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Summary

This article describes a new
software system for sequence
stratigraphic interpretation of 3D
seismic data. SSIS is a new plugin
of OpendTect, the open source
seismic interpretation software that
was described in the January 2006
issue of DEW. In OpendTect SSIS,
seismic interpreters are offered
new ways of visualizing and
analyzing seismic data, which leads
to better insights of sediment
deposition, erosion and timing.
Unique capabilities in SSIS are:
automated tracking at sub-seismic
resolution of chrono-stratigraphic
horizons, Wheeler transformations
(i.e. flattening) of 3D seismic data,
and systems tracts interpretations.
In combination with OpendTect's
attributes and neural networks
plugins, users can follow up with
advanced analysis of the data and
study the resulting patterns and
bodies, and their spatial distribu-
tion, in both the structural and
chrono-stratigraphic (Wheeler
transformed) domain.

Introduction
Sequence Stratigraphy, the method
that originated from the study of
seismic patterns in the 1970's,
considerably improved our insight in
the accumulation and preservation
of sediments in sedimentary basins
(for an excellent introduction to
Sequence Stratigraphy, see
Catuneanu, 2002). The technique is
widely used as a highly successful
hydrocarbon exploration tool for
predicting stratigraphic traps. With
the trend in hydrocarbon exploration
shifting towards complex structural
traps and subtle stratigraphic traps,
the need for Sequence Stratigraphy
is bound to grow further. Against
this background it is distinctly odd

that no software tools exist on the

market to assist geoscientists with
a sequence stratigraphic interpreta-
tion. Most of the work is still done

on 2D seismic paper sections using
color pencils.

With the introduction of
OpendTect SSIS this practice may
change. OpendTect Base (the open
source part of the system) now
supports annotations of arrows, text
labels and images. Fig.1 gives an
example of arrows indicating
downlap, toplap and onlap termina-
tions, text labels highlighting
features of interest and a linked
satellite image showing the location.
In addition to the extensions of the
base system the new SSIS plugin

Fig. 2:Auto-tracked chrono-stratigraphic horizons terminate against each other thus highlighting unconformities.
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supports unique capabilities for
studying and visualizing seismic data
for sequence stratigraphic purposes.
SSIS allows data to be studied in
two synchronized domains. The
structural domain is the normal

Geoscience

Hiatus - '_ : i z o seismic domain in which the vertical

SR — — axis represents two-way travel time,
nDn'dEDDSItIDﬂ fr i R - or depth as the case may be. The
erosional events chrono-stratigraphic domain is the

Wheeler-transformed (flattened)
domain. The vertical axis in this
domain is relative geologic time.

OpendTect SSIS workflow____
The OpendTect SSIS workflow is an
iterative process that consists of
four basic steps. First, major
bounding surfaces are interactively
mapped with horizon trackers. This
work is either done in OpendTect
base, or the horizons are imported
from other interpretation systems.
Next, intermediate horizons spaced
roughly one seismic sample apart
are auto-tracked with sub-sample
accuracy. Each intermediate horizon
corresponds to a geological time
line, i.e. a chrono-stratigraphic event
(Figure 1). Two auto-track modes are
supported: model driven and data
driven. In the model driven ap-
proach, chrono-stratigraphy is

i E 5 calculated by interpolation or by
Wheeler transformed seismic ; = : — adding horizons parallel to upper or
lower bounding surfaces. In the

Fig. 3: 3D Wheeler transformed seismic data. The vertical axis represents relative geologic time.

Seismic data

Fig. 4:Seismic line (top) with auto-tracked chrono-stratigaphic horizons overlain (middle) and Wheeler-

transformed result (bottom). data-driven mode, seismic horizons
are auto-tracked by following the
Time-slicing in Wheeler domain = local dip and azimuth of the seismic
horizon slicing in structural Ly events (de Groot et.al., 2006). This
domain! g e mode requires a pre-calculated

steering cube that contains the local
dip and azimuth information.

