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ABSTRACT  
We apply a traditional method of surface wave tomography as a new approach to investigate the uppermost crust velocities in
the Western Bohemia region (Czech Republic). It enables us to look for velocity distribution in a small scale of tens of 
kilometers. We measure Rayleigh wave group velocity dispersion curves in a period range 0.25 – 2.0 s along paths crossing 
the region of interest. We use modified multiple-filtering method for frequency-time analysis. We compute 2-D tomography 
maps of group velocity distribution in the region for eight selected periods using the standard methods and programs
described in literature. We discuss the velocity distribution with respect to results of former study by Nehybka and Skácelová 
(1997). We present a set of local dispersion curves which may be further inverted to obtain a 3-D shear wave velocity image 
of the area. 
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et al., 2003). Resultant 2-D models can be found in 
Hrubcová et al. (2005) and Růžek et al. (2007). Deep 
seismic sounding gave 1-D sets of block models with 
poor lateral resolution. Refraction experiments studied 
the uppermost parts of the crust. They resolved 
anomalies in the scale of tens of kilometers and with 
poor depth accuracy near the surface. We would like 
to present a study with refinement of the velocity 
structure accuracy both laterally and vertically. 

 
3. 1-D BODY WAVE PROPAGATION 

The study by Plomerová et al. (1987) presented 
apparent velocities of Sg and Pg waves generated by 
WB swarms. 1-D velocity models were given by 
Janský and Novotný (1997). A simple 3-D block 
model of the uppermost crust was published by 
Nehybka and Skácelová (1997). Janský et al. (2000) 
estimated crustal homogeneous models for four 
swarm subregions in WB. Málek et al. (2000) studied 
layered models of the upper crust of the same 
subregions. Novotný et al. (2004) used refraction data 
for uppermost crust velocity estimation. These studies
provide reference models for our results. They deal 
with the same region of interest and concern also the 
uppermost crust depths of several kilometers. We 
choose for comparison the work by Nehybka and 
Skácelová (1997). The authors were the first who 
attempted to show the 3-D distribution of P wave 

INTRODUCTION 
Let us present a short summary of former 

surveys in the region of our interest. While looking for 
the published papers concerning the Bohemian Massif 
(BM) and the Western Bohemia region (WB) 
especially, we may categorize them as follows: 

 
1. SEISMICITY AND GEOLOGY 

We mention the work by Fischer and Horálek 
(2003) with an overview of the seismic swarm 
occurrence. The idea of magma injection to the crust 
has been formulated by Špičák et al. (1999) for the 
WB region. These works summarize the main 
motivations for studying the WB region – an active 
area of seismic swarms is situated beneath our target 
region and complicated crust models were presented 
for the WB. Our study does not reach the depths of 
latter papers; however, the knowledge of uppermost 
parts is essential for studying the deeper crust 
structure. 

 
2. REFRACTION AND REFLECTION EXPERIMENTS

In the 1960s, international deep seismic sounding 
profiles were performed across the BM. Data were 
interpreted by Beránek et al. (1973) and reinterpreted 
later by Novotný (1997). In 2000, the
CELEBRATION (Central European Lithospheric 
Experiment Based on Refraction) took place (Guterch 
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of the region. Despite the fact that our study concerns 
only limited uppermost layer of the crust the results 
are important both for WB event localization and for 
understanding the seismic swarm generation since the 
upper crustal layers are supposed to be the most 
heterogeneous. 

 
GROUP VELOCITY ANALYSIS 

For the surface wave tomography, we first need 
to measure the group velocity dispersion. We use the 
method of Fourier transform-based multiple-filtering 
frequency-time analysis (Dziewonski et al., 1969). 
This is a classical technique and we have made 
modifications for processing signals in which the 
amplitudes of surface waves do not exceed the 
amplitudes of body waves. All the standard 
procedures as well as the new enhancements of the 
modified technique are described in details in the 
paper by Kolínský and Brokešová (2007). We use 
constant relative resolution filtering with the 
opportunity of controlling the width of the filters 
during the dispersion curve estimation. Some notes on 
this problem may be found in Levshin et al. (1972) 
and Cara (1973). The actual implementation of the 
parameters controlling the filtration is described in 
Kolínský (2004). 

