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ABSTRACT

The main assumption of this research was to check and verify the behaviour of a few EPN (European Permanent Network)
stations on both sides of the Teisseyre-Tornquist zone (T-T zone), which is located on Polish territory and crosses Poland
almost in half. The selected EPN stations’ time series were a subject of frequency and phase analysis. The main purpose of
the research was to verify if there is any correspondence between stations located on one and on the other side of the T-T
zone. The idea was also to check if any geological phenomena occurs on examined stations through the behaviour of the
stations. The chosen period of research was between 2003 and 2008. The stations’ selection is not coincidental, VLNS,
LAMA, BOGO, JOZE, BOR1 and WROC were chosen, because they had the longest and constant solutions provided by
EPN.

Using wavelets as a tool for analysis, the authors detected biases in time series on chosen EPN stations (near T-T zone).
Applying multiresolution wavelet analyses on different stations in the component Up the frequency bands were achieved. The
authors decided to analyze the low-frequency bias (wavelet approximation band). The reason of using this tool was to analyze
the frequencies and also to compare the frequency phase, in order to have more complex analyses of physical phenomena of
the T-T zone in Poland.

KEYWORDS: Teisseyre-Tornquist zone, reference stations, frequency analyses, phase analyses, EPN, wavelet analyses,

Symlet, multiresolution analysis

INTRODUCTION

The authors’ assumption was to observe the
behaviour of a few EPN stations around the Teisseyre-
Tornquist (T-T zone) zone and develop and describe
any geological phenomena.

We wanted to check if the behaviour of the
stations on East and West side of the T-T zone differs.
If such assumption is correct, GNSS permanent sites
could be used for precise localization of the zones
determination. The stations selected for the
investigation had the longest and constant solutions
and were situated near the T-T zone. We chose:
VLNS, LAMA, BOGO, JOZE, BOR1 and WROC.

The T-T zone is located in the Central portion of
the Trans-European Suture Zone (TESZ). The TESZ is
stretching from Denmark and the North German
Lowlands, through Poland, Ukraine and Romania,
running over a distance of 2000 km. It is documented
by paleomagnetic data that this important geological
boundary in Europe separates the mobile Phanerozoic
terranes, in SW, from the ancient Precambrian
structure of the East European Craton and Baltic
Shield (Stanica et al., 1999). Poland’s territory is
a border for three main tectonic units forming
European continent. They are: old Precambrian

platform of Eastern Europe known as East European
Craton (around milliard years old), Palaeozoic
platform of Central and Western Europe (about
300 million years) and the youngest Carpathian
(orogens) structure. The TESZ is an extremely
interesting natural laboratory for tests over
tectophysical processes occurring in Earth’s centre.
The T-T zone is a part of gigantic tectonic margin,
running from North Sea to Black Sea. The name
of the zone was taken from the first discoverers,
a German scientist Alexander J. H. Tornquist (1868-
1944) who confirmed the existence of such a zone and
Polish geologist, who examined in 1893 the character
of the zone, Wawrzyniec Teisseyre (1860-1939). The
T-T zone divides the Europe and is considered to be
the most important tectonic element in Europe.
Similar zones around Europe are a source of
earthquakes. We can give the Turkey territory as an
example, which is situated between African and
Euroaziatic plate, is such an example. However,
tectonic plates of the T-T zone seem to be firmly
“glued”, that is why this territory does not suffer from
any severe earthquakes. However, historically looking
at that matter it is hard to state interchangeably that no
earthquakes will occur in the future. The T-T zone
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separates West FEuropean platform from East
European Precambrian platform. The thickness of the
Earth crust is about 32-35 km for a Palaeozoic
platform, 42-45 km for a Precambrian platform and in
the region of the T-T zone it is about 50 km. At a first
glance it may give an impression that it is a tectonic
trench. The impression is even bigger if we take into
consideration the thickness of aqueous rocks (even up
to 20 km) in the T-T zone. The geological character of
the T-T zone is a subject of countless discussions
among geologists and geophysicists. The researches
from the past (i.e. a one conducted in 1997 by, the
Institute of Geophysics of Polish Academy of Science,
the POLONAISE Project) proved that the T-T
zone has a deep asymmetry (slant, inclination). In
that process a hypothesis was coined, that there
was a collision of two lithospheric plates (called
Baltica- SW margin of the East European (Bayer et
al., 2001) and Avalonia) which were partly pulled one
on another. That is why it is thought that there was a
mountainous range running through the whole of
today’s Poland territory, at a slant. Through the
process of erosion the mountainous range was
completely levelled and covered with aqueous. The
collision hypothesis still needs to be validated.
http://www?2.mos.gov.pl/dgikg/programy_projekty/ba
dania/index.html, (Wiejacz, 1991).

