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SUMMARY 

The most pronounced types of acoustic symmetry are found in sandstones SiO2, but in limestone 
CaCO3 samples exhibit the least pronounced symmetry type and the lowest value of the integral 
anisotropy coefficient Aμ. The highest values of phase velocities V and elastic constants Cijkl were 
found. The measuring of internal friction background in sedimentary SiO2 after mechanical, heat 
treatments gives information about the changing of defect nanostructure and the thermoelastic strains 
fields. The broadening of internal friction maximum represents the relaxation process of structural 
defects new types. 

 



  

 
 Geoinformatics 2020 

11-14 May 2020, Kiev, Ukraine 

Introduction 
 
Influence of deformation  on a phonon spectrum is described by means of Gryunayzen constant γ. 
The changing of Gryunayzen constant γ shows up in the anharmonicity phenomena. The method 
internal friction (IF) is informative in solving the textural problems of minerals. IF method 
particularly informative in combination with electrical, X-ray methods. The criterion for structural 
relaxation is formulated: inelastic structural relaxation can be caused only by a defect in the structure 
whose symmetry system is below the crystal symmetry. This rule does not determine the magnitude 
of the relaxation effect (Fedorov, 1965). 
 
Materials and research methods 
 
The pore size of SiO2 fine-grained sandstones was about d ≈ 50 mkm with both open and closed 
porosity types present. Fine-grained sandstones with a thin-layer texture are characterized by the 
alternation of fine-grained semi-rolled grains of the brittle quartz and the feldspar and layers of clay 
cement and the hydraulic mica. The layers are enriched with bitumen up to 10%. The quartz and 
seawater fragments are oriented along the layer. The cement is clay, siliceous, regenerative-corrosive. 
The catagenic changes are manifested in the compaction of the grains due to the quartz regeneration. 
The orientation of the biotite scales and microcracking is observed. The fracture is indicative of 
several generations; cracks are healed by calcite and dolomite; there are cracks without filler on figure 
1 and figure 2. 

 
Figure 1 The fine-grained sandstone SiO2 surface 
 

 
Figure 2 The fine-grained sandstone SiO2 surface (x250) 
 
The zeolite minerals are able to re-absorb water H2O and depending from the humidity and 
temperature T. Another very important zeolites property is the ability to ion exchange: they 
selectively absorb the various kinds of radioactive substances. The effect of temperature gradients ΔT 
on the mineral zeolite Ca[Al2Si4O12] x2H2O was investigated with purpose to determine the dynamics 
of its structure the destruction on figure 3. 

 
Figure 3 The microstructure of surface irregularities h = 22 ± 11 mkm of the original mineral zeolite 
Ca [Al2Si4O12] x2H2O 
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Ultrasound methods 
 
Experimental methods were used: metallography optical supervision of microstructure by means of 
the microscope ”LOMO MVT”, atomic-force microscopy (AFM) with high resolution. For ultrasound 
(US) devices USMV-KNU on frequencies f1 ≈ 1,67 MGz and f2 ≈ 5 MGz on figure 4 and 
computerized device KERN-4 on the frequencies f║ ≈ 1 MGz and f┴ ≈ 0,7 MGz. The IF measuring 
error was ΔQ-1/Q-1 ≈ 10% and the measurement error of the elastic module relative change was ΔE/E0 
≈ 0.1% (Onanko et al., 2008). The measured velocity error is equal ΔV/V = 0,5÷1,5% (Onanko, 
2013). The four-component piezoelectric vibrator technique was used to measure the IF temperature 
dependences Q-1(T) and elastic module E (T) of SiO2 after their mechanical cutting and grinding at 
frequency f ≈ 118 kHz with alternating deformation ε ≈ 10–6 at vacuum P ≈ 10-3 Pa. 

 
Figure 4 The appearance of upgraded USMV-KNU measurement equipment operating at frequencies 
f1 ≈ 1.67 MGz and f2 ≈ 5 MGz: 1 - sample, 2 - delays, 3 - generator, 4 - receiver, 5 - two-channel 
oscilloscope 
 
Experimental results and discussion 
 
The Puasson coefficient μ is equal to ratio of relative transversal ε┴ compression to relative 
longitudinal lengthening ε‖ and іt equal (Goose et al., 1977): 
 

μ ┴ ∗ ,                                                (1) 

 

μ .                                                                   (2) 

 
Debye model sets the conditions existence stand waves in solid state. The quantum nature of 
elementary oscillators takes into consideration. The thermal capacity – parameter of the 
thermodynamic system equilibrium state in Debye model. Тherefore waves, that elementary 
oscillators excite, can’t carry the energy. There are stand waves. One oscillator produce 3 waves: 1 
longitudinal and 2 transversal. Debye temperature θD was determined after the formula (Goose et al., 
1977): 
 

θ ∗ ∗ ,                                                 (3) 

 
where kB - Bol'cman constant, h - Plank constant, NA - Avogadro number, A - middle gram-molecular 
mass, ρ - density, VP - longitudinal ultrasonic (US) velocity, VS - transversal US velocity. 
Integral coefficient of elastic anisotropy Aμ is equal (Fedorov, 1965): 
 

A                        (4) 
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where μ V  - acoustic tensor. The quasilongitudinal US velocity V║[001] = 5270 m/sec, 

“fast” transversal polarization V┴1[001] in pores SiO2 were determined from the oscilloscopegramma on 
figure 5. 