We use the instantaneous period computation for 
our filtered quasimonochromatic signals to ensure 
appropriate estimation of slightly varying periods 
along these signals. We use this procedure according 
to the study of Levshin et al. (1989). 

We show the record envelope distribution in 
frequency-time plot (Fig. 1, panel A). We look for 
dispersion ridge representing the group velocity-
period dependence (Fig. 1, panel B). Here we apply a 
modification of the classical technique – we do not 
use only the absolute amplitude values to determine 
the fundamental dispersion ridge, but instead, we look 
for all local dispersion ridges in the whole frequency-
time domain (Fig. 1, panel C) and we provide a 
procedure for compiling the resultant dispersion curve 
using the combination of the local ridges (Fig. 1, 
panel D). The criterion of ridge continuity is used 
instead of criterion of highest amplitude values. 
Hence, we look for a ridge passing through our group 
velocity-period plots in the areas where we assume the 
fundamental mode should be present. After selecting 
the dispersion points, we truncate the spectrogram in 
the time domain to keep only the fundamental mode 
dispersion ridge (Fig. 1, panel E), which is used to 
create filtered surface wavegroup (Fig. 1, bold line in 
upper plot).  

In case that the automatic procedure is not 
successful, we have the opportunity to select the 
dispersion ridge manually – the step from panel C to 
D is done by hand. Sometimes the analyst can see the 
dispersion ridge on a first glance in the frequency-
time plots where the computer-based procedures 
would hardly give any reliable result.  

velocities in the WB region. Other detailed studies of 
several WB geological units may be found in Málek et 
al. (2004 and 2005). 

 
4. 1-D SURFACE WAVE PROPAGATION 

Wielandt et al. (1987) presented surface wave 
profile crossing the BM in southwest-northeast 
direction. Plešinger et al. (1991) gave the crustal 
velocity estimation for profile in southwest BM. 
These studies are important for the surface wave 
analysis methodology and as a first attempts to use 
surface waves for studying the BM. However, their 
wavelengths concern the whole crust and resolution 
ability is limited. Novotný (1996) compiled an 
average 1-D model of the WB region using surface 
wave studies. In this work, he concentrates on our WB 
area of interest, but his uppermost crust model 
consists of two layers only. We propose a more 
detailed model. Studies concerning the BM surface 
wave propagation and crust structure estimation were 
presented by Novotný et al. (1995 and 1997). These 
studies gave more detailed velocity distributions than 
Wielandt et al. (1987) and Plešinger et al. (1991), but 
they concern different parts of BM. Malinowski 
(2005) gave a structure of the uppermost crust in 
southwestern BM using the short-period Rayleigh 
waves – these waves are used in our present study. 
Part of his 2-D profile crosses WB. Kolínský and 
Málek (2007) estimated 1-D models of the crust and 
uppermost mantle in the southwestern BM crossing 
three major geological units of this area using relative 
phase velocity measurements of Aegean Sea 
earthquakes. This study was aimed for the whole crust 
velocity structure estimation and one of the profiles 
reaches WB region. This study uses waves longer than 
9 s and near surface structure is not resolved well. 

Kolínský and Brokešová (2007) estimated 
several 1-D models of WB uppermost crust vs using 
short-period Love wave group velocities from quarry 
blasts. Our present study is a continuation of the latter 
paper, but as opposed to the latter work, we use 
Rayleigh waves for our tomography. The 
methodology of surface wave analysis is the same as 
in latter paper. We extended the amount of data and 
we concentrate on the same area of interest. 

 
5. RECEIVER FUNCTIONS 

Wilde-Piórko et al. (2005) published detailed vs
models under several stations in the BM obtained by 
the receiver function technique. Heuer et al. (2007) 
presented the differences between Saxothuringian and 
Moldanubian units in the western BM using also the 
receiver function technique. Geissler (2005) presented 
a large study of WB region using the receiver function 
technique as well as other geophysical exploration 
methods. Receiver function method gives whole crust 
and upper mantle structure. The uppermost crust is 
smoothed and not well resolved.  

