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UNCONVENTIONAL SHALE GAS POTENTIAL OF LOWER VISEAN ORGANIC-
RICH FORMATIONS IN GLYNSKO-SOLOHIVSKYI| PETROLEUM REGION

Exploration of unconventional gas resources in Ukraine is highly relevant and important for achievement
energy independence of Ukraine and Europe. Production of current oil & gas fields and alternative energy
resources are not able to cover our needs nowadays. Now we can not fully fill these gaps by energy resources. In
this article geological environments, age, mineralogy composition and maturity of unconventional shale and
carbonate gas reservoirs of Lower Visean in one of the biggest field of Dnipro-Donets Basin (DDB) were
studied. The hydrocarbon potential of two main target horizons V-23 and V-24-25 by using integrated approach
of analyzing available core analysis data were performed. The results of the geochemical analysis show that the
maturity level of shale of the Rudov beds (V-23) appear in oil window (Ro~0.8 %) which can generate oil in the
early mature phase. Visean carbonates (V-24-25) have the similar level of maturity - (Ro~0.77 %). Target rocks
are characterized by high total organic content (TOC): average values vary from 2% for organic-rich carbonates
to 5.6 % for shales which indicates relatively good to excellent source rock generative potential. According to X-
ray diffraction analyses (XRD) of black shale formation domination of silica minerals (54.6 %), calcite and clays
(25.6%) with minor amounts of albite, feldspar and pyrite were observed. Carbonate platform V-24-25 logically
is characterized by much higher calcite content of 52.2 % with low amount of dolomite — 5.5 %. Quite high
quartz content is also observed — average value is of about 30.7 %. Clay minerals are not identified in every
sample, but average values are of about 18.9 %, pyrite content — 6.8 %. It shows that Visean target formation
of Glynsko-Solohivsky Petroleum region is characterized by anoxic environment. This data verified that V-23
and V-24-25 horizons are the brittle formations and favorable for multistage fracking. Thin section analysis
confirms our results from mineralogical point of view. The presence of fractures in core samples is additional
indicator for hydraulic fracturing and producing gas from such unconventional reservoirs. As a conclusion,
the Lower Visean organic-rich formations V-23 and V-24-25 from Glynsko-Solohivsky Petroleum region
are mature, are characterized by a high content of organic carbon, have enough thickness (30-120 m) and large
areal extent. They should be regarded as a potential shale gas target.

Key words: Source rock, unconventional reservoirs, total organic carbon, XRD, rudov beds, Lower Visean,
thermal maturity, brittleness

needs to focus on unconventional types of reservoirs
for purpose of significant increasing of gas & oil
production in Ukraine. As it well-known the major of
unconventional types of reservoirs are as following
[Lukin et.al., 2020]:

— Shale gas;

— Tight gas (Cent ral Basin Gas);

— Coalbed Methane gas (CBM).

The unconventional shale reservoirs affect huge

Introduction

The Dnipro-Donets Basin (DDB) is a major
Paleozoic rift basin located in the Sarmatian craton in
Eastern Ukraine of more than 15 km depth [Tectonics...,
2015; Starostenko et.al., 2017]. It is considered that
DDB is a Super Basin with multiple prolific gas fields.
In its area, the Shebelynka field is located as one of
the Europe’s largest gas deposit, currently producing

22 Tcf. The main gas/oil formations refer to Permian
and Carboniferous rock deposits. They are conventional
reservoirs (sandstones, siltstones) are characterized by
quite high porosity and permeability. However it

impact on oil & gas production in such countries as
the USA, Canada, Argentina, China, Thailand etc. We
hope it will be one of the main ways to increase
production in Ukraine, especially by using advanced
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technologies of horizontal drilling and multi-stage
fracturing. As it well-known unconventional shale gas
formations are acting as the source, reservoir and the
trap for the natural gas [Vyzhva, et.al., 2019; Orlyuk
et.al., 2018]. These kinds of natural gas formations are
characterized by very low porosity and permeability
values in the Nano-Darcy range. There are three main
organic-rich source rocks in the DDB. 1) The Upper
Visean Rudov Beds contain very high indexes of total
organic carbon (TOC) content (average 5.5 %);
2) oil-prone Lower Serpukhovian deposits and 3) gas-
condensate prone Middle Carboniferous formations in
the southern and southeastern part of the basin. In
addition, Devonian rocks are the most important
source rocks in the Pripyat Trough [Misch, et al.,
2015; Misch, et al., 2016 (b); Vakarchuk, et al., 2013].

As it known the Lower Visean formation is one of
the major source rock intervals, which consists of
marine limestone, silica and organic shale. Due to the
intense exploration and field development activities all
over the DDB, the Lower Visean source sequence can
be thoroughly investigated by new modern approaches

and technologies. It gives the possibility for better
understanding the hydrocarbon potential of this
formation.

The main aim of this paper was to determine and
describe the key properties of organic-rich rocks
(mineralogy, total organic carbon, thermal maturity)
and shale gas potential of Lower Visean source
rocks - Rudov Beds (V-23) and Visean carbonate
platform (V-24-25). Northwestern part of DDB
were studied, depth of zone interests was 4-4.5 km.
In addition, we answered the question about the
Visean carbonate platform possibility acts as
unconventional reservoir target. The special core
analysis methods (SCAL) and modern log data
(elemental-spectroscopy, spectral gamma ray, NMR
etc.) were integrated to solve this problem.

