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ABSTRACT. It is still a challenge to apply fundamental seismic processing techniques, such as deconvolution and 
migration, to single-channel seismic data. This study proposes a processing workflow for high-resolution seismic data 
regarding problems of low signal/noise ratio, static variations, and multiples, which restrict the geological information of 
shallow strata. The data was acquired using an Applied Acoustics Squid2000 sparker system, operating up to 2500J, 
with a frequency range of 100-1200Hz. The survey was carried out on the continental shelf of Bahia state near the 
Jequitinhonha delta aiming to investigate stratigraphic structures of Quaternary deposits. The processing flow explores 
fundamentally the predictive deconvolution and Kirchhoff migration and applies static correction, band-pass filter, 
amplitude correction, and average filter. Deconvolution slightly attenuated the multiple and broadened the data frequency 
spectrum. Kirchhoff migration collapsed the diffraction hyperbolas, enhanced coherency and continuity of reflectors along 
with the data, and moved dip reflectors to a more realistic position. Static correction combined with post-stack migration 
and average filter smoothed the undulating seabed reflector and subsurface reflectors. The results confirmed the 
efficiency of the proposed workflow by the removal of random noises, correction of static variations, placement of 
reflectors close to their real position, and provision of a high signal/noise ratio image from the subsurface. 

Keywords: subbottom profiling; shallow shelf; Kirchhoff migration; deconvolution; static correction. 

 

RESUMO. Aplicar técnicas fundamentais de processamento sísmico, como deconvolução e migração, em dados de 
sísmica rasa ainda é um desafio. Este artigo propõe um fluxo de processamento para dados de sísmica rasa quanto a: 
baixa razão sinal/ruído; ruídos aleatórios; correção de amplitude; variações estáticas e múltiplas. Os dados foram 
adquiridos utilizando um sistema sparker da Applied Acoustics Squid200, potência de 2500J, faixa de frequência de 
100-1200Hz. O levantamento foi realizado na plataforma continental da Bahia próximo ao delta do Rio Jequitinhonha 
para investigar estruturas estratigráficas rasas. O processamento explora fundamentalmente a deconvolução preditiva 
e a migração Kirchhoff e, secundariamente, a correção estática e de amplitude, filtro passa-banda e filtro de média de 
traço. A deconvolução atenuou levemente a múltipla, removeu ruídos aleatórios e ampliou o espectro de frequência do 
dado. A migração Kirchhoff colapsou as hipérboles de difração, aumentou a continuidade lateral dos refletores e os 
moveu para posições mais realistas. A correção estática sequenciada pela migração e filtro de média suavizaram o 
efeito ondulado dos refletores. Os resultados confirmam a eficiência do fluxo pela remoção de ruídos, correção das 
variações estáticas, reposicionamento de refletores e fornecimento de uma imagem sísmica de alta razão sinal/ruído de 
subsuperfície da plataforma continental da Bahia. 

Palavras-chave: perfilagem de subfundo; plataforma rasa; migração Kirchhoff; deconvolução; correção estática. 
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INTRODUCTION 

Before being properly processed, both single-
channel and multi-channel seismic data do not 
represent yet the investigated geological 
substrates (Kluesner et al., 2018). As the 
registered data comprises reflection events, 
which represent the limits of the subsurface 
lithology, and random noises (Russell, 1988), the 
processing of single-channel seismic data is as 
indispensable as the processing of multi-channel 
seismic data. For a more accurate correlation 
between seismic data and geology, the random 
noise needs to be suppressed, the signal/noise 
ratio needs to be increased, and the vertical 
resolution needs to be improved. Multi-channel 
seismic data presents the advantage of having 
the same point on the sampled depth reflector for 
different offsets (CDP - Common Depth Point 
technique), considering a medium formed by 
parallel and horizontal layers (Mayne, 1962). The 
number of samples from the same point with 
different offsets facilitates the estimation of a 
velocity model in each CDP family (Zhou, 2014). 
Single-channel seismic data does not have this 
advantage, as it is zero-offset data, which brings 
limitations regarding the multiplicity of points 
imaged in the subsurface. As a result, there is not 
enough information to attain a careful velocity 
analysis as it is possible on multichannel data. 

Another limitation of the single-channel seismic 
data is related to the noise content in the seismic 
record. In single-channel marine seismic data, the 
seismic trace is convolved with coherent noises 
such as reflections of the bubble effect, ghost 
reflections, short-period multiples (Duchesne et al., 
2007; Kluesner et al., 2018), which leads to the 
production of a doubtful seismic section, as to the 
architecture of the subsurface layers (Kluesner et 
al., 2018). These noises contribute negatively, 
reducing the vertical resolution. 

