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Summary 
 
The Woodford Shale formation of western and southern 
Oklahoma is hydrocarbon-rich shale that has served as the 
source rock for many Oklahoma oil and gas plays over the 
past century. Today, the Woodford Shale is an 
unconventional resource play similar in age and 

depositional environment to the prolific Barnett Shale to 
the south. Like the Barnett, the Woodford Shale contains a 
large amount of healed natural fractures, has very low 
permeability, and is amenable to production through 
hydraulic fracturing. Unlike the Barnett, the Woodford 
shale can also produce significant amounts of oil as well as 
gas. The characterization of natural fracture intensity and 
orientation has a direct impact on horizontal well 

orientation and completion strategies. 
 
In the study, we use volumetric seismic attributes to map 
the structural deformation of the Woodford Shale. 
Coherence allows us to map major faults that appear to 
have a wrench component, while curvature allows us to 
map more subtle folds and flexures within the Woodford 
and overlying Hunton Limestone formations.  Analysis of 

the production data indicates that the best-producing wells 
correlate to zones associated with k2 most negative 
principal curvature (valley-shaped) anomalies. 
Furthermore, we find a strong correlation between low-
impedance lineaments with structural lineaments, strongly 
suggesting natural fracture-enhanced production.  
 

Introduction 
 

Shale gas is one of the most promising unconventional 
resources for hydrocarbon exploration and production. 
Open fractures in shale provide critical porosity and 
permeability, while healed fractures can be opened for 
hydrocarbon flow through carefully-designed hydraulic 
fracturing programs. Recent technical and economic 
advancement in horizontal drilling techniques have made 
the Mississippian and Devonian Woodford Shale deposited 

over a large portion of the Midcontinent a significant 
hydrocarbon play.  
 
To date, the major use of 3D seismic data in the study of 
shale gas reservoir has focused on  (1) mapping natural 
fractures (and karst) that can provide enhanced conduits for 
hydrocarbons (and in the Barnett shale for water from the 
underlying Ellenberger), and (2) mapping geo-mechanical 

brittleness and horizontal stress directions  for effective 
hydraulic fracture stimulation. For effective fracability 
studies, core data and lab measurements of rock samples 
are critical, providing calibration of elastic parameters 

extracted from seismic data to identify fracture-prone zones 
(Goodway et al., 2006; 2007a). Direct measures of 
fractures include Amplitude vs. Azimuth (AVAZ) (Ruger, 
1998; Goodway et al., 2007b), and azimuthal velocity 
anisotropy (Sicking et al., 2007; Roende et al., 2008; 
Jenner, 2001).  
 
Indirect methods of fracture prediction from post-stack data 

include geometric attributes such as coherence and 
curvature (Chopra et al., 2007; Blumentritt et al., 2006; 
Chopra et al., 2008). In this study, we applied a suite of 
post-stack seismic attributes to the Woodford Shale, and 
find that volumetric curvature-based attributes offer a very 
promising opportunity to delineate both large and small 
wavelength fracture lineaments.  
 

Geologic context 
 
Due to the recent advancements in geology, geophysics, 
and engineering, the Woodford Shale of the Midcontinent 
U.S.A. has become an important unconventional resource 
play. The area under the study is located in the Arkoma 
basin in southern Oklahoma (Figure 1). The late Devonian 
to early Mississippian Woodford Shale lies between 6000 

to 12000 ft (2000-4000 m) in depth, with thicknesses 
ranging between 120 and 280 ft (40 and 95 m). The 
Woodford Shale formation is an organic-rich, fissile black 
shale which is thought to have been deposited in a deep 
marine environment, under highly anoxic conditions. 
Compared to the Barnett Shale (Figure 2), we note that the 
Woodford Shale also contains high organic content 
suggesting its value as a petroleum source rock (Figure 3a), 
as well as a major quartz component which allows it to be 

fractured. Since gas production in the Woodford Shale is 
majorly controlled by natural and hydraulic fractures 
(Figure 3b), the studies of the local stress field and fracture 
distribution is essential (Miller and Young, 2007).  

 

 
Figure 1: Major geologic provinces of Oklahoma. The Arkoma 

Basin is colored blue and lies in SE OK. (After Northcutt and 

Campbell, 1995). 
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Method  
 
In recent years, seismic attributes have proven to be a 
powerful aid in mapping, qualitatively or even 
quantitatively, subsurface geological features. When 
calibrated with wells, seismic attributes sometimes can 
detect subtle but important structural or stratigraphic  

components or be statistically correlated with production.   
 
Figure 4 shows Woodford horizon slices through variance 
and coherence volumes, and their correlation with a vertical 
slice through the seismic amplitude volume. These 
attributes facilitate the correlation of faults and fractures 
using time-slice and map views. Figures 5a and b show 
volumetric structural curvature images which illuminate 

subtle folds and flexures indicated by arrows. Figure 5c 
shows ridges, valleys, as well as other shapes which, given 
an appropriate tectonic deformation model, can be used to 
predict fractures initiated at the time of deformation. In 
many fracture plays (e.g. Schnerk and Madeen, 2000), large 
through-going faults seen on coherence should be avoided 
since they may connect to underlying or overlying aquifers, 
while more subtle fractures associated with folding may be 

confined to the formation of interest. The seismic 
amplitude also varies laterally and should be sensitive to 
fractures. In Figure 5d we display a horizon slice through 
volumetric rose diagrams computed from valley intensity 
and azimuth of minimum curvature indicating the major 
NE orientation of the structural lineaments. 