The TESZ and the T-T zone are wildly discussed
in scientific literature and many different aspects of
the zone were examined. The author’s idea was to
check stations’ activity on East and West side of the
T-T zone. According to our assumption, the behaviour
should be almost identical as the T-T zones are firmly
“glued”. However, analyzing long time series (a few
years’ analysis) it was observed that the low-
frequency biases are in anti-phase and they depend on
station’s placement. The tests need to be re-examined.
One should remember that such tests are time
occupying as we need long period of observations,
and more points of observation such as ASG-EUPOS
(Active Geodetic Network European positioning
System) sites.

The paper concerns frequency and phase analysis
of daily reprocessed solutions from a few EPN
stations, which surround the T-T zone in Poland
(Fig. 1). They are: VLNS, LAMA, BOGO, JOZE,
BORI1 and WROC.

There was a question raised whether any
geological movements might be detected through
analyses of component Up time series from single
stations or vector series estimated through X, Y, Z
coordinates.

DATA

The least-squares method is usually employed to
GNSS solutions analysis. As the result, it generates
residuals, which contain both unmodelled systematic
biases and random measurements noise.

In 2008 in Military University of Techno-
logy/Centre of Applied Geomatics (MUT/CAG) there
was a test reprocessing conducted. The authors used

different models and guidelines. (Dach et al., 2004),
(Kenyeres et al., 2008), (Mervart et al., 2005), (Niell,
1996), (Ray et al., 2004), (Schaer, 1995). The results
were presented during EUREF 2008 meeting in
Brussels and published in (Figurski et al., 2009).
Weekly and daily time series were the reprocessing
products. In this paper the authors used daily time
series solutions.

The diagram (Fig. 2) shows exemplary daily
solutions of XYZ ITRF2005 coordinates after the
reprocessing. Time series were obtained through
elimination of linear trend and constant component
from X,Y,Z axis (residuals). The residuals contain the
signature of both unmodelled biases and random
noises. Figure 2 shows that there are frequency biases
and various noises in time series. The changes on
some stations may include information associated
with some physical phenomena in the surrounding
area. In the signals we expect to find and try to
describe local earth crust movements.

The examined stations tend to have simultaneous
noise, which can be eliminated. The elimination of
noise may be conducted through connection of the
stations by spatial length vectors, which are estimated
every day.

V(i)= (Xsrz(i)_Xsrl(i)) + (1)

+(YST2 (l) - YSTI (i))2 + (ZSTZ (1) - ZSTI (i))z

V — distance vector
XY . Z

sr1>Ysr1» Z g, - coordinates of first station;

start vector
Xra»Ysra» Zgr, - coordinates of secend station;
end of vector

i - day of solution

A configuration of length vectors V' (formula 1)
in time creates one-dimension time series of distances
between two stations (Fig. 3). These time series do not
have common characteristics such as frequency biases
and velocities of the sites. In order to check if they
move mutually a linear trend was determined and
isolated. The similar problem was showed in (Figurski
et al., 2007).

In Figure 3 vector time series of sites located on
one side of the T-T zone (LAMA-BOGO) as well as
the vector time series crossing the zone (VLNS-
BORI1) do not show linear changes, mean distance is
constant. The unimportant changes on these graphs
(0.1 mm/per year) with standard time series deviation
of 1.3-1.6mm should not be taken into extensive
consideration. Since there were no mutual linear
movements detected, the authors decided to use
spectral analyses. The authors tried to find dominating
frequency biases in vector time series. Continuous
wavelet analyses was the chosen method. Figure 5
shows the exemplary results.
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Fig. 2 Exemplary time series of coordinates changes without constant value and linear trend from BOR1 and
LAMA stations.
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Fig.3 Exemplary time series of vector changes between LAMA-BOGO and VLNS-BORI1 stations.

CONTINUOUS WAVELET TRANSFORM

In particular, the Wavelet Transform (WT) is of
interest for the non-stationary analyses of signals such
as GPS results, because it provides an alternative to
the classical Fourier Transform (FT) which is adopted
in case of stationary signals. Fourier analyses are
known to have characterizing signals whose spectral
character changes in time. Such signals are not well
represented in time and frequency by the FT methods.

The method of wavelet analysis is closely related to
time-frequency analyses based on the Eiger-Ville
distribution (Satirapod et al., 2007) A continuous
wavelet transform was adopted, as shown in Figure 4,
in order to check the contents of the spectrum.
(Bialasiewicz, 2000; Zhang Yan et al., 2004).

The most popular method of spectral analyses of
time series is a Fast Fourier Transform (FFT). The use
of this method is restricted when we want to analyse
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Fig. 5 Exemplary imagery of continuous wavelet analysis of length vectors between JOZE-LAMA and VLNS-
BORI stations.

stationary time series (the ones which are not . 1 L i—T
changeable in an analysed time). In case of non- 7 (S’T):I SOy, Odt :I ﬁf (tw (T)d’ )
stationary signals FFT should not be used.