Faced with so many challenges in high 
resolution single-channel marine seismic data, the 
choice of the method by geoscientists is justified 
because it is easily operated, with low cost, 
and low processing requirements (Duchesne & 
Bellefleur, 2007). Besides, a single-channel 

marine seismic survey produces seismic sections 
of the most superficial layers with high resolution 
(Kluesner et al., 2018). 

Several studies applied high-resolution single-
channel seismic surveys to investigate the 
sedimentary evolution and the architecture of 
Quaternary deposits (Cooper et al., 2018; Ronchi et 
al., 2018; Rangel & Dominguez, 2019). However, 
the processing flow applied to the data comprises 
only standard processes, such as spherical 
divergence and amplitude correction, frequency 
filters, and average filters (Pepe et al., 2018; 
Rodrigues et al., 2019; Alves & Mahiques, 2019). 
Such workflows are ineffective in exploring the 
characteristics of the sparker source, and removing 
or suppressing short-path multiples that appear 
after the primary (Duchesne et al., 2007). The 
absence of the fundamental stages of the seismic 
processing means that the effects of the source 
signature, multiples, and diffractions were not 
removed or suppressed, which compromises the 
resolution of the data, besides inducing the 
interpreter to make ambiguous seismic stratigraphic 
interpretations (Duchesne et al., 2007). 

Some articles were published focusing on 
single-channel seismic data processing 
(Alessandrini & Gasperini, 1989; Quinn et al., 
1998; Bellefleur et al., 2006; Duchesne & 
Bellefleur, 2007; Duchesne et al., 2007; Baradello, 
2014; Kluesner et al., 2018). However, there is still 
a need to apply effective processes to suppress 
the effects of the seismic wavelet, the bubble 
effect, and the multiples to increase the resolution 
and the signal/noise ratio and obtain more 
representative seismic images of the layers in the 
subsurface comprising their real structure. 

The application of deconvolution on single-
channel data is another challenge because of the 
type of deconvolution and its effectiveness, 
depending on the type of wavelet the seismic 
source produces. If the seismic source produces a 
minimum phase wavelet, the spiking deconvolution 
is the most suitable, as its algorithm uses the 
assumption that considers the wavelet as a 
minimum phase (Yilmaz, 2001). If the seismic 
source produces a mixed-phase wavelet, which is 
the case of the sparker source, the application of 
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minimum phase deconvolution is not efficient 
because the algorithms do not perform well for 
mixed-phase wavelets (Duchesne et al., 2007). 

This work aims to present a processing flow 
applied to single-channel marine seismic data 
acquired with sparker acoustic sources exploring 
primordial stages of the seismic processing such 
as deconvolution and migration. Deconvolution 
was applied to reduce the effects of the wavelet 
and recover the reflectivity function while 
migration was tested to obtain a seismic image as 
close as possible to the real geological setting, to 
reposition the reflectors to their actual subsurface 
positions and to increase the signal ratio/noise, 
thus facilitating data interpretation. 

STUDY AREA 
The southern continental shelf of Bahia state, 
next to the Jequitinhonha River delta, is within the 
context of the Jequitinhonha Basin, deposited on 
the São Francisco Craton (Alkmim et al., 2001; 
Dominguez et al., 2013), in Central-East Brazil 
Continental Margin (Fig. 1). This basin is limited 
to the north by Olivença High and to the south by 
Royal Charlotte Bank (Rangel et al., 2007).  

Bahia continental shelf is shallow with water 
depths of ~50 m at shelf break and narrow with 
width up to 32 km. The shelf widens at south near 
to the Royal Charlotte and Abrolhos banks (Fig. 1) 
(Dominguez et al., 2012; Dominguez et al., 2013). 
In the southern of the Jequitinhonha River delta, 
the continental shelf is widest, with approximately 
200 km (Dominguez et al., 1987). 

This developed physiography is controlled by 
the structural heritage of São Francisco Craton 
and Araçuaí Neoproterozoic Fold Belt (Fig. 1) 
(Dominguez et al., 2012; Dominguez et al., 2013) 
associated with the Gondwana breakup (Davison, 
1997; Alkmim et al., 2001). Throughout the 
Quaternary, sea-level fluctuations and the input of 
river-derived sediments were major influences on 
the morpho–sedimentary evolution of the Bahia 
continental shelf (Dominguez et al., 2013). 

