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The experiences with anisotropic averaging transformation of 
gravity and magnetic fields (on the example of the southeast part 
of Ukrainian Carpathians) 

S. G. Anikeyev, S. E. Rozlovska, B. B. Hablovskyi, M. V. Shtogryn, *M. O. Karpenko (Ivano-
Frankivsk National Technical University of Oil and Gas, Ivano-Frankivsk
) SUMMARY 

The prospects for finding new oil and gas deposits in the Carpathian region largely depend on the 
possibility of clarifying and detailing the fronts of tectonic zones and deep faults, as well as thrusts and 
linear complications of the sedimentary cover, the position of which depends on the depth of the slice. 
These extended linear structures in gravity and magnetic fields are displayed by substantially elongated 
anomalies, chains of small local anomalies, contours of a sharp change in morphology of field or 
gradient bands. Isolation and tracking of anomalies that are hidden in a complex regional background 
or obscured by other factors are carry out with transformations. The probable geological content and 
estimated depth of the sources of localized groups of anomalies are determined by the frequency and 
relative depth characteristics of the transformations. The paper proposes variants of combined isotropic 
and anisotropic transformations of averaging, which, according to their characteristics, are intended to 
detect local and substantially elongated anomalies of a certain direction, as well as the approximate 
depth of their sources, in gravity and magnetic fields. Examples of experimental application of these 
combined transformations are also given. 
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Introduction. Anomalous gravitational and magnetic fields are extremely informative for solving 
problems of detecting and tracing tectonic zones, faults, and individual structural forms within the 
Ukrainian Carpathians [Bilichenko, 1999; Kuznetsova and Maksymchuk, 2011]. The transformations 
allow selecting and tracing local anomalies. The positive results in the use of transformations of gravity 
and magnetic fields have been achieved in studies of the Ukrainian Shield basement fault systems and 
in the creation of a rotational hypothesis of structure formation [Tyapkin et al, 2000], in the study of 
tectonics of the western regions of Ukraine [Monchak and Anikeyev, 2017] etc. Therefore, V. M. 
Strakhov's opinion on the relevance of the development of the theory and practice of transformations 
of potential fields is valid [Strakhov, 1995]. As our experience shows, for geological interpretation is 
important the physic-geological content of the results of transformations, which depends not only on 
the type of transformations and their frequency characteristics, but, we emphasize, also on the 
determination and analysis of their depth characteristics. The depth characteristics of isotropic and 
combined anisotropic averaging transformations are discussed in our previous work [Anikeyev et al, 
2019]. Anisotropic transformations are effective for highlighting linear anomalies and gradient bands 
hidden by a regional background and complicated by other forms. They allow to trace confidently the 
long zones of maximums, minimums and gradients caused by deep faults, tectonic thrusts fronts, and 
long forms of sedimentary cover. For example, on the basis of the analysis of anisotropic 
transformations within the Caspian basin narrow long bands (lineaments) of the gravity field were 
traced and a lineament scheme was drawn up [Matusevych, 2013]. 
This work is a continuation of studies of anisotropic transformations [Anikeyev et al, 2019]. In 
particular, a method to pick out local isometric anomalies, whose sources lie in certain bands of depth, 
by means of combined isotropic-anisotropic transformation against the background of regional 
anomalies and substantially attenuated long linear anomalies is described. 
Methods. The transformation of averaging is a well-known method of dividing potential fields into 
regional and local components. A regional component (background) is a group of low-frequency 
anomalies whose sources are located deeper than a certain depth h. Result of averaging is considered to 
be a regional background if the degree of attenuation of local anomalies is at least 60% (according to 
the practice of applying transformation). This is achieved if the radius of the averaging window R 
approximately corresponds to the greatest depths of isometric sources of anomalies h (h/R1- according 
to the depth characteristic of transformation [Andreev and Klushin, 1962]. If remove the background 
from the observation field, local anomalies will prevail in the remainder. For example, local anomalies 
obtained at averaging with a radius of 2500 m are highly likely to be caused by geological objects at 
depths up to 2500 m. Obviously, the difference between two local fields, defined by different radii of 
the averaging window R2 і R1 (R2>R1), is a group of difference local anomalies caused by sources, 
mainly located in the depths band R1÷R2. To obtain the field of difference anomalies, it is easier to take 
the difference: averaging from R1 minus averaging from R2. It is a combined Saxov-Nigard type 
transformation [Saxov and Nygaard, 1953], but has a higher resolution [Anikeyev, 2009]. Anisotropic 
transformations (the transformation window is an ellipse, a rectangle and the direction of the window 
is additional parameter) are proposed to identify and trace substantially elongated anomalies in the field 
caused by faults or linear structures [Andreev and Klushin, 1962]. The relationship between the large 
radius of the ellipse and the source depth is the same as for isometric transformations: h/R1. Frequency 
and depth characteristics of isotropic averaging, combined isotropic or anisotropic averaging, which 
depend on the ratio of window sizes, are given in [Anikeyev et al, 2019]. 
Short description of gravity and magnetic fields transformations on the example of the southeast 
of the Ukrainian Carpathians (Fig. 1 A). The geological-tectonic nature of the gravity anomalies (Figs. 
1B, 1C) is investigate taking into account the structural-tectonic maps. The first example is maps of 
local anomalies obtained by an isotropic transformation of the gravity field averaging (Fig. 2A) and an 
anisotropic averaging transformation of gravity and magnetic fields. Extended, mainly in the northwest 
direction, and small isometric anomalies are obtained by removing from the observed fields anisotropic 
averaging with orthogonal direction of window-ellipse (Figs. 2B, 3B), and anomalies of the northeast 
direction and small isometric anomalies are obtained using of window-ellipse of the northwest direction 
(Figs. 2C, 3C). 
Only in some cases, structures that were identified by seismic prospecting data as promising (Fig. 1A) 
have correlate with positive anomalies (Fig. 2). In our view, the predicted structures or their contours 
need  to be  refined by  the morphology  of the local anomalies.  The  broad  northwestern  anomalous 
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Figure 1 Tectonics of the Ukrainian Carpathians and the forecasted brachy-anticlinal folds (fragment 

