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Abstract 

Fractured and weathered basement rocks have gained 

equal importance like sedimentary rocks in recent 

times for oil & gas exploration in different basins 

across the globe. To study faults, fractures and its 

orientation, within the Kuthalam field of Cauvery 

Basin, Processed seismic data using advanced 

imaging technique, EarthStudy360TM is utilized. 

Discontinuity attributes such as fault likelihood and 

fault tracking were extracted from this volume. 

Analysis of time & horizon slices along with seismic 

sections have enhanced our understanding of fracture 

patterns. Significant reduction of noise in the 

processed volume was observed in sedimentary as 

well as basement formations when compared with the 

earlier data which might have been misinterpreted as 

discontinuities. Emphasis of our study is on fractured 

basement play, hence the fault likelihood attribute 

played an important role in providing greater insights 

into the data, which lacks the presence of Formation 

Micro Imaging (FMI) log data in Kuthalam Field. 

The seismic data when blended with these attributes, 

gave a clear idea of the extent of the fault pattern 

within the basement which can be incorporated with 

other attributes to develop a fracture model of the 

area for the fractured basement exploration.  

 

Introduction 

The occurrence of naturally fractured basement 

reservoirs has been well known within the oil 

industry for many years, but has failed to draw the 

attention of exploration geoscientists in the past. In 

recent times, basement reservoirs are gradually 

becoming more interesting from the exploration point 

of view. Beside countries like China, Venezuela, 

Indonesia and Vietnam, India has also opened up 

prospects in numerous basins and also commercially 

producing Hydrocarbon (HC) from basement 

reservoirs. For HC exploration from the basement, 

wells can be drilled vertically or directionally to 

intersect the faults and fractures present in it. 

Therefore, orientation of the faults and fractures are 

crucial for the fractured basement exploration. The 

presence of faults and interconnected fractures can 

provide a migration pathway as well as indicate the 

possibility of petroleum reservoirs. Fracture detection 

is most important and it can be obtained from 

conventional core or FMI log of the drilled wells. Till 

date, interpreters take account of various attributes 

like Coherence, Curvature and Discontinuity from 3D 

Reflection seismic data for identifying faults and 

fractures within the basement. (Tako Koning, 2013). 

 

To identify the faults and fractures in the basement, 

different highly focused 3D seismic data set can be 

used for advanced processing techniques like CBM 

(Controlled Beam Migration), CRAM (Common 

Reflection Angle Migration) and ES360 

(EarthStudy360). Petroleum System elements like 

source, reservoir, seal, and trap are very much 

essential for commercial HC accumulation in the 

fractured basement. The use of ES360 processed data 

for identification of fractures and mapping of faults 

has provided more accurate results than conventional 

processed data. 

 

The Cauvery Basin is one of the major peri-cratonic 

rift basins along the east coast of India that has 

developed during the rift – drift events associated 

with the breakup of Gondwanaland. The Precambrian 

basement rocks belonging to the Eastern Ghat Mobile 

Belt limits the basin in the west. The basement 

mainly composed of high grade regional 

metamorphic rocks of granulitic facies namely 

quartzo feldspathic micaceous gneisses, granulitic 

migmatites and quartzo feldspathic migmatites. 

Cauvery Basin further disintegrated into NE-SW 

oriented horst and graben blocks. There are six sub 
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basins orienting NE-SW direction which are 

separated by horst blocks. (Kollimarala, et al., 2019). 

Hydrocarbon exploration in Cauvery Basin started in 

1958 with its first wildcat well in 1964. 

 

The present study carried out in Kuthalam field of 

Tranquebar sub-basin. Kuthalam field falls on the 

North-Western rising flank of Tranquebar sub-basin 

in between Kumbakonam ridge and 

Thiruvidaimarudur spur of Cauvery Basin. 

Commercial quantities of Oil and Gas have been 

established from the sandstone reservoirs of 

Andimadam and Bhuvanagiri formations of 

Cretaceous age (Fig-1&1a). 

 

The area is dissected by numerous ENE-WSW 

trending basement controlled normal faults defining 

elongated fault blocks, which are affected by few 

NNW-SSE trending transverse faults giving rise to 

present structural configuration. Sandstone reservoirs 

within Andimadam and Bhuvanagiri formations are 

the main hydrocarbon producers in the area. Rich 

shales within Andimadam formation is matured 

enough to generate HC. Shales within Andimadam 

and Sattapadi formations acts as cap rock for 

Andimadam reservoirs and similarly Kudavasal shale 

seals the Bhuvanagiri reservoirs. 

 

In Kuthalam field, 49 wells were drilled (28 

Exploratory and 21 Development) out of which 30 

wells produced gas and 05 are oil wells. Out of 49 

wells, 31 have penetrated into basement but no 

hydrocarbon shows were observed during drilling. 

Most of these wells penetrated 25m to 50m within the 

weathered basement, which is not sufficient for 

exploration of hydrocarbon within the basement. 

Moreover, there is no focused activity on basement 

exploration in the Kuthalam field. 

