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Summary 

 

Seismic attributes are a great aid in both the qualitative and 

quantitative mapping of subsurface geologic features. Even 

before conventional interpretation consisting of picking 

horizons and generating maps begins, animating through 

appropriate seismic attribute volumes can quickly outline 

the structural fabric and delineate major stratigraphic 

features. Seismic attributes have proven useful in almost 

every geologic environment and structural settings.  

 

The Diamond M survey, located on the northern portion of 

the Midland Basin, West Texas, offers the possibility to 

analyze the differences in attribute calculation for PP wave 

data and SS wave data. Utilizing a difference in frequency 

content and velocity between the compressional and shear 

modes could lead to a better understanding than is possible 

with a single mode. Additionally, not only the frequency 

content contrast between both surveys but also the 

difference in reflection coefficients as the angle changes 

with offset (angle stacks) can lead to a better delineation of 

features. 

 

We examine the seismic attribute response to partial and 

full angle  on different CMP stacks, acoustic impedance 

inversion, and reflectivity stacks in order to improve our 

understanding of the morphology of the reef „build up‟ 

structure within the Canyon Reef Formation.    

 

Introduction 

 

The Diamond “M” field lies on the Scurry Reef Trend in 

Scurry Co., Texas, located approximately 80 mi (120 km) 

west of Midland, Texas. The trend is part of the larger 

Pennsylvanian-age Horseshoe Atoll Reef Complex (Figure 

1). The atoll complex consists of massive carbonate units 

separated by locally correlative, shaly beds (Galloway et 

al., 1983). This work will focus on the Canyon Reef Fm of 

Upper Pennsylvanian age. 

 

The objectives of this research project are to compare the 

value of acquiring S-wave (SH-SH) data in addition to 

more conventional (so-called production) P-wave (PP) data 

over the same extended area (Small et al., 2007). Our 

comparison will be made through the use of attribute 

volumes calculated from both P- and S-wave data including 

coherence and volumetric curvature. Additionally, this 

project includes a comparison of the above mentioned 

seismic attribute analysis with attributes calculates over 

acoustic impedance volume derived from P-wave data.  

  

 

 
Figure 1. Location of the Diamond “M” Field within the 

Horseshoe Atoll Reef, Midland Basin, west Texas (After 

Jones, 2001).  

 

Data Available and Methodology 

 

The seismic data available on this project can be divided 

into five subsets: PP full stack, SS full stack, PP angle 

stacks, SS angle stacks, and an acoustic impedance volume 

derived from inversion of the PP wave survey. We began 

our analysis by generating a suite of attributes: volumetric 

dip and azimuth, coherence, volumetric curvature (most 

positive curvature and most negative curvature), peak 

frequency, components of amplitude gradient components, 

and spectral magnitude and phase components as well as 

the peak magnitude, peak frequency, and peak phase 

(Figure 2) 

 

 
Figure 2. Attribute generation workflow.  

 

Comparison of PP and SS seismic attributes on full 

stack gathers  

 

A series of seismic attribute calculations can be applied to 

the data for use in structural and stratigraphic 

interpretation. Seismic attributes are dependent on several 

factors including amplitude, phase, complexity of the 

structures, lithology, and fluids product such that we expect 
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to obtain different results on seismic attributes calculated 

from PP and SS modes.  

 

Using well control and the strong shale/carbonate reflector 

interface as a guide, we interpreted (thereby “registering”) 

the top of the Canyon Reef Formation on both the PP and 

SS seismic amplitude volumes (Figure 3). Following 

workflows developed to delineate pinnacle reefs in Canada 

(e.g. Chopra and Marfurt, 2007) we choose time slices at 

t=0.935s on the PP and t=1.871s on the SS volumes that 

cut the reef just below the top of the Canyon Reef 

Formation.  

 

 
Figure 3. Time structural maps corresponding to the Top of 

the Canyon Reef Formation interpreted from (a) the PP (b) 

SS volumes. 

 

Variance 

Using this workflow, we find that a (non dip-searching) 

variance-based coherence attribute defines the edges of the 

reef. The PP volume defines better incoherent inner reef 

events that could be related to abrupt lateral changes in 

lithology within the reef. The SS volume estimates of 

coherence better resolved the edges of the reef (Figure 4).  

 

On the other hand, the PP volume gives a general idea 

where the outer most reef edges are localized (Figure 4a). 

More importantly, smaller reef structures generally referred 

to in the literature as “patch reefs” can be delineated (green 

arrow) and will be of significant importance when analyzed 

by other seismic attributes. A small reef buildup appears in 

the southeast (magenta arrow) on both PP and SS 

coherence time slices, but the buildup is not so apparent on 

the corresponding time structural maps (Figure 3). In 

contrast, the variance does not show the more westerly reef 

structure (cyan arrow, Figure 4a,b) as well as the structural 

map (Figure 3a,b).  

 

Comparing Figures 4a and 4b we note that SS-based 

coherence better resolves the more westerly reef 

illuminating a noticeable division (cyan arrow) on the reef 

suggesting that it may be divided into two smaller 

amalgamated reefs. Such subtle features may have 

significant on reservoir compartmentalization. In the SE 

part of the survey, we can clearly see the extent of a well-

resolved smaller reef build up (magenta arrow). 

