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SUMMARY

The development of understudied chalk deposits and the possibility of discovering oil and gas deposits
in them can ensure the expansion of the resource base. In this regard, the substantiation of the oil and
gas potential of chalk deposits based on a set of criteria features, including the determination of the
nature of the distribution of reservoir rocks and fluid resistances, the establishment of favourable
structural-tectonic and hydrogeological conditions for the formation and preservation of oil and gas
deposits, is of great importance in this regard. Reasonable forecast of oil and gas capacity increases the
success of exploration work, and therefore the development of the hydrocarbon potential of the chalk
deposits of the Outer Zone can make a significant contribution to the fuel and energy supply of Ukraine
with its own raw materials. Theory. In this article, we justified only a small complex of hydrochemical
indicators of oil and gas capacity, which reflect the peculiarities of the chemical composition inherent
in underground waters of oil and gas deposits. As hydrochemical indicators of oil and gas capacity,
various chemical components, microelements and coefficients of reservoir waters of chalk deposits
were used. The main resulting documents of hydrochemical studies are maps of hydrogeological
coefficients.
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Introduction

The development of understudied chalk deposits and the possibility of discovering oil and gas deposits in
them can ensure the expansion of the resource base. In this regard, the substantiation of the oil and gas
potential of chalk deposits based on a set of criteria features, including the determination of the nature of the
distribution of reservoir rocks and fluid resistances, the establishment of favorable structural-tectonic and
hydrogeological conditions for the formation and preservation of oil and gas deposits, is of great importance
in this regard. Reasonable forecast of oil and gas capacity increases the success of exploration work, and
therefore the development of the hydrocarbon potential of the chalk deposits of the Outer Zone can make a
significant contribution to the fuel and energy supply of Ukraine with its own raw materials. Theory. In this
article, we justified only a small complex of hydrochemical indicators of oil and gas capacity, which reflect
the peculiarities of the chemical composition inherent in underground waters of oil and gas deposits. As
hydrochemical indicators of oil and gas capacity, various chemical components, microelements and
coefficients of reservoir waters of chalk deposits were used. The main resulting documents of hydrochemical
studies are maps of hydrogeological coefficients.

Methods of investigation

We selected promising sites using the data (Kolodiy V.V. et al., 2010) of the genetic coefficient rSO4*
*100/rCl and the content of the rSO4*- ion. Hydrogeological indicators were determined as a result of
chemical analysis of formation water samples taken from chalk deposits in almost 100 wells, part of the data
is given in Table 1, drilled in the Outer Zone of the Precarpathian deflection. Hydrochemical maps reflect
the nature of changes in the ionic composition of water over the area.

A characteristic feature of the chemical composition of groundwater in oil and gas deposit is sulfation.
Traditionally, this indicator is given in the form of the sulfation coefficient - rSO4**100/rCl', which belongs
to the group of direct local indicators. To estimate water saturation with sulfates, use the formula rSO4*
=108/d2, where d is water density, kg/m3. Many authors consider the reduced content of sulfates in
underground waters (or their sulfation) to be a reliable indicator of oil and gas capacity, since the recovery
of sulfates in the waters of oil and gas deposits takes place with the participation of anaerobic bacteria in the
presence of organic substance, including oil and gas.

Usually, the sulfate content of the waters of shallow horizons in the zone of active water exchange varies
within the range of 10-500, while in deeply immersed metamorphosed waters it is significantly less than 1.
If the content of the rSO4* ion does not exceed the value of 50 mg/dm3, then it can be considered only as an
indirect sign oil and gas capacity. If the number of sulfates in groundwater is less than 25 mg/dm3, and the
water is highly mineralized, then this is a direct sign of the presence of a close location of the VNK or GVK
(Sulyn V.A., 1948).

Results of investigations

In order to study the change in the area of the sulfation coefficient of chalk deposits, a corresponding map
was constructed, on which the value of the rSO4>*100/rCl- coefficient and the content of sulfates (rSO4>)
are presented with the help of isolines (Fig. 1).

The analysis of the constructed map shows that in the northwestern part of the Kosivsko-Uherska subzone
there are two areas for which the sulfate coefficient does not exceed 0.1. One of them is associated with the
Drohobytsk-Schyretsky transverse deflection (well Nel1-North-Medynytsk - 0.01), the other - to the Stryi
transverse deflection (well No. 3-Uhersk - 0.09). Further, in the direction to the northeast, the values of the
coefficient gradually increase and change within the range from 0.1 to 0.3 (well Ne 35, 52 and No. 90-Bilche-
Volitska). To the north in the Sudovo-Vyshnyansky tectonic deflection zone (well Ne 35-Northern
Medynytska and No. 65-Bilche-Volitska) and to the east to the Stryi fault (well Ne 98-Uherska) - coefficient
values range from 0.3 to 0.5 (Fig. 1). Taking into account the fact that the value of the sulfation coefficient
does not exceed 1, these areas can be attributed, based on the hydrochemical background, to favorable for
oil accumulation (Kolodiy V.V. et al., 2009).
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The values of the sulfate coefficient less than 0.5 are also observed in the central part of the explored
territory, however, further to the southeast in the area limited by longitudinal tectonic faults, the values
of the indicator gradually increase.