Geological settings

The study area is located northwest of Dnipro-
Donets Basin, which is bounded by the Ukrainian
Shield and VVoronezh Massif (Fig. 1).
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Fig. 1. Regional setting of the Dnipro-Donets-Basin (DDB)
in Eastern Europe (a, b; ¢ — Age data follow [Misch, et al., 2018].
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In this study we focused on the Glynsko-Solohivsky
Petroleum region and oil/gas unconventional shale
reservoirs. The target area structure is a brachianticline
fold of northwest trend. It is located in the
northwestern part of the DDB within the southern
slope of the Zhdaniv depression. Gas and oil
exploration in this area are connected with intervals
from Bashkirian deposits (C2b) to Devonian (D3f)
ones. However, a lot of previously studies (Lukin O.,
Makogon, V., Sachsenhofer R., Shymanovskyy V. A.,
Mish D, Karpenko O., Karpenko I., Prigarina, T.,
Ulmishek G. Goncharov G., etc.) described that the
Lower Visean high-organic formations (Rudov Beds,
Carbonate Platform V-24-25) have hydrocarbon
potential in the territory of DDB and in field A in
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particular (Fig. 2) [Lazaruk,2012; Mihailov, 2014;
Misch, et al.; 2016 (a); Ogar, 2012; Sachsenhofer, et
al., 2010]. During the last years in several wells, a
number of modern logs acquiring and coring analysis
were applied. It gives new results and answers about
shale gas potential of this area. The core and tin
sections description give the information about
depositional environments and ages of V-23 and
Carbonate platform V-24-25. It mostly confirms by
previously studies of Lukin O., Karpenko O.,
Karpenko I., Ogar V. etc. The horizon V-23 (hot
shale) corresponds to marine environment, probably —
to shallow water shelf. The similar environment is
observed in theV-24 carbonate platform [Karpenko, et
al., 2021; Mihailov, 2014; Misch et.al., 2018].

T

Fig. 2. Structural map of field A (Top V-23). Well A, B, C — cored wells.

Samples and Methods

The unconventional shale reservoirs are much
complicated than conventional target formations. It is
because of more complex mineral composition, very
low porosity and permeability values (<0.1 mD) of
this deposits. As usual this rock consists of silica, clay,
calcite, pyrite and kerogen. Due to proportion of these
main rock components we can make assumptions
about hydrocarbon and fracturing potential of these
formations. According to international experience
more than 40 % of the clay content of this rock makes

82

it is not possible to frac it and get good economical
results. It is due to very soft rock geomechanical
properties and respectively poor brittleness index (BI)
[Jarvie, et al., 2007]. Usually high calcite content does
not have positive impact on the hydrocarbon potential
of unconventional source rock reservoirs because it
reduces porosity, but it is not make the rock more
ductile. Silica is useful mineral for both reservoir
quality (RQ) and mechanical quality (MQ) of
formation. Pyrite and kerogen are not so important
because of their low content proportion of total
unconventional reservoir content.
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For our investigation 75 core samples from wells
(A, B, C) were studied, which represent horizons V-23
and carbonates V-24-25 (Figs. 1, 2). Table 1 shows
the coring depth, amount of removed core in meters
and in %. According to this data, it was received a lot
of useful information about our target formations from
wells (Figs. 3, 4).

It is important to note that all core samples where
accurately shifted to log data. It was possible due to
laboratory measurements of all core samples by
Gamma Ray, Spectral Gamma Ray and Density
tools (Fig. 5) [Lyzanets, et al., 2021]. It makes our
studies more precise than if we use quite old core

data which were shifted only by using drilling pipe
measurements.

Routine core analysis (RCAL) of samples from
well C, A and special core analysis from well A
showed highly heterogeneity of rocks. Most of the
samples from well B were divided into three pieces
for such investigations as XRD, TOC, Rock-Eval
for excluding heterogeneity impact on laboratory
measurements. Mean values of the three measurements
were further used for correct estimation of reservoir
petrophysical properties. Finally, more than 200
measurements were performed, which made our
investigations more precise (Fig. 6).

Table 1

Coring length in wells of the area of study

Well Hor Depth, m Coring, m Removed core, m Removed core, %
A V-24 4.400-4.500 335 32.18 96.63
B V-23-24 4.400-4.500 27 23.42 86.74
C V-24 4.500 18.2 18.2 100
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Fig. 3. Core well B (Hor-V-23-V-24-25).
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44%XX
Non-shifted GR Shifted GR

Fig. 5. Well A example — how core data can be depth-shifted. Red curve is Gamma
ray from logs, green is core gamma ray.
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Sample 1
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65%
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Fig. 6. An example of core sample and received values of TOC, mineralogy (XRD).

Mineral composition and determination by XRD

For determination of rock fabric, XRD analysis
was performed in two wells from study area and
covered mostly horizon V-24 and partially horizon
V-23. Of about 200 samples were prepared for
applying a Panalytical diffractometer. All the tests
have been completed at the Ukrnaukageocentre,
Poltava, Ukraine.

Geochemical analysis

Geochemical studies on a Rock-Eval 6 Classic S3
pyrolysis unit by using Rock Six software were
carried out. For conducting pyrolysis, the Bulk Rock
Basic method was chosen. It allows to determing the
main geochemical parameters of the parent strata. The
initial temperature of pyrolysis was 300 °C, the final
temperature was 650 °C. Carbonates & shale core
samples were crushed and selected for LECO TOC
analysis. Carbonates were extracted from every
sample (100 mg) by using 5 % HCL solvent.

Petrographic analysis

To get the results of petrography analysis, the thin
sections were prepared at the complex laboratory of
core research by using the standard method. The core
samples were boiled in rosin, and then pasted on
Canadian balsam. The thickness of the sections
(= 0.03 mm) was determined with a microscope by the
color of the quartz grains. Finally, a cover glass was
glued to the Canadian balsam.

Results and discussion

Mineral content

Bulk mineralogical composition (quartz, feldspars,
pyrite, apatite, calcite, dolomite, clay minerals etc.) of
200 selected samples was determined by using XRD
analysis and applying a Panalytical diffractometer. It
gives detailed information about mineralogy composition

which helps to estimate reservoir (porosity, saturation)
and geomechanical properties. Those properties are
very important for unconventional reservoir. Core
samples for XRD covered V-23 and V-24-25 shales,
limestones and partially sandstones.

16 of 73 investigated samples represent the high
organic (>5 %) of Lower Visean source rocks (V-23
Rudov Beds). We can observe predomination of silica
minerals in all samples — from 8.6 to 95.3 %, which
mostly consist of quartz. On the average, we observe
54.6 % of silica which is very positive indicator in
case of brittleness of formations. There are some
samples with albite content (5 samples). Carbonate
minerals content vary from 1 to 34 %, one sample are
characterized by high value — 83.4 %. Perhaps it
hasn’t been shifted correctly. Mostly, carbonates are
represented by calcite and several samples are
represented by dolomite and ankerite. Dolomite is
present in seven samples, the same number of samples
have ankerite. Clay minerals are mainly represented
by kaolinite, illite and dikkite of varying amounts.
Muscovite is also present in some samples from
horizon V-23. Kaolinite and illite are the major clay
minerals, which is present in most samples. The total
clay content in black shale rock in average consists of
25.6 %. All high organic shales core samples contain
pyrite which confirms anoxic geological environments
of Lower Visean source rocks. Amount of pyrite
varies from 1 to 15 % with average values of 5.9 %
(Fig. 10).

