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Abstract. Using a novel signal processing tech-

nique — the method of correlation function of ampli-

tude and phase fluctuations (APCF) — we have ob-

tained the first spectra of equidistant frequency (EF) 

groups in records of background seismic oscillations. 

This method has previously been successfully applied 

to the analysis of resonant oscillations in Earth’s 

magnetosphere-ionosphere system. 

In the case of seismic oscillations, all peaks in the 

EF spectrum can be divided into two groups corre-

sponding to eigenfrequencies of vertical standing waves 

of P and S types in the Earth’s interior. The upper turn-

ing point of these waves lies at the free upper boundary 

of the Earth’s crust, whereas the lower turning point is 

located at the boundaries between subsurface layers. 

We demonstrate that this signal processing tech-

nique can serve as a new method for probing the layered 

structure of the Earth’s subsurface. Specifically, it ena-

bles the determination of the depth and thickness of 

each layer, as well as the estimation of elastic properties 

(such as Poisson’s ratio) of the geological material 

composing the layer. The findings have revealed that at 

the depth of ~2.7 km there are two layers of different 

solid substance 58 m and 140 m thick with Poisson’s 

ratios of 0.231 and 0.187. 

Keywords: signal processing technique, equidistant 

frequencies, eigenfrequencies, P- and S-type elastic waves. 
 

 

INTRODUCTION 

In the previous work [Polyakov, 2022], the method 

of correlation function of amplitude and phase fluctua-

tions (APCF) has first been applied to mass processing 

of a large volume of terrestrial recordings of geomag-

netic fluctuations in the frequency range from 0.1 to 3.0 

Hz. The main purpose was to show to what extent the 

results are adequate, reliable, and match reality. In this 

paper, we try to expand the range of applicability of the 

APCF method, using it to process recordings of seismic 

vibrations in the Earth interior. Although issues of seis-

mology are outside the scope of the journal Solar-

Terrestrial Physics, the method of studying vibrations in 

layered media of different nature offers new possibili-

ties for signal processing in various fields, including 

near-Earth plasma. Here we propose to focus on the 

problems related to methodology.  

The APCF method [Polyakov, 2015, 2018] is 

based on the analysis of a specially constructed corre-

lation function of amplitude and phase fluctuations 

and is designed to detect groups of equidistant fre-

quencies in the broadband spectrum of the original 

signal. 

At the first stage, the original signal in discrete form is 

converted into a small addition to the sinusoid of a given 

frequency. For such a signal at each time step i, we identify 

deviations of the amplitude ni(Θi) and phase γi(Θ i) from 

the amplitude and phase of the ideal sinusoid, where Θi is 

the sinusoid phase. 

Next, cross- and autocorrelation functions of ampli-

tude and phase fluctuations are found which are used to 

calculate the function 
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The overline means averaging over Θ; τ is the phase 

shift Θ. 

The correlation function G(τ) has one interesting 

property. In the works listed above when processing 

simulated wave signals of various types in 1D and 2D 

resonators, it was convincingly shown that if there is a 

group of equidistant frequencies (EF) in the spectrum of 

the original signal, peaks appear in the structure of the 

function G, which periodically follow each other along 

the τ axis. From the position of the first peak, we can 

indirectly measure [Polyakov, 2018] the difference be-

tween two adjacent frequencies Δf of this equidistant 

group. 

At the last stage of processing, all sequences of peri-

odic peaks of the function G(τ) are identified and the 

difference Δf is measured for each of them. The final 

product of the processing of the original signal is a his-

togram of these differences. 

For the traditional Fourier spectrum it is commonly 

supposed that the presence of a statistically significant 

peak in its structure means that the signal contains qua-

si-monochromatic oscillations at the frequency of this 

peak. In the APCF histogram, each peak corresponds 

not to one, but to a whole EF group in the spectral com-

position of the signal. The position of the peak on the Δf 

axis determines the difference between two adjacent 

frequencies of each such group. At the same time, the 
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APCF method cannot identify individual frequencies of 

the group. It is even impossible to establish in which 

part of the frequency range they are located and how 

many frequencies each group contains.  

For natural broadband oscillations, eigenfrequencies 

of resonators should be considered as EF groups at 

those harmonic numbers when they become equidistant. 

