
 

 

 Uniting Geophysical Interpretation with Geology Using Advanced Seismic Interpretation & spectral 
decomposition 

 
Ankur Mundhra* and Siddharth Dubey  

 
Amundhra@slb.com 

 
 
Keywords 

 
Attributes, spectral decomposition, seismic 
 
Summary 
 
Seismic attributes have been used for delineating 
geological features which are obscured on seismic 
data. Historically, they have been employed to aid 
interpreter by enhancing specific characteristic of 
seismic signal such as amplitude, phase or frequency. 
Either of these characteristics or combination could 
highlight various geophysical anomalies such as 
multiples, bright spot, gas chimneys etc.  
 
Apart from attributes converting seismic data from 
time domain to frequency domain, using spectral 
decomposition, has also worked effectively in 
identifying thin beds and direct hydrocarbon 
indicators.   
 
To illustrate significance of attributes and spectral 
decomposition we have worked on datasets from 
North Sea and Gulf of Mexico. Using a combination 
of derived attributes has helped us to identify 
geological features, which were otherwise not 
apparent in the data. and were eventually used for 
creating conceptual model of the area. 
 
Introduction 
 
Finding hydrocarbons in subsurface is challenging, 
especially during the exploration stage. Challenges 
such as sub-salt imaging, high frequency attenuation 
and low resolution seismic obscures relevant 
reflectors and distinguishable features. Since,   
primary objective is to identify geological features 
and correlate them with geology of the area attribute 
analysis and sophisticated stratigraphic analysis 
techniques such as spectral decomposition have been 
widely used. 
 
Reflections, noise, interference, tuning effects, 
acquisition and processing parameters all come into 

play in creating a seismic image. To overcome this 
problem historically much work has been carried out 
on attributes and benefits have been documented.  
 

This paper discusses on how we carried out spectral 
decomposition to understand channel spread and 
subsequently created conceptual model in Gulf of 
Mexico data. We have also used example from North 
Sea seismic data to illustrate how a combination of 
seismic attributes can provide us information about 
glacial depositional environment and identification of 
gas chimneys and channel systems. 
 
Geology of field in Gulf of Mexico 
 
The study area is draped over a broad dome shaped 
structure in the Vicksburg Flexure Trend above the 
Vicksburg fault system. The channel sands are 3 to 10 
m thick and channel splay deposits are 1.5 to 7 m thick 
with porosities as high as 25 percent. Based on the log 
data the individual amalgamated channel fill deposits 
are up to 850 m wide. Production is challenging given 
fluvially dominated setting where thin heterogeneous 
reservoirs cause significant compartmentalization and 
stranded reserves. The Middle Oligocene Frio 
sandstone reservoirs of the Texas Gulf Coast are 
dominated by amalgamated thin fluvial channel and 
crevasse-splay reservoirs.  
 
Spectral Decomposition Method 

Spectral decomposition is a popular attribute for 
qualitative and quantitative interpretation workflows 
including seismic geomorphologic analysis, layer 
thickness determination (Marfurt and Kirlin, 2001; 
Partyka et al., 1999) and direct hydrocarbon indicator 
for gas charged reservoirs (Sinha et al., 2005; Burnett 
et al., 2003). The Short Time Fourier transform 
(STFT) and continuous wavelet transform (CWT) are 
the two most commonly used methods. The STFT uses 
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a fixed-length wavelet (and hence suffers from poor 
vertical resolution for high frequencies), while CWT 
uses a relatively short wavelet length, with fixed 
number of cycles (which has good temporal resolution, 
but poor frequency discrimination for low number of 
cycles). In our study, we have used an interface which 
allows us to vary number of oscillations, phase and 
frequency to create a wavelet, effectively allowing us 
to iterate between CWT and STFT methods. Coming 
back to geology of the area which has fluvial 
deposition, we tried to identify fluvial channel 
signatures. On closer look of the data we could locate 
them in seismic section as shown below (Figure 1).  

 
Figure 1: Channel feature in seismic data time-
slice at around 800ms.  
 
Once initial indications for channel features were 
ascertained, next step would be to unravel tuning 
frequencies related to this channel feature so as 
decipher its complete extent and distinguish it from 
surrounding environment.  
 
