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Introduction

The non-destructive internal friction (IF) Q-1 method
(Golyamina, 1979) is related to the reservoir prospecting
and exploration technologies (Onanko et al., 2011), it can
be used to improve seismic exploration and exploration of
oil and gas and reliability of petrophysical (Prodayvoda
and Bezrodnyi, 2011) and reservoir productivity
parameters analysis of the positions of the IF maxima, the
relaxation duration τ and their contribution to the damping
Q-1 of elastic vibrations.

Materials and research methods
Samples preparation

The pore size of SiO2 fine-grained sandstones was about d
≈ 50 mkm with both open and closed porosity types
present. The fracture is indicative of the several
generations; the cracks are healed by calcite and dolomite;
there are cracks without filler on figure 1.

Figure 1 The atomic force microscopy of fine-grained
sandstone SiO2 microstructure (15x15x103 nm; 1x1x103
nm)

Ultrasonic methods

The petrophysical research methods were used: ultrasonic
(US) pulse-phase method for determining the velocities of
elastic waves using USMV-LETI, modernized USMV-
KNU and computerized “KERN-4” on figure 2
measurement equipments, US invariant-polarization
method for determining effective acoustic μil and elastic
constants Cijkl rocks (Vyzhva et al., 2011).

Figure 2 The window illustration of data treatment of
elastic waves velocities measuring by impulse phase
ultrasound method at frequency f║ ≈ 1 MGz, f┴ ≈ 0,7 MGz
and appearance of measurement equipment KERN-4

Experimental results and discussion

The quasi-longitudinal US velocity V‖[001] = 5280 m/s was
determined from the oscilloscopegramma of the
computerized KERN-4 measurement equipment by
impulse-phase method at frequency f║ ≈ 1 MGz on figure
3, the elastic module E = 70,53 GPa; "fast" quasi-
transverse US velocity V┴1 [001] = 3200 m/s, the shear
module G = 25.91 GPa, then Puasson coefficient μ = 0,
2097, Debye temperature θD = 309,3 K sandstone SiO2.

Figure 3 The data plot illustration of quasi-longitudinal
elastic waves velocity measurement V‖[001] = 5280 m/s in
the sandstone SiO2 of the computerized KERN-4
measurement equipment by impulse-phase method at
frequency f║ ≈ 1 MGz

The depth dependence of the acoustic logging (4) in situ
correlates with the depth dependences of quasi-longitudinal
VP[001] (1,2) and quasi-transverse "fast" VS1[001] (5) and
"slow" VS2[001] (6) in vitro velocities in the sandstone SiO2
on figure 4.

Figure 4 The depth dependence of quasi-longitudinal
V‖[001] and quasi-transverse “fast” V┴1[001] and “slow”
V┴2[001] velocities in the sandstone SiO2 of
Ostroverkhivsʹkoyi area of well № 1 Os-8n, Os-26, Os- 27,
Os-28, Os-32, Os-60a: 1 - USMV-KNU, 2 - KERN-4, 3 -
KERN-4 after saturation ρNaCl = 180 kg/m3, 4 - acoustic
logging, 5 - quasi-transverse "fast” V┴1 [001], 6 - quasi-
transverse “slow” V┴2 [001]

The results of measuring of acoustic logging Val, as the
temperature dependences are represented on figure 5.

Figure 5 The temperature-pressure dependence of acoustic
logging Val (indicatory surface of acoustic properties)

After the systematizing of all the results the general
conclusions were obtained: 1) they are represented by fine
grains with grain sizes d ˂ 100 mkm; 2) the same range of
values of quasi-longitudinal US velocity VP[001] =
3610÷4500 m/s, elastic module E001 = 32,71÷51,03 GPa on
figure 6 and on figure 7; “fast” quasi-transverse US
velocity VS1[001] = 2630÷2990 m/s, shear module C44 =
17,36÷22,53 GPa on figure 8, Puasson coefficient μS =
0,3145÷0,2204, Debye temperature θD = 247,6÷285,6 K; 3)
the open porosity coefficient is high КPO = 4,5.

Figure 6 The temperature-pressure dependence of elastic
module E001 (indicatory surface of elastic properties) SiO2

Figure 7 The temperature-pressure dependence of elastic
module E001 (indicatory surface of elastic properties) SiO2
after solution satiation ρNaCl = 180 kg/m3

Figure 8 The temperature-pressure dependence of elastic
constant C44 (indicatory surface of elastic properties) SiO2

The temperature dependence of IF Q-1(T) (figure 9) and the
elastic module E (T) (figure 10) (pointing surface of
inelastic-elastic properties) of SiO2 quartz is showed on
figure 11.

Figure 9 The temperature dependence of internal friction
Q-1(Т) in quartz SiO2

The small background IF value Q0-1 ≈ 2.10-6 to Т0 ≈ 385 К
was observed.

Figure 10 The temperature dependence of elastic module
E(T) of quartz SiO2

Figure 11 The temperature dependence of internal friction
Q-1(Т) and elastic module E(T) (indicatory surface of
inelastic-elastic properties) of quartz SiO2

Conclusions

The analysis of the elastic anisotropy parameters Ad, Aμ

sedimentary rocks SiO2 showed that the rhombic
approximation provided the maximum harmonization of
the calculated and the experimental data and the efficiency
of using the invariant-polarization method to solve the
acoustic texture analysis problems.
The data are obtained from elastic constants Cmnkl

sandstones SiO2, CaCO3 limestones.
The polarization angle φ – the deflection of elastic
displacements vector U from wave normal direction n and
elastic anisotropy integral coefficient Aμ are the most
universal characteristics of anisotropy and testify about
anisotropic deformation ε.
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