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Presenter
Presentation Notes
In this section I compute a suite of complementary attributes that delineated collapse features in the karsted Ellenburger dolomite that forms a relatively poor fracture barrier for the overlying Barnett Shale in the Fort Worth Basin, TX, US. Horizontal wells that land too close to these collapse features produce such large amounts of water that they become uneconomic.



Spectral decomposition
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Presenter
Presentation Notes
Spectral decomposition algorithms such as the continuous wavelet transform can generate multiple volumes of output. The most common output consists of multiple spectral magnitude components. The spectral phases are in general less useful as an interpretation tool, but are internally necessary to generate spectral voices, phase residues, and spectrally balanced data.  
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Presenter
Presentation Notes
Vertical slice AA’ through the seismic amplitude volume. This volume had been spectrally balanced using a continuous wavelet transform algorithm. (Seismic data courtesy of Devon Energy).



Spectral voice at 20 Hz
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Presenter
Presentation Notes
Vertical slice AA’ through the 20 Hz spectral voice computing using a continuous wavelet transform algorithm. The data have been previously spectrally balanced.  



Spectral voice at 40 Hz
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Presenter
Presentation Notes
Vertical slice AA’ through the 40Hz spectral voice computing using a continuous wavelet transform algorithm. The data have been previously spectrally balanced.  



Spectral voice at 60 Hz
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Presenter
Presentation Notes
Vertical slice AA’ through the 60 Hz spectral voice computing using a continuous wavelet transform algorithm. The data have been previously spectrally balanced.  



Corendered spectral magnitude and spectral voice at 20 Hz
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Presenter
Presentation Notes
Vertical slice AA’ through the 20 Hz spectral voice corendered with the corresponding spectral magnitude using a continuous wavelet transform algorithm. The data have been previously spectrally balanced.  
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Presenter
Presentation Notes
Vertical slice AA’ through the 40 Hz spectral voice corendered with the corresponding spectral magnitude using a continuous wavelet transform algorithm. The data have been previously spectrally balanced.  
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Presenter
Presentation Notes
Vertical slice AA’ through the 60 Hz spectral voice corendered with the corresponding spectral magnitude using a continuous wavelet transform algorithm. The data have been previously spectrally balanced.  



Corendered spectral magnitude at 20 Hz and broadband amplitude
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Presenter
Presentation Notes
Vertical slice AA’ through the spectrally balanced broadband seismic amplitude and the 20 Hz spectral magnitude using a continuous wavelet transform algorithm.  



1 mile

Ti
m

e 
(m

s)
500

1000

1500

A A’

Corendered spectral magnitude at 40 Hz and broadband amplitude

1200 ms

Amplitude

Negative

Positive

Opacity
10
0

0

0

Magnitude
Maximum

0

5i-11

Presenter
Presentation Notes
Vertical slice AA’ through the spectrally balanced broadband seismic amplitude and the 40 Hz spectral magnitude using a continuous wavelet transform algorithm.  
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Presenter
Presentation Notes
Vertical slice AA’ through the spectrally balanced broadband seismic amplitude and the 60 Hz spectral magnitude using a continuous wavelet transform algorithm.  



Spectral magnitude at 20 Hz
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Presenter
Presentation Notes
Time slice at t=1200 ms at the approximate top of the Ellenburger dolomite through the 20 Hz spectral magnitude component using a continuous wavelet transform algorithm. The data volume has been previously spectrally balanced.



Spectral magnitude at 40 Hz
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Presenter
Presentation Notes
Time slice at t=1200 ms at the approximate top of the Ellenburger dolomite through the 40 Hz spectral magnitude component using a continuous wavelet transform algorithm. The data volume has been previously spectrally balanced.



Spectral magnitude at 60 Hz
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Presenter
Presentation Notes
Time slice at t=1200 ms at the approximate top of the Ellenburger dolomite through the 60 Hz spectral magnitude component using a continuous wavelet transform algorithm. The data volume has been previously spectrally balanced.



Corendered spectral magnitude at 20 Hz, 40 Hz, and 60 Hz
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Presenter
Presentation Notes
Time slice at t=1200 ms at the approximate top of the Ellenburger dolomite through the corendered 20 Hz, 40 Hz, and 60 Hz spectral magnitude components generated using a continuous wavelet transform algorithm. The data volume has been previously spectrally balanced. Using the thin bed tuning response, thicker layers appear as red, intermediate thickness layers as green, and thin layers as blue. Low magnitudes at all spectral components appear as black, while high magnitudes at all components appear as white. Many of the karst features appear as black in this image.
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Presenter
Presentation Notes
Representative vertical lines through a seismic amplitude volume and a time slice at t = 1.2 s at the approximate Ellenberger horizon through a corresponding coherence volume.  Low coherence elliptical features such as that indicated by the yellow arrow are collapse features. Linear features are such as those indicated by the magenta and green arrows are faults. (After Marfurt, 2010; Data courtesy of Devon Energy).
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Most negative principal curvature, k2
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Presenter
Presentation Notes
The same view as shown in Figure 1, but now through the most-negative principal curvature, k2, volume.  Note the network of lineaments seen on the time slice. The arrows are in the exact same location. Note the bright blue (strong negative curvature) anomaly over the collapse features  such as that indicated by the yellow, that occur at the intersection of these lineaments. Note the curvature anomaly associated with the E-W trending fault indicated by the magenta arrow is displaced to the North (downdip) from the corresponding coherence anomaly. (After Marfurt, 2010; Data courtesy of Devon Energy).
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Presenter
Presentation Notes
Co-rendered vertical slices through most-negative principal curvature and seismic amplitude and the time slice at t = 1.2 s. through most-negative principal curvature and coherence. Note the correlation of the strong negative curvature and low coherence anomalies over the collapse features such as that indicated by the yellow arrow. Note the lateral displacement between the curvature and coherence anomalies along the faults (magenta and green arrows). (After Marfurt, 2010; Data courtesy of Devon Energy). 