Dominguez et al. (2013) reported that most of 
the off coast deposits derived from the erosion of 
Mesozoic and Precambrian rocks transported by 
incised valleys to shelf zones. The inner shelf 
sediments are dominantly terrigenous, varying in 
grain size from gravel to mud (Dominguez et al., 
1987; Dominguez et al., 2012; Dominguez et al., 
2013). Along the coastline, there is a narrow strip of 
sediments composed predominantly of quartz (76-
100%) with grain size ranging from gravel to 
medium sand. Near to the mouth of the 
Jequitinhonha River, muddy deposits are limited to 
a narrow and continuous belt bordering the coast, 
and to the depressions of incised valleys 
(Dominguez et al., 2013). In contrast, middle and 
outer shelves are covered by gravelly bioclastic 
sediments, comprising coralline algae, foraminifera, 
mollusks, and bryozoans (Dominguez et al., 2012; 
Dominguez et al., 2013). 

METHODOLOGY 
A geophysical survey was carried out in the 
months of February and March/2013 by the 
Geological Survey of Brazil (CPRM) using the 
research vessel Marechal Rondon. The seismic 
source and the streamer were an Applied 
Acoustics Squid2000 sparker source discharging 
at power levels ranging from 2100J to 2500J, 
operating in a frequency range from 100 Hz to 
1200 Hz, with a single-channel streamer 
containing 8 hydrophones with a distance of 50 cm 
between the elements. The acquisition geometry 
used the offset of 4.4 meters between source and 
streamer. A total of 1500 km of high-resolution 
seismic lines was acquired. The seismic data was 
converted to the Seg-Y format. 

A segment of the seismic line Long06A (Fig. 
1) was chosen and submitted to the processing 
flow proposed in this study (Fig. 2). Among all 
lines, this seismic section exhibited a better 
definition of the seafloor; sufficient penetration and 
resolution; features such as buried valleys showing 
internal stratigraphic structures that present great 
diversity of reflector termination patterns and 
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Figure 1 - Study area exhibiting the location of the sparker seismic section. Seafloor topography adapted from Smith & 
Sandwell (1997) and bathymetry of the study area from Lopes & Frazão (2018). 

 

 
Figure 2 - Proposed seismic processing workflow for single-channel high-resolution 
seismic data. 

inclined surfaces; and the acquisition depths 
that encompassed the multiple of the seabed 
with affected and non-affected sedimentary 
packages. This seismic segment (Profile 01 in 
Fig. 1) was limited to 5200 traces allowing 
optimizing the time-consuming of the flow steps 
before the entire data set be processed.  

The processing workflow proposed (Fig. 2) 
comprises primary (deconvolution and migration) 

and standard steps (static correction, spherical 
divergence and amplitude correction, frequency 
filters, and average filters) based on the 
routines applied to the conventional 
hydrocarbon seismic exploration (Yilmaz, 
2001). The processing workflow was developed 
considering the limitations of the sparker single-
channel seismic data to image shallow 
geological structures. 
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The workflow adaptations include static 
correction, deconvolution, and migration. When 
choosing deconvolution algorithms, the 
particularity of the seismic wavelet must be 
considered. Besides, a velocity function is essential 
to apply migration on multichannel data. The 
velocity function results from the velocity analysis 
based on the information from CDP gathers. For 
single-channel data, the velocity analysis was 
adapted by testing velocity values while applying 
migration. The velocity value that collapses the 
hyperbolas is the closest value for the layer. The 
software used to process the seismic sections was 
ReflexWin 7.2.3 (K. J. Sandmeier). 

RESULTS AND DISCUSSIONS 
The proposed workflow is organized in eight steps 
and one subdivision. The processing was applied 
to the strike seismic section of the continental shelf, 
Profile 01 (Fig. 1). 

Data reading 
The raw seismic data in the Seg-Y format is 
converted to the internal format (32-bit floating 
point) of the ReflexWin software for data 
visualization through the 2D data analysis module 
and the definition of the scale patterns. In this 
step, the data visualization is configured for color 
palette and scale. The data manipulation at this 
stage is not permanent. It does not generate 
processed output data. Thus, it is possible to 
modify the color palette, trace normalization (or 
wiggle), scale, gain ratio of amplitudes, and 
contrast for instantaneous visualization. 

