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Chapter 1

Introduction

Reflection seismology is a geophysical exploration method that is used to estimate the
physical properties of the earth. It is by far the most used and well-known geophysical
technique and it has dominated the industry of oil and gas exploration since the beginning.
Moreover, it is an important scientific tool for mapping and studying the subsurface
structures. The predominance of the seismic reflection method over other geophysical
techniques is a combined effect of high resolution, high accuracy and great penetration.
Compared to other geophysical means, where the final result many times can look a little bit
obscure, the resulting seismic section will be a direct image of the subsurface.

    Seismic sections can be produced to reveal geological features on scales of metres to that of
the whole lithosphere. The last 20 years the sophistication of the technique has improved
considerably, much as a result of massive investments in its development made by the
hydrocarbon industry, but also as a result of more accurate electronic and powerful computing
technology.

    The quality of the final seismic image is much dependent on the processing phase
following the acquisition. For such a well tested method as reflection seismology a kind of
step-by-step procedure has emerged over the years. Still, the geophysicists roll in the
processing is critical since it is up to him or her to test and find the parameters that optimize
the result in every single step.

    The processed data comes from a large scale seismic survey (DACIA-PLAN) made in the
south east of Romania. The purpose of the project was to map the geological structure under
the eastern part of the Carpathians and the basins developed in the Vrancea zone, one of the
most seismological active areas in Europe (Landers et al., 2003). As a result of extensive
geophysical and geological projects this area is now quite well mapped. However, the exact
cause of what triggers the earthquakes is still not fully understood and will probably generate
further investigations of the area.
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    The data outputted from the DACIA-PLAN survey has been used in a number of scientific
reports. In Panea et al., (2005) the data was processed to form two independent stacked
sections. One containing data from the whole profile stacked to a depth of 20 s. The other
section was processed from a subset of the DACIA-PLAN data, focusing on the upper 10 s of
the Focsani Basin. Reason for doing two independent processing sequences was the
decreasing quality of data obtained within and beneath the trust belt.

    For this thesis processing was committed to a depth of 20 s for the whole seismic line, but
both a full and partial stack are presented in chapter 6. Also a discussion and comparison with
the result presented by Panea et al. (2005) follows in this chapter.

    The main purpose with this thesis was to be familiar with the theory of reflection
seismology and get to work with some of the typical steps, that are used in most processing
sequences, and apply them on a real dataset. By reprocessing the DACIA-PLAN data the
ambition was to improve the final seismic image, but also there was a hope to reveal some
new information, particularly in the harsh area around the trust belt.
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Chapter 2

Background

2.1   DACIA-PLAN Survey

In the year of 2001, the DACIA PLAN (Danube and Carpathian Integrated Action on
Processes in the Lithosphere and Neotectonics) deep seismic sounding survey was performed
in the south east of Romania. This experiment was part of an international collaboration
between the Netherlands Research Centre for Integrated Solid Earth Science, the University
of Bucharest, the Romanian National institute for Earth Physics, the University of Karlsruhe,
Germany, the University of South Carolina and the University of Texas, El Paso, USA.

    The seismic profile of DACIA-PLAN is approximately 140 km long, running in a WNW-
ESE direction from the south-eastern Carpathian orogen to near the Danube delta, crossing
the seismically active Vrancea zone and the Focsani Basin (fig 2.1). The elevation ranges
from 40 m in the south-eastern part of the profile to 1240 m at the mountainous area in the
north-west. The recording was carried out from west to east in three different but overlapping
segments, referred to as deployment 1, 2 and 3 in the text.

    The primary ambition with this extensive survey was to attain new information about the
deep structure of the external Carpathian nappes, and to describe the geometry of those
Tertiary/Quaternary basins evolved within and nearby the seismically active Vrancea zone,
(Panea et al., 2005).

2.2   Geological Setting

The crossed part of the Carpathians is made up by the “External Moldavides System” (Panea
et al., 2005), which comprises the Tarcau nappes, Marginal folds and Subcarpathian nappes
(fig 2.2). The whole of the Moldavian nappe system is foundated by crystalline rock, which
for the most part is covered by Palaeozoic and Mesozoic sediments (see fig 2.3 & 2.4). The
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depth to the basement cover is still under discussion, previous geological and geophysical
studies have suggested a thickness of about 8 km for the nappe pile in the area crossed by the
DACIA PLAN profile (e.g., Matenco and Bertotti., 2000). In the paper of Bocin et al., (2005)
an upper crustal velocity model is presented, based on tomographic travel-time inversion of
DACIA PLAN first arrivals (fig 2.7). This model showed apparent basement (material with
velocities above 5.8 km/s) lying at depths as shallows as 3-4 km in the westernmost segment
of the DACIA PLAN profile.

  Figure 2.1: Topographic map showing the DACIA PLAN as a yellow line. Polygon indicates
  the seismically active Vrancea area. Modified image from Landers et al. ( 2004)

    The Tarcau and Marginal Folds nappes in the west, mainly consist of Cretaceous marine
basin sediment and clastic sediment deposited under Palaeogene to Neogene (Panea et al.,
2005). Further to the east, the Subcarpathian nappe mostly consists of sediments deposited in
a shallow marine to brackish environment, which makes it possible to find shales and marls in
the area. Also small portions of evaporitic formations like gypsum and salt, formed under
lower and middle Miocene, can be found here (Stefanescu et al., 2000).

    The foreland of the south-eastern Carpathians in the area of the DACIA-PLAN profile
consists of two stable units, with internally dissimilar characters. These units are the East
European/Scythian and the Moesian platforms which are separated by the North Dobrogea
orogenic zone (fig 2.6). East European and Scythian are considered to be two crustal blocks,
which lie north of the Trotus Fault. The relatively thick crust (40-45 km) of the blocks has
been developed below a thin nappe pile or below the foredeep sediments in the area (Bocin et
al., 2005). South of the Trotus fault and west of the Pecenaga-Camena fault lies the thinner
(35-40 km) Moesian block. The crustal unit is Precambrian aged, covered by up to 13 km
Middle Miocene to Quaternary sediments in the Focsani Basin (Bocin et al., 2005). These
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sediments are in turn underlain by an up to 10 km thick Paleozoic to Paleogene sedimentary
sequence (Landers at al., 2004). East of the Peceneaga- Camena fault, the North Debrogea
zone separates the Scythian and Moesian units. This zone is made up of a complex and highly
deformed basement, overlain by an up to 13 km thick heterogeneous Triassic-Cretaceous
sedimentary layer (Bocin et al., 2005).

Figure 2.2: Geological map over south-eastern Romania. The extension of the DACIA-PLAN survey
crosses the image and the separations between deployments 1-3 are indicated. Image from Matenco et
al. (2003)

    The foredeep, developed in front of the eastern and southern Carpathians (fig 2.6) consists
of evaporates and clastic rocks (moulasse-conglomerates, shale and sandstones), that thickens
closer to the thrust belt. The width ranging from about 10 km in the north to more than 100
km further south. The thickest sedimentary deposits are found in the Focsani Basin, where
Miocene-Pliocene deposits can reach about 13 km in some places (Panea et al., 2005).