The Carbonate platform (V-24) is also covered by
our investigation, mineralogical characterization of
rocks were researched. Laboratory analysis showed
that carbonates as main rocks in such formations
varies between 8 to 94.3 %. Carbonates are
represented by calcite, dolomite and rarely ankerite.
The content of calcite, which is present in 55 samples,
varies between 8 and 94.3 % with average content of
52.2 %. The content of dolomite which is present in
only eight samples is from 1 to 11 % with average
value of 5.5 %. The ankerite content varies between
about 2 and 4.4 % in only five samples. In second
unconventional formation there are several high
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organic shales between layers. There is nine samples
from total number, with lower carbonate content, but
it still consists up to 77.7 %. We can observe quite
high silica content in horizon V-24, which makes
rocks much ductile. The content of quartz, which is
present in 55 samples, is ranges from 5.7 to 66.3 %
with average content of 30.7 %. In 17 samples we can
see albite present with a range between 3.9 to 26 %.
According to XRD analysis, several samples have
anorthite in their content (only 5 samples). Clay
minerals are not represented in every sample, but in 16
samples they are observed. The average values of total
clay minerals in VV-24 reach 18.9 %. They are mainly
represented by kaolinite, dikkite, illite and few
samples with muscovite or smectite minerals.
Kaolinite is the main clay mineral with average
content 10.6 %, and range between 5 and 17 %. Other
clay minerals are represented in less than ten samples,
which is shown in the histogram (Fig.11). The content

Argilite limestone. Rock
consists: muscovite, kaolinite,
paleontological scraps (20%),
granular calcite 10%. Scraps
represent brachiopod shells,
foraminifera, shelly, crinoid and
algal detritus, filled with calcite
isomorphically, sprinkled with

pyrite.

of pyrite, which is detected in most core samples,
varies between 2 and 17 % with average content of
6.8 %. This mineral is present in 42 samples of all
55 samples of horizon V-24.

The Petrographic thin section analysis including
mineralogical content was conducted for better
characterization of our target rocks. Based on the
received results the most minerals which are present in
the target formation confirm XRD analysis results
(Figs. 7-9).

According to XRD and petrographic thin section
analysis we can assume that horizon V-23 is
characterized by low amount of high clay content
minerals (av. 25.6 %). Much lower content is
observed in carbonate platform V-24 — av. 5.3 % that
makes target formations acceptable for multistage
fracking and producing hydrocarbons. Also it shows
the possible potential of higher porosity values in
target zones.

Kaolinite
(Al4(OH8)[Si4010]
14%

Pyrite (FeS2)
14%

O Quarz (5i02)

M Calcite (CaCO3)

M Pyrite (FeS2) M Kaolinite (Al4(OH8)[Si4010]

Fig. 7. The thin section photo from microscope and XRD data from hor. VV-23 (argilite).

Petrographic thin section

Limestone organogenic-detrital.

The texture is organogenic-detrital, and the structure is disordered.
The rock is composed of crinoidal, algal, shell detritus, foraminifera
shells, and brachiopods. The cementing mass of finely-grained calcite 1s

Pyrite (FeS2)
15,20%

Quarz (5i02)
46,50%

Calcite
(CaC03)
38,30%

pigmented in brownish color, possibly with sporadic pyrite. The scraps

constitute 80% and are unsorted, filled with calcite isomorphically, and

sporadic silica. Opalization is also observed in the sample.

O Quarz (Si02) m Calcite (CaC03) E Pyrite (FeS2)

Fig. 8. The thin section photo from microscope and XRD data from hor. VV-23 (limestone)

86



Geodynamics 1(34)/2023

Limestone organogenic-detrital.

The texture is organogenic-detrital, and the stucture is subtly layered, influenced by the
arrangement of the detritus.

The rock is composed of crinoidal, algal, shell, and coral detritus, permeated by
veinlets filled with carbonaceous-bituminous material, densely speckled with pyrite.
The scraps constitute 80%, are unsorted, filled with calcite isomorphically, some
sprinkled with pyrite, and partially opalized. Small grains of quartz and feldspar,
corroded by carbonate, constitute 3%. Opalization is also noticeable in the interstices.

Fig. 9. The thin section photo from microscope and from hor. V-24 (limestone).
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Fig. 10. XRD results. Mineral composition of selected VV-23 organic-rich shale samples, %.
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Fig. 11. XRD results. Mineral composition of selected V-24 organic-rich carbonate samples, %.

The Rock fabrics research is very important for
unconventional reservoir. As a result, special
mineralogy triangle plot are computed as usual.
Mineralogy data from North America analogs of shale
gas reservoirs are added to our plot investigations
(Fig.12). According to this plot, horizon VV-24 consists
of 60-90 % of carbonates, 5-20 % of clay and 5-30 %
of silica. In V-23 (hot shale) formation, more silica

content in rock composition are observed: silica — 45—
70 %, carbonates — 4-27 % and clay 20-50 %. As a
conclusion the best matches in the our field are
observed: for horizon V-23 — with Barnett shale and
for V-24 — with Eagle Ford as USA analogues. In our
further studies, petrophysical investigations of other
rocks properties (TOC, porosity, elastic properties
etc.) and their comparative analysis will be conducted.
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Fig. 12. Compearing ternary diagram showing the average mineral content in the some formations
in USA [Mews, 2019]. Blue circle is data from V-24 (carbonate platform), red — V-23 (Rudov beds).

