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Visualization techniques for enhancing
stratigraphic inferences from
3D seismic data volumes

Tracy J. Stark,” Stark Reality, describes some techniques that he has been developing to
visualize bed thickness as a function of relative geologic time using spectral decomposition,
ColorStacks, Age volumes, and Seismic-Wheeler volumes.

Data visualization techniques allow
interpreters to integrate more types of
data and extract more usable and per-
tinent information in significantly less
time. It often requires, as in this case,
the application of special hardware,
software, and display solutions, coupled
with experience and proper training.
It is helping the interpreters meet the
‘I want it all, I want it now, and I want it
right!” roar of their boss or investors.
The ultimate goal is to recognize
and convey the maximum amount of
geologic information in a minimum
amount of time. We want to clearly see
what had previously been unseen. This
paper makes a few assumptions. First, it
assumes that you, the interpreter, would
like to see how bed thickness varies, not
just as a function of inline, crossline,
and travel time, but also as a function
of relative geologic time. In other words,
along a continuous set of seismic hori-
zons. Second, spectral decomposition,
to first order, provides information con-
taining relative bed thickness. Third, the
Age volume contains adequate infor-
mation to convert seismic travel time
to relative geologic time. And fourth, it
assumes you are not colour blind.
Spectral Color-
Stacks, Age volumes and Seismic-Wheel-

decomposition,

er volumes have all been described
independently in the literature (refer-
ences later). This is the first time they
have all been brought together. Briefly:
A ColorStack is where you ‘stack’ data
using additive colour instead of addi-
tive numbers. With a trained eye, you
can see both the forest and the trees
using a ColorStack. An Age volume is
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Figure 1 Portion of a 3D seismic volume containing 501 inlines by 501 crosslines

and 1200 ms. Yellow line represents interval over which Age volume is available.

a seismic volume that contains an esti-
mate of geologic age instead of band-
limited reflectivity. A Seismic-Wheeler
volume is a three-dimensional Wheeler
diagram (or chronostratigraphic chart)
showing the spatial seismic response
(or lack thereof during hiatuses) as a
function of relative geologic time.

For those wanting the bottom line
now, jump to Figure 12. It contains
colour-coded thicknesses for just a few
of a continuous set of relative geolog-
ic age horizons: reds represent thick-
er beds, blues represent thinner beds,

while solid grey represents a hiatus
(either erosional or non-deposition).

Example data set

Figure 1 contains the data volume used
to illustrate the various visualization
techniques discussed in this paper. It
is a subset of a much larger 3D land
survey. The data in Figure 1 contains
501 inlines and 501 crosslines, covering
about 100 km® The vertical time axis
spans 1.2 seconds consisting of 300
samples space 4 ms apart. Note that
this sub-volume does not start at t=0.
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The seismic amplitude value at each
data point in a seismic volume (if prop-
erly processed) represents the band-lim-
ited reflectivity. The term ‘band-limit-
ed’ implies that each value is some type
of average over a small sub-volume of
the subsurface. In general the higher
the frequencies, the smaller the sub-vol-
ume averaged. The yellow vertical line
in Figure 1 represents the stratigraphic
interval over which the high resolution
Age Volume (Figure 5) was generated.

Spectral decomposition

Recently much attention has been
given to spectral decomposition. It has
been used for both thickness estima-
tion (Partyka et al., 1999) and direct
hydrocarbon indications (Castagna
et al., 2003). The SEG Spring 2005
Distinguished Lecture by Greg Partyka
on ‘Spectral Decomposition’ was pre-
sented some 28 times worldwide. The
Leading Edge in February 2006 con-
tained a special section on ‘Attenuation
and Spectral Decomposition’, and in
the last First Break Castagna and Sun
(2006) compared spectral decompo-

sition methods and discussed their
matching pursuit decomposition meth-
od (EPD).

There are a variety of different pro-
cedures to perform spectral decompo-
sition, and a variety of ways to show
and interpret the results. The meth-
ods of viewing the spectral decomposi-
tion results shown here are largely inde-
pendent of how the results were gen-
erated. The key in using the results of
spectral decomposition is to put them
in a context that allows you to readi-
ly make geologic inferences. You want
to be able to clearly see what had pre-
viously been unseen.

