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INTRODUCTION
Successful development of unconventional hydrocar-
bon resources that took place last 10-15 years in the 
sedimentary basins of the U.S.A. and Canada gives a 
possibility to remap hydrocarbon potential of such ma-
ture petroleum provinces like the Dnieper-Donets basin 
(DDB). Previous studies testify that this region can be 
prospective for shale gas and oil, as well as tight gas 
and oil in arenaceous and carbonate rocks (Lukin, 
2011; Lukin, 2010; Vakarchuk et al., 2012; Vakarchuk 
et al., 2013; Vakarchuk et al., 2014; Mykhaylov et al., 
2014). At that the resources of unconventional hydro-
carbons may exceed ones for oil and gas in convention-
al reservoir rocks (Lukin, 2011; Vakarchuk et al., 2013; 
Vakarchuk et al., 2014; Mykhaylov et al., 2014). Discov-
ery and development of these unconventional accumu-
lations can actually provide a second wind to develop-
ment of the Dnieper-Donets petroleum province and 
significantly increase domestic oil and gas production. 
One of the prospective plays in this direction is the over 
Visean carbonate sedimentary rocks that are widely 
developed within the Dnieper-Donets basin.

UNCONVENTIONALS PROBLEM STATUS QUO 
There are many researches devoted to the problem 
of prediction and prospecting for unconventional 
hydrocarbons in the Dnieper-Donets basin have 
been published last years in Ukraine (Lukin, 2011; 
Lukin, 2010; Vakarchuk et al., 2012; Vakarchuk et 

al., 2013; Vakarchuk et al., 2014; Mykhaylov et al., 
2014). The most comprehensive analysis of this is 
provided by A.E. Lukin (Lukin, 2011; Lukin, 2010) 
as well as the monograph series prepared under 
aegis of Naftogaz of Ukraine National Joint-Stock 
Company by experts from different research organi-
zations elucidating the studies for unconventional 
hydrocarbon sources in the sedimentary basins of 
Ukraine, and DDB in particular (Vakarchuk et al., 
2013; Vakarchuk et al., 2014). The above cited 
publications feature as theoretical as practical is-
sues of prospecting for unconventional hydrocar-
bons. Specifically, it was substantiated criterial 
assessment system for shale and tight gas and 
oil potential in arenaceous and carbonate rocks. 
Stratigraphic levels, rock sequences and areas pro-
spective for unconventional hydrocarbons develop-
ment were determined and recommendations for 
the exploration targeting were formulated. At the 
same time the problem of unconventional hydro-
carbons exploration in the carbonate rocks was 
secondary priority while detail studying of shale 
and clastic rocks. Within the framework of those 
studies the basic criteria of assessment and main 
stratigraphic levels of carbonate rocks prospective 
for unconventional hydrocarbons were described 
yet, however, regulations of spatial development 
of those prospective sequences were beyond the 
scope of previous studies. In this connection one 

УДК 553.98:550.8(477.52/.6)

S.G. Vakarchuk 

Lithofacies analysis to predict unconventional hydrocarbon accumulations in the Lower 
Visean carbonate sequence of the Dnieper-Donets graben 

С.Г. Вакарчук 

Літолого-фаціальні аспекти прогнозування скупчень неконвенційних вуглеводнів у відкладах 
нижньовізейського карбонатногоого комплексу Дніпровсько-Донецької западини

The paper features results of prospective potential assessment for unconventional hydrocarbons in the Lower Visean carbonate 
sequence of the Dnieper-Donets graben. Spatial development features for prospective rocks within different facies zones of the 
Lower Visean carbonate sequence are elucidated upon the basis of main criteria to evaluate exploration potential for unconven-
tional hydrocarbons (lithological composition, rock thermal maturity, porosity and permeability, total organic matter content, and 
depth of occurrence). The role of litho-facies studies for unconventional hydrocarbons prospecting is shown.
Keywords: Dnieper-Donets basin, Lower Visean carbonate sequence, unconventional hydrocarbon, lithology. 

У статті наведені результати досліджень перспектив пошуку неконвенційних вуглеводнів у відкладах нижньовізейського карбонатного 
комплексу Дніпровсько-Донецького грабену. На основі аналізі основних критеріїв оцінки перспектив пошуку неконвенційних 
вуглеводнів (літологічного складу, ступеня термальної зрілості, фільтраційно-ємнісних властивостей, вмісту органічної речовини, 
глибини залягання) визначено характер розповсюдження перспективних порід в межах різних фаціальних зон нижньовізейського 
карбонатного комплексу. Показана роль літолого-фаціальних досліджень при пошуках неконвенційних вуглеводнів.
Ключові слова: Дніпровсько-Донецький басейн, нижньовізейський карбонатний комплекс, нетрадиційні вуглеводнів, літологія.

