
Seismic data acquired with an airgun source and recorded on pressure sensors 
has been the standard for offshore oil and gas exploration for many years. One 
problem with this type of data is that, for various reasons, its useable bandwidth 

the upper and lower frequencies in a continuous set of frequencies). There are many 
reasons why it is desirable to utilise data with an increased bandwidth (e.g. upward of 
150 Hz) for E&P purposes. Such ‘broadband’ seismic data has many advantages over 
conventional marine streamer data. However, numerous obstacles must be overcome 
before broadband data can be utilised for E&P objectives. In this article, the principal 
mechanisms for the limitation of bandwidth in marine seismic data are reviewed, before 
moving on to look at the ways in which the industry has responded to the challenge 
of providing broadband data. Finally, the article will focus on a process that delivers 
broadband data from conventional streamer seismic. 

The convolutional model of the Earth
Seismic acquisition and processing are often described by means of the convolutional 
model: g(t) = w(t) * r(t).

Here, the recorded data, g(t), is thought of as the result of the convolution of a source 
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The ghost effect

/2z  is the 

 

Figure 1. A) diagram illustrating the angle dependency of source and 
receiver ghosts. The solid white lines illustrate travel paths without 
receiver ghosts; the dotted yellow line indicates the travel path of the 
source ghost and the dashed yellow lines the receiver ghost. B) & C) 
Time and frequency domain of source and receiver ghosts. Solid line, 
no ghosts; dotted line, source ghost, dashed line source and receiver 
ghosts. 

Figure 2. Kirchhoff pre-stack time migration of data before Clari-Fi.

Figure 3. Kirchhoff pre-stack time migration of data after Clari-Fi.
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again possible to combine the separate recordings 
so as to suppress the receiver ghost. The same 
technique may be applied to sources located at 
different depths allowing the source ghost to be 
removed. By combining processes it is possible to 
suppress both the source and receiver ghost.

Processing solutions usually treat the ghost 
effect as an inverse problem that can be solved 
by computing an inverse operator to remove 
(deconvolve) the ghosts from the data. If the 
deconvolution is performed pre-migration, then 
it is necessary to take into account the 3D nature 

then the process should be applied to zero-offset 
migrated sections or stacks.

Attenuation
As energy travels through the Earth, it is 
diminished through a set of processes that may be collected 
together under the heading of attenuation. Attenuation is 
measured by the geophysical parameter Q, also known as the 
quality factor. For processing purposes, Q is normally given as 
an effective parameter that incorporates two different attenuation 
effects: intrinsic attenuation and extrinsic attenuation.  
Qeff = Qint + Qext.

In intrinsic attenuation, also referred to as absorption, the 

through the Earth. The degree of absorption is a property of 
the material through which the energy is travelling. Absorption 
is frequency dependent, with higher frequencies being more 
attenuated than low frequencies. For deeper targets, this will 
lengthen the wavelet still further, causing loss of resolution 
as well as amplitude. The frequency-dependent nature of 
the energy loss also causes a distortion in phase. Extrinsic 
attenuation includes a number of factors such as mode 
conversion and scattering, which also contribute to energy loss. 
Since far offsets travel longer in the Earth than near offsets, 
attenuation is offset dependent; because it is determined largely 
by lithology it will vary spatially. 

As the degree of attenuation depends on the travel path 
the optimum place for the Q correction to be applied is during 
pre-stack time or pre-stack depth migration. In these cases it 
is necessary to derive a spatially varying Q model as well as a 
velocity model. An alternative approach is to apply  
pre-stack correction using a single effective Q value to correct 
for phase and amplitude and then apply a post-migration 
residual correction.

A new process
The Clari-Fi process developed by TGS is a broadband solution 
that corrects for both the ghost effect and attenuation. It 

and receiver ghosts are suppressed, while in the second, 
effective attenuation is compensated for by means of a phase 
and amplitude Q correction. In the example shown here, a 
deterministic deconvolution is used to address the ghost effect 
(Figures 2 - 4). As has been shown, the ghost effect is not a 1D 
problem. To address this, a multi-dimensional deconvolution 
is applied in the tau-p domain. In this domain each p-trace 
represents a common emergence angle, making it the preferred 
domain for de-ghosting. Once the ghost effect has been solved 

and in order to achieve broadband data in the shallow and 
deep parts of the section, compensation for attenuation must 
be applied. A single-value Q correction, applied either before 
or after migration represents a reasonable balance between the 
recovery of high frequencies and the minimisation of noise. An 
important aspect of the process is careful denoising of the data. 
Any process that seeks to broaden the spectrum must take care 
to broaden the signal spectrum and not the noise. In order to 
maximise the whitening of the signal spectrum, a  
multi-dimensional noise attenuation approach is used. 
Throughout the processing, noise is removed by means of 
targeted noise attenuation in the domain most appropriate for 
that step; typically the shot, receiver, CMP and offset domains 
are used.

ghost effect and then with attenuation, this system represents 
a robust methodology for achieving broadband data that is 
applicable to any conventional horizontal streamer data set. 
Furthermore, since it is a prestack process, CMP gathers are 
automatically created as part of the process. 

Figures 2 and 3 show the results of performing the new 
 

pre-stack time migration (PSTM) stack after preliminary 
denoise is shown in Figure 2. The PSTM after Clari-Fi is shown 
in Figure 3. The increased resolution can be clearly seen in 
several places (highlighted by white arrows). In addition, the 
increase in low frequency has helped to reduce the ‘sidelobes’ 
of events so that top and base of geological packages can be 

Figure 4A shows amplitude spectra before and after the new 
process was used, where the removal of the source and 
receiver notches at low and high frequencies is clearly evident. 
Figure 4C shows a zoom of Figure 3 showing the resulting 
increased bandwidth.

Summary
Broadband data represent a step-change in marine seismic data 
acquisition and processing. Structures that were hitherto too 

and mapped in detail. By dealing with the ghost effect and the 
results of effective Q, the Clari-Fi technique provides a way 
to recover a broadband signal in both the shallow and deep 
sections. O T  

Figure 4. Results of applying Clari-Fi to a 2D line from West Africa. A) Amplitude spectra 
shown before Clari-Fi (green) and after (brown). B) Zoom of the PSTM data shown in 
Figure 2 (before Clari-Fi). C) Zoom of the PSTM data shown in Figure 3 (after Clari-Fi) the 
increase in resolution can be clearly seen. 