    In the area of the DACIA-PLAN profile, the contact zone between foredeep and Carpathian
orogen is considered as a blind thrust overlain by Miocene-Pliocene post tectonic cover.
Studies of the position and tilting of the sediments, and notation of the eastward dip of the
Upper Sarmatian unit, imply that the contact zone is a backthrust (Matenco and Bertotti,
2000).
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Figure 2.3: Geological section of south-eastern Romania, comprising DACIA-PLAN region in the
eastern half of the figure. See fig 2.6 for location of the geological structures shown here. Note that the
maximum depth under the nappes is about 10 km, instead of 3-4 km suggested in Bocin et al., 2005.
Image from Landers et al. (2004)

Figure 2.4: Geological interpretation of different depths in the region. DACIA-PLAN profile crosses
right over the section in an east-west direction. Image from Landers et al. (2004)
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2.3   Vrancea Zone

The Vrancea zone is one of the most seismic intense areas in Europe (Landers et al., 2004).
Major earthquakes have occurred in last century (1940, 1977, 1986 and 1990), causing high
death rate and large economical damage. This complex region is interesting in many aspects,
and the mapping of the area is high on the scientific agenda.

    Traditionally, the zone has been divided into two vertical segments located at different
depths (Fig 2.5). Intermediate earthquakes define the deeper segment, with hypocenters
located at 60-200 km depth. Events occurring in this zone can be high in magnitude ( 4.7! ).
The other segment is characterised by shallower earthquakes at depth 20-60 km, with
hypocenters shifted to the east. Those are considered to be crustal events, with a moderate
magnitude ( 6.5! ). A relatively inactive seismic zone in the depth range of 40-70 km
separates the two segments.

    The cause of the crustal earthquakes is believed to be linked with the intermediate
earthquakes in the region (Panea et al., 2005). It is not fully understood what triggers these
intermediate events, but a popular hypothesis suggests that the Vrancea zone represents an
isolated section of the Eurasian plate where lithospheric delamination is still going on (e.g
Landers et al., 2004). The geometry for such a process is not clarified, and was a motive for
those deep seismic refraction and reflection surveys that have been carried out in the region
lately (see 2.4).

Figure 2.5: Cross-section over the eastern Carpathians and its foreland, also the DACIA-PLAN
extension and topography are indicated. Black dots represent hypocenters from earthquakes in the
Vrancea zone projected onto the plane of the cross-section. Dashed drawing indicates the estimated
depth to the basement under Focsani Basin. Note the eastern shifting of the shallow earthquakes
relatively the deeper ones, and the seismically sparse area separating them. From Panea et al. (2005)
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2.4   Previous Investigations

This part of Romania has been investigated by deep seismic reflection and refraction surveys
before. The extension of some of these profiles is shown in fig 2.6. The foreland and parts of
the easternmost thrust belt have also been objective for exploration by extensive reflection
profiling (Panea et al., 2005).

    The line XI is one of a number deep seismic sounding profiles that were collected during
1970-1974. The purpose was to image the crustal geometry in the region by recording
refraction arrivals from the Conrad and Moho discontinuities as well as the sedimentary
basement. The interpretations, that were done from this data (e.g. Râdulescu et al., 1976),
show high consistency with more modern interpretations over the same area (e.g. Panea et al.,
2005). The crustal geometry seen in the cross-section of fig 2.5 is a result from the XI profile.

    VRANCEA99 is a 300 km long refraction profile, running in a NNE-SSW direction. The
profile is geographically crossed by the VRANCEA2001 refraction profile that is extended in
E-W direction over the whole of Romania. An intention with those surveys was to reveal new
information about the geometry of the crust and upper mantel in the vicinity of the Vrancea
zone. Based on data from these projects, several reports have been presented describing the
subsurface of the region (e.g Hauser et al., 2002).

Figure 2.6: Tectonic map over south-eastern Europe. The DACIA-PLAN profile is the thick black
line denoted DP. Also the location of the seismic refraction and reflection profiles mentioned in the
text is shown, VRANCEA99 (VR99), VRANCEA2001 (VR01), deep refraction profiles X1. Image
from Panea et al. (2005)
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    The DACIA-PLAN reflection data has been processed and interpreted before. Panea et al,
(2005), describes the processing of the dataset into two stacked seismic sections. In the first
stack (full stack), data from the entire survey section was processed to a depth of 20 s. The
intention was to investigate the crust and upper mantle under the Vrancea zone. In the second
stack (partial stack), data from deployment 3 was processed for investigation of the
sedimentary and upper crustal structures in the Focsani Basin. The reason why processing was
carried out as two separate jobs claimed to be that the signal-to-noise ratio was much lower in
deployment 3 than in the other two.

    The reflected phases are well imaged from the sedimentary deposits in the basin within
deployment 3, and are best seen in the partial stack (Fig 7.1 b). Moving to the west, geology
becomes more complex under the sedimentary nappes of the south-eastern Carpathians, which
could have contributed to the fact that quite a few well resolved reflection phases were found
in deployment 1 and 2, (Fig 7.2 b).

    The clear reflections from the sedimentary deposits imaged in the partial stack made the
interpretation of this region straightforward, and the final result showed good correlation to
previous descriptions of the basin. Despite the fairly low image quality in most of the full
stack, a quite detailed interpretation of the section was presented (see Panea et al., 2005).
Here, observed events in the stack were interpreted in the context of previous reports
describing the region (e.g. Hauser et al., 2001).

    From the DACIA-PLAN first arrival data, Bocin et al., (2004), used tomographic inversion
to create a high resolution 2.5D velocity model of the upper crust along the seismic profile
(Fig 2.7).  Velocity structure over the Vrancea Zone suggests the pre-Tertiary basement lying
at a depth less than 5 km, which is about the half of what has been suggested before (e.g.,
Matenco and Bertotti, 2000). In the Focsani Basin; depth to the basement, as well as the
lateral structural heterogeneity at the basement level, show high correlation to previous
interpretations of the basin (Bocin et al., 2004).
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a

b

Figure 2.7: (a) Tomographic velocity model created from DACIA-PLAN first arrivals. (b) Some of
the main features in the velocity model superimposed on a geological cross section. Upper red line
corresponds to the 2.5-3.0 velocity transition (~base of Quaternary); lower dashed line corresponds to
the 4.5-5.5 velocity transition (~base of sedimentary succession). Image from Bocin et al. (2005)
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Chapter 2

Theory

As mentioned earlier, reflection seismology is a well tested science and the procedure of
creating a final section of the subsurface often follows a certain number of basic operational
steps. Further down, a theoretical introduction is given for some methods frequently used in
seismic processing. Also a few outlines are given for some of the more essential principles in
the subject of reflection seismology.