Our WB region surface wave tomography aims 
to get higher resolution of seismic velocity estimation 
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Fig. 1 Surface wave analysis example. Thin line in the upper plot represents the record from the quarry blast
OTRO at the station PRAM (see Fig. 2), epicentral distance is 13.855 km and sampling frequency is 250
Hz. Bottom panels show five steps of frequency-time analysis. A: spectrogram of the record is 
computed. B: For each filter its absolute envelope maximum is found and plotted – we may see that only 
a part of the dispersion curve is formed by the arrival times of these maxima. C: All other local envelope 
maxima are found and plotted. D: According to the criterion of continuity the fundamental dispersion
curve is compiled using all available maxima regardless of their amplitudes. E: Fundamental dispersion
ridge is cut from the spectrogram along the found dispersion curve. These truncated parts of selected 
signals are summed to obtain the surface wavegroup as shown in upper plot by thick black line. 

given in required grid nodes. The velocity value for 
each grid is computed as an average of surrounding 
values given along the rays. In case we have only 
sparse ray coverage, this averaging area is larger. As it 
is possible to show the velocity distribution as well as 
the size of the averaging area, one may easily see the 
results with their resolving power together.  

The use and further elaboration of the method is 
given in Yanovskaya et al. (1998), Yanovskaya et al. 
(2000) and Yanovskaya and Kozhevnikov (2003). 
This approach was successfully employed by studies 
dealing with regional surface wave tomography in 
scales smaller than continental, see for example 
papers by Bourova et al. (2005) (Aegean Sea) and 
Raykova and Nikolova (2007) (Balkan Peninsula). 
We use the same approach as in latter papers even for 
much more local problem.  

Our area of interest is only 50 x 60 km and so we 
use the computational code, kindly provided by prof. 
Yanovskaya, where the area is regarded as a plane. 
We transform the geographical coordinates of station 
and blast locations to the new Cartesian coordinate 
system. The XY crossing zero point is located at 
12.50 E and 50.20 N. The system is orientated so that 
at this point the Y axis is parallel to the actual 
meridian. Distance in the XY plane is measured in 
kilometers.  

The tomographic procedure requires positions of 
each source-station pair and the velocity of 
propagation of the selected period of the 

We use the data from the same experiment as in 
Kolínský and Brokešová (2007) and so the formal 
description of the procedures, examples and tests 
given in the latter work hold for this study as well. 
During the group velocity measurement, sets of 
filtered quasimonochromatic signals and filtered 
surface wavegroups are inspected in comparison with 
the raw data for each path to ensure the reliability of 
measurement (Fig. 1, upper plot). Different widths of 
filters are used for each record according to the actual 
properties, signal-to-noise ratio and body wave 
presence. Trial-and-error attitude is used for filtration 
parameter settings in case of complicated records to 
have the opportunity to choose the best resolution in 
both time and frequency domains in order to obtain as 
broad dispersion curve as possible. 

 
GROUP VELOCITY TOMOGRAPHY 

Surface wave tomography became a standard 
procedure for imaging the large scale heterogeneities 
of the Earth crust and upper mantle. We focus on local 
surface wave tomography study. 

In the present paper we use the method described 
in Ditmar and Yanovskaya (1987) and Yanovskaya 
and Ditmar (1990). The advantage of the method is 
that it works also in cases when we do not have 
uniformly covered area with surface wave paths. The 
method does not use any boxes or other a priori 
division of the studied area. Measured velocities are 
entered along the ray paths and the actual velocity is 
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Fig. 2 Map of the Western Bohemia region. There are 15 stations (squares), 6 shot locations (stars) 
and 87 surface wave paths (thin solid lines) as well as several cities (gray circles) shown in 
the figure. Main geological units are sketched according to Mlčoch et al. (1997). Used grid 
nodes (dots), studied area border (bold black line) and the border between the Czech Republic 
and Germany (bold gray line) are shown. 

reason why this residual improvement is so different 
for different periods, as shown in Tomographic 
images. In the above mentioned papers we found 
recommended values of the regularization parameter, 
however, since our period range differs significantly, 
we used trial-and-error process to look for optimal 
parameter for each period.   

An initial mean square travel time residual is 
estimated for the constant mean velocity distribution. 
After the tomographic procedure the remaining mean 
square residual is estimated. The ratio between these 
two residuals gives us an “improvement” of the 
tomography map in comparison with initial 
homogeneous mean velocity model.  