The third step in the process is
the actual Wheeler transform.
Basically, this is a flattening of the
seismic data (or derived attributes)
along the auto-tracked horizons, that
honours truncations and erosional/
depositional hiatuses (figure 3).
Studying the data in the Wheeler
transformed domain increases our
understanding of the spatial distribu-
tion and timing of sediment deposi-

Fig. 5:Sedimentary feature on a time-slice from the Wheeler-transformed seismic data. tion. The fourth step in the SSIS
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workflow is the synchronized
analysis of the seismic data in both
the structural and Wheeler domain
(de Bruin et.al., 2006).
Example
The example is from offshore The
Netherlands where we analyze a
deltaic package comprising sands
and shales. Within the package
large scale sigmoidal bedding with
downlap, toplap, onlap and trunca-
tion structures are readily observed.
Bright-spots are also clearly visible,
and are caused by biogenic gas
pockets. Fig. 4 (top) shows one
inline through the 3D volume. The
interpreted lines are horizons that
were mapped in the conventional
way using auto-trackers and manual
interpretation techniques. These
horizons represent major bounding
surfaces between which chrono-
stratigraphic
horizons are auto-
tracked (Fig. 4
middle). The
Wheeler trans-
formed data is
shown in Fig. 4
bottom. In this
domain it is easier
to recognize
hiatuses and
erosional effects.
Moreover, time-
slices in the
Wheeler-trans-
formed domain
correspond to
horizon slices in
the structural
domain. Conse-
quently time-slices
in the Wheeler
domain reveal
sedimentary
features that are
not distorted by
structural effects.
Fig. 5 gives an
example.
Wheeler
transforms are not
restricted to
seismic data. In

dGB USA

dGB Netherlands

Porosity

Wheeler transformed porosity

Fig. 6:Seismic predicted porosity in the structural domain (a) and the Wheeler-transformed domain (b). Note the
prograding porosity trend that stands out in the Wheeler-transformed domain.

principle any seismic volume or
attribute can be transformed and
studied in the Wheeler domain. Fig.
6 shows the transformation of a
porosity volume. This volume was
created within OpendTect from an
acoustic impedance volume by a
neural network that was trained on
well logs and Al extracted along the
well tracks. Note the text-book
quality porosity progradation in the
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3D Sequence Stratigra phy?

“You never fullyyappreciate the implications of a
sequence-stratigraphic interpretation until
you've transformed it into a Wheeler diagram”

Peter Vail

www.dgb-group.com

Wheeler transformed domain. This
porosity/facies trend is not, or at
least much more difficult to pick up
in the structural domain.

Next, we show the results of a
seismic facies clustering (Fig. 7).
This result was generated with an
unsupervised neural network that
was aimed to cluster the seismic
data into 6 different clusters based
on differences in attribute re-
sponse. To obtain

LRl realistic clusters

delelafie[islllafasllyl {1\ 5ttributes were

extracted along
chrono-strati-
graphic lines (dip-
. steered attribute
- 4/ extraction and
ﬁ\: smoothing). The
upper left image in
Fig. 7 shows the
clustered result in
the structural
domain. The
Wheeler trans-
formed result of a
few lines is
shown. It was
observed that one
of the seismic
objects (red
colour) corre-
sponded to bright-
spots in the
seismic data. Using
simple logical (IF ...
THEN ... ELSE ...)
and mathematical
operations sup-
ported within
OpendTect Base
the red bodies in
the upper-most
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manipulated to create e.g. thickness maps.

Wheeler transform

sequence were then isolated
and a thickness map was
produced. This map shows the
thickness of the biogenic gas-
pockets in the upper sequence.

An important step in any
sequence stratigraphic inter-
pretation is to perform a
systems tracts interpretation
by subdivision of the identified
sequences. Inspecting the
spatial distribution of the
sequences and lap-out pat-
terns of seismic events, in
both the structural and the
Wheeler transformed domains
enables the user to identify
systems tracts and to specify
these per chrono-stratigraphic
range (figure 8).

Conclusions

Fig. 8:Systems tracts interpretation.

Auto-tracking horizons that are
spaced roughly one seismic
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stratigraphic horizons in the
structural domain highlights
unconformities, helps decompos-
ing packages into (sub-) se-
quences and assists in systems
tracts interpretation. Chrono-
stratigraphy is also instrumental in
transforming the data to the
Wheeler domain. Studying the
data in this domain leads to better
insight of sediment deposition,
erosion and timing.

Thickness map of
shallow gas-sands (red
bodies in upper
sequence only)

Fig. 7:Neural network clustering of attributes reveals seismic bodies that can be further analyzed and
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sample apart opens a completely
new way of analyzing and visualiz-
ing seismic data. Viewing chrono-
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