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Introduction  

 There are various issues which adversely affect 

the imaging quality in thrust fold belts. Major factors 

pertaining to this quality processed outputs are geometry, 

statics, and poor S/N. Survey objectives may not be 

fulfilled until these factors are eliminated or at least 

minimized. Further, processing parameters are very 

sensitive to these kinds of problematic data without taking 

care of necessary remedy of above mentioned factors. 

Hence, systematic approach is essential to deal with these 

inherent problems. 

Key factors specific to fold belt data 

Basic requirements of good seismic image are 

good S/N ratio (Fig1a), suitable and geologically 

compatible near surface model (Fig.1b) accurate subsurface 

velocity model (Fig.1c) and lastly imaging algorithm 

suitable for the geological condition. In fold belt areas 

processors are not that much lucky to have all these 

ingredients of processing in easy and hence, face the real 

challenges in processing. The major challenges and issues 

are addressed to obtain more appreciable quality of data.  

Geometry: Shots and receivers co-ordinates 

often deviate from true values. Deviation of shots and 

receiver pickets from planned pickets or during recovery 

may take place and hence these should be QC checked 

during merging. A large deviation point to wrong geometry 

assignment.Fig2 shows the correction of shot position and 

its effect. In the Fig. 3, the relocated shot positions are 

shown.  

 

 

 

 

 

 

 

 

  Fig. 1a: Good S/N 

  

 

 

 

Fig. 1b: Proper near surface model 

 

 

 

 

 

Fig. 1c: Accurate subsurface velocity 

Abstract 

There are lot of problems in imaging the subsurface structures in fold belt areas especially areas like Assam 

and Assam Arakan thrust  fold belt. The imaging problem starts from the very beginning in data acquisition level due to 

inaccessible, rough terrain and logistically challenging areas. In this paper we present several cases with the various 

issues e.g., geometry, statics, noise and velocity affecting the ultimate image quality. A mix and match approach was 

adopted wherein the best features of various available software suites have been used to bring out better subsurface 

images. A large number of 2-D and 3-D seismic datasets reprocessed in Assam and Assam Arkan fold belts showcase 

the improved image quality hitherto uninterruptable with this kind of hybrid approaches. 
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Fig2a: Before shot position correction 

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

       

 

 

 

Fig. 3: Example of shot point relocation in map  

     

Statics 

 In conventional processing scenario, statics applied on the 

geometry merged gather are actually supplied by field 

crews and derived on the basis of near surface model 

estimated using sparse Uphole data or shallow refraction 

survey. But in case of fold belt data in areas like Assam and 

Assam Arakan, this is no longer valid due to highly 

undulated acquisition surface and complex near surface 

geology. First arrival turning ray tomography based static 

solutions is more beneficial for deriving both 

 

        Fig2b: After shot position correction 

 

 

 

 

 

        Fig2b: After shot position correction 

      

      

      

      

      

      

      

      

       

 

 

weathering statics (Tomostatics) as well as near surface 

velocity model for proper depth imaging. Tomostatics is an 

iterative algorithm which seeks to minimize the difference 

between observed and predicted first arrival travel times 

given some user-supplied initial model of the near surface. 

The basic algorithm works as follows: The program first 

traces rays through the initial model, then sets up a system 

of non-linear equations relating the travel time residual 

vector (i.e., the misfit between observed and predicted 

travel times-the “knowns”) to the model update vector (the 

Shots along shot lines before relocation Shots along shot lines after relocation 
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“unknowns”). The system of equations is solved to yield 

the model update vector, which is then added to the starting 

model to produce a new model. . Rays are traced through 

this new current model and the process is repeated until the 

misfit becomes satisfyingly small. Once obtained, the final 

model is used to derive shot and receiver weathering statics 

in the usual way, by first computing the vertical travel time 

between shot/receiver location and the base of the velocity 

model, then subtracting this time from the travel time 

associated with vertical propagation between model base 

and datum elevation at a velocity equal to the replacement 

velocity. 