88



Geodynamics 1(34)/2023

TOC and Rock-Eval pyrolysis.
Thermal maturity of source rock

In our study, geochemical analysis of core was
carried out to determine TOC, thermal maturity and
kerogen type. For determination of organic matter
and evaluating the generative hydrocarbon potential
of shales and organic-rich carbonates (V-24-25)
measuring of content of total organic carbon (TOC,
wt %) were investigated. Definition of TOC was
carried out by the AN-7529M express analyzer, which
is designed for the express determination of the mass
fraction of carbon, by burning the rock in a furnace to
carbon dioxide (CO2) with its subsequent coulometric
titration in a coulometric cell by the value of pH. The
value of the organic carbon content is obtained by the
method of direct combustion at a temperature of
1200°C in a stream of oxygen. The content of organic
carbon in the studied samples of V-23 is from 1.4 %
by weight up to 7.6 % by weight in samples No. 1-16.
The average value is 5.6 % which suggests relatively
good to excellent source rock generative potential
[Karpenko, et al., 2021]. For black carbonates
platform it is from 0.4 % up to 5.2 % by weight in
samples No. 17-73. Average value of about 2 %
confirms high potential for hydrocarbon generation in
such thick target (>100 m). The results of determining
the content of organic carbon are showed in Table 2.

Correlation plot of TOC and depth in this area of
study are presented in Fig.13 a. In previous studies,
the authors made an attempt to estimate TOC values
by using logging data from several wells in the area of
study, but unfortunately, core analysis wasn’t
available for confirming results of interpretation
[Karpenko, et al., 2021]. The methodology ARLog
was performed [Passey, et al., 1990].

According to pyrolysis analysis, main parameters
of generative potential of source rocks and
hydrocarbon presence — S1, S2, Tmax, HI, PI etc.
were received. The amount of hydrocarbon (S2)
generated during pyrolysis is a useful parameter for
evaluating the generative potential of source rocks.
The average value of the residual hydrocarbon
potential, expressed by the S2 indicator, for organic-
rich shales (V-23) is 9.83 mg HC/g, the lowest values
is 0.84 mg HC/g, the highest corresponds to 23.72 mg
HC/g. Due to heterogeneity of rocks wide ranges of
S2 are observed, but mostly they vary from 8 to
15 mg HC/qg. It shows good and very good generation
potential of source rock. The residual hydrocarbon
potential S2 of limestone (V-24-25) ranges from 0.3 to
12.59 mgBB/g of rock, average value is 2.33 mg HC/g
of rock. The main values for both formations are 1.5
to 4.5 mg HC/g. Therefore studied samples have good
generation properties (Table 2). Hydrogen and production
indices of the samples were calculated.

Table 2

Bulk geochemical results for Rudov beds (V-23) organic-rich shale and V-24-25 carbonate samples
from TOC/Rock-Eval analysis using calculated parameters and vitrinite reflectance (%0Ro0)

Wells A& B TOC S1 S2 Tmax Ro HI Ol Pl
No. Hor Litho wt % (mg HC/g) (mg HC/g) (°C) %

1 V-23 Shale 5.0 2.03 7.61 444 0.83 151.0 0.2
2 V-23 Shale 6.6 441 18.2 442 0.80 275.8 0.2
3 V-23 Shale 6.5 231 15.11 444 0.83 232.5 0.1
4 V-23 Shale 6.9 351 15.67 443 0.81 227.1 0.2
5 V-23 Shale 1.9 0.31 2.27 434 0.65 119.5 0.1
6 V-23 Shale 14 0.71 0.99 434 0.65 70.7 0.4
7 V-24 Limestone 0.5 0.39 0.31 439 0.74 62.0 0.6
8 V-24 Limestone 2.1 1.90 43 434 0.65 204.8 0.3
9 V-24 Limestone 11 1.52 217 419 0.38 197.3 0.4
10 V-24 Limestone 0.9 1.01 1.69 412 0.26 187.8 0.4
11 | V-24 Limestone 14 1.22 1.49 419 0.38 106.4 0.5
12 | V-24 Shale 4.3 1.12 2.46 444 0.83 57.0 1.0 0.3
13 V-24 Shale 1.7
14 V-24 Limestone 2.2 1.09 3.84 446 0.87 174.0 5.0 0.2
15 V-24 Shale 2.3 231 6.82 450 0.94 302.0 5.0 0.3
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Continuation of Table 2

Wells A& B TOC S1 S2 Tmax Ro HI Ol Pl
No. Hor Litho wt % (mg HC/g) (mg HC/g) (°C) %
16 V-24 Shale 1.5
17 | V-24 Limestone 1.6
18 | V-24 Shale 3.7 2.52 12.59 451 0.96 340.0 1.0 0.2
19 | V-24 Limestone 1.7
20 V-24 Shale 4.2 1.56 4.42 451 0.96 106.0 1.0 0.3
21 | V-24 Shale 35 3.22 8.74 452 0.98 250.0 2.0 0.3
22 | V-24 Shale 3.0 2.97 7.16 454 1.01 236.0 1.0 0.3
23 | V-24 Limestone 0.8
24 V-24 Shale 3.7 1.65 4.12 447 0.89 112.0 1.0 0.3
25 | V-24 Limestone 33 0.78 2.48 445 0.85 74.0 1.0 0.2
26 | V-24 Limestone 0.9
27 V-23 Shale 7.3 2.515 7.795 440 0.76 106.0 1.2 0.2
28 V-23 Shale 7.0 2.17 12.56 446 0.87 177.0 1.0 0.1
29 V-23 Shale 7.6 2.71 11.89 445 0.85 157.0 0.7 0.2
30 V-23 Shale 5.8 197 13.33 443 0.81 226.0 25 0.1
31 | Vv-23 Shale 6.0 2.46 9.32 449 0.92 148.0 0.4 0.2
32 V-23 Shale 143 3.2 23.72 443 0.81 165.0 0.7 0.1
33 V-23 Shale 2.2 0.85 2.37 439 0.74 102.0 0.6 0.3
34 | V-23 Shale 2.7 0.37 0.84 439 0.74 31.0 0.9 0.3
35 V-23 Shale 8.5 0.73 5.88 446 0.87 62.0 0.4 0.1
36 V-24 Limestone 0.9 0.9 18 443 0.81 187.0 6.8 0.3
37 | V-24 Limestone 11 0.38 0.89 435 0.67 79.0 0.6 0.3
38 V-24 Limestone 4.4 0.29 181 448 0.90 41.0 21 0.1
39 V-24 Limestone 1.3 0.6 1.13 443 0.81 84.0 25 0.3
40 | V-24 Limestone 21 0.49 1.31 440 0.76 55.0 15 0.3
41 | V-24 Limestone 3.6 0.2 1.01 439 0.74 28.5 0.8 0.2
42 V-24 Limestone 2.2 0.7 1.32 441 0.78 60.0 2.9 0.3
43 V-24 Limestone 11 0.84 12 436 0.69 110.0 2.8 0.4
44 | V-24 Limestone 1.6 0.87 1.88 448 0.90 114.0 2.7 0.3
45 V-24 Limestone 0.7 0.73 1.08 437 0.71 155.0 14.0 0.4
46 V-24 Limestone 0.8 2.3 3 444 0.83 317.0 5.2 0.4
47 | V-24 Limestone 0.9 1.21 2.18 446 0.87 246.0 45 0.4
48 V-24 Limestone 0.5 0.87 1.93 446 0.87 370.0 184 0.3
49 V-24 Limestone 1.6 0.46 1.15 437 0.71 74.0 3.6 0.3
50 | V-24 Limestone 4.8 0.64 2.25 447 0.89 46.0 1.2 0.2
51 V-24 Limestone 0.4 0.91 143 436 0.69 315.0 25.0 0.4
52 V-24 Limestone 2.0 0.67 143 442 0.80 67.0 0.5 0.3
53 | V-24 Limestone 2.3 0.79 211 447 0.89 90.0 2.0 0.3
54 V-24 Limestone 0.6 0.75 1.33 443 0.81 202.0 9.3 0.4
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Continuation of Table 2