Examining the subthrust area of the autochthon of the Outer Zone, one can see strong anomalies in the
area of the Lopushnyan deposit (Lopushnyan subzone), where in the tectonically limited area, where in
the drilled well No. 4, 6, 8, 9-Lopushnyansky, sulfation varies from 0.1 to 4.97. And closer to the
Storozhynetsk subzone, in the northern direction, it reaches about 26 (well Ne 3-Krasnoilska).

The main local indicator of oil and gas capacity, which can indicate possible gas formation, is the rSO4>
ion content. The north-western part of the studied area is mainly characterized by low values of the ion
coefficient. Yes, in water samples from well Ne 11-North-Medynytska value of rSO4>reaches its lowest
values of 11.12 mg/dm3, while in the north-eastern direction (well No. 52-Bilche-Volitska) its content
gradually increases and amounts to 39.8 mg/dm3. Further growth of the indicator is also observed in
the eastern direction (100 and more mg/dm3) and extends to the Stryi transverse tectonic disturbance.
Areas where the rSO4> ion content is less than 150 mg/dm3 are located both above and below the above-
described zones (well Ne35-Northern Medynytska and Ne 5.65-Bilche-Volitska). On the periphery of
the zone, the rSO4> ion concentration is characterized by a rather sharp increase and in some areas
reaches values exceeding the mark of 3000 mg/dm3. In the central part of the Outer Zone (well Ne 10-
Kadobnyansk) (Mysliyk R.I., Dubei N.V.2021), including in the area of the Hrynivskyi and
Bogorodchansky deposits, an increase in the saturation of formation water with sulfate ions from 206
to 3167 mg/dm3 in wells is observed (Further, to the southeast, the waters in the area of the
Lopushnyansk deposit contain ions from 98 mg/dm3 (well Ne 4-Lopushnyanska) to 712 mg/dm3 (well
Ne 9-Lopushnyanska), and already in the northern direction these values increase to maximum values —
4370 mg/dm3 (well Ne5-Krasnoilska) (Fig. 1).

Figure 1 Map of sulfate content of waters of chalk sediments of the Outer zone of the Pre- Carpathian
Deflection (compiled by A.P. Mazur, 2014 using data of V.V. Kolodiy and personal research, authors
of the tectonic basis V.M. Shcherba, O.S. Shcherba, 1.V. Kilin, 1973, 1974)

A hydrochemical indicator of the conditions of water exchange is metamorphism - the transformation
of the composition of groundwater, which is connected with the hydrogeological history of the area, in
which the gradual leaching of rocks at depth occurs (V.V. Kolodiy et al, 2009). It is characterized by
the rNa*/rCl" indicator. It is often called the coefficient of the degree of water metamorphism. In the
process of seawater metamorphism, the content of Ca®* increases due to a decrease in the content of
rMg?* and rNa*, therefore, the lower the value of the sodium-chlorine index in water is less than 0.85,
the greater the degree of its metamorphism. Water is characterized by a large amount of CaCl?
(Mykhailiv L.R. et al., 2010).
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The value of the above-mentioned sulfation index rSO4**100/Cl" also indicates the degree of water
metamorphism. If rSO,**100/Cl" < 0.1, this is a direct sign of oil and gas availability. With values of
the sulfation coefficient from 0.1 to 0.3, it refers to indirect signs of oil and gas bearing capacity. Also,
the genetic ratio rNa*/rCl determines whether the water belongs to one or another genetic type. Also,
in combination with mineralization, the coefficient makes it possible to determine different regimes of
water exchange. Since, the basis of hydrochemical indicators of oil and gas capacity is the classification
of water according to V.A. Sulin. This classification is based on a genetic principle, according to which
waters formed under certain natural conditions contain certain components. Usually, these include
sulfates and hydrocarbonate of sodium, chlorides of magnesium and calcium. Each of these
components, even in small amounts, helps to assign the studied water to a certain genetic type.