© S.G. Vakarchuk , 2015

Корисні копалини осадових утворень та проблеми їх освоєння /  
Raw material of sedimentary formations and aspects of their usage



207COLLECTION OF SCIENTIFIC WORKS OF THE IGS NAS OF UKRAINE, VOL. 8, 2015

Lithofacies analysis to predict unconventional hydrocarbon accumulations 

of the most relevant tasks to solve the problem of 
commercial hydrocarbon potential of tight carbon-
ate and carbonate shale rocks is to outline bound-
aries of their lateral development and formulate 
the prerequisites to rank the area studied upon its 
prospecting potential. A significant role in this proc-
ess belongs to lithofacies study as shown below.

DATASETS, SAMPLING, AND APPLIED METHODS.
The study is based on results of integrated analysis of 
stratigraphic, lithofacial, petrophysical and geochemi-
cal researches for the Lower Visean carbonate sedi-
ments obtained during conventional exploration activ-
ity as well special pyrolitic analyses. 270 analyses for 
petrophysical rock properties, 245 ones for rock ther-
mal maturity, 55 for Сorg (TOC), 78 for X-ray diffraction, 
and over 320 descriptions of cores and thin sections 
from 145 wells were made. Also, to recognize intervals 
prospective for unconventional hydrocarbons and esti-
mation of their saturation parameters well logs from 25 
wells were processed applying special techniques. De-
lineation of prospective areas and ranking of hydrocar-
bon potential for each lithofacies zone was performed 
upon the basis of early developed author’s criteria for 
assessment unconventional hydrocarbon prospect-
ing in the carbonate sequences that were taken using 
analysis of geological, geophysical, testing and produc-
tion data from the sedimentary basins of North Amer-
ica (Vakarchuk et al., 2013; Vakarchuk et al., 2014). 
The main of those criteria are as following: lithological 
composition – massive grainstones and packstones, 
re-crystallized biogenic mudstones and wackestones, 
dolostones; silicified carbonates and cherts as well as 
hydrocarbopelites; Сorg over 1%; thermal rock maturity 
Ro – 0.62 to 0.80 unconventional oil, from Ro 0.80 to 
2.5 for unconventional gas; minimal porosity as much 
as 1,5% for gas and 2% for oil; permeability not less 
than 0.009 mD for gas and 0.1 mD for oil; net thick-
ness of prospective interval should be more than 25 m 
for oil and 40 m for gas; depth to exploration target is 
down to 4500 m.

Prospecting lithofacies settings. Lower Visean 
carbonate sequence are widely developed over the 
whole territory of the Dnieper-Donets graben exclud-
ing its northwestern part and some localities with-
in the external flank zones where shale carbonate 
rocks are substituted with terrigenous ones. Car-
bonate sediments of the Lower Visean sub-stage 
lie with gap and angular unconformity on different 
horizons of Tournasian stage, and in some areas of 
external flank zones lie upon Upper Devonian sedi-
ments and Archean-Proterozoic rocks. The sequence 

is overlaid by clayey-sandy sediments of the Upper 
Visean sub-stage. Formation of that sequence took 
place at the open marine settings governing cyclic 
transgressions in the northwestern direction Most of 
areal development of the Lower Visean sequence is 
represented by complex-built formation with alterna-
tion of limestones and argillites characterized by sig-
nificantly various ratio of calcareous and shale rocks 
in different structural/facies zones. Thickness of the 
Lower Visean carbonate sequence changes from 20-
25 m to 250-300 m. Depth to top of the sequence 
vary from 1800 to 6100 m in drilled wells. 

Upon the result of conducted detail lithologi-
cal and paleogeographic studies it was evidenced 
that the Lower Visean carbonate sequence was de-
posited within lithofacial zones as following: open 
marine, slope, reefal, shelfal, lagoonal, littoral, and 
large intrabasinal banks ones (fig. 1) (Vakarchuk, 
2003; Lukin and Vakarchuk, 1999).

