Perceptions in seismic imaging
Part 2: Reflective and diffractive contributions
to seismic imaging
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Everyone who deals with seismic
data probably believes they under-
stand the reflective process to some
degree particularly when the depic-
tion involves raypaths linking a
source and receiver to a reflection
point on a planar boundary delimit-
ing two materials with different elas-
tic properties. There is slightly less
unanimity when expanding wave-
fronts represent the transmission of
seismic energy, but no obvious major
hurdles arise to interfere with our
basic understanding.

In fact, current technology of
seismic imaging is built principally
on this sort of appreciation of the
reflective process. While it is recog-
nized that one may image diffractive
contributions, as for example using
certain migration approaches called
after Kirchhoff (diffraction-stack for
one), the necessity of having reflec-
tions permeates our thinking.

This discussion (using 2-D argu-
ments) will examine those wavefield
components which collectively
develop a seismic image in order to
more clearly recognize their roles in
establishing image resolution. The
two broad categories will be identi-
fied as, respectively, the “reflective”
and “diffractive” contributions. Dif-
fractive components will be noted as
a key ingredient in establishing res-
olution. The relationship between
the reflective imaging component
and reflections will also be noted as
will be the importance of knowing
the velocity function.

The reflective contribution. It is
always helpful to begin with the
familiar. This is done on the left side
of Figure 1, where some of the ray-
paths contributing to the CDP view
of a horizontal plane reflection in the
simplest 2-D case are shown. There is
a bit more to this, however, even in
this very simple case. This is shown
it on the right side of Figure 1.

One particular resolution ele-
ment (or pixel) in the discrete space
where an image is to be formed has
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Figure 1. CDP contributions to Kirchhoff migra-
tion imaging — reflective contributions. Y:

Figure 2. Wavefield response of dif-
fractive nature for point B.

been emphasized. The CDP location
just above this element is also
marked. Several Kirchhoff migration
constant-distance trajectories having
this same CDP position, but for dif-
fering source-to-receiver separations
passing through the nominated res-
olution element are also shown.
Although this family of migration
imaging trajectories has members
corresponding to differing travel-
times as well as distances, distribut-
ing recorded amplitude along them
collectively (as normally might be
done) would effectively reinforce or

“focus” imaging contributions from
the chosen resolution element which
were actually present in the subsur-
face within that element. Any bona
fide reflection point at such location
would receive substantial contribu-
tion toward its definition from the
portions of the trajectories shown.
For this reason, Kirchhoff-type imag-
ing components from trajectories
related to a common CDP location
and having essentially the same tra-
jectory dip or orientation through a
designated resolution element (to
accommodate the dipping reflector
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case) will be termed the reflective
contributions.

Of course the CDP method, as
suggested by the left side of Figure 1,
for the planar reflector along a 2-D
seismic survey describes reflection
raypaths which should correspond
to the migration ellipses (shown on
the right side of the figure). Hence
reflections are considered to be of
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Figure 3. Some diffractive imaging

components at nominated resolution
element for point B indicating resolu-

tion enhancement.
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principal importance and the reflec-
tive contributions to the migrated
seismic image have a relationship
quite in line with our intuitions and
expectations.

It is important to point out, how-
ever, that the particular imaging tra-
jectories featured in Figure 1 will
assemble reinforcing amplitude val-
ues having their total number
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Figure 4. Reflective and diffractive contributions to Kirchhoff migrations

(2-D).
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equalling the data fold. Since the tra-
jectories at the reflection points (and
image points) have nearly equal ver-
tical depths, as well as slopes, they
can not be particularly helpful in
achieving resolution enhancement.
This is true whenever the imaging
trajectories through a pixel are quite
alike whatever their orientation (con-
sider the dipping reflector case, for
example). In addition, if we are to be
discussing imaging in most general
terms, what shall we say when we
encounter situations where portions
of a subsurface have no reflection
illumination? Do we really believe
that they then can make no contri-
bution to any image?

The diffractive components. Such is
the circumstance in Figure 2. Most
geophysicists would not expect the
vertical boundary (“fault”?) laterally
separating two materials having con-
stant velocities V2 and V3, respec-
tively, to appear in seismic images.
Nevertheless, despite the absence of
any reflection raypaths, the wave
propagation picture clearly shows
illumination reaching point B. Hence
we should be able to image point B
by using the wavefield returned by
the lateral acoustic impedance con-
trast which is present there accord-
ing to Huygens’ ideas. Such wave-
field components will be termed
“diffractive.” In fact, any part of the
wavefield clearly not associated with
reflections will be termed a diffrac-
tive component. Our concern now
would be to understand the role of
diffractive contributions in Kirchhoff
imaging, particularly in regard to
resolution. Also, the continuum of
imaging contributions from reflec-
tive to diffractive needs to be fully
appreciated. We should add that dif-
fractive contributions to imaging are
receiving much current attention
thanks to the more open discussions
of stealth technology (see for exam-
ple papers by Ufimtsev with intro-
duction by O’Donnell in Proceedings
of the Institute of Electrical and Elec-
tronic Engineers, December 1996).
Figure 3 shows point B with
schematic raypaths indicating how
diffractive signal returns travel for
recording from a source-receiver
pairing having CDP reference loca-
tion displaced horizontally from
point B. The Kirchhoff elliptical
imaging trajectory for the travel dis-
tance is shown passing through the
counterpart resolution element in the
imaging grid. Portions of a few other,






