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Abstract 

The hydrocarbon potential of the fractured basement in Borholla field of south shelf area of Assam-Assam Arakan Basin 

is well established. Though seismic data were acquired and processed many times in the area, the interpretability of the 

processed seismic sections for thin sands of Kopili, Sylhet and fractures in the basement still remains poor. The presence 

of coal seams in the overlying Barail formation is an added impediment in proper imaging of the deeper geologic events.  

The quality of the depth migration results depends a lot on the accuracy of the velocity model, which serves the dual 

purpose of imaging and providing depths.  The limitations in outputs of previous processing efforts necessitated a new 

approach. Building a geologically- and structurally-consistent velocity volume incorporating anisotropy is of paramount 

importance in improving the imaging of deeper geologic events. This paper presents the methodology and results of 

reprocessing of a 3D seismic volume from Borholla area of south Assam shelf to improve the mapping of Kopili, Sylhet 

and fractures of the basement. 
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Introduction 

The commercial discovery of oil from fractured basement in Borholla field of south shelf area of Assam-
Assam Arakan Basin (Figure 1) was established during the early 1970s (Mishra et al., 2016). Later discovery 
of oil in fractured basement in Khoraghat area in far south of Borholla field generated enthusiasm amongst 
geoscientists about the prospectivity of fractured basement in the rest of the area. The main formations of 
interest are the Tura, Kopili (source rock), Sylhet, and the underlying fractured basement (Singh et al., 2008) 
as these are found hydrocarbon-bearing in this part. The targets occur at a depth range of 2400 to 3150 m. 
A generalised stratigraphic chart of Assam shelf basin is shown in Figure 2.  

The coal seams associated with the Barails, known as the Barail coal shale (BCS) in many areas of Assam shelf 
is one of the major challenges in imaging the deeper configurations of the Paleogene and the underlying 
basement. The 3D seismic data from Borholla area was earlier processed in time (prestack time migration, 
PSTM) and depth (prestack depth migration, PSDM) domains. But processed outputs showed very low 
resolution and continuity of events in the Paleogene and the basement, giving rise to many uncertainties in 
mapping the target horizons. Basement mapping in many areas from the existing data was found to be 
ambiguous. The analysis of previous processed data indicated the need to derive a better velocity model. 
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Figure 1: Map of Assam with the location of the study area shown in a pink rectangle as indicated with the 
white block arrow. (Image generated with the use of Google Earth Pro). Locations of Borholla and Khoraghat 
are shown in inset. 
 

Figure 2: Generalised stratigraphic chart of Assam shelf basin. 
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The area under study does have high degree of faulting, especially in the zone of interest. Thus, the possibility 

of azimuthal anisotropy needed to be considered. With the horizontally layered strata, it is reasonable to 

expect vertical transverse isotropy (VTI) in the area.  

 The cluster-based seismic imaging EarthStudy360 Imager (ES360 Imager) is a depth migration tool that 

simultaneously uses the full recorded wave field within a controlled aperture to generate amplitude-

preserved, multi-dimensional, subsurface angle gathers and its bottom-up ray tracing easily handles the 

multi-pathing of rays. The procedure is based on a point-diffractor operator to ensure illumination of the 

image points from all subsurface directions (Koren et al., 2008). The algorithm 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. ES360 directional angle azimuth gathers enable 

specular and diffraction imaging, resulting in simultaneous emphasis on continuous structural surfaces and 

discontinuous objects such as faults or small-scale fractures.  

An accurate estimation of velocities is the key factor in depth domain imaging. 3D grid-based tomography 

aims to flatten the common image gathers and minimize their residual move outs (RMO) to update the 

anisotropic velocity model (Pathak et al., 2020). The non-flatness of pre-stack depth gathers are measured 

through auto picking and used in tomography to update the velocity model.  

Area of study 

A 3D seismic survey was acquired during 2015-16 with the acquisition parameters shown in Table-1. A base 

map showing acquisition fold and location of wells used during the present study is placed at Figure 3. 

The objective for the survey was to map thin sands in the Kopili and Sylhet formations, as well as the fractures 

in the basement between depths 2400 to 3150 m, which in turn correspond to two-way travel times between 

2000 ms and 2800 ms. 

Methodology 
 

The residual statics-applied time gathers and RMS velocity volume from the earlier time processing were 

inputs for the depth processing. 

