Replies to Anonymous Referee #2

Referee:
Review of the first revision of "Near surface structure of Sodankyla area in Finland, obtained by
passive seismic interferometry” by Afonin et al.

During this first round of revision, the authors partially replied to the comments/suggestions made by
the reviewers, and improved the quality of their manuscript. However, one of my main concerns
remains, namely the clarity and the relevance of the numerical simulation section.

Following my previous comments, the authors explained that they simulated an incoming plane-wave
with an azimuthal angle of 40 degrees relative to the profile. Having an off-angle source is indeed
crucial to prove that the surface-wave reconstruction could in theory work in their real-case scenario.
However, looking at the geometry of the simulation model, namely the absence of heterogeneity
along the Y-axis, it is puzzling to me to understand how a surface-wave with correct velocity could
be extracted from this configuration.

Authors: The passive data used in our paper were measured along XSodEx 2-D reflection profiles.
According to the conventional practice for planning of 2-D seismic profiles, their location is across
the major geological units in the area, but not along these units (Figure 1). That is why we considered
this particular case in our numerical modelling, namely, the case when the data is acquired along
profile crossing geological units. The purpose of our study was to interpret the data of this particular
experiment and the numerical modelling of all the possible structures and situations was not the main
purpose of our study. However, we made our own numerical modelling for this particular case
because in previous studies that use numerical modelling (for example, Bohlen et al., 2003) the
authors usually model propagation during short times comparable to registration times used in active
experiments. In our modelling we were mainly interested to consider the wavefield, produced by
multiple scattering of a plane wave on heterogeneities (not the waves itself, produced by source). For
this, it was necessary to consider longer times (more than two seconds, see, for example, Figure 4).
As was shown in numerous theoretical studies (references are given in the manuscript), the waves,
produced by scattering of a plane wave on heterogeneity, are scattered in all directions. In that case,
each heterogeneity is a source of the scattered waves, which propagate in all directions with true
velocity (velocity that corresponds to elastic properties of the medium). If there are many
heterogeneities, the scattered waves form the resulting wavefield that may be considered in a diffused
field approximation (Shapiro and Campillo, 2004). We think that our numerical modelling proves
results of theoretical studies one more time, showing that such wavefield can exist in real situations,
because the model of the medium and position of sources were selected to be as close as possible to
the real experiment configuration.

Referee: Another puzzling observation is the presence of Love waves (polarized along the Y-axis)
generated by the explosive source located along the profile/X-axis. Again, for reasons of symmetry
of the model, 1 do not understand how this is possible. Is it a misunderstanding about the model
configuration, maybe unmentioned heterogeneity? | once again suggest to clarify the figure regarding
the simulation model and source configurations.

Authors: We added particle motion diagram to the Figure 6. The polarization shows that considered
wave is Love wave. Thin upper layer with low velocities that models quaternary sediments most
probably causes presence of the Love waves.



Referee: A third point of concern on the simulation topic relates to an addition/clarification that the
authors have made in this new version and in their response to reviewer 1. They claim that “diffuse
wavefield consisting of low-frequency (5-20 Hz) surface waves (Rayleigh) can be produced by
scattering of a high-frequency (50 Hz in our case) plane wave at velocity heterogeneities.” They stated
that “the main goal, except of supporting the claim that analyzed wavefield is diffuse, was also to
understand how relatively high-frequency wave (dozens of Hz) may produce low-frequency (about
5-20 Hz) wavefield during scattering on heterogeneities”. If I am not mistaken, solving the standard
elastic-wave equation does not allow such non-linear conversions to occur (did the authors simulate
non-linearities?). The only possibility is that non-dominant frequencies already present in the source
spectrum can be “selected” by scattering. Because there is virtually no noise in simulations, any non-
zero frequency content of the source could be potentially revealed by appropriate scatterers.

Authors: We used numerical simulation to see how the waves produced by possible sources existing
in our study area can be scattered at the velocity heterogeneities corresponding to real geological
structures. General studies of the scattering phenomena was not a goal of the current work. We agree
that some of the numerical simulations (for example, Ryberg et al., 2000) suggest the selective
properties of scattering on heterogeneities. However, the presence of non-dominant frequencies was
not possible in the case of plane wave that we modelled. In our numerical modelling, the plane wave
was produced by multiple sources with source time functions shaped as delta functions. Therefore,
presence of any additional harmonics is not possible in our numerical modelling example.

