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Summary 
 
We introduce “Highlight Volumes” as a tool for the 
interpretation of spectral decomposition data.  These 
volumes condense the critical information from the 
multiple mono-frequency volumes into just two volumes:  
the Peak Frequency Volume and the Peak Amplitude 
Above Average Volume.   
 
 
Introduction 
 
Spectral decomposition (Partyka et al., 1999) is a method 
of analyzing seismic data for stratigraphic information.  It 
is based on Fourier’s concept that a repeating function may 
be constructed by summing an infinite number of mono-
frequency wavelets, each with their own amplitude and 
phase values.  For the seismic interpreter, spectral 
decomposition can be interpretered as filtering the data 
with a series of nearly mono-frequency wavelets which 
cover the usable spectrum of the seismic data.  Most often, 
the results are presented as time slices, horizon slices, or 
stratal slices (Zeng, 2007) through 3-D seismic surveys.  
However, analysis of spectral decomposition data may be 
time consuming due to the need to investigate many dozens 
of seismic volumes, each representing the response to a 
different mono-frequency filter.  We introduce “Highlight 
Volumes” which condense the critical information from 
these multiple mono-frequency volumes into two volumes:  
the Peak Frequency Volume (Peak Freq) and the Peak 
Amplitude Above Average Volume (Peak Amp Above 
Ave).   
 
Method 
 
On seismic data, the thickness of a formation is described 
in terms of seismic travel time through that formation.  As 
the formation thickness decreases, the seismic data must 
contain greater and greater frequency content to illuminate 
the formation.  Thus, thinner formations have more energy 
at higher frequencies.  Conventional wisdom, therefore, 
holds that thinly bedded formations, such as alternating 
sands and shales, are tuned at higher frequencies, and 
thicker formations, such as shale filled channels and basinal 
shales surrounding deltas, are tuned at lower frequencies. 
 
Spectral decomposition produces an amplitude versus 
frequency spectrum at each time sample in the 3-D volume.  
We analyze these spectra to find the frequency at which the  
 
 

 
amplitude content is the greatest (Figure 1), and call this 
frequency the peak frequency.  We then analyze the 
amplitude at the peak frequency and subtract from it the 
average amplitude of the entire spectrum (Figure 2) so that 
we may determine whether the amplitude at the peak 
frequency represents a small deviation from an otherwise 
flat spectrum, or whether it represents a true anomaly. 
 

 
 
Figure 1.  Amplitude versus phase spectrum for Trace M, 
Sample N showing the frequency at which the amplitude is 
a maximum (Peak Freq) and the amplitude at that 
frequency (Peak Amp).  Low Peak Freq indicates thick 
beds, high Peak Freq indicates thin beds. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.  Same amplitude versus phase diagram as in 
Figure 1 with average spectrum amplitude (Average Amp) 
and amount by which peak amplitude exceeds the average 
(Peak Amp above Ave).  Small Peak Amp above Ave 
indicates no anomalous amplitude, large Peak Amp above 
Ave indicates anomalous amplitude. 
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Highlight Volumes 

 
Example 
 
Our example comes from the Gulf of Mexico Basin.  
Figure 3 shows a horizon slice from a conventional seismic 
volume in which low amplitudes are shown in magenta and 
blue and high amplitudes in red and yellow.  Much of the 
horizon slice shows high amplitudes (Areas A, B and C), 
but here is a possibly anomalous area at the near the center 
along the left side of the slice (Area A).   
 
Figure 4 shows the corresponding slice from the a volume 
containing the amplitude at the peak frequency, a 
subsidiary Highlight Volume which we call Peak Amp.  
The overall area of high amplitude is somewhat smaller 
than in Figure 3.  Areas A and B remain in the high 
amplitude area, but the amplitudes around Point C are 
somewhat less.  A circular band of low amplitude, 
generally surrounding Area A, is now more apparent.   
 
Figure 5 shows the Peak Freq highlight volume with low 
frequencies (5 to 15 Hz) shown in magenta and blue, 
moderate frequencies (30 to 40 Hz) shown in greens, and 
high frequencies (> 40 Hz) shown in yellows and red.  At 
Area A, the location of the highest original amplitudes 
corresponds to moderate frequencies, while the surrounding 
area corresponds to high frequencies and therefore thin 
beds.  Area C also corresponds to moderate and high 
frequencies, but Area B is very much in a zone of low 
frequencies.   
 
This volume, perhaps better than any of the others, lends 
itself to volume rendering.  The volume may be loaded into 
3-D visualization software, and the shapes of various 
geobodies may be viewed rendering all but a narrow 
frequency band transparent. 
 
Figure 6 shows the horizon slice from the second highlight 
volume:  the Peak Amp Above Average volume.  In this 
case, only Area A shows that the high amplitudes on the 
original data are truly anomalous in terms of their local 
amplitude spectra.  The low values in Areas B and C 
indicate that the high amplitudes on the conventional data 
and on the peak amplitude data are from relatively flat 
spectra.   
 
We may now begin interpreting the results of the spectral 
decomposition on this slice (Figure 7).  We interpret the 
circular feature around Point A to be an oxbow channel 
filled with shale and therefore showing little reflectivity 
within in, causing relatively low amplitudes.  On Figure 5, 
the area surrounding the channel has high values of peak 
frequency, suggesting this whole area is relatively thinly 
bedded.  Just inside the channel itself is an area of high 
amplitude, possibly corresponding to a point bar.  Along 
the sides of the channel in other areas are amplitude  

 
anomalies which may be related to overbank deposits and 
crevasse splays. 
 
Conclusions 
 
Spectral decomposition has become an accepted part of 
seismic interpretation, but may require the inspection of 
numerous seismic volumes, each containing the response to 
a single frequency.  We have developed Highlight 
Volumes, which contain the critical information from those 
multiple volumes in two volumes which allows the 
interpreter to easily evaluate the spectral decomposition 
results and to present those results to peers and managers. 
 
 
 

 
 
Figure 3.  Horizon Slice from conventional seismic volume.  
Much of the figure, as grossly defined by the triangle A-B-
C shows high amplitude, with the highest amplitudes 
around point A. 
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Figure 4.  Horizon Slice showing the peak value from the 
amplitude spectrum at every location along the horizon.  
Areas A and B remain high in amplitude, but Area C is less 
so.  There is also a somewhat circular feature surrounding 
Area A. 
 
 

 
 
Figure 5.  Horizon Slice from the Peak Frequency highlight 
volume.  Areas A and C are shown to have relatively high 
peak frequencies, in the range of 30 to 45 Hz.  Area B, by 
contrast, is much lower, in the 5 to 15 Hz range.  This 
suggests more thinly bedded strata in Areas A and C. 

 
 

 
 
Figure 6.  Horizon slice showing Peak Amp above Ave. 
This display shows that Area A is the only area for which 
the amplitude is highly tuned.   
 
 
 
 

 
 
Figure 7.  Horizon slice showing interpretation.    
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