Wulf Massell of Fusion Petrole-
um Technologies ran its EPD spectral
decomposition routine, ExSpect, on the
data shown in Figure 1. This spectral
decomposition produced 100 SEGY
data volumes, each the same size as
the original seismic volume. These vol-
umes, numbered 1 to 100, contain the
high resolution spatial and temporal
distribution of the instantaneous spec-

tral amplitudes associated with wave-
lets from 1 to 100 Hz.

How do you utilize or visualize this
much data? At the 2005 SEG conven-
tion in Houston, Stark Reality dem-
onstrated (on the exhibit floor) a soft-
ware/hardware solution that sequen-
tially volume rendered 50 of these cubes
(~72 Mb/cube) at about 15 frames per
second. The user could interactively
change the orientation, colour table,
opacity function, lighting, clip-planes,
etc, as the volumes changed from low
to high frequencies. In this demonstra-
tion, the complex nature of the spatial
frequency variations was readily appar-
ent in a few seconds. However, making
quick geologic inferences was not as
easy as you would like. It was an inter-
esting demonstration of the speed and
capabilities of the volume rendering
board, but if left you with more ques-
tions than it answered.

In order to use the ColorStack tech-
nique (described next), the 100 data
volumes were reduced down to three
(Figure 2). These three volumes repre-
sent the low, mid, and high frequen-
cies. The low, mid, and high frequen-
cy cubes contain the sum of the instan-
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Figure 2 Low, mid, and high frequency spectral amplitudes (from left to right) displayed using the same gain. These spectral
amplitudes are the results of summing the 1 to 27 Hz, 28 to 42 Hz and 43 to 100 Hz output from the Fusion EPD method.
The input seismic section is on the far right. This figure indicates that an event’s frequency varies laterally.
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Figure 3 ColorStack generation using the three spectral decomposition bands. The left three images are the same as the left
three images of Figure 2, but using a gradational colour scale. The right most image is the colour composite, or ColorStack,

of the three images to its left. The colour variations in the ColorStack are geologically significant.

taneous spectral amplitudes from the 1
to 27 Hz cubes, 28 to 42 Hz cubes, and
43 to 100 Hz cubes respectively. These
frequency divisions ‘clipped’ about the
same number of points in each vol-
ume when they were converted to 8-
bits using a single scale value. Summing
the cubes in this manner has reduced
the frequency resolution of the origi-
nal spectral decomposition. However,
it probably has not adversely affected
either the temporal or spatial resolution
of the results.

Figure 2 summarizes the spectral
decomposition results. It contains four
vertically-squeezed grey-scale displays
of the same seismic line. Going from
left to right these are: the summed
spectral decomposition results for the
low, mid, and high frequency bands,
with the original seismic data on the
far right. It is apparent from this fig-
ure that even with this course frequency
decomposition most reflections exhib-
it some form of lateral frequency vari-
ation. However, this method of display
does not lend itself to ‘clearly see what
had previously been unseen’.
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ColorStack

Greg Onstott developed a seismic
ColorStack technique as part of his
University of Texas at Austin Master’s
thesis (Onstott et al., 1984). He got the
idea from displays of multi-band satel-
lite imagery. Historically it could only
be done on a single line with a high-
resolution color monitor. Recently,
Stark (2005¢) demonstrated how the
ColorStack technique could be used to
analyze 3D AVO volumes, particularly
identifying class 2 flat spots.

In this paper the ColorStack tech-
nique is used to study the frequency
variation of the seismic data, much in
the way colour is used for multi-band
satellite imagery. (Other authors, such
as Bahorich et al., 2002, have used
similar displays for spectral decompo-
sition data.) The ColorStacks are gen-
erated such that red events are cause
by strong low frequency contributions,
green events by strong mid frequency
contributions, and blue by strong high
frequency contributions. White or grey
events have equal contributions from all
frequency bands. The low and high fre-

quencies are interpreted as roughly cor-
responding to thick and thin beds respec-
tively. In Figure 3 the individual spec-
tral decomposition lines of Figure 2 are
shown with gradational red, green, and
blue colour scales. On the right, instead
of the original seismic data, there is now
a ColorStack of the images to its left.