 The conceptual difference between 

Tomostatics and GLI (generalized Linear Inverse) lies in 

the way the model is parameterized: in the former, the near-

surface is typically divided up into a series of constant 

velocity rectangular cells and in the latter it’s divided up 

into a small number of vertically inhomogeneous layers 

where the velocity increases from layer to layer. For 

Tomostatics, the actual model parameters are the 

Slownesses within each cell, while for GLI, the model 

parameters are the layer thicknesses and velocities at each 

station. Subtle as this difference may seem, it has huge 

implications for the nature of the velocity models that each 

algorithm produces. The model space for Tomostatics is 

much bigger than the GLI algorithm. 

Experiences show that in fold belt areas the 

conventional field statics miserably fails to produces 

geologically plausible near surface model whereas 

Tomostatic derived models fit better. The efficacy of the 

Tomostatics in fold belt areas is shown in Fig.4. It is easily 

understood that the meaningfull seismic events have been 

shaped after application of tomography based static 

solutions for near surface model. 

 

S/N Ratio 

Signal to noise ratio (S/N) in fold belt seismic data 

especially over exposed anticlines is very poor. Reflection 

hyperbolae pattern is hardly observed. In structurally 

complex areas out of plane reflections are very common. 

Hence it is important to get rid of masked noise in data 

cautiously. As most of the noise removal algorithms 

presume that signal strength is sufficient than noise 

whereas in fold belt areas the S/N is small which forces to  

 

 

 

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

  

Fig. 4:    Clarity of events after Tomostatic application 
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carry out frequency dependent noise attenuation in narrow 

bands and thereby enabling searching of anomalous 

amplitudes and subsequent attenuation (Fig.6).Later on 

noise attenuation may be carried out in post stack level.  

 

Raw gather   =         Denoised gather    +   Removed noise  

Fig.6: Noise attenuation example 

 

Fig. 7a: Earlier processed inline section with field statics 

 

Velocity analysis 

  

Velocity analysis play crucial role in the fold belt 

data. As already discussed that the consistent reflection 

hyperbolae are nearly absent in gather level it becomes 

difficult to carry out velocity analysis based on flattening of 

hyperbolae. Semblance based approach with super gather 

 

mode also does not give reliable estimate of the velocity. 

Under this circumstances constant velocity stack method 

(CVS) of velocity analysis is helpful to give an initial 

estimate of velocity. Repeated refinement of CVS velocity 

may be carried out to get the best stack result. In order to 

pick CVS based velocity a prior knowledge of geological 

structure is must.      

 

Case studies  

  Keeping in view the earlier discussed vital factors 

affecting processing, a no of data in the Assam and Assam 

Arakan fold belt area has been reprocessed. Newly 

reprocessed data have given much better result compared to 

the earlier outputs. In the Fig.7a and 7b one 3D stack has 

been shown for comparison. 

 

 

Fig. 7b: Reprocessed inline section using tomostatics 

 

The time slices at 1000 mSec in Fig. 8a and 8b of 

the same 3-d outputs show an improvement in tomostatics 

based reprocessing.  

 In another survey area, same kind of workflow 

has been adopted and successfully able to bring out a lot of 

geological features hitherto unknown as displayed in Fig.9 

and Fig10. 

 

 

11th Biennial International Conference & Exposition



Thrust Fold Belt Imaging issues and solutions: Cases from Assam and Assam Arakan fold belt 

 

5 
 

 

Fig.8a: Time slice at 1000 mSec from ealier volume 

 

Fig.8b: Time slice at 1000 mSec from reprocessed volume 

 

 

 

 

 

 

 

 

Fig.9: Top section is earlier processed inline section and 

bottom one is after reprocessing 
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Fig. 10: old processed   section at top, new  

processed section below 

 

Conclusions 

Various issues which affect the image quality like 

Geometry, Statics, Noise, Velocity and Algorithm were 

dealt with the best possible way. A mix and match 

approach was used based on the most appropriate piece of 

solutions from various software suites. No single suite can 

provide the best solution for all issues. The above tailor 

made work procedures has shown encouraging results, with 

improved image quality compared to earlier outputs. 
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