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Summary 

 

Enormous efforts have been made for establishing a 

reliable relationship between Geophysical parameters 

and subsurface geology. Integration of these data 

along with well information would greatly enhance 

our understanding of subsurface geology leading to   

reservoir characterization. This would further help in 

reducing uncertainties in all the phases of upstream 

activities ranging from exploration to production.  

The Kamalapuram Formation of Eocene age in 

Madanam area gained prominence with the discovery 

of hydrocarbons from two wells and other leads. 

Characterizing these sands have been challenging 

owing to their discrete nature and thin pay zones. 

Potential of reservoir can be realized once the nature 

of facies along with habitat of hydrocarbons is 

determined. The seismic signature of these sands is 

often composite in nature. An ideal waveform carries 

with it an inherent information of frequency, 

amplitude & phase and the changes in these attributes 

help us to understand the variation in lithology or the 

impact of pore fluid. The play is of strati structural 

nature with varying thickness and lithology; hence a 

waveform based approach for characterizing these 

sands is appropriated. The waveform based study has 

an advantage over amplitude attributes as it provides 

an enhanced objectivity to the interpreter. A neural 

network based waveform classification supervised by 

well information has been carried out to generate a 

Seismic Facies map. The results are calibrated with 

wells and are validated by good hydrocarbon shows 

in recently drilled wells. This study has thus helped 

us in deciphering the sand distribution and would 

provide great assistance in further exploration and 

development phases in this area. 

 

Introduction 

 

Madanam field which is located towards eastern part 

of Ariyalur – Pondicherry sub basin of Cauvery basin  

 
Figure.1 Location Map showing Geological features & Tectonic 

setting of study area. (Source: Cauvery Basin) 

 

is a hydrocarbon producing field from 

unconventional Basement Reservoir.(Figure.1) It 

consists of two areas viz Madanam, Thirunagari 

predominantly oil and gas blocks respectively. 

Exploration and development was primarily focused 

on unconventional play of Fractured Granitic 

basement. The discovery of Kamalapuram play in 

wells C & D and subsequent encouraging results in 

well B have led to an added impetus towards 

exploration of this play in the study area. The 

Tertiary sedimentation in Ariyalur-Pondicherry sub 

basin is a large arcuate prograding sedimentary 

complex deposited under deltaic, transitional marine 

to deep marine environments from Paleocene to 

Pliocene, in direction predominantly from west to 

east (Unpublished ONGC reports). The Eocene  
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     Figure.2 : Generalized Stratigraphy of Cauvery basin 
 

deposits were deposited beyond prograding 

clinoforms ranging from toe to basinal part over the 

Madanam High. These Kamalapuram sands are 

deposited as discrete sand lobes brought by channel 

system at different stages of Eocene regressive period 

onto the basin floor set up. 

The area has potential for hydrocarbon from 

basement to shallower Tertiary sequences. The 

distribution of the organic matter in the Cauvery 

basin ranging from Valanginian to Late Eocene is fair 

to very good and uniform in nature. Taking maturity 

of the organic matter into consideration effective 

mature source rocks in Cauvery Basin are largely 

limited to early cretaceous Sequences of Valanginian, 

Barremian, Albian and occasionally in shales of 

Cenomanian age. (Source Rock data handbook Vol I 

& II, Cauvery Basin) A generalized lithostratigraphy 

of Cauvery Basin (Figure.2) gives us an idea about 

the deposition of Kamalapuram sands during 

regressive phase from Paleocene to Eocene. 

(Rangaraju, 1993) Sandstones & Siltstones are the 

main reservoir rocks and are abundantly present in 

Madanam and Thirunagari areas. The sandstones 

vary in nature from calcareous to pure form. The 

entrapment is of strati structural nature where the 

lateral extent is limited by lateral seal provided by 

pinching out of sands into encasing shales. 

Additionally, shales within Eocene and Oligocene 

section act as cap rock. Charging mechanism is 

envisaged through the basement faults which are 

juxtaposed against the source sequences acting as 

migratory pathways.(Figure.3) 

 
Figure.3: Seismo-Geological representation of Petroleum System 

of Madanam area. 