As an output we obtain the values of velocity in 
required grid nodes and the size of the circular 
averaging area for each grid node in km. This 
averaging area represents the uncertainty of the 
tomography; as the area is smaller, the resolution of 
the map is better. In case of non-isotropic ray 

corresponding dispersion curve. We may set the 
variance of each measured velocity and we define the 
positions of grid nodes where we want the resultant 
velocity to be estimated. As a most important tool for 
controlling the tomography is the regularization 
parameter. The higher is the value of the 
regularization parameter, the larger is the smoothness 
of the resulting velocity distribution and the larger is 
the averaging area for each grid node. We tested 
several values of the regularization parameter. Smaller 
value of this parameter gives very perturbed 2-D 
group velocity distributions. It gives smaller 
averaging areas and smaller residuals and hence 
theoretically better resolution. But it is not possible to 
“improve” the resolution only by using a smaller 
regularization parameter without considering the 
consequences for physical sense of the results. We 
choose the smoothness of the maps and hence the 
resolution to be comparable with wavelengths 
regardless of the residual improvement. This is the 
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analysis in the given period range. However, they 
cause a systematic shift and so we use the corrected 
records for estimating the velocities to avoid this 
error.  

The origin times of the shots have been 
accurately measured by a technique especially 
developed for this purpose. Several BR3 receivers 
(Brož, 2000) were installed at a distance of tens of 
meters from the shot to extrapolate the origin time 
with an accuracy of about 5 ms. For a description of 
the measurement method, see Málek and Žanda 
(2004); typical features of quarry blast records are 
also described there. Compared to natural 
earthquakes, we know the epicenter coordinates and 
origin times with negligible errors. 

 
TOMOGRAPHIC IMAGES 

We set grid nodes every 5 km in both directions 
in our Cartesian coordinate system. We clip the area 
of interest by an octagon corresponding to our path 
coverage. We present only the results for grid nodes 
inside of this octagon. Fig. 2 shows 79 nodes 
projected into geographical coordinates. 

Fig. 3 presents 87 group velocity dispersion 
curves estimated using the dataset described in the 
previous section. The period values of the dispersion 
points are obtained using the instantaneous period 
estimation which is generally different for each of the 
curves and so we linearly interpolate the estimated 
group velocity values for the period values with the 
step of 0.05 s to have the opportunity to use the 
velocities of all the 87 curves at the same periods. We 
have decided to use the eight periods in the range 
from 0.25 to 2.0 s for the tomography study. Some of 
the curves do not cover the whole range of periods 
and Fig. 4 shows the number of paths for each period.

Since we do not know the group velocity 
variance, we set all the variances for all paths to 1.0 to 
give the same weight to all the data. 

The averaging area, which gives us information 
about the resolution of the tomography maps, depends 
on ray coverage and on the regularization parameter 
controlling the smoothness of the results. We have to 
introduce different resolution for different 
wavelengths by using different regularization 
parameters for different periods. We set the 

coverage, instead of circular averaging areas, areas 
elongated in the direction of rays with predominant 
azimuth could be considered, see Yanovskaya et al. 
(1998). The rms of each grid point is given. At the 
end, we transform the results back to the geographical 
coordinates.  

 
DATA  

Records used in the present study have been 
acquired during the seismic refraction experiment 
SUDETES 2003 (see Grad et al., 2003) which was a 
part of the SLICE (Seismic Lithospheric Investigation 
of Central Europe) international experiment. Small 
amount of the data have been used in the study by 
Kolínský and Brokešová (2007). Six shots were fired 
in the WB region during the experiment: Vysoká 
(VYSO), Číhaná (CIHA), Krásno (KRAS), Horní 
Rozmyšl (HROZ), Otročín (OTRO) and Libá (LIBA) 
and we use them in this study, see Table 1 and Fig. 2. 
Sixteen temporary stations were deployed in the WB 
region during the experiment. Data from 15 of them 
are used in this study; one of the stations was 
disturbed by some agricultural equipment. Lenartz 
LE-3D and Streckeisen STS-2 seismometers were 
used. Sampling frequency of all the stations was 250 
Hz. The main purpose of this measurement was to 
acquire data for 3-D body wave tomography of the 
WB region. As a by-product of 6 blast recorded at 15 
stations we have obtained 90 records containing 
surface waves covering an area of approximately 50 x 
60 km, see Fig. 2. We use 87 of these surface wave 
paths in present tomography study; two of the records 
could not be analyzed for their low quality of signal-
to-noise ratio and one of the record was discarded 
because it produce large arrival time residual in the 
whole period range.  