Each standing 1D wave of the resonator forms one EF 

group in the traditional Fourier spectrum and corre-

sponds to one peak in the Δf histogram. The final Δf 

histogram will sometimes be called the spectrum histo-

gram of EF groups.  

Polyakov [2022] has shown that if a natural signal is 

ground-based oscillations of the geomagnetic field, the 

source of such standing 1D waves is an Alfvén 2D reso-

nator located at the outer edge of the plasmapause [Leo-

novich, Mazur, 1987]. 

The Earth interior has a layered structure in which P- 

and S-type elastic waves can be excited [Landau, 

Lifshitz, 1987; Bullen, 1966]. Obviously, standing 1D 

waves of both types can form inside each layer or sever-

al layers at a time. In this paper, we use the software 

program of the APCF method to process recordings of 

seismic vibrations. Analyzing the spectrum histogram of 

EF groups obtained for them for the first time, we try to 

figure out to which of the standing waves correspond 

certain peaks of this spectrum histogram. 

 

1. RESULTS 

For processing, we have used the recording of the 

December 13, 2016 earthquake from the seismic station 

Arshan (51°92' N; 102°42' E). The recording has three 

channels, i.e. three vibration components: N–S, E–W, 

and vertical. The data is presented in discrete form with 

a time step of 0.01 s. From the beginning of the record-

ing to the beginning of the earthquake, there are back-

ground fluctuations with small deviations from the 

mean value in all the channels. The duration of this sec-

tion is ~1 hr. Further, during the earthquake, these devi-

ations increase dramatically by several orders of magni-

tude and last for 2–3 min until the end of the recording. 

From the experience of applying the APCF method, 

it has been found [Polyakov, 2018, 2022] that the initial 

signal for processing should resemble a recording of a 

random process whose spectrum occupies a wide fre-

quency range and is also similar to the noise spectrum. 

This is exactly how the oscillogram and the spectrum of 

background seismic fluctuations look like. In this situa-

tion, we must exclude the burst of deviations during the 

earthquake and accept only the recording of background 

fluctuations preceding it as the original signal. 

This recording, however, proved to contain a very 

large monochromatic spectral component. Oscillograms, 

especially for the E–W and vertical components, look 

almost like ideal sinusoids with a frequency of 16.6 Hz. 

A peak is observed in the spectra at this frequency, 

which is more than two orders of magnitude higher than 

spectral peaks at all other frequencies. 

For our APCF signal processing technique, one or 

two high-amplitude narrow peaks in the spectrum of the 

original signal produce very unpleasant noise. These 

peaks can severely distort or even create a false picture 

of the location of maxima in the spectrum histogram of 

EF groups obtained by our technique. In order for this 

seismic signal to be suitable for processing, it is neces-

sary to somehow get rid of such peaks in the normal 

spectrum of the original signal.  

In our case, the signal frequency range in processing 

by the APCF technique is set from 2 to 20 Hz. Remov-

ing noise at 16.6 Hz by conventional high-frequency 

filtering is barely acceptable as it will lead to a signifi-

cant reduction in the frequency range, whereas for our 

technique the wider the range, the better.  

We have therefore developed and applied a novel 

original method of equalizing all peaks of the spectrum 

of the original signal in height. A corresponding new 

procedure has been added to the signal preprocessing 

program.  

At the beginning of the procedure, we define a com-

plex Fourier transform function for the initial signal. In 

the plot of the modulus of this function versus frequency, 

we find frequencies and heights for each peak. As a re-

sult, we obtain a discrete envelope function of all spec-

trum peaks with an irregular frequency step. Let the fre-

quency step be regular, equal to this step in the spectrum 

itself. Next, for each frequency step, we divide the real 

and imaginary parts of the Fourier function by the result-

ing envelope. At the end of the procedure, we perform the 

inverse Fourier transform for the modified complex func-

tion. The real part of the resulting complex time depend-

ence is the transformed original signal in which almost all 

peaks in the spectrum are approximately equal in height. 

After this procedure has been applied to our seismic 

signal, the abnormally high peaks in the spectrum men-

tioned above do not disappear completely, but simply 

become comparable in height to all other peaks. For 

such a signal, we can use the APCF processing tech-

nique without fear of noise in the final histograms. 