On many occasions, not much attention is paid to 7 — two dimentional coefficient of wavelet transform
this signal aspect and the signal is transformed by the function
FT method. Fourier Transform has an infinitely strong
frequency, but no time localisation. The time series of
analysed EPN stations are an example of non- ./ — analized time function
stationary character of the signals. The frequency 7 — time shifting parameter
biases trends in time series appear in a given span of
time and disappear in another, or their energy value is
so insignificant that it vanishes in noise. To analyse
frequency of coordinates we need different tools such
as FFT and wavelet transform or any other. Wavelet
transform is adopted in case of non-stationary signals,
i.e. signals carrying components of frequency
changing in time. To understand wavelet transform we ~ factor =0, wavelet energy of Vs analysing wavelet is
need to use convolution of a given signal with the  not changing with the scale. Mother wavelet is well
functions received by scaling and shifting a mother  concentrated as far as time and frequency are
wavelet. concerned. These conditions determine that this

w — mother wavelet

s — scale parameter

A coefficient of wavelet transform is the
measure of correlation of investigated signals and
analysing wavelet. ‘S’ corresponds to the scale
parameter (inversion of frequency), time lag mother
wavelet described by parameter zand s =1. Due to the



286 P. Kaminski et al.

function has at least a few oscillations. That is why it
is a ‘short wave’.

[y@di=0 y(@)=0 3)

Scaling has fundamental importance for wavelet
transform. Through scaling we can decide if we want
to get good resolution in time or frequency
(Heisenberg uncertainty principle).

To analyze the frequency of time series Fourier
transforms or wavelet analyses might be used.
Concerning the advantages of interpreting time and
frequency at the same time, we chose wavelet
analyses. More on this can be found on the following
web pages:
http://www.amara.com/current/wavelet.html or
http://cas.ensmp.fr/~chaplais/wavetour_presentation/
Wavetour presentation_US.html,
http://www.mathworks.com.

The Wavelet Toolbox is a collection of functions
built on the MATLAB® Technical Computing
Environment. It provides tools for the analyses and
syntheses of signals and images for statistical
applications, using wavelets and wavelet packets
within the framework of MATLAB.

The Symlets are nearly symmetrical wavelets
proposed by Daubechies as modifications to the db
family. The properties of the two wavelet families are
similar. Here are presented the wavelet symlet family
functions.

Daubechies (1990), for example, introduced a set
of orthonormal wavelets, and more recently, a new
family of non-orthogonal wavelets have been
introduced by other authors. In general, the selection
of the wavelet that best decomposes the data remains a
research topic of its own. (Satirapod et al., 2007).

The choice of a mother wavelet is a very
important step into further analysis and into obtaining
good results. Regarding the choice of a mother
wavelet, after several attempts we chose Symlet 8.
Symlet 8 turned out to fit best to the method of
analysing daily time series. Souza and Monico (2004)
showed the advantage of symlets over Daubechies.
Using Symlet 8 we got easier interpretation of the
results. The images were clear and legible, than when
using other wavelets types. The shape of this mother
wavelet symlet best correlates with the analysed time
series. The results are shown in Figure 5.

Analyzing image of continuous wavelet (Fig. 5)
we cannot distinguish dominating frequencies in the
whole of the testing period. Various frequencies
appear in different time intervals.

MULTIRESOLUTION WAVELET ANALYSIS OF
COMPONENT UP

As a tool for examination, multiresolution
wavelet analysis was chosen (MRA). Multiresolution
method is designed for most of the so called discrete
wavelet transforms (DWT) and for the algorithm of

the Fast Fourier Transform. e.g.; (Mallat, 1999;
Charles and Chui, 1992; Primer et al., 1988).

A natural way of introducing wavelets is through
the multiresolution analysis. Multiresolution analysis
provides a natural framework for the understanding of
wavelet bases, and for the construction of new
examples e.g. (Daubechies, 1992)

Recently, some wavelet-based techniques have
been introduced in the field of GPS solution analysis
e.g. (Satipord et al., 1995; Fu and Rizos, 1997; Ogaja
et al., 2003; Satirapod, 2001, 2003).

These methods have addressed some potential
applications such as signal denosing, outlier detection,
bias separation and data compression. The technique
is first applied in order to decompose GPS double-
differenced residuals into low-frequency bias and
high-frequency noise terms. Our concept was to use
multispectral analysis to compare phases of biases.

There were frequency biases detected in
analysed vector series, which are probably caused by
vertical changes (the most common ones). The main
component characterizing vertical movement of the
Earth crust is component Up. The next step for the
analyses was to check the behaviour of component Up
on all analysed stations. Amplitude’s frequency biases
and phases on both sides of the T-T zone were
checked. The tool for the spectral analyses was
multispectral wavelet analyses based on Symlet8.
Because of time series length the best effects were
obtained through 8" degree of decomposition. The
figures below present the results.