We analyze the surface wave dispersion in a 
period range from 0.15 to 4.0 s, however, only few of 
the records produce such broad period range 
dispersion. This is the reason why we limit the period 
range from 0.25 up to 2.0 s for the tomography study. 

The raw records are corrected for the 
instrumental response using the appropriate transfer 
function in the spectral domain. The velocity changes 
caused by the application of the transfer function are 
comparable with errors given by the frequency-time 

Table 1 Coordinates, origin times and charges of the blasts.

Shot point East longitude 
0 WGS84 

North latitude
0 WGS84 

Altitude (m) Charge (kg) Date (y/m/d) Origin time (UTC) 

LIBA 12.223 50.120 590 400 2003/06/04 17:09:59.525 
VYSO 12.543 49.978 700 400 2003/06/04 19:09:59.526 
HROZ 12.668 50.261 560 400 2003/06/05 17:49:59.546 
KRAS 12.776 50.114 740 270 2003/06/04 17:20:00.476 
OTRO 12.909 50.021 605 200 2003/06/05 02:59:59.569 
CIHA 12.983 50.133 730 400 2003/06/04 17:40:06.311 
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Fig. 3 Dispersion curves of Rayleigh wave group velocities measured along 87 
paths (Fig. 2). Velocity ranges at eight selected periods are shown to depict 
the increasing velocity differences for longer waves. Values of mean 
velocities vm in the studied region obtained by 2-D tomography at each 
period are shown by gray diamonds. 
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maps computation with respect to eight 
periods. 

 

regularization parameter in such a way that for the 
longest period we get the smallest averaging area 
twice larger than corresponding wavelength. This 
criterion was set after many tests with different 
regularizations and different results. We checked the 
resulted maps and we choose the regularization to 
obtain the group velocity perturbation in reasonable 
range (smaller averaging area gives larger 
perturbations) and to obtain acceptable residual 
improvement (greater averaging area gives worse 
residual improvement). For approximate mean 
velocity 2.5 km/s for the period of 2.0 s the 
wavelength is 5.0 km. So the resolution of our longest 
wave  is 10.0 km  (radius of the  averaging  area  is 
5.0 km) and worse. In case of the shortest period we 
may use the same criterion, however, it has no sense 
to set the averaging area to be smaller than the 
distance of two neighboring grid nodes. If we 
introduced so small area, we would lose some 
information along parts of the paths. We set the 
regularization parameter so that we obtain the smallest 
radius of the averaging area to be 2.5 km in the best 
resolved grid node since our grid points are in a 
distance of 5.0 km. For our shortest wave of period
0.25 s and approximate mean group velocity 2.3 km/s 
the resolution is 4.3 times the wavelength and worse. 
So we obtain relatively worse resolution for shorter 
waves than for the longer ones in comparison to the 
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Fig. 5 2-D Rayleigh wave group velocity tomography maps of the Western Bohemia region. Each of the eight panels
corresponds to the value of period T of the presented group velocity distribution and to the mean velocity value 
vm (see Fig. 3). The color scale represents a group velocity perturbation in percent with respect to this mean
velocity vm. Isolines represent the distributions of radii of the averaging areas in kilometers. 
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DISCUSSION AND CONCLUSION 
We provide the Rayleigh wave tomography for a 

small region of tens of kilometers in size. It is unusual
to deal with such a local problem and 
methodologically we may compare our results only 
with the works concerning larger regions. One of the 
parameters which help us to evaluate the results is the 
improvement between initial and remaining residuals. 
The work of Bourova et al. (2005) presents the 
improvement around 50 % in the Aegean Sea 
tomography. She uses only limited number of paths
and the main criterion of her results is the smoothness 
of the resultant velocity distribution. The surface wave 
tomography of the Black Sea by Yanovskaya et al. 
(1998) reaches the improvement of even two thirds of 
the initial residual. Our results give improvement from 
74 % in case of short periods down to 21 % in case of 
longer ones.  

As we see the diversity of the dispersion curves in 
Fig. 3 we may assume a great heterogeneity of the 
studied region for the first glance, what was already 
shown in Kolínský and Brokešová (2007) for six of 
the paths. The group velocity ranges grow with the 
period as shown by arrows in Fig. 3 and so we may 
expect more pronounced 2-D velocity distribution for 
longer periods. The results would correspond to this 
assumption if we set the same regularization 
parameter for all eight periods, as we have tried 
during the tests. This approach gives the same 
averaging areas and hence the same resolution for all 
maps. In such a case the longer periods really do 
produce larger perturbations than the shorter ones. 
This is of course an approach which does not take into 
account the finite wavelength effect of different 
periods and hence a more limited resolution of longer 
periods.  

