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Summary 
 
Significant evidence suggests that hydrocarbon deposits are associated with 
abnormally high values of seismic attenuation, and the ability to detect such zones 
would aid seismic exploration. Unfortunately, attenuation is difficult to measure and it 
is not clear how to interpret observed frequency responses. Based on forward 
modelling, we believe that the effect of the frequency dependent reflection coefficient 
which results from high dispersion in the hydrocarbon saturated zone can often be the 
dominant observable effect. We show how the theory of spectral decomposition can 
be used to detect such effects and validate the technique with synthetic data. We show 
examples of spectral anomalies associated with gas reservoirs in field data, and 
demonstrate how these anomalies can be modelled in terms of gas-induced dispersion. 
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Introduction 
 
The accurate measurement of seismic attenuation has interested geophysicists for some time, 
since it is perhaps the seismic property most closely related to fluid saturation. Nevertheless, 
the difficulty of reliably measuring attenuation has inhibited the routine application of such 
ideas. 
 
Traditionally, the approach to the measurement of seismic attenuation has been focussed on 
the spectral ratio method. The goal of this method is to measure the cumulative loss of energy 
as the wave propagates through an attenuating medium. Unfortunately, scattering in the 
earth’s heterogeneous crust leads to both constructive and destructive interference on a local 
scale, with the result that attenuation can be difficult to measure. 
 
Recently, it has been suggested that the modern techniques of spectral decomposition can be 
used to identify hydrocarbon zones with anomalous frequency responses (Castagna et al., 
2003), although the mechanisms responsible for the spectral anomalies remain unclear 
(Ebrom, 2004). These ideas are the subject of intensive current research (Korneev et al., 2004; 
Goloshubin et al., 2005; Li and Zhao, 2005). 
 
In this paper we present a simple modelling scheme which accounts, from a fundamental rock 
physics basis, for the excess attenuation and accompanying dispersion which results from 
hydrocarbon saturation. We find that in many cases the dominant observable seismic effect 
arises from the frequency dependent reflection coefficient which must exist when a layer with 
weak or negligible dispersion overlays a strongly attenuating and dispersive layer. From 
synthetic data, we demonstrate how to detect such effects with the spectral analysis 
techniques. Applying the developed techniques to field data, we find that such anomalies are 
indeed associated with known gas reservoirs. Finally, we present consistent models which 
account for both the AVO behaviour and spectral response of the reservoirs under 
consideration. 
 
Theory 
 
Chapman et al., (2005) propose a modelling scheme which takes account of the excess 
attenuation, or “dispersion anomaly” associated with hydrocarbon saturation.  The modelling 
contains the Gassmann theory as a low frequency limit and traditional equivalent medium 
theory as a high frequency limit. A prediction of the modelling is that when we reduce the 
bulk modulus of the saturating fluid from that of water to values typical of hydrocarbon 
saturation the P-wave attenuation and dispersion increases markedly. Since the modelling 
contains the Gassmann theory as a limit, it is suitable for AVO analysis. Our implementation 
of the equations allows a simple dispersion correction to be applied to an existing rock 
physics model. 
 
Moving to reflectivity modelling, at the boundary between layers with different dispersion 
characteristics we face a reflection coefficient which is necessarily frequency dependent. 
Figure 1 shows a typical example of how we have, essentially, a different AVO curve for each 
frequency. This effect tends to amplify either the high or low frequency component of the 
reflected spectrum, depending on the AVO class of the interface. These shifts occur 
instantaneously at the point of reflection, and so we consider instantaneous spectral analysis 
to be the natural tool for detecting such effects. This paper attempts to detect such shifts, and 
relate them to fluid saturation through modelling. 
 
Spectral decomposition and balancing. 
 