The right hand panel in Figure 3 is
indeed colourful. But is it providing sig-
nificant, easy to understand geological
insight? Are the colour variations due to
noise or are they geologically significant?
Geologically significant is the correct
answer. Figure 4 helps in understanding
why the answer is ‘geologically signifi-
cant’. It is a comparison of a standard
time slice using a red-white-blue colour
scale and its corresponding ColorStack
time slice derived from the low, mid, and
high spectral decomposition frequen-
cy bands. (This slice was taken from the
level indicated by the yellow arrow in
Figure 3.) Notice the spectacular differ-
ence between these two time slices.

On the ColorStack display three
arrows have been added to denote ‘chan-
nel-like’ features. The green arrow points
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Figure 4 Comparison of a standard time slice (left) and a ColorStack time slice (right). The green and cyan features, denoted
with arrows, are local channels, while the white event is a steeply dipping reflector. The colours indicate that the green chan-

nel is composed of thicker units than the cyan channel. These two channels are very hard to identify in the corresponding

standard time slice display.

to a green (dominated by the mid fre-
quencies) event in the upper left. This
event is not visible on the current time
slice, but if the slices are panned up and
down it can be found. The white arrow
in the middle points to a white event that
is part of a locally steeply dipping hori-
zon. It is not a channel at all. This event
is visible in the standard time slice. The
cyan arrow points to another meander
loop that is only barely visible in the time
slice. Again, panning through the time
slices, portions, but not all, of this chan-
nel can be discovered. The blue colour
implies the bedding inside of this channel
is thinner than in the green channel.
This display is beginning to meet the
objective of seeing the unseen and quick-
ly making geological inferences, but it
also indicates that we are not getting
the whole picture. It is much better than
the conventional time slice display, but
we can only see portions of individual
channels and there is a chance of confus-
ing dipping events with wide channels.
We want to see the entire preserved
channel complex and not be tricked by
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horizon geometry. So this brings us to
our next topic, the Age volume.

Age volume

Figure 5 contains a high resolution Age
volume generated over a 200-sample
subset of the data shown in Figure 1.
It is limited to the stratigraphic interval
denoted with the yellow line in Figure
1. The age volume has the same spa-
tial dimensions and coordinates as the
seismic data volume, but instead of
seismic amplitude, each sample con-
tains an estimate of relative geologic
time (age). The rainbow colour scale
at the bottom of Figure 5 represents
increasing relative age going from left
to right. Note that the colour within
each hue becomes progressively darker
with increasing relative geologic time.
High-resolution age values were not
generated for events at the top and
base of this cube and therefore the
top and base are denoted with single
ages, and therefore single colours. Just
like the seismic amplitude volume, the
Age volume contains significantly more

resolution than can be represented by
an 8-bit color scale.

The relative geologic time or Age
volume was first introduced to the
industry by Stark (2002). Methods to
generate and display the Age volumes
were further discussed in Stark (2003
& 2004b). For those wanting details of
the generation, display, and uses of the
Age volume they can look at the three
US patents concerning the Age volume
(Stark 2004a, 2005a, & 2005b).

According to Stark (2004b), “The
phrase relative geologic time should be
interpreted as: “If relative geologic time
A is greater than relative geologic time
B, then the rocks of relative geologic
time A were deposited before rocks of
relative geologic time B.” Thus, using
this volume, we can tell if a data sample
A is younger or older or the same age as
data sample B, but we cannot say how
much older or younger A is than B until
a calibration step is performed.’

Any horizontal slice taken from
the Age volume in Figure 5 will con-
tain a geologic map corresponding to

© 2006 EAGE



first break volume 24, April 2006

new technology

= NewRGT_8hit. vox | -]

|V0|um9: 501 x 501 x 200 Wndaw: 512 x 512 |

Figure 5 Age volume corresponding to stratigraphic interval noted in Figure 1.
Constant colours represent constant relative geologic time. Colour bar at bottom

shows ages increasing from left to right.

that time (depth). Similarly, any verti-
cal cross section through an Age vol-
ume, such as a face on the cube,
represents a geologic cross-section. Fur-
ther, a constant colour represents essen-
tially a constant age. Therefore, sam-
ples in Figure 5 that have the same
colour will belong to the same horizon:
this can be exploited using a variety
of data processing and visualization
techniques, some of which will be
described below.