Diagenetically altered joint (cave collapse) Devil’s Den State Park, AR

5i-22

Presenter
Presentation Notes
View towards the sky from the trail along cave collapse as seen in Devil’s Den State Park, NW Arkansas. Such joints, if filled with sediments of different lithologies should be large enough to be seen from surface seismic data.  “Softer” sediment fill would undergo differential compaction. (Photo from Arkansas State Park website).
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Presenter
Presentation Notes
The same view as the previous figure, but now through the most-positive principal curvature, k1, volume.  Note the network of lineaments seen on the time slice. The arrows are in the exact same location as in the previous images. The bright blue (strong negative curvature) anomalies correlate to the collapse features, such as that indicated by the yellow arrow, and are surrounded by circular positive curvature anomalies that outline the edges of the collapse features. The curvature anomaly associated with the NE-SW trending fault indicated by the green arrow is displaced to the North (updip) from the corresponding coherence anomaly. (After Marfurt, 2010; Data courtesy of Devon Energy).
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Presenter
Presentation Notes
Co-rendered vertical slices through most-positive principal curvature and seismic amplitude and the time slice at t = 1.2 s. through most-positive principal curvature and coherence. Note the correlation of the strong negative curvature and low coherence anomalies over the collapse features such as that indicated by the yellow arrow. Note the magenta fault lies downdip from a parallel positive curvature anomaly to the south, as seen on the vertical section through the seismic amplitude data. (After Marfurt, 2010; Data courtesy of Devon Energy).
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Presenter
Presentation Notes
Co-rendered vertical slices through most-positive and most-negative principal curvatures and seismic amplitude and the time slice at t = 1.2 s. through most-positive and most-negative principal curvatures and coherence. Note the correlation of the strong negative curvature and low coherence anomalies over the collapse features such as that indicated by the yellow arrow. Note the faults indicated by the magenta and green arrows are bracketed by curvature anomalies which can be seen on the eastern vertical slice through seismic amplitude. (After Marfurt, 2010; Data courtesy of Devon Energy).
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Presenter
Presentation Notes
Multiattribute display of the shape index, s, modulated by the curvedness, C. Bowl-shape collapse features appear blue (yellow arrow). The fault indicated by the magenta arrow appears as cyan (a valley) juxtaposed to yellow/orange (ridges). (Data courtesy of Devon Energy).
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Presenter
Presentation Notes
Multiattribute display of the shape index, s, modulated by the curvedness, C, co-rendered with seismic amplitude on the vertical slices and coherence on the time slice at t = 1.2 s. Note the correlation of the reflector shape attribute with the structure seen on the vertical slices through the  seismic amplitude.  The coherence images are mathematically independent and complementary to the reflector shape attribute , allowing us to make a more confident interpretation. (After Marfurt, 2010; Data courtesy of Devon Energy).
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Presenter
Presentation Notes
The bowl component of structural shape co-rendered with seismic amplitude on the vertical slices and coherence on the time slice at t=1.2 s. The bowl component has strong values over the collapse features and near zero values elsewhere, allowing them do be used in neural network or geostatistical analysis. (After Marfurt, 2010; Data courtesy of Devon Energy).
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Presenter
Presentation Notes
Volumetric visualization of long-wavelength bowl component of shape blended with coherence time slice at t = 1.200 s.  View from west. (After Marfurt, 2010; Data courtesy of Devon Energy).
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Presenter
Presentation Notes
Volumetric visualization of long-wavelength bowl component of shape blended with coherence time slice at t = 1.200 s.  View from west. (After Marfurt, 2010; Data courtesy of Devon Energy).
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Presenter
Presentation Notes
Multiattribute display using an HLS color model. (a) Illustration of the strike of most-negative principal  curvature, ψk2 . (b) A 2D color table that modulates the value of the strike of the anomaly (plotted against hue) and the strength of the anomaly (plotted against lightness).  (Modified after Mai et al., 2009).
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Presenter
Presentation Notes
Multiattribute display of the strike of the minimum curvature, ψk2,  modulated by the strength of the most-negative principal curvature, k2, using the color bar shown in lower left.  The strength of the minimum curvature was displayed in a previous image. Note the E-W trending fault indicated by the magenta arrow  is displayed as yellow-red, while the NE-SW trending fault (green arrow) appears as magenta.  The collapse features occur at the intersection of different joints. (After Marfurt, 2010; Data courtesy of Devon Energy).
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Presenter
Presentation Notes
Multiattribute display of the strike of the minimum curvature, ψk2,  modulated by the strength of the most-negative principal curvature, k2, using the color bar shown in the previous figure, co-rendered with seismic amplitude on the vertical slices and coherence on the time slice at t = 1.2 s. Note the E-W trending fault indicated by the magenta arrow  is displayed as yellow-red, while the NE-SW trending fault (green arrow) appears as magenta.  The collapse features occur at the intersection of different joints. (After Marfurt, 2010; Data courtesy of Devon Energy).



Strike of most negative curvature modulated by its strength
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In Summary:

• In general, always use mathematically independent attributes in your interpretation

• In interactive interpretation, mathematically independent attributes that delineate the 
same feature provide insight into its generation and confidence in its interpretation

• In machine learning interpretation, mathematically independent attributes that 
delineate the same feature provide a means of discriminating a target class of features 
from the background

Mathematically Independent Attributes Correlated through Geology

5i-40
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