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Improving the Quality of Coherence and Curvature
Attributes By Using Multispectral Dip Components

commonly available on most interpretation workstations

that help characterize small- and large-scale faults,
large fractures, pinch-outs, buried channels, reef edges and
unconformities. The quality of both these attributes, among
other factors, relies on accurate estimates of volumetric dip.
Coherence, amplitude gradients and GLCM texture attributes
(see Geophysical Corner column in March and April 2014
issues) should be computed along structural dip, while
curvature (see Geophysical Corner column in November 2011
issue) is computed from volumetric estimates of structural
dip. Due to differences in both resolution and sensitivity to
coherent noise, different frequency components might exhibit
different dip. Such awareness has led to the development of
multispectral coherence (see Geophysical Corner column in
July 2018 issue) that makes use of summation of covariance
matrices of individual spectral components, rather than
just the covariance matrix computed from broadband
seismic data. The same concepts are extended to compute
multispectral dip components using a gradient structure
tensor computation. These high- resolution dip estimates
result in higher resolution curvature as well as continuous, less
noisy discontinuities as seen on coherence attribute displays.

Quite often it is found that the conventional broadband
seismic data do not necessarily provide the best insight into
the interpretation
of subsurface
structure and
stratigraphy,
nor for the
evaluation of the
derived seismic
attributes.
Geologic
discontinuities,
for example,
exhibit different seismic expressions as per their intrinsic
scales, and can often be seen better at a specific frequency
range. The literature shows that faults are often better
delineated by lower frequency components, while stratigraphic
features are often better delineated at frequencies near tuning.
Coherence anomalies seen at multiple frequency scales can
be combined using RGB color blending.

In the Geophysical Corner column for July 2018, the
authors of this article explained how the energy ratio
coherence performed on voice components within the
frequency band of the input seismic data yields with more
accurately defined geologic features. With this observation
providing enough motivation, the authors showed that
covariance matrices extracted using the same dip
magnitude and azimuth are computed for each spectral
band and summed prior to coherence computation. The
concept of multispectral computation is now extended to
dip and azimuth determination, and we find interesting and
encouraging results.

There are various ways of estimating volumetric dip
and azimuth, but two of the more common methods are
the discrete semblance scans and the gradient structure
tensor methods. In general, while the semblance-based dip
estimation provides slightly better lateral resolution, the GST
algorithm provides slightly better angular resolution. We show
some applications of the latter method below.

For multispectral dip, the GST is computed for each
spectral voice component within the bandwidth of the data
and summed. The first eigenvector of the summed GST is the
unit normal of a plane that best fits the data, thereby providing
an estimate of dip and azimuth. Dip is a vector quantity, and
dip vectors are composed of inline and crossline components,
which most interpreters prefer to display as separate or co-
rendered dip azimuth and dip magnitude components.

Coherence and curvature are iconic attributes now
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Application of Multispectral Dip/
Azimuth for Coherence Computation

In figure 1 we show a stratal slice 94 milliseconds below a
seismic marker from a survey acquired in Alberta through the
inline dip components, computed the traditional way (figure
Ta) and computed using our multispectral dip algorithm
(figure 1b). The east-west inline dip component accentuates
north-south trending events. We identify prominent
lineaments with different colored arrows at end points on both
displays and note an improvement not only in continuity and
lateral resolution, but also in the range of the dip values. Both

Figure 1: Stratal slices from inline dip volume 94 milliseconds below a marker, when multispectral dips were (a) not used, and (b) used in the computation.
Stratal slices from crossline dip volume 94 milliseconds below a marker, when multispectral dips were (c) not used, and (d) used in the computation. Both
computations used the same 9 trace by 20 millisecond window. Data courtesy of TGS Canada.
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Figure 2: Stratal slice overlay of most negative curvature (short-
wavelength) using transparency over the most-positive curvature (short-
wavelength display 94 milliseconds below a marker, when multispectral
dips were (a) not used, and (b) used in the curvature computation.

computations were done using 99 nine (3 by 3) trace by 20
millisecond analysis overlapping Kuwahara windows. Figure
Tc shows the corresponding results on the north-south
crossline dip component, which, as expected, accentuates
east-west dipping events. These east-west anomalies appear

Figure 3: Stratal slices from broadband energy ratio volume
94 milliseconds below a marker, when multispectral dips
were (a) not used, and (b) used in the computation.

both more continuous and less smeared on the multispectral
dip results.
In figure 2 we show an overlay comparison of most-

See GeoCorner page 25 »



the new software can extend to plays beyond
the Permian Basin.

“Initial results from other basins (for
example, the North Slope of Alaska) suggest
that useful results can be generated in settings
with significantly higher geological and
logistical complexity (e.g., deviated wells in
densely faulted prograding delta deposits),” he
said.