Unwrapping
instantaneous phase

The high resolution Age volume
shown in Figure 5 was generated by
unwrapping (in three dimensions) the
instantaneous phase of the data shown
in Figure 1. This technique of gener-
ating an Age Volume will be reviewed
briefly. More details can be found in
Stark (2003 & 2004b).

In Figure 6 a single trace, taken
from the middle of a 2D synthetic line
(inset), is used to illustrate unwrap-
ping instantaneous phase to generate
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an Age volume. Starting on the left, the
seismic trace is converted to instanta-
neous phase such that the instantane-
ous phase generally increases with trav-
el time. Next a cycle trace is generated
(cyan line) that steps an integer multi-
ple of 21 every time there is a signifi-

Inst.
Phase

S

Seismic
Trace

cant change in the instantaneous phase
values. The size of the integer multiple
depends upon the surrounding data.
The cycle number and the instantane-
ous phase are added together to gener-
ate the unwrapped instantaneous phase
(red line). The location and size of the
cycle steps are modified such that 1)
the resultant unwrapped phase always
increases with travel time and 2) large
spatial gradients in the unwrapped
phase are concentrated along faults
and unconformities. These conditions
basically require the unwrapped phase,
which is (non-linearly) proportional
to geologic time, to honour the law
of superposition. Note that the large
step size in the middle of the figure is
required to compensate for the angular
unconformity.

Age volume histogram

The histogram of the Age volume con-
tains a significant amount of geologic
information as Figure 7 illustrates. In
this figure relative geologic age increas-
es from left to right. The dark blue
represents the number of voxels con-
taining a particular relative geologic
age value; the taller the blue curve, the
more voxels of that age. Therefore, in
essence, this figure is showing us the
volume of rock preserved for each rela-
tive geologic age. The peaks represent
laterally extensive, or thick age units,

Minor
Unconformity

Eault

N
AN

Cycle
Number

Figure 6 Example of unwrapping the Instantaneous phase of a single synthetic
trace in the context of a 2D line containing unconformities and a fault.
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Figure 7 Age volume bistogram, age increases to the right. Blue peaks represent
either thick or laterally extensive horizons while the notches represent hiatuses.
Note both high and low frequency trends in this histogram.

while the notches represent either very
thin units, or times of either erosion or
non-deposition. (Note that the figure
has been scaled such that the large
number of voxels associated with the
undetermined young and old ages at
the top and bottom of the cube do not
bias the display.)

Seismic stratigraphers might want to
rotate the figure clockwise 90 degrees,
so that increasing age points down.

Seismic_Age. vox

quma: 501 x 501 x 200 Fﬁnﬂw 512 x 512 |

Note that the blue peaks follow a low
frequency trend of peaks and troughs.
In this orientation, the histogram looks
somewhat like one of Vail’s sea level
charts (Vail, 1977). Even though this
data is from a mid-continent region
presumably unaffected by global seal
level changes, this observation led to
the generation of the Seismic-Wheel-
er volumes discussed a little later. The
yellow curve in Figure 7 represents the

opacity curve used to generate Figure 9,
while the red curve represents the opac-
ity curve used to generation Figure 10.
These figures will be discussed next.

Visualization methods

Four visualization methods in which
the Age volume and spectral decom-
position ColorStack volume are used
in concert to ‘make the unseen seen’
are presented next. These methods are:
horizon extraction, horizon sculpting,
formation sculpting, and the Seismic-
Wheeler volume. The Seismic-Wheeler
volume will be presented in the next
section.

