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Summary 
Acquisition footprint often poses a major problem in land 
3D seismic data. Some of the causes for footprint are 
constraints on survey design, backscattered noise, lateral 
variations of fold, offset, and azimuth distributions, and 
spatial aliasing. Faced with extracting subtle features 
contained in seismic amplitudes, interpreter is often 
confronted with footprint that can mask important details 
critical to the identification of key reservoir properties. In 
this paper, we show the results of footprint suppression 
using adaptive subtraction to enhance the data quality of a 
survey acquired over a Red Fork incised valley complex 
without removing “geological features” of interest.  
 
Introduction 
Peyton et al. (1998) and Suarez et al. (2008) presented 
seismic attribute assisted interpretation of the Red Fork 
valley system using the same survey. Figure 1 shows an 
outline of three surveys that have been merged into a single 
136 sq. mi. dataset constituting the study area. The paper 
from Peyton et al. shows the applicability of spectral 
decomposition to map valley system stages. The results by 
Suarez et al. (2008), besides showing the development of 
seismic attribute algorithms, demonstrates  the value of 
using blended attributes to aid the interpreter in delineating 
individual valley fill stages within the heterogeneous 
channel-levee complex. Both Peyton et al. (1998) and 
Suarez et al. (2008) faced the limitations imposed by 
acquisition footprint, which contaminates the data and is 
often exacerbated by modern seismic attributes. To address 
this problem we have analyze the effect of footprint on 
volumetric dip components, Sobel filter similarity, and 
most-positive and most-negative curvature. Once the 
footprint character has been characterized, we apply the  kx-
ky transform  adaptive subtraction technique proposed by 
Falconer and Marfurt (2008) to the original seismic 
amplitude data and recompute the attributes. 

                                         
Figure 1. The surveys are located in west central Oklahoma. They were 

shot by Amoco from 1993-1996 and later merged into a 136 sq.mi. 
survey.  Each survey had different acquisition design, resulting in 

different footprint patterns. 

 
Geological Framework 
The Pennsylvanian incised valley sequence associated with 
the Red Fork interval has, throughout most of its extent, 
three major events or facies (Phase I, II, and III) which can 
be differentiated by log signatures, production 
characteristics, and gross geometry. Two additional events 
(Phase IV and V) are present in the eastern and 
northeastern headward portion of the valley, also 
recognizable by log signature and gross geometry. Figure 2 
shows de delineation of three of the five identified Red fork 
valley system phases. Phase II (orange) records a period of 
valley widening and maturation, generally has a much 
wider areal distribution with a variety of valley fill facies 
represented by a characteristic fining upward patter.  Phase 
III (red) represents the last major incisement within the 
valley, these reservoirs are primarily thick, blocky, porous 
sands at the base of the sequence that have been backfilled, 
reworked, and overlain by low resistivity marine shales 
deposited by a major transgression which drowned the 
valley sequence.  Phase V is the last event before the 
transgression that deposited the Pink. Phase V rocks are 
poorly developed, non-productive sand and shales. The 
multi phase events of the Upper Red Fork Valley system 
were most likely caused by repeated sea level changes. 

 
Figure 2. Red Fork incised valley sequence Phase II is highlighted in 
orange, Phase III in red and Phase V shows in green. 
 
Interpretation 
For the purposes of this research the top of the Skinner 
interval was interpreted and used to generate phantom 
horizon slices to image the Red Fork valley system 
Conventional interpretation resulting in time-structure 
maps was not heavily affected by footprint in the inline and 
crossline sections although some footprint signature is 
observed (Figure 4). In the other hand amplitude time slices 
and azimuth maps are strongly affected by the footprint 
causing a difficult and sometimes misleading interpretation 
of geological features such as faults and channels (Figure 
5).  



Identification of footprint using seismic attributes. 
Several different attributes were examined to define the 
footprint pattern in the data: Dip azimuth, most-positive 
curvature, most-negative curvature and various edge-
sensitive attributes such as the Sobel filter similarity and 
coherence. Figure 6 is a representative image showing the 
footprint on the most-positive curvature volume. This 
image exhibits a general N-S and E-W footprint pattern that 
is common to the acquisition design of the three surveys. 
However, careful examination reveals footprint differences 
in each of the three surveys further complicating our task. 
 
Attribute-driven footprint suppression 
We adopted an adaptive subtraction footprint suppression 
workflow proposed by Falconer and Marfurt (2008). This 
technique uses the geometric attributes as an effective way 
to enhance the footprint for detection and characterization 
of the short wavelength components of the footprint (Figure 
3).The main idea is to select the attribute that best defines 
the footprint and then enhance the vertically-aligned 
footprint response and suppress horizontal stratigraphy with 
a vertical median filter. We then characterize the footprint 
in the kx-ky domain, reconstruct the noise in the x-y domain, 
and adaptively subtract the noise from the original seismic 
amplitude data for each and every time slice. Finally, we 
recompute the attributes from the filtered data and search 
for improved imaging of geological features. 
 

