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SUMMARY 

The paper discusses Bashkirian dolostone reservoirs of Bobryk oil and gas condensate field in terms of 
hydrocarbon prospects. It is shown that Bashkirian dolostones are massively altered by the secondary 
diagenesis processes. Diagenesis affects the void pore space unevenly and may either decrease or 
increase filtration capacity properties. The main identified processes are dissolution, dolomitization, 
and silicification. It was defined that the most altered dolostone reservoirs have the highest filtration 
capacity properties. Thus, understanding these processes will give the opportunity for the possible 
discovery of new prospective hydrocarbon filed. 
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Introduction. Major part of hydrocarbon fields of the Dnieper-Donets Basin (DDB) concentrates in 
terrigenous reservoir rocks and linked to anticline and salt-dome structures. Only few of fields locate in 
carbonate reservoirs of Carboniferous and Lower Permian. The peculiarities of carbonate-reservoirs 
void space are caused by both primary sedimentation conditions and secondary tectonic and diagenetic 
factors. The influence of secondary factors on the carbonate rocks transformations and their porosity 
and permeability during diagenesis remains underestimated and require additional study and analysis. 
This exploration trend reveals new prospects of hydrocarbon field identification, which is located in 
secondary carbonate reservoirs. 

In-depth study of Lower Bashkirian carbonate reservoir-rocks of DDB had started after discovery of 
the commercial hydrocarbon pools on the Velyki Bubny oil-gas-condensate field. There was established 
the significant potential of oil and gas of pay horizons (PH) B-9 and B-10 (Prokopiv et al., 2015, 2018; 
Tkachenko, 2016). Recently, potentially productive Lower Bashkirian horizons were exposed in the 
same area by the drilling at the Bobryk oil and gas condensate field. Both fields are located in the 
northern near-edge zone DDB, Talalaivka-Rybalske oil-and-gas-bearing area. Research findings 
became the basis of this publication. 

Geological data. Carbonate-terrigenious sediments of Bashkirian stage is cropout within the Folded 
Donbas, where they studied in-depth (Nemyrovska and Yefimenko, 2013). DDB locates northwest of 
the Donets Basin and its Bashkirian sediments overlapped by the sediments of the Upper Carboniferous, 
Permian and Meso-Cenozoic. The composition of the Bashkirian rocks is dominated by sandy-clay 
formations, however in the lower substage within northern-western part of the DDB the dominant rock 
type is carbonate, which forms lower bashkirian Velyko Bubny Suite (Nemyrovska and Yefimenko, 
2013). The lower part of this suite is dominated by a group of relatively thick approximate limestones, 
interbedded with thin layers of mudstones, siltstones and sandstones. This part of section corresponds 
to the suitе С2

1(F) of Donbas. Its thickness in the northern near-edge zone is around 35-160 m. The PH 
B-10 is associated with С2

1(F). In the upper part of the Velyko Bubny Suite (100-135 m) which 
associates with suite С2

1(G) of Donbas, the amount of carbonate interlayers decreases, and the section 
is dominated by sandy-clay rocks. At the bottom of the upper part of the suite there are limestones (5-
12 m), which correspond to the group of limestones G of Donbas. This part of section associates with 
PH B-9 and B-8. This limestones together with limestones of the lower part of Velyko Bubny Suite 
form the regional marker horizon known as “Bashkirian plate”. It is dominated by grey and light grey, 
cryptocrystalline, algae-foraminiferal bioclastic limestones with a variety of micro- and macrofauna. 
On Velyko Bubny field lower Baskirian carbonate rocks exposed by the drilling at the depth of 2402-
2802 m. Reservoirs of PH B-9 and B-10 are composed of intensively altered (by secondary imposed 
processes) dolomitic limestone and dolostones with interlayers of silt- and mudstones. The thickness of 
PH B-9 is 6-8 m, B-10 is 6-13 m. Rocks are unevenly altered by diagenetic processes, the intensity of 
which increases down the section. Limestones of the upper part of the section are composed of 
bioclastic-algae varieties. 
Among massively altered dolomitic limestones and dolostones, there are fragments of algae and faunal 
remains, which demonstrate their primary biogenic nature. Porosity (0.4-19.9%) fluctuates in the wide 
range. Moreover, the highest values (19.9%) is typical for the most intensively transformed chalcedonic-
dolomite rocks of PH B-10. The permeability of the vast majority of the studied samples does not exceed 
25×10-15 m2 (Prokopiv et al., 2015, 2018; Tkachenko, 2016). 

Materials and Methods. After drilling of the Bobryk field new data were obtained, confirming the 
significant spread of secondary carbonate reservoirs of the Lower Bashkirian. The interval of Baskirian 
section had been studied in depth in the well #3. There are laboratory and log data of core samples were 
analyzed. Laboratory investigation was performed by SE “Ukrnaukageocenter” (Poltava). Petrographic 
and micropaleontological studies of thin sections were carried out. As well, we had studied physical 
rock properties (porosity, permeability, carbonate content, bulk density). Bitumens were identified using 
luminescent-bituminous analysis. In addition to the petrographic method, the mineral composition of 
rocks was also studied using X-ray diffraction and electron microscopy. 
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Figure 1 Composite log of “Bashkirian plate” interval 

Results. According to 
logging data “Bashkirian 
plate” in the well #3 
exposed in the interval of 
3400.6 – 3470.1 m (Figure 
1) 

It is presented by 
reservoir rocks of PH B-10 
with porosity based on 
sonic log from 1.8 to 15%, 
resistivity of the uninvaded 
formation from 2.3 Ohmm 
in water-saturated part to 
140 Ohmm in potentially 
prospective part. Water-oil-
contact is recorded at the 
depth of 3438.5 m.  