 

Methodology 

 

Pattern recognition techniques have evolved greatly 

over the years and grant an important aspect to the 

interpreter which adds significant value towards 

uncertainty reduction during exploration and 

development stage(Zhao,T et.al, 2015) A Seismic 

waveform is a composite response which beholds a 

characteristic information of amplitude, frequency 

and phase. Any change in the seismic waveform 

would be resultant of changes in either one or a 

combination of these properties. This change in turn 

can be attributed to the changes in lithology, 

porosities, fluid content, etc. Although one to one 

correlation is difficult to establish but diligent 

analysis with well calibration would provide many 

insights about data and hence prove to be 

advantageous. Seismic waveform classification is one 

such study based on pattern recognition. It is 

presumed that similar waveforms represent similar 

lithology and thus helps us to identify features 

predominantly of stratigraphic nature. They are 

generally carried out window based around a horizon 

of target formation/pay, the results are depicted in the 

form of similarity classes. During initial period of 

advent of these methods an unguided/unsupervised 

analysis were carried out. Unsupervised 

Classification automatically determines a type 

waveform for each class and classification algorithm 

searches for the similar traces as selected in template 

and statistically classifies the study area in predefined 

number of classes. There are two algorithms which 

are popularly used for the classification i.e. Kohonen 

Self Organizing map (SOM) (Kohonen,T., 1995)  and 
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K-means clustering(MacQueen, 1967). There are 

other prominent methods such as Principal 

Component analysis(PCA) and Generic topographic 

mapping(GTM). All these methods have their 

individual merits & demerits and can be used 

depending upon the nature of dataset. (Chopra and 

Marfurt, 2018) It can be pointed out that 

unsupervised classification has some limitations in 

it’s approach as they are untied to subsurface 

geology, also a typical waveform is meaningless 

unless it is associated with well information. 

Unsupervised waveform classification has advantage 

over conventional amplitude attributes and can bring 

out some properties in the data which was not 

available earlier.  

In this regard, it is imperatively advised to carry out 

Neural network based supervised waveform 

classification with predefined waveform templates 

(also called as neurons). These neurons are nothing 

but template waveforms decided upon by us at wells 

based on zone of interest. Once type waveforms are 

selected a mathematical relationship is derived 

between neurons and input dataset, this process is 

also called as training dataset. Once this relation is 

established it is applied to the rest of the data. 

Generally, data along a horizon-based window is 

selected and further classified into classes. The data 

in each class correlates to a unique neuron. Hence a 

class based map is generated, also known as Seismic 

Facies map. 

 

 
 Figure.4 Time structure map of Kamalapuram pay equivalent top. 

Current Study 

 

In our current scope of work, a 3D Pre stack time 

migrated data with full fold area of 100 Sq.Km with a 

bin size of 20mX40m and sampling interval 2ms was 

used. Electrolog Correlation of Kamalapuram pay 

equivalent was carried out followed by Well to 

seismic tie for the available wells. A reflector close to 

Kamalapuram sand tops encountered in wells B, C & 

D was mapped as shown in Figure.4 followed by 

fault interpretation. Great Care needs to be taken 

while correlating horizon and a high degree of well to 

seismic Tie should be strived for accurate 

interpretation, a poor calibration or a noisy mapping 

may lead to selection of incorrect window and would 

further lead to erroneous results. Data of 12 drilled 

wells was analyzed. These wells are spread across 

Madanam & Thirunagari Areas. Well Facies analysis 

was also carried based on Electro logs and Mud log 

data. Various type of facies exist in our target 

formation such as Pure to calcareous sands(often 

tight), pure to calcareous shales, Dirty Limestones 

and siltstones.  Out of these 12 wells Kamalapuram 

formation has been tested only in 3 wells (which 

flowed Hydrocarbons) and few other wells would be 

tested in future. Well Test data relating to fluid type 

was also studied. 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 5: Workflow of Supervised Waveform classification  

Defining Window along 

interpreted horizon 

Training and classifying using 

pattern recognition algorithm 

Generating Seismic Facies Maps   

Analysing and interpreting the results 

Selecting Template Neurons at well 

position (Waveforms) 

 

3D seismic data 

N 
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Waveform Classification 

 

A supervised (guided/ constrained) seismic waveform 

classification was carried out with Training algorithm 

based on waveshape. The input neurons were 

selected from well positions as shown in Table I. 

Time Window of 64ms along input Horizon was 

selected. This window was selected after analysis of 

well to seismic tie of all wells under study with a 

criteria to select an optimum window encompassing 

the target formation.  The neural network based 

technique operates on a principal in which an input 

neuron shape has the best statistical correlation with 

the shape of the trace in the data under analysis. The  

best correlation amongst all input neurons and data is 

established after refinement through many iterations. 

A typical workflow of supervised waveform 

classification which was followed is shown in 

Figure.5 

 

Class 

Color in map 

Well Facies Fluid 

1 

Grey  

A Siltier Poor 

facies 

Unknown 

2 

Light brown 

B Sand with 

Calcareous 

nature 

 

Gas 

3 

Green 

C Very Good  

sand 

Oil with 

Gas cap 

4 

Yellow  

D Sandy and 

Silty 

Gas 

5 

Blue  

E Good Sand Water 

Table-I 

 

Input Neurons 

 

