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SUMMARY 

The elastic symmetry and the coefficient of differential elastic anisotropy of the Sandstone crystalline 
crystals are investigated. The invariant-polarization method of researches is used in the work. 
Determination of the complete set of matrices of effective elastic constants made it possible to 
distinguish 2 groups of rocks with rhombic and triclinic groups of symmetries. Stereo projections of the 
index surfaces of the coefficient of differential elastic anisotropy underlined the various geological 
conditions for the formation of three groups of rocks previously identified. 

It is proved that the three-line approximation in determining the parameters of elastic anisotropy of 
crystalline shales is optimal when calculating other parameters of the elastic anisotropy of a group of 
rocks of the Pishchanska iron-ore structure. 
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Introduction. Investigation of the anisotropy of the physical properties of rocks and the subsequent 
analysis of its nature in different genetic types of rocks allows us to identify the causes of phenomena 
of inhomogeneities of these properties (Aleksandrov and Prodaivoda, 2000). Such factors can be 
mineral composition, crystallographic orientation of minerals grains, shape and orientation of 
microcracks and pores, thin layering, stress state, influence on the environment of physical fields and 
others. In particular, an intensive study of these issues opens up great opportunities for determining the 
internal structure of rocks, and for establishing the geological factors that contributed to their formation. 
The study of elastic symmetry of rocks is based on acoustic studies of rocks Numerous ultrasound 
studies of rocks have shown that for the full characterization of elastic anisotropy and symmetry, 
methods must be used to determine the complete set of components of the matrix of effective elastic 
constants of rocks.  
Fundamental bases of application of the principles of symmetry to the study of the textured 
environment, laid down in the works of K. Aleksandrov, G. Prodayvoda, L. Weis, M. Paterson, 
F. Gorbatsevich, O. Shubnikov, I. Shafranovsky and others.  
The work is devoted to the results of experimental researches of elastic symmetry and anisotropy of 
core samples from well No. 3 of Pishchanska ore structure (Bezrodnyi et al., 2019; Entin, 2012). The 
studied rocks are represented by 3 groups of crystalline rocks (pyroxene-magnetite, quartz-magnetite-
pyroxene and amphibole-biotite). 
 
Method and/or Theory 
 
Petrophysical studies used the invariant-polarization method (Prodovoda et al., 2011), which is carried 
out by measuring the phase velocities of longitudinal and transverse polarization in 9 directions by a 
cuboromododecadder (a cube with bevels at an angle of 45⁰ edges). 
The evaluation of the deterministic component of the elastic constant tensor was carried out in triclinic 
(21 elastic steels) and rhombic approximations (9 elastic constants) using the operation of phase 
fluctuation component fluctuation due to imperfections in the texture of rocks. Due to the calculation 
of the elastic constants, the deterministic and fluctuation components of the tensor components are 
identified. 

Experimental studies of phase velocities of bulk elastic waves determine a set of elastic 
anisotropy parameters, in particular,  

 Complete set of elastic constants and symmetry of rocks; 
 Parameters of azimuthal anisotropy of elastic waves represented by stereo projections 

of pointing surface isolines: 
 phase velocity of the quasi-longitudinal wave; 
 the difference between “fast” and “slow” quasi-transverse waves; 
 the angle of deviation of the elastic displacement vector from the direction of the wave normal; 
 the differential coefficient of elastic anisotropy. 

Results of investigations. Based on the measured phase velocities, a complete set of matrices of 
effective elastic constant investigated rocks of crystalline rocks was calculated.  
To obtain the above parameters, the software developed by scientists of the ESI «Institute of Geology» 
of Taras Shevchenko National University of Kyiv was used. 
In Figure 1, for example, the calculated values of the complete sets of components of the matrix 
of effective elastic constants of the most representative samples of petrographic groups are 
presented. The averaged elastic constants are represented in a standard acoustic coordinate 
system that coincides with the directions of the eigenvectors of the acoustic tensor. 
Analysis of the ratios of the components of the sample matrices showed that the samples in most cases 
have a triclinic type of elastic symmetry ( 1 ), and the smaller part can be attributed to the rhombic type 
(mmm).  
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Matrix 
indices. 