Trace header geometry and edition 
In single-channel seismic data, the geometry 
parametrization is considerably less complex, 
since the survey is single-channel on which the 
source and receiver are arranged in the same 
position, resulting in a zero-offset section. 
Considering the offset between the source and 
streamer of 4.4 meters of our data, we calculate 

the time zero t0, the water depth, and the 
reflection angle. Applying a velocity value of 1500 
m/s and the double reflection time of the 
water/seafloor interface of approximately 0.035 s, 
we estimate 0.034 s for the zero time t0. The 
difference between t and t0 is around 0.001 s. 
Afterward, we calculate the water depth of 
approximately 27 m and the reflection angle of 
4.82°. Since the reflection angle is relatively small, 
the sparker data may be considered as zero-
offset seismic data. Another aspect that simplifies 
this step is the fact that the geographic 
coordinates are inserted in the header of each 
seismic trace as the survey goes on. 

Profile 01 (Fig. 3) has 5200 traces distributed 
along 6,260 meters of the seismic section showing 
a trace increment of 1 m, time increment of 0,05 
ms, and maximum recording time of 400 ms. The 
seismic section shows good penetration up to 160 
ms. It was observed that the signal energy loss 
becomes greater as the propagation time 
increases. For this reason, we operate a time cut 
at 160 ms. 

Amplitude correction 
The amplitude in raw seismic data is not evenly 
distributed over the entire length of the seismic 
trace because the arrivals from deeper reflectors 
have considerably lower amplitudes, while the 
arrivals from shallower reflectors have higher 
amplitudes (Dondurur, 2018). The correction of 
spherical divergence is the process by which the 
amplitude of the seismic data starts to show 
uniform distribution both in the shallow and deep 
part of the section (Dondurur, 2018). 

To correct these effects, it was necessary to 
apply a gain function available in ReflexWin (div. 
Compensation), which compensates for the loss of 
amplitude by acting trace by trace independently. 
After the div. compensation, we observed an 
improvement in the energy compensation of the 
reflectors over the entire time axis and, as a result, 
the reflectors became clearer (Fig. 4) 
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Figure 3 - Raw single-channel sparker data collected on the south Bahia continental shelf. 

 

 
Figure 4 - Amplitude correction by applying the div. compensation tool. Portion of the data (A) before 
the amplitude correction and (B) after the amplitude correction. 

 
Spectral analysis and Band-pass filter 
The spectral analysis of the seismic data shows 
the frequency spectrum of the data recorded in 
the time domain (Bath, 1974). Fourier transform 
is used to transform the waveform of the seismic 
signal into a function, which contains the 
amplitude and phase information of the seismic 
data spectrum. 

In the seismic data, the signal and noise 
amplitudes appear in different frequency 
components (Yilmaz, 2001; Dondurur, 2018). For 
this reason, the frequency filtering process may 
achieve satisfactory results. However, when 
noise frequencies appear close to the signal 
frequencies, the signals related to the real 
reflection events might be subtracted when a 
frequency filter is applied (Dondurur, 2018). 

Incoherent noises from the acquisition 
environment, instruments, and survey vessel are 
present in the marine single-channel seismic data 
(Robinson & Treitel, 2000). A high amplitude swell 
noise is also present in the marine data, which 
prevails in the low-frequency range of the data 
spectrum (Dondurur, 2018). Thus, the frequency 
range of the swell noise can be removed by 
applying a band-pass filter.  

The data analysis was performed analyzing the 
amplitude spectrum of the data (Fig. 5). Hence, we 
estimated the dominant frequency ranges of the 
data (150Hz - 1500Hz), and estimated the 
parameter values for the band-pass filter (lower 
cutoff (150 Hz), lower plateau (400 Hz), upper 
plateau (1000Hz), upper cutoff (1500 Hz). The 
swell-noise is a high amplitude noise that normally 
contains frequencies
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Figure 5 - Amplitude spectrum of the sparker seismic data. 
 
ranging from 2 to 20 Hz (Dondurur, 2018). After 
identifying the dominant frequency (150Hz - 
1500Hz), the band-pass filter with a 150Hz 
lower cutoff value was applied and suppressed 
the swell-noise. The band-pass filter result was 
satisfactory. Low-frequency noises in the 
spectrum below 150 Hz and above 1500 Hz 
were removed (Fig. 6). There was an 
improvement in the signal/noise ratio and a 
strengthen on the subsurface reflectors (Fig. 6). 