The RMS velocity volume was converted to initial interval velocity volume using constrained velocity inversion 

method (Koren et al., 2006). Isotropic Kirchhoff PSDM was carried out on alternate inlines and using the output 

stack, seismic attribute volumes such as dip, azimuth and continuity were derived. The dip and azimuth 

attributes calculate the structural dip and azimuth of the seismic reflectors in each reflection point. The 

continuity attribute calculates the continuity of the seismic data based on the dip and azimuth values 

(Software user documents, Paradigm). The depth gathers along with these computed attributes were input to 

the pre-stack auto picking algorithm. The picked residuals and input depth maps were used for running 3D 

grid tomography to update the input velocity. Multiple iterations of this procedure were done to derive a 

reliable isotropic velocity model, which flattened the depth gathers up to incident angle of 30o.  

The data were then migrated with the updated velocity model. Well-tie tomography was done in isotropic to 

vertical transverse isotropic (VTI). The purpose was to create a velocity model which when used for migration 

yields flat gathers and the reflectors in the image tie to the well markers. The mis-ties between well markers 

92 



Improved imaging of basement structural configurations through anisotropic PSDM 

 
GEOHORIZONS, December 2022 
© SPG India. All rights reserved. 

 

and the corresponding interpreted surfaces on the seismic volume at the well locations are computed and 

interpolated/extrapolated to generate mis-tie maps along interpreted horizons. These mis-ties were then 

used in tomography for updating velocity and anisotropic parameters. 

Table-1: Important acquisition parameters for the seismic survey 

 

 

 

Further updating of the vertical transverse isotropic velocity was done using well-tie tomography (VTI to VTI 

mode), followed by grid tomography to further flatten the gathers. The updated velocity resulted in good 

match of seismic events and well markers. 

The final anisotropic depth migration was done using the VTI updated velocity, generating reflection and 

directional gathers.  

Issues faced 

The automated residual move out picking algorithms were failing in case of gathers with weak signal to noise 

ratio and this was resulting in generation of sub-optimal velocities in many parts. To address this issue, the 

depth migrated gathers were conditioned, and coherent reflection events were boosted by application of 

frequency-wave number filters. Frequency-wave number filtering is particularly effective in attenuating 

coherent linear noises like ground roll, guided waves, side-scattered energy etc. RMO picking at the shallow 

levels was improved by picking two additional horizons to guide the algorithm.  

 

Sr.No. Parameters Symmetric Split Spread 

1 Bin size 20m X 20m 

2 Reciever lines 12 

3 Channels per line 160 (80+80) 

4 Group interval 40m 

5 Shot interval 40m 

6 Reciever line interval 280m 

7 Shot line interval 320m 

8 Shots per salvo 42 

9 Total fold 10 X 6=60 

10 Total active channels 1920 

11 
Minimum maximum 
offset 

3180m 

12 
Maximum maximum 
offset 

3972m 

 

 

Figure 3: Location of wells (data used in 

the project) on acquisition fold map. 
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As the available seismic data were of inferior quality, the horizons in the broad zone of interest (Sylhet and 

basement) picked on such data had many uncertainties, which posed problems in properly updating the 

velocities. A close interaction with the interpretation team was therefore necessary, and as a result the 

horizons were updated many times during the project.  

 

Figure 4: Comparison of velocities along a representative inline at different processing stages.  (a) isotropic 

velocity before well-tie, (b) well-tie tomography using the initial interpretation of basement resulted in an 

uncharacteristic lowering of velocities between the Paleogene top and basement (shown within the blue box). 

Velocities as low as 2520 m/s were seen in the zone, (c) The basement interpretation was revised and following 

tomography resulted in velocities which were consistent with well velocities. 

 

Figure 5: A segment of an inline seismic section extracted from anisotropic migration volume shows the initial 

and revised interpretation for the basement marker. Both, the revised interpretation, when map migrated with 

updated velocity and seismic section after anisotropic migration showed good well-tie. 
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During the first run of well-tie tomography, mis-tie values of above 230 m were observed at the basement 

level, which in turn caused an uncharacteristic lowering of velocities between Barail and basement formations 

(Figure 4). The interpretation team relooked at their interpretation of the Sylhet formation and the basement, 

which were later validated through well ties (Figure 5). The final mis-tie values were found to be less than 30m 

at the basement level in most wells, which was around 1 percent of the depth.  

Such efforts led to a robust velocity model which was consistent with the geology (Figure 6) and agreed with 

well velocities (Figure 7). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6: An intersecting inline 

and crossline seismic section 

display showing an overlay of 

the final velocity. Notice the 

structurally-consistent form of 

the velocities. 