Сmn 

 Sample numbers 

PS-1  PS-7  PS-10 PS-12 PS-21 PS-26 PS-34 

С11 123,4±0,2 105,8±1,7 79,9±5,8 203,1±0,4 194,6±1,3 161,3±2,6 179,5±4,3 

С22 115±0,8 125±1,5 70,7±4,5 211,2±0,4 205±2,4 145,7±2,1 197,2±4,1 

С33 147,5±0,2 135,8±3,2 99,4±3,5 185,4±0,2 224,1±3,9 174,9±3 224,9±9,3 

С44 41,5±0,4 41,5±1,2 34±1,4 64,2±0,2 64,2±2,8 52,9±1,5 69,3±5,5 

С55 42,5±0,4 39,9±2,6 51,1±3,4 59±0,2 62,6±1,7 58,5±1,9 58,7±4,4 

С66 40,2±0,4 38±1,5 32,9±4,2 56,5±0,3 63,9±1,5 54±1 69,2±7,3 

С12 28,5±0,6 41±4,2 37,3±5,5 79±0,5 75,4±2,4 35,7±2,6 70,9±3,2 

С13 40,4±0,4 38,9±4,8 6,4±9,3 76,6±0,7 86,7±2 52,6±2,5 69±3,9 

С23 44,3±0,3 63,7±1,8 25,3±5,6 74,1±0,4 78,4±4,3 39,4±2,8 72,9±7,3 

С14 -0,6±0,5 -0,2±2,3 20±7,7 -3,4±0,4 1,2±2,9 -0,8±2,1 -2±7,3 

С15 3,1±0,6 5,2±1 -22,1±3,3 4,2±0,3 0,6±1,5 4,3±3,5 -2,8±5 

С16 0,7±0,2 2,7±2,6 1,9±2,4 -1,8±0,3 -4,7±2,4 -2,3±1,5 0,9±2,6 

С24 -1,3±0,8 4,8±1,5 27,8±7 -1,5±0,4 -1,3±3,1 0,2±1,4 -0,5±10,7 

С25 -2±0,3 -9±2,3 -13±6,9 0,5±0,5 0,4±4,2 -2,7±1,3 0,3±4,1 

С26 1±0,8 -2±3,1 -2±2,2 1,5±0,3 4,5±5,3 0,8±0,8 -4,7±3,3 

С34 0±0,3 -5,8±1 -14,9±4,5 0,2±0,3 -0,4±2,2 0,6±0,7 2,5±3,3 

С35 -4,3±0,4 -4,2±1,7 21,2±3,3 -1,1±0,3 2,8±3,5 -2,8±2,2 5,8±4,5 

С36 2,8±0,5 -7,7±3,2 14,9±7,1 2,9±0,4 -8,2±7,7 0,5±2,9 3,9±4,7 

С45 -1,7±0,9 -0,8±2,3 -2,5±1,6 0,2±0,2 -0,2±5,2 1,7±1,3 4,8±3,5 

С46 1±0,2 -1,6±1,8 3,1±1,9 -3,2±0,4 -2,1±3,6 -1,2±1,3 -3±2,1 

С56 1,4±0,5 0,5±1 -12,7±3,9 1±0,4 1±2 -0,3±1,5 0,2±8,3 

Symmetry 
group 

mmm 1  1  1  mmm 1  1  

Figure 1 Table of sets of values of effective elastic constants with the allocation of deterministic and 
fluctuation components. 
 
In the study of elastic anisotropy of the specimens of the collection, the following regularities were 
established by the analysis of the stereo projections constructed. 
The group of biotite-amphibolite crystalline shales (PS-1, PS-4 and PS-10) is characterized by high 
values of the differential anisotropy coefficient: (Ad) 10-40%. The high coefficient of elastic anisotropy 
and the peculiarities of its distribution on stereo projections can be explained by texture and structural 
features, such as: 

 clearly expressed linear-shale structure; 
 variability of minerals and significant deformation of their forms; 
 revealed during petrographic studies, the presence of compression-tensile deformations of all 