2.1   Filtering

The filtering process is central and very much used in reflection seismology. Some processing
operations are likely to add a degree of noise to the data, as a result filtering is often applied at
numerous points in the processing sequence. The goal when designing a filter is to suppress
those frequencies that do not hold any relevant information about the earth, while passing the
interesting part of the spectrum with as small modifications on amplitude- and phase-spectra
as possible.

    There are some filters commonly used in seismic processing; Band-pass filters are designed
to remove whole ranges of frequencies in a signal. Filters eliminating frequencies below a
defined value are called high-pass filters, while the low-pass filters suppress frequencies
above a certain value. Another common type is the notch filter that removes all frequencies
within a certain band.

2.1.1   Filtering Domains
Thanks to the mathematical principles of the Fourier transform the procedures of designing
filters and applying them on an input signal can be carried out both in time- and frequency-
domain. Consequently, it might be a good idea to study the filtering process from both those
viewpoints.
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Time Domain
When filtering a signal in time domain we use convolution, which is a mathematical operation
that modifies an input time series xt  (the seismic trace) with another time sequence ht (filter
operator). The samples of the operator are often referred to as the filter coefficients.
Convolution between xt and ht is written as

ft = xt * ht ,                                               (2.1)

where each coefficient is given by

!
=

" #=
n

j
jjtt xhf

0
.                                          (2.2)

When filtering a seismic trace a zero- or minimum phase operator is commonly used. This is
because these types of filters will minimize the phase shift of an input trace. After
convolution, the output trace will only contain those frequencies that made up the filter
operator.

Frequency Domain
Working in the frequency domain we make use of the principles of the Fourier transform.
This is a mathematical process that allows us to convert a continuous function of time and
express it as a function of frequency without any loss of information.  For a time sequence ft
with a finite number of data (N samples), the formula for the discrete Fourier transform to
create its frequency counterpart FS is given as

                                               !
"=

=
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     k = 0, . . . , N – 1.         (2.3)

The reversed process, from frequency to time domain, is given by the Inverse Fourier
transform

                                         !
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=

#=
1

0

21 Nt

t

St
N
i

St eF
N

f
$

    k = 0, . . . , N – 1.        (2.4)

If there is convolution in time domain, there is multiplication in frequency domain.
Consequently, filtering in frequency domain involves multiplication of the amplitude spectra
of the input time sequence with the amplitude spectra of the filter operator.

2.1.2   Designing Filters
If looking at a band-pass filter, an ideal one should have an amplitude spectrum that is equal
to zero outside the pass band and equal to one inside it (boxcar amplitude spectrum)

!"

!
#
$ <<

=
otherwise

fff
fA

,0

,1)( 21 .                                                (2.5)

Anyhow this is not a realistic filter because it is not possible to represent the boxcar with a
finite number of Fourier coefficients, a fact known as Gibbs´s phenomena. To overcome this
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problem the cut-off frequencies need to be smoothed out. Different functions are in use to
achieve this, but one common is the Butterworth. It has for low-pass filters the functional
form (Gubbins, 2004)

n
c

F 2
2

1 )(1
1)(
!!

!
+

= ,                                                 (2.6)

where c!  is the cut-off frequency, and index n controls the sharpness of the cut-off
frequencies. From the simplest case of low-pass function )(!lF , it is possible to create other
filters. A high-pass filter takes the form

)(1)( !! lh FF "= ,                                                     (2.7)

and from that it is possible to construct a band-pass filter

[ ] ncb
bF 2/)(1

1)(
!!!

!
"+

= ,                                             (2.8)

finally, the notch filter can be defined as

                ).(1)( !! bn FF "=                                                     (2.9)

2.1.3   How filters work
Fig 2.1 shows a seismic trace containing a mixture of frequencies (the appearance of high
frequencies is evident from the rapid changes between positive and negative values). To see
how a filter works we can study the removal of these high frequencies in the frequency
domain.

                                        Figure 2.1
1. The seismic trace is transformed into its

                                                                                 amplitude and phase components
2. The input amplitude spectra is

multiplied with that of a low-pass filter
3. Addition between input and filter phase

                                                                                 spectras (note the zero phase filter)
4. Resulting spectra is transformed back

                                                                                 into time domain. Attenuation of higher
                                                                                 frequencies smoothens the output trace

2.2   Deconvolution

On the way down the earth and back to a receiver, the seismic wave is affected by many
things such as the shape of source wavelet, absorption during wave propagation, multiples,
instrument response etc. If not dealt with, those things often result in an unclear seismic
image. Another problem the geophysicist often faces is reverberations of the signal between
two surfaces (such as top and bottom of a water layer) that can give rise to “false” reflections
in the seismogram.
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    Luckily, there is a method to deal with these problems called deconvolution. The primary
goal with deconvolution is to increase the temporal resolution of the subsurface, done by
compressing the seismic wave in the trace to a spike. It also works effectively suppressing
short period multiples and reverberations that often are high in amplitude.

2.2.1   The Convolutional Model
To understand why the seismic trace needs to be deconvolved the convolutional model (fig
2.2) is instructive. This is a simplified image of the subsurface environment that the seismic
waves travel, showing how a seismic pulse and the geology interact forming a seismic trace.

    There is usually a difference in velocity between geological layers, giving rise to diversity
in acoustic impedance (often referred to as seismic impedance) as well. The seismic
impedance I is given by the product of density _ and velocity v. The contrasts in seismic
impedance between two layers determine how much of the seismic energy will be reflected
back to the surface. By assuming vertical incidence, the reflection coefficient between layer 1
and 2 is defined as

                                                             
12

12

II
IIc

+

!
= .                                                      (2-10)

    Looking at fig 2.2, note that each layer boundary generates a spike in the reflection
coefficient log. The magnitude of the spike is proportional to the fraction of a unit magnitude
wave that is reflected back. Because the geophysicist measures time and not depth, we need to
convert the depth axis of the reflection coefficient into a two-way time axis. In this model it
can be done with knowledge of velocity and thickness of the layers. Resulting time series are
known as the reflectivity function, and by convolving it with the seismic pulse, a seismic trace
has been constructed.

Figure 2.2: The connection between a geological section and the reflectivity function in time domain
is shown. The convolutional model shows how to construct a seismic trace by convolving the
reflectivity function with the input pulse (From Kearey et al., 2001)
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2.2.2   Deconvolution
As mentioned earlier, this convolution model is simplified and in reality the trace will be
further complicated by a number of factors. The superposition of different kinds of noises,
like multiple reflections, surface waves, direct and refracted waves and instrument’s response,
has considerable effect on the seismogram. Also the wavelet lengthens and looses higher
frequencies as it propagates; an effect called nonstationarity of the wavelet.

