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Summary 

 

Seismic imaging below Deccan Trap has 

significantly improved due to enhancement in 

geophysical technology. A thick lava blanket 

spread along the west coast continental margin of 

India makes the imaging and interpretation of 

seismic data below the   trap, very difficult. Given 

the great thickness of basalt (>2 km) overlying the 

Mesozoic sequence in the study area, deciphering 

the sub-basalt configuration and understanding of 

Mesozoic prospectivity was a challenge. Latest 

acquisition of 3D Broad-Band data with Reverse 

Time Migration (RTM)-Full Wave Inversion (FWI) 

processing has significantly improved the 

Mesozoic imaging and leading to the better 

understanding of the Mesozoic structural 

configuration and mappability of target layers in 

the area. The PSDM (Pre-Stack Depth Migration), 

RTM stack and various PSI (Pre-Stack Inversion 

processes are being used for interpretation. 

Remapping of horizons has brought out a four way 

closure at both Deccan Trap Bottom and at various 

pay levels with a closure area larger than earlier 

estimated areas. The RTM data has brought out the 

fault configuration in Mesozoic sequences more 

clearly. New prospects have been identified on the 

basis of present interpretation. 

Introduction 

 

The present study area (Figure 1), which falls in the 

block GS-OSN-2004/1, is situated in the shallow 

waters (bathymetry - 75-100m) off the shelf of 

Gujarat. It is located on the northern flank of W-E 

trending Saurashtra arch. The area was covered 

earlier with 3D seismic data, which was acquired in 

2010 and subsequently, was processed with 

broadband processing technology. The data was not 

fully free of multiples and the imaging was poor for 

sub-basaltic Mesozoic sequences. Absence of low 

frequency data resulted in difficulties in structure 

delineation. Present 3D broadband seismic data 

acquisition with longer offset and subsequent 

broadband processing with KPSTM (Kirchoff Pre- 

Stack Time Migration), ASDM (Anisotropic Pre-

Stack Depth Migration), RTM with FWI velocity 

and PSI studies, added a new dimension to 

interpretation, both structurally and 

stratigraphically. 

 

The objective of the present study is: 

 

i) To improve the horizon and fault 

interpretation and strengthen the geological 

understanding in Mesozoic sequences below 

the Deccan trap. 

ii) To identify hydrocarbon prospects using 

enhanced images of the Half Graben 

structure in sub-basaltic Mesozoic 

sequences. 

 

Acquisition 

 

The survey was acquired using a slant cable profile 

varying from 12 to 30 meters and a dual-layer 

source. The same configuration was set up with 10 

x 8000m streamers and two 4540in
3
 Broadband 

sources for acquisition with two vessels, thereby 

utilizing their continuous recording capabilities. 

Line direction was 73°/ 253° and the nominal fold 

was 80 with a 6.25m x 12.5m bin size. The pre-

recording filter used for acquisition was 

2Hz@6dB/Octave – 200 Hz@370dB/Octave. 

 

 
Figure 1: Location map of the study area 

Processing 

 

In order to image Mesozoic sequences better, the 

processed data should be of high resolution and 

free from ghost reflections.  Care was taken to 

design the de-bubble filter and attenuate the bubble 

energy, linear noise and direct arrival. Optimal 

multiple attenuation was carried out using SRME 

(Surface Related Multiple Elimination). 

Acquisition foot prints were attenuated and the data 



gaps were filled up using 5D interpolation. Q-

compensation was applied to account for the effect 

of earth absorption. High density velocity 

modelling with detailed local velocity anomalies 

was carried out for improvement in deep structures 

beneath the basalt layer. 3D APSTM (Anisotropic 

Pre-Stack Time Migration) , APSDM and PSI were 

performed for better imaging of the sub-basalt 

layers with the aim for Seismic resolution 

(bandwidth) and amplitude preservation for the 

reservoir characterization. 1.5Hz filter was applied, 

which effectively attenuated low frequency noise 

without affecting the primaries. The improvement 

of image quality can be observed in Figure 2. 

  

Velocity modelling:  

 

The anisotropy in the PSDM velocity was 

measured using the algorithm of VTI (Vertical 

Transverse Isotropy). Dynamic Warping Diving 

Wave FWI was applied to update the velocities in 

shallow parts above the Deccan Trap. To obtain a 

reasonably good resolution velocity model (Figure 

3), FWI was implemented up to 20 Hz, which was 

necessary for the subsequent anisotropy updates. 

The undulation on the PSDM images and flatness 

of the PSDM gathers were also improved by using 

high frequency VTI FWI model.  

