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Presenter
Presentation Notes
In this section I will summarize those attributes that measure that lateral continuity and texture of seismic reflectors. These attributes include coherence, amplitude and/or energy gradients, amplitude curvature, and GLCM textures.  



Geometric Attributes that map continuity, amplitude changes and 
textures

1. Coherence

2. Amplitude gradients and amplitude curvature 

3. GLCM textures

Thin channels, fractures
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Presentation Notes
The second subset of geometric attributes measures lateral changes in the reflector amplitude and continuity.   



After this section you will be able to:

• use amplitude gradients and amplitude curvature to highlight lateral changes in 
thickness that fall below tuning, and

• use amplitude gradients and amplitude curvature to highlight lateral changes in 
reflectivity, such as diagenetically altered joints and fractures.

Coherence
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(Partyka, 2001)

Thin bed tuning and the wedge model
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Presentation Notes
(a) Thin-bed resolution and the classic wedge model of a low-impedance layer encased in a higher-impedance matrix. (b) Reflectivity and thickness: the wedge increases in thickness from 0 to 50 ms from left to right, with a negative reflection on the top and a positive reflection on the bottom. (c) Seismic synthetic data generated by convolving (b) with an 8-10-40-50-Hz Ormsby filter. (d) Instantaneous envelope (also called reflection strength) computed from the seismic data in (c). The peak energy occurs at the one-quarter-wavelength (one-half-period two-way traveltime) tuning thickness indicated by the white arrow. Below the tuning thickness, which is indicated by the green ellipse, only the amplitude changes, whereas the phase and frequency remain fixed.  Such subtle changes in amplitude allow us to map lateral changes in bed thickness using lateral changes in amplitude variability (and in a later section in this book, using spectral decomposition). After Partyka (2001).
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Presentation Notes
Sensitivity of (left) reflector trough-to-peak thickness and (right) trough amplitude, for the simple wedge model shown in the previous figure. Note the nearly linear variation of trough amplitude with thickness for small values of thickness (<10 ms). After Partyka (2001); in turn after Widess (1973).



Attributes based on volumetric amplitude, envelope, or energy gradients

Seismic envelope

Normalized inline 
envelope gradient

Normalized crossline 
envelope gradient

Seismic amplitude

5f-6

Presenter
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The work flow used in Landmark graphics envelope gradient computation. The normalized vector gradient components are  simply gx=(1/e)∂e/∂x and gy=(1/e)∂e/∂y, where x is in the inline and y the crossline axes and e the seismic envelope given by e=[d2+(dH)2]1/2     where d denotes the measured seismic amplitude data and dH its Hilbert transform (or quadrature).



(Barnes, 2011)

Artifacts on a simple NS gradient
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Presentation Notes
Relative amplitude change is clearer when smoothed with a vertical median filter. In this image the relative amplitude change along a time slice after structure-oriented filtering. (After Barnes, 2011). 



(Barnes, 2011)

Artifacts suppressed using a median filter
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Presentation Notes
The same image as shown in the previous figure after filtering with a 7 point median filter in time. Median filtering removes noise and makes faults and channels clearer. Yellow arrows indicate illumination direction. The yellow oval identifies a strong artifact of reflection interference that is largely removed by median filtering. (After Barnes, 2011).



Structure-oriented  
filtered data

Eigenvalues vs. eigenvectors

Seismic amplitude

Inline dip Crossline dip

Inline energy 
gradient

Crossline energy 
gradient
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1. Calculate the wavelet that best represents the vertical variation of the data 
within the analysis window.

Energy-weighted coherent amplitude gradients

(Marfurt, 2006)5f-10
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A schematic diagram summarizing the steps in the eigenstructure estimation of coherence described earlier. The steps are to (a) calculate the energy of the input traces within an analysis window, (b) calculate the seismic waveform that best approximates the waveform of each input trace. 
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2. Fit the coherent wavelet to the data within the analysis window. This represents the 
‘coherent component’ of the seismic data.

