of gas materials at an industrial scale
as well (Airuni et al., 1990; Zhikalyak, 2002).

OBJECT, AIM AND THE METHOD OF RESEARCH
Reservoir properties of rocks are the main param-
eters used for developing and producing hydrocar-
bon accumulations. As for the Donets Basin the
study of reservoir properties of gas-bearing rocks
in terms of the main parameter while prospecting
and developing hydrocarbon accumulations was
not carried out in full volumes and in a greater or
lesser degree was associated with forecasting gas-
dynamic events taking place in coal mines.
Sandstones are the main collectors of free gas
in the Donets Basin. They are associated with gas
accumulations of industrial significance and the nu-
merous micro accumulations of free gas. Despite
this, the gas production is associated with a num-
ber of difficulties. The main reason is the complex
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mining and specific geological conditions of basin
deposits, which had a significant impact on increas-
ing mining rocks density and promoted decreasing
porosity and permeability of the mining rocks.

The main aim of our research is investigation of
catagenesis influence on reservoir properties of sand-
stones of the Donbas. In order to solve this task used
previously received materials about the study of open
porosity and density of sandstone and also carried out
additional studies of the closed porosity sandstones
to establish forms of gas finding in the rock.

To investigate the closed porosity used micro-
sections of sandstones which samples were taken
within the different stages of catagenesis. Micro-
sections were examined using an optical micro-
scope at high magnification (from 100 to 1200
power with the use of immersion liquid).

RESULTS OF RESEARCHES AND THEIR ANALYSIS
Early studies of reservoir parameters, physical,
mechanical, sorption properties and petrographic
characteristics of sandstones showed that cata-
genesis processes had a significant impact on the
values of these indicators (Zabigaylo et al., 1983).
Therefore, while studying rocks reservoir properties
their paleodepth should be considered as an indi-
cator of catagenesis grade.

Porosity, permeability, density and pore satura-
tion by fluids are the main features characterizing the
quality of rocks-collectors. The complex of these pa-
rameters determines the reservoir properties of rocks.

Porosity is the amount of syngenetic (primary)
and epigenetic (secondary) cavitations in the rock.
It is divided into the absolute porosity (a total vol-
ume of all cavitations irrespective of their shape,
size and relative position), the open porosity (the
complex of interconnected set of pores and cavita-
tions, the volume of the porosity (where the move-
ment of liquid and gas under specific temperature
and pressure is possible), and closed porosity (the
complex of closed and isolated pores).

As for the conditions of the Donbas, the scien-
tists focused their attention on investigating open
porosity and density of the sandstones to predict
rocks outburst. These parameters were studied
depending on the genetic characteristics of sand-
stones, mineralogical and structural transforma-
tions, paleodepth influence and basin tectonics.

The general regularity of decreasing sandstone
open porosity due to increasing catagenesis grade
was determined in all areas of the Donbas. The most
intensive decrease in the values of open porosity is

typical for sandstones of early stage of catagenesis.
With each subsequent sub-step transformation the
range of open porosity changes is significantly reduced.
This is due to the fact that increasing transformation
degree causes rocks to consolidate and leads to
decreasing the volumes of their pore space (Fig.1).

Regional tectonic processes forming the modern
structural plan of the Donets Basin had significant
impact on the change of reservoir rock properties.
Moving from peripheral areas to the central part of
the basin such cases as increasing volume density
and decreasing open porosity of one lithogeneous
type of the sandstones are observed. The sand-
stones in the central area are the most consoli-
dated and have the lowest values of porosity and
permeability (Zabigaylo et al., 1984).

Thus, such three factors as: the formation con-
ditions defined by sandstone lithogeneous type,
rocks paleodepth estimated by adjacent coal grade
and tectonics characterized by sandstone position
in a various structural zone had a significant impact
on changes in volume density and open porosity.
Previously established regularities of transforming
open porosity and volume density of sandstones
are of great practical importance, and are the basis
for further studies of reservoir rock properties.

There was not enough attention to the research
of closed porosity in conditions of the Donets Basin.
The given task was considered not to have practi-
cal or scientific interest because of the absence of
possibility to provide the movement of liquids and
gases within the closed porosity.

Closed porosity of rocks is determined as the
difference between absolute and open porosity. Ob-
taining the value of closed porosity by calculation
we can define the general tendencies of the index
changes. To observe the transformation process of
rocks closed porosity caused by changing condi-
tions the additional research methods are required.
Microscopic method is one of the applied ones giv-
ing the possibility to observe gas inclusions in clas-
tic mineral grains at high magnification (from 100
to 1200 power with the use of immersion liquid).
This allows us to divide the closed porosity into the
cement-closed porosity (the volume of closed po-
rosity contained in the cement-grouted rock mate-
rial) and mineralogical closed porosity (the volume
of gas inclusions in clastic rock grains).

We can observe singular gas inclusions (prima-
ry inclusions), (Fig. 4a) and Boehm lamellae (sec-
ondary inclusions), (Fig. 4b) in sandstone quartz
grains of the Donbas.
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Fig. 1. Changing the value of open porosity with
increasing rocks catagenesis stage (Airuni et al., 1990).

Fig. 2. Changing the value of sandstones open porosity
depending on regional location in the basin (Zabigaylo et
al., 1984).
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Fig. 3. Changing the value of sandstones volume
density depending on regional location in the basin
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Fig. 4. Microsection of sandstone I,'Sl,, mine named after A.G. Stakhanov, depth selection 794,0 m:
a - singular gas inclusions in quartz grains, magnification 1200%; 6 - Boehm lamellae in quartz grains, magnification 1200

Boehm lamellae are microstructural deforma-
tions of sandstone quartz grains decorated with gas
inclusions. They are of particular interest because
previously their formation was proved to occur dur-
ing rock catagenesis directly in the conditions of the

Donets Basin unlike the single gas inclusions formed
in the source rocks (Baranov, 1989). The prevailing
development of Boehm lamellae in sandstone quartz
grains is explained by increased gas content formed
during the process of coal incarbonisation and dis-
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persed organic matter in sedimentary rocks. Singu-
lar gas inclusions and Boehm lamellae are observed
throughout the sandstone quartz grains of early and
middle stages of catagenesis.

The studies of sandstone quartz grains at the
late catagenesis stage demonstrated that increas-
ing rocks transformation grade occured simul-
taneously with differentiating gas inclusions to
the smallest size. In other words, sandstone pa-
leodepth causes the inclusion form transformation,
size reduction, and pressure stabilization.

CONCLUSION
The transformation process of the sandstones un-
der catagenesis impact significantly influenced on
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reservoir properties of these rocks. Increasing of
catagenesis stage leads to the result that the open
porosity of sandstones is reduced. During this proc-
ess part of the gas passes from the open pores to
microstructural deformations of sandstone quartz
grains and forms a closed porosity. The study of
closed porosity complements the classical meth-
ods applied to determine rocks reservoir properties
and is of a specific practical concern. Mineralogical
closed porosity can serve as an indicator of rocks
transformation grade and the study of gas inclusion
transformation taken place in sandstone quartz
grains provides the partial answer to the issue of
changing gas component in the rocks pore space
with increasing rocks catagenesis stage.
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