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Seismic Attributes - from Interactive Interpretation 
to Machine Learning

Presenter
Presentation Notes
In this section I will summarize those attributes that measure geometry or shape of seismic reflectors. Geometric attributes include volumetric estimates of dip and azimuth, curvature, changes in waveform shape, and lateral changes in seismic amplitude.



Geometric attributes that map reflector configuration 

1. Dip magnitude and dip azimuth

2. Reflector convergence

3. Reflector nonparallelism

4. Curvature and aberrancy

5. Shape index and curvedness
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Presenter
Presentation Notes
The first subset of geometric attributes measures reflector configuration. Coherence measures lateral discontinuities, so can be listed here or in with attributes that are more sensitive to textures as I do in this short course.



Reflector convergence 
(Changes in dip perpendicular a relatively flat stratigraphic trend)
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Presenter
Presentation Notes
If the dip of the survey is relatively flat, then the reflector convergence degenerates to a simple vertical derivative of the inline (x) and crossline (y) components of the dip vector. For non-flat geologic layering, the more accurate calculation we need to first compute a smooth normal as discussed in a subsequent slide.
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Volumetric mapping of angular unconformities (lack of conformance)
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Presenter
Presentation Notes
Calculation of reflector convergence is the first step toward 3-D computer-aided seismic stratigraphy. In these images, positive convergence is shown as blue, negative convergence (divergence) is shown in yellow. Like dip/azimuth, reflector convergence is a vector. Here we display the component of convergence/divergence in the inline direction.  (After Barnes,2001). Geoteric uses the name conformance to define the same quantity.
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Computing the normal from apparent dip components p and q
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Presenter
Presentation Notes
Computation of the components of the unit normal from apparent dips, p and q, measured in meters down per meters in the inline and crossline directions. Remember, for every meter you go down, you go one meter down, so this component is exactly 1.0 ! Mean curvature is related to the divergence of the vector normals. Reflector rotation and vector convergence are computed from the curl of the normal vector, ψ, which has three components.



Arithmetic for mapping angular unconformities
Compute rotations about the average normal, ñ

(Marfurt and Rich, 2010)
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Presenter
Presentation Notes
Angular unconformities and pinch outs are computed with reference to some average reflector orientation, defined by its normal. If the average is flat (nz=0) then there are two components of c, one in the x (East) direction, and one in the y (North) direction. (After Marfurt and Rich, 2010).



t=1.1 s

Reflector convergence co-rendered with coherence
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Presenter
Presentation Notes
Vector reflector convergence co-rendered with coherence on a time slice at t=1.1 s co-rendered with seismic amplitude on vertical slice AA’. Circular color bar shown in lower left of the figure. Note the convergence towards the NNE appears as dark purple or blue while convergence towards the SSW appears as green. Relatively parallel layers appear as pastel to clear colors. (Data courtesy of Burlington Resources).



Reflector convergence co-rendered with coherence
t=1.1 s
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Presenter
Presentation Notes
Let’s examine another vertical slice, in this case line BB’ which is drawn perpendicular to a reverse fault. Note the convergence towards the east appears as red to magenta blue while convergence towards the west appears as green to turquoise. Relatively parallel layers appear as pastel to clear colors. This figure displays the same attributes using the same color bar as the previous figure. (Data courtesy of Burlington Resources).



Reflector convergence co-rendered with coherence
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Presenter
Presentation Notes
The blue color parallel to the reverse fault does not fit simple onlap onto a fault and requires further investigation. The vertical slice CC’ indicates convergence towards the north, parallel to the fault, indicating that there was rotation about the fault, providing additional accommodation space to the south. (Data courtesy of Burlington Resources).