Horizon extraction. As noted in
the discussion of Figure 4, we prefer
to look at the ColorStack of the spec-
tral decomposition along a horizon in
order to see the entire preserved chan-
nel system. Given any position in the
seismic volume, such as a point on one
of the channels, the relative age of that
position can be determined from the
corresponding location within the Age
volume. Every trace in the Age vol-
ume can then be scanned to extract
the arrival time that corresponds to the
desired age. This surface can then be
used to extract the seismic amplitude,

FrequencyColorStack_Age. vox
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Figure 8 Horizon extraction results. The left hand side of this figure contains a typical stratal slice. The right hand side
contains the same slice but in a spectral decomposition ColorStack format. Most of the channels are easier to see in the
ColorStack stratal slice. The colours in the ColorStack stratal slice are related to the local bed thickness. Note there are a
variety of spatial thickness variations that should have geological significance.
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Figure 9 Horizon sculpting results using the yellow opacity curve shown in Figure 7. Standard seismic amplitude is on the
left, while a spectral decomposition ColorStack is on the right. Note the blue incised channel is easier to see in the ColorStack
display. This is at a stratigraphically higher level and viewed from the northeast towards the southwest relative to the data

shown in Figure 8.

ColorStack amplitude, or some other
attribute and display the result in a map
view. Doing so results in Figure 8.

In Figure 8 we see a stark difference
between the standard seismic ampli-
tude (left) and the ColorStack display
(right). The left hand display is typi-
cally called a horizon amplitude slice,
or a stratal slice, and is similar to the
types of displays generated by Zeng et
al.(2001). This standard amplitude dis-
play does a poor job of displaying all of
the channels cutting through this level
(which is only partly due to its high
amplitude and partial colour display
clip.) However, in the ColorStack por-
tion (right side) of this display a varie-
ty of channel geometries are easy to see.
Besides the two blue channel loops pre-
served at the bottom of the image, there
is also a bluish-purple region in the
upper centre of the slice. This colour
implies a mix of thin and thick beds.
It only shows up as a dim spot on the
standard amplitude section.

Horizon sculpting. Figure 9 depicts
a second way in which the Age volume
can be used to better understand the
geological complexities of the Color-
Stack volume (Stark, 2004c¢). To gener-
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ate the right hand side of this figure the
low, mid, and high spectral decomposi-
tion volumes were combined with the
Age volume to create a voxel volume
containing four, 8-bit fields. This vol-
ume was then utilized by a special hard-
ware and software combination that
takes optimal advantage of this type of
volume. This program uses the spec-
tral decomposition volumes to deter-
mine the colour of the rendered voxels
while using the Age volume to deter-
mine the opacity. In this figure, only
the data samples that are older than a
relative geologic age of interest are dis-
played; all those younger than the age
of interest have been rendered trans-
parent (using the yellow opacity curve
shown in Figure 7). A similar volume,
but with only two, 8-bit fields, is con-
structed using the standard seismic data
and the Age volume to generate the left
hand side of Figure 9.

We are at a stratigraphically high-
er level in this display than what we
saw in Figure 8. This type of display
allows the interpreter to see the stratal
slices in their current structural posi-
tion. Towards the right hand side of the
figure there is a blue (thin bed) chan-

nel system cutting through a red (thick
bed) background. We also note a vari-
ety of thickness variations across this
horizon, with the thicker areas appear-
ing to generally be concentrated on the
structural highs. None of this infor-
mation is available from the standard
amplitude display seen to the left.

Although not shown here, the dis-
play orientation as well as the step
in the opacity function can be moved
interactively, and the volume re-ren-
dered at about 15 or more frames per
second to allow the interpreter to study
the thickness changes as a function of
relative geologic time.

Formation sculpting. Figure 10 rep-
resents a third way of using the Age
volume. In this display the same multi-
field voxel volumes employed to cre-
ate Figure 9 are used. However, only
the seismic data found within a limited
relative geologic age range are visible,
as depicted by the red opacity curve of
Figure 7. All other ages are made trans-
parent. The opacity of the visible data
could also be modified to show a select-
ed range of amplitudes if desired. This
might be the largest positive or nega-
tive values in the original seismic data,
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Figure 10 Formation sculpting results using the red opacity curve shown in Figure 7. Standard seismic amplitude is on the left,

while a spectral decomposition ColorStack is on the right. This display corresponds to the stratal slices of Figure 8, but the data
are now displayed in their current structural position. Modification of the opacity curve allows an interpreter to interactively
change the age of the sculpted formation.

or one of the spectral bands in the
ColorStack display. Again, these col-
our lookup changes, as well as the age
range of interest (opacity range) can be
change interactively. Once the desired
geologic time slab is found, the volume
can be interactively rotated, translated,
and zoomed to find the proper view-
ing location.