 

Interpretation 

 

Interpretation was carried out on KPSTM, scale 

back to time (SBT) KPSDM (Kirchoff Pre- Stack 

Depth Migration), RTM stack seismic volumes. 

The data follows the SEG reverse sign convention 

(Brown, A. R.. 1984) i.e., increase in acoustic 

impedance will produce positive reflectivity and is 

denoted with peak. The RTM process was done 

with a low-cut frequency of 1.5 Hz and a high cut 

frequency of 30 Hz, however, in post stack 

processing, a 27 Hz high cut filter was applied. 

When compared with the previous data, RTM stack 

data yielded lesser swings and better S/N ratio 

(Figure 2), especially in the sub basalt layer and in 

the target area which is below the Deccan trap 

bottom. Wedge-out structures underlying the 

Deccan trap bottom showed more clarity in the 

present RTM images, compared to the earlier 

analysis. The trap bottom was correlated with 

negative onset. Present structure map of Trap 

Bottom can assist in proper identification of 

different fault zones. Different pay zones can be 

mapped.  

 The Cretaceous pay (with average gross thickness 

160m, average porosity 6-8 %, and effective 

permeability of 0.8 mD) which were encountered in 

wells C & D, was correlated with increased 

confidence in the new data (though the data denotes 

the cumulative effect of the entire pay sand and 

interlying shale, and not the individual pay sand, 

leading to the dominant frequency being on the 

lower end). The overburden pressure causes the 

sand to be very tight with low porosity and makes it 

difficult to distinguish thin layer from shale. The 

extension of cretaceous reservoir was remapped 

and its result showed larger area coverage 

compared to the earlier data. Due to fine velocity 

modelling using FWI, the sequence now appears 

slightly shallower than previous observations. As a 

result when it is correlated in depth domain, the 

extension of pay within Gas Water Contact (GWC) 

shows larger extension, which may give better 

reserve estimation. The thick reservoir sand which 

is charged with gas and has been confirmed in two 

wells, shows positive reflection amplitude at 

bottom level and above which feeble amplitude 

with frequency dilation was observed (Figure 12). 

So the identification and extension of pay sand 

gives more confidence with RTM stack data. Better 

images of the Jurassic pay sand can now be 

obtained and the present extension is beyond the 

earlier mapped boundary. The pay has produced 

significant gas in one of the wells. 

Figure 2: Comparison between the earlier obtained PSDM image and 

the new RTM stack 

Figure 3: PSDM image overlaid with updated velocity  



 
Figure 4: Time and Depth relief map within Jurassic 

Another horizon in Jurassic age has been identified, 

which is prominent, and can be correlated 

confidently to establish a paleo structure. The relief 

map at this level helped in prospect identification 

mainly based on structure (Figure 4). 

 

Fault Interpretation: 

 
On a regional scale the Kutch basin is characterized 

by NW-SE trending faults, which follow the 

Precambrian Dharwarian trend. These faults follow 

the E-W Aravalli trends. Earlier data predicted 

faults in the Mesozoic sequence which were not 

very clearly visible. The present data helps in fault 

interpretation with more reliability due to the 

presence of low frequencies. The RTM, which  was 

performed with dip up to 90 and 7 km half 

aperture, revealed steeper faults. The fault sticks 

were interpreted in seismic sections with closely - 

spaced grids. Coherency and discontinuity volumes 

were generated on the data and the fault was 

superimposed on a coherency slice (Figure 5), 

which validate the presence of faults. The low 

frequency data of RTM stack (post stack 

processing performed with 27 Hz high cut filter) 

gives a better distinguishable character of fault in 

the coherency volume, below the Deccan Trap. 

 

 
Figure 5: Fault (Trap Base) mapping with coherency slice 

Two different fault systems are observed, i.e. one 

above the trap bottom and the other, below the trap 

bottom. Below the trap bottom, asymmetric half 

graben complex with a detachment fault (Allen 

&Allen, 2013) is observed. The detachment fault is 

eastward and probably extends through the crust. 

Sediment deposition in the half graben system 

suggest the presence of reservoir system with basalt 

as a seal. The system is bounded by two major fault 

in the eastern and western directions. 

 

Seismo-geological Section: 

 

Four wells were drilled in GS-OSN-2004/1 area 

with an objective to explore the hydrocarbon 

potential of Mesozoic sequence (Figure 1). Well-A, 

encountered late Jurassic sediments underlying the 

Deccan Trap while the Wells - C and D, located 

north of Well-A (Figure-7), encountered early 

Cretaceous sediments underlying the Deccan Trap. 

