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eismic reflection surveys are used extensively in exploration

for oil and gas, coal and other mining, and the study of
the Earth’s deep crustal layers. The success of the technique
for oil and gas exploration in both land and marine areas
has led to continued advances in technology for gathering,
processing, and interpreting the data. In fact, successful
exploration requires integration of information from several
disciplines, and it is seismic interpretation which brings them
together. The interpretation workflow addresses structure,
stratigraphy and sedimentation, seismic amplitude analysis,
and assimilation of seismic attributes, rock physics analysis
and visualization, all supported by relevant data from
drilling, laboratory studies, and from other surveys such as
aeromagnetic, gravity, and electromagnetic. Needless to say,
good geological knowledge of any area of interest is required
to realize the potential of the seismic reflection technique and
to complete a thorough and consistent interpretation.

Structural interpretation refers to mapping subsurface
structures considered prospective for entrapment of oil and
gas and was adopted to locate large structures. While oil and
gas companies would like to locate such large structures,
most of these elephants had already been found by the ear-
ly 1990s. This, therefore, shifted the focus to stratigraphic
traps and, over the last two decades or so, much progress has
been made in developing techniques for this purpose. The
continued tightening of available funds for exploration and
development and far greater expectation for success and prof-
itability have also contributed to advances in several areas of
seismic interpretation.

Stratigraphic interpretation of seismic data systemizes the
analysis into three main steps. The first is to divide the data
into major depositional units called “sequences” separated by
time hiatuses. The second step examines these sequences in
terms of patterns of seismic events to interpret characteris-
tics of particular geological environments exhibiting channel
sands, deltas, etc. The third step is essentially the scrutiny of
the individual seismic events to understand the variation of
their character in a lateral sense.

With the awareness that true seismic amplitudes are di-
agnostic of hydrocarbon anomalies, seismic amplitude in-
terpretation is important for recognizing potential. Because
hydrocarbons are found in three-dimensional enclosures, 3D
seismic, which emerged in the 1980s, was a significant break-
through. With more precise imaging, higher frequency con-
tent, and the ability to visualize trapping enclosures in their
true perspective, 3D seismic provides better structural inter-
pretation and more accurate stratigraphic interpretation.

With the availability of high-end graphics workstations,
3D volume rendering and geobody extractions have become
means of effective seismic interpretation. Another important
development was the study of depositional systems (known as
seismic morphology) using 3D seismic images. Earlier, depo-
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sitional environments were commonly inferred by studying
stratigraphic architecture on the basis of vertical cross sec-
tions of seismic data; with 3D seismic data, depositional ele-
ments can be interpreted directly from map view images.

We are happy to report that the response to this special
section on seismic interpretation was overwhelming; unfor-
tunately, we are not able to include all submitted papers (and
some of the submissions will be published in other issues of
TLE). The selected papers span a broad cross section of top-
ics, ranging from the basic issues that an interpreter faces in
terms of phase variation and well-tie problems to quantita-
tive analysis of seismic attributes for fracture detection.

Spatial and temporal nonstationary wavelets in seismic
data can result in a phase mismatch between final processed
sections and zero-phase synthetics based on well logs, de-
spite efforts to maintain controlled-phase acquisition and
processing. Wavelet variations in the data could be induced
by acquisition, processing, and the physical laws governing
seismic wave propagation. In “Nonstationary phase estima-
tion—a tool for seismic interpretation,” Van der Baan et al.
discuss the application of statistical phase analysis as an aid
in checking deterministic phase corrections resulting from
seismic-to-well ties as well as highlighting stratigraphic vari-
ations in local geology.

Well-to-seismic ties are important starting points for in-
terpretation. In simple imaging cases, mis-ties are resolved
by resorting to a “stretch and squeeze” type of process. How-
ever, well-to-seismic ties are challenging in complex imag-
ing areas like subsalt environments. In “Well-to-seismic tie
method in complex imaging areas—examples in the deep-
offshore subsalt Angola domain,” Martin et al. suggest quan-
titative geophysical arguments that could be used in addi-
tion to the available geologic clues for achieving optimum
well ties. Citing the fact that in complex imaging areas the
well-to-seismic tie is fundamentally an imaging problem, the
authors suggest that application of the same depth imaging
methods adopted for surface seismic to the well-to-seismic
domain could help solve this problem.

In the presence of regional dip, a good way to reveal map-
view geometry of features is to slice through the data parallel
to a given stratigraphic marker. Such a display is called a ho-
rizon slice. Another display, the stratal slice, is used to display
data along a geological time surface created by linear inter-
polation between two picked reference horizons. In “Stratal
slicing: benefits and challenges,” Zeng revisits the concept
and summarizes the benefits and challenges of the method.
For data with good signal-to-noise ratio, stratal slicing pro-
vides imaging parallel to geologic-time surfaces, an easy link
to paleogeomorphology, a tool for thin-bed imaging, high
stratigraphic resolution and a short interpretive cycle.

In “The horizon cube: A step-change in seismic interpre-
tation!,” de Groot et al. discuss mapping dense horizons us-
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ing semiautomated techniques and adopting this approach
for improved interpretation workflows. Such densely mapped
horizons could be useful in constructing robust geological
models, improving well correlation, mapping detailed facies
and estimating rock property.

