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Abstract 

 

Turbidites are globally perceived as interesting areas 

where a significant amount of exploration interest 

exists from hydrocabon point of view. Generally, 

they are associated with deep marine settings.  Many 

such turbidity channels were observed in Bhuvanagiri 

Formation of Turonian age during the post rift stage 

of Cauvery Basin. Stratigraphically this section sits 

on top of the Andimadam Formation which 

represents the synrift deposits. The Bhuvanagiri 

Formation of Cenomanian to Turonian age deposited 

as marine turbidity channels is primarily sandstone 

with intervening shale layers. The channel geometry 

was heavily influenced by laterally encroaching 

gravity induced mass debris flows that gave it’s 

distinctive sinusoidal shape. Deciphering the facies 

distribution pattern vertically and laterally within 

turbidity channel is often highly complex and 

challenging. To address this problem, one should 

understand the turbidity channel morphology and its 

evolution with time. The present study addresses this 

depositional complex from the perspective of channel 

morphology at different geological time with the help 

of volumetric spectral decomposition and RGB color 

blending techniques. The study has highlighted the 

boundaries of Bhuvanagiri channel complex to a 

great accuracy and also showcased its lateral shift 

(channel axis) as the channel progresses from 

cenomanian to the end of Turonian in geological 

time. The outcome of the study can be used to 

generate better depositional model, which in turn 

help us in identifying areas of better reservoir facies 

to target in future exploration. 

Introduction 

 

Cauvery Basin, a peri-cratonic rift basin, is the 

southernmost among the Mesozoic rift basins of 

India, lying along the eastern continental margin. It 

has been evolved in late Jurassic-early Cretaceous 

time as a result of rift-drift phenomenon of the Indian 

plate from east Gondwanaland. It’’s evolution is 

genetically linked with other simultaneously evolving 

extensional basins of east coast of India, viz. Palar, 

Krishna-Godavari, Mahanadi and Bengal basins 

(Rangaraju et al, 1993).  

The study area is confined to Ariyalur-Pondicherry 

sub-basin, which is the northernmost part of Cauvery 

Basin (Fig.1). This NE–SW trending basin is 

bounded in the west and northwest by the granitic 

outcrop of the Indian shield and by Kumbakonam–

Madanam ridge toward southeast. This Ariyalur-

Pondicherry sub-basin has more than 6000m 

thickness of syn-rift, post-rift and tertiary sediments, 

from late Jurassic to recent in age. 

 

 
Figure 1: Location map of study Area with Tectonic setup of 

Cauvery Basin 
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The present study focuses on Bhuvanagiri Formation 

which was mainly deposited by series of turbidity 

flows and gravity induced mass wasting at different 

interval of geological time ranging from Cenomanian 

to Turonian (Unpublished ONGC reports). These 

channel deposits are represented by high amplitude 

seismic response in Ariyalur-Pondichhery sub basin. 

The generalized stratigraphy of Ariyalur-Pondicherry 

Sub Basin is given in Figure 2. 

 

 
Figure 2: Generalized stratigraphy of Ariyalur-Pondicherry sub 

basin. 

 

Theory and Methodology  

 

Turbidity channels deposits are important but their 

complex nature especially in the form of deep water 

facies pose a challenge in exploration and 

development. A turbidity is a rapid water current 

flowing downhill, caused by increased density due to 

huge quantity of sediments. It can be caused by 

collapsing slopes, earthquakes and other geological 

disturbances (Figure.3) 

 
Figure 3:  Schematic diagram of turbidity current (Source:Internet) 

 

On the continental shelf, it can be set into motion 

when mud or sand are loosened. Once launched in 

motion, the turbid water expedites downward like an 

avalanche, transports sediments, with increase in its 

speed as it flows and changing the physical shape of 

the seafloor. Large and fast-moving currents can 

erode and incise the continental margins. Turbidites 

are huge amount of sediments deposited on the 

abyssal plain of ocean/sea or lake by turbidity 

currents. Particles within them are stratified where 

the largest particles are at the bottom part and the 

smallest ones are on the top. But when these currents 

interact with other currents such as contour currents, 

they can change their natural direction. This 

phenomenon shifts the channel course of submarine 

canyons and thus changes location of the deposits. 

Spectral Decomposition analyzes a given signal by 

the summation of simple, well defined basis 

functions. The spectral content of seismic data is 

influenced by the acoustic properties in the Earth, and 

therefore significant information can be gained from 

the analysis of the seismic at different frequencies 

through spectral decomposition during seismic 

interpretation (Partyka et al, 1999). The ability to 

examine and compare the response at various 

frequency bands is critical to obtain information that 

otherwise is difficult to visualize on the full 

bandwidth data (Chopra et al, 2007). Several 

frequency decomposition techniques are available for 

the interpreter. Commonly used methods are Fourier 

Transform, Continuous wavelet transform and 

Matching Pursuit;  each of these method utilises 

different filtering techniques, resulting in a variation 

of their resolution in time and frequency (e.g. 

Castagna and Sun 2006). Each of these methods has 

its own applicability and limitations, and the choice 

of a particular method also could depend on the end 

objective.  

 

 
Figure 4: Methods of frequency decomposition 
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Fourier transform method will deliver better 

frequency localization, but slightly poorer vertical 

resolution. Where as continuous wavelet transform 

method will deliver better vertical localization and 

matching pursuit algorithm gives best vertical 

resolution. Merits and demerits of commonly used 

methods are discussed in Figure.4 

RGB blending is an effective use of colour that has 

become a well-established visualization method for 

seismic attributes. In a composite RGB display, each 

input attribute volume is mapped individually to the 

red, green and blue monochromatic components of 

the RGB space. The information within the attributes 

is ‘mixed’ by the computer display which helps  

interpreter to produce rich, detailed and highly 

intuitive visualization. 