Arrival at the tuning frequency required us to carry 
out spectral analysis as shown in figure 2. Power 
spectrum clearly reveals notches at frequencies 
around 20,35 and 51 Hz. (Figure 2). 
 
Iso-frequency component of identified tuning 
frequency; a normalized measure of contribution of  
that specific frequency to the total seismic input at a 
specific location; were created using combination of 
CWT and STFT wavelet transform method to 
delineate tuning effected features and enhance 
prominent features that are not visible in time domain 
post stack seismic. 
 
 

 
Figure 2: Frequency spectrum highlighting 20, 35 
and 51 Hz.  

 
Further all three cubes were blended together, and 
were assigned red, blue and green color corresponding 
to 20, 35 and 51 Hz, to visualize the channel evolution 
(Figure 3).  
 

 
Figure 3: Channel evolution can be visualized at 
different time slices 
 
Since, channel features do not stay in single time slice 
rather along a depositional horizon so they are unable 
to reveal their complete extent in above displayed 
time-slices. Although theses time slices reveal that  
distribution of channel becomes larger from the east 
side to the northwest. On the 844ms slice, channel 
becomes more continuous. In the central and east part, 
sand can be found in the channel with shale found in 
the northwest part. On the –840ms and –836ms slices, 
channel becomes more wider and contains more shale 
in the northwest. On the –832ms slice, channel 
becomes smaller and nearly no sand can be found in it.  
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Next, depositional horizon was interpreted on seismic 
and by carrying out iterations and fine tuning 
parameter, such as number of cycle we could manage 
following feature that can be attributed to channel 
presence and mud-splays, as shown in figure 4.  
 

 
Figure 4: Channel feature visualized along 
depositional horizon 
 
It is to noted that just a meandering pattern could not 
be termed as a channel so we had validated. the same 
using well log signature lying over the channel, as 
shown in figure 5. Log signature confirmed the 
presence of channel and allowing us to dig deeper 
and conceptualize geology of the area. 
 
 

 
Figure 5: SP log signature indicating channel . 
 
Apart from seismic signatures literature helped us to 
ascertain that the area had fluvial depositional 

environment and has deep-water channels and thick 
channel splays. So, we could conceptualize a model 
Figure 6, using this information and spectral 
decomposition result. 
 
 
 

 
Figure 6: 6 sedimentary facies can be identified in 
the model. Lithology can vary in channel due to the 
topographic slope and sediment supply. 
 

Volume Attribute Method 

In certain cases the direct indiaction of geologcal 
features like channels, prograding delta, intrusions etc 
are not easily recognized in raw seismic. In such cases 
certain volume attributes can help in enhancing the 
information which interpreters see from raw seismic. 
The identification of glacial features and gas chimneys 
in seismic data is a challanging task in which seismic 
attributes can aid the interpretation. The Dutch Central 
Graben from North Sea is an excellent example on 
why identification of such key geological features is 
important while exploring hydrocarbons in a basin.  
 
In Dutch North Sea sector, shallow gas occurrences 
are often positioned in formations of Miocene to 
Holocene age (Schroot and Schüttenhelm, 2003). 
These sediments acting as reservoir for the gas are yet 
to be commercialized as shallow gas potential in 
Netherlands is still debated. The basin is rich in 
hydrocarbons and has multiple petroleum systems 
active in the area. Geological processes such as ice 
sours, which are formed because of glaciation in a 
basin is not typically visible on raw seismic at multiple 
occasions (Figure 7). 
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Figure 7: Time slice at 616 ms from study area of 
F3 block, Dutch North Sea. 
 
Using sweetness attribute, we have derived the 
volume in which the effect of glacier movement and 
formation of ice scours is clearly delineated. Also in 
this case the age of the marks would be 
approximately around the Pliocene-Pleistocene 
boundary of 1.8 Ma. During this time, ice-bergs 
drifted into the North Sea area from the north (Figure 
8). These features are known drilling hazards. The 
last major blow-out off Mid Norway was reported to 
have occurred in a dense grid of such gas filled sands 
related to ice-scours.  
 

 
Figure 8: Time slice at 616 ms showing how 
Sweetness attribute enhances the ice scours. 