Seismic-Wheeler volume

The above figures are a drastic improve-
ment over standard seismic amplitude
displays, but there is still one thing
missing from all of the displays — the
locations of missing time. Where are
the hiatuses? The Age volume histo-
gram (Figure 7) indicates that hiatuses
are contained within the Age volume,
but the displays so far have done a
great job of hiding then. Dennis Cooke
and Jim Benson of Santos, upon see-
ing the Age volume results applied to
standard seismic data, challenged me
to find a way to combine the seismic
volume and Age volume to build a
Seismic-Wheeler volume similar to the
Wheeler diagram shown in Figure 11
- Wheeler (1958), Vail et al. (1977).
According to Jim, the locations of the
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hiatuses, as shown in Figure 11 are
‘invaluable’ to a stratigrapher.

As a result of their challenge, Stark
(2005d) presented the industry’s first
Seismic-Wheeler volume at the 2005
SEG convention in Houston. This paper
takes that work one step further and
compares the Seismic-Wheeler volume
with a ColorStack-Wheeler volume. The
results for several different ages are
shown in Figure 12. It contains pairs of

Seismic-Wheeler and ColorStack-Wheel-
er volumes trimmed at the same con-
stant relative age slice. The vertical axis
in each of these cubes is relative geolog-
ic time. Any cross section through these
volumes corresponds to the lower por-
tion of Figure 11, but using a non-line-
ar age scale. The seismic amplitudes are
on the left of each pair and are displayed
using a standard red-white-blue color
scale. The ColorStack version is on the
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Figure 11 Stylized stratigraphic section
(Chronostratigraphic Chart). This figure
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and corresponding Wheeler diagram
is Baum’s stratigraphic+chrono chart

solution taken from http://strata.geol.sc.edu/ss-chrono.html, 2005.
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Figure 12 Eight pairs, in two columns, of Seismic-Wheeler (left) and ColorStack-Wheeler (right) volumes. The top stratal slice
of these pairs is incremented by a half to several cycles in the left hand column, while it is only incremented by a fraction of
a cycle in the right hand column. The white numbers represent the relative geologic time of the top stratal slice. There are 32
relative age slices per cycle in this set of volumes. The grey colour in these volumes represents hiatus locations. The spectral
decomposition ColorStack slices show significantly more stratigraphic detail than the standard amplitude slices. The colour
variations in the ColorStack are assumed to be related to bedding thickness variations.

right and is built as described above. In by Zeng et al. (2001). However, the slic- There are a total of eight pairs
both displays grey is used to denote the es in Figure 12 contain hiatus locations, organized into two columns. In the col-
hiatuses. The seismic constant age slice which are not present in the stratal slic-  umn on the left, the age slices vary by
is similar to the stratal slices described es generated by Zeng or others. over a half to many cycles. In the col-
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umn of the right, the four age slices
are all from less than a half a seismic
cycle. The white numbers in the upper
right of each ColorStack-Wheeler vol-
ume represent the relative geologic time
of the corresponding Wheeler volume
pair. In this volume there are 32 rela-
tive age steps per cycle. The first thing
to notice in studying these figures is the
change in the shape of the hiatus area
on the top stratal slice as a function of
relative geologic time. It is not surpris-
ing to see the shape change when com-
paring two ages that are a cycle or two
apart, as they are in the left hand col-
umn. However, the right hand column,
where the ages are only a fraction of
a cycle apart, there are also dramat-
ic changes in the hiatus locations. This
indicates the stratigraphic resolution
contained in the Age volume.

The second thing to notice is that,
within one pair of Wheeler volumes,
the ColorStack colours typically exhib-
it significantly more lateral colour var-
iations than seen in the correspond-
ing seismic amplitudes. This indicates
the power of the spectral decomposi-
tion and ColorStack technique. And
finally, note the amount of colour, and
therefore implied thickness variations
in each ColorStack stratal slice. Partic-
ularly note the change from one stratal
slice to the next in the right hand col-
umn. This indicates the vertical resolu-
tion of the spectral decomposition rou-
tine. Given that the decomposed spec-
tra were summed into just three vol-
umes for display purposes, how much
more resolution would be available
if the number of spectral stacks were
increased?