    Mathematically; the convolution model of the seismic trace can be expressed as

)()()()( tntetwtx +!= ,                                             (2-11)

where x(t) is the recorded trace, w(t) is the wavelet, e(t) is the earth impulse response, n(t) is
the ambient noise and !  denotes convolution.

    After recording, the seismic traces often have a complex appearance and the reflection
events are not be clearly visible. The process of deconvolution comes in to suppress the
multiple effects and to recover the spiky form of the reflectivity function. By neglecting the
noise in equation (2-11) a simple type of deconvolution can be summed in two steps.

1. Obtain the inverse filter d(t) of the wavelet w(t),
w(t)! d(t) = (1,0,0,0 ___)

2. Apply the inverse filter d(t) to the seismic trace x(t),                                                      
to reveal the earth’s impulse response e(t)

    Depending on the surveyed area and method of wave generation,  different kinds of
deconvolutions can be used. Predictive deconvolution is preferable when periodic events are
to be expected in the seismogram, like water-bottom multiples. Using a vibroseis source, the
seismic wavelet does not necessarily have to be minimum phase and the lag of the wavelets
maximum energy has to be taken in to account when constructing the deconvolving filter. The
method used in these cases is called model-driven deconvolution. The problem of
nonstationarity of the wavelet is best cured with the method of time-variant deconvolution.
Operating on land using explosive source often generates a minimum phase wavelet (simply
explained as the distribution of energy is concentrated in the beginning of the wavelet). Here
the simple form of spiking deconvolution generally works well.

2.2.3   Spiking Deconvolution
When calculating an inverse filter to a seismic wavelet we want the possibility to convert the
input to any desired output, but also to minimise the least-square error between the actual and
desired output. It is possible to design filters that can handle both requirements, and after the
man who first proposed their relevance in signal processing they are called optimum Wiener
filters. The simplest form of Deconvolution has a zero-lag spike (1,0,0,…,0) as output and is
called spiking Deconvolution. However, depending on the shape of the input wavelet other
types of output can be preferable.

   The following summary of  Wiener filters and spiking deconvolution are inspired by
Yilmaz’s (2001) discussion of the subjects.
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    When designing a Wiener filter, also the filter f(t) with the least-square error between actual
and desired output being minimum is designed. Where error L is defined as

L=! "
t

tt yd 2)( .                                                 (2.12)

The actual output is given by the convolution of the filter and the input

ttt xfy !=  .                                                      (2.13)

By substitution of equation (2.13) into equation (2.12), the error can be defined as
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and by expansion we get
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We want the filter coefficients fi to minimize the error L
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equal to
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By setting
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We end up with the equation
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or expressed in matrix form
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    From equation 2.21 and 2.22 it is evident that ri is the autocorrelation lags of the input
wavelet and gi is the crosscorrelation lags between the desired output and input wavelet. This
is a very powerful result because the convolutional model implies that the autocorrelation of
the often unknown wavelet and the seismogram are the same (since the earth’s reflectivity
sequence is assumed white). Also, we can see that the ability to shape the output makes the
Wiener filters suitable for a large rank of problems.

    In the special case of spiking deconvolution the desired output dt has the form: (1,0,0,  . . .).
Consider we have a seismic time series (x0, x1, x2, . . .), to compute the autocorrelation matrix,
equation 2.22 takes the following form
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By dividing both sides with f0 we end up with equation
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To solve for the unknown filter coefficients (1, a1, a2…an-1) Yilmaz proposes the Levinson
recursion, where first the two term filter (1, a1) for equation 2.24 is solved then the three term
filter and so on.

    The compression of the wavelet yields a broadening of the frequency spectra and the data
contains more energy in the higher frequencies than initially. As a result, the normal
procedure is to filter the data after deconvolution with a wide band-pass filter. It is also
recommended to add some type of trace balancing to even out the RMS level of the data
(Yilmaz, 2001).
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2.3   Refracted and Residual Static Corrections

The land surface is often covered with a relatively thin layer of low velocity material.
Geophysicists refer to this zone as the weathered layer. Despite the name, this near surface
layer has not much to do with the geological meaning of weathering. Instead, its related to
unconsolidated materials with big variations in velocity and thickness which could give rise to
time variations between traces. If not corrected for, this could affect the image quality of the
seismic section dramatically (see example in Fig 2.3).

    Before CMP sorting, it is appropriate to time-shift the traces as if source and receiver lay on
the same datum with a layer of constant near surface velocity. Refraction Statics makes use of
the first break information to estimate a model of the low-velocity layer. Once the best model
is found, the time-shift can be made. Residual Statics is applied to the data in order to correct
for static anomalies, due to unaccounted variations in the low velocity layer. The residual
static shifts are statistically calculated from differences in reflection times that exist between
traces.

                                     (a)                                                                    (b)
Figure 2.3: (a) A rugged near surface gives rise to distortions in the stack. (b) The same CMP range
proves considerable improvement after static correction has been applied. (From Yilmaz, 2001)

2.3.1   Refracted Static Correction
Given the travel times from the first refracted arrivals, it is possible to estimate parameters
associated with a model that describes the weathering layer. These parameters consist of the
thickness and velocity of the weathering layer right under all shot and receiver positions, and
the velocity in the refracting layer. Here, generalized linear inversion (GLI) is used to
estimate the model parameters for a single-layer model. The computed parameters satisfy the
condition that the difference between the picked first arrival times and the modelled travel
times is minimum in a least-squares sense.
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    There are various ways to parameterise the weathering layer, but in this simplified version
the weathering velocity is considered constant and known. Also the velocity in the refraction
layer is assumed fixed, but included in the parameterisation and needs to be estimated. This
leaves the thickness of the weathering layer as parameter free to vary spatially.

    To define the inversion problem, the model parameters need to be related to the modelled
refracted arrival times. Assuming the geometry in fig 2.4, it is possible to construct a model
equation describing this relation. The flat refractor is a simplification that allows the modelled
travel times to be expressed as
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The terms in equation (2-25) can be regrouped:

                                           
bbw

i

bw

j
ij v

DE
v
CE

v
CR

v
DB

v
BS

t +!!
"

#
$$
%

&
'+!!