 
Figure 5 The oscilloscopegramma of impulses with “fast” transversal polarization V┴1[001] in pores 
SiO2 
 
Elastic module E001 = ρ(V‖[001])2 = 75,26 GPa; “fast” quasitransversal US velocity V┴[100] = 2740 
m/sec, shear module G001 = ρ(V┴[001])2 = 18,84 GPa; after Puasson coefficient μ = 0,2996, Debye 
temperature θD = 267,0 К SiO2 were determined on figure 6. 
 

 
Figure 6 The dependence of Debye temperature QD001 SiO2 from the open porosity coefficient 
KPO=VPO/V:1 – before, 2 – after saturation ρNaCl = 180 kg/m3 
 
Temperature-pressure dependence (directional surface of elastic body) of elastic module E001 = 
ρ(V‖[001])2 SiO2 before and after the satiation of physiological solution NaCl ρNaCl = 180 kg/m3 are 
represented. Elastic waves pulses are discovered from micro fractures that of probably connected with 
elastic balance in fluid SiO2. The influencing of ultrasonic deformation ε was researched on elastic 
and inelastic characteristics of SiO2. It’s showed, that inelastic internal friction Q-1 and elastic module 
Е characteristics are essentially depended from morphology of surface layer. 
The quasilongitudinal US velocity V‖ = 504 m/sec, dynamical elastic module E = ρV‖

2 = 15,24 МPa, 
“fast” quasitransversal US velocity V┴ = 280 m/sec, shear module G = ρV┴

2 = 4,704 MPa, Puasson 
coefficient μ = 0,3532, specific density ρ = 60 kg/m3 of foam polystyrene are determined from the 
oscilloscopegramma. The results of measuring of longitudinal velocity Vak in SiO2 as the temperature 
dependences is represented on figure 7. 

 

Figure 7 The temperature-pressure dependence of quasi-longitudinal velocity Vak in SiO2 (indicatory 
surface of elastic properties) 



  

 
 Geoinformatics 2020 

11-14 May 2020, Kiev, Ukraine 

 
Figure 8 The oscilloscopegramma of impulses with quasi-longitudinal polarization VP[001] in SiO2 (Vl-
27) 
 
The quasi-longitudinal US velocity VP[001] = 3610 m/s was determined from the oscilloscopegramma 
on figure 8, the elastic module E ρV 2 = 32,71 GPa; "fast" quasi-transverse US velocity 
VS1[001] = 2630 m/s, the shear module 𝐺 𝜌𝑉   = 17,36 GPa, then the Debye temperature θD 
= 247,6 K SiO2 (Vl-27). 

 
Figure 9 The oscilloscopegramma of impulses with quasi-longitudinal polarization VP[001]

S in SiO2 
(Vl-27) after solution satiation ρNaCl = 120 kg/m3 
 
The quasi-longitudinal US velocity VP[001]

S = 5056 m/s was determined from the oscilloscopegramma 
on figure 9, the elastic module E ρV 2 = 64,16 GPa; "fast" quasi-transverse US velocity 

VS1[001]
S = 2630 m/s, the shear module 𝐺 𝜌𝑉   = 17,36 GPa, then the Debye temperature 

θD = 256,7 K, Puasson coefficient μS = 0,3145 SiO2 (Vl-27) after solution satiation ρNaCl = 120 
kg/m3. 
 
Conclusions 
 
1. The most pronounced types of acoustic symmetry are found in sandstones SiO2, but 
conversely in limestone CaCO3 samples exhibit the least pronounced symmetry type and the lowest 
value of the integral anisotropy coefficient Aμ. The highest values of phase velocities V and elastic 
constants Cijkl were found. 
2. The measuring of internal friction background Q-1

0 after mechanical treatments gives 
information about the changes of the fields of elastic strains σi in SiO2.  
3. The growth of heights internal friction maximums Q-1

M testifies the growth of structural 
defects concentration in SiO2. Annealing of structure defects in SiO2 bends out of shape the type of 
internal friction Q-1(Т) temperature spectrum.  
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