Moreover, it turned out that the spectral peak equaliza-

tion procedure is useful even in the absence of very high 

peaks. When processing constructed signals similar to 

those used in [Polyakov, 2018], it was found that the use 

of this procedure often results in a decrease in the noise 

level in the spectrum histogram of EF groups.  

We have divided the entire recording of seismic 

background fluctuations into nine 6-min intervals. It is 

obvious that fluctuations within each interval can be 

considered as a separate independent realization of the 

same wave propagation response process in the stable 

structure of the Earth interior. Unlike the magnetic field 

recording intervals [Polyakov, 2022], in this case we 

can average the spectra histograms of EF groups of each 

interval over the ensemble of all realizations in order to 

increase the statistical significance of the final result. 

Each time interval contains discrete recordings of 

three components of the displacement of a point of the 

Earth's crust. For each component, the APCF technique 

produces one histogram of Δf differences, which, as 

mentioned above, can be considered a spectrum histo-

gram of EF groups. Any such spectrum histogram is 

formed by peaks of eigenfrequencies of various stand-

ing P- and S-waves. According to [Landau, Lifshitz, 
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1987; Bullen, 1966], P- and S-waves contribute to each 

of the displacement components. There are no other 

standing waves in the Earth's subsurface. This means 

that the same peaks should take place in spectra histo-

grams of different components. We do not examine 

these component spectra separately in detail, as was 

done in [Polyakov, 2022]. For each time interval, we 

determine only one spectrum histogram equal to the 

average of all components.  

Figure 1, a presents such an averaged spectrum his-

togram of EF groups for the first time interval of record-

ing of background seismic fluctuations. Along the verti-

cal axis, n is the number of actual measurements of the 

difference between adjacent frequencies Δf in a particu-

lar EF group, n0 is the total number of all attempts at 

these measurements. The ratio n/n0 can serve as esti-

mated probability of observation of a point on the curve 

for each Δf. For clarity and convenience of analyzing 

the location of peaks, the curve is smoothed by a run-

ning mean, and too slow variations are removed [Polya-

kov, 2022]. Therefore, in some sections the probabilities 

assume negative values. The differences Δf on the hori-

zontal axis are given in dimensionless form, being mul-

tiplied by the time step of the original discrete signal 

Δf→ΔfΔt. 

Figure 1, a displays a set of peaks. As noted above, 

each peak is determined by an EF group of a single stand-

ing 1D wave in the Earth interior. For most peaks signifi-

cant in height, we drew vertical lines whose intersection 

with the horizontal axis gives the difference between two 

adjacent frequencies in the group for each peak. These 

differences [Hz] are listed in Table. Section 2 discusses 

the origin of all the marked peaks.  

Also shown is a similar spectrum histogram of EF 

groups averaged over all time realizations (b) and a spec-

trum histogram of the N–S component averaged over the 

first three realizations (c). 

If we trace from top to bottom along each vertical 

line, we can clearly see that for most peaks the position  

 

Figure 1. Spectra of EF groups — the final product of the 

APCF processing technique for recordings of background 

seismic vibrations from the Arshan station: the spectrum aver-

aged over all components for the first time realization (a); the 

spectrum averaged over components and all time realizations 

(b); the N–S component spectrum averaged over the first three 

realizations (c). The values of Δf are given in the dimension-

less form Δf→ΔfΔt, where Δt=0.01 s is the time step of the 
original signal 

 

 

 
 

Characteristics of vertical standing waves in the Earth's subsurface experimentally measured 

from peaks of the spectrum histogram in Figure 1, a 

i ΔfiP, Hz  ΔfiS, Hz  hi, km Δhi, m Vi P /ViS λi /μi vi 

1 0.985 0.474 2.590 130 1.912 1.656 0.318 

2 0.938 0.453 2.720 58 1.690 0.856 0.231 

3 0.918 0.444 2.778 140 1.611 0.595 0.187 

4 0.874 0.429 2.918 196 2.065 2.264 0.347 

5 0.819 0.404 3.114 164 2.199 2.836 0.370 

6 0.778 0.381 3.278 154 2.233 2.986 0.375 

7 0.743 0.364 3.432 185 2.364 3.589 0.391 

8 0.705 0.343 3.617 282 2.463 4.066 0.401 

9 0.654 0.316 3.900 274 2.404 3.779 0.395 

10 0.611 0.294 4.173     

 

a 

b 

c 
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of Δf on the horizontal axis (b, c) almost perfectly coin-

cides with its position in panel a. Only two (number 8P 

and 4S) of the twenty marked peaks reveal significant 

deviations (panels a, b). It is also noticeable that the 

relative change in the height of the peaks during the 

transition from one number to another (a) is approxi-

mately the same as in panel b. 