Wells A& B TOC S1 S2 Tmax Ro HI Ol Pl

No. Hor Litho wt % (mg HC/g) (mg HC/g) (°C) %

55 V-24 Limestone 0.6 0.76 1.45 446 0.87 244.0 9.3 0.3
56 | V-24 Limestone 3.2 0.31 0.297 438 0.72 30.0 0.7 0.5
57 V-24 Limestone 0.6 0.38 1.04 437 0.71 152.0 17.0 0.3
58 V-24 Limestone 19 0.53 1.52 437 0.71 80.0 1.9 0.3
59 | V-24 Limestone 24 0.39 1.34 445 0.85 57.0 0.5 0.2
60 | V-24 Limestone 1.1

61 V-24 Limestone 16 0.39 1.29 436 0.69 83.0 1.6 0.2
62 V-24 Limestone 3.0 0.37 1.04 435.5 0.68 32.0 31 0.3
63 | V-24 Limestone 1.9

64 V-24 Limestone 11 1.04 1.71 441 0.78 155.0 6.5 0.4
65 V-24 Limestone 0.6 0.5 11 430 0.58 187.0 7.0 0.3
66 | V-24 Limestone 5.2 0.33 121 438 0.72 23.0 0.5 0.2
67 | V-24 Limestone 0.4 0.92 1.84 436 0.69 4510 | 286 | 0.3
68 | V-24 Limestone 1.0

69 V-24 Limestone 4.0 0.47 1.46 438 0.72 35.0 0.4 0.2
70 V-24 Limestone 2.6 0.45 1.35 435 0.67 53.0 1.5 0.3
71 | V-24 Limestone 3.0 0.46 111 440 0.76 37.0 74 0.3
72 | V-24 Limestone 15 0.55 1.64 446 0.87 106.0 0.8 0.3

The content of free hydrocarbons (C1-C33),
which is reflected by indicator S1, ranges from 0.31 to
4.41 mg HC/g of rock for all studied samples from
horizon V-23. For carbonates values of S1 vary from
very low — 0.2 up to 3.22 mg HC/g of rock. It
indicates the saturation of the studied samples with
hydrocarbons not only in black shales, but either in
Lower Visean carbonates formation.

Thermal maturity is one of the main parameters of
source rock and unconventional reservoirs for
understanding their potential to generate hydrocarbons
in petroleum system. Tmax and Ro data analysis for
the thermal maturity determination of V-23 and
carbonates VV-24-25 were used.

The maximum temperature of the release of
hydrocarbons (Tmax) for the studied samples of
“Rudov beds” is 434-449 °C. Such values indicate
that the deposits are located in the middle-late “oil
window” and correspond to the stage of catagenesis of
the MK3 gradation (according to M.B. Vassoevich).

For carbonate formations Tmax is 430-454 °C,
but vast majority of the samples show >435 °C which
corresponds for late “oil window” as in shale samples
of V-23. There are three samples from carbonate
formation with quite low Tmax values — 412-419 °C,
which are not typical according to full available
numbers of samples (63 samples). Those specimen
were taken from cuttings, therefore, it could affect the
quality of the measurements.

According to [Jarvie et al., 2001] the Vitrinite
Reflectance equation is the following: Ro =
= 0.018*Tmax-7.16. The results of the evaluation of
the Ro average values for black shale formations is
0.8% and for carbonates (V-24) is 0.77 %. Our
studies on diagram Ro vs. depth show that the sample
data are mostly located in oil window, therefore it
could be concluded that Rudov beds (V-23) and
organic-rich carbonate formations can potentially
generate oil or perhaps condensate (Fig. 13, b). It has
also been confirmed by the results of cross-plot of
Hydrogen Index (HI) and Tmax (Fig. 14, a). As it shown
in Fig. 14, a, unconventional target formations of
Lower Visean entered phase early to peak maturity,
which means they could generate oil and have kerogen
of type Il and Ill. It was also confirmed by logging
data in some sandstone intervals with good porosity
which are located above carbonate platform V-24-25
in Well B. This borehole has oil signs on logs (Triple
Combo, NMR and elemental spectroscopy logs data).
Thin section analysis also demonstrated the presence
of organic and bitumen includes (Fig. 15, a). It
correlates with other pyrolysis analysis data.

The type of kerogen is characterized by the ratio
of hydrogen (HI) and oxygen (Ol) indices. In term of
kerogen type, the modified van Krevelen diagram
shows the HI vs. Ol plot based on the hot shale V-23
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and organic-rich carbonates V-24-25 pyrolytic data,
which is taken from wells A and B, indicates that the
source section is gas-prone and of type 1I-111 kerogen
(Fig. 14, b).