Open marine facies zone. Sediments of this zone 
occur in the deepest parts of the Dnieper-Donets ba-
sin. These ones are studied most comprehensively 
within the Sribne and Lokhvitsa depressions as well as 
northern part of the South External Flank zone in the 
southeastern part of the graben. Open marine facies 
zone sediments are represented by black, silicified, 
irregularly calcareous, bituminous argillites interbed-
ded with thin limestone beds. Limestones are black, 
bituminous, clayey, silicified, mainly packstones with 
mudstones. Silicites and hydrocarbopelites are rather 
widely developed throughout the basin. The paleogeo-
graphic restorations demonstrate that deposition of 
these sediments took place within the open marine 
facies zone at deepwater setting accompanied by 
uncompensated subsidence of the sea floor (Vakar-
chuk, 2003). Lower Visean sediments thickness of 
his zone vary from 30-40 to70-80 m. Drilled sections 
reveal the thermal rock maturity ranging from МК2 to 
АК1 stage (Rо – 0.8-2.36) (fig. 1). Within depth interval 
3900-4500 m average values of Rо are of 1.05 that 
corresponds to initial and main window of gas genera-
tion (MGW). С org content in the shale carbonates of 
this zone changes from 2,5 to 11,2%. Kerogen is of ІІІ 
type. Average values of of open porosity for carbonate 
and shale rocks are 1.0-2.0 % with average porosity 
less than 0.005 mD. Depth to the sequence in the 
drilled wells ranges from 3900 to 6100 m.

Issuing from the above criteria shale carbonates 
of this zone is prospective for unconventional gas 
with high condensate ratio. The exception is repre-
sented by areas of intrabasinal reefs (pinnacles). 
These are knob-like isolated carbonate build-ups 
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encircled by shale carbonate sediments (Vakarchuk, 
2003). Presence of build-ups of such type is distinct-
ly revealed by drastic increasing of the sequence 
thickness up to 120-130 m comparing to surround-
ing background values of 30-50 m. These build-ups 
do not exceed 1.0-1.5км×2.0-3.0 km in size. They 
are composed by biohermal limestones with subor-
dinate role of packstones and shales. By this date 
such pinnacles are known for Kampanska, Pryrich-
na, Bilychivka conventional hydrocarbon fields.

Large intrabasinal carbonate banks zone. Deposi-
tion of these sediments in terms of paleogeography 
took place within rather large uplifts located in the 
central part of open marine basin. Results of paleo-
geographic studies testify that deposition within those 
areas was compensated contrary to settings of the 
open marine facies zone. By this date the sediments 
of intarbasinal banks are recognized in Yablunivka, 
Rudivka, West Solokha and other fields. Lithologically, 
the rocks of this facies zone are mainly represented 
by packstones and grainstones with different shale 
to carbonate ratio, and quite often by strongly re-crys-
tallized limestones. Sometimes, biohermal varieties 
occur in the section. These limestones make beds 
of Вапняки 5-10 to 50-70 мm thick alternating with 
shale beds of 3-4 to 10-15 m thick.

Rock thermal maturity in the drilled wells changes 
from МК2 to АК1 (Rо – 0.75-2.3) corresponding in gen-
eral to MGW (fig. 1). Average values of open porosity 
fro carbonate rocks is of 2.5-4.5% with permeability 
below 0.1 mD, and 0.5-2.5% for shaly rocks with per-
meability below 0.005 mD. Сorgг. Content in the car-
bonate rocks is of 0.8-1.5%, and fro accompanied 
shaly ones are as much as 1.2-5.6%. Kerogen is of 
І and ІІ-І types. Depth to sequence top in the drilled 
wells ranges from 4200 м to almost0 5300 m.

Main exploration prospects in this zone are re-
lated to unconventional accumulations in the tight 
carbonate rocks and adsorbed gas in shale carbon-
ated rocks in the depth down to 4500 m (fig. 1).

Slope facies zone. Sediments of slope facies 
are represented by rhythmic alternation of carbon-
ate and shale units and characterized by clino-
formal occurrence with decreasing of thickness 
towards the depocenter. Total thickness of the car-
bonate sequence varies in a broad range from 30-
40 m at the toe to 80-90 m at the upper hinge of 
the slope. Down the dip it is observed substitution 
of limestones with shales as well as of decreasing 
of thickness and number of carbonate beds. Slope 
facies zone as a narrow band rims the depressional 
zone. Rock thermal maturity in the drilled wells re-

veals values from МК2 to МК4 (Rо – 0.78-1.2) corre-
sponding in general to MGW initial stage (fig. 1). Сorg 
content in the shale carbonates of this zone chang-
es 1.5 to 7.8%. Kerogen is of ІІІ type. Average values 
of open porosity for the carbonate and shale rocks 
are at 1.5-2.5% with average permeability less than 
0.01 mD. Depth to the sequence in the drilled wells 
varies from 3200 to near 4900 m.