Coherent amplitude, uc

Lateral gradient of coherent amplitude

Coherent energy of the J=5 traces:
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A schematic diagram summarizing the steps in the eigenstructure estimation of coherence described earlier. The amplitudes of the five wavelets above define the components of the five-element-long principal-component eigenvector, v(1). To calculate energy-weighted coherent-amplitude gradients, we take the derivative of the curve shown by the dotted line in (d) and weight it by the sum of the coherent energy within the analysis window shown in (c).



Energy-weighted coherent amplitude gradients

9 Components of eigenvector, v1, describe the amplitude variation of the 
coherent wavelet along a local surface, v(x,y)

x

λ1∂v1/∂x
λ1∂v1/∂y

∂v1/∂x

(Marfurt, 2006)5f-12
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Interpretation of the eigenvector, v1, corresponding to a nine-trace analysis window, as the representation of a map of coherent amplitude, v(x,y). From this map, we can calculate gradients, dv/dx and dv/dy , which will indicate lateral changes in the coherent amplitude. These gradients are particularly useful in mapping lateral changes in layer thickness when the layer is less than one-quarter-wavelength thick. For such thin layers, the amplitude variation is proportional to thickness and the waveform remains nearly constant. After Marfurt (2006).



Time-structure map of horizon A - 120 ft
(a phantom horizon)

(Sarkar et al. 2009)5f-13
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Presentation Notes
A phantom horizon that was not explicitly picked, but rather created by simply subtracting 120 ft from each value of horizon A. The form of the resulting time-structure map is identical to that of horizon, but is simply bulk-shifted 120 ft shallower. (After Sarkar et al., 2009)



Phantom horizon slice through the EW coherent energy gradient

(Sarkar et al. 2009)5f-14
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Presentation Notes
A phanton horizon slice through the inline coherent energy gradient computed along dip within a 9-trace by +/-50 ft analysis window for the entire volume. Faults can be seen on the right and a fan system on the left side of the image. (After Sarkar et al., 2009)



Phantom horizon slice through co-rendered 
coherent energy and EW coherent energy gradient 

(Sarkar et al. 2009)5f-15
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Presentation Notes
A phanton horizon slice through two co-rendered attributes 120 ft above horizon A. The inline coherent amplitude gradient is plotted against a grey-scale color bar, while the coherent energy is plotted against a thermal color bar (blue through red). A fan systems is clearly delineated on the left side of the image. (After Sarkar et al., 2009)



Coherence

(Marfurt et al.,1998) 

1.0

0.6

Coh

Horizon slice through amplitude coherence
(So. Marsh Island, Gulf of Mexico)
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Horizon slice through a coherence volume along an interpreted Pleistocene-age horizon corresponding approximately to the time slice shown in the previous figure. The area displayed is smaller than that seen in the previous figure, because the horizon did not exist over a salt diapir in the southwest and was truncated in the northeast.  In general, stratigraphic features are seen best on horizon slices, whereas structural features are seen best on time slices. Semblance-based coherence was calculated using 11 traces and a 64-ms vertical analysis window. After Marfurt et al. (1998).  
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(Marfurt et al.,1998) 

Horizon slice through amplitude gradient 
(So. Marsh Island, Gulf of Mexico)

EW component energy-weighted coherent amplitude gradient

Positive

Negative

Grad

0

5f-17

Presenter
Presentation Notes
Horizon slices corresponding to Figure 3.45b through the east-west component of the energy-weighted coherent-amplitude gradient described in Figure 3.83. The vertical analysis window was  32 ms. Yellow arrows indicate narrow channels not readily seen on the coherence images shown in a previous figure. Statistically, narrow channels also are thin. If they are thinner than the tuning thickness, they will be expressed as a lateral change in amplitude only and not in waveform. Magenta arrows indicate a wider channel that is not seen in the coherence horizon slice shown in the previous figure. We interpret these channels to have a longer-wavelength gradational change in amplitude, such as that shown the figures by Luo et al. (2003), so they are not well illuminated by our nine-point coherence algorithm. After Marfurt and Kirlin (2000).