The correspondence between characteristics of most 

peaks (a, b) allows us to draw an important conclusion. 

The structure of the peaks in the spectrum histogram of 

EF groups for the first time realization of a seismic sig-

nal is, on average, exactly the same as for all other time 

realizations. We can consider the spectrum histogram 

(panel a) as a statistically reliable result.  

The coincidence of the peak positions (a, b) indi-

cates that even after averaging spectra histograms of one 

of the components over three time realizations we get 

almost the same initial standard spectrum histogram. 

This confirms the stability of all APCF signal pro-

cessing procedures with respect to the final product (a). 

Note that in panel a not all peaks are indicated by 

vertical lines. For example, the peak to the right of 5P, 

as well as the peak between 5P and 6P and the peak 

between 6P and 7P, cannot be considered reliable be-

cause they are absent or low in panel b. For now, we 

will not examine the remaining unmarked peaks be-

tween 10P and 1S, as well as to the left of 10S.  

Let us pay attention to another important feature of 

the APCF method. At the very beginning of the work on 

this project, it became obvious that we cannot measure 

differences between adjacent frequencies Δf in the range 

of values from zero to infinity since this was technically 

impossible. We had to restrict ourselves to the finite 

range of these differences from 0.001 to 0.01 in dimen-

sionless units. In addition to the peaks present (panel a), 

there may also be peaks with Δf<0.001 or Δf>0.01 that 

contribute to the spectrum of the original signal. Yet, 

they do not appear in the final spectrum histogram. 

 

2. INTERPRETATION  

 OF PROCESSING RESULTS 

Assume that the Earth's subsurface in the region of 

the seismic signal monitoring station has a layered 

structure [Bullen, 1966]. Horizontally arranged layers 

can vary in thickness and composition of geological 

material. Boundaries between the layers can partially 

reflect and transmit elastic waves incident on them. A 

large number of different vertical standing waves should 

be observed in such a layered medium.  

Any pair of boundaries between the layers blocks 

standing P- and S-waves since waves of both types are 

reflected at each boundary [Bullen, 1966]. Each standing 

wave features its own set of eigenfrequencies or an EF 

group in the Fourier spectrum of the seismic signal, which 

leads to the appearance of a separate peak (panel a).  

Let us take a look at standing waves between two near-

est boundaries. If the geological material is distributed 

evenly throughout the entire volume in this layer, the dif-

ference between adjacent eigenfrequencies for P- and S-

type waves should be found from the formulas for first 

harmonic frequencies  

SP
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where VP, VS are the velocities of P- and S-waves; ρ is 

the rock density; λ, μ are Lamé's elastic constants (com-

pression modulus and shear modulus); Δh is the layer 

thickness; TP, TS are the periods of the first harmonic or 

the travel time between the upper and lower boundaries 

of the layer.  

If the region of localization of a standing wave con-

tains not one, but several layers at once, the total travel 

time is determined by the sum of travel times of the wave 

in each layer. 

In our case, the seismic vibration sensor is located 

slightly below the free surface. This means that if a 

standing wave is located at a great depth, due to attenua-

tion its contribution to the frequency spectrum of the 

vibrations recorded by the sensor will be negligible. The 

main contribution to this spectrum should be made by 

eigenfrequencies of those standing waves in which the 

upper turning point is on the free surface of the Earth's 

crust because this surface can fully reflect elastic waves 

and, above all, the seismic sensor is always located in-

side the region of localization of such standing waves. 

The lower turning point of these standing waves may be 

on one of the boundaries between rock layers. 

For clarity, Figure 2, a offers a scheme of such 

standing waves. The vertical axis is downward and indi-

cates the depth h of the Earth's subsurface. The horizon-

tal axis represents the free surface of the Earth's crust, 

the boundary between the Earth's crust and the atmos-

phere h0=0 deep. Horizontal lines in this scheme mark 

boundaries between the layers. Each such boundary and 

the layer located under it are assigned the number i. We 

have identified nine layers. The depth of the upper 

boundary of the layer with number i is denoted by hi. 

