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ABSTRACT : Seismic exploration in the Paleozoic Basins of Texas focuses on subtle features embedded in high velocity rocks.

The 3-15 m thick chert intervals of the Devonian Thirtyone Formation of the Central Basin Platform, West Texas, commonly fall
below the classical 1/4 wavelength (20-50 m) limit to seismic resolution. In the Fort Worth Basin, the microfaults, joints, and
fractures so important to gas production may have little to no vertical offset. Although we may not be able to resolve such subtle
features on the vertical section, we can often detect them on horizon amplitude extractions. Modern multi-trace seismic attributes
such as coherence, coherent energy gradients, and a suite of vector dip attributes, including inline dip, crossline dip, reflector
curvature, and reflector rotation greatly facilitate this process by avoiding the need to interpret discrete horizons and enhance

subseismic lateral variations in reflectivity. In this presentation, we will define the mathematical and physical basis of these
attributes, and show how they are often coupled to each other through the underlying geology. Next, we will apply these attributes
to the analysis of complex faulting, deposition, and karsting from Paleozoic plays in Texas. We will show that while seismic
coherence is a powerful tool for mapping faults and stratigraphic features, it often fails in providing any insight into reservoir
heterogeneity when the reflections are consistently strong. Instead, we find that coherent energy gradients best image subtle
channels, while dip/azimuth and curvature allow us to see subtle faulting and fracturing that is below seismic resolution.

SEISMIC EXPRESSION OF GEOLOGIC FEATURES

Structural deformation affects seismic reflectivity in
several ways, the most easily recognized being the offset of
otherwise continuous waveforms and changes in those
waveform shapes across faults. Changes are also the result of
syntectonic deposition, pressure compartmentalization, and
differential rotation of fault blocks. Traditional seismic
attributes, such as envelope amplitude, instantaneous phase,
and instantaneous frequency (Taner et al., 1979), extract
information from a single trace and display it in a manner that
highlights different characteristics of that trace. Along with
the more modern impedance inversion and spectral
decomposition technology (Marfurt and Kirlin, 2001) that can
significantly enhance vertical resolution, single trace attributes
allow us to map detailed stratigraphy. As a complement to
such single trace attributes, multi-trace attributes, such as dip
and azimuth (Dalley et al., 1989) and curvature (Roberts, 2001)
offer new information in the form of relation between traces.
Originally, such multitrace attributes required an interpreted
horizon, with the results limited to that horizon. Bahorich and
Farmer (1995) developed perhaps the first volumetric
multitrace attribute that measured waveform similarity, or
coherence, that has proven to be particularly useful in mapping
faults and strong lateral changes in stratigraphy. Marfurt et al
(1998) built on these ideas and developed 3-D estimates of

dip and azimuth as well as more robust estimates of coherence.
Al Dossary and Marfurt (2004) have continued this structural
mapping effort by generating 3-D volumes of reflector
curvature. Luo et al (1996) developed perhaps the first
volumetric estimation of reflector amplitude gradients. While
there is no magical solution to structural mapping, there is
certainly no shortage of seismic attributes. There are atleast
four mathematically independent families of attributes that
measure different characteristics of seismic reflection events.
Spectral decomposition allows us measure changes in vertical
thickness. Amplitude, acoustic impedance, Q estimates, and
amplitude gradients allow us to measure effects that are
dependent on the change in lithology, fluid, and porosity.
Coherence estimates allow us to measure lateral changes in
the waveform, often associated with faults but also sensitive
to lateral changes in tuning thickness. Reflector dip, azimuth,
curvature, and rotation are all measures of the reflector shape.
While we can think of end members that show that all four
families of attributes are mathematically independent, they
are almost always coupled to each other through the underlying
geology.

APPLICATION

In order to compare our new attributes to more
conventional seismic interpretation tools, we display a vertical



362

Imaging of Carbonate Terranes – Applications to the Fort Worth Basin

section from the Fort Worth basin with two picked carbonate
horizons - the Pennsylvanian age Caddo and the Ordovician
Ellenberger. The Caddo limestone is the strongest, most
coherent reflector in the survey. We follow Dalley et al (1989)
and plot a conventional dip magnitude of the Caddo map in
Figure 1b. Next we perform three ‘amplitude extractions’ from
three precomputed attributes cubes: coherence (Figure 1c),
North-South dip (Figure 1d) and mean curvature (Figure 1e).
Although the first author has always been quite proud of

coherence, it is clear that for this geological scenario, the
conventional dip magnitude calculation from the mapped
horizon provides more detailed information about the East-
West strike slip fault, Reidel shears, and other conjugate faults,
joints and fractures. We also note that the volumetric North-
South dip is more robust, largely due to the fact that is
calculated over a 40 ms (21 sample) analysis window rather
than from a single sample corresponding to the picked peak.
The NS and EW components of dip can be combined

Figure1: (a) Vertical slice through a survey in the Fort Worth Basin, TX, USA. (b) Conventional dip magnitude map corresponding to the
Pennsylvanian Caddo horizon. (c ) Principal component coherence, (d) North-South component of dip, and (e) mean curvature

extractions from their respective attribute cubes. Note that the because the Caddo limestone reflector is strong and coherent, the
coherence volume does not illuminate faults as well as even the conventional dip magnitude map. Dip/azimuth and curvature are
more sensitive to such faults, joints, and fractures in this geologic terrane.
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vectorially to calculate the mean curvature, which highlights
a complex fault/fracture pattern. In Figure 2 we show a suite
of four time slices through the principal component coherence,
the East-West component of the coherent energy gradient, the
most negative and the most positive curvature attribute cubes
at 1 s, slicing through the Devonian chert formation (green
picks) in the center of each image. We are very pleased with
the quality of the coherence image and its illumination of

anastamosing faults, but note that there is a continuation of a
major fault either as a fold, or as a fault below seismic
resolution seen to the northeast on the curvature and gradient
images. We also note that the coherence energy gradient
timeslice better illuminates the chert turbidite in the central
block in Figure 2b. We perform an ‘amplitude extraction’ along
this horizon on this gradient volume and show a restored
channel system in Figure 3.

Figure. 2 :  Time slices at 1 s through attribute cubes of (a) principal component coherence, (b) East-West coherent energy gradient, (c) most
negative and (d) most positive principal curvature. Green denotes the Devonian chert horizon.
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CONCLUSION

Modern, multi-trace seismic attributes display
features, some of which are subseismic, that are useful in
resolving structural relationships and fault patterns not evident
on conventional seismic displays. Displays of vector dip,
curvature, rotation, and amplitude gradient attributes show
previously unimaged continuations of faults as monoclines,
illuminate Reidel shears, and provide information for an

alternate interpretation of a moderate size fault trend. Coherent
energy gradients provide better illumination of subtle channels.
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Figure 3 : Amplitude extraction at the Devonian chert horizon

through the East-West coherent energy gradient. White
areas correspond to unpicked faults. Note the North-South
turbidite channel system.