The liberty of choosing template neurons in 

Supervised Waveform classification is a double 

edged sword. Care should be taken while selecting 

neuron depending upon the problem. For example if 

the classification is being run only to classify facies, 

neurons representing all type of facies in the area of 

interest should be provided as input. Similarly, if in a 

given facies we wish to study impact of 

fluids/porosity input neurons representing all the 

available fluids types should be provided. In our case, 

the focus is on characterizing the Kamalapuram sands 

both from facies & pore fluid point of view. Hence, 

the criteria and diversity of input waveforms is 

shown in Table I. Amongst those wells, well C & 

well D were discovery wells from Kamalapuram 

formation; which produced oil and gas with net pay 

thickness of 5m and 7m (Figure.6). Well B drilled 

later also produced Gas, well A would be tested in 

future however, Gas shows were reported in target 

interval during drilling and Well E is interpreted as 

water bearing (Log Evaluation). Well C was 

perforated in the oil zone of the object and has a 

thicker gas cap above it. From facies point of view, 

Well A has poor facies of silty nature. Sands of Well 

B have a higher calcareous content in them, whereas 

facies of Wells C & D are good with higher degree of 

siltstones in later. 

 

 
Figure.6 Formation Evaluation of Well C (left) and Well D (Right) 

depicting pay thickness and saturations. 

 

To interpret the results of Waveform classification it 

is necessary to study the relative impact of above 

mentioned rock properties on a seismic waveform 

and thus develop a broader sense of it. For this 

purpose, the variation of waveforms from selected 

classes is shown along with log motifs. The impact of 

lithology and fluid content on waveform shapes can 

be seen visually (Figure.7) Although, it is difficult to 

accurately identify the top & bottom of these sands 

on a seismic trace as they are thin in nature. But, the 

presence of hydrocarbons especially Gas enables us 

to observe some subtle changes. For example the 

waveshape in Well B is elongated due to lowering in 

frequency due to presence of gas. Similarly, Analysis 

of waveforms of wells C & D shows lower frequency 

in the later, which can be calibrated with well results. 

These were very simple and crude observations 

which can be seen visually, but in reality there are 

numerous combinations of Lithology, Pore fluid, 

porosity which can yield similar seismic response. As 

pertinent with any other geophysical method, the 

challenge of non-uniqueness is faced here too. But, 

with Integration of all the available seismic and well 
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information an attempt can be made for reduction of 

unknown variables and thus reducing uncertainties.  

 

 

 
 
 

Results and discussion  

 

Analysis of Seismic Facies map, tells us that the 

areas corresponding to yellow and light brown class 

are of prominence (Figure.8a) The zones encircled in 

dotted red color are interesting and can be taken up 

for analyzing the extension of Kamalapuram play. 

However, considering the nature of this play being of 

strati-structural type, the areas highlighted in blacks 

circle would be highly risky for venturing into further 

exploration (despite being in good class) from 

structural point of view (Figure.8c). The maps 

generated can be utilized with great reliability, as the 

correlation map (Figure.8b) shows a confidence 

greater than 75%(Sky blue area) in majority of our 

area. The results of this map were vindicated by 

occurrence of good hydrocarbon (Gas) shows & 

facies in recently drilled well G, which would tested 

in future. The RMS amplitude attribute map 

(Figure.8d) generated in the same window(64ms) 

along the horizon shows several high amplitude 

discrete pockets. From conventional amplitude 

Interpretation point of view, these areas tend to be 

interesting. But from our analysis, we can say that all 

these high amplitude bodies are not always 

prospective. Additionally, RMS amplitudes easily get 

masked by higher values generated due to response 

of higher degree of calcareous content.  

 
Figure.8(a ,b): Seismic Waveform Classification(left) and Facies 

correlation confidence map(right). 

 
Figure.8c: Perspective View of showing Facies of class 3&4 lying 

along the crustal high have a higher probability of success   

 

 
Figure.8d: RMS amplitude map of Kamalapuram formation 

(window: 64ms) 
 

Figure.7: Log Motifs of 

wells used in Supervised 
Waveform classification 

are showcased along with 

their Neurons besides them. 
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The areas encircled in black on the map are rendered 

to be of poor Seismic Facies (Silty calcareous nature) 

by results of Waveform Classification. Hence, RMS 

attribute has limitations in our area, as it only 

focusses on a single dimension of a trace i.e. 

amplitude. 

Displaying of Seismic Facies on seismic section 

helps us to visualize the variation along with 

correlation confidence. (Figure.9) It can be used for 

critically analyzing the facies based on correlation 

confidence near fault zones, during placing of wells.  

 

Conclusions 

 

Changes in Seismic Waveform are attributed to 

changes in lithology, porosity & pore fluids. 

Prospective zones for exploitation of Kamalapuram 

play of Eocene age have been identified through the 

application of current study. The results were 

validated by occurrence of gas shows & sandy facies 

in recently drilled well. Seismic Facies map 

generated, have provided a greater objectivity and 

helps us to identify the areas with similar rock 

property precisely. 
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