Well-B, located east of Well-A, in the adjacent 

fault block, encountered late-middle Jurassic 

sediments underlying the Deccan Trap (Figure 6). 

 

 
Figure 6: Log correlation across wells depicting the age of 

sequences encountered in the drilled wells 

 
Figure 7: Log correlation across wells depicting the age of 

sequences encountered in the drilled wells 

East-West Section:  

 
There are four wells (namely A, B, C and D) which 

penetrated below Deccan Trap. The well - B, which 

is located towards the side of land (NE) relative to 

A, encountered oolitic limestone (Figure 8), below 



the Deccan Trap, a characteristic of middle Jurassic 

sequences. The well-A, which is located towards 

the side of basin, encountered younger late Jurassic 

sediments below the Deccan Trap. Presence of 

younger sediments in the basin direction (SW) and 

older marine sediments in the land direction (NE) 

indicates that the eastern block has been uplifted 

and the Cretaceous to late Jurassic sediments and 

parts of Middle Jurassic sediments were eroded 

(Veeken, 2013). The wells C and D, located in the 

half graben, consist of early Cretaceous sediments 

below the Deccan Trap. The seismo-geological 

section (Figure 8) shows a half-graben basinal 

structure formed due to extension associated with 

the India-Africa rifting towards the end of the 

middle Jurassic era, with its extensional axis in the 

NE-SW direction. 
 

 
Figure 8: East - West seismo-geological model 

North - South Section:  

 
The wells, C and D are located in the north and are 

structurally deeper at the Trap Bottom (Figure 9). 

These wells encountered early Cretaceous 

sediments underlying the Deccan Trap. The well-A, 

located south and at a structurally higher level, has 

encountered late Jurassic sediments underlying the 

Deccan Trap. Well-A is relatively thinner, 

containing a 50m un-fossiliferous interval, consists 

of sandstone below the Deccan Trap that may 

belong to the early Cretaceous sediments. The 

seismo-geological section (Figure 9) shows that 

early Cretaceous sequences are thinning out 

towards south, and terminating close to well - A 

This section is prepared along the rift axis, with the 

wells C and D located in the rift depocentre 

towards the north. This depocentre has received 

sediments from structurally higher Jurassic flanks 

located in the south (well-A) and the east (well-B). 

 
Figure 9: North-South seismo-geological model with prospects  

Pre - Stack Seismic Inversion: 

 

Inversion of seismic data for impedance has 

become a standard part of the workflow for 

quantitative reservoir characterization. 

Simultaneous seismic inversion was carried out 

from horizon Trap Bottom -200m to Trap Bottom + 

1100m with four angle stacks. In the study area, 

three wells were available for use. P-impedance 

and Vp/Vs logs from wells C and D were used to 

analyse the rock physics characteristics (Figure 10). 

Based on the clay content (Vclay log), sand and 

shale were classified. A value of Vclay less than 0.25 

was classified as sand, where as a value equal to or 

greater than 0.25 was classified as shale. Brine sand 

and Pay sand are classified based on the water 

saturation log (Sw).

 
Figure 11: cross plot P impedance vs Vp/Vs for wells C and D 

 

A value of Sw less than 0.6 was classified as Pay 

sand, and a value equal to or greater than 0.6 was 

classified as Brine sand. The cross plot (Figure 10 

and 11) (Seismic data processing report, GS-OSN-

2004/1) and histogram of P-impedance and Vp/Vs 

analysis indicate that Vp/Vs is the key separator of 

sand and shale (Castagna, Swan, H. W., 1997). 

However, it also suggests that Brine sand (in blue) 

Figure 10: cross plot P impedance vs Vp/Vs for wells C and D 



and Pay sand (in red) completely overlap with each 

other. They could not be separated under current 

geologic conditions. 

Figure 11 shows the cross plot of P-impedance and 

Vp/Vs coloured by porosity. It can be concluded 

that in sand, P-impedance is a good indicator of the 

reservoir porosity. Linear relationship between 

porosity and P-impedance is observed in the zone 

of interest. 

Simultaneous PSI inversions transform the seismic 

data from interface properties to layer properties 

that are the absolute values of the rocks (Castagna, 

J. P., 1984). The primary outputs from the 

inversion are P-impedance, S-impedance and 

density volumes. The impedance volumes represent 

layer properties. Impedance is a physical property 

of the sub-surface and changes in impedance can 

often be related to changes in specific reservoir 

properties such as porosity, lithology and 

saturation. 