Reflector convergence co-rendered with coherence
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Presenter
Presentation Notes
To further investigate the vector convergence attribute, let’s slice down at 0.1 s increments, showing the vertical slices along lines AA’ and BB’ at the same time. This image is as t=1.0 s. (Data courtesy of Burlington Resources).
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Reflector convergence co-rendered with coherence

(Marfurt and Rich, 2010)5b-11

Presenter
Presentation Notes
The same volumes and color bars as the previous  image, but now at t=1.1 s. (Data courtesy of Burlington Resources).
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Reflector convergence co-rendered with coherence
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Presenter
Presentation Notes
The same volumes and color bars as the previous  image, but now at t=1.2 s. (Data courtesy of Burlington Resources).
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Reflector convergence co-rendered with coherence
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Presenter
Presentation Notes
The same volumes and color bars as the previous  image, but now at t=1.3 s. (Data courtesy of Burlington Resources).



(Chopra and Marfurt, 2011)

Reflector convergence about channel edges 
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Presenter
Presentation Notes
Cartoons demonstrating convergence within a channel with or without Levee/overbank deposits. Case (a) deposition within the channel shows no significant convergence; Case (b) shows strata within the channel where the west channel margin converging towards west and the east channel margin converging towards the east. This is displayed in color to the right with the help of a 2D color wheel; Case (c) shows deposited sediments within the channel not converging at the margins, but the levee/overbank deposits converge towards the channel (west deposits converge towards the east and vice-versa; Case (d) shows a combination of cases (b) and (c) where both the strata within the channel and levee/overbank deposits are converging. Notice how the convergence shows up in color as displayed to the right in cyan and magenta colors. (Chopra and Marfurt, 2011)



Reflector convergence co-rendered with coherence
(Distributary system in Alberta)

(Chopra and Marfurt, 2011)5b-15

Presenter
Presentation Notes
3D chair view with a coherence time slice as the horizontal section and showing a channel system. This slice is co-rendered with the reflector convergence attribute displayed using a 2D color wheel. In view of the cases discussed in the previous figure, the highlighting ellipse shows a levee/overbank deposit converging towards channel margin generating magenta and green colours with respect to the reflector convergence attribute. 



0

500

1000

Tim
e (m

s)

2 km

Negative Positive

1
Opacity

0

Amplitude

Low High

1
Opacity

0

Coherence

N

S

EW

Reflector Convergence

a)

(Chopra and Marfurt, 2024)

Reflector convergence co-rendered with seismic amplitude
(Faults, relay ramps, and turbidites in Taranaki Basin, NZ)

5b-16

Presenter
Presentation Notes
. (a) Vertical slices through corendered convergence azimuth, convergence magnitude, and seismic amplitude volumes for the Parihaka3D survey acquired in the Taranaki Basin, NZ showing four large faults indicated by yellow block arrows. Relay ramps transfer strain from one fault to the next. Reflector events pinch out to the NW and appear cyan on the hanging wall and pinch out to the SE and appear red on the footwall. A simple sedimentary pinchout to the SE is indicated by the red arrow. The complex, multicolored package within the black polygon shows pinchouts associated with the incisement and infill of multiple turbidites. The white dashed lines shows the location of a time slice at t=1300 ms. (b) The same image as in (a) but now with a time slice a t=1300 ms through corendered convergence azimuth, convergence magnitude, and coherence volumes. The purple arrow indicates a prograding clinoform pinching out to the NNE. The two green arrows indicate that the fill of these two turbidite channels are thinning towards the SW. North Arrow is indicated by the green arrow to the lower right of the figure. The construction of the colorbars is defined in Chapter 3. (Data courtesy of NZP&M).
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Reflector convergence co-rendered with seismic amplitude
(Faults, relay ramps, and turbidites in Taranaki Basin, NZ)

(Chopra and Marfurt, 2024)5b-17
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Computing nonparallelism (lack of conformance)
(Salt, mass transport deposits, channels offshore Louisiana, US)
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Presenter
Presentation Notes
Vertical slices through seismic amplitude for a survey acquired on the shelf of the northern Gulf of Mexico. Note the rapid change in dip within the mass transport deposits (MTDs) and with much of the salt that will give rise to relatively high values of nonparallelism. In contrast, the conformal reflectors, whether dipping or faulting will have a low value of nonparallelism. The interior of the salt is filled with steeply dipping (and hence low vertical frequency) noise. These observations partially differentiate these three seismic facies and will be used in machine learning applications discussed later in this short course. (Data courtesy of PGS).
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Computing nonparallelism (lack of conformance)
(Salt, mass transport deposits, channels offshore Louisiana, US)
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Presenter
Presentation Notes
Vertical slices through corendered dip azimuth, dip magnitude, and seismic amplitude corresponding to the previous slide. Note the rapid change in dip (rapid change in color) within the mass transport deposits (MTDs) and with much of the salt that will give rise to relatively high values of nonparallelism. In contrast, the conformal reflectors, whether dipping or faulting have a consistent color and will have a low value of nonparallelism. The interior of the salt is filled with steeply dipping (and hence low vertical frequency) noise. 
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Computing nonparallelism (lack of conformance)
(Salt, mass transport deposits, channels offshore Louisiana, US)

Nonparallelism computed in a 150 m radius by 80 ms vertical analysis aligned with the average structural dip.
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Presenter
Presentation Notes
Vertical slice through corendered nonparallelism and seismic amplitude volumes for the same line shown in the two previous slides. Nonparallelism was computed in a 150 m radius by 80 ms vertical analysis aligned with the average structural dip. The rapid change in dip within the mass transport deposits (MTDs) and with much of the salt in both result in relatively high values of nonparallelism, appearing as cyan, green, and red. In contrast, the conformal reflectors, whether dipping or faulted have a low value of nonparallelism appear as blue. The interior of the salt is filled with steeply dipping (and hence low vertical frequency) noise. These observations partially differentiate these three seismic facies and will be used in machine learning applications discussed later in this short course. (Data courtesy of PGS).
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Mapping changes in dip across listric faults
(Land acquisition, northern Gulf of Mexico)

Seismic amplitude

Negative Positive
Amplitude

Presenter
Presentation Notes
Using attributes like coherence to map listric faults provide good images for the nearly vertical parts of the faults, poor images for the more shallowly dipping parts of the faults, and useless images for the part of the fault that soles out. Often, there is rapid change in dip across these deeper parts of the listric faults, suggesting that they can be mapped by measuring the lateral change in dip. The data are imprecisely imaged with multiple crossing events that will make an accurate estimate of dip difficult. The data are sampled using 20 m × 20 m bins.
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Mapping changes in dip across listric faults
(Land acquisition, northern Gulf of Mexico)

Seismic amplitude

Negative Positive
Amplitude

Presenter
Presentation Notes
This is the same image with some hand-picked listric faults. There may be a few others in the image. I’ve also picked an erosional unconformity in green.
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Mapping changes in dip across listric faults
(Land acquisition, northern Gulf of Mexico)

Vector dip corendered with amplitude

Presenter
Presentation Notes
The vector dip was computed using a 40 m by 40 m Kuwahara analysis windows using a GST dip algorithm. The Kuwahara filter nicely blocks the larger features but also introduces some small blocky artifacts.



Reflector convergence magnitude corendered with amplitude

Mapping changes in dip across listric faults
(Land acquisition, northern Gulf of Mexico)

Presenter
Presentation Notes
The resulting reflector convergence computation is acceptable, but does not really help improve the location of the faults. I think the major cause of the disappointing results is the poor quality of the input 3D amplitude volume. I need to find a more modern, higher quality example of listric faulting.



In Summary:

•  The reflector convergence vector measures the intensity and orientation of pinchouts 
and can be used to map reflector configurations associated with progradations, lateral 
changes in accommodation space, channel fill, levees, fans, and angular unconformities

•Nonparallelism provides a statistical measure as to whether the bedding within an 
analysis window are conformal, contorted, or even random

•Nonparallelism provides limited value in interactive interpretation but is quite useful in 
machine learning driven facies classification

Nonparallelism and reflector convergence
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