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When Pre-Stack Depth Migration started some
twenty years ago, everybody believed this was the way of the
future and that it would become routine as soon as enough
computer power is made available. With the advent of PC
clusters, there is now more than enough computer power, yet
it is Pre-Stack Time Migration that has become routine, and
not PSDM. Why hasn’t PSDM reached its full potential?

The main difference between time and depth imaging
is in the velocity model. Time migration velocity models are
fairly straightforward whereas depth migration velocity models
require detailed interpretation of sometimes very complex
structures. In some sedimentary basins, the velocity field is
fairly simple which makes depth migration relatively easy. It is
in these basins that PSDM has seen its widest adoption
(Figure 1).

The main reasons for performing PSDM are:

• Subsalt imaging (Figure 2)

• Fault shadow problems (Figure 3)

• Complex structures (Figure 4)

To define a proper velocity model residual moveout
corrections need to be picked. The denser the picking the
better the result (Figure 5). Then a 3D tomographic inversion
is necessary to update the model. Anisotropy is sometimes

Figure 1: Various basins with the approximate size of the PSDM
market. This is just one contractor view of the accessible
market.

Figure 2: Post-stack depth migration (left) versus pre-stack depth
migration (right) in the Gulf of Mexico. Base of salt imaging
requires PreSDM

Figure 3: Fault shadow problem in the Middle East. Pre-stack time
imaging (left), pre-stack depth imaging (right) and pre-
stack depth migration converted to time (middle).

Figure 4: Pre-stack depth migration of a complex structure in
Northern Europe
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The road ahead for PSDM is wave-equation
migration. It is particularly useful in the Gulf of Mexico for
subsalt imaging. A specific velocity model building strategy
must be designed to be compatible with this new algorithm.

Finally, the recent advent of multi-component
acquisition enables P and PS pre-stack depth migration. Such
an elastic scheme must take anisotropy into account since
the P and PS waves sample the compressional velocity field
at different angles.

Figure 5: Pre-stack depth migration offshore Australia with a coarse
velocity field (left) and a dense velocity field (right).

unavoidable (Figure 6), which of course complicates velocity
model building.

But the best velocity fields cannot overcome
illumination problems associated with acquisition. Figure 7
shows pre-stack depth migrated images from a survey shot in
the dip direction and Figure 8 shows the same images from a
survey shot in the strike direction. The difference between
the two images is evidence that only true 3D acquisition can
properly image the subsurface. Although land and ocean-
bottom acquisition naturally provide wide azimuth geometry,
conventional marine streamer acquisition remains essentially
2D. Only multi-vessel acquisition can render marine surveys
truly 3D.

Figure 6: Pre-stack depth migration with (right) and without (left)
anisotropy. Note the improved imaging of the faulted block
with the anisotropic migration

Figure 7: Cross-line (left) and in-line (right) pre-stack depth migration
for a dip-shooting survey in the North Sea.

Figure 8: Same image for a pre-stack depth migration of a strike-
shooting survey. The in-line is on the left and the cross-
line on the right.