 

 



 

Spectral decomposition techniques help us to understand scale and frequency 
dependent phenomena, essentially by allowing us to study the data one frequency at a 
time. Specifically in this study, given a trace  we form the Stockwell, or S-
transform: 
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then for a particular value of ω we have a new trace  corresponding to that 
particular frequency. With such a concept and given a collection of traces we can form a 
“frequency gather”, consisting of each trace’s representation at the specified 
frequency. While such an arrangement may seem beguiling, it is very important to 
remember that perfect spectral decomposition is a logical impossibility on account of 
the  Heisenberg uncertainty principle. 
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When we wish to compare the traces at different frequencies, we should expect to find 
markedly different amplitudes since neither the source nor the earth’s reflectivity have 
white spectra. The procedure for compensating for these effects is to use spectral 
balancing. In our synthetic data since we know the input wavelet we can balance the 
different traces exactly, a step which is similar to deconvolution. In real data we 
attempt to equalise the average amplitudes between the various traces across a 
particular time window, or reference horizon. Our preference is to balance over a wide 
time window, since this makes local frequency anomalies particularly clear.  
 
The main use of spectral decomposition has been in delineating tuning phenomena. 
Nevertheless, there have been suggestions that it can be used for direct hydrocarbon 
detection. This paper attempts to develop this aspect of the technique in conjunction 
with rock physics modelling 
 
Application to field data 
 
We have analysed datasets from a range of areas to test whether the spectral anomalies 
predicted by the data can be detected. In all cases we began with a conventional AVO 
analysis. We modelled the AVO behaviour with the Gassmann  theory and produced synthetic 
seismograms. When we applied the spectral decomposition and balancing to both the stacked 
data and our synthetics, we found systematic discrepancies. After balancing the different iso-
frequency sections, we noted that the hydrocarbon saturated zones had a tendency to remain 
unbalanced, but this effect did not appear on the synthetic data. When we introduced 
dispersion into the modelling, however, similar spectral anomalies appeared in the synthetic 
data. A particularly striking illustration of the spectral anomalies arises when we balance and 
difference the different iso-frequency sections. This appears to show the gas saturated zones 
very clearly. Figure 2 shows an example of how the gas saturated zone appears as an anomaly 
in such a section. 
 
It is clear that tuning also produces spectral anomalies in gas saturated zones. Substituting gas 
for water will change the wavelength at each frequency, and this will change the tuning 
frequency. We suggest that only careful modelling can distinguish such an effect from the 
effect of dispersion and attenuation.  
 
Conclusions 
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We show that a range of theoretical rock physics models predict that hydrocarbon saturation 
gives rise to abnormally high values of seismic attenuation. Associated with this excess 
attenuation, we typically find high levels of dispersion. At the interface between an elastic 
layer and a layer with such dispersive properties, the reflection coefficient must become 
frequency dependent. Our modelling suggests that such phenomena lead to subtle seismic 
signatures, which depend on the AVO behaviour of  the interface. The effects are localized in 
time, and therefore the theory of instantaneous spectral analysis is the natural framework for 
attempting to detect these features. Based on our synthtetic modelling we develop processing 
methodologies based on spectral decomposition and balancing which make such “dispersion 
anomalies” particularly clear, within the framework of a standard AVO analysis. We apply 
our approach to a number of field data examples, from both land and marine data. The known 
gas reservoirs are shown to be associated with the spectral signatures consistent with 
dispersion anomalies. We validate our analysis with synthetic modelling, which accounts 
jointly for the AVO and spectral responses of the gas reservoirs.  
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 Figure 1: Example of reflection 

coefficients from a class III 
interface, when the lower 
medium is strongly dispersive. 
Note that the reflection 
coefficient is larger in absolute 
value for low frequencies. 
Reflections from such a layer 
therefore have their low 
frequencies amplified relative to 
their high frequencies. 

 

 

Figure 2:  Difference between two iso-frequency sections after consistent spectral balancing. The 
known gas reservoir (indicated) is a positive anomaly, as predicted by synthetic modelling. 
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