 

The number of fractures detected from the 

conventional core is usually greater than the fractures 

identified from well logs. In well logs, it is difficult 

to distinguish horizontal fractures from bedding 

planes except FMI logs. Standard seismic methods 

used for exploration of layered sedimentary rocks 

cannot be used for mapping of heterogeneity within 

the basement since traceable reflectors are absent. 

Hence, the quality of seismic processing is very much 

essential for meaningful G&G interpretation. 

 

 
Figure 1:  Location Map of            Figure 1a: Tectonic Map of    

Cauvery Basin                                   Cauvery Basin 

 

The main requirements are 

a. Proper processing parameters. 

b. Minimum data regularization and amplitude   

distortion. 

c. Low velocity multiples to be suppressed. 

d. Working portion of frequency spectrum 

towards higher frequencies without 

considerable loss of the S/N ratio. 

e. For effective migration, precise determination 

of velocity model is required. 

f. Best imaging of the Earth’s structure and 

minimum level of migration noise, provided the 

migration velocity are correct in the Pre-Stack 

Depth Migration. 

 

Theory and Method 

ES360 Processing: 

To study faults and their orientations, recently 

processed ES360 data of Kuthalam (3D-HD data-

10x10 Bin size) area is used. EarthStudy360 Imager 

(ES360 Imager), a proprietary of Paradigm, is a 

versatile cluster-based depth migration tool that 

simultaneously uses the full recorded wave field 

within a controlled aperture to generate amplitude 

preserved, multi-dimensional, subsurface angle 

gathers to obtain accurate structural attributes, 

subsurface velocity models, medium properties and 

reservoir characteristics. Unlike conventional ray-

based imaging methods (e.g. Kirchhoff migration), 

EarthStudy360 uses a point-diffractor operator that 

shoots rays from subsurface grid points to the 

surface, forming an accurate system for mapping the 

recorded surface seismic data into the subsurface 

Local Angle Domain (LAD) for each image point. 
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EarthStudy360 enables geophysicists to use all 

recorded seismic data in a continuous fashion directly 

in the subsurface local angle domain. These results in 

two complementary, full-azimuths, 3D angle gather 

systems: Directional and reflection angle gather. 

Maximum illumination of the image point is achieved 

from all subsurface directions taking all the 

amplitudes and phases into account and the beams 

are applied correct computed weightage for 

extrapolating from the central rays to their 

neighboring ones.  

 

Directional angle decomposition implements both 

specular and diffraction imaging with real 3D 

isotropic/anisotropic geological models. Structural 

attributes at each subsurface point, such as dip, 

azimuth and continuity, can be reliably derived 

directly from the directional angle gathers. The full-

azimuth, angle domain RMO enables accurate 

velocity model determination (isotropy/anisotropy 

tomography). Full-azimuth, angle domain amplitude 

variations result in better reservoir characterization, 

with high-resolution elastic properties and high-

resolution fracture determinations.  Beam steering 

performs local slant stack and migrates only energetic 

events. ES360 processing differs from the 

conventional processing workflow in many aspects 

(Fig-2). It performs isotropic to Vertical Transverse 

Isotropy (VTI) for anisotropic modelling. 3D residual 

moveout is picked on reflection azimuth-angle gather 

using 3D pre-stack autopicker. Full azimuth 

structural tomography is performed by refining the 

Interval velocity and anisotropy (unpublished report, 

GEOPIC, ONGC, Dehradun ). 

 

One of the major benefits of ES360 is full azimuth 

angle domain imaging to maximize knowledge from 

the seismic data. It delivers high accuracy 

isotropic/anisotropic velocity models especially in 

complex subsurface areas. Mapping of faults from 

Fault likelihood attribute and fracture from ant track 

volume is more accurate. High resolution information 

about reservoir properties is also extracted from these 

data. The system delivers highly accurate images of 

complex structures below, such as shallow low-

velocity anomalies like gas pockets, subsalt, sub-

basalt and high-velocity carbonate rocks. 

 

 

 
Figure 2:  Workflow of ES360 Processing. (SIS, GEOPIC, 
Dehradun). 
 

Workflow of Fault and Horizon Interpretation 

using ES360 processed data 

 

The workflow is same for fault and fracture 

interpretation of conventional and ES360 processed 

data. Additionally, structural smoothening is 

performed on ES360 processed seismic data in order 

to enhance any subtle feature besides preservation of 

faults. This volume is then provided as an input for 

the fault-likelihood attribute generation. This job 

creates a number of seismic volumes, among which 

fault-likelihood and fault-tracking volumes (Fig-3) 

are of utmost importance for delineating the faults 

and fractures. This fault likelihood volume is blended 

with tracking volume to generate a composite volume 

which enhances not only major but also the minor 

faults along with their orientation. The seismic 

volume is further overlaid with this blended 

likelihood and tracking volume for interpreting the 

fault. It is then used for horizon interpretation and 

generating time maps and attribute analysis. 

 

Results and discussions 

1) Comparison of Seismic Sections between 

Conventional and ES360 processed data.  