The Production index is an indicator of the amount
of volatile “free” hydrocarbons that is related to the
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For carbonate platform with organic-rich argillite
beddings the values of Pl varies from 0.14 to 0.51.
The average value is even higher than in black shale
formation - 0.31, suggesting the presence of
redistributed hydrocarbons, or migrated oil, in most of

the non-contaminated samples. The Hydrogen Index
(HI) ranges from 23 to 451 HC/g TOC mg for V-24-
25. In organic shales V-23 these values are between
31 to 275.8 HC/g TOC mg. All results are shown in
Table 2.

Fig. 15. Thin section analysis: a— Well A — Blue arrow — detrital quartz grain, red arrow —
agglomeration of bituminous substance, green arrow — accumulation of organic matter. Upper part
with the analyzer, bottom without it: b — Well B — Bioturbated layer and crack, filled by white carbonate.

Conclusions

In this paper, using an integrated approach for
analyzing organic-rich shales and carbonates of Lower
Visean formations in DDB were presented in case of
study the hydrocarbon production potential from
unconventional type of reservoirs. The main shale gas
parameters — TOC, Vitrinite reflectance, type of
kerogen and mineralogy were received. The new data
and precise approach for preparing core samples and
their analysis gave a possibility to get more robust and
accurate results in comparison with previous studies
of this formation.

The potential of black shale and carbonate
formations of Lower Visean shows from good to very
good hydrocarbon potential level, and are classified
into phase early to peak maturity, which means they
could generate oil & condensate and has type Il and
11 kerogen. Microscope characteristics of samples
indicate the presence of kerogen and organic matter.
The shale has high organic matter content with TOC
up to 7.6 wt% which corresponds to the good
preservation of the matter. The values of total organic
carbon for carbonates formations (\V-24-25) are lower
than for V-23, but are still high and acceptable to be
good hydrocarbon potential rocks (up to 5.2 wt %).

The Pyrolysis analysis reveals that both
carbonates and black shales show quite high values of
S1 and S2, which corresponds to the possibility to
produce and generate hydrocarbons from our target

formations. The values of Tmax are mostly >435 °C
which confirms our early suggestions about the
potential of Lower Visean shales and carbonates.

The Rudov beds shale is dominated by quarts
minerals and carbonates, followed by clays, feldspars
and pyrite. Average clay content is 25.6 %, it means
that this target formation are characterized by
excellent brittleness. The horizon V-24-25 mostly
consists of calcite and quarts and is an acceptable rock
for multistage fracks and oil & gas producing. At the
same time, a lot of opened and filled fractures in most
of core samples are observed. These fractures are
usually filled with calcite (Fig.15 b.) These signs
confirmed that target formation is naturally fractured
and may demonstrate positive production results with
additional multistage fracturing. Our further
studies will focus on detailed petrophysical and
geomechanical properties by using core analysis
results and advanced modern logs data.

As a conclusion, there are two unconventional
targets for shale gas exploration at the study area. First
one is Rudov beds shale formation (V-23) which was
named as “world-class” source rock in previous
studies by other authors. The second one is a
carbonate platform with organic-rich rock content.
This fact makes it of very good potential considering
quite huge thickness of this formation (>100 m)
[luras, et al., 2021]. Favorable factors for shale gas
accumulation in unconventional targets are: 1) high
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TOC content and high maturity of rocks; 2) big thickness
and large areal extent of shale and carbonate; 3) high
rock brittleness of formations; 4) stable anoxic
deep-water sedimentary environment. 5) naturally
fractured.

Acknowledgements

The authors are thankful to the management of
JSC Ukrgazvydobuvannya for using the data and
authorizing the publication of this paper.

References

luras, S., Ahmad, S., Cavalleri, C. and Akashev, Y.
(2021), Logging Optimization and Data Analysis
Enabling Bypass Pay ldentification and Hydrocarbon
Quantification with Advanced Pulsed Neutron
Behind Casing. SPE Eastern Europe Subsurface
Conference, SPE-208512, Kyiv.

Jarvie, D. M., Hill, R. J., Ruble, T. E., & Pollastro, R. M.
(2007). Unconventional shale-gas systems: The
Mississippian Barnett Shale of north-central
Texas as one model for thermogenic shale-gas
assessment. AAPG bulletin, 91(4), 475-499.
https://doi.org/10.1306/12190606068.

Karpenko, O., Ohar, V., Karpenko, I., & Bezrodna I.
(2021). Differentiation of Rudov Beds based on
the statistical methods on geological and
geophysical data. Naukovyi Visnyk Natsionalnoho
Hirnychoho Universytetu. D: 005-010.
https://doi.org/10.33271/nvngu/2021-1/005.

Lazaruk, Y. G. (2012), Geological structure and oil
and gas potential of sediments of the 12th
microfaunistic horizon of the Dnipro-Donetsk
valley. Mineral resources of Ukraine, 17-19 (in
Ukrainian).

Lukin, O., Gafych, li., Goncharov, G., Makogon, V.,
Prygarina, T., (2020). Hydrocarbon potential in
entrails of the earth of Ukraine and main trend
of its development. Mineral resources of
Ukraine, No. 4, 28-38 (in Ukrainian).
https://doi.org/10.31996/mru.2020.4.28-38.

Lyzanets, A., Bukhtaty, V., Stepanov, O., & Doroshke-
vich, V. (2021). Report on the research work
“Investigation of lithofacies and capacity-filtration
properties of the core rocks of prospecting and
exploratory wells of JSC “Ukrgazvydobuvannya”,
698-758. Kyiv (in Ukrainian).

Mews, K. S., Alhubail, M. M., & Barati, R. G.
(2019). A review of brittleness index
correlations for unconventional tight and
ultra-tight reservoirs. Geosciences, 9(7), 319.
https://doi.org/10.3390/geosciences9070319.

94

Mihailov, V., Karpenko, A. and Karpenko, I. (2014).
Geological features of Ukrainian shale formations
promising for the presence of industrial
unconventional hydrocarbon accumulations in
connection with hydraulic fracturing. Proceedings of
XLII International Summer School-Conference.