 

Volumetric RGB (Red-Green-Blue) blend of the 

optimum frequency cubes (Hall and Trouillot, 2004) 

rapidly assess and highlight the presence of 

geological features present in the seismic data. 

Seismic geomorphology facilitates the study of the 

subsurface by the extraction of geomorphologic 

insights from 3D seismic data (Posamentier et al, 

2005).  

 

The objective of this study is to understand the 

Bhuvanagiri turbidity channel morphology at 

different geological time through volumetric spectral 

decomposition analysis.  

 

3D seismic data of area 2050 Sq.Km and Time 

horizons close to Top of Albian and Turonian were 

used as input for the study. Workflow adopted for the 

study is shown in Figure 5. 

 

Elimination of random noise can improve the clarity 

of the seismic signal that arises from changes in 

geology. The main aim of applying noise cancellation 

is to achieve a high level of continuity along events 

that should be continuous whilst maintaining subtle 

details such as small-scale fault breaks and 

geologically significant variations in amplitude. A 

structurally oriented filter was applied to remove 

random noise in seismic data.  

The output results were compared with original 

seismic data for quality check purposes. Random 

variations in the Difference volume indicating that 

noise has been removed without affecting the 

information in the seismic data set. (Figure 6.) 

 
Figure 5: Workflow of Volumetric Spectral Decomposition 

 

 

 
Figure 6: Comparison of Seismic reflectivity data before and after 

Noise Reduction 

 

To improve the interpretability of high frequency 

seismic reflectors that have been hidden by the 

dominant frequency signal, spectral enhancement 

techniques were used to improve the bandwidth of 

conditioned seismic data. A comparison of spectral 

enhanced seismic data with original data is shown in 

Figure 7. After spectral enhancement the vertical 

resolution of seismic data is improved.  

 



Seismic Geomorphology using Volumetric Spectral Decomposition 

 
Figure 7: Comparison of seismic data before and after Spectral 

enhancement 

 

The next in the workflow is spectral decomposition, 

which allows us to analyze seismic response at 

different frequency bands. In the present study, 

involving identification of Turbidity Channel 

morphology over the Geological time within 

Bhuvanagiri Formation, vertical resolution is more 

important than frequency resolution. Hence 

Continuous Wavelet Transform method is employed 

to convert seismic data into frequency domain. The 

spectrum was generated from the input data 32 

samples above and 32 samples below the time slice 

2500ms. Spectral magnitude maps at different 

frequencies were generated and composite response 

of three different frequencies were analyzed at time 

slice 2500 ms with RGB color blending. After 

analyzing the RGB blended maps, it was observed 

that the blend of seismic responses at 10 Hz, 15 Hz & 

31 HZ has given better visualization and sharpness of 

the channel edges. (Figure .8) 

RGB (Red, Green, Blue) blend volume was generated 

by using these 3 Iso -frequency volumes by coloring 

seismic responses of 10 Hz, 15 Hz & 31 HZ with 

Red, Green and Blue colors respectively for 

volumetric interpretation. (Figure.9) 

Bhuvanagiri formation was divided into ten Iso 

proportional units from unit-1 to unit -10 . On a 

Geological time scale Unit-10 is oldest with Unit-1 is 

being the youngest. Figure 10. 

 

 

 
Figure 8: Three magnitude volumes at different central frequencies 

and the RGB blend created by combining the three volumes, 

highlighting Channel feature  

 

 
Figure 9. Volumetric RGB colour blending applied to three 

frequency magnitude response volumes 

 

 
Figure 10. Iso-proportional slices of Bhuvanagiri formation 
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Figure 11. RGB blend of 10 Hz, 15 Hz and 31HZ magnitude 

responses for different units showing change in channel course. 

 

RMS attribute maps were generated for each unit by 

using RGB blend volume to identify the channel 

course over the geological time .(Figure 11.) 

To understand the course of the channel, channel axis 

was drawn for each unit with the help of RGB blend 

response. A mosaic of channel axis for each 

individual unit of Bhuvanagiri formation was 

prepared to understand the disposition of turbidity 

channel axis over the geological time. 

 

 

Figure 12: Disposition of Turbidity channel axis (Unit-10 to Unit-

1) over the Geological Time 

 

Discussion and Results: 

 

The analysis of the iso-proportional slices of 

Bhuvanagiri Formation clearly indicates that during 

the initial stage (Unit 10-8), the input direction for 

the Turbidity channels is mostly from the west and 

from south-west. Later from Unit-7 onwards, the 

dominant input direction is mainly from south-west. 

(Fig.10). progressively at the younger levels, the 

channel continuously shifts in lateral direction 

towards SE (Fig.10 &11).  This indicates that the 

basin might have tilted a little towards South-East 

direction (?).   

 

Conclusions 

 

The study has highlighted the boundaries of 

Bhuvanagiri channel complex to a great accuracy and 

also showcased its lateral shift (channel axis) as the 

channel progresses from the end of Albian to the end 

of Turonian in geological time.  

This study demonstrates the significant value of 

volumetric spectral decomposition interpretation to 

delineate the evolution of turbidity channel 

morphology across geological history  

The outcome of the study has enhanced the 

geological understanding and hence would lead to 

better depositional models depicting areas which can 

be of interest from facies point of view. 
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