Sedimentary rocks of the slope facies zone are pro-
spective for unconventional gas with high condensate 
content except of areas deeper than 4500 m (fig. 1).

Reefal facies zone. This zone is characterized 
by maximum thicknesses and most complete sec-
tion of the Lower Visean sediments as well as pre-
dominance of biohermal varieties in carbonate se-
quence ranging from 56 to 65% (Vakarchuk, 2003; 
Lukin and Vakarchuk, 1999). Biohermal rocks of 
this zone have formed core parts of rather large 
build-ups of marginal type that along with inter-reef-
al sediments make the reefal zone. Lithologically 
inter-reefal sediments are represented by alter-
nation of different clastic limestones, breccia-like 
limestones (formed due to destruction of the solid 
skeleton of the marginal build-ups) and shales. 
Presence of biogenic build-ups of the marginal type 
is proved by this date for Lypova Dolyna, Perekopiv-
ka, Anastasiivka, Ozeryany, Hortytsa, Ignatovka, 
Zagorany and Movchanivka fields. Thickness of the 
reefal facies sediments varies from 80 to 70  m 
within inter-reefal areas and from 150 to 180 m in 
the central parts of reefal massifs proper.

Rock thermal maturity in the drilled wells chang-
es from МК2 to МК3 (Rо – 0.72-1.15) correspond-
ing in general to beginning of MGW (fig. 1). Open 
porosity values for the rocks forming central parts 
of reefal massifs are ranged from 5.5 to 19.5% at 
permeability varying from 0.1 to 10-40 mD (up to 
370 mD for fractured areas). Average values of 
open porosity for inter-reefal rocks are of 3.5-5.5% 
at less than 0.05 mD of permeability. Сorg content 
for the rocks of the build-ups core part is changed 
from 0.1 to 0.4%, and for inter-reefal rocks from 0.3 
to 0.9%. Kerogen is of ІІІ, sometimes of mixed ІІ-ІІІ 
type. Depth to the sequence in the drilled well var-
ies from 2300 to almost 5100 m.

Sediments of this zone are prospective for conven-
tional hydrocarbon accumulations. Some exploration 
perspectives are related to inter-reefal areas, however, 
due to their minor acreage they should not be consid-
ered as independent exploration targets (fig. 1).

Shelfal facies zone. Shelfal zone sediments are 
most studies ones because they are penetrated by 
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numerous prospecting and exploration wells drilled in 
different structural zones of the DDB graben. Deposi-
tion of those sediments took place at shallow water 
settings with normal salinity. Lithologically the rocks 
of this zone are represented by gray and light-gray 
almost re-crystallized limestones, packstones and 
grainstones with different shale to carbonate ratio. 
The limestones occur as separate beds of 20-50 m 
thick alternating with shales of 1-2 to 8-12 m thick. 
The most complete sections contain 6-7 individual 
limestone beds. Top and bottom of the carbonate 
sequence is of shale predominance as a rule.  На 
окремих ділянках шельфової зони достатньо ши-
рокий розвиток отримали невеликі за розмирами 
біогермні споруди (Vakarchuk, 2003; Lukin and Va-
karchuk, 1999). Biohermal bodies of such type have 
thickness of 20-40 m and occur inside non-reefal car-
bonate shallow shelf sediments. Lithologically those 
bioherms are composed by massive, gray dolomitized 
an almost re-crystallized biomicrites and biosparites, 
often strongly cavernous and fractured with subordi-
nate role of clay content. Argillites are black, dark-gray 
and gray, calcareous and occur as rare interbeds of 
small thickness. Intra-shelfal bioherms contain com-
mercial conventional hydrocarbon reserves in some 
fields (Selyukhovka, Lychkove, Pereshchepyno, etc.).

Rock thermal maturity in drilled wells varies from 
PK3 to МК4 (Rо – 0.45-1.55) (fig. 1). Average values 
of open porosity for biohermal facies composing the 
cores of the build-ups is characterized by 6.0-7.0 % 
values (for cavernous and fractured verities up to 
22%), permeability ranges within 0.05-1.0 mD (вin 
some cases as much as 146 mD). Average open po-
rosity outside bioherms is 2.5-4.5 %, permeability 
– 0.005-0.05 mD. Сорг content for carbonate rocks 
composing core of bioherms is 0.1-0.2 %, and 0.5-
1.5 % outside of them. Accompanying clayey rocks 
have a porosity ranging from 0.9 to 3.5%. Kerogen is 
of ІІ-ІІІ types. Depth to target horizons in the drilled 
wells varies from 1700 to 5500 m.

