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tion. The Sasino Formation is characterised by a more di-
verse distribution of organic matter. This formation also 
yields the lowest impedance values. The average acoustic 
impedance value for the Jantar Formation (Fig. 17) reaches  
10500 m/s*g/cm3, while for the Sasino Formation it is  
9600 m/s*g/cm3 (Fig. 18). The most rapid decrease in 
acoustic impedance (9900 m/s*g/cm3 for the Jantar Fm 
and 8600 m/s*g/cm3 for the Sasino Fm) corresponds main-
ly to the lowermost morphological positions (opposite to 
conventional targets). The results indicate that the zones 
with the lowest impedance values may be related to the 
areas of higher organic matter content. 

The spatial distribution of the acoustic impedance val-
ues for the Jantar Formation is presented in Figure 17; for 
the Sasino Fm a corresponding map is shown in Figure 18.  
In the case of the Jantar Formation, the zones of the lowest 
acoustic impedance values lie on both the hanging wall and 
footwall of the SW-NE fault zone. In the case of the hanging 
wall, the most promising zone corresponds to the values of 
9600 m/s*g/cm3 in the central part of the 3D seismic survey. 
Within the footwall, the most prominent zone lies within 
its southern part. The acoustic impedance values here reach 
9200 m/s*g/cm3.

Fig. 17.	 The spatial distribution of acoustic impedance versus the structural time map for the Jantar Formation. Arrows indicate potential 
sweet spots; after Cichostępski et al. (2017).



226 K. CICHOSTĘPSKI, A. KWIETNIAK, J. DEC, M. KASPERSKA & K. PIETSCH

A similar situation can be observed in the Sasino Forma-
tion. In this case, the lowest zones of acoustic impedance 
are related to the faulting zone with a SW-NE direction. 
For the Sasino Formation, the decrease in the acoustic im-
pedance is higher (from 8600 to 8100 m/s*g/cm3). These 
zones are indicated in Figures 17 and 18 by arrows and 
can be designated as potential exploration sites. Zones of 
decrease in acoustic impedance that are present along the 
borders of the 3D seismic data are the result of decreased 

fold and should be excluded from considerations of reser-
voir occurrence. 

Interpretation of thin bed setting  
and resolution enhancement

The lower Silurian and Ordovician deposits can be con-
sidered as thin-bedded intervals (Widess, 1972; Zeng, 2015). 
This characteristic significantly complicates and sometimes 

Fig. 18.	 The spatial distribution of acoustic impedance versus the structural time map for the Sasino Formation. Arrows indicate potential 
sweet spots; after Cichostępski et al. (2017).
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even invalidates the interpretation process. A method that 
can enhance the resolution of seismic data that is based on 
convolution is called spectral blueing. This concept uses the 
assumption that for interpretation of seismic data, blue re-
flectivity is preferable (Walden and Hosken, 1985). 

The reflectivity of a seismic section can be characterised 
as a function of a long and complicated impulse response. 
On the basis of the power spectra of such functions, the sig-
nals have nomenclature related to the colours of the light 
(Walden and Hosken, 1985). The white spectrum, in an an-
alogue to visible light, is a spectrum that has the constant 
energy for all frequency components. Signals of the red 
spectrum show higher energies for lower and blue for higher 
frequencies. Blue reflectivity is characteristic for geological 
sequences that consist of several thick layers and many thin 
layers. 

Many resolution-enhancing methods assume that the 
Earth’s reflectivity should have white characteristics. The 
conventional seismic whitening (based, for example, on 
spike deconvolution) modifies the signal, which in conse-
quence often decreases the resolution. The spectral blue-
ing procedure, however, uses the paradigm that the Earth’s 
reflectivity should have a blue character and the algorithm 
aims to recover blue reflectivity of seismic data. This effect 
is obtained by applying a blueing operator, which is con-
structed from well data. To create the operator, the reflectiv-
ity function is recovered, on the basis of velocity and densi-
ty profiling. The spectrum of the reflectivity series produced 
from well data is then compared with the spectrum of seis-
mic data. This comparison enables the creation of a blueing 
operator that can be applied to seismic data in a convolution 
process. This method is especially effective in a thin bed 
setting, where signal interference results in a tuning effect 
(Kwietniak et al., 2018). 

This procedure was applied to seismic data to enable 
more precise structural interpretation and a more accurate 
inversion process. 

