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Summary 

 

The Woodford Shale is one of the more important resource 

plays developed during the last decade. Unlike the more 

widely studied Barnett Shale, open fractures not only exist 
but can significantly enhance production (Portas, 2010). 

Using coherence and most-negative principal curvature, 

Gupta (2012) in the Anadarko Basin and Guo et al. (2010) 

in the Arkoma Basin were able to map a network of 
lineaments that correlate to subtle faults seen on the vertical 

seismic data. In both cases, these “faults” also give rise to 

anomalously low acoustic impedance. Such a correlation 

can be explained by two hypotheses: one that explains the 
low impedance anomalies as an artifact of seismic imaging, 

the other that explains the anomalies as fractures and faults 

that propagate into the Woodford Shale from the 

underlying Hunton Limestone. In this paper we use 2D pre-
stack finite difference modeling of faults and fractures 

followed by pre-stack depth migration and inversion to 

evaluate these two possibilities which supports the 

hypothesis that the low impedance anomalies are correlated 
to fractures and karsting in the underlying Hunton 

Limestone.  

 

Introduction 

 

The Woodford Shale is one of the most promising shale 

resource plays in Oklahoma. Fractures play a very 

important role for resource plays, with open fractures 
providing porosity as well as permeability. In addition, 

hydraulic fracturing can often open previously healed 

fractures creating good permeability as well.  

 
Staples (2011) found intense natural fractures in the Hunton 

Limestone correlated with curvature. Nissen et al. (2009) 

found that diagenetically altered fractures in the Mississippi 

Lime were filled by the overlying Pennsylvanian Cherokee 
Shale. Baruch et al. (2009) found increased accommodation 

space and differential compaction of the Barnett Shale 

lying above the karsted Ellenburger Dolomite in the Fort 

Worth Basin. 
 

Similar features were observed by Gupta (2012) and Guo et 

al. (2010) in the Woodford Shale overlying the Hunton 

Limestone reflectors. While seismic amplitudes adjacent to 
large faults are often inaccurate due to limited migration 

aperatures and inaccurate velocities, the faults in their 

survey often exhibited offsets less than ¼ wavelength. In 

this paper, we generate, process, image, and invert a suite 
of prestack seismic models to determine whether the 

anomalies are seismic artifact or geologic feature of 

interest.   

 

Motivation  
Guo et al. (2010), working on a Woodford survey in the 

Arkoma Basin and Gupta (2012), working on a Woodford 

 
 

Figure 1. Horizon slices along the top Woodford through 
(a) k2-most negative principal structural curvature, (b) 

acoustic impedance, and (c) most-negative curvature (a 2nd 

derivative) of the acoustic impedance volumes. Note the 

correlation of structural curvature lineaments with subtle 
faults on the vertical slice through seismic amplitudes. 

These faults give rise to subtle changes in amplitude and 

hence to impedance, which are delineated through 2nd 

derivative (curvature) computations seen in (c). The 
correlation of the low impedance anomalies and structural 

lows implies that they are either fault- or fracture-related, 

though this correlation may be due to limitations in 

seismic imaging rather than to geology (After Guo et al., 

2010). 
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survey in the Anadarko Basin both noted a strong 

correlation between lows in acoustic impedance and subtle 
structural lineaments seen in the most-negative principal 

curvature (Figure 1). These lineaments can be enhanced by  

computing 2nd derivatives along structural dip and azimuth 

and computing the magnitude and strike of the most-
positive and most-negative 2nd derivative changes, or 

“amplitude curvature” (Chopra and Marfurt, 2013). In both 

cases, the Woodford Shale directly overlies the fractured 

and karsted Hunton Limestone. The simplest geologic 
hypothesis is that either these fractures and faults continue 

into the overlying Woodford, thereby increasing 

permeability, or that diagenetically altered faults and 

fractures provide greater accommodation space for the 
overlying shales, which then are subjected to differential 

compaction. Supporting this hypothesis is the lack of 

correlation between positive curvature lineaments and 

impedance. The alternative hypothesis is that 3D pre-stack 
time migration does not accurately reconstruct the 

amplitudes around the faults. While such imaging artifacts 

do occur for faults with large vertical throws and limited 

migration apertures, the throw seen in Figure 1a is so small 
that we hypothesize the amplitude variation to be 

geological. We therefore construct two simple seismic 

models to evaluate