Waters for which the value of the sodium chloride coefficient is greater than 1 belong to the
hydrocarbonate -sodium or sulfate-sodium type, if it is less than 1, then the waters belong to the
chloride-magnesium or chloride-calcium type (Kolodiy V.V, et al, 2010). The genetic type of water
largely depends on mineralization (Kolodiy V.V. et al, 2009). Against the background of high
mineralization of water (100-300 g/dm3) with low values of rNa*/rCl", magnesium chloride water is
metamorphosed into calcium chloride. Less mineralized saline waters (up to 10 g/dm3), for which the
rNa*/rCl ratio is greater than 1, are transformed into the hydrocarbonate -sodium genetic type.

Chloride-calcium type of water with a mineralization value of 90-100 g/dm3 indicates the close location
of a zone of tectonic deflection, while mineralization of 300-350 g/m3 is an indicator of the presence of
oil and gas accumulations. Figure 3.12 shows the change in mineralization of Cretaceous water over the
area. To construct the metamorphism map, we used the value of the rNa*/rCl" ratio, mineralization, and
the genetic type of water according to Sulin: chloride-calcium and hydrocarbonate -sodium (Fig. 2).

Figure 2 Map of metamorphism and genetic types of waters of chalk sediments of the Outer zone of
the Pre- Carpathian Deflection (compiled by A.P. Mazur, 2014 using data of V.V. Kolodiy and
personal research, authors of the tectonic basis V.M. Shcherba,

0.S. Shcherba, 1. V. Kilin, 1973, 1974)

In the vast majority of wells that exposed the chalk deposits of the Outer Zone of the Precarpathian
deflection, water samples characterized by high mineralization, which is more than 100 g/dm3 and low
values of the rNa*/rCl ratio, were taken and analyzed.

The northwestern part of the Kosiv-Uherska subzone of the studied area between the Kalush and
Drohobytsk-Schchyretsk discontinuities is characterized by high values of mineralization, with
significantly lower values of the sodium-chlorine coefficient, which does not exceed 0.7. This indicates
the spread of the chlorine-calcium type of water, which, in turn, is confirmed by the chemical analysis
of reservoir waters from wells No. 4-Rubanivska, No. 8-Pivnichno-Medynytska, etc.
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Reservoir waters in the area of the Kosiv-Uhersk subzone in the area of the Horodotsky longitudinal
and Stryi transverse tectonic faults are characterized by low mineralization values (up to 55 g/dm3),
and the rNa*/rCI ratio increases and reaches values close to 1. The type of water is hydrocarbonate -
sodium (Fig. 2).

In the direction of the Sudovo-Vyshnyansky tectonic deflection, the waters of the chalk deposits are
characterized by low mineralization values, the rNa*/rCl" ratio is greater than 0.85, but less than 1. The
type of water is most likely chloride-calcium. The sodium-chlorine ratio varies in the range of 0.7-0.85
in the samples of the studied Cretaceous water taken from wells No. 1.18-Pivnichno Medynytska, No.
45-Oparska, No. 8-Haivska, No. 15-Letnyanska. Increased indicators of water mineralization
(exceeding indicators 100 g/dm3) are also observed in the central part of the Outer Zone between the
Limnytskyi and Slobidsky tectonic deflections (wells Hrynivska and Bohorodchanska -chlorine
coefficient (rNa*/rCl") < 1.

The of the rNa*/rCl index for the under sliding area of the Outer Zone (Lopushnyansk subzone) are the
most decreased (< 0.7) in the area of the Lopushnyansk deposit (wells Nos. 4, 8-Lopushnska), in wells
No. 9-Lopushnyanska and No. 6-Lopushnyanska they reach 0.83 and 0.95. The mineralization of
reservoir waters ranges from 100 to 300 g/dm3, but it gradually decreases in the northern direction and
is already 16.2 g/dm3 in the 3-Krasnoilska well. The same thing happens with the indicator of the
chlorine-sodium coefficient, that is, its value gradually decreases. This indicates the spread of chloride-
calcium and sometimes hydrocarbonate -sodium type of water in the Lopushnyan subzone, which
changes to chloride-magnesium in the area of the Storozhynetsky deposit. The existence of a favorable
hydrodynamic environment for the formation of hydrocarbon deposits can also be established by
analyzing the paleohydrodynamic indicators of the waters of the Cretaceous period of the Outer Zone
of the Precarpathian Deflection.

Conclusions

The analysis of a set of hydrogeological criteria made it possible to identify areas with direct and indirect
hydrodynamic and hydrochemical signs of oil and gas potential in the Outer Zone of the Precarpathian
Deflection. According to our research, the most favorable hydrogeological conditions are found in the
Lopushnianska subzone and the northwestern part of the Kosivsko-Uherskoi subzone, and favorable
conditions for the discovery of hydrocarbon deposits in chalk deposits here. Territories in the area of
the Hrynivskoho and Krasnoilskoho deposits should be considered secondary areas.
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