Studied core 
samples are presented by 
silicified dolostones, grey 
and dark-grey, spotted, 
partially fractures or 
cavernous (Figure 2a). 
Fractures often have a 
stylolite shape and are filled 
with bitumen (Figure 2b), 
which according to 
luminescent-bituminous 
analysis have a significant 
content of resins (20-50% 
or more) and are 
characterized by the 
absence of asphaltenes. 
 

 
Petrographic study of thin sections demonstrates the significant variability in the mineralogical 
composition of rocks, which depends on the interrelation of siliceous and carbonate minerals. 

Among studied varieties we indicated carbonate, silica-carbonate and carbonate-silica type of rocks 
(Figure 2c-e). From ore mineral, pyrite was detected. According to X-ray diffraction data minerals are 
mainly presented by dolomite, ankerite and cryptocrystalline minerals of quartz group. The interrelation 
of above-mentioned minerals varies in the wide range. This is also confirmed by the change in carbonate 
content of rocks, which ranges from 7.69 to 100%. Thus, the studied rocks are diagenetic formations 
with well-developed fractures and vuggy, which are more correctly called silicified dolostones. 

On the Velyko Bubny field such formation were considered as fractured-cavernous reservoirs (Prokopiv 
et al., 2015). On the Bobryk field poorly preserved remains of algae and fauna indicate the primary 
biogenic-carbonate composition of limestones, their carbonate composition, and indicated 
Pseudostaffella witnesses Bashkirian age of the formation. 
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Figure 2 Dolostones of pay horizon B-10: a, b – core samples demonstrate secondary dissolution with 

larger vugs and silicification formation (a); silicification and fractures filled by bitumen(b); c-e – 
thin-section photomicrographs (×5.5, crossed nicols), shows various intensity of rock 

transformations: carbonate rock with fracture filled with bitumen (c); silica-carbonate rock (d); 
silicite (e); f -SEM photomicrograph of dolostone showing dolomite crystals and intercrystalline 

micropores 
 
The change in the mineralogical composition explains the significant anisotropy of the filtration 
capacity properties of the studied rocks, porosity varies from 1.64 to 20.01% and permeability varies 
from 0.2 to 38.56 × 10-15 m2 (Figure 3). 
 

 
Figure 3 Porosity and permeability distribution within “Bashkirian plate” in well #3 of Bobryk oil 

and gas condensate field  
 
Macroscopic and petrographic studies, as well as electron microscopy data (Figure 2f) indicate that 
rocks pore space was formed due to imposed secondary processes, mainly dissolution, dolomitization 
and silicification. Analytical studies fully confirm this. In particular, they demonstrate the absence of a 
direct correlation between the values of porosity and permeability. 

Thus, we have maximum porosity values (20.01%) at low values of gas permeability (0.92 × 10-15 m2) 
for silicite (carbonate content 7.69%). Along with it, we have maximum permeability values (38,56×10-

15 m2) at porosity of 1.99% for dolostone (carbonate content 99.93%). 

It is obvious that the evolution of cavernous and secondary fractures has significantly affect for spotty 
distribution of porosity and permeability. The causes of secondary processes that lead to the formation 
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of secondary reservoirs in carbonate rocks are debatable. Published sources indicate the greatest 
influence of hydrothermal dolomitization, which leads to Hydrothermal Dolomite Hydrocarbon Facies 
(Davies and Smith, 2006) with a significant role of structural factor in the formation of such rocks. 

So far, there are insufficient data to establish the sources of aggressive secondary solutions that have 
led to the development of dissolution, dolomitization and silicification of the Lower Bashkirian 
carbonate rocks of the study area. The presence of bitumen-filled fractures and pyritization of rocks 
indicate the possible connection of diagenetic transformations with petroleum fluids. The stratigraphic 
confinement of the altered rocks and their localization in oil-bearing strata prove the probable influence 
of aggressive formation waters on carbonate rocks located near the oil-water transition zone. Such 
influence may explain the processes of secondary silicification, which is confirmed in particular studies 
of carbonate reservoirs of oil fields in Tatarstan (Kolchugin et al., 2016). 

However, the localization of altered secondary carbonate reservoirs within the northern near edge zone 
of DDB may be caused by migration of deep thermal fluids saturated with CO2, Mg2+ and  SiO2 through 
deep faults (hydrothermal solution). Also, fluids enriched by these components could be formed during 
diagenesis (dehydration of clay minerals). As well they could attend the generation of hydrocarbons 
from source rocks (Tugarova, 2020). 

Conclusions. The studied carbonate rocks of the Bobryk field are silicified dolostones, which have 
been formatted as a result of diagenetic transformation of original organic carbonates of Early 
Bashkirian age. Dolomitization, dissolution and silicification are the most important processes of their 
neomorphic alteration. 
The distribution of the most important secondary minerals ˗ dolomite, ankerite and cryptocrystalline 
quartz aggregates in the studied rocks is irregular. This causes an uneven distribution of secondary 
porosity, permeability and other physical properties of these rocks. 
Within the northern near-edge zone of DDB dolostone reservoirs of the Lower Bashkirian carbonate 
rocks were indicated only in the Velyko Bubny and Bobryk fields for now, which are located within the 
same Talalaivka-Rybalske oil-and-gas-bearing area. 
We believe that they are widespread in other structures and deposits, which opens a new prospective 
direction of exploration in this area. 
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