Vertical arrows indicate several regions of localiza-

tion of standing waves between the upper and lower 

turning points. The lower turning point is located on the 

upper boundary of the layer with number i. We assign 

the same number to the corresponding localization re-

gion. In each region marked with an arrow, two P- and 

S-type standing waves should be observed. Differences 

between adjacent eigenfrequencies of such standing 

waves are designated respectively as ΔfiP and ΔfiS. 

From general considerations, we assume that for stand-

ing waves with multiple layers between turning points, as 

in the case of single layer (1), the eigenfrequency differ-

ences Δfi P and Δfi S coincide with the first harmonic fre-

quencies. The period of this first harmonic is determined 

by the total travel time between the turning points through 

all layers. For it, in view of (1), we obtain the qualitative 

relation 
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Figure 2. Scheme of vertical standing P- and S-waves 

and the alternation structure of horizontal layers of geolog-

ical material in the Earth's crust, which we employed to 

interpret the locations of peaks in the spectra of EF groups 

(a); dependences of thickness, the ratio between Lamé's 

elastic constants, and the Poisson ratio of each layer on the 

depth of its upper boundary (b–d) 

 

where n stands for the numbers of all layers located 

above the layer with number i; Δhn, VnP, VnS are the 

thickness and wave velocities of these layers. 

For a pair of standing P- and S-waves with number i, 

the distance between the turning points is the same; this 

means, according to (2), that the ratio of ΔfiP to ΔfiS 

should be equal to the ratio between layer-average ve-

locities of these waves within the region. As observed in 

[Bullen, 1966], this ratio between velocities in the 

Earth's subsurface, if rounded to an integer value, can be 

considered equal to ~2, i.e. Δfi  P /ΔfiS≈2. 

Eigenfrequencies of standing waves (Figure 2, a) are 

almost ideally suited for interpreting positions of peaks 

on the horizontal axis of the spectrum histogram of EF 

groups obtained for background seismic vibrations. 

Indeed, it is clearly seen in Figure 1, a that all the 

peaks indicated by vertical lines are divided into two 

separate groups. For the first group, located on the right, 

the frequency difference interval is 0.006–0.01; for the 

second, 0.0028–0.047; i.e., for the second group, the 

interval boundaries are about two times smaller than for 

the first. This strongly supports the fact that the first and 

second groups are caused by standing waves of P- and 

S-types respectively (see Figure 2, a). In Figure 1, a, the 

peaks of the first group are denoted by the iP indices; 

and the peaks of the second group, by IS. 

In addition, it is also necessary to note the local 

property of the peaks. Figure 1, a clearly shows that in 

the P group, peaks 2P and 3P are located close to each 

other in the overall maximum. Obviously, their location 

indicates that these peaks are determined by eigenfre-

quencies of standing P-waves reflected upward from the 

upper and lower boundaries of a very thin layer (number 

2) (see Figure 2, a). 

In the series of S peaks, we can see a very similar 

maximum consisting of two peaks 2S and 3S, whose 

position on the horizontal axis in Figure 1, a is two 

times smaller than the position of peaks 2P, 3P. The gap 

between 2S and 3S is also ~2 times smaller than the gap 

between 2P and 3P. The gap is so small that peaks 2S 

and 3S almost merge with each other. This fact strongly 

supports that these peaks are caused by S-type standing 

waves. The waves are reflected respectively from the 

upper and lower boundaries of the aforesaid thin rock 

layer number 2.  

Thus, the relative position of peak pairs 2P, 3P and 

2S, 3S and the gap between the peaks of each pair clear-

ly shows that for layer 2 each boundary gives two stand-

ing waves, P and S type. This conclusion indirectly con-

firms the applicability of the standing wave scheme (see 

Figure 2, a) for interpreting all peaks indicated by verti-

cal lines in Figure 1, a.  

In Figure 1, a, pairs of standing P- and S-waves re-

flected from the upper and lower boundaries of layer 2 

correspond to peaks 2P, 2S and 3P, 3S. In Figure 2, a, 

each such pair of standing waves is denoted, as already 

mentioned above, by one vertical arrow to the upper and 

lower boundaries of layer 2.  

