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Seismic Reflection Imaging - from Time to Depth

A frequently used way of obtaining infor-
mation about the Earth’s interior is to inves-
tigate the propagation of elastic energy in the
form of seismic waves. These have, for in-
stance, been of help in gathering knowledge
about geological structures from the Earth’s
crust down to the core. In particular, reflec-
tion seismic methods are applied when infor-
mation about targets of only several kilome-
ters (up to about 50 km) in depth is of inter-
est. For that purpose, seismic energy is re-
leased from controlled sources, such as ex-
plosions or vibrators, reflects at discontinu-
ities of the elastic properties in the subsur-
face, and is finally recorded at a number of re-
ceiver positions. Reflection seismic measure-
ments are widely applied in the exploration
for hydrocarbon reservoirs, where a detailed
image of the subsurface geology typically up
to 5 km depth is required. In the follow-
ing, I focus on seismic reflection modeling,
imaging, and inversion techniques required to
transform the recorded data in the time domain
into a structural image in the depth domain.
It is assumed that the acquired multicoverage
prestack data are preprocessed such that un-
wanted wave types (including multiple reflec-
tions), incoherent noise, source and receiver
signatures etc. have already been reduced as
far as possible.

With the strong increase of computing
power during the last ten years, new, computa-
tionally more expensive and sophisticated pro-
cessing methods have become feasible. One
of these methods in seismic reflection imag-
ing is the Common-Reflection-Surface (CRS)
stack (e.g., Jäger et al., 1999; Mann et al.,

2001). The CRS stack is based on a general-
ized multi-dimensional multi-parameter high-
density stacking velocity analysis. It sup-
presses incoherent noise and enhances coher-
ent reflection events, produces a stack section
in the time domain, i.e., a simulated zero-
offset section which may be used for a first
interpretation, and finally provides so-called
kinematic wavefield attributes. The latter are a
key to connect time-domain seismic data with
a depth image of the subsurface. Mathemat-
ically, the CRS stack is based on zero-order
ray theory (geometrical optics). In contrast to
many other seismic imaging methods, no in-
formation (e.g., a rough idea about the sub-
surface elastic properties) other than the data
itself is required for the CRS stack. It is there-
fore classified as a data-driven seismic time-
domain imaging method. The basic concept
of the CRS stack is to locally describe reflec-
tion events in the time domain by means of a
traveltime approximation of second order with
respect to source and receiver locations.

The parameters of the CRS stack opera-
tor, the kinematic wavefield attributes, are re-
lated to wavefronts of hypothetical experi-
ments. The attributes are suited for various
purposes, the most important one being the
determination of a velocity model required to
produce a structural image in the depth do-
main. Different inversion schemes are avail-
able, either based on the back propagation of
the hypothetical wavefronts (generalized Dix-
type inversion) or on iterative forward mod-
eling of these wavefronts followed by an up-
date of the velocity model and the reflection
points associated with the picked input data to
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minimize the misfit between forward-modeled
and data-derived attributes (tomographic in-
version). Due to the use of the wavefield at-
tributes instead of traveltimes only, the tomo-
graphic approach (Duveneck, 2004) requires
minimum picking effort. It provides a smooth
macro-velocity model which is kinematically
consistent with the recorded data.

The application of both, the CRS stack and
the tomographic inversion based on the CRS
stack results, allows to set up an entire seismic
reflection imaging workflow: with the macro-
velocity model obtained from the inversion, a
depth migration finally provides the structural
image of the subsurface in the depth domain.
This step can be performed as a poststack mi-
gration of the CRS-stacked section and/or as
a prestack migration using the entire prestack
data. In the latter case, the kinematic consis-
tence of model and data can be directly evalu-
ated by investigating the flatness of reflector
images in common-image gathers. Further-
more, the prestack migration can be performed
in a true-amplitude manner such that the am-
plitudes of reflector images are directly related
to the reflection coefficient. This allows fur-
ther analyses of the subsurface properties such
as, e.g., amplitude variation with angle (AVA)
analyses.

Synthetic data examples demonstrated the
potential of the CRS-based imaging workflow
(e.g., Mann et al., 2003). Real data exam-
ples indicate a similar performance: a detailed
structural image in the depth domain can be
obtained in a highly automated manner by
means of a CRS-based imaging workflow.
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