"

#
$$
%

&
'=( .                                (2.26)

Finally, the model equation for the refracted arrivals is obtained by rewriting equation (2-26)
in near-surface parameters:
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Figure 2.4: Travel path for the refracted waves. Sj and Ri denote the source and receiver stations,  zj
and zi are the depths to the bedrock at the source and receiver sites, the bedrock and weathering
velocities are given by vb and vw, respectively; _c is the critical refraction angle. (From Yilmaz, 2001)
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The assumption that the weathering velocity vw and the refracting velocity vb are constant
makes it possible to rewrite equation (2-27) in the form

ijbijij xsTTt ++=! ,                                                  (2.28)
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and the bedrock slowness is

bb vs /1= .                                                         (2.31)

The parameter vector for n shot/receiver positions is defined as p :(T 1,T2,…,Tn ;sb). Given
m picks of tij, and n+1parameters in p, the problem can be formulated as
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In matrix notation, the same problem is written

t´ = Lp.                                                            (2.33)

Note that L is a sparse matrix that except from tree element in every row contains zeros. The
least square solution to this inverse problem minimizes the error vector between the picked
first break times, and the modelled travel times

e = t – t´,                                                          (2.34)

is given by:

p=(LTL)– 1LTt .                                      (2.35)

    By assuming a weathering velocity vw and estimating the parameter vector p, it is now
possible to compute the thickness of the weathering layer at every shot and receiver position
using the equations above.
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2.3.2   Residual Statics Correction
Due to irregularities in the near surface, land data often suffers from short wavelength
distortion that blurs the seismic image and consequently needs to be corrected. Figure 2.5
shows the effects of static deviations on a CMP-gather. Obviously, the misalignment of the
traces after NMO-correction will generate a weak stack trace.

    Assuming that traces recorded from the same shot will have a consistent shot static , and
that traces related to the same receiver will have the same receiver static, a high fold data can
be used to find the statistically best alignment of traces. By estimating a times shift, which to
apply on the individual traces, the quality on the stacked section can be increased greatly.

Figure 2.5: Irregularities in the near surface can generate deviations from the hyperbolic
travel time curve, and cause misalignment of traces after NMO-correction. (From Yilmaz, 2001)

    Choosing a clear reflection along the stacked section a window surrounding the event with
a few hundred milliseconds can be defined. The data in the window will be used to create a
pilot section, which is a form of “idealised” final result from which the static correction can
be estimated. The pilot trace is constructed by crosscorrelation of all traces in a CMP-gather
with the preliminary stack trace (resulting from a preliminary velocity analyse) and makes the
time shift corresponding to the maximum crosscorrelation. By formulating a least square
problem where to minimize the error between picked and modelled travel times the optimum
time shift on the data can be estimated. The final step is to apply the calculated time shift on
the data. The usual procedure after residual static correction is to repeat the velocity analysis
to update the velocity picks.

2.4   CMP Sorting

The initial display of seismic data is in groups where all seismic traces come from the same
shot, known as shot gathers. However, much of the processing is done in midpoint-offset
coordinates. Based on the field geometry information a coordinate transformation is done
where every trace is placed on the position between the shot- and receiver locations related to
that trace. Grouping traces connected to the same midpoint forms a common mid point (CMP)
gather.
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    The great importance of the CMP-gather for seismic data processing can be summarized in
two points (Kearey et al., 2001)

1. The equations describing the wave propagation in the sub surface can be applied with less
error to a set of traces that have passed through similar geology.

2. The energy in a reflected signal is often very weak, and the Signal-to-Noise Ratio (SNR)
needs to be increased. By doing NMO-correction (next section) traces in a certain CMP
can be summed, which will cause damping of noise and boost the SNR. (fig 2.7 b & c)

2.5   Procedure of Stacking

In the case of a single flat reflector appearing in a CMP-gather, travel time of reflected rays
plotted against offset will produce a hyperbolic curve (fig 2.6 a). The graph will be described
by the travel-time equation,
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tt += ,                                                       (2.36)

where x is the offset distance, t0 is the two-way time for zero offset and v is the velocity in the
medium above the reflector. In the real world we rarely have flat reflectors and the travel time
equation looks much more complex. Anyway, a small-spread and small-dip approximation
can often be done which make equation (2.36) a good substitute. Because the nature is
complex there is no velocity that perfectly matches the hyperbolas in our CMP-gathers,
instead an approximation has to be done of the velocity that best (in a least square sense) fits
the hyperbola over the whole spread. This velocity is called stacking velocity.

    Normal moveout (NMO) is the difference in two-way time between a given offset and zero
offset. NMO-correction is a procedure where the travel time for the entire offset in a CMP-
gather is corrected as if source and receiver where located on the same position, i.e. converts
the hyperbola curve to a flat line (Fig 2.6 b). To do the NMO-correction we need to find
proper stacking velocities from our recorded data. The procedure of determining this velocity
is called velocity analysis.

    There are several ways to find the best stacking velocity, but dealing with seismic land data
the constant velocity stack (CVS) method has been proven successful. Using modern
processing software the staking velocity can be determined from a panel showing a section of
the line NMO corrected and stacked at a number of constant velocities. The velocity that best
lines a reflector at a certain time and CMP, can be selected direct in the panel (see example in
fig 5.1). Finally, we will end up with a velocity model where each CMP along the line has a
velocity related to every value on the time axis.

    By NMO-correction all traces in the CMP-gather are corrected to zero-offset traces (Fig 2.6
b) that show the same reflected pulses at the same time. For a certain CMP, these traces are
summed to form a stack trace (Fig 2.6 c). Combining all traces in a CMP together will damp
the noise, while the reflecting pulses will get stronger. Consequently, there will be an increase
in SNR after stacking. Finally, the stacked section is created by positioning the stacked traces
side by side (Fig 2.6 d).
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               a                                     b                       c                                       d

Figure 2.6: (a) A CMP-gather showing the hyperbolic reflection events. (b) After velocity analysis,
NMO-correction can be carried out, flattening the hyperbolic curves. (c) By adding the NMO-
corrected traces a single stack trace is created. (d) The stacked section is formed by putting the stacked
traces side by side. Modified from Kessinger, (2007)
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Chapter 4

Prestack Processing

It is common to make a distinction between prestack and poststack processing. During
prestack processing all operations are committed on every single trace, while we have a multi
fold data to work with after stack. This distinction is justified because the amount of data can
be reduced considerably after the vital stacking stage.

    For processing of this dataset, the GLOBE Claritas Seismic Processing System was used.
In this software, the user is allowed to build work-flows which the seismic data can pass
through. The desired processing flow is built by creating a list of processing modules, and by
specifying the parameters required for each of the individual modules. Important components
in the software are those interactive applications that are used for displaying the data or
construction of certain types of files (first break picking, muting etc.) that can be used as input
to the processing modules.

   The procedure of each step is briefly described. Some of the steps are followed by a short
discussion, where comments about the processing and outcome are given.

4.1   Data Parameters

The DACIA-PLAN explosive source survey was carried out in August-September 2001. The
recording was done in three independent but overlapping parts, referred to as deployment 1, 2
and 3. The length of recording was 90 s. with a sampling interval of 5 ms. A summation of
acquisition parameters is given in table 4.1.