Comparison of inversion results performed  
after spectral blueing

After the application of the spectral blueing procedure, 
the authors proceeded with the second inversion procedure. 
All the parameters were kept the same, except for a new, 
statistical wavelet that was extracted from the seismic data 
after spectral blueing. The comparison of two inversions 
for an arbitrary seismic profile is shown: without resolution 
enhancement and after spectral blueing for profiles O3-L1 
(Fig. 19) and profile O2-O4 (Fig. 20).

The distribution of acoustic impedance did not change af-
ter the application of spectral blueing. What did change was 
the range of the impedance values, which widened. For the 
Jantar Formation, the spatial distribution of low impedance 
anomalies was not modulated (Fig. 21), but the values are 
lower at 100–300 m/s*g/cm3. In the case of the distribution 
of low impedance anomalies for the Sasino Formation, two 
more potential exploration sites are more clear (red arrows 
in Fig. 22). 

SUMMARY AND CONCLUSIONS

The focal part of this analysis was to indicate potential 
shale gas exploration sites within the Lower Silurian (Jan-
tar Formation) and Upper Ordovician (Sasino Formation).  
The identification of these areas (sweet spots) was possi-
ble with the use of the high-quality seismic and well data 
from the wells that are localized within the survey area. 
The preliminary steps enabled the authors to state that  
a non-linear relationship exists between the kerogen content 
and acoustic impedance for both prospecting formations. 
The well data on their own, however, cannot be used to lo-
calize the positions of potential exploration sites within the 
study area. It is possible to indicate them only with the use of 
acoustic inversion, computed for the entire seismic volume. 
3D seismic data are necessary for this process, as the 2D data 
are not adequate for performance of a lithofacies analysis. 
The results of acoustic impedance can be used for prospect-
ing purposes. 

The relative thicknesses of the analysed interval impact 
on the seismic signature of the Lower Silurian and Upper 
Ordovician deposits and influence the results of the inver-
sion process. To overcome this effect by enhancing the res-
olution of seismic data, the authors performed the spectral 
blueing procedure and then proceeded with the inversion 
process on the enhanced seismic data. With the use of the 
latter, it was possible to determine two more potential ex-
ploration sites for the Sasino Formation. 

The spectral blueing procedure was an effective tool in 
the analysis, which the authors  value highly for the resolu-
tion enhancement algorithm. 

The distribution of the acoustic inversion performed with 
the use of P-wave velocity can only give information that is 
valid for a zero-offset scenario, i.e. for the normal incident 
angle. In this approach, changes of amplitudes with offsets/
angle (caused by Poisson ratio changes and Vp/Vs varia-
tions) are not considered (Cichostępski, 2016). To consider 
these factors, a simultaneous inversion is required (Hamp-
son et al., 2005). It is strongly recommended that shear ve-
locity profiling be routinely performed; this would result 
in obtaining the logs necessary for simultaneous inversion. 
Availability of both P- and S-impedances would be also es-
sential for computing other geomechanical parameters, such 
as λρ, μρ, Vp/Vs (Goodway et al., 1997, 2010; Cichostęps-
ki and Kasperska, 2016), Poisson ratio and Young modu-
lus (Gray et al., 2012). The information provided by these 
geomechanical factors is of paramount importance for hy-
draulic fracturing. For simultaneous inversion, high-quality 
pre-stack data with preserved relative amplitudes and shear 
wave velocity profiling are required. 

Another type of data that would be of great help would 
be VSP (vertical seismic profiling) data in all configurations 
(zero-offset, offset, 3D and walk-away). Such data would 
give an immediate link between well logs and seismic data. 
VSP data also provide information about multiples that can 
be used in seismic data processing and might give some 
information about attenuation phenomena, anisotropy and 
AVO. 
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Fig. 19.	 Segment of an arbitrary seismic profile between wells O3-L1 after acoustic inversion. A. Original seismic 
data. B. After resolution enhancement with spectral blueing. Well data: VKER. Arrows indicate potential sweet spots. 
O – top of Ordovician, Cm – top of Cambrian; after Cichostępski et al. (2017).

Fig. 20.	 Segment of an arbitrary seismic profile between wells O2-O4 after acoustic inversion. A. Original seismic 
data. B. After resolution enhancement with spectral blueing. Well data: VKER. O – top of Ordovician, Cm – top of 
Cambrian; after Cichostępski et al. (2017).
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Fig. 21.	 The spatial distribution of acoustic impedance after resolution enhancement algorithm with the structural time map for the Jantar 
Formation. Arrows indicate potential sweet spots; after Cichostępski et al. (2017).
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Fig. 22.	 The spatial distribution of acoustic impedance after resolution enhancement algorithm with the structural time map for the Sasi-
no Formation. Arrows indicate potential sweet spots; after Cichostępski et al. (2017).
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