By analogy, we simply have to assume that the other 

peaks marked with vertical lines in Figure 1, a are also 

formed by pairs of standing P- and S-waves reflected 

from the boundaries of other layers. To the right of 2P 

and 2S: peaks 1P and 1S should correspond to a pair of 

standing waves reflected from the upper boundary of 

layer 1. To the left of 3P and 3S: peaks 4P and 4S come 

from waves reflected from the upper boundary of layer 

4; and peaks 5P and 5S, from layer 5. All these standing 

waves are exhibited in Figure 2, a. The last peak pair 

10P and 10S corresponds to the reflection of waves 

from the upper boundary of layer 10. 

Table presents exact differences (in hertz) Δfi P, Δfi S 

of peak pairs for all the layer numbers considered, 

measured from their position on the horizontal axis Δf in 

Figure 1, a. In the velocity ratio column, we see that for 

all i numbers Vi P /Vi S≈2. This also indirectly confirms 

that the peaks marked in the spectrum histogram corre-

spond to the eigenfrequencies of the standing P- and S-

waves in Figure 2, a. 

In Figure 1, a, the last peak pair with number i=10 is 

peculiar to the waves reflected from the upper boundary 

of layer 10, yet the lower boundary of this layer is miss-

ing and we do not see it in Figure 2, a. In this case, 

when analyzing the spectrum histogram of EF groups in 

Figure 1, a, we found nine separate layers that are most 

likely composed of different material. 

Peaks 1P and 1S in Figure 1, a belong to standing 

waves with a lower turning point at a depth h1 at the 

upper boundary of the first layer. In Figure 2, a, we do 

not see any other layers above it. However, this does not 

mean that they do not exist, it is just the Δf peaks in 

a b 

c 

d 
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Figure 1, a, which correspond to standing waves reflect-

ing from higher layers, do not fall within the prescribed 

range of these differences. Therefore, such peaks, as 

mentioned earlier, are not present in Figure 1. 

If in (2) the velocity of P-waves in different layers is 

replaced by the velocity averaged over each layer Vaver, 

we can obtain a relation for approximately determining 

the depth of the upper boundary of each layer. 

1
cp
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  (3) 

Volvovsky [1973] provides extensive tables of the 

results of measurements of wave velocities in different 

geographical regions. The measurements were carried 

out by the well-known method of deep seismic sounding 

with industrial explosions. From these tables for the 

Siberian platform of the Irkutsk Amphitheater in the 

sedimentary layer of the Earth's crust, we find Vaver=5.1 

km/s. In a more recent paper [Dzhurik et al., 2024], at 

the same depth we have a similar average velocity 

Vaver=5.0 km/s. Substituting this velocity, as well as the 

values of ΔfiP from Table in (3), we obtain the depth of 

the upper boundary of each layer. The difference 

Δhi=hi+1–hi is the thickness of the layer with number i. 

The results of the calculations of hi and Δhi are included 

in Table.  

Figure 2, b illustrates the dependence of Δhi on hi. 

Numbers for each point indicate the layer number. The 

first and last layers have a depth of 2.6 and 4 km respec-

tively, and the thickness of the layers varies over a fairly 

wide range Δhi=60÷280 m. 

Note that the velocity value that we took from [Vol-

vovsky, 1973; Dzhurik et al., 2024] may differ from the 

real average layered velocity near the Arshan seismic 

station. It is, nonetheless, obvious that this difference 

should not be too large, and the calculated layer depth 

and thickness approximately match the real values.  

For two adjacent peaks in Figure 1, a in the P- and S-

groups, in view of (2), we have: 
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This enables us to determine a number of important 

characteristics of the material that makes up the layers 
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 (4) 

where vi is the Poisson ratio of the layer material; 

λi/μi is the ratio between Lamé's elastic parameters in 

the layer. 

Substituting ΔfiP, ΔfiS from Table in (4) yields char-

acteristics of the elastic properties of the material of 

each layer, which are also tabulated. it is significant that 

unlike the method of determining the layer depth and 

thickness (3) in (4), we do not use the characteristics of 

the medium measured by other seismological methods. 

It can be assumed that in this case the accuracy of the 

layers' elastic parameters depends only on how accurate 

our signal processing technique is.  

Figure 2, c, d plots λi/μi and vi as function of 

depth of the upper boundary of the layer hi. 

