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INTRODUCTION

The effects of unconstrained, anomalous velocities
in the overburden tend to percolate both laterally and
vertically through our estimates of the sub-surface model.
Such anomalies may, for example, arise from features whose
spatial dimensions vary too rapidly to be constrained by
conventional velocity analysis or where the acquisition
geometry hasn’t provided sufficient illumination. Under
certain circumstances, these effects leave characteristic
imprints on subsequent reflection interfaces, manifest as the
classic ‘sag’ and ‘pull-up’ structures we sometimes observe
in our data. A combination of high-density velocity analysis
and geostatistical interpretation may be used to identify these
features. Derivation of residual times and/or depths from this
analysis may then be used to update an existing velocity
model.

OBSERVATIONS

In stacked seismic data volumes, horizontal time
and depth slices allow us to view amplitude variations as a
function of lateral position (in-line/cross-line or x/y). In such
a domain, we can sometimes gauge the aerial extent of an
anomaly, perhaps even mapping its shape. Figure 1a is a
good example of a horizontal time slice through a near-
surface channel system where observations of amplitude
variation allow us to estimate its lateral shape and trend.
Further, by taking vertical sections through the stacked
volume, we can observe anomalies in travel-time or depth
structure associated with horizons below the anomaly.
Figure 1b shows the movement of a ‘sag’ feature in a near-
surface event through a series of consecutive vertical sections.
More often than not, these features exhibit low signal-to-
noise and are associated with significant remnant multiple
making the definition of a base structure almost impossible.
The main problem therefore is how to estimate velocity from
a feature that may well be structurally invisible.
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Figure 1a : Slice through time migrated volume

Figure 1b : Series of Inline Stacks

METHODOLOGY

Our methodology is essentially a two-pass process.
Firstly, a high-density velocity field (derived in time or depth)
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is used to create an image of the sub-surface. Horizons
interpreted from this volume (see figure 2a) are analyzed
using variogram analysis in order to determine whether low-
frequency geological trends can be differentiated from higher
order effects (Coleou, 2001). If this is possible, then the time/
depth horizons are decomposed into component parts, each
associated with a different spatial frequency content. The
high frequency component (see figure 2b) is used to identify
the anomaly and to update the overlying velocity field.
Secondly, the stack is regenerated using the updated velocity
field. A reduction in residual curvature across the move-out
corrected pre-stack gathers is used as an indication of how
well the procedure has worked.

Figure 2a : Time Interpreted Horizon.

CASE STUDY

We present results from a towed streamer data-set
where part of the survey area covered a complex channel
system occurring at approximately 1.1s TWT. The channel
system was manifest as a series of inter-connecting high
frequency structures. The upper surface of the channel was
complex and locally elevated (through differential
compaction). The infill material within the channel was of
sufficiently high velocity to cause ‘pull-up’ on the seismic
interfaces below, as observed in the stack volume. The
magnitudes of these ‘pull-ups’ were as large as 30ms at the
target horizon (1.7s) and can be seen in the time-section of
Figure 3a. Variogram analysis was used to derive the spatial
extent and amplitude of the high frequency imprint (caused
by the channeling) at target. The principal geological trend in

Figure 2b : High frequency content

the target time horizon strikes approximately N18°E, and
exhibits an anisotropy of  approximately 20%. The remnant
high frequency field revealed features that correlated well with
the trends of the channel system observed in the seismic stack.
Travel-time residuals derived from this field were mapped
into the interval velocity model between Top Channel and
target. The data were subsequently depth migrated (see
figure 3b), giving rise to substantially better spatial continuity
and lateral resolution in the resultant seismic stack.

CONCLUSION

The method described consists of: (a) an
identification of an anomaly derived from a well-sampled
surface, (b) the derivation of an updated velocity field based
on observed residuals in either time or depth. The limitations
of the method are firstly that it requires seismic interfaces
immediately below the high frequency anomaly to display
no structural complexity ie. to show only low frequency
spatial trends (well in excess of the Fresnel limit). Secondly,
that these interfaces have good signal-to-noise, giving rise to
confidence in the quality of our picks. Thirdly, that sufficient
high-density velocity information is available to assess the
effect on the pre-stack gathers before and after update.

For completeness, we plot inline and cross-line stacks
from the final migration (Figure 4). The approximate location
of the channel system is marked with the black arrow. The
image extends a further 6km below this.
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Figure 3a. Time Migrated Stack Figure 3b. Depth Migrated Stack

Figure 4a. Inline PSDM Figure 4b. Xline PSDM
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