The results of different prospecting criteria integra-
tion for the unconventionals have shown that the most 
important among them for the shelfal zone rocks is 
thermal maturity value. Upon this index the territory of 
carbonate rocks development is subdivided onto three 
zones: the first one is corresponded to thermally imma-
ture rocks (Rо – 0.45-0.6), the second one to rocks ma-
ture for liquid hydrocarbons generation (Rо – 0.6-0.8), 
and third one to rocks mature to generate gaseous 
hydrocarbons (Rо – 0.8-1.55) (fig. 1). Thus, the last to 
zones are prospective for unconventional oil and gas 
exploration, respectively, in tight carbonate rocks.

Littoral facies zone. Littoral sediments are charac-
terized by alternation of biogenic limestone beds with 
clayey limestones, shales, sandstones and siltstones. 
In the far northwest the sediments are become more 
sandy and transferred into terrigenous rocks. Maxi-
mum thickness of individual carbonate beds is of 5-8 
m and 3-5 m for shaly ones. Rock thermal maturity in 
the drilled wells is changed from PK2 to МК2 (Rо – 0.4-
0.8), average values of Rо do not exceed 0.5 (fig. 1). 
Average values of open porosity for the carbonate and 
shaly rocks vary from ередні значення 0.5 to 2.0% 
with permeability less than 0.01-0.03 mD. Сorg con-
tent in the carbonate rocks reaches  0.2-0.3%, and 
0.3-0.8% for shaly ones. Kerogen is of І and ІІ-І types. 
Depth to the sequence in the drilled wells changes 
from 1100 to near 4000 m.

Taking into account minor thickness of prospec-
tive layers, lower thermal maturity and low Сorg content 
as well, the sediments of this facies zone are unviable 
for exploration of unconventional accumulations.

Lagoonal facies zone. Sediments of lagoonal 
facies have a local development and represented 
by micro-grained massive limestones with rare, 
depressed stenohaline fauna and coal shales. 
Sometimes, dark-gray dolomite interbeds occur in 
the section. Thickness of this zone sequence is of 
10-30 m. Rock thermal maturity in the drilled wells 
varies from PK2 to МК1 (Rо – 0.5-0.65) averaging to 
0.55 (fig. 1). Average values of open porosity for the 
carbonates is 1.0-2.5% with permeability less than 
0.01 mD, and 0.5-20% for shaly rocks with perme-
ability below 0.005 mD. Сorg content in the carbon-
ate rocks is 0.3%, and 0.7% in shales. Kerogen is 
of ІІ-І type. Depth to sequence in the drilled wells 
ranges from 2500 to almost 4100 m.

Like for previous zone, the sedimentary rocks of 
this one are non-promising for exploration of uncon-
ventional hydrocarbons.

CONCLUSIONS
Upon the results of conducted studies it is confirmed 
the presence of sedimentary rocks promising for un-
conventional hydrocarbons in the Lower Visean car-
bonate sequence. It is evidenced that main perspec-
tives for unconventional hydrocarbon accumulation 
exploration should be attributed to two rock types – 
shale carbonates (adsorbed or shale gas) and tight 
carbonates (tight gas). Prospective potential of sepa-
rate facies zones is analyzed and the conclusions are 
made as following. The Lower Visean rocks of open 
marine basin and slope facies are promising to ex-
plore for shale gas. The intra-basinal carbonate banks 
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facies of the same age are promising for adsorbed 
(shale) gas in the shale carbonates and unconven-
tional gas in tight carbonate rocks. Shelfal facies zone 
sequence is prospective for unconventional gas in 
tight carbonate rocks. The reefal facies zone rocks are 
non-prospective for unconventional hydrocarbons be-
cause these are favorable for conventional reservoirs. 
The rocks of lagoonal and littoral facies zones are 

unviable for unconventional hydrocarbons. Top prior-
ity exploration activity for unconventional should be 
targeted to tight carbonate rocks of the shelfal zone. 
The rocks sequence of the open marine basin, slope 
as well as intra-basinal facies should be considered 
a second priority exploration target because of their 
minor area development (that stipulated by their too 
deep occurrence in most of cases.
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