Misch, D., Sachsenhofer, R. F., Bechtel, A., Gratzer, R.,
Gross, D., & Makogon, V. (2015). QOil/gas-source
rock correlations in the Dniepr-Donets Basin
(Ukraine): New insights into the petroleum
system. Marine and Petroleum Geology, 67, 720-742.
https://doi.org/10.1016/j.marpetge0.2015.07.002.

Misch, D., Gross, D., Mahlstedt, N., Makogon, V., &
Sachsenhofer, R. F. (2016). Shale gas/shale oil
potential of upper Visean Black Shales in
the Dniepr-Donets Basin (Ukraine). Marine
and  Petroleum  Geology, 75, 203-2109.
https://doi.org/10.1016/j.marpetgeo.2016.04.017.

Misch, D., Mendez-Martin, F., Hawranek, G., Onuk, P.,
Gross, D., & Sachsenhofer, R. F. (2016). SEM and
FIB-SEM investigations on potential gas shales in
the Dniepr-Donets Basin (Ukraine): Pore space
evolution in organic matter during thermal maturation.
In IOP Conference Series: Materials Science
and Engineering, Vol. 109, No. 1, p. 012010.
IOP Publishing. https://doi.org/10.1088/1757-
899X/109/1/012010.

Misch, D., Wegerer, E., Gross, D., Sachsenhofer, R. F.,
Rachetti, A., & Gratzer, R. (2018). Mineralogy and
facies variations of Devonian and Carboniferous
shales in the Ukrainian Dniepr-Donets Basin.
Austrian Journal of Earth Sciences, 111(1), 15-25.
https://doi.org/10.17738/ajes.2018.0002.

Ogar, V. (2012). Viséan siliceous rocks of USA and
Ukraine: distribution, genesis, oil and gas content.
Collection of scientific works of the IGS NAS of
Ukraine, (5), 143-151.

Orlyuk, M., Drukarenko, V., Onyshchuk, I., &
Solodkyi, . (2018). The association of physical
properties of deep reservoirs with the geomagnetic
field and fault-block tectonics in the HIlynsko-
Solokhivskyi oil-and-gas region. Geodynamics, 2 (25),
71-88. https://doi.org/10.23939/jgd2018.02.071.

Passey, Q. R., Creaney, S., Kulla, J. B., Moretti, F. J.,
& Stroud, J. D. (1990). A practical model for
organic richness from porosity and resistivity
logs. AAPG bulletin, 74(12), 1777-1794.
https://doi.org/10.1306/0C9B25C9-1710-11D7-
8645000102C1865D.

Peters, K. E. and Cassa, M. R. (1994) Applied Source
Rock Geochemistry The Petroleum System -


https://doi.org/10.1306/12190606068
https://doi.org/10.33271/nvngu/2021-1/005
https://doi.org/10.31996/mru.2020.4.28
https://doi.org/10.3390/geosciences9070319
https://doi.org/10.1016/j.marpetgeo.2015.07.002
https://doi.org/10.1016/j.marpetgeo.2016.04.017
https://doi.org/10.1088/1757
https://doi.org/10.17738/ajes.2018.0002
https://doi.org/10.23939/jgd2018.02.071
https://doi.org/10.1306/0C9B25C9-1710-11D7

Geodynamics 1(34)/2023

From Source to Trap, ed. Magoon L. B. and  Starostenko, V. I., Rusakov, O. M. (2015). Tectonics

W. G. Dow AAPG Memoir 80. 93-120. and hydrocarbon potential of the crystalline
https://archives.datapages.com/data/specpubs/meth basement of the Dnieper-Donets depression. Kyiv:
odo2/data/a077/a077/0001/0050/0093.htm Galaxy, 2015. 212 p. (in Russian)

Sachsenhofer, R. F., Shymanovskyy, V. A, Bechtel, A.,  Vakarchuk, S. H., Zeykan, O. Y., Dovzhok, T. Y.,
Gratzer, R., Horsfield, B., & Reischenbacher, D. Mihailov, V. A., & Hladun, V. V. (2013). Prospects
(2010). Paleozoic Source Rocks in the Dniepr- for the development of shale gas and shale oil
Donets Basin (Ukraine). Petroleum Geoscience, resources in the Eastern oil and gas region of
16, 377-399. https://doi.org/10.1144/1354-079300- Ukraine. Unconventional sources of hydrocarbons
032 of Ukraine, Book V. Kyiv (in Ukrainian).

. Vyzhva, S., Onyshchuk, V., Onyshchuk, I., Orlyuk M.,

Starostehko, V., Pashkevich, I, Maka_renko, L Drukarenko, V., Reva, M., & Shabatura, O. (2019).
Kuprienko, P., Savchenko, O. (2017). Lithosphere . .

) ) ) ) Petrophysical parameters of rocks of the Visean stage
heterogeneity of the Dnieper-Donets Basin and its (Lokhvytsky zone of the Dnieper-Donets Depression).
geodynamical consequences. Part 1. Deep structure. Geofizicheskiy Zhurnal, 41(4), 145-160 (in
Geodynamics, No. 1(22), 125-139 (in Russian). Ukrainian) https://doi.org/10.24028/gzh.0203-
https://doi.org/10.23939/jgd2017.01.125 3100.v41i4.2019.177380

CaaTocnas IOPACl, Muxaiino OPJHOKl, Cepriii JTJEBOHIOK,
Bixropis JIPYKAPEHKO®, Borman KPYIJIOB®

! Tucruryr reodisukn HAH Vipainm, np. Ilawiagina, 32, Kuis, 02000, Vkpaina, en mnomra: svyuras@gmail.com,
orlyuk@igph.kiev.ua, Tory_D@ukr.net

2 AT «YkprassunoGysanus», Yxpaina, By Kyapssceka, 29, Kuis, 04053, Yipaina, ex. nourra: serhii.levoniuk@ugv.com.ua
3 KuiBchbKHi HAIIOHATBHUI yHiBepcureT iMeHi Tapaca IlleBuenka, [acTutyT reomnorii, Byn. BacunbkiBebka, 90, Kuis, 03022,
Vkpaina, en. momura: bkrl2@ukr.net