of a map by V.V. Glushko, S. S. Kruglov and etc., 1986) (A), Bouguer gravity anomalies (B) and 
magnetic field anomalies (C) of the southeast of Ukrainian Carpathians. 

bands of negative intensities (Figs. 2A, 2B) are caused by long depressions of the basement surface 
along the longitudinal deep faults (on slope of the platform) or the deepening of certain tiers of 
Paleogene-Cretaceous folds (the front of the Folding Carpathians). Within their boundaries it is possible 
to detect relatively small local positive anomalies only from results of anisotropic averaging, in which 
the northwestern anomalous bands are significantly weakened (Fig. 2C). The magnetic anomalies 
obtained by similar transformations (Fig. 3C) have a transverse (northeast) direction, which is evidently 
caused by a network of transverse basement faults, which originate within the Folding Carpathians and 
extend on the slopes of the platform. Difference anisotropic transformations [Anikeyev et al, 2019] 
were applied to gravimagnetic fields with other parameters of window-ellipses (radii of small ellipse 
500 m  2500 m, large - 1000 m  5000 m). The results showed a sufficiently high sensitivity of the 
morphology of the anomalies to the parameters of the window-ellipses and more clearly outline the 
linear difference anomalies of the longitudinal and transverse extend. 
In Fig. 4 shows the results of the combined isotropic-anisotropic transformation by the empirical 
formula 2UR – UE – UW; where 2UR – is a double isotropic averaging with radius R that equal to the 
small half axis of the ellipses; UE – anisotropic averaging in the northeast direction of the window-
ellipse (500 м  5000 м); UW – is also anisotropic averaging, but in the northwestern direction of the 
window-ellipse. The result of this transformation is local anomalies, the sources of which are located 
in a band of depths from the first kilometers to 5,000 m (from magnetic anomalies - up to 7,000 m). 
Anomalies of significant extend, except for chains of positive or negative anomalies, are practically 
absent. Regional isometric anomalies and anomalies smaller than 2000 m are also significantly 
attenuated. Most of the brachy-anticlinal structures (Figs. 4A, 4B) tend to contours positive anomalies. 
The folds (Fig. 1A), which are located within the positive anomalies of the gravitational field, and which 
coincide with the magnetic anomalies, formed above the projections of the basement. 
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Figure 2 Local anomalies (averaging radius - 5000 m) (A) and anisotropic transformants (half axis of 
window-ellipse of 500 and 5000 m): small local anomalies of size <5000 m and elongated anomalies 
of northwestern extend (B) or northeastern extend (C) (sources to depths of 5000 m) of gravity field. 

 
Figure 3 Anisotropic transformants (half axis of window-ellipse of 500-5000 m): small local 

anomalies of size <5000 m and elongated anomalies of north-west extend (B) or north-east extend (C) 
(sources to depths of 7000 m) of magnetic field. 
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In the case when the anomalies in the plan do not coincide, the folds are formed as a result of the slide 
near of the projections of the basement. Concerning the faults, let us pay attention only to the following 
results: the double fault near Bohorodchany has a linear continuation in the Folding Carpathians (Figs. 
3, 4B). It also traces the network of transverse faults that cross the Folding Carpathians and the slope 
of the platform with little or no direction change (Fig. 3C). 

 
Figure 4 Local difference anomalies of gravity field (A) and magnetic field (B) of the southeast of 

Ukrainian Carpathians. 
Conclusions. The reliable identification of local gravity and magnetic anomalies and the successful study of 
their nature requires the use of various transformations with certain characteristics. The basis for the 
identification and refinement of the contours of geological structures is a comparison of localized anomalies 
on a sufficient scale and detail with structural-tectonic maps from seismic and drilling data. 
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