Summary

This paper demonstrated several unique
ways to view seismic volumes. The pri-
mary application was to investigate
relative thickness variations as a func-
tion of relative geologic age and as
implied by spectral decomposition. The
spectral decomposition ColorStacks
when combined with the Age volume
allow previously unseen stratigraphic
complexities to jump out of the images.
These techniques allow an interpreter
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to quickly gain insight into the geologi-
cal complexities of their data volume in
a manner not previously possible.

The summing or grouping of the
spectral decomposition results to gen-
erate the ColorStack displays clearly
provides benefit. However, this spec-
tral stacking is more likely to reduce
the quality of the original decomposi-
tion than provide a ‘square root of n’
reduction in noise. Ways to display an
increased number of ‘spectral stacks’
needs to be investigated. Ultimately,
the Age volume needs to be combined
with the individual spectral volumes to
allow the frequency volume animations
(briefly mentioned above) to be con-
strained by relative geologic time.

At this point the colour of the
ColorStack is a qualitative indication
of bedding thickness. Detailed model-
ling needs to be done in order to allow
for a quantitative calculation. Further,
the sensitivity of the ColorStack results
to the particular spectral decomposi-
tion method is not known - this could
be a topic of a future paper. For this
type of 3-component spectral decom-
position, the temporal resolution of
the decomposition method is most like-
ly more important than the frequency
resolution.

The quality of the resultant Seismic-
Wheeler and ColorStack-Wheeler vol-
umes, as well as the sculpting displays,
depends upon the quality of the input
Age volume. Currently the generation
of a high quality, high resolution Age
volume is time consuming. A lower res-
olution Age volume can be generated
much faster — but it will not allow the
same amount of insights into the vol-
ume, and could cause the interpreter to
get tricked by ‘residual structure’. The
high resolution Age volume is key to
obtaining the hiatuses locations such as
those indicated in Figure 7 and shown
in Figure 12.

Figure 12 in particular illustrates
the vast amount and detail of geologic
information that can be gleamed from
post-stacked seismic data. Look again
at the right hand side of Figure 12 and
note the amount of colour changes
within this half cycle. It is a great exam-

ple of Milo Backus’s advice to ‘inter-
pret everything as signal until proven
otherwise’.

In a printed paper it is not practi-
cal to illustrate the use of motion and
interaction with a few static figures.
The dynamic nature of the displays,
particularly if they can be displayed in
stereo, allows the interpreter signifi-
cantly more insight into the data than
a few static images. To help alleviate
this problem, a QuickTime movie of
the Wheeler volumes shown in Figure
12 was generated to illustrate the detail
available as a function of relative time.
This movie increments through all of
the stratal slices instead of just show-
ing the few slices selected for Figure 12.
Those interested can contact the author
at tstark3@verizon.net for a copy of
the movie.

Note that as the volume size
increases, so will the usefulness of
the Seismic-Wheeler and ColorStack-
Wheeler volumes for delineating sand
delivery timing and play fairways.
Although there is still a lot of work yet
to be done, and a lot of questions to
still be answered, the work presented
here is clearly meeting our goals. Dis-
plays such as these both clearly help
the interpreter to recognize and con-
vey a large amount of geologic infor-
mation in a small amount of time and
allow you to clearly see what had pre-
viously been unseen.

Acknowledgements

I am indebted to Dennis Cooke and
Jim Benson of Santos, and Cedric M.
Griffiths of CSIRO for directing my
efforts to the generation of the Seismic
Wheeler volume from the Age volume.
Santos and the South West Queensland
Unit Joint Venture (Santos, Delhi, and
Origin) provided the 3D seismic data
used in the figures. Sun Microsystems
provided workstations on which this
work was performed. TeraRecon pro-
vided the VolumePro 1000 boards used
to generate the ColorStack volumes
and facilitate the real time sculpting
and manipulation of the 3D data vol-
umes. Fusion Petroleum Technologies
provided the spectral decomposition

© 2006 EAGE



first break volume 24, April 2006

new technology

data volumes, which I then ‘defiled’ to
generate my low, mid, and high spectral
sums. STARK Research provided fund-
ing for this project.

