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Complexities Can
Be Mind-Bending
The Geophysical Corner is a regular
column in the EXPLORER, produced
cooperatively by the AAPG Geophysical
Integration and SEG Interpretation
committees, and edited by M. Ray
Thomasson. This month’s column, the
first of an occasional series on seismic
imaging, is titled “A Practical Approach
to Seismic Imaging of Complex
Geology.”

By MATTHEW BRZOSTOWSKI
and TODD JONES
The biggest distinction between
geology and geophysics can probably
be broken down into the different
domains from which they both start their
work.
The geologist works in terms of
spatial coordinates and depth, with
perhaps the roadcut epitomizing the
best example of his world view. Depth is
also how he makes use of his
interpretation results, i.e. a well is drilled
to a certain depth.
The geophysicist, however, deals
with information recorded in time. His
job in seismic processing is to transform
this information in time into depth for the
geologist to make his maps and
calculate where to drill.
The geophysicist works in time
because of the nature of seismic
exploration. A source is initiated at some
location and sensors record the
subsequent reflections as a function of
time.
The problem is not unlike the
scenario depicted in Figure 1a: Here we
have a person determining the depth of
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Figure 2: The velocity
field is a constant value
on the top (2a), but
more complicated on
the bottom (2b). The
velocity contrast on the
top causes the seismic
energy to bend acoss
the interface – and this
ray bending makes the
conversion to a
spatially correct depth
image more
complicated.
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Figure 3: A simple example of light
rays bending across the air-water
surface.

Figure 4: The oil trap on the left is imaged without seismic energy needing to penetrate the salt body. The oil trap on the right is below
salt, which causes seismic energy to bend as it travels through the salt-sediment interface. Why does this matter? Because not
correcting for this ray bending in imaging may cause the misplacement of the oil trap.
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his water well by dropping a rock into it
and recording the time for the splashing
sound to come back. After some
mathematical manipulation – and
knowing the speed of sound in air – the
person can translate time into depth.
This sounds simple enough, but we
made assumptions about the rock
traveling straight down and the sound
traveling straight back up to our ears.
If the well is not vertically straight but
deviated (figure 1b), then we have a
more complicated problem to solve.
This is the nature of seismic
exploration: We record the strength of
seismic reflections and we can assume
they all come from directly below the
surface, but more likely the reflections
come from anywhere in some three
dimensional subsurface location around
our surface position.
Figure 2a shows more clearly the
issue. Reflected energy from a
subsurface point will travel to our surface
receivers in a straight line if the velocity
field is constant.
It would be a simple and
straightforward process to compute the
location of the subsurface point if we
knew this velocity field. However, the
issue becomes more complicated when
we acknowledge that seismic energy
bends according to Snell’s law when the
velocity changes in the subsurface as
shown in figure 2b.
Obviously, there is a lot of velocity
contrast in complex geologic regimes.
* * *
This ray bending is not unlike light
bending as it travels through water and
air as depicted in figure 3. The resultant
bent rays can lead to a gross
misinterpretation of what is in the glass if
we do not account for it.
That is the goal of seismic imaging;
accounting for the complicated velocities
in the subsurface that will distort our
interpretation, especially in terms of
where features are actually located.
Figures 4a and 4b show this distortion
due to velocity contrasts quite clearly. In
both cases we are looking for the oil trap
depicted by the black shape.
In one case, figure 4a, we need only
deal with the relatively minor velocity
contrast between the water column and
the subsurface when imaging the
seismic reflections. In the second case,
figure 4b, the oil trap is located below
salt so the seismic reflections will be bent
sharply as they travel through the salt
body.
Snell’s law tells us we will have more
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ray bending with more velocity contrast.
Salt normally has a 2:1 velocity contrast
with surrounding sediments, which
amounts to a great deal of ray bending.
If we don’t honor this ray bending, we
could spatially mislocate the oil trap as
depicted by the gray shape to the left of
the actual location of the oil trap in figure
4b.
One of the means we have for
controlling the processing of seismic
data and the eventual placement of
events comes from the specification of a
velocity field. We normally use the timing
of seismic reflections as a function of
spatial position and offset to determine
this velocity field. However, we can
make approximations to the velocity field
when it comes to imaging the seismic
data.
There are two broad classes of
imaging algorithms available to the
geophysicist. One class has historically
been referred to as time migration, while
the other class has been referred to as
depth migration.
The names are confusing because of
the implication as to the domain the final
images are in. However, it is possible to
convert seismic data from time to depth
with simple vertical shifts of the data.
The main difference in the algorithms
comes about in how they approximate
the velocity field.
Time migration velocity fields will not
honor lateral velocity changes, although
they can pick up vertical changes, as
depicted in figure 5b. Time migration
algorithms do this for the sake of faster
computation speed and less image
sensitivity to the velocity model.
Depth migration velocity fields look
more like the geology you are trying to
image, as depicted in figure 5a. Notice
how the velocity wedge is accurately
portrayed, while the time migration
velocity field, figure 5b, is a laterallyaveraged representation.
The price for the accuracy, however,
is more expense – and there is a greater
need to determine the velocity field
accurately.
In later articles in this series we will
investigate what imaging algorithms are
available, and what mechanisms are
available to build the velocity model.

Figure 5: The depth migration velocity field (left) looks more like the geology the seismic data is trying to image, which results in the
accurate positioning of the subsurface point (red dot). The right field is an approximation that does not allow lateral velocity changes,
making the algorithm faster but less accurate – and the positioning of the subsurface point is in the wrong spot (brown dot).
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(Editor’s note: Brzostowski is senior
vice president of operations for GX
Technology Corp. in Houston, and Jones
is manager of geophysical technology
for Diamond Geophysical Service Corp.
in Houston.)

Over 7,000
Attend NAPE
Over 7,000 persons participated
in the 2000 North American
Prospect Expo held in early
February in Houston, where
prospects and producing properties
were shopped to the exploration
community.
Sponsored by the American
Association of Professional
Landmen, AAPG was one of the
sponsoring and endorsing
organizations of the property
marketplace, which was launched in
1992.
There were 687 exhibit booths at
the Expo, according to the AAPL.
The 2001 NAPE will be held Jan.
31-Feb. 1 at the George R. Brown
Convention Center in Houston.
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