 

Seismic sections (Fig.4) depict the enhanced seismic 

images from the ES360 processing as compared to 

conventional processing. The advanced processing 

technique generates more accurate dips and azimuth 
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in the seismic providing a better image to the 

interpreters to delineate faults and fractures. It is 

vivid from the comparison how the ES360 data 

successfully brings out a better image close to the 

basement as compared to conventional processing. 

 

  
 

Figure 3:  Workflow of Interpretation- Using ES360 processed 
data 

 

2) Time slice comparison between Conventional and 

ES360 processed data. 

 

The benefit of ES360 processing is realized further 

when the fault likelihood job has been performed on 

both seismic volumes with same parameters, as seen 

clearly in (Fig.5). A significant noise reduction has 

been observed in the time slice extracted from ES360 

data as compared to the slice extracted from the 

conventional processing. The ES360 data is observed 

to show a prominent fractures in the time slice where 

the basement has been encountered whereas 

sedimentary section shows less fractures. But from 

the conventional processed seismic, the time slice 

shows a high amount of noise resembling to 

discontinuities which may mislead the interpreter to 

consider same amount of fractures in the sediments 

as that of the basement. 

 

 3)   Fault likelihood attribute of Conventional and 

ES360 Processed data (Fig-6). 

Both seismic sections of conventional and ES360 

processing data when compared, a high resolution 

  

ES360 Processing               Conventional Processing        

 
 
Figure 4: Comparison between ES360 and Conventional processed 

data 

    
  

  Figure 5:  Time slice comparison between ES360 & Conventional 

at 2100 ms.  
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Image is produced for detection of faults and 

fractures. The final processed ES360 Specular Stack 

volume shows very good continuity with sharp edges. 

The horizontal and vertical resolution of the 

reflectors are found to be improved leading to more 

convenient for mapping of the fractures and faults 

close to the basement  giving higher confidence for 

its exploration. 

 

The Fault likelihood attribute which is defined as a 

power of semblance that has a range of value existing 

between 0 and 1. The development of this attribute 

aims at capturing and delineating faults and fractures 

in the area of interest, such that the algorithm scans 

the range of fault dips to identify maximum 

likelihood. 

 

In the DSD (Decision Space Desktop), a fault 

likelihood attribute is generated from the processed 

ES360 data along with which, a fault tracking volume 

is also created. These two volumes, when blended 

with the seismic amplitude volume after structural 

smoothening, have been used for fracture and fault 

interpretation. It also gives a very clear picture 

depicting the fault connectivity with their orientations 

(Fig-6). 

 

In this study, the fault likelihood attribute plays a 

major role in looking into fractured basement since 

the FMI log data is not available for fracture studies. 

The seismic data when blended with this attribute, 

gives an idea of the extent of the fault pattern within 

the basement clearly from the ES360 processed data 

whereas it has a noisy pattern in the Conventional 

processed data. 

 

Horizon slices are extracted along the basement using 

the fault likelihood volume which shows a significant 

improvement in visualization of the orientation of the 

faults and their patterns. This volume is used for 

further improvement of the faults pattern established 

from earlier processed data. Horizon slice of 

basement extracted from ES360 (Fig. 6) has been 

used for fault interpretation as shown in Fig.7. 

 

 
 

Figure 6: Comparison of Fault Likelihood Horizon slice of 

basement top between Conventional and ES360 data 

 

Northern part of Kuthalam high is structurally low, 

even though some discontinuities are observed in the 

conventional processed data which may lead to 

misinterpretation because of their similarity with 

fractures. But this disturbance is found to have 

significantly reduced after ES360 processing, 

assisting us to conclude they are no fractures but only 

noise in the seismic that has been attenuated by 

advanced techniques. 

 

From the time structure map in the Fig.7, it is clearly 

seen that structural highs and lows helps to visualize 

the basement configuration of Kuthalam field. 

Orientation of faults and fractures are better resolved 

from the ES360 processed data leading to better 

understanding about the basement reservoirs (Fig-7). 
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Figure 7: Refinement in Fault interpretation by using ES360 data 

 

Conclusion 

From the detailed study of different seismic volumes 

and their attributes, it can be inferred that ES360 

processed data has the capability to resolve 

discontinuities like faults and fractures with higher 

precision which is achieved because of its advanced 

parameters like full-azimuth angle domain variation 

in amplitude, beam steering and anisotropic 

modeling. Fault likelihood is a new technique 

incorporated in Decision Space Desktop which helps 

in bringing out faults and fractures analogous to Ant-

tracking in Petrel. The fault likelihood attribute 

provides razor-sharp fault images on horizon slices as 

well as on vertical sections. This attribute generated 

from  the ES360 data gives a refined image of the 

subsurface which not only improves interpreter’s 

ability to depict faults, fractures,  their orientation 

and connectivity but also when validated with FMI 

logs can lead to generation of an improved Discrete 

Fracture Networks (DFN) which can be used for 

basement exploration. The overall improved images 

obtained in seismic sections and its attributes for 

identifying the faults and fracture will give value 

addition for fractured basement exploration. 
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Seismic section A(SW-

NE), B(W-E) & 

C(SSW-NNE) passing 

through different 

directions are depicting 

the faults interpreted 

using Fault likelihood 

horizon slice of 

Basement Top 