Deconvolution 
The primary purpose of a seismic reflection 
survey is to recover the reflectivity function of 
the investigated area. Deconvolution is the ideal 
tool for this recovery since by convolving the 
seismic trace with its inverse filter, we 
reconstruct the reflectivity function of the 
geological environment investigated. However, 
the reality in most surveys is that the wavelet is 
unknown. Thus, deconvolution becomes a 
statistical problem, requiring inverse filters 
capable of applying statistical analysis to 
seismic traces in the time domain (Robinson & 
Treitel, 2000). This is the case with the 
predictive deconvolution: a tool applied to 
suppress, and even eliminate, multiple events 
based on the theory that multiple reflection 
events are periodic and predictable from the 
arrival times of primary reflections (Dentith & 
Mudge, 2014). 

Regarding the predictive deconvolution, 
two assumptions should be considered: (1) the 
reflectivity function is random, meaning that 

the seismic traces contain the characteristics 
of the seismic wavelet. As a result, the seismic 
traces show similarity in their autocorrelations 
and amplitude spectra, which allows us to 
replace the autocorrelation of the seismic trace 
by the autocorrelation of the seismic wavelet 
(Yilmaz, 2001); (2) the wavelet should be a 
minimum phase wavelet. In this way, it is 
possible to estimate an inverse filter based on 
the autocorrelation function of the seismic 
trace capable of predicting and suppressing 
predictable periodic components (Yilmaz, 
2001). 

The application of deconvolution in single-
channel seismic data can be limited depending 
on the type of wavelet the seismic source 
produces. When the seismic source produces 
a minimum phase wavelet, the spiking or 
predictive deconvolution is indicated. The 
reason is that these deconvolution algorithms 
use the assumption of a minimum phase 
wavelet (Yilmaz, 2001). If the seismic source 
generates a mixed-phase wavelet, the 
application of a minimum phase deconvolution 
is inefficient because these algorithms do not 
perform well when the wavelet is mixed-phase 
(Duchesne et al., 2007).  

A sparker source produces a mixed-phase 
wavelet, which fundamentally differs from the 
chirp and boomer sources. We applied the 
predictive deconvolution based on the Wiener 
filter, aiming to remove the multiples. For the 
predictive deconvolution, the length of the 
inverse filter operator and the best lag values 
were set to 60 ms and 3 ms, respectively. The 
predictive deconvolution was not effective in 
collapsing the source wavelet for sparker data. 
This was already expected because it is not 
the task of the predictive deconvolution to 
remove the effects of the source wavelet 
(Duchesne et al., 2007). The predictive 
deconvolution did not remove the multiple but 
slightly attenuated it (Fig. 7). Moreover, the 
deconvolution removed the high-frequency 
noise (Fig. 8) and increased the frequency 
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Figure 6 - Application of the band-pass filter. (A) Data before the band-pass and (B) after the band-pass 
filter application. 

 

 
Figure 7 - Comparison between the band-pass filter result (A) and the result of the predictive deconvolution 
(B) showing the multiple attenuation. 

spectrum of the data as indicated by the circles 
(Fig. 9).  

The frequency spectrum analysis of the 
raw and processed data (Fig. 9) provided a 
considerable improvement by removing high-
frequency noises from the raw data. In the raw 
data frequency spectrum (Fig. 9A), the high-
frequency peak is indicated by the black 
arrows in addition to a serrated effect present 
throughout the graph. This effect is a result of the 
high-frequency noise in the data. In Figure 9B, we 

noticed that both the high-frequency peak and the 
notched effect in the frequency graph have been 
smoothed, which means that deconvolution has 
attenuated the high-frequency components, 
although it is not a deconvolution task. 

Static correction 
In single-channel shallow seismic data, it is 
common to observe wavy reflectors (Kluesner et 
al., 2018). This effect is generated due to the 
action of tides, waves, which cause changes in  
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Figure 8 - Comparison between the raw seismic data (A) and the result of the predictive 
deconvolution (B). In (C) zoom of the raw data showing high-frequency noises and (D) the zoom of 
the same area after application of the predictive deconvolution. 

 

 
Figure 9 - Amplitude spectrum of the data before the predictive deconvolution (A) and amplitude spectrum of 
the deconvolved sparker seismic data (B). 

 
the water column height, affecting the elevation of 
the sea surface (Lacombe et al., 2009; Kim et al., 
2017). All of these factors influence the round trip of 
the seismic pulse producing a lateral discontinuity in 
the seismic section, which compromises the 
visualization of the investigated structures in the 
subsurface. To correct these errors, it is necessary 
to apply the static correction. 