References

Bahorich, M., Motsch, A., and Partyka,
G. [2002] Amplitude responses image
reservoir, Hart’s E¢'P, January 2002,
59-61.

Castagna, J. P., Sun, S., and Siegfried,
R. W. [2003] Instantaneous spectral
analysis: Detection of low-frequency
shadows associated with hydrocarbons.
The Leading Edge, 22, 129-127.
Castagna, J.P. and Sun, S. [2006]
Comparison of spectral decomposition
methods. First Break, 24, 3, 75-79.
Onstott, G. E., Backus, M. M., Wilson,
C. R., and Phillips, J. D. [1984] Color
display of offset dependentreflectivity
in seismic data. 54th SEG Meeting,
Expanded Abstract, Session: S17.8
Partyka, G. J., Gridley, J., and Lopez,
J. [1999] Interpretational applications
of spectral decomposition in reservoir
characterization. The Leading Edge,
18, 353-360

Stark, T.J. [2002] A ‘Fully Interpreted
Cube’: Relating every seismic sam-
ple to a seismic horizon. 72" SEG
Meeting, Special Session 3, Summary
of 3D Interpretation Workstation
Applications.

Stark, T.J. [2003] Unwrapping instantane-
ous phase to generate a Relative Geologic
Time Volume. 73rd SEG Meeting,
Expanded Abstract, 1707-1710.

Stark, T.J. [2004a] System for utilizing
geologic time volumes. United States
Patent 6 708 118.

Stark, T.J. [2004b] Relative geologic
time (age) volumes - Relating every
seismic sample to a geologically reason-
able horizon. The Leading Edge, 23,
928-932.

Stark, T. J. [2004¢] Real-time vol-
ume sculpting by modifying the opacity
lookup table of a classification volume.
74th  SEG Meeting,
Theater presentation.
Stark, T.J. [2005a] System for multidi-
mensional data analysis. United States
Patent 6 850 845.

Stark, T.J. [2005b] System for informa-
tion extraction from geologic time vol-

Visualization

umes. United States Patent 6 853 922.
Stark, T.J. [2005¢] Anomaly detec-
tion and visualization using color-stack,
cross-plot, and anomalousness volumes,
75th SEG Meeting, Expanded Abstract,
763-766.

Stark, T.J. [2005d] Generation of a
3D seismic ‘Wheeler Diagram’ from
a high resolution Age Volume. 75th
SEG Meeting, Expanded Abstract,
782-785.

Vail, P.R, Mitchum, R.M. Jr, and
Thompson, S.III [1997] Seismic stratig-
raphy and global changes of sea level,
Part 3: Relative changes of sea level
from coastal onlap, in Payton, C. E.,
Ed., Seismic stratigraphy. Association
of Petroleum Geologists, Memoir 26,
63-81.

Wheeler, H.E. [1958] Time stratigraphy.
American Association of Petroleum
Geologists, Bulletin, 42, 1047-1063.
Zeng, H., Hentz, T.E, and Wood,
L.J. [2001] Stratal slicing of Miocene-
Pliocene sediments in Vermilion
Block 50-Tiger Shoal Area, offshore
Louisiana. The Leading Edge, 20,
408-418.

EAGE Research Workshop

"From Seismic Interpretation to
Stratigraphic and Basin Modelling
— Present and Future"

25-27 September 2006, Grenoble, France

This EAGE Research Workshop will focus on integration of different disciplines,
ranging from seismic sequence stratigraphy to stratigraphic modelling and basin
modelling.

This workshop will discuss following topics:
e Seismic Sequence Stratigraphy

e Seismic Interpretation

e Stratigraphic Modelling

e Basin Modelling

Convenors:
* Marie-Christine Cacas, Institut Francais du Pétrole
e Herald Ligtenberg, dGB Earth Sciences

MORE INFORMATION:

WWW.EAGE.ORG

dsngouwi gSoljl

Saudi Aramco

Deadline Call for Papers 28 April 2006

© 2006 EAGE 85