 
 
Attribute Analysis for Gas Chimneys 
 
Chimneys are vertical chaotic disturbances in seismic 
sections related to the propagation of fluids 
(especially gas) through fissures and fractures in 
rocks. It can be related to various geological features 
and mechanisms such as salt diapiris, active gas 
seepage, migration pathways of fluids (Aminzadeh et 
al., 2002). Such chaotic features are observed due to 
loss in seismic signal. It is a well known phenomenon 
that the presence of gas within open fracture 
networks tend to distort seismic waves and thus 
create an anomaly (Meldahl et al., 2001). We have 
used the volume attribute Chaos (Iske and Randen, 
2005) to map the heterogeneity of the local seismic 
signal within a 3D window. Chaos attribute is defined 
as measure of the “lack of organization” in the dip 
and azimuth estimation method. In another word, 
chaos attribute can detect chaotic textures within 
seismic data, which can highlight directly positions 
of reflector disruption. Chaos attribute can be 
used to distinguish different sediment facies 
in lithology variation environments (e.g. sand 
and shale). Zones of maximum aberrations 
indicate zones of reflector discontinuities 
such as fault zones, angular unconformities, 
channel sand bodies and possible zones of 
fractures 
 
 
In the study area, 3D seismic gave some hints on 
possible anomalies as evident on a seismic dip 
section from block F3 having a chaotic pattern 
(Figure 9). While the chaotic signature may not be 
very easily identified in original seismic data, the 
chaos attribute for same can highlight the 
disturbances in the data to a remarkable extent. This 
gas chimney can be easily related to the faulted 
anticlinal structure observed  in lower part of the 
highlighted portion. 
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Figure 9: Time slice at 616 ms showing how 
Sweetness attribute enhances the ice scours. 
 

 
The fault provides a vertical migration conduit for the 
fluids escaping from the reservoirs situated below the 
anticline. Most gas chimneys observed in the area, 
exhibit a vertical migration pattern of the fluids. The 
area has been known for having a pliocene sands of 
high porosity and thus these accumulated have been 
trapeed in those layers. The big fault is acting both as 
a migration conduit and a barrier to flow in horizontal 
direction. Our conclusion about this fault comes from 
the fact that is well observed in sweetness attribute 
slice which highlights the bright spot on one side of 
this fault. As the fault has juxtaposed alternate layer 
of sand and shales, it becomes very difficult for the 
fluids to move in the horizontal direction (Figure 10).  
 

 
Figure 10: Time slice at 616 ms showing how 
Sweetness attribute enhances the ice scours. 
 
 
Attribute Analysis for detecting Channels 
 
Various volume attributes were generated to identify 
geobodies like channels. Envelope (Reflection 
Strength) was generated to delineate some geobodies 
which resembles the channel feature. The amplitude 
contrast between the channel and other area is 
significant and suggests a rapid change in the 
lithology. Our interpretation is based on the fact that 
such rapid changes in amplitude are very often linked 
with the rapid changes in lithology. The identified 
channel feature shows the charecteristics  of  a 
crevasse splay, typical of overflowing rivers (Figure 
11).  It was also noted that in many places possible 
gas chimneys which are highlighted by chaos 
attribute has been in contact with these channles 
(Figure 11). This leads us to a conclusion that such 
small gas chimneys could be feeding these channels 
having sands. The strong amplitude contrast which 
can be seen on the time slices supports the idea of 
channel filled with good quality sands having 
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possible shallow gas accumulations which is 
observed in raw seismic data. 
 

 
Figure 11: Envelope attribute (left) showing the 
channel body with a crevasse splay (Z= -316ms). 
The same channel body is directly overlaid by a 
possible gas chimney (right). 
 
 
 
Conclusions 
 
Seismic attributes have been successfully used to 
identify pay sands and geological features that were 
not evident in seismic section. Results have shown 
the feasibility of carrying attribute analysis for 
exploration study and subsequently use them in 
reservoir characterization. Apart from attributes, 
application of spectral decomposition has been 
encouraging in identifying channel geometry. Process 
carried out in identifying tuning frequency and 
blending them together by assigning different color to 
each frequency cube, has been found out to be 
comprehensive and efficient. Summing up, all these 
advantages will permit the comprehensive reservoir 
evaluation in this area and understand sub-surface 
geology to a much greater extent. 
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