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SUMMARY 

Modeling of complex geological environments is becoming relevant in connection with the 
reorientation of prospecting works towards the development of small-sized oil and gas 
deposits. A new approximation design in the class of three-dimensional contact surfaces 
allows the geological environment to be described as closely as possible, having dynamism 
and low parametricity. In this case, the inversion of gravimetric data is carried out within 
the framework of the improbability approach, the essence of which is the direct modeling 
of the parametric space with the further search for the optimal solution under the control of 
a priori information (even expressed by interval estimates). Indefinite a priori information 
is described by means of fuzzy sets. 
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Introduction 
 
Gravimetric survey is the most efficient and economical method for identifying deep structures, 
defining the boundaries of oil and gas bearing sedimentary basins, as well as discovering promising 
areas and detecting local structures in the form of potential oil and gas traps. Therefore, the 
interpretation of gravity anomalies caused by possible oil and gas reservoirs is often carried out at 
the initial stage of exploration (Berezkin, 1973). 
 
The traditional concept of oil and gas geology and the corresponding geophysical technologies and 
methods of prospecting for minerals are mainly focused on large areas of structural and non-
structural deposits in the upper part of sedimentary complexes. Nevertheless, the development of 
small in area, but large in volume reserves, complexly constructed deposits in sedimentary, 
metamorphosed, volcanogenic and igneous complexes is one of the main reserves of long-term 
energy supply (Bembel' et al, 2003; Megerya et al, 2012; Megerya, 2011). 
 
The low efficiency of oil prospecting in various regions is caused not only by the complex 
geological structure, but also by the difficulties in interpreting seismic data in assessing the 
prospects of objects and preparing them for exploratory drilling. Under these conditions, the role of 
the gravimetric method for studying the geological section increases, namely, the study of the deep 
structure of the geological environment through geodensity modeling. Interpretive possibilities of 
gravity exploration are based on the well-known works of V.I. Starostenko, E.G. Bulakh, 
S.S. Krasovsky, V.M. Strakhov, A.I. Kobrunova and others. 
 
In connection with the reorientation of exploration work towards the development of small-sized 
oil and gas deposits, the traditional system of exploration and search is undergoing changes. The 
main exploration method is high-resolution volumetric seismic. Accordingly, it is necessary to 
reorient geological models to much smaller local hydrocarbon deposits. Gravity exploration is 
becoming a refinement method that refines the area under study by interpreting gravity data and 
modeling the subsurface. 
 
The prospects for oil and gas potential should be associated with relatively high-amplitude 
differences in the values of the gravity field, since the gravitational field in the places where 
hydrocarbons occur is characterized by local minima. 
 
As is known, hydrocarbon deposits are often confined to anticlinal formations with good reservoir 
properties. Collectors of industrial importance have a layered texture. In most cases, hydrocarbon 
deposits consist of several deposits located one above the other, forming a vertical column of 
reservoir rocks with increased gas content, the total gravitational effect of which can be quite large 
with reservoir pressure fluctuations. The feature of such reservoir deposits is lens-like forms, 
limited from above and below by impermeable rocks and their considerable length. 
 
To model such complex geological environments, it is advisable to use the class of contact 
surfaces. 

 
Classical papers are well known, in which the uniqueness of the solution of the inverse problem in 
this class for different settings is proved (Zamorev, 1941; Kobrunov, 1988; Numerov, 1930; 
Starostenko et al, 1992; Strakhov, 1975). Real geological environments cannot be accurately 
described within the framework of idealized mathematical models. To solve problems related to 
modeling deposits and oil and gas fields, it is important to use computer technologies based on the 
use of approximation structures that can describe the complex geological environment as closely as 
possible, while being characterized by dynamism and low parametricity. 
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Approximation construction for the class of three-dimensional contact surfaces 
 
The proposed approximation design of the contact surface meets these requirements. Its detailed 
description is given in (Bulakh and Kyshman-Lavanova, 2006). 
 
We choose the origin of coordinates at some point where the anomalous field is given. We direct 
the applicate axis vertically downwards, then the XOY (or ηξo ) coordinate plane will coincide 
with the day surface, if the last is a horizontal plane. If the day surface is not a horizontal plane, 
then we will assume that at the stage of primary processing the initial field is reduced to the points 
of the plane z=0. 