Further, Sylvester said it is not necessary

In Memory

John R. V. Brooks passed away
on March 6, 2020 at the age of 81.

He will be remembered for
his dedication to the oil and gas
industry, enthusiasm for geology
and exploration and his utter belief
in the hydrocarbon potential of the
United Kingdom Continental Shelf.
Brooks was president of the AAPG
European Region in 2005-7 having
been a member since 1966. The AAPG
awarded him the Distinguished Service
Award in 1997 for “enlightened licensing
policies that have rolled out exploration
frontiers on the UKCS, keeping the industry
vital and creating employment and wealth.”
In 2008, he was awarded the Distinguished
Medal of the House of Delegates.

John’s career spanned more than 40
years. Initially he graduated from Kingston
College with a degree in geology in 1963.
Starting work with a contracting company, he
was employed by Amoco as a geophysicist
in 1969, then spent four years with the Gas
Council before joining the UK Civil Service
at the Department of Energy as Head of
Exploration, where he spent 27 years.

There, he became known as “Mr. North
Sea,” which was a bit of a misnomer as

negative curvature (short-wavelength) using
transparency over the most-positive curvature
(short-wavelength) display for both volumetric
dip estimates. We notice more focused
lineaments and swarms of lineaments on the
curvature attributes computed with the use
of multispectral dips as indicated with the
multicolored block arrows.

Finally, we draw comparisons between
broadband energy ratio coherence displays
as shown in figure 3, without and with the use
of multispectral dip components, respectively.
Again, individual lineaments are indicated
with colored arrows at their ends. Notice
the higher signal-to-noise ratio and better
continuity definition of the lineaments on
both displays after using multispectral dip
components in the two coherence displays.
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that the computer “know” advance
stratigraphic concepts in order to generate
useful stratigraphic correlations.

“The simple idea of stretching-and-
squeezing well logs into a chronostratigraphic
diagram is quite powerful”

Sylvester was scheduled to speak at this
year's ACE in Houston and explain in greater
detail how this new software will enable faster
and more objective mapping than through
manual correlation. This software, he believes,
will be of interest not only to geoscientists who
work in areas with a large number of wells,
but anyone who works with any kind of 1-D
signals that can be correlated.

his bailiwick at the Department

of Energy (later the DTI)
encompassed the whole of

the UKCS, including onshore.
Respected by the industry, civil
servants, ministers and colleagues
alike, he worked energetically and
with great passion at the most
exciting period of exploration in
the UK.

Many have commented on his direct
approach, his humor, his integrity and
personal influence. An overriding memory
was that Brooks would always try to
persuade companies to explore potential and
the unknown “evaluating the full succession
through to the basement of the basin” and
encouraged them to drill deeper beyond the
currently drilled horizons — various formations
being mentioned including the Upper
and especially the Lower Carboniferous
Namurian, which in onshore outcrop was
virtually impermeable. These were referred
to as “The John Brooks formations” by his
industry colleagues. He was proven right in
many instances, as a number of discoveries
were made in the Carboniferous in the Quad
44 area, including Breagh, Cygnus, Murdoch
and Tyne, to name just a few.

Conclusions

As seen in the examples cited above,
attributes such as inline dip, crossline dip,
dip magnitude, dip azimuth, and broadband
energy ratio coherence all benefit with the
use of multispectral dip components in
their computation. These benefits include
better signal-to-noise ratio, more focused
and continuous definition of lineaments
or channel/reef edges (not shown).
Although computationally more intensive,
we recommend that multispectral dip
components should be carried out for the
generation of such attributes, which will enable
more accurate interpretation, and which is the
bottom line for a seismic interpreter.

(Editors Note: The Geophysical Corner is
a regular column in the EXPLORER, edited by
Satinder Chopra, chief geophysicist for TGS,
Calgary, Canada, and a past AAPG-SEG Joint
Distinguished Lecturer.)

MISCELLANEOUS

Geosteering occurs in structural isolation as
virgin rock is sampled. Well log correlation
principles are applied to measurements
sensibly within context, to imply stratigraphic
location at MD. 3D TSD/RSD geosteering logic
leads to superior approximations of bedding
structure on which to base critical decisions.
Keeping it really 3D since 1999...see for yourself
how SES contains practical, where-it-counts
technologies and features that help deliver
steering results, well after HAHZ well.

www.makinhole.com
Stoner Engineering LLC

MJ Logs has 30,000+ wells in the Permian that
have more beyond the normal log suites. Why
spend money on pseudo log curves missing
from a data set, when we might have the logs in
our library you are looking for.

Check out our coverage on our WLS
(Well Library Search) System for free at

www.mjlogs.com
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