    Processing was carried out using straight-line-geometry (displayed in Fig 4.1 a). A
histogram showing the CMP fold distribution is shown in Fig 4.1 b. In deployment 3 the
maximum fold is above 60, while in the overlapping regions separating the deployments it is
in-between 5-10.
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Table 4.1 Acquisition parameters (From Panea et al., 2005)

Seismic source                                                Dynamite (28 kg/shot)
Shot interval                                                    ~1 km
Shot depth                                                       20 m
No. of shots/deployment                                 29/ deployment 1
                                                                        47/ deployment 2
                                                                        55/ deployment 3
Receiver spacing                                            ~100 m
No. of receivers/deployment                         334/deployment 1
                                                                       637/deployment 2
                                                                       632/deployment 3
Record length                                                 90 s
Sampling interval                                           5 ms
Length of profile                                            ~140 km

a

b
Figure 4.1: (a) Geometry of the curved acquisition profile (green line) and the extension of the
processed stack line (thin black line). Note the overlap between the deployments. (From Panea et al.,
2005). (b) CMP fold along the profile.

4.2   Reduction of Data

The raw data volume contained more than 5 gigabyte; in order to speed up calculations a
reduction of the data volume was made.

    Since the processing was not done on the whole data set (down to 90 s), much memory was
saved when cutting the data at 20 s. Because of the large-scale character of the project, just
small amounts of relevant information can be found in the higher frequencies. Without any
bigger loss of information the data was resampled into a 10 ms interval. After these reduction
operations, the amount of data was reduced to about 540 Mb.
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4.3   Displaying of Data

For displaying of data, Claritas SV-application was used. Already in this early stage before
any processing had been done, the highly variable data quality along the profile was revealed.
From the sedimentary deposits in the Focsani Basin in deployment 3, the reflected phases are
well imaged. This is seen in fig 4.2.a, where shot-gather no. 26 is shown. Deployment 1 and 2
cross a more complex geological region and well-resolved reflections are absent. Shot-gather
no. 107 in fig 4.2.b is an example of the poor data quality found in the higher shot numbers.

                               a                                                                            b

Figure 4.2: (a) Shot-gather no 26 is quite significant for deployment 3 showing a number of clear
seismic events. (b) Shot-gather 107 is of much lower quality with no apparent events visible.

4.4   Geometry Correction

By using the SV-application in Claritas the data was displayed. Visual inspection of the shot-
gathers clearly revealed something strange with the geometry. For detecting and correction of
geometry errors two different methods were used.

    Primarily, a method were an offset-line is inserted over the shot gather was used. The
position of the line depends on a given velocity and the receiver coordinates relatively the
shot coordinates (Ravens, J., 2004). If the shot coordinates are correct the offset-line will have
its apex right on the trace closest to the shot, and accordingly is activated first in the shot-
gather (Fig 4.3 b). If the shot coordinates are wrong, the offset-line will be shifted towards the
left or right of the first activated trace (Fig 4.3 a). If the receiver geometry is correct the
offset-line should follow the trend of first breaks in the seismogram (Fig 4.3 b), in contrast to
the uncorrected one where the offset-line appears independent of the first break (Fig 4.3 a).

    An alternative method is to apply LMO on the data. If the geometry is correct the activation
of the first brake should roughly appear at the same time on eider side of the first activated
trace (fig 4.3 d). For an incorrect geometry the signal will have an asymmetric appearance in
the shot-gather (fig 4.3 c).  
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    In order to get more accurate geometry, the survey-data file containing shot and receiver
coordinates needs to be corrected. The procedure of coordinate correction is much dependent
of the ambition of the processer himself; knowing that the offset-line should “start” closest to
the first activated trace, an estimation of a new shot coordinate is done based on the
coordinates for those receivers that are activated first. After each correction it is appropriate to
create a new geometry database, and display the data to see if the correction makes the offset-
line follow the first break better than before, alternatively if LMO manages to smooth out the
first break.

    In total, 39 shots with apparent errors in the geometry were identified and corrected.
Uncertainty in the geometry probably had effect on the following steps in the processing
sequence, and most likely contributed to a decrease in the image quality of the final stack.

a b

c                                                                          d

Figure 4.3: (a) Uncorrected geometry; note that the apex of the offset-line is shifted seven traces left
of the first activated trace. (b) Same shot with corrected geometry; here the offset-line follows the
trend of the first breaks. (c) The uncorrected shot-gather has a very irregular appearance when
applying LMO. (d) After a successful coordinate correction, LMO smoothes out the first arrivals and
makes them appear more continuous.
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4.5   Trace Editing

In order to prevent quality degrading of the stacked section, we have to assure ourselves that
traces used in subsequent calculations are healthy and on the right position. Again the SV-
application in Claritas was used for displaying and editing (fig 4.4).

    As a result of erroneous coordinates for some of the receivers, there were traces that could
not be fitted in to their right position, and consequently where excluded from the data. Dead
and noisy traces were treated in the same way.

4.6   First Break Picking

Next step in the processing sequence was the tedious work of first break picking. Once again
the SV-application was used to display the shot-gathers.

    The overall trend for the data was that the onsets of first arrivals were quite distinct in the
near offset. This was also the case for the higher shot-numbers, where the data generally is of
lower quality. After applying LMO on the data, the picking was done faster and more accurate
by using one of Claritas automatic picking methods.

4.7   Static Correction

In many onshore exploration areas, the near surface is often an inhomogeneous layer with big
variations in thickness and velocity. This can cause time variations for the waves passing
through, and a static correction has to be achieved to minimize the disrupting effect (see 2.3).
In this processing, Claritas REFSTAT- application (fig 4.5) was used to derive a thickness
and velocity model for the near surface (see Ravens., 2004).

Figure 4.4: A typical trace editing situation. Traces 1434-1438 just need to reverse their coordinates
to make the reflection continuous, while it is trickier trying to fit in traces 1446-1452 in a good way.
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    From the elevation information in the geometry file and with a guess of the velocity in the
weathering layer, REFSTAT creates an initial 2-layer velocity model of the near surface. The
accuracy of the model is measured by how well the calculated travel times (rays going
through the model) fit the measured travel times from the first break, and is given as an RMS-
value. In the initial model the velocities used for the inversion are only allowed to vary in a
certain interval and the RMS-value will soon stop decreasing. In this stage we need to specify
new velocity limits in which the inversion can operate in order to make the RMS-value start
decreasing again. When finding the model that minimize the RMS-value, we are also given
two files containing the refraction static correction and the residual static correction. When
applying these files on the data, the time-shift will hopefully give more coherent reflections.

    Unfortunately, it was not possible to achieve a satisfyingly low RMS-value from this data
set. However, this was not really a surprise because of the close connection between the
geometry and the RMS-value. Small improvements of the image quality were seen after
applying the refraction static correction to the data, while the residual static correction rather
decreases the image quality (fig 4.7). Even if the main reason for this poor result probably is
uncertainty in the geometry, also a complex subsurface might have contributed. As a result
only the refraction static correction was applied to the data, together with a reduction of the
travel times to a flat datum level of 1000 meters.