[IOTEHLIIAJT HETPAIULIIMHOTO CJIAHLIEBOI'O I'A3Y HMJKHBOBI3EMCHKMX BATATUX
HA OPI'AHIKY TOBII] INIMHCHKO-COJIOXIBCHKOI'O TA3OHA®TOHOCHOI'O PAIOHY

AKTyaJlbHICTh PO3BIAKM HETPaJAMLIHHMX pecypciB rasy B YKpaiHi AyXe BHCOKa, OCOONHMBO IS
JOCSTHEHHSI CHepreTHYHOI He3allexKHOCTI YKpainu ta €Bponu. BugoOyTok 3 HasBHHX Ha()TOBUX 1 Ta30BHX
POJIOBHII] Ta BUKOPUCTAHHs ajJbTEPHATHBHUX JDKEpeN eHeprii € HeAOoCTaTHIM JUIs 3aJ0BOJICHHsS MOTped
HaceleHHs1 cboroaHi. [Ioku 110 HEMOXKJIMBO MOBHICTIO 3allOBHUTHU LI MPOTAJHMHU 32 AOIMOMOTOI0 €Hepro-
pecypciB. B cTaTTi JoCHiIKEHO TEOJOTidHE CepefoBHINEe, BiK, MIHEPAJOTIYHHUHA CKJIaJ Ta TEepMalbHY
3piMiCTh HETPATUIIHHUX CIAHIEBUX 1 KapOOHATHHX Ta30BUX KOJEKTOPiB HUKHBOTO Bi3e B OJHOMY 3 Haii-
Oinpmux pomosunr JIHinposcsko-Jlonernskoro Oaceiiny (J1J1B). IIpeacTaBieHo BYIJIEBOAHEBHIA MOTEHILIAN
JIBOX OCHOBHHX JOCIIJKYBaHUX TOPHU30HTIB B-23 i B-24-25 3 BUKOpHUCTAaHHSIM IHTETPOBAHOTO MiTXOIy JO
iHTepmpeTanii HasBHUX JaHWX aHalily KepHa. Pe3ynbraTW TeOXiMI4HOTO aHANi3y MOKa3ylTh, IO B
pyaiBcbkux mapax (B-23) piBeHb TepMalbHOI 3pilIOCTi CAaHIIB MicTUThCs B HadroBOMY BikHi (R0~0,8 %), 110
MOJKE TaBaTH 3MOTY TeHepyBaTH HapTy B paHHiH (a3i 3pinocti. [logiOHUI piBeHB 3pITOCTI CIIOCTEPIracThCs
y Bize#icbkux kap6onatis B-24-25 (Ro ~ 0,77 %). ¥V mocimimkyBaHHX MOpOJax BUCOKHM 3arailbHHUA BMICT
opraniku (TOC) — y cepenubomy Bin 2 % st kapOoHaTIB, OaraTux Ha oprasiky, 1o 5,6 % s ciaaHmis, 10
CBIIUNTH NPO MOPIBHAHO XOpomIui abo BiAMIHHUI TreHEepaTHBHHUI NOTEHIial MaTepHHCHKOI moponau. 3a
nanumu XRD amanizy miHepalliB 4OpHOCIAHIEBOT TOBII IepeBaXkaroTh KpeMmHeseMmHi minepanu (54,6 %),
KaJgpuuT Ta ruHA (25,6 %) 3 He3HAYHOIO KiNBKIiCTIO aibbiTy, MONBOBOTO Immary Ta miputy. KapGoHaTHuit
ropu3oHT B-24-25 moriuHo Mae 3Ha4HO OiMbmIUN BMICT Kambuuty — 52,2 % 3a HEBENHMKOi KiIbKOCTI
nmoromity — 5,5 %. Takox € XapakTepHUM JOBOJI BUCOKHIA BMicT kBapiy — B cepeaabomy 30,7 %. ImuHuCTI

MiHEepalll HE 1ACHTH(IKYIOTBCS B KOXKHOMY 3pa3Ky, aje 3a CEpeIHIMHU 3HAYCHHSMH iX BMICT CTaHOBHUTH
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omuspko 18,9 %. Bwmict miputy craHoBHTH Oiau3bko 6,8 %, mo cBiguuTh MpPoO OC3KHUCHEBE CEPEIOBHUIIE
IITBOBUX Bi3€HCHKUX yTBOpEHb B Mexax [nmmHCchKo-Co0XiBChbKOTO raszoHadToHOocHOTO paiony. Lli maHi
MiATBEPIWIH, MO TOPU3OHTH B-23 i B-24-25 € kpuxXkuMH mapamu, COPHITIUBAMH 0 OaraTocTamiifHIX
TiIpOpO3pUBIB. AHaII3 NUTIQIB MiATBEPIKYE PE3YIbTATH 3 MIHEPAIOTIHHOTO HOTIALy. HasBHICTE TpIilKH Y
3pa3kax KepHa € JOJATKOBHUM I1HIMKATOPOM JUIsl 3JIHCHEHHS TiApOpO3pHBY Ta BUAOOYBaHHS Ta3y 3 TakUX
TUNIB KoslekTopiB. OTKe, HIKHBOBI3EHChKi OaraTi Ha opraHiky mapu [rmHCbK0-CoI0XiBCHKOTO razoHadToO-
HOCHOro paifony B-23 i B-24-25 € TepmanbHO 3piIUMH, MarOTh BHUCOKHI BMICT OpPraHidHOTO BYIJICLIO,
nocTaTHIO TOTyXHicTh (30—120 M) Ta BemuMKy IUIONIY 3ajATaHHSA. IX MOXHA PO3MIAAATH SK MOTEHIiiHMi
00’ €XT Al BUJOOYTKY rasy.

Kniouosi cnosa: MaTepuHCHKi OPOAH; HETPATUIIHHOTO THITY KOJEKTOPH; 3aTAIbHUA BMICT OpTraHiuHO1

pedoBuHH; XRD; pyaiBcbKi BEpCTBH; HUXKYE Bi3e; TEpMalbHA 3PiNiCTh; KPUXKICTB.

Received 20.04.2023

96