Figure 12 shows an arbitrary line (full stack seismic 

section) through the wells A, C and D. The 

inversion results obtained at this line are displayed 

in Figures 13 to 15 (Seismic data processing report, 

GS-OSN-2004/1). 

 

 
Figure 12: RTM seismic section along wells A, B and C 

 
Figure 13: P impedance section along wells A, B and C 

 
Figure 14: Vp/Vs section along wells A, B and C 

 
Figure 15: Poisson’s ratio section along wells A, B and C 

 
Fluid and Facies Probability: 

 
The Fluid and Facies probabilities capture the 

“overlap” of different lithotypes. Overall, sand has 

a lower Vp/Vs value than shale. Pay sand and brine 

sand overlap with each other. They could not be 

separated under current conditions. However, based 

on the knowledge of rock physics, Pay sand tends 

to have a lower Vp/Vs ratio compared to Brine sand. 

 

Improvement in the mapping of pay extension 

and new prospect identification:  

 

Pay sand has been remapped and extension has 

been modified with the help of the present RTM 

and PSI results. 

 
Figure 16: Shale probability section along wells A, B and C 

 
Figure 17: Sand probability section along wells A, B and C 
 



Figure 20 shows the mean P impedance just below 

the Deccan Trap Bottom, while Figure 20 shows 

mean P impedance map extracted along the Pay 

sand. The inner polygon was the limit of the pay 

based on earlier interpretation results, whereas the 

outer polygon is the limit of pay based on the 

present interpretation data. The low impedance 

value indicates the presence of reservoir sand.  

On the basis of fault and horizon mapping and with 

the help of different attributes generated from PSI, 

new prospects have been identified (marked as 

location N and S in Figures 18 and 20).  

Time and depth structure map at Trap Bottom level 

(Figure 18) show a fault closure at location N and 

S. The identified prospect N falls within the GWC 

limit and is present in the same fault closure. The 

prospect falls in the relatively lower range of 

impedance between 9500 to 12500 [(m/s) x 

(g/cm
3
)] similar to the drilled wells-C and D, 

signifying the presence of sand within the target 

layers. 

One more prospect (location-S) has been identified 

in south on the basis of continuity of Jurassic sand 

and presence of paleo structure. Figure 19 depicts 

the half graben geometry with Domino structures. 

These are normal faults with adjacent block 

slipping and dipping towards the west direction. 

The axial drainage might have brought sediments 

in the graben center. The possibility of a thin pack 

of early Cretaceous sediments just above the 

Jurassic cannot be ruled out. 
  

 Mapping of half graben helps in delineation of Pay 

sand in different fault blocks, which opens new 

reserves in Cretaceous as well as Jurassic 

sequences.  

 

 
Figure 18: Time and depth structure map at Trap Bottom 

 
Figure 19: South prospect in half- graben  

 
Figure 20: Mean P impedance along the pay zone with a central 
window of 50 m. 

Conclusion: 

 

The improvement in imaging leads to the better 

understanding of sub-basalt interpretation. The 

seismic data must be acquired with the view of sub-

basalt characterisation to achieve its interpretation. 

Broadband data with a proper source and long 

offset are the pre-requisite conditions for deeper 

exploration. Processing with proper velocity 

modelling (better with FWI) and Reverse Time 

Migration are the key to attain better imaging. 

With state-of-the-art technologies such as 

broadband acquisition, velocity update with FWI 

and RTM technology, the imaging below thick 

basalt has improved, that adds a new dimension in 

interpretation both structurally and 

stratigraphically,   leading to a better understanding 

of the geological setup, particularly  in the 

Mesozoic sequence.   

The latest data increased the confidence in the 

correlation of Pay sand. The Cretaceous sand 

shows larger area coverage compared to the earlier 

data, which will help in the identification of new 

reserves. The mapping of half graben supports the 

presence of reservoir sand. The new fault mapping 

and time–depth structure mapping in sub-basalt 

facilitated in the identification of new prospects. 



Since the frequency in sub-basalt Mesozoic section 

is skewed towards the lower end (dominant 

frequency ~ 11 Hz), we observed the cumulative 

effect of Pay sand and shale instead of individual 

layers. New prospects have been identified using 

these techniques which will effectively reduce the 

drilling risk.  

On the basis of Vp/Vs ratio, the reservoir (sand) and 

non-reservoir (shale) can be differentiated, whereas 

Pay sands and Brine sands overlap with each other. 

They could not be separated under current 

geological conditions. However, based on the 

knowledge of rock physics, Pay sands tend to have 

a lower Vp/Vs ratio compared to Brine sands. 

 

Views expressed in this paper, are those of the 

authors only. 
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