We cannot make any conclusions whether the 
heterogeneity is higher near the surface or if it is more 
pronounced in the depth. The dispersion curve set in 
Fig. 3 imply for more pronounced heterogeneity in the 
depth but the limitation of our tomography gives us 
less smooth maps for shorter periods and thus higher 
heterogeneity for smaller depths. Generally, taking 
into consideration the whole Earth crust, the highest 
geological diversity is supposed to be at the surface. 
But our depth range is so limited that we may 
encounter higher velocity variations in the greater 

wavelength, but absolutely the resolution of the 
shortest waves is twice as good as the resolution of the 
longest ones.  

Table 2 summarizes the number of paths (see 
also Fig. 4) initial and remaining travel time residuals 
and the resultant improvement and mean group 
velocities (see also Fig. 3). We see decreasing residual 
improvement toward longer periods. The reason is 
that while the initial residuals are comparable for all 
eight periods, due to the different regularization, 
which is larger for longer periods, the resulted 
smoother tomography maps for longer periods are 
able to explain smaller part of travel time residuals.  

As a result, we present 2-D Rayleigh wave group 
velocity perturbation distributions for eight periods in 
the Western Bohemia region in Fig. 5. Each map is 
related to the mean group velocity vm for the given 
period (as in Table 2 and Fig. 3) and shows the 
perturbation of actual group velocities to this mean 
value in percent. The velocity perturbations given in 
Fig. 5 reach up to ± 25 % in some places in case of the 
shorter periods.  

Our ray path coverage does not prefer any 
azimuth considerably and so the resolution of the data 
is isotropic. We use the size of the averaging area for 
each grid node in Fig. 5 to depict this resolution. We 
may imagine these values as radii of circles in km of 
the area where the distribution of velocities using the 
values along the ray paths is used to estimate the 
resultant velocity for each grid node. These values are 
depicted in Fig. 5 using contours delineating the 
regions with the same averaging area. As the 
averaging area is smaller, the resolution of the 
tomography is better.  

For comparison with Fig. 5 showing the maps 
for different periods, we compile the results to show 
the distribution of local dispersion curves around the 
region. Fig. 6 presents dispersion curve plots inserted 
into the Cartesian coordinate map. Corresponding grid 
nodes are to be placed in the center of each square 
plot. Each of the curves is compiled using eight values 
of group velocity of Rayleigh waves for selected eight 
periods in the range from 0.25 to 2.0 s. The number in 
each plot gives the size of the averaging area in km for 
period 0.5 s. Bold gray line shows the clipped region 
of interest as in Figs. 2 and 5. Station and blast 
locations with annotations are shown. 

Table 2 Number of used paths, initial and remaining residuals, improvement and mean velocities for eight
selected periods. 

period (s) 0.250 0.500 0.750 01.000 1.250 1.500 1.750 2.000 
number of paths 67.000 87.000 87.000 87.000 86.000 84.000 81.000 76.000 
initial residual (s) 1.840 1.990 1.750 1.730 1.820 1.970 2.170 2.270 
remaining residual (s) 0.480 0.610 0.630 0.790 0.990 1.230 1.480 1.800 
improvement (%) 74.000 69.000 64.000 54.000 46.000 38.000 32.000 21.000 
mean velocity (km/s) 2.301 2.295 2.339 2.442 2.482 2.578 2.615 2.534 
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Fig. 6 Local dispersion curves corresponding to individual grid nodes (Fig. 2) presented in the Cartesian 
coordinate system. The nodes are to be imagined in the centre of each square plot. Each of the 79
plots has the same ranges of both axes. Studied area border is shown as well as the location of the
stations (squares) and blasts (stars). The number in each plot gives the size of the averaging area in
km for corresponding grid node and for period T = 0.5 s. Curves for nodes with averaging area size
grater than 9.0 km are discarded. 
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geological composition would probably not be the 
main phenomenon influencing the seismic velocities; 
the complicated fault system of the region and 
consequential surface wave multipathing and 
reflection may play a more important role in the 
scattered dispersion measurement.  

