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Introduction  

 Prestack time migration has been accepted by the industry as a standard 3D seismic processing 

practice. This has lead to improved imaging in many areas and the ability to use 3D seismic data for 

AVO, prestack inversion, and other advanced prospecting methods. Refinements, such as including 

diving rays and the incorporation of anisotropic parameters, have provided further improvements in time 

imaging. Despite these innovations, time migration is inherently incapable of properly handling even 

subtle lateral velocity variations, limiting its effectiveness for accurate imaging. In certain cases, only 

prestack depth migration can yield the level of accuracy needed to extract the valuable information 

contained within the seismic data. 

 Prestack depth migration has been used extensively to resolve imaging problems in areas where 

strong lateral-velocity contrasts are caused by salt bodies or complex structural geology. However, the 

method has been under-utilized in areas of lower structural relief, and ñsimpleò velocity regimes where 

the limitations of time imaging can be less obvious. The combination of high-resolution gridded 

tomography and prestack depth migration can resolve the local velocity contrasts that distort subtle 

structural responses and compromise seismic attributes. We illustrate the uplift provided by depth 

imaging using synthetic and field data.  

 

Synthetic examples 

 The first example we show uses Model 94 by Gray et al.(1995). Three figures are shown: the 

velocity field (Fig. 1); the prestack depth migration (Fig. 2), and the prestack time migration (Fig. 3). The 

seismic sections are each the output from a prestack Kirchhoff migration using the exact model velocities. 

The depth migration section shows a good image with nearly all the interfaces represented at the correct 

depth, and only local distortions in areas of extreme complexity. In contrast, the time migration shows 

significant migration artifacts, structural and phase distortion, and event degradation.  
 

 
Figure 1 Model 94 Velocity model 

  
Figure 2. Prestack depth migration Figure 3 Prestack time migration 



 

The next example uses the Hess VTI model. As before, three figures are shown: the velocity field (Fig. 4), 

the prestack time migration (Fig. 5), and the prestack depth migration (Fig. 6). As expected, the time 

migration is significantly degraded relative to the depth migration. Of particular interest are the lateral 

positioning errors, phase errors, and event discontinuities in the ñfault shadowò.  

 

 
 Figure 4: Hess VTI anisotropic model 

 
Figure 5: Prestack time migration (in time)  Figure 6: Prestack depth migration (in depth) 

 

Tomography 

 The previous synthetic example highlights the benefits of depth migration compared with time 

migration when the velocity field is known exactly. In the field data case, only the travel times are known; 

both the velocity field and reflector depths are unknown. This is a familiar problem that, for decades, has 

attempted to be addressed using hyperbolic curve-fitting methods. Since prestack depth migration handles 

lateral-velocity variations properly, it is important to develop a more exact velocity model. This can be 

done using gridded-cell tomography. 

 Gridded-cell tomography is a robust, 3D ray-based inversion method used to refine velocity 

models for depth imaging. Residual traveltime errors are picked from depth migrated common-image 

point (CIP) gathers and 3D ray tracing is used to define an updated velocity model. The accuracy of 

gridded tomography is also improved when a 3D dip field is used in the inversion process.  After each 

tomography loop a new dip field is calculated. Successive iterations drive the solution to a more highly 

resolved and more robust velocity update. For most land data, CIP gathers are generated for multiple 

azimuths. The CIP events picked from the different azimuths are combined to create a single velocity 

update yielding more accurately resolved local-velocity heterogeneities. Finally, gridded tomography 

differs from the older, layer-stripping approaches, in that each update is global, not just for the deeper 

layers. Figures 9-12 illustrate the evolution of the migration velocity field using this process. 

 

Field data examples 

 There are many documented cases where prestack depth migration has been used to resolve 

imaging issues in salt provinces and complex thrust regimes. The following example (Figs. 7 and 8) 

shows the enhancement provided by depth imaging in the Canadian Thrust Belt. 
 



 
 Figure 7: Time migration (in time) Figure 8: Depth migration (in depth) 
 

 The next example comes from South Texas. In this case, the shallow part of the section contains 

low to moderate dips. Deeper in the section, rotated fault blocks generate a more complex velocity field 

and the ñfault shadowò effect starts to impact the image quality. The workflow for this project started with 

three loops of isotropic tomography. Next, well ties were used to estimate vertical transverse isotropy 

(VTI) parameters. Incorporation of the anisotropic parameters had several benefits: the imaging depths 

became closer to the vertical depths at the wells, the image gathers were flatter, and there was an 

improvement in the image quality. Figures 9-12 show the evolution of the migration-velocity field. Also 

shown (Fig. 13) is a perspective view highlighting the conformability of the final velocity field with the 

geology. The prestack time migration (Fig. 14) is compared to the final prestack depth migration (Fig. 15) 

to illustrate the upgrade in image quality. 
 

 
 Figure 9: Initial velocity model   Figure 10: Velocities after tomography 1. 

 
Figure 11: Velocities after tomography 2. Figure 12: Velocities after tomography 5. 



 
 Figure 13: Perspective view, tomography 5. 
 

 
Figure 14: Prestack time migration (in pseudo-depth)   Figure 15: Prestack depth migration (in depth) 
 

 In an example from the Eastern U.S. where structural relief is low, a shallow velocity anomaly 

generates apparent faults deeper in the time section (Fig.16). This is complicated by its proximity to a 

dissolution feature of interest. The depth migration (Fig. 17) generated an image where the apparent faults 

have been largely reduced, and where the dissolution feature is preserved. In addition to improved image 

integrity below the shallow anomaly, there is improvement in the quality of the lower-amplitude events 

between the major markers. 
 

 
Figure 16: Eastern U.S. Time migration (in time)  Figure 17: Eastern U.S. Depth migration (in depth) 

 