grains of rock-forming minerals. 
The group of samples of magnetite-pyroxene mineral composition, in particular the samples (PS-7, PS-
13 - PS-23 and PS-29 - PS-35) are represented by rocks with medium and high values of elastic 
anisotropy coefficient (5-40%). For these specimens, there is a distinct stratification, as well as the 
presence of significant heterogeneities of the internal structure and traces of recrystallization of 
minerals, which caused such variability of the elastic properties of the rocks of this group. 
For quartz-magnetite-pyroxene crystalline shale (PS -2, PS -3, PS -5, PS-8, PS-9, PS-11, PS-12, PS-24, 
PS-28), then for most samples size A(d) varies from 3 to 17%. Most samples are weak and medium-
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anisotropic. Samples PS-2, PS-27, PS-28 has high values of anisotropy coefficient. The PS-2 (145.4m) 
and PS-3 (145.5m) specimens are very different. Despite the slight difference in depth (10 cm) and 
almost identical mineral composition, there are significant differences in values and coefficient 
distribution A(d) (17 and 5% respectively). This difference is explained by the presence of structural and 
textural features of each of the samples, in particular, the sample PS-2 is characterized by the presence 
of pronounced "ore" layers and the presence of large-sized grains (up to 2-3 mm), while in PS-3 the 
magnetite is evenly distributed, the stratification is poorly developed and the grain size does not exceed 
0,7 mm. 
The authors analyze the influence of the choice of the type of approximation (triclinic, rhombic) for 
calculating the elastic anisotropy parameters. Based on the calculated values of the Сmn ensor, two types 
of stereo projections were constructed for each of the parameters 
As can be seen from Figure 2, the different type of approximation, although it changes the distribution 
of the isolines of the elastic anisotropy coefficient, however, the number and location of the extrema 
does not change radically. There is a smooth merging of the two zones of maximum Ad, values located 
in the central part of the projections. 
 

 
                                                      а                                                              b 
Figure 2 Stereo projections of the isolines of the index surfaces of the differential coefficient of elastic 
anisotropy Ad (%) of sample PS-1 in rhombic (a) and triclinic approximation (b) 
 
A slightly different pattern is observed in the case of the PS-5 sample in Figure 3. Taking into account 
non-major components of the tensor has made significant changes in the overall appearance of stereo 
projection. In particular, the maximum values of the coefficient have increased significantly Ad): 5% 
for a triclinic approximation against 3% in the case of rhombic. The nature of the size distribution has 
also changed A(d), so pronounced is the impact of lateral deformations that occurred at an angle 40-45⁰ 
to the axis ОY. 
Like the PS-5, the pattern is typical of most rocks in the collection, but with different directions of 
lateral stresses, because, as research has shown, these stresses prevailed in the formation of this 
geological body. 
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Figure 3 Stereo projections of the isolines of the index surfaces of the differential coefficient of elastic 
anisotropy Ad (%) of sample PS-5 in rhombic (a) and triclinic approximation (b) 

 
Conclusions 

In the course of the analysis of elastic anisotropy and symmetry of samples of crystalline sandstone 
sandstones, their heterogeneity was found. It is shown that with almost identical mineralogical 
composition, textural and structural features make the main contribution to the symmetry and anisotropy 
of elastic properties. This is explained by the variability of minerals, the significant deformation of their 
forms, the presence of deformations of compression and tensile in all grains of rock-forming minerals. 
Determination of the complete set of matrices of effective elastic constants made it possible to 
distinguish 2 groups of rocks with rhombic and triclinic groups of symmetries. Stereo projections of the 
index surfaces of the coefficient of differential elastic anisotropy underlined the various geological 
conditions for the formation of three groups of rocks previously identified. It is proved that the triclinic 
approximation in determining the parameters of elastic anisotropy of crystalline shales samples is 
optimal when calculating other parameters of the elastic anisotropy of a group of rocks of the 
Pishchanska ore structure.  
The available results from laboratory data processing and petrographic studies indicate the complex 
geodynamic processes experienced by this geological feature. According to the results of the analysis 
of elastic symmetry and anisotropy, several stages of transformation and recrystallization of the samples 
were established under the conditions of alternating tensile deformation and compression, which were 
reflected in the elastic properties of the core samples. 
Further studies of the parameters of elastic anisotropy will provide more complete information on the 
conditions of the formation of crystalline shales Pishchanska structure and the geodynamic processes 
that contributed to the formation of this object. 
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