References:

Shapiro, N. M., & Campillo, M. (2004). Emergence of broadband Rayleigh waves from correlations
of the ambient seismic noise. Geophysical Research Letters, 31(7).

Bohlen, T., Miller, C., Milkereit, B., Eaton, D. W., & Salisbury, M. H. (2003). Elastic seismic wave
scattering from massive sulfide orebodies: on the role of composition and shape. Hardrock seismic
exploration: SEG, 70, 89.

Ryberg, M. Tittgemeyer, F. Wenzel, 2000. Geophysical Journal International, 141, 3, 787-
800, https://doi.org/10.1046/j.1365-246x.2000.00117.x

Replies to Referee #3: Rezaeifar Meysam

Referee:

Review report on « Near surface structure of Sodankyld area in Finland, obtained by passive seismic
interferometry " by Nikita Afonin et. al.

The deduced results are interesting and can be considered for publication. provided some areas can
be improved. The authors applied seismic interferometry to passive seismic data to retrieving surface-
wave and to image the near subsurface structures related to mineral exploration. They used SNRS as
part of the processing procedure to retrieve the green function. However, it is not clear to me how
and why they used this algorithm.

Authors: We used this algorithm because the length of passive seismic records was not enough for
using conventional passive seismic interferometry. Although some authors used shorter lengths of
records to retrieve EGF’s (e.g. Draganov et. al., 2007) in our case it was not possible, probably due
to specific ambient noise features. The studied area is relatively seismically quiet and the amplitudes
of ambient seismic noise in the high frequency range are low. The SNRS algorithm allows obtaining
EGFs by selecting crosscorrelation functions, which corresponds to parts of wavefield, produced by
scattering of waves from the strongest sources. This is achieved by the global optimization algorithm.
Further stacking of selected cross-correlation functions allows to increase significantly the quality of
retrieved EGFs. The algorithm itself as well as its advantages and possibilities is described in detail


https://doi.org/10.1046/j.1365-246x.2000.00117.x

in our previous work (Afonin et. al., 2019). We also describe the algorithm in Supplementary
Material. In our revised manuscript we also show comparison of EGFs retrieved using the traditional
stacking of crosscorrelation functions and EGFs obtained using SNRS algorithm (Figure 17)

Referee: They also performed synthetic tests which the goal is unclear to me.

Authors: The main reason for the modelling was checking the possibility of using passive seismic
interferometry in our experiment. As the main condition for this is existing of diffuse wavefield, the
purpose of our modelling was to demonstrate how this diffuse wavefield is produced. In our numerical
simulation, we used configuration of profiles, structural features of the studied medium, positions and
characteristics of dominant noise sources as close as possible to the real situation in the XSodEx
experiment. We show that scattering of a plane wave on heterogeneities produces scattered wavefield
of relatively low frequency. If there are multiple heterogeneities, this wavefield can be considered as
diffuse field approximation (Shapiro and Campillo, 2004). Therefore, using passive seismic
interferometry is justified, because the main condition for its application is satisfied.

Referee: Although the resulted 2D sections of shear wave velocity models from inverting of the
dispersion curves and the geological interpretations are very interesting, there are some points that
need consideration.

My major concerns are the following:

1- In general the paper has a good structure and is well written but there are some (unnecessary)
statements in the abstract, introduction, and also other sections that need to be rephrased on removed
to improve the manuscript (ms).

Also, there are some typos that need to be checked.

2- Lines 116-117: I can’t see how they concluded about the distribution of the sources from PSD of
the signals in Fig. 2. Usually, for different frequency band that will be used in a study, we apply a
beamforming or FK analysis to locate the main source but I don’t see such an analysis and there are
just some statement in the text that is not enough in my opinion.

Authors: We could not use FK or beamforming because our sensors were installed along semi-2D
profiles. However, our research area is seismically very quiet and the seismic noise of considered
frequencies (higher than about 2-5 Hz) is mainly produced by known sources of human activity
(transport, active mines and other industrial objects) or natural sources such as rivers. From the map
(Fig. 2), one can see that such objects are not distributed homogeneously around the XSoDEX study
area. Therefore, the main condition of using conventional passive seismic interferometry (the
azimuthal distribution of noise sources is homogeneous) is not satisfied. That is why we consider one
more possible source type that is scattering of plane waves. Our modelling shows that plane waves
scattered at heterogeneities are producing the resulting wavefield that can be considered as diffuse
field approximation. Nevertheless, these scattered waves are weak, that is why we used SNRS
algorithm for retrieving EGFs.