The feature which we would like to emphasize is 
the direction of velocity anomalies. In case of shorter 
period maps (0.25 – 0.75 s) we see both high and low 
group velocity anomalies elongated in the southwest –
northeast direction. On the other hand, in case of 
longer periods (1.25 – 2.0 s) we see a perpendicular 
direction – the anomalies are placed predominantly in 
the northwest – southeast direction. These are two 
main directions of complicated fault system in the 
Western Bohemia region. Southwest – northeast 
direction belongs to the Eger rift fault system and the 
perpendicular northwest – southeast direction follows 
the Mariánské Lázně fault. In the WB region, both 
fault systems meet each other.  

depths of our model in comparison with the surface 
covered by more uniform sediments and disintegrated 
metamorphosed rocks. So, as a conclusion, we have to 
state, that less perturbed results for longer periods are 
given by limitations of the method and worse 
resolution ability of these wavelengths and that it does 
not necessarily mean that the surface structures are 
more heterogeneous than the deeper ones.  

In all the map figures we depict a sketch of main 
geological features; they are described in the legend in 
Fig. 2. The most important features are two 
sedimentary basins, but our tomography does reveal 
only slight evidence of the smaller Sokolov basin 
(Fig. 2) as implies from lower velocity anomaly which 
is seen in the maps for periods of 0.25 to 1.0 s almost 
in the middle of the region of interest. Both basins are 
too shallow to be seen clearly even by the shortest 
periods and the Cheb basin (Fig. 2) produce even 
higher velocity anomaly for short periods. The basins 
are encircled by metamorphosed rocks and the 
velocity variations in them are rather random. The 
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Fig. 7 Comparison of 2-D tomography maps for periods 0.5 and 1.75 s (the same as in Fig. 5) with the quasi 
3-D block models of Nehybka and Skácelová (1997) for the depths of 0.0 – 0.2 km and 1.0 – 2.5 km 
respectively. Block edges are imagined in the left maps and tomography map borders in the right ones 
for better comparison. 

velocities of the uppermost hundreds of meters in the 
WB region have the average value around 2.3 km/s (it 
is given by the limit of the group velocity for the 
shortest periods), a simple relation between the period 
of the wave and the depth of penetration is used: the 
period of the wave in seconds corresponds 
approximately to the depth in kilometers. We used 
this approach to compare our group velocity maps 
with the vp distribution with depth. The 0.25 s group 
velocity tomography map is compared with 25-block 
map for the depth range 0.0-0.2 km of the model of 
Nehybka and Skácelová (1997) and our 1.75 s group 
velocity map is compared with their block velocity 
distribution in depths 1.0-2.5 km, see Fig. 7. 

On the left panels of the Fig. 7 we present the 
same group velocity perturbation maps as in colored 
Fig. 5. We sketch the block edges in our map for 
better comparison. On the right panels we show the 
results of Nehybka and Skácelová (1997) with the 

We compare our velocity distribution with the 
results of Nehybka and Skácelová (1997). Their work 
is one of the few studies which deal with comparable 
depths and comparable geographical area, however, 
with body waves only. They used several 2-D 
refraction profiles to construct quasi 3-D block model 
of 125 blocks (5x5x5) of constant velocity. Their 
model covers only limited part the region of our 
interest and it reaches from surface to the depth of 4.5 
km. Nehybka and Skácelová (1997) present only 
P wave velocity and we choose two layers from their 
results. Murphy and Shah (1988) give the relation 

 

β
HT 3.2

= ,  

 

where T is the period of the group velocity in seconds, 
H  is the depth to the significant discontinuity in 
kilometers, and β  is the average shear wave velocity 
above this discontinuity in km/s. Since the shear wave 
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periods as well as it result in the southeastern and 
northern parts. Some of the dispersions around the 
border of our area are a bit scattered. Since the 
averaging areas are larger and hence the resolution is 
worse near the edges of the map, the information 
contained in these dispersions is less credible. Curves 
for nodes with averaging area size grater than 9.0 km 
are discarded.  

These changes in dispersion curve slopes provide 
us with information about the vertical heterogeneity of 
different parts of the WB region. Detailed inversion of 
each of the local dispersion for S-wave velocity 
distribution with depth is needed in future studies. 
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