The seismic geometric attributes commonly used during
interpretation are generated on a local scale, usually employ-
ing 3-9 traces. Such traces may not address the larger scale
geometric patterns, spanning hundreds to thousands of trac-
es, that form the basis for building a sequence stratigraphic
framework of a basin. In “Geometric attributes for seismic
stratigraphic interpretation,” van Hoek et al. present three
moderate- to large-scale seismic geometric actributes, namely
thinning, unconformity and seismic facies attributes, that
blend sequence stratigraphy with modern seismic attribute
generation. The authors then use Wheeler displays to show
that integration of the seismic and the new attributes could
be valuable for sequence stratigraphic analysis.

In “Tracking regional seals: A novel set of sub-basin scale
seismic attributes,” Guerra and Poupon illustrate the appli-
cation of the thinning, unconformity, and seismic facies at-
tributes described by van Hoek et al. with three case studies.
The first, from deepwater Nigeria, illustrates the use of these
attributes to ascertain the extent of a top seal for overpres-
sured sands. The second, from deepwater French Guiana,
shows the application aimed at derisking the top seal element
of stratigraphic traps. The third, from a shallow-water, faulted
fluvio-deltaic environment in offshore Cameroon, tests the at-
tributes in a setting with multiple wells and 3D surveys.

The generation of a consistent stratigraphic framework
for hydrocarbon exploration in many deepwater areas is chal-
lenging, owing to structural complexity, lack of well control,
or difficult seismic ties. In “Acoustic impedance as a sequence
stratigraphic tool in structurally complex deepwater settings,”
Contreras and Latimer discuss a new methodology that helps
develop a sequence stratigraphic framework and depositional
systems interpretation in frontier deepwater environments.
The methodology is based on the generation of acoustic im-
pedance inversions from seismic data, stratal slicing of the
acoustic impedance data, and creation of acoustic impedance
pseudo-logs over individual sub-basins, followed by correla-
tion across contiguous sub-basins. Once the sequence strati-
graphic framework has been established, further depositional
system analysis can be performed with greater confidence.

In “Generation of sea-level curves from depositional pat-
tern as seen through seismic attributes—seismic geomor-
phology analysis of an MTC-rich shallow sediment column,
northern Gulf of Mexico,” Sarkar et al. analyze seismic geo-
morphologic features of a mass transfer complex (MTC)
that dominates the shallow sedimentary section within a salt
minibasin in the northern Gulf of Mexico. Such geomor-
phologic features, illuminated through seismic attributes,
helped to build a sequence stratigraphic framework and to
predict relative sea-level curves. These curves, calibrated with
biostratigraphic information from the few available wells,
agreed with published eustatic cycles. The authors suggest
that such a sequence seismic geomorphologic analysis from
multiattribute studies can enable detailed sand prediction
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and reveal finer stratigraphic details not otherwise possible.

Instead of using maximum and minimum curvature, or
most-positive and most-negative curvature, attributes which
are intuitively easy to understand, Chopra and Marfurt, in
“Integrating coherence and volumetric curvature images,”
propose simply the use of principal curvatures to image
subtle faules, folds, incised channels, differential compac-
tion, and a wide range of other stratigraphic features. They
claim that principal curvatures 4, and £, maintain the ac-
curacy of maximum and minimum curvature for highly de-
formed terrains and also provide the interpretive simplicity
of most-positive and most-negative curvatures. A number of
examples show the use of curvature and the integration of
these attributes with the coherence attribute.

In “P- and S-wave delineation of the Horseshoe Atoll,
Diamond-M Field, West Texas,” Russian et al. discuss the
application of seismic geometrical accributes like coherence,
curvature, and shape index to P- and S-wave data for defin-
ing and understanding the morphology of the reef buildup
structure within the Pennsylvanian Canyon Reef Forma-
tion in West Texas. Attributes generated from the PP and
SH stacks as well as PP angle stacks are analyzed using both
individual and corendered displays. The authors found that
while attributes on the PP volume better delineated the in-
ternal structure as well as smaller reef structure, attributes
on the SH volume more accurately defined the edges of the
reefs. 3D rose diagrams generated for both the PP and SH
data helped in associating the lineaments with delineation of
reef boundaries as well as the central reef core.

In “Seismic texture analysis for reservoir prediction and
characterization,” Yenugu et al. discuss the application of
texture attributes to characterize a sandstone and a limestone
reservoir. These attributes are calculated using a second-
order statistical measure, gray-level co-occurrence matrices
(GLCM). The authors report the structure-oriented compu-
tation of GLCMs as a new feature. The results of applying
texture attributes to a sandstone reservoir are consistent with
observations made by other authors; however, the limestone
application is interesting as it is probably the first actempt at
texture attribute application to this lithology.

In “Quantitative estimate of fracture density variations
in the Nordegg with azimuthal AVO and curvature: A case
study,” Hunt et al. discuss the use of attributes like AVAZ,
VVAZ, and curvature for predicting fracture density varia-
tions within the Nordegg Formation in Alberta. Earlier
quantitative attempts at such an analysis involved the use of
image log orientation in vertical wells for validation. In this
case study, the authors use the larger sample statistic from
well-log data in two horizontal wells and microseismic data
over one well. The results indicate that AVAZ, VVAZ and
curvature strongly correlate with image log fracture density
and are valid predictors of fractures in Nordegg Formation.
Microseismic data indicate a similar prediction but are a less
direct validator of fractures. An interesting aspect of this
study is its attempt at quantitative rather than qualitative
analysis of seismic attributes for fracture prediction.

We hope that the readers find this special section as inter-
esting and informative as we did. T<E
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