Referee: 3- Line 170: I can’t see any spectral peaks at those frequencies in Fig. 2. I think the figures
cross-referencing in the whole ms need some improvement as there are some sentences without
(correct) cross-referencing to the corresponding figure.

Authors: Line 170 described result of spectral-time analysis, presented in figure 7: “The spectral-
time diagram of the signal is presented in Figure 7. As one can see, there are several ranges of
frequencies with some increasing of amplitudes (about 5 Hz, 12.5 Hz and 20-50 Hz).” We corrected
the sentence to avoid misunderstanding (word “peaks” was changed to “frequency ranges”).



Referee: 4- Line 178-187: | do not understand how the numerical simulations results address any of
the problems and how it helped the authors as the results demonstrations in Figs 6 and 8 is different.
They didn’t show the crosscorrelation results for the single source. And to me, it’s not clear how this
helped the authors as they didn’t apply their processing technique to the simulated data. And there is
no analysis of how applying SNRS improves the results. I understand it has been explained in another
earlier paper but it would be useful, if possible, to do the comparison for this simulated data as well.

Authors: We show crosscorrelation functions estimated from synthetic data in Figure 8. Lines 178-
187 describes results, presented in figures 4 and 8. We show that plane waves scattered on
heterogeneities may be considered as diffused wavefield approximation and hence can be used for
retrieving EGFs. We show in Figure 4, that scattered waves have velocities and polarizations of
Rayleigh waves. In the case of using a stationary wavefield originating from the dam, we can use this
signal itself.

We also need to satisfy the condition that the source is in-line with the profile inside the first Fresnel
volume (Wapenaar, 2010). In some cases (for example, Sakatti line in Figures 1 and 2), the dam is
located in-line with the profile and we can use superposition of both the sources (scattered wavefield,
produced by scattering of plane wave and the wavefield produced by the dam). Nevertheless, for
Pomokairantie profile, for which only a scattered wavefield of a plane wave exists, we can also use
diffused field approximation in order to estimate EGFs. As this wavefield is too weak, we have to use
the SNRS algorithm.

Referee: 5- Line 200: In the processing, you mentioned 1-100Hz bandpass filtering but in all the
figures for the dispersion analysis you only used frequencies <50, is there any specific reason to use
1-100 and not 50Hz for filtering?

Authors: This is a part of widely used “standard” procedure of data processing (Figure 10), in which
bandpass filtering is used at pre-processing stage. We used this frequency band because we tried to
retrieve the body wave parts of EGFs. The results for body waves not satisfied us hence we decided
not to include them in the manuscript. However, the description of the procedure of data preparation
for EGFs calculation remains the same.

Referee: And in lines 245, what did you use to eliminate the surface-wave? Is it a notch filter?

Authors: We did not eliminate surface waves. Line 245 describes the processing of the reflection
experiment data presented in Buske et al. (2019). We just show that vibrator produced the seismic
signal with frequencies no lower than about 10 Hz (Figure 16). At the same time, we retrieved surface
waves which frequencies of about 2-3 Hz from our passive data. We just demonstrate (also by
numerical simulation) that we analyzed not signal of vibrator itself, but scattered wavefield. This
wavefield is result of scattering of waves, produced by vibrator.

Referee: 6- Line 263: Where are the drilling locations? I couldn’t find any map about their location.

Authors: Drilling results along all XSodEx profiles are summarized in Master Thesis by
Karjalainen (2019), which can be found in open access
(http://jultika.oulu.fi/Search/Results?lookfor=Karjalainen+Jari). This thesis is using a lot of information
about previous geological studies. We used the results summarized in this thesis, not drilling data
itself. The reference is added to the list of references.



http://jultika.oulu.fi/Search/Results?lookfor=Karjalainen+Jari

Referee: 7- Lines 268-270: I don’t understand the meaning of this paragraph, usually the non-
stationary phases increase the apparent velocity so there is no need for this statement.

Authors: The paragraph has been rephrased.
Referee: 8- Line 287: Again, I can’t see how you concluded if the noise sources are isotropic or not?

Authors: As we could not use FK or beamforming due to the linear configuration of sensor
deployments, we suggested that the main noise sources in the frequency range of interest are related
to human activity (roads, industrial objects like mines, etc.) or natural objects (rivers). The study area
is not densely occupied and location of all such sources is well known. Only a few such objects are
known in the studied area and the noise from them is coming from several azimuths only. In other
words, we were dealing with non-isotropic azimuthal distribution of noise sources and, as a result, it
was not possible to apply the conventional method of passive seismic interferometry that requires
homogeneous azimuthal distribution of noise sources.