EW coherent energy gradientcoherence

Central Basin Platform, Texas, USA
(Devonian Thirtyone Horizon)

(Blumentritt et al.,1998) 
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Presentation Notes
A horizon slice along the Devonian Thirtyone Formation, from a survey in the Central Basin Platform, Texas, USA, of (a) an eigenstructure coherence and (b) the east-west component of the energy-weighted coherent-amplitude gradient. Note that the reverse faults indicated by yellow arrows show up as low-coherence black zones in the coherence image. Because they are almost totally incoherent, they appear as blank gray zones in the energy-weighted coherent-amplitude-gradient image. We can see channels in the northern one-third of both images. Although the southern one-third of the coherence image is relatively featureless, we still see channel-like features in the southern one-third of the amplitude-gradient image. These “channels” cross an east-west fault indicated by green arrows on the horizon slice, further suggesting that they are sedimentary features. After Blumentritt et al. (2003).
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coherence
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Time slices
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Time slices at t = 0.832 s, through the (a) east-west and (b) north-south components of energy-weighted coherent-amplitude gradients, and (c) a coherence time slice, all through a survey at approximately Pennsylvanian level from the Midcontinent, USA. Although the channels can be seen on the coherence time slice, they can be traced farther using the amplitude-gradient images.



Energy-weighted coherent amplitude gradients
(So. Marsh Island, Gulf of Mexico, USA)

(Data courtesy of Fairfield)
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Energy-weighted coherent-amplitude gradients at (a) 0, (b) 30, (c) 60, (d) 90, (e) 120, and (f) 150 from north (the direction indicated by white arrows). The gray arrows indicate subtle features that show up best at the angle shown in each image. Such subtle features may be important for describing reservoir heterogeneity.



Energy-weighted coherent amplitude gradients
(Great South Basin, New Zealand)

Footprint
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A suite of three slices through the two components of the coherent amplitude gradient vector from a marine survey acquired over the Great South Basin, New Zealand. In this data volume there is a rapid change in amplitude across the polygonal faults seen in the lower right corner of the two images. At this level at t=1.28 s there is also persistent acquisition footprint in the inline direction, common with marine surveys where the crossline streamer spacing is larger than the inline hydrophone group spacing in the streamers. The shelf is nearly flat at this level, so that we can map its edge.



Energy-weighted coherent amplitude gradients
(Great South Basin, New Zealand)

Footprint
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Slightly deeper at t=1.48 s the polygonal faulting persists in the lower right corner of the two images, whereas the acquisition footprint is reduced. At this level we start to see progradations building out from the upper left-hand corner of the image to the lower right. The most remarkable feature at this level is the syneresis feature, where the larger ones exhibit a distinct hexagonal shape. The smaller ones appear more elliptical or circular. Because there is gentle dip towards the lower right, the larger syneresis features are stratigraphically lower than the smaller ones. I am not an expert on syneresis, but know that both layer thickness and mineralogy of the clay rich sediments play a key role in their morphology.



Energy-weighted coherent amplitude gradients
(Great South Basin, New Zealand)

Channels
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Deeper still at t=1.72 s the polygonal faulting continue in the lower right corner of the two images, and the acquisition footprint is no longer obvious. Several thicker prograding units are delineated further towards the lower right than in the previous image. Multiple channels can be seen cutting through the shelf sediments. Because this is a time slice, the channels further the lower right are unrelated to those towards the upper left of the image. 



Derivatives of an RMS amplitude, energy, or impedance profile
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Presenter
Presentation Notes
Effect of the first and second derivative on a one-dimensional RMS amplitude, energy, or impedance profile along a given hypothetical seismic horizon. The extrema seen in the 2nd derivative shows areas of anomalous changes in the profile and can indicate stratigraphic or structural edges. 



