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Summary
A migration method that does not require the a

priori interval velocity model is presented. The
objective is the rapid construction of the time/depth
image that can be used as a starting point for an
iterative prestack depth migration (PreSDM) in basalt-
covered areas. Firstly, the migration-to-zero offset
(MZO) correction is applied to input data sorted to
common-source (CS) gathers. Secondly, the
backpropagation of ZO traces along normal-incidence
rays and the subsequent ZO Kirchhoff diffraction stack
are performed using the common-reflection-point
(CRP) attributes such as the apparent (image-wave or
DMO) velocity, the arrival angle, and the wavefront
curvature. Migration examples on finite-difference
(FD) synthetic data sets from realistic models
demonstrate the features of this approach.

Introduction
Wave-equation-based and ray-trace PreSDM

methods have been the crucial step in the seismic data
processing flow. These methods require the prior
knowledge of a good interval velocity model to fulfil
the imaging condition. However, in areas of significant
lateral velocity heterogeneity due to the presence of
basalt lava flows (North Atlantic, UK) the limitations
of these methods often lead to the degraded image
quality (Druzhinin et al., 2000). Recently, Druzhinin et
al. (1999) derived a model-independent form of the
shot-profile Kirchhoff-type PreSDM operator that
avoids interval-velocity model building and offset-
dependent ray tracing in a statistically inadequate
seismic model. In this paper, the above operator is
specialized to the interesting zero-offset (ZO) case.
This case offers simplicity because each ZO trace is
migrated with the same computational cost of a post-
stack migration (May and Covey, 1981).

Method
The migration scheme outlined below is illustrated

in figure 1. According to May and Covey (1981), it
presupposes that the input section is an accurate
simulation of a ZO recorded section free from the
strong coherent noise (multiples, converted waves,
etc.).

Figure 1: A principal flow chart of the ZO
migration algorithm.

The first step is the construction of a ZO section
u(S0,t) (S0 denotes the source and t the two-way time)
from a set of CS sections by stacking traces along the
CRP traveltime curves described by Keydar et al.
(1996). Rather than tracing rays through the interval
velocity model, these stacking trajectories are
calculated using the phase correlation algorithm
(Keydar et al., 1996). The second step is tracing
normal-incidence or ZO rays S0…Sn…SN…  from the
acquisition surface (n=0) to the surface Σ (n=N). Input
data consist of CS CRP traveltimes associated with
picked ZO traveltimes of primary reflections
interpreted from the ZO section. For a particular layer
n≥1, the apparent dip angle ϕn, the center of curvature
Sn

*, and the image-wave velocity vn are determined
from the CRP traveltimes associated with the nth ZO
traveltime after their back-propagation through the
(n-1)th layer. The new ray direction is then specified
according to the angle ϕn. The ZO ray is traced through
the nth layer by computing spatial coordinates (xn,zn) of
the current ray termination point Sn. The two-way
traveltime τn and the slope of the dip element En are
computed at the point Sn. Next, the CRP traveltimes are
extrapolated on the bottom of the nth layer by applying
the time shift (Druzhinin et al., 2000). The third step is
the migration of input ZO traces along ZO rays by
creating the migrated samples u(Sn)=u(S0, t=τn) above
Σ . At the last stage, Kirchhoff stack along the
diffraction hyperbola
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collapses diffraction events present in the ZO data
u(SN, t=τN) with primary reflections below the surface
Σ . The unknown migration velocity ν  can be
determined from the equation

          (2)

where p is the known horizontal slowness at Σ.
Once equation (2) has been solved, migration sums

the traces u(xN,t=τN) at corresponding times (1) to
create the migrated sample at the scatter point location
(x,z) or (x,t0). The result can then be interpreted for a
picking of ZO reflection traveltimes below the surface
Σ. These traveltimes can be used as an input to the ZO
ray tracing and migration routines. The process is
repeated iteratively (cf. figure 1) to improve the
imaging of a deeper structure that can be very complex.

Results
Migration results from a field data set that was

recorded in the North Sea (courtesy of Norsk Hydro)
were interpreted to construct the realistic synthetic
model in figure 2. For the sake of simplicity, lateral and
vertical velocity variations within the sediments or
basalt layer were not taken into account. The acoustic
FD forward modelling tool from ProMAX was used to
generate 250 shot gathers, each one with 100 receivers,
according to the model in figure 2. Applying the CRP
MZO transformation of data sorted to CS gathers I
obtain the simulated ZO section in figure 3. Figure 3
shows clear diffraction events. The ZO migration
collapses these events and gives a satisfactory image of
the target zone after the first iteration (figure 4).

Figure 2: Synthetic model: normal-incidence
primary PP reflectivity convolved with the 20 Hz
zero-phase Ricker wavelet: horizon 1 is the sea
floor, Horizons 2-4 are the Tertiary sediments
(1.5<vp<2.5 km/s), and horizons 5 and 6 are the top
and the bottom of the homogeneous high velocity
basalt layer (vp=5  km/s).

Figure 3: Result of CRP MZO applied to multi-shot
synthetic FD data for the model in Figure 2.

Figure 4: Result of model-independent ZO
migration (I=0) applied to ZO synthetic data in
Figure 3. The datum ΣΣΣΣ is horizon 5.
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