 
 
In Figure 6, we project the production wells onto coherence 
and k2most-negative principal curvature horizon slices, and 
find that most high oil and gas production wells are 
correlated with low curvature regions. In contrast, there is 
no clear visual correlation between the coherence images 
and production. Red and green bubbles represent gas and 
oil production respectively with bubble size representing 
the gross revenue of the first 90 days of those wells 

calculated using $4/MCF (thousand cubic feet) for gas and 
$80/barrel for oil. 
 
In Figure 7 we display a horizon slices along the Woodford 
Shale through coherence, acoustic impedance, and ‘valleys’ 
(curvature or 2nd derivative of impedance along structure) 
in the impedance volume. We note a very clear correlation 
between the structural lows in Figure 6b and the impedance 

lows in Figure 7c. These two attributes are mathematically 
independent but coupled through the geology. This 
correlation is consistent with fracture sweet spots 
associated with flexures that lower impedance, or 
alternatively fractures that either give rise to an overlying 
stress release and velocity push-down, or enhance  
diagenetic alteration and structural lows.  
 

 

Figure 4: Seismic attributes slices (a) variance, (b) coherence 

along top Woodford Shale and (c) seismic vertical section AA’ 

with faults and fractures interpreted. Blue dots indicate top of the 

Woodford. Yellow arrows indicate a highly deformed area. Green 

arrows indicate subtle anticline folds. Note that the two attributes 

provide good delineation of fracture distribution. (Seismic data 

courtesy of CGG-VERITAS). 

 
Figure 3: Rock samples of Woodford shale that serve as (a) 

source and (b) reservoir rock. (Courtesy of OU rock physic lab). 

 
Figure 2: Comparison of composition between Woodford and 

Barnett Shale. Others=Orthoclase Feldspar, Oglioclase Feldspar, 

Albite, Anhydrite, Pyrite, Apatite. (Core measurements courtesy 
of OU rock physics lab). 
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Figure 6: Horizon slices through (a) coherence and (b) k2 most-negative principal structural curvature vs. well location and production. The 
bubbles represent the gross revenue of the first 90 days of those wells. (c) and (d): zoomed image of the high-production area. 

 
Figure 5: Vertical slice through the seismic data along line AA’ and horizon slices through volumes of (a) k1 most-positive curvature, (b) k2 

most-negative principal curvature, (c) structural shape-index modulated by curvedness co-rendered with coherence, and (d) rose diagram. 

Arrows in (a)-(c) indicate major fractures. Yellow arrows in (d) indicate the main NE orientation of the structure lineaments. Locally, SE 

lineaments dominate. 
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In Figure 8 we compute curvature of partial stacks about 
our cored well W, where we anticipate greater resolution 
because the stacking process is a smoothing operator. 
Figures 8a-c show the image enhancement of k1 most-
positive principal curvature from near-, middle-, and far-
angle stacks respectively. Figure 8d is the composite of the 
above three, while Figure 8e is the result from full stack. 
By not mixing the images through stacking, we have 

improved the level of detail in our curvature images. Figure 
9 show the strong correlation between low-impedance 
anomalies and ant-tracked most-positive principle 
curvature about well W.  
 

Discussions and Conclusions 
 
In the Woodford Shale, natural fractures provide a major 

component of porosity and permeability. For this reason, 
identification of fracture lineaments is essential to drilling, 
allowing us to map flexures, low-impedance trends, and 
azimuth of the minimum and maximum horizontal stress. 
In our study, volumetric curvature delineates subtle folds 
and flexures that are correlated to the production data, 
implying that they are associated with either natural 
fractures or zones of weakness that are more amenable to 

hydraulical fractures. We also found the second derivative 
(most negative curvature) of acoustic impedance shows a 
high correlation with coherence and most-negative 

structural curvature, suggesting the presence of either 
fractures or diagenetic alteration along these flexures. The 
correlation with production data shows that most of high 
production wells are close to negative curvature anomalies.   
 

The full understanding of fracture distribution requires the 
integration of seismic attributes with core data, image logs, 
and microseismic data. Ongoing work includes correlation 
of production to mechanically brittle zones using λρ, μρ, 
and λ/μ parameters extracted from AVO analysis.  
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Figure 9: Horizon slices along the top-Woodford through (a) 

acoustic impedance, and (b) acoustic impedance co-rendered with 

ant-tracked most-positive principal curvature. Note the strong 

correlation between low-impedance anomalies and the presence 

of curvature anomalies. 

 
Figure 7: Horizon slices along the top Woodford through (a) 

coherence, (b) acoustic impedance, and (c) 2
nd

 derivative (most-
negative curvature) of the acoustic impedance. 

 
Figure 8: Horizon slices along the top-Woodford  about well W 

after ant-tracking image enhancement applied to k1 most-positive 

principal curvature volumes computed from (a) near-, (b) mid-, 

and (c) far-angle stacked migrated data. The co-rendered result 

(d) shows substantially more detail than the result that computed 

directly from (e) the full stack. 