 

Figure 7: A perspective view of an 

inline section extracted from the 

seismic velocity volume passing 

through four wells. P-velocity 

curves derived from well logs 

(filtered to 10 Hz) are shown along 

the four wells and these match the 

seismic velocities quite well. 
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Discussions 

Minimization of mis-ties between seismic events and well markers was achieved through optimal derivation 

of velocity and anisotropy parameter volume through well-tie tomography. In case of PSDM, the velocity plays 

crucial roles in focusing the seismic energy and positioning of the imaged reflectors in depth. A good velocity 

model results in flat migrated gathers which ultimately improves the imaging and brings out geologically 

acceptable seismic data.  

The study area showed a high degree of anisotropy, which is very much visible in comparison of the results 

from isotropic and anisotropic migrations (Figure 8).  

Estimation of a structurally-consistent and geologically plausible velocity volume helped improve imaging at 

the target zone. The reprocessed seismic data exhibited higher resolution and event continuity at target 

depths in comparison to the previously processed sections. In comparison to earlier processed PSDM data, 

the current anisotropic migrated data showed significant improvement in fault delineation (Figure 9). Many 

structural features, which were ambiguous in the previously processed data, were clearly imaged in the newly 

processed data. Comparison of anisotropic PSDM processed data converted back to time with earlier time 

processed (PSTM) data also clearly showed the improvements brought in imaging (Figure 10 and 11). The 

time slices from the newly processed data showed a higher level of structural details in comparison to 

previously processed data (Figure 12). 

The diffraction stack generated from the directional angle gathers shows good definition of major faults and 

large fractures, and when overlaid on depth migrated volume (Figure 13), could help immensely in fault and 

fracture mapping at the target depths. 

 

 

 

 

 

Figure 8: An inline seismic 
section drawn from the (a) 
isotropic migrated volume, and 
(b) anisotropic migrated 
volume. A convincing well-tie 
match seen in (b) suggests 
presence of anisotropy. (The 
higher frequency appearance 
on anisotropic migrated section 
is result of post stack 
processing applied.) 
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Figure 9: A comparison of equivalent representative inline seismic sections focusing on the target zone drawn 
from the (a) earlier processed PSDM volume, and (b) anisotropic PSDM carried out under the present study. 
The higher resolution of seismic events and better delineation of faults in (b) are evident.   

 
Figure 10: A comparison of equivalent representative inline seismic sections drawn from the (a) earlier 

processed PSTM volume, and (b) anisotropic PSDM carried out under the present study converted back to 

time. Notice the superior imaging of the structural configuration in (b). 

 

97 



Improved imaging of basement structural configurations through anisotropic PSDM 

 
GEOHORIZONS, December 2022 
© SPG India. All rights reserved. 

 

 
 
Figure 11: A comparison of equivalent representative inline seismic sections drawn from the (a) earlier 
processed PSTM volume, and (b) anisotropic PSDM carried out under the present study converted back to 
time. Notice the superior imaging of the structural configuration in (b). 

 

 
Figure 12: A comparison of equivalent representative time slices within the target zone (at 2230 ms) drawn 
from the (a) earlier processed PSTM volume, and (v) anisotropic PSDM carried out under the present study 
converted back to time. Notice the higher level of details and superior imaging of the features seen in (b). 
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Figure 13: (a) A depth slice at 2000 m from the diffraction stack volume shows the definition of the main faults. 

(b) The equivalent depth slice at 2000 m from the depth migrated volume shows the overlay of the diffraction 

stack features using transparency. The fault definitions seem to jive well on the depth slice in (b). 

Conclusions 

The methodology and quality control measures adopted during the study, added value to seismic data by 

bringing significant improvements in imaging of the structural configuration in the target zone. The improved 

resolution and continuity of seismic events in the processed outputs are expected to help in better 

interpretation of Kopili, Sylhet and fractured basement, which would be a significant achievement in upper 

Assam shelf area, where previously the interpreters had difficulty in dealing with deeper structures. The 

anisotropic PSDM could be a useful tool in enhancing seismic image of deeper units and basement in other 

areas too.  

The symmetric split acquisition geometry used for the above survey was found to have narrow azimuthal 

distribution of offsets and usable maximum offsets were around 3500m only. Better anisotropic analysis 

requires wide azimuths and good distribution of longer offsets. These considerations should be given due 

weightage while planning for future seismic acquisition projects in the area.  
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