Referee: 9- Could you please explain why you used different packages/codes for dispersion curve
calculation for different parts of the data? Somewhere you used “Geopsy” and then changed to
“MASW”? I know they both do the job but maybe it would be better to be consistent if you want to
compare the results.

Authors: We used the same software for all parts of data (“Geopsy”). “MASW” is mentioned as a
method, but we used the Geopsy software for extraction of dispersion curves that were used for
MASW.

Referee: 10- General suggestion on figures: Maybe you can combine Figures 6 and 8 for a better
comparison. There is no need to plot the particle motions. Use a scalebar for some of the figures is
possible.

Hope these questions and comments help in the improvement of ms.

Sincerely

M. Rezaeifar

Authors: We were trying to improve the quality of all figures, taking into account also comments of
other reviewers. We cannot combine Figs 6 and 8 because in Fig. 8 we show crosscorrelation
estimated from synthetic data. The particle motion analysis was used to analyse polarization and type
of the wave.

We are very thankful for the comments that helped us to improve our manuscript.
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Replies to Anonymous Referee #4

Referee: Afonin et al conduct seismic interferometry on seismic data in Finland which was originally
acquired for active source purposes. They produce velocity models of the shallow (<300m) surface
and do numerical modelling of likely seismic sources in the area. The work is important to show how
data acquired in non-optimal geometry and with a short recording time can be used for interferometry.
However substantial details are missing that limit the conclusions that the authors draw - particularly
details on the acquisition and modelling. The authors also do not compare their velocity models to
those acquired with the active source, which should be a key part of their analysis. The text and
figures also need improvements (particularly maps and poor colour scales).

Authors: We were trying to improve the figures as recommended. Concerning comparison of our
model with the models obtained by active source, such direct comparison is practically not possible.
First, we used surface waves and obtained S-wave velocity model, while controlled-source reflection
experiment was not aiming to study S-wave velocities, but near-vertically reflected P-waves.
Secondly, in our study we investigated different depths range. The depths of investigation for
reflection survey was about 3 km (Buske et al., 2019) and we studied the structure from several meters
down to about 300 m. Thirdly, it was not possible to apply classical MASW method for analysis of
surface waves produced by controlled source because their frequencies are higher than 10 Hz and
they are not penetrating to the same depth as the surface waves used in our study. This is shown in
Fig. 16 and discussed also in the text. That is why we cannot compare MASW results obtained by
controlled source and by passive seismic methods.

Referee: Regarding the conclusions of the work - | agree that high velocity contrasts are needed to
produce scattering but the authors use only 1 subsurface model so I don’t think they can claim they
show this in their numerical modelling (they could also add reference to other modelling work).

Authors: In conclusions, we refer to theoretical studies by Wapenaar (2004) and Wapenaar and
Thorbecke (2013). They considered the phenomenon of origin of diffuse wavefield theoretically. In
our paper, we made the numerical simulation for the model that is closest to the real geological
structure in our study area, using the sources and receivers geometry that existed in our particular
area during our particular experiment. We found out that our results agree with these theoretical
studies. The goal was to explain the wavefield only in our particular case and test whether the passive
seismic interferometry can be applied to the data acquired in the XSodEx experiment (study of near
surface structure of the Sodankyl& area). We added references to others modelling works into the text.

Referee: The other conclusion that the SNRS method is needed to produce EGFs is also not shown
— can EGFs also be produced without this algorithm?

Authors: In our case, conventional method of passive seismic interferometry not working because
of relatively short length of seismic record. In our previous work (Afonin et. al., 2019), we showed
that using SNRS algorithm allows to decrease the necessary length of passive seismic record. We
added the EGFs evaluated without using SNRS algorithm to Figure 17, for comparison. As one can
see, there is no coherent waveforms that can be used for evaluation of dispersion curves.



Referee: Major comments

Acquisition — the description of the acquisition set up is confusing and needs more details, a more
detailed figure would help to clarify it. Did all 4 lines have the same set up? Were the profiles gathered
along roads or footpaths? How many geophones / nodes were active at once and for how long / what
was their max offset? Did the authors use the geophones that were deployed in the reflection survey
(surely they were not active for very long)? We need more information on the recording time — what
was the average recording time between station pairs, and the lowest and highest? Do the authors
remove time periods when there are active sources?

Authors: The part of the text about description of acquisition has been enhanced and modified.