Figure 4.6: Example of the REFSTAT application window. The left window on the top shows the
picked first break times as dots, while the modelled travel-times are shown as continuous lines. The
left bottom window shows the two-dimensional model which is a direct result from the inversion when
trying to minimize the difference between the modelled and picked travel-times. These time
differences are displayed in the top right window. The bottom right window displays static shift files
that come as an output from REFSTAT.
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a

b

c

Figure 4.7: (a) Data without static correction. (b) When applying refracted static correction to the data
some small improvements appeared in comparison to the uncorrected data. (c) Looking at the event
surrounded by green it clearly become more irregular after applying residual static correction.
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4.8   Deconvolution and Spectral Whitening

Normally the first step in the processing sequence is deconvolution. Then in an early stage we
will achieve higher resolution and make the reflections stand out by compressing the source
wavelet in the seismic trace. In this processing though, testing showed that it was not possible
to find a single deconvolution operator with an optimum gap. Different operators (e.g. vary
the gap-length), yielded good results in different areas of the data. This result was not
unexpected and should be an effect of the nonstationarity of the wavelet. If applied a time-
variant deconvolution, a satisfying result would probably have been possible to attain.
However, the more robust method of spectral whitening was used in this processing instead.

   The Claritas module SPEQ was used to carry out the spectral whitening. It is a zero-phase
deconvolution that whitens the data in the frequency domain (Ravens, J., 2004). By applying
whitening in the frequency range where the maximum energy is to be found, compression of
the wavelet has been done and the reflections in the shot-gather appear more distinct than
before (see fig 4.8).

   After the SPEQ-module a Butter-filter was put in the job-flow to limit the boosting effects
of the higher frequencies that result from the broadening of the spectra.

4.9   Front Muting

Muting of the first arrivals is an essential step in the processing sequence since these tend to
blur the stacked image and obscure the true reflected arrivals if not dealt with. To mute the
data, Claritas SV-application was used.

     Even if the onset of the first arrivals was quite clear in most of the data, the “end” of the
first arrivals was contaminated by noise in the higher shot numbers and much more difficult to
see. Aware of the risk that information may be lost; the muting may have been exaggerated
for these more unclear shots, a measure done to make the velocity analysis more accurate.
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a

b
Figure 4.8: (a) before and (b) after spectral whitening. By looking at the reflections in the
lower left corner, it is clear that the method manage to compress the wavelet and make the
reflections stand out more clearly.
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Chapter 5

Processing of Data

5.1   Brute Stack

By making qualified guesses of the velocities in different time-ranges, a NMO-file was
created. After resorting the data into CMP-gathers and applying the newly created NMO-
velocities, a stack is produced and a first glimpse of the geology appears. This first stack often
is refereed to as the brute stack (Fig 5.3 a)

5.2   First Velocity Analysis

By using the brute stack created in the previous step, Claritas CVA-application was used for
displaying and estimating of better stacking-velocities.

    To perform the velocity analysis, the Constant Velocity Stack- method (CVS) was used. By
defining an area on the stacked section where to carry out the velocity analysis, the stacking-
velocity could be altered in that area. Keeping eyes on the reflections, the velocity that best
flattens a specific event was selected. In this way the whole section was worked through. The
velocity model of the section was at the same time updated by interpolation between the
picked velocities belonging to a certain CMP and time (see fig 5.1). The output from CVA is
an NMO-file, containing the defined velocities. By using these velocities for the CMP-sorting
a new improved stack was created (fig 5.3 b).

    During the velocity analysis it became clear that the lack of clear reflectors experienced in
the higher shot-gather numbers was transmitted to the higher number of CMP-gathers. The
result is that only about half of the stacked seismic profile showed obvious reflectors. Without
reflectors it is a tough job to pick the right velocity in a certain depth, which makes the
velocity model kind of speculative for the higher CMP-numbers.
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    In the eastern part of the stack a number of continuous formations are visible in the time
range 3500-6500 ms, (surrounded by green in fig 5.2). During the velocity analysis these
events showed linearity at approximately the same velocities as the reflectors directly above,
indicating them being a false effect from those more shallow reflectors.

5.3   Residual Statics

When calculating residual static correction the objective is to make the reflections smoother,
and hopefully find some new events in the stack. Before the calculation can start, an NMO-
corrected shot file and a stacked section have to be prepared. Using the NMO-file constructed
in the velocity analysis, an NMO-correction is applied on the shot records. By sorting the
NMO-corrected output as CMP-gathers and stack them, the two files needed for the
calculation are set.

    When calculating the residual static correction a processing module called SPSTAT was
used. This module works by crosscorrelating a defined time window of the shot records, with
the stack created in the previous step to see where it fits in best. After applying the static
correction to the data a new stack can be created. When defining a time window to be used for

Figure 5.1: The upper left window displays a stacked section, in which the processor can define an
area where to perform velocity analysis. The CVS window to the right, contains 21 constant velocity
stacks. The current velocity (stack no.7) makes the reflection at 4400 ms to appear continuous. When
picking a velocity that straightens an event in the CVS-window, the change will immediately be
visible in the isovel-window at the bottom.
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the crosscorrelation, it should contain the clearest reflection events. Looking at the stacked
section it is evident that the best reflections are on different time levels. Testing different
lengths of constant time-span did not yield a very good result. To overcome this problem a
method of interpolation between picked points was used. The points were selected so they
defined the start and end time of the clearest reflections in the stack.

    Comparing the stacked section before and after the residual static correction, slightly more
focus on some of the reflectors was observed. However, the hope to discover some new
events, not observed in the first stack, was proven fruitless.

5.4   Final Stack

To achieve an optimum result both the velocity analysis and residual statics analysis were
repeated two times. Not surprisingly, most improvement was seen in the areas around those
reflectors used for defining the crosscorrelation window (see fig 5.4). However, the general
impression is that the residual statics correction worked quite well and improved the overall
quality of the stack. Nonetheless, in some isolated areas, parts of the reflectors became a little
more blurred after the correction.

    Full images of the final stacks are found in the back of the report, and the last velocity
model used in the residual statics calculation is shown and discussed in 6.3.

Figure 5.2: Velocity analysis required unrealistically low velocities to straighten the continuous
formations in the time range 3500-6500 ms (surrounded by green). Indicating them being an effect of
the reflectors above.
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(a)

(b)

Figure 5.3: (a) Brute stack shown over the partial section. (b) After the first velocity analysis the
improvement is obvious and a number of reflectors become visible.
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Figure 5.4: The crosscorrelation windows were defined around the clearest reflections in the stack
(surrounded by red). After the final residual static calculation it was in those areas the biggest
improvement was visible.
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Chapter 6

Interpretation

6.1   Partial Stack

The partial stack (Fig 6.1 a) shows a number of clear reflectors defining the sedimentary
structure of the Focsani Basin. Beneath the eastern part of the basin a continuous formation is
visible which probably originate from the top of the basement. Starting just after 1 s furthest
to the east and reaching a depth of approximately 3 s at CMP no. 500, where it suddenly
become indistinguishable from the noise.