 

 
Figure 4. Comparison of time slices through (a) PP 

variance volume, at t= 0.935s and (b) SS variance volume, 

at t=1.871s. Significance of the arrows is explained in the 

text. 
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Most negative curvature 

The curvature attributes helps map those areas of the reef 

that have a non-uniform (non-planar growth), have 

undergone diagenetic alteration and collapse, and have 

been faulted or fractured, as well as reef components such 

as fore-reef talus slopes. Figure 6a shows the 

correspondence of the edges of the center- most reef 

(yellow arrows) with negative values (blue in the color 

scale) as well as the edges on the lower right smaller build 

up (magenta arrow). Green arrows indicate positive values 

of most-negative curvature that correspond to small dome-

shaped patch reefs within the central reef. Furthermore, the 

inner structure of the central reef suggests the possibility of 

fracture alignments between these patch reefs. This 

possibility needs to be corroborated with production data. 

Figure 6b shows the most negative curvature for the SS 

volume. The edges on the left portion of the reef (cyan 

arrow) are better resolved on the SS volume than on the PP 

volume. 

 

 
Figure 6. Comparison of time slices over most-negative 

curvature through (a) PP volume, at t=0.935s and (b) SS 

volume, at t=1.871s. Significance of the arrows is 

explained in the text. 

 

Comparison of PP and SS seismic attributes on angle 

gathers  

 

We computed variance-based coherence for each of the 

three angle stacks generated at 150, 250 and 350 for both the 

PP and SS volumes (Figure 7).  Note that the SS angle 

stacks covers only the western half of the PP survey. 

Comparing each of these images, we conclude that the 

general structure  is best interpreted on the PP 25º (Figure 

7c) angle stack although smaller features on the west side 

of the survey are better resolved on the SS 15º (Figure 7b) 

angle stack, suggesting that combined interpretation 

between all angle stacks will best delineate the reef‟s 

structure and geomorphology. In Figure 7c, we note the 

edges of the reef (yellow arrow) as well as smaller 

carbonate features (green arrows) within the main reef can 

be resolved. The left most reef structure (cyan arrow) is 

difficult to distinguish, and can be interpreted only when 

looking at the structural maps (refer to Figure 3). Also, a 

smaller reef structure indicated by the magenta arrow is 

determined by the use of variance-based coherence. Lastly, 

smaller circular carbonate structures are highlighted with 

white arrows. These are probably associated with the 

formation of small patch reefs within the thick carbonate 

section. The variance of 15º SS angle stack (Figure 7b) 

shows only two geological features of interest - the cyan 

arrow, corresponds to the left portion of the reef and in 

some areas better resolves the structure than the 250 PP 

variance in Figure 7c. The red arrow indicates strong 

discontinuity dividing the reef structure and it is better 

resolved on Figure 7b than in Figure 7c.  

 

Seismic attributes derived from acoustic impedance 

volumes 

 

Next we compute a series of seismic attributes from a 

model-based inversion acoustic impedance volume and 

compare the images to those computed from the PP seismic 

amplitude data. The seismic attributes algorithms are 

mathematically identical to those applied to the original 

seismic volume although for the specific case of coherence 

instead of searching for waveform similarity from trace to 

trace the attribute we will search for similar patterns in 

acoustic impedance. Since acoustic impedance volumes 

often have higher vertical resolution (by constraining the 

seismic wavelet to honor the well logs) and less random 

noise (by constraining the impedance to honor the a priori 

model) there can be a significant improvement in the 

interpretability of attributes computed from acoustic 

impedance volumes.  

 

Figure 8 shows time slices through the seismic amplitude 

and acoustic impedance volumes. Although the 

geomorphology of the reef can be interpreted from the 

original seismic data, a better definition is accomplished 
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when interpreting the edges of the reef directly from the 

acoustic impedance volume.  

 

 
Figure 7. Comparison of time slices over variance-based 

coherence at t=0.935s computed from PP data and t=1.871s 

from SS data through angle stacks (a) PP15º, (b) SS15º, (c) 

PP25º, (d) SS25º, (e) PP35º, and (f) SS35º.  

 

 
Figure 8. Time slices corresponding to t=0.935s through 

(a) original seismic data, and (b) acoustic impedance data. 

Note the improved delineation of the edges of the reef in of 

the acoustic impedance compared to the seismic amplitude 

data. 

In Figure 9, we note that the coherence volume computed 

from the original seismic data defines the edges and inner 

structure of the reef (Figure 9a) while that computed from 

the acoustic impedance volume better defines the reef 

edges (Figure 9b).  

 

 
Figure 9. Time slices corresponding to t= 0.935s through 

the (a) variance-based coherence computed from the 

seismic data volume displayed in (Figure 8a), and (b) 

variance-based coherence computed from the acoustic 

impedance volume displayed in (Figure 8b). Although 

Figure 9a shows more detailed inner reef structures, Figure 

9b better resolves the reef boundaries. 

 

Conclusions 

 

When comparing the PP and SS seismic attributes on full 

stack gathers, the variance-based coherence attribute has 

defined quite well the edges of the reef. For our Diamond 

“M” survey, the PP volume better defines the inner reef 

incoherent events while the SS volume better defines the 

edges of the reef in general. The most negative curvature 

over the PP data better delineates the edges of the reef and 

smaller structures when compared to the results of the SS 

data. 

 

Comparing PP and SS seismic attributes over different 

angle gathers, coherence delineated best the edges of the 

central reef in the PP25º angle stack and also the lower 

right portion of the buildup reef. The left portion of the reef 

and the depression are best characterized on the SS15º 

angle stack. In summary, variance calculated over the 

acoustic impedance inversion improves edge delineation 

thereby aiding understanding of the geomorphology of the 

reef. 
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