Inline (NS) energy gradient Crossline (EW) energy gradient Inline (NS) dip Crossline (EW) dip

Coherence

Principal structural 
positive curvature (LW)

Principal structural negative  
curvature (LW)

Amplitude positive 
curvature (LW)

Amplitude negative  
curvature (LW)

(Chopra and Marfurt, 2011;’ Data courtesy: Fairborne Energy Ltd., Calgary)

Structural curvature versus Amplitude curvature

1 km

5f-26

Presenter
Presentation Notes
(Top) Time slices through first derivative attributes, (center) coherence, and (bottom) second derivative (or curvature) attributes showing Winnepegosis reefs. (After Chopra and Marfurt 2011; Data courtesy of Fairborne Energy, Ltd.)



Horizon slice through the seismic amplitude volume

(Chopra and Marfurt, 2007)

Amplitude curvature
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Horizon slice through a seismic amplitude volume along the top of a fracture carbonate sequence. (Data courtesy Arcis).



Amplitude curvature

(Chopra and Marfurt, 2007)

Short wavelength most-positive amplitude curvature, epos
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Horizon slice through short-wavelength, most-positive amplitude curvature volume along the top of a fracture carbonate sequence. (Data courtesy Arcis).



Long wavelength most-positive amplitude curvature, epos

Amplitude curvature

(Chopra and Marfurt, 2007)5f-29
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Horizon slice through long-wavelength, most-positive amplitude curvature volume along the top of a fracture carbonate sequence. (Data courtesy Arcis).
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The blue negative curvature anomalies indicate karst that exhibit structural collapse and bowl-like shapes. Many of these features are fault controlled.
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Amplitude curvature is mathematically independent of structural curvature but is also sensitive to karst collapse. If you animate with the previous image, you will see that many of the smaller elliptical karst anomalies do not give rise to a negative structural curvature anomaly. However, their infill or diagenetic alteration still gives rise to lateral changes in reflectivity measured by amplitude curvature.



Amplitude curvature to delineate channels (Taranaki Basin)

Chair display of amplitude data

(DeGroot et al., 2021)5f-32
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A chair display showing multiple incised turbidite channels in the New Zealand Kokano survey. Note the rapid lateral change in amplitude at the channel edges and the channel edge reflections. These changes suggest that they can be used to delineate the channels. (After DeGroot et al., 2021).



Amplitude curvature to delineate channels (Taranaki Basin)

Chair display of 2nd derivative of amplitude (amplitude curvature) in the crossline direction

(DeGroot et al., 2021)5f-33
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Cascading the amplitude gradient operator onto itself results in the apparent curvature in the crossline direction. The authors then use these values as input to a tool they call a “thalweg tracker”. (After DeGroot et al., 2021).



Amplitude curvature to delineate channels (Taranaki Basin)

The results of dGB’s “thalweg tracker”

(DeGroot et al., 2021)5f-34
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Results of apply dGB’s “thalweg tracker” to the 2-pass amplitude gradient (apparent amplitude curvature in the crossline direction). The gradient images in the previous figure are overplotted on the seismic amplitude plotted against a red-white-blue colorbar. They go on in this work to use these measures as an input to a machine learning classifier. (After DeGroot et al., 2021).



In Summary:

•  Lateral changes in coherent amplitude are mathematically independent of 
eigenstructure coherence, dip/azimuth, and curvature

•  Lateral changes in total amplitude as measured by semblance and the Sobel filter 
are sensitive to both thin bed tuning and changes in waveform

•  Lateral changes in coherent amplitude are often associated with thin bed tuning – 
helping us map channels and paleo topographic features below the tuning thickness 
where eigenstructure coherence fails

Lateral Changes in Amplitude and Texture Analysis

5f-35
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