                       
Figure 3. The attribute-driven foot print suppression workflow used in 

this paper. After Falconer and Marfurt (2008). 
 
Footprint removal - gentle vs. aggressive 
After characterizing the footprint with the most positive 
curvature attribute two basic settings for the footprint 
suppression were tested. The results were compared in 
order to improve the signal-to-noise ratio of the data 

thereby enhancing the subtle features of interest In Figure 7 
we display a phantom horizon slice 20ms below the 
Skinner horizon through EW component of dip the gentle 
setting removal of the footprint still shows a N-S trend 
related to the footprint. The aggressive setting has removed 
most of the footprint and enhanced the signal to noise ratio. 
Figure 8 shows the result of footprint suppression on the 
Sobel filter similarity attribute. Here, we see little to no 
improvement due to footprint suppression. Sobel filter does 
not show as much improvement as the crossline dip 
between the aggressive and the gentle footprint removal 
(Figure 8); although trying a more aggressive filter could 
significantly remove the footprint, it could also 
compromise the geological features shown in the data. The 
final attribute computed for was the most positive 
curvature. Blended attribute (Variance, most positive 
curvature and most negative curvature) show an 
improvement between gentle and aggressive filtering. 
Footprint has been removed and the response of geological 
features has been enhanced (Figure 9).  
 
Conclusions 
Footprint removal is useful for land surveys in general 
because it enhances seismic attributes resolution and helps 
to enhance the signal to noise ration in the data. A keystone 
for the footprint removal is the selection of the “correct” 
attribute that better enhances the footprint pattern in the 
data. In our case, the attribute that better defines the 
footprint pattern is the most positive curvature. Selecting 
the parameters for the footprint removal is a very important 
matter. It is important to mention that overly aggressive 
selection of parameters can remove steeply dipping 
reflectors or periodic fractures that may appear as coherent 
high wavenumber kx-ky components where the filter is 
designed. In this particular case, the suppression of the 
footprint enhanced the overall delineation of the main 
incised valley system. In addition, a better imaging is 
achieved in more subtle boundaries including the NE-SW 
trending channel in the SE corner of the survey as well as 
the NW-SE trending fault cutting the south branch of the 
bifurcated valley system as wells as the N-S trending fault 
on the east side of the survey. These results are of great 
significance since the most positive curvature attribute in 
previous studies did not show additional value to the 
attribute assisted seismic interpretation. Future work 
includes regenerating additional seismic attributes in the 
footprint free volume to refine the geological interpretation 
of the different incised valley fill phases.  
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Figure 4. Inline BB’ showing the interpreted Skinner horizon in yellow. Green arrows show some of the recognized footprint patterns in the data. The yellow 
horizon is the interpretation of  the Skinner Fm. The pink arrow shows a portion of the southernmost incised valley branch.  Location of the line is shown in 
Figure 5. 
 

 
Figure 5. (Left) Time slice at t=1500 ms through the seismic amplitude volume. (Right) Dip azimuth computed from the interpreted Skinner horizon. Strong 
N-S and E-W footprint patterns contaminate both images (arrows).  
 

 
Figure 6. Horizon slice along the Skinner through the  most-positive curvature volume. By using more samples in the computation, volume-based curvature 
is in general more robust than horizon-based curvature. Nevertheless, we still recognize strong N-S and E-W footprint patterns Arrows indicate the different 
footprint patterns associated with each of the three surveys that comprise the image. 



 
Figure 7. Comparison of the crossline (NS) component of volumetric dip on a phantom horizon slice 20 ms below the Skinner horizon shown in Figure 4. 
From left to right: unfiltered gently filtered and aggressively filtered data. The aggressive filtering significantly suppresses  the footprint indicated by the red 
circles and enhances other the incised channels indicated by the blue arrows. 
 

 
Figure 8. Comparison of the Sobel filter attributes. From left to right, unfiltered attribute, attribute after gentle filtering and attribute after aggressive 
filtering. For the Sobel filter the footprint removal does not enhance as well the subtle geological features. Though improvements are seen from the original 
data to the filtered, not much change is observed between the two filtered data sets.  
 

 
Figure 9. Comparison of blended attributes (variance, most positive curvature and most negative curvature). From left to right, unfiltered attributes, 
attributes after gentle filtering and attributes after aggressive filtering. Notice how the different footprint patterns from each survey were filtered from the 
original (green circles). Better delineation of the valley boundaries is observed after footprint removal. Also better delineation is observed for the NE-SW 
trending channel in the SE corner of the survey (pink arrow) as well as the NW-SE trending fault cutting the south branch of the bifurcated valley system 
and the N-S trending fault on the east side of the survey (green arrow). The cyan circles show some features that appear after the gentle filtering and that are 
enhanced by the aggressive filtering. Orange arrows show the better definition of features that were masked by the footprint in the original attribute data.  
 