The initial time series coordinate Up (without
linear trend) (on top of the Figure 6) was divided into
8 components (decomposition degree), responsible for
each frequency band. The outcome of the analyses
was approximation component A (first one) and 7
decomposition components (D8-D2). Decomposition
D1 is considered to be a white noise.

The advantage of MRA over FFT is that the first
method allows the analyses of phases and not only the
analyses of frequencies.

In order to do the comparison of amplitude and
phase of the signals, they should be grouped in
analogous frequency bands. The comparison of
approximation component A is presented in Figure 6.
If we take a close look at the graphs with data from
between 2006 and 2008 we can see an interesting
occurrence. The stations of the East side of the T-T
zone (LAMA, BOGO, VLNS) oscillate in anti-phase
to stations of the West side of the T-T zone (BORI,
WROC). The exception is JOZE station, which
behaves as if it was placed on West side of
the T-T zone. More about JOZE station, its placement
and surroundings can be found in (Rogowski, 2001)
and (Bogusz et al., 2001). JOZE station is also
discussed in “Reports on Geodesy” (published by
Warsaw University of Technology, Institute of
Geodesy and Geodetic Astronomy) where the authors
widely describe other aspects of JOZE behaviour.
JOZE station is monitored by the Astrogeodetic
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Observatory of the Institute of Geodesy and Geodetic
Atronomy of the Warsaw University of Technology.

The amplitude for frequency  band
(approximation A) is the highest on LAMA and
WROC stations. The remaining stations have
comparable amplitude for this frequency band
(Fig. 7).

Figure 8 shows the next frequency band D8 of
component Up. The biggest amplitude for this band is
in VLNS.

SUMMARY

The tests of velocity vector were conducted.
Linear trend analyses (velocity) and frequency
analyses of time series did not show characteristic
results.

Based on time series of coordinates of
component Up of chosen stations frequency biases
components were isolated. As a tool for examination,
multiresolution wavelet analysis was chosen.
Multiresolution method is designed for most of the so
called discrete wavelet transforms and for the
algorithm of the Fast Fourier Transform. After
selecting a proper wavelet type, as well as a degree of
decomposition (proportional to the length of analysed
time series), an examined signal was divided into part
A (approximation) and decomposition D1 to Dn,
where 'n' is a degree of decomposition.

A set of decompositions is shown in Figures 7, 8
and 9. Using this set of decomposition we can cross
examine the phases of detected frequencies.

The separation of analysed time series into
components of decomposition describes the power of
amplitude and allows the comparison of phase
differences for chosen stations in an examined
frequency band. We can also establish the time of
component appearance and compare it with geological
phenomena.

The authors noticed that there are a few
circumstances that might influence the final results of
the research. The most questions arise when analyzing
the coordinates on JOZE station. JOZE station is
located near the airport and on a instable grounds.
These conditions may be the reasons for stations
behaviour as if it was on the other side of the TT zone.
Of course, it is only the authors’ preliminary
interpretation. Further research is needed in order to
prove the idea. There must also be different stations
chosen for this analysis. When this phenomena was
detected, only a few stations had enough observation
history for the examination (only EPN stations). The
hypothesis about the anti-phase on East and West side
of the T-T zone will be verified using data from ASG-
EUPOS network in near future. However, the ASG-
EUPOS network operates since 2 years and till now,
we did not have long time series to obtain precise
elaborations. This very day it is hard to tell if the
supposed hypothesis is correct or not, and time series
from polish sites are too short to obtain reliable results
of elaborations. Polish satellite positioning system

ASG-EUPOS is operational since June 2008, so in
the near future there will be more stations to verify
this phenomenon.

Multispectral analysis allows the division of
examined time series into frequency bands as well as
the use of phases of oscillations between the stations.
This can be quite interesting when examining
geological phenomena or when analysing the
velocities of tidal waves.
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MAPA GEOLOGICZNA POLSKI BEZ UTWOROW KENOZOIKU
GEOLOGICAL MAP OF POLAND WITHOUT CAINOZOIC DEPOSITS

e wasions:Ryszard DADLEZ, Sylwester MAREK, Jgdrzej POKORSKI
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Fig. 1a Placement of analysed stations

on  Geological

Polish  Map, source:

(http://www.pgi.gov.pl/pgi_en/index.php?option=news&task=viewarticle&sid=6&Itemid=2).

Yellow colour — T-T zone.
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Fig. 1b Legend of the

Geological Map of Poland without Cainozoic deposits,
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Fig. 7 A combination of approximation component A-Amin of analysed stations.
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Fig. 8 A combination of decomposition component D8 of analysed stations.
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Fig. 9 A combination of decomposition component D7of analysed stations.
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