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I. What is Spectral Decomposition ?INTRODUCTION

CONCLUSIONS

II. How is Spectral Decomposition related to bed thickness ?

EXAMPLE I.   THIN  BEDS  IN  COASTAL  DEPOSITS EXAMPLE II.   THIN  BEDS  IN  VOLCANIC  DEPOSITS
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HOW  DOES  IT  WORK ?

MOTIVATION
 I. Image small-scale features in depositional environments 
that are beyond GPR resolution ( for generally used frequency 
range 100-500 MHz).
II. Generate a display method that provides information about 
bed geometry.
III. Examine the usefulness of spectral decomposition (used 
mostly for seismic reservoir characterization) for interpreting 
GPR data. 

    Ground Penetrating Radar (GPR) profiles are extensively used for 
stratigraphic studies of depositional environments. Detection of inter-
nal stratification within layers and thin bed characterization are impor-
tant aspects of stratigraphic interpretation. 
But GPR resolution is limited and identification of the presence of thin 
beds is difficult in the time domain. Thin bed detection from GPR data 
is better done in frequency domain. 
   In order to better understand the frequency variations temporally or 
spatially, as well as to relate these changes to bed geometry, time-
frequency decomposition or spectral decomposition is required.
Seismic resolution studies have shown that thin beds can be studied 
through frequency domain analysis (e.g. Partyka et al. 1999, Matos et 
al, 2005) by generating spectral decomposition maps. Here we have 
applied this technique to GPR profiles over depositional sequences of 
thin beds. 
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 Sample GPR trace

S-Transform (Stockwell et. al 1996)

Adaptive Optimal Kernel  (Jones & Baranuik, 1995)

Spectral Decomposition with different 
Time-Frequency Representations

A 3D data set will generate a 4D frequency cube 
with a better resolution for small-scale subsurface imaging.
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 A simple wedge model
Spectral decomposition ( or time-frequency decomposition) is the 
decomposition of a signal into its frequency components. 
The method has provided useful insights in seismic resolution 
studies, especially for interpretation of reservior characteristics 
such as variations in bed thickness and presence of discontinuities.
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Step 1. Input 2D data set

Step 2. Choose time-frequency 
             representation (TFR) method

Step 3. Generate 3D frequency data

Step 4a. Extract peak frequency values
               from frequency cube

Step 4b. Extract isofrequency slices
               from zone of interest within
               the frequency cube 
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Spectral map of a basal reflector 
(of  eruption event in 1850)
shows spots of higher frequency. 
This is indicative of the presence 
of thin layers.

Cerro Negro, a basaltic cinder cone
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distance (m)Peak frequency increases as a thin bed 
(defined as < 1/4 wavelength) becomes thinner. 
 For the tri-lobed pulse simulated here there is a 
second peak in frequencies at bed thickness ~1/2 wavelength.

For a wedge model with layers, peak frequency 
variations follow a similar overall trend as for a 
single wedge model. 

High frequency 
response indicates 
presence of multiple
beds.

Beds pinching out
are too thin to be
individually resolved.

Infilling with 
thin layers

250 MHz GPR profiles from
overwash deposits.
Figure a. shows gently dipping
layers in quartz sand. 
A prominant contact at ~20 ns 
represents the base of the 
overwash -- a sandy soil horizon.

(a)

( modified from Wang and Horwitz, 2006)

A low frequency nearly continuous layer represents the base of the overwash. 

Figure b. shows
steeply dipping beds.

(b)

The base of the 
overwash coincides 
with the water table.

Frequency variations due to beds pinching out show similar 
pattern as in the wedge models. The alternations between high 
and low frequencies within a package of dipping strata indicates the 
variations in bed thickness.
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Spectral signatures of GPR data from depositional sequences 
are controlled by numerous factors, including bed thickness, 
geometry and lithology (which determines velocity and reflection 
coefficients). In several examples from coastal and volcanic 
deposits, it appears that bed thickness plays a key role in
spectral response. In these settings spectral decomposition
may aid in illuminating zones of thin or thinning beds. 
The pattern in frequency variations in such strata can be
explained with the help of wedge models. However, direct 
estimates of bed thickness based on frequency content appears 
impossible in the absence of detailed petrophysical information 
in these settings.

Spectral map shows patchy zones of higher frequencies below the base of the 
overwash deposit.  These appear to coincide with irregular units truncated by 
the overwash sands, and hence represent small wedge-shaped deposits.
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