 
In the coordinate plane z=0 we select the area D – a rectangle of sufficiently large sizes: 

[ ]dcbaD ≤η≤≤ξ≤ ;:  
The points that are fixed in the original anomalous field should be located in the central sector of 
the selected area. In this case, the influence of the unaccounted for asymptotic parts of the contact 
surfaces will be extremely small. 
 
Let the geological environment have a layered structure, so that the layers are separated from each 
other by contact surfaces. The rocks of each layer are uniform in density. 

 
Each contact surface is defined by the position of the horizontal plane 0H=ζ . At each point, the 
surface deviates from this fixed plane by an amount 
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Parameter α can take values:
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÷α or other numbers. This is how various approximation 

constructions are formed. 
 

If the contact surface is located above the plane 0HZ = , then 0),( >ηξZ . At some points, the 
surface may have an immersion and be located below a fixed plane, then 0),( <ηξZ . 
 
Thus, the contact surface is determined by the function 

 ),(),( 0 ηξ−=ηξ ZHH . (2) 

Then the parameters that determine the layered medium model can be written as follows: 
 },...,2,1;] W2W1;;;[;{ 0 jktHjkP t =σ=  (3) 

],...,2,1,)3;2;1[(2];,...,2,1,),(;;[1 00 mjQQQWmjmW jj ===ηξα= , 
where jk – is the number of contact surfaces, σ – is the excess density of masses that are located 
below the interface; 0H  – the level of the horizontal plane, relative to which the marks of the relief 
of the contact surface are counted. The parameters that determine the function (1) – the deviation of 
the surface from the zero level, are written in two groups. The group W1 includes α – the exponent 
and a set of m points ],...,2,1,),[( 00 mjj =ηξ . The parameter values ( ) jQ Q Q1 2 3, , determine 

the configuration of the contact surface, jQ1  are responsible for the height of the surface elevation 

at a fixed point j),( 00 ηξ , jQ2  and jQ3  are responsible for the degree of surface convexity along 
the horizontal axes ξ and η, respectively (Fig.1). 
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In the process of solving the problem at various stages, as a rule, the parameters of the group 
)0(2W  and 0H  are subject to search. 

 
The described construction is dynamic, since the number of points ],...,2,1,),[( 00 mjj =ηξ  can 
vary depending on the rate of convergence of the iterative process. In a number of cases, when the 
reservoir is confined to the crests of anticlinal structures, the number of network points m (and, 
accordingly, the number of required model parameters) can be minimal, which greatly speeds up 
and simplifies the process of finding a solution. 

 
Figure 1 Parameters that determine the configuration of the contact surface 

 
Improbability approach to interpreting gravity data 
 
When solving inverse problems, a priori information is always insufficient to obtain a correct 
solution. But in a number of cases, a well-chosen approximation construction makes it possible to 
solve the problem even in the case of uncertain a priori information, in the presence of only 
probabilistic estimates of some parameters. 
 
The inversion of gravimetric data is carried out within the framework of the probabilistic approach, 
the essence of which is direct modeling of the parametric space with further search for the optimal 
solution under the control of a priori information (even expressed by interval estimates) (Kyshman-
Lavanova, 2020). Uncertain a priori information is described by means of fuzzy sets. The 
advantage of this approach is that it allows a wide range of uncertain a priori information to be 
included in the inversion procedure and can be applied to non-linear problems (Kozlovskaya, 
2000). In this case, the traditional single-objective problem is transformed into a multi-objective 
optimization problem with two objective functions. The quality of a solution is evaluated by two 
values: the probability density distribution function of the observed data, which shows how well 
the solution satisfies the observed data, and the membership function of the fuzzy set of possible 
solutions, which shows how well the model satisfies a priori information. The improbability 
approach to the interpretation of gravity data is described in detail in (Kyshman-Lavanova, 2015). 
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Conclusion 
 
Thus, the problems of detailing (modeling) a complex geological environment in small-sized areas 
promising for hydrocarbons are successfully solved within the framework of a probabilistic 
approach with the help of the correct choice of an approximation class that is dynamic with respect 
to the number of parameters, and maximum consideration of a priori information, including 
uncertain. 

 
In turn, the modeling of oil and gas fields and accumulations allows solving the problems of 
deposit delineation, reserves assessment, determination of hydrocarbon quality, geological and 
economic assessment of deposits, preparation of exploration and development projects. 
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