In this work, the static correction was applied 
using resources from the ReflexWin and 
OasisMontaj softwares. This process comprises 
three stages: (1) picking the seabed surface reflector; 

(2) removing water column and displacing traces to 
zero time; (3) smoothing the seabed surface in the 
OasisMontaj software and incorporating the 
smoothed surface into the seismic section in the 
ReflexWin. The static correction produced 
satisfactory results smoothing the seabed reflector, 
reducing the undulated and chaotic patterns, and 
improving the lateral continuity of the reflectors (Fig. 
10). Furthermore, the static correction provided 
better conditions for the application of the post-stack 
time migration, which resulted in coherent seabed 
surface and subsurface reflectors.
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Figure 10 - A portion of the sparker section. (A) Data before static correction. (B) Data after static 
correction. (C) Zoom of the data before static correction and (D) zoom of the data after static correction. 

 
Migration 

The purpose of migration is to generate a more 
accurate seismic image of the subsurface by 
moving reflectors to more realistic positions in the 
subsurface and collapsing diffractions (Yilmaz, 
2001; Dentith & Mudge, 2014). In this research, the 
sparker single-channel data is zero-offset, similar 
to a stacked zero-offset section of the conventional 
seismic. Among the available migration strategies, 
the Kirchhoff method was applied because it 
allows migrating common-offset (CO) sections, 
being zero-offset (ZO), a particular case of the CO 
geometry (Bancroft, 2007). The use of the post-
stack time migration requires a velocity function. 
We tested velocity values from 1450 m/s to 2200 
m/s based on standard velocity values for water-
saturated sediments (Schumann et al., 2014). 
However, the best result to collapse the diffraction 
hyperboles occurred with the value of 1550 m / s. 
We applied a velocity value of 1550 m/s for the 
entire sediment column. Even using a simple 1D 
stratified velocity model, Kirchhoff post-stack time 
migration was efficient by enhancing seafloor and 
subsurface reflectors. Figures 11, 12, and 13 show 

the data improvements by noise reduction and the 
repositioning of dipping reflectors. Furthermore, 
the migrated data provides a section revealing 
numerous clear, coherent, and distinguishable 
reflectors. Before the Kirchhoff migration 
application, the same reflectors were distorted 
(Figs. 11A and 12A). The application of Kirchhoff 
migration collapsed the diffraction hyperbolas along 
the seismic sparker section (Figs. 11 and 12) and 
proved to be essential to obtain an accurate image 
of the continental shelf subsurface. Moreover, it 
resulted in a coherent image, which revealed 
stratigraphic details of the south Bahia continental 
shelf (Fig. 15). 

Trace average filter (Mean filter) 
The mean filter operates on each trace 
independently by performing an average based 
on a selectable number of time samples. To 
calculate an average of the amplitudes of a trace, 
it is necessary to inform the filter parameter ‘mean 
range’. The mean filter was used for constructive 
averaging the recorded signal. The application of 
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Figure 11 - Comparison between non-migrated sparker seismic data (A) and the result of Kirchhoff 
migration (B). In (B) we highlight in the rectangles the collapse of diffraction hyperbolas, the 
increase in lateral continuity of the reflectors, and the repositioning of the reflectors. In (C) zoom 
of the data before migration and (D) zoom of the data after migration. 

 

 
Figure 12 - Comparison of another portion of the sparker seismic data between the non-migrated 
section (A) and the result of the Kirchhoff migration (B). In (B) the diffraction hyperbolas were collapsed 
and dipping reflectors were repositioned. In (C) zoom of the data before migration and (D) zoom of the 
data after migration. 
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Figure 13 - (A) non-migrated section and (B) Kirchhoff migrated section. In (A) the rectangles highlight 
the distorted reflectors and the chaotic pattern. In (B) we notice an evident improvement of the distorted 
reflectors with the lateral continuity enhancement, repositioning of reflectors, and reduction of noise. In 
(C) and (E) zoom of the data before migration and (D) and (F) zoom of the data after migration. 

 
the mean filter improved the lateral continuity 
due to the reduction of the noise between the 
traces and, consequently, enhanced the 
coherency in the data, reduced the high-
frequency noises and the undulated effect on 
the reflectors (Fig. 14). The application of a 
three-trace window average trace filter resulted 
in the constructive average of the seismic data. 