Referee: Numerical modelling — From the modelling, the authors claim that surface waves are
produced that can be used to derive EGFs. But what it is about their model that produces surface
waves (e.g. from plane waves arriving from depth)? This could be more impactful if the authors used
different velocity models and described how the presence of surface waves changed. E.g what is the
effect of the shallow velocity layer and sharp velocity contrasts that are in the model?

Authors: We used the velocity and structural model of the medium, as well as position of possible
sources, which are as close as possible to the situation in our real experiment. The model represents
a typical for northern Finland situation when the old (Precambrian) weathered bedrock with felsic-
to-mafic lithologies is overlaid by thin quaternary sediments formed after last glaciation. It was
necessary for checking the possibility of using passive seismic interferometry in diffused field
approximation in our concrete applied problem: interpretation of passive data of the XSodEx
experiment. We did not have an ambitious goal to model all the possible cases where scatteres can
be present. This is an interesting subject, but it is better to address in a separate paper.

Referee: The authors should also try to describe why Rayleigh waves are not produced in some cases.

Authors: In our modelling, we considered the case when seismic sensors are installed along the
profile across the high velocity heterogeneity. Similar cases were considered, for example, by Ikeda
and Tsuji, 2016. They showed that in some cases Rayleigh waves could be absent.

Referee: What is also the effect of moving the source location from parallel to perpendicular to the
line?

Authors: In our study the main source type considered was plane wave. Of course, we consider
several incidence angles for plane wave in our modelling, but the results (scattered wavefield) were
the same. That is why we decided not to include all of them in our paper because that is a case-study
aiming to interpret real data. Concerning other sources, we used their location closest to location of
real sources in our area. We know positions of the main sources (the Kevitsa mine and its open pit is
a source of both continuous noise and blasts, the dam is located in-line with some profiles and it is
the source of continuous noise). Quite naturally, the vibrosource was also moved along the profiles
in reflection experiment.

Referee: The authors should also place their modelling work in the context of previous work and
compare it.

Authors: The references to the previous numerical modelling results are added to our manuscript.
However, we would like to point out that in these previous studies the authors were trying to model



the wavefield from active sources and explain the wavefield recorded during short registration times
typical for controlled-source experiments. In our case we considered longer times, necessary to study
the propagation of the scattered wavefield in passive seismic experiments. Our aim was to explain
behavior of the wavefiled in our specific case study.

Referee: | also question whether modelling the presence of directional Rayleigh waves is enough to
conclude that the wavefield is diffuse (e.g. L178).

Authors: It is theoretically shown in such studies as Wapenaar (2004) and Wapenaar and Thorbecke
(2013) that scattered wavefield may be considered in diffused field approximation. Scattered
wavefield is also widely used in coda wave interferometry (e.g. Camplillo and Paul, 2003; Snieder
et. al., 2002; Snieder, 2006; etc.). In fact, in our work we modelled coda waves originating from some
sources typical for our study area. Therefore, we can consider it in diffused field approximation.

Referee: SNRS method — more details should be added about this method not just giving the
reference. From what I understand, the method works by stacking green’s functions but only those
that improve the signal to noise ratio. I am really concerned that this will not result in the ‘true’
green’s function but only that with the highest ‘signal’ by whatever way signal is measured.

Authors: We cannot include the full description of the method into our manuscript, as it is already
published in the other paper (Afonin et. al., 2019). More detailed description is added to
Supplementary Material.

Referee: Figures could be substantially improved:

Figure 1 — please add latitude, longitude. The aerial map is too low quality, | cannot see it clearly. In
addition to the geological map, please add a similar sized topographical map showing roads, towns
etc.

Authors: Figure 1 has been improved.

Referee: Figure 2 — the background map is too dark and low resolution. Please add a scale and north.
Caption: four stations or 67

Authors: Figure 2 has been improved. Figure caption has been corrected.
Referee: Fig 9 need scale, is the view looking verticall down? Annotate virtual source locations.
Authors: Figure 9 has been changed

Referee: The colour scales for velocity models in Fig 12, 14 , 18 are poor. They are not continuous
and have been set in some way to make it look like blocks. It is difficult to assess the 2D velocity
models with such colour scales. The colour scales are not the same between the models presented.
Add locations of 1D velocity profiles to the 2D velocity lines.