    The top of the basement behaves very discontinues in the stack, which probably is a result
of the location in the Peceneaga-Camena fault zone (Panea et al., 2005). Also the possible
presence of local intrusive bodies that have been suggested in this area (e.g., Râilenau and
Diaconescu., 1998) may have an intermittent effect.

    The horizons visible in the uppermost 0.5-1.5 s of the stack are lying quite flat throughout
the whole section, and comprise Pliocene and Quaternary sediments (Panea et al., 2005). The
disrupting saw-tooth effect seen in this area is primarily a result of the strong muting that was
done in the processing.

    The thickening of the deeper sedimentary succession is obvious when moving from east to
west, and can be seen until CMP no. 1200. The onset of the basin is not clearly visible but
should be around 1 s in the east. The deepest part of the basin visible in the stack, is found
around CMP 1100, at the time of 5.5 s. In the interpretation presented by Panea et al., (2005),
it is suggested that those deep reflectors could belong to the underlying basin sequence which
is of undetermined age. Previous studies (e.g., Panea et al., 2005) have suggested the imaged
sedimentary succession to be Neogene and younger, and the oldest horizon overlying the
basement to be of Middle-Late Miocene age.
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(a)

(b)
Figure 6.1: (a) Final partial stack. A full image of the stack is to be found in appendix. (b) Partial
stack presented in Panea et al., (2005). See discussion and interpretation in the text.
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6.2   Full Stack

Looking at the full stack it is clear that the best and most continuous reflections are in the area
of the partial stack. However, there is some interesting information gained from other parts of
the stack, which also can be linked to previous geological interpretations of the area.

    In the partial stack there was a disrupted area of the basement that was assumed affected by
Peceneaga-Camena Fault zone. Although this fault system is considered to be of crustal scale
(e.g., Râdulescu et al., 1976), the stack presented here does not show any interesting features
supporting the theory.

    Around CMP no. 1500, in the time range 4-5 s there is a bow formed reflector, which is an
indication of an upwardly flexed western margin of the Focsani Basin. The basin is well
studied, and the synclinal form indicated here show close correlation to previous studies in the
area (e.g., Panea et al., 2005).

    In the same CMP region but in the time range of 7.5-8.5 s. a narrow band of reflections is
seen. Those could originate from the sedimentary succession beneath the sedimentary basin.
Also in the stack presented by Panea et al. (2005) this sub-Focsani sedimentary basin was
poorly imaged. Based on the velocity model presented by Hauser et al. (2002), a region with
the velocity range of 5.2-5.8 km/s was used for defining this sedimentary package. The
thickness of the sequence was estimated to about 10 km, lying in the depth range of 10-20 km.
The eastern margin of this sub-basin was interpreted to start with a series of normal faults,
which contributed to the fragmental representation of the base of the basin in the partial stack.
The geological structures in the other end are more complex and no western margin was
clearly imaged. But based on reflectivity pattern, the sediments are thought to extend beneath
the easternmost part of the Carpathian nappes, which in the stack would be west of CMP no.
1800, (Panea et al., 2005).

    The zone occupied by the sub-Focsani basin was of particular interest when initiating the
project of DACIA-PLAN. This was because its deeper location coincides with the secondary
zone of Vrancea zone seismicity (see 2.3). In Panea et al. (2005) the assumed presence of
sedimentary rocks at this depths (with generally weaker rheology compared to crystalline
rock), combined with the rifting structures in the region, was supposed to be direct related to
the appearance of earthquakes in this particular area. The exact cause to the earthquakes at
these depths is not understood, but probably it is linked to the intermediate seismic activity
deeper down in the Vrancea zone (Panea et al., 2005). A popular explanation among scientists
is the one describing Vrancea zone as an isolated segment of the Eurasian plate where a final
stage of lithospheric subduction is in process (Bocin et al., 2005).

    Based on refraction data from the Focsani Basin, Hauser et al. (2001) suggest Moho in the
time range 13.5-14 s (~ 40 km depth). This theory is also supported in Panea et al. (2005),
based on a few weak reflections reported from that depth. Unfortunately, the stack presented
here did not reveal any continuous reflections from these depths that could be associated with
the Moho.
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(b)

Figure 6.2: (a) Final full stack. See appendix for a full image of the stack. (b) Full Stack presented by
Panea et al. (2005). See discussion and interpretation in the text.
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6.3   Velocity Model

The final velocity model (Fig 6.3 a) is based on the best stacking velocities and a comparison
with the high-resolution model presented in Bosin et al. (2005), (fig 6.3 b) would
consequently not show much similarity. Also the difference in vertical scale makes such a
direct comparison meaningless.

    What is interesting though, and makes a comparison between the models justified, is the
similarity of velocity trends in the eastern half of the CMP range. In the most eastern part of
the model the sharp velocity contrast above 3000ms indicates a shallow basement. Westward,
after CMP no. 600 there is a decrease in velocity indicating the entrance to the basin. In this
area low velocity material appears down to depths around 5000-7000 ms.

   Further westward, at what is presumed to be the margin of the basin, the lack of clear
reflectors made it impossible to accomplish a reliable velocity analysis and the two models
lose much of the similarity.

(a)

(b)
Figure 6.3: (a) velocity model based on the best stacking velocities. (b) The tomographic
model based on DACIA-PLAN first arrival data, presented by Bosin et al. (2005).
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Chapter 7

Discussion

Both stacks presented in this report showed considerable similarity with those presented in
Panea et al. (2005), regarding image quality and event appearance. A low signal-to-noise ratio
in deployment 1 and 2 was observed in an early stage of the processing sequence. This
phenomenon was claimed to be the main reason for the poor image quality within these
deployments in the stacks presented by Panea et al. (2005). Despite the attempt of correction,
the bad geometry observed probably also had a significant effect on the final result.

    The part of the stack containing the Focsani Basin showed good reflections and was well
imaged. Clear horizons from the sedimentary succession and the basement beneath signify a
slow thickening of the basin moving from the east towards its central parts. Around CMP no.
1500, a bow-formed reflector indicated a more rapid thinning of the sediment when moving
further to the west. The architecture of the basin described here showed good similarity to
previous descriptions of the area (e.g. Bocin et al., 2005).

    The facts that the stacks in the matter of image quality is comparable to the one presented
by Panea et al. (2005), and that geological correlation can be made to other reports, make this
part of the thesis go in line with the purpose of the project.

    When starting the processing there was hope of finding new reflections not seen in the
previous stack beneath the Carpathian nappes. However, this was not shown doable, and
raises the question, if it is even possible to find reflections in this region from the DACIA-
PLAN data. After two attempts of processing the dataset, the case might be that the bad
geometry combined with the high noise level in deployment 1 and 2 is just too much.
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