The processing flow capacities 
Figure 15 shows the complete processed 
seismic section resulted from the segment 
seismic line in Figure 2. The resulting section 
(Fig. 15) exhibits a seismic image with high 

vertical resolution revealing the architecture of 
the Quaternary sedimentary deposits on the 
south Bahia continental shelf. When 
processing single-channel sparker seismic 
data, Bellefleur et al. (2006) applied trace-by-
trace deconvolution designed for vertical 
seismic profiles (VSP deconvolution) to 
attenuate the bubble pulse produced by the 
sparker source signature. For this purpose, a 
filter was designed to convert the sparker 
mixed-phase wavelet into a minimum phase 
wavelet. As a result, the processing strategy 
produced the output data by collapsing the 
sparker signature. However, the multiples were 
not completely attenuated.
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Figure 14 - Comparison between the result of Kirchhoff migration application (A) and 
the result of the mean filter application (B). In (C) zoom of the data before mean filter 
application and (D) zoom of the data after mean filter application. 

Duchesne and Bellefleur (2007) proposed 
some strategies for the attenuation of source 
signature in sparker data, among which the 
matched-filter and the VSP deconvolution 
produced the most satisfactory results. The 
application of the matched-filter requires that 
seafloor reflections be converted to a minimum 
phase. After that, the idea is to use the seafloor 
reflections matched-filtered converted to a spike 
to design a trace-by-trace operator. The 
application of the matched-filter removed the 
multiples associated with seafloor and bedrock 
primaries and increased the vertical resolution. 

Baradello (2014) proposed a deconvolution 
strategy for uncorrelated Chirp data. The strategy 
aims to design an inverse filter capable of 
converting the Chirp sweep into an equivalent 
minimum-phase wavelet. Obtaining an equivalent 
minimum-phase wavelet occurs from 
uncorrelated Chirp data. The predictive 
deconvolution was applied to both the envelope 
chirp data and the minimum-phase chirp data. 
The results of both applications showed that for 
the envelope chirp data, the predictive 
deconvolution attenuated multiples, but it did not 
increase the vertical resolution, while for the 
minimum-phase chirp data, the predictive 
deconvolution increased the vertical resolution 
and reduced the ringing noise on reflectors. On 

the other hand, results presented by Gomes et al. 
(2011) showed that the application of predictive 
deconvolution on the envelope chirp data 
attenuated the seabed multiples without 
compromising the amplitude of deeper reflectors. 

Gomes et al. (2011) and Teixeira & Ayres 
Neto (2017) proposed processing workflows 
applied to chirp envelope data. This seismic 
source has wavelet particularities, which differ 
from those generated by boomer and sparker 
sources. For instance, the choice of the 
deconvolution algorithm depends essentially on 
the source signature. Chirp systems produce a 
frequency modulated sweep (Baradello, 2014). 
The full knowledge of the chirp sweep is an 
advantage in choosing the appropriate 
deconvolution algorithm to process the data. The 
deterministic algorithms applied to Vibroseis data 
compose the same strategy to approach 
uncorrelated chirp data (Baradello, 2014). Once 
the chirp data is enveloped, the phase information 
is lost and the deconvolution processing becomes 
limited to the predictive deconvolution applied to 
suppress seafloor multiples. Besides, the 
unrecoverable phase information violates the 
assumption of wave equation compliance 
(Baradello et al., 2021). Thus, migration 
algorithms, which are based on the full-wave 
equation, will not be effective.
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Figure 15 - Comparison between the raw seismic section (A) and the migrated 
single-channel sparker seismic image (B) exhibiting high vertical resolution. In (C), 
(E), and (G) zoom of the raw data and (D), (F), and (H) zoom of the processed data. 

In contrast, the sparker systems produce a 
mixed-phase wavelet, which implies that 
deconvolution algorithms based on the Wiener 
filter are not efficient to collapse wavelet effects, 
because to suppress sparker mixed-phase 
wavelet requires specific strategies, such as 
mixed-phase deconvolution. However, the 
predictive deconvolution still may attenuate the 
multiples (Kluesner et al., 2018). Furthermore, the 
full-waveform from sparker seismic data allows the 
employment of migration algorithms. The present 

processing workflow includes static correction, 
absent in the previous processing attempts 
(Gomes et al., 2011; Teixeira & Ayres Neto, 2017), 
and specific steps to the sparker sources such as 
deconvolution and migration, which provided 
significant improvements in the quality of the 
seismic image. 