There is a curious result, especially noticeable in 

panel d. Almost all points form a smooth line, only 

points 2, 3 deviate significantly from it. The average 

Poisson ratio for points 4–9 is 0.35. It follows from 

online tables that substances such as aluminum, brass, 

and copper have approximately the same values, i.e. 

they are not very hard and brittle, but also not very soft 

and plastic such as lead and tin (v=0.44).  

Layer 2 has a Poisson ratio v2 =0.23. This value cor-

responds to much harder and more brittle substances 

such as steel (v=0.25), cast iron (v=0.22), concrete 

(v=0.20). Layer 2 is located at a depth h2=2.72 km and 

has a thickness h2=58 m. For layer 3, we obtain 

v3=0.19, h3=2.78 km, and Δh3=140 m from Table. The 

Poisson ratio in this layer is even lower and is peculiar, 

for example, to quartz glass v=0.17 or basalt v=0.12. 

Note that the coefficients vi we have obtained do not 

allow us to unambiguously indicate the substance that 

makes up each layer, since different rocks can have the 

same value of vi. However, in this case, it is highly like-

ly that layers 2 and 3 are granite and basalt plates re-

spectively, which, according to [Bullen, 1966], should 

be located below the sedimentary layer. In this case, 

near the Arshan station these plates or layers are located 

at a depth of ~3 km. 

Figure 2, d also indicates that the Poisson ratio in-

creases smoothly with increasing depth in layers 4–9. 

This might be related to the temperature gradient. Refer-

ring to Figure 2, d, the temperature effect appears to be 

noticeably below the basalt layer at 3–4 km depths. 

Note that this work is the first attempt to apply the 

novel technique to processing of recordings of back-

ground seismic vibrations. In the future, we should try to 

confirm the results obtained by processing other similar 

recordings from different seismic stations, if possible. If 

we can clearly demonstrate that each time the peaks in 

spectra of EF groups are determined by groups of eigen-

frequencies of vertical standing waves, similar to those 

shown in Figure 2, a, we will get a useful, proven, and 

not very expensive sounding method. Detecting layers of 

different geological material, finding the depth and thick-

ness of these layers provides valuable information on the 

structure of the Earth's subsurface. Moreover, we will be 

able to determine the Poisson ratio, which characterizes 

the elastic properties of the geological material of each 

layer. 

 

CONCLUSION 

1. For the first time, a 1 hour recording of back-

ground seismic fluctuations has been processed by the 

novel original APCF technique. It can identify groups of 

equidistant frequencies, which are present in the spec-

trum of the original signal, and can measure the differ-

ence between two adjacent frequencies Δf in a group. 

The final product of the processing is a spectrum histo-

gram of Δf set. 
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In the traditional spectrum, the presence of a peak at 

a certain frequency means that fluctuations of this fre-

quency occur in the original signal. In our spectrum 

histogram, each peak corresponds not to one, but to a 

whole group of equidistant frequencies in the original 

signal. The location of the peak on the horizontal axis 

gives us not a separate frequency but the difference of 

two adjacent frequencies characteristic of the whole 

group. 

In our case, by the EF group in the spectrum should 

be meant eigenfrequencies of any one of the standing 

waves excited in the layered structure of the Earth's sub-

surface. 

2. Analysis of the obtained spectrum histogram (see 

Figure 1) quite convincingly shows that most of the 

observed peaks are caused by eigenfrequencies of P- 

and S-type vertical standing waves. The scheme of these 

waves is given in Figure 2, a. The main thing about it is 

that each pair of standing P- and S-waves has the same 

turning surfaces. The upper surface is always located at 

the boundary of the Earth's crust and the atmosphere, 

and the lower surface coincides with one of the bounda-

ries between layers of different geological material. 

3. It has been found that if we accept this interpre-

tation of the spectrum-histogram peaks, we can deter-

mine the approximate depth of the boundaries between 

the layers and the Poisson ratio of substance in each 

layer, i.e., we can obtain a new method for experimental 

detection of the layered structure in the Earth interior. 

However, at this stage it is obvious that the devel-

opment of a new method can be discussed only if the 

features of the location of peaks in spectra histograms 

identified in this work are repeatedly confirmed in pro-

cessing other records of seismic background fluctua-

tions by the APCF method at different stations at differ-

ent times. 
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