Authors: The colour scales were selected to better separate velocities corresponding to different rock
types (in particular, quaternary sediments from bedrock). Different colour scales also were selected
for improving visualization of results and simplify the comparison of velocity models. The 2D model
looks like blocks, because they were interpolated from limited number of 1D models. We did not
apply smoothing, as it may have negative impact on the interpretation of the results. Positions of 1D
models are already marked by ticks and captions at every 500 m of profile.



Referee: The writing could be improved — I have listed some cases below but there are many more
examples.

Authors: The language using has been improved.

Referee: Other comments
P21.34 ‘actual task’, please rephrase (important task?)

Authors: Done

Referee: P2L36 remove ‘than earlier’

Authors: Done

Referee: L49 remove ‘possibility’

Authors: In L49 there is no word ‘possibility’

Referee: L59 new paragraph

Authors: Done

Referee: L66 I don’t know what the authors mean by ‘directional scatterer’?

Authors: A detailed description of directional scatterrers was presented in the paper (Wapenaar and
Thorbecke, 2013). We provided a reference in the text.

Referee: L77 the authors should describe why this is an ‘advanced method’.
Authors: The sentence has been rephrased.
Referee: L105 how long and what time were the spectra calculated for?

Authors: For the calculation of spectra, we used the whole length of records (usually about 8-9
hours). This allowed us to estimate averaged characteristics of ambient noise during data acquisition.
These sentences added to the text.

Referee: Comparison of station spectra (fig 2) - The text implies that the spectra were calculated at
different times so this doesn’t seem a fair comparison and could be removed. Or if the authors want
to draw some other information out they should add what times the spectra are calculated for.

Authors: Although the spectra were calculated for different time intervals, it is possible to compare
them for obtaining qualitative information about differences in seismic noise level. One of the
important features of the studied area is that only a few possible noise sources are present (Kevitsa
mine with open pit, several roads, dams and river). These sources may be considered in an
approximation of quasi-stationary noise sources during considered time intervals. For example,
activity in Kevitsa mine is not changing during long time periods, because the same mining machinery
is working, producing quasi-harmonical waves of the same amplitudes and frequencies for different
times). Concerning dams, their noise can be also considered as quasi-stationary. Of course, the road



may be used by transport of different types and, as result, the noise produced by traffic may have
some temporal differences. Nevertheless, most of the roads in our study area are generally
characterized by low traffic (several cars per day in some cases) and as result, we can neglect this
source of noise.

This explanation is added to the text.

Referee: L131 would be useful to define early on what is meant by heterogeneity.

Authors: Done

Referee: L137 please summarise the geology from the referenced paper and if there is evidence for
mafic dykes as modelled.

Authors: Done

Referee: L162 what is the orientation of the blast from the line? Why are Rayleigh waves not
produced in this case?

Authors: In this case, the source of the blast is located in-line with the profile of seismic sensors,
because we tried to model a real situation. Kevitsa mine located about in line with Sakatti profile.
Description added to the text.

Referee: L180 what do the authors mean by must be placed in first Fresnel zone area?

Authors: We mean stationary phase condition.

Referee: L195 is there a comparison to active source results?

Authors: Direct comparison is not possible, as we explained in our replies. The paragraph has been
rephrased.

Referee: L213 is the 1D model assumed to be from directly below the node? How were the 1D
models interpolated to get 2D model?

Authors: We used parts of profiles with lengths of 100 m and calculate average velocity models for
them. Then, we applied triangular and linear interpolation to 1D models and obtained the 2D model.

Referee: L217 what layer thickness did Aberg etal find?
Authors: About 25-30 m (this has been added to the text).
Referee: L225 — what is the depth sensitivity of 3-7 Hz Rayleigh waves?

Authors: We assume that sensitivity depends on accuracy of wavelength estimation. Assuming, that
the period (T) can be estimated in our case with maximum accuracy of about 0.002 s (because this is
equal to the sampling period), the maximum accuracy of estimating wavelength for 3 Hz and 7 Hz
would be about 1 m. Therefore, the maximum possible depths sensitivity for noise-free data is about
1 m. In reality, it is larger due to noise and error accumulation from different data processing steps
(about 5-10 m).



Referee: L230 better to compare these models by adding a difference panel to Fig 14, difficult to
compare the models as it is.

Authors: The difference panel has been added to the Figure 14.

Referee: L254 is this still part of the vibroseis signals section? Are time periods of vibroseis removed
or included?

Authors: Yes, we used records without removing the signal of vibrosource in that case. Nevertheless,
we used not the signal itself, but the scattered wavefield, produced by scattering of the signal on
heterogeneities. In our case the distance between receivers was 160 m.
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