This study had no access to algorithms 
capable of calculating an operator to convert a 
mixed-phase wavelet into a minimum-phase one 
or to mixed-phase deconvolution algorithms.  
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Attempting to apply predictive deconvolution 
failed in collapsing the source wavelet. This result 
confirms the approach of Duchesne et al. (2007) 
(which suggests using minimum-phase conversion 
to compress the sparker source wavelet) and the 
proposal of Kluesner et al. (2018) (the use of 
mixed-phase deconvolution algorithms). Although 
failing in collapsing the source wavelet and 
removing the multiples, the predictive 
deconvolution slightly attenuated the multiples. 

A serious issue in sparker seismic data is 
random noises caused by waves and currents. The 
removal of random noises is crucial for the 
improvement of the signal/noise ratio because it 
compromises vertical resolution and, consequently, 
the signal/noise ratio. The results confirm that the 
combination of the band-pass filter and predictive 
deconvolution followed by the static correction 
attenuated the random noises, as well as improved 
the lateral continuity of reflectors.  

The static correction smoothed the seabed 
reflector and the undulated/chaotic pattern on the 
subsurface reflectors. Despite being considered a 
standard step in seismic processing, the static 
correction showed significant results correcting 
the effects generated by static variations as 
expected. Besides, the static correction 
preconditioned the data to apply post-stack time 
migration. For this reason, the static correction 
must be inserted into the high-resolution marine 
seismic data processing flow. 

Figures 11, 12 and 13 demonstrate that 
migration constitutes a fundamental processing 
step technique that should be adopted in the 
application of single-channel high-resolution 
seismic data processing. Clearly, the application of 
the post-stack time migration enhanced the lateral 
continuity and coherence of the seabed reflector 
and subsurface ones. Figures 11, 12, and 13 
confirm the repositioning of dipping reflectors close 
to real position, the collapsing of diffraction events, 
and the reduction of noise, and the correction of 
distorted reflectors, which resulted in a section with 
higher resolution. 

The processing techniques discussed in this 
study can be applied on a chirp envelope data, 
although they will not produce seismic sections with 
vertical resolution such as those produced by the 
approach of Baradello (2014), which is applied to 
uncorrelated chirp data. The application of the 
processing flow proposed by this study in boomer 
data will certainly collapse the boomer signature 
(since boomer produces a minimum-phase 
wavelet) and will result in seismic sections with a 
higher signal/noise ratio and vertical resolution than 
the raw boomer data. 

CONCLUSION 
This study presented a proposal of a processing 
sequence applied to single-channel marine seismic 
data from sparker acoustic source emphasizing the 
importance of fundamental stages of seismic 
processing such as deconvolution and migration. 
The results highlight the relevance of applying 
seismic processing routines to produce a more 
accurate sparker single-channel seismic image for 
interpretation. 

The application of conventional deconvolution 
techniques based on the Wiener filter on sparker 
data has shown no effectiveness in collapsing the 
wavelet recorded in the seismic data. However, the 
predictive deconvolution slightly attenuated the 
seabed multiple, removed random and high-
frequency noises, and broadened the frequency 
spectrum of the data. 

The static correction proved its effectiveness 
by correcting the undulated effect on the reflectors 
caused by static variations. The static correction 
smoothed the seabed and subsurface reflectors, 
which preconditioned the sparker data to post-stack 
migration. The static correction followed by the 
post-stack migration and the trace average filter 
improved the trace-to-trace consistency and lateral 
continuity of the reflectors, besides suppressing 
random noises. For this reason, the static 
correction must be considered when processing 
high-resolution marine seismic data. 
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Kirchhoff migration collapsed the diffraction 
hyperbolas along the seismic section. As a result, 
the sparker data was improved by reducing random 
noises and repositioning the dip reflectors close to 
their real position. Moreover, the results presented 
in this paper corroborate to the efficiency of the 
proposed processing workflow by providing a high 
signal/noise ratio image that reveals details of the 
seismic stratigraphy of the Bahia continental shelf. 
The trace average filter (mean filter) showed 
effectiveness in reducing the random noise 
between the traces and enhancing the lateral 
continuity and the coherency in the data by using a 
three-trace window. 

The Matched-filter and Mixed-phase 
deconvolution are appropriate effective techniques 
to be applied to the sparker data. The Mixed-phase 
algorithm has been shown to be effective in 
collapsing the signature of the sparker source and 
removing the effects caused by a mixed-phase 
wavelet. Despite proving satisfactory results with 
the mixed-phase deconvolution, these algorithms 
are exclusively available in expensive commercial 
processing packages. 
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