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Introduction 
 
 
 

Fault Enhancement 
 
Coherence and other edge-sensitive attributes often appear to provide 
“broken” or “fuzzy” images of the faults. We have developed a fault 
enhancement workflow that partially addresses this issue. Program 
fault_enhancement is located under (14A) the Image Processing -> fault_enhancement of the 
main aaspi_util window: 
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You will (14B) need to provide an input seismic “fault” attribute (typically similarity, but possibly 
aberrancy) volume to be enhanced, along with the inline dip, the crossline dip and an optional 
weight volume. Once the inline dip component has been loaded, the (14C) window length, width, 
and height) will be filled with default values that can be modified. For time domain data, the 
value of velocity used in program dip3d is used to estimate a vertical window of comparable size 
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to the window length and width. In this example from the Great South Basin (courtesy of NZPM 
for public use), the cdp increment, dcdp=12.5 m and line increment dline=12.5 m. However, the 
line index increment, d2=2 rather than 1, giving a line separation of 25 m. The current default is 
to use a window whose radius is 3 times the greater of these two spacings. In the case above, the 
(6) window half-length and (7) half-width are approximately 75 m while the (8) window half 
height is 37 ms. 
 
The parameters (14D) θ1=Dip1 and θ2=Dip2 define a Tukey filter that rejects fault attributes that 
fall beyond dip magnitude θ1 and retains fault features beyond θ2. If the numerical value of θ1 > 
θ2, then fault features subparallel to reflector dip are retained rather than suppressed. For 
example, if θ1=25° and θ2=35° then all the discontinuities with a dip greater than 35° will be 
rejected, while if θ1=65° and θ2=75° then anything with an apparent dip θ<65° will be rejected. 
In general, every voxel in the volume will have a valid fault dip magnitude and azimuth. Other 
values are valuable when importing the results into software packages with limited color display 
options. 
 
The parallelization parameters are identical to those in all other AASPI programs running under 
MPI.  
 
Clicking the Execute fault_enhancement button on the lower right submits the program.  
 
The following files were generated for the parameters chosen above: 
 
 

 
 
The fault_enhancement.parms file simply provides parameters to the python script and reads as 
follows: 
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The definition of the files is fairly obvious and represent the fault probability, fault dip magnitude, 
and fault dip azimuth. The fault_dip_filter.txt file is an ASCII-format file that can be plotted using 
excel. In this case it appears as follows: 
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which indicates that the fault probability of features with dip magnitude less than 10° will be set 
to zero and those with dip magnitude greater than 20° will be unchanged. 

 
Let’s use energy_ratio_similarity as the input data volume.  In the example below, I have used a 
vertical window height of just one sample (window_height=0.0), since I want the smoothing to 
be done by program fault_enhancement rather than through vertical stacking. 
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The data are sampled on a 12.5 m by 25 m grid. For the first pass, I use a value of sigma3=12.5 
m, which 1 trace in the inline direction, but only 0.5 trace in the crossline direction.  In the 
following image, note some of the coherence anomalies aligned with stratigraphy have been 
suppressed, since I used values of θ1=10° and θ2=25°. 
 

 
 
The next image is computed using a larger value of sigma3=25 m, which is two traces in the inline 
direction and one trace in the crossline direction, resulting in slightly decreased lateral resolution, 
but increased vertical continuity.  
 

 
 
The output fault probability can serve as input to a second pass of fault enhancement, resulting 
in an iterative workflow, and gives the following results. There is somewhat greater continuity of 
the steeply dipping faults, though they do not appear sharper or longer. Recall that faults dipping 
subparallel to this inline direction will appear to be smeared, though in reality, they are not. 
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Following this workflow, I input the data fault probability computed from two iterations of fault 
enhancement to a third iteration and obtain the next image. 
 

 
 
Using AASPI program corender to display this image with the seismic amplitude gives 
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Co-rendering the seismic amplitude with energy ratio similarity computed using a +/-0.000 s 
window gives 
 

 
 
while co-rendering the seismic amplitude with energy ratio similarity computed with the default  
+/-0.020 s window gives 
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Now, let’s examine a representative time slice. First, let’s look at the energy_ratio_similarity 
computed using a 0.000 ms (1-sample) vertical analysis window. 
 
 
 

 
 
Currently, the default window size in the AASPI software is +/-5 samples (or +/- 0.020 s), giving 
the following image. Note that the stratigraphic discontinuities have been suppressed by using 
such a vertical window. 
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Using the energy ratio similarity volume computed with a window of 0.000 s as input to 
fault_enhancement with a value of sigma3=12.5 m, gives the following image: 
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Using a value of sigma3=25 m and three iterations of fault enhancement, I obtain the following 
image. It appears that almost all the same faults have been imaged; however, if one were to pick 
the faults after fault enhancement, the picks would be laterally displaced and more accurately 
align with the fault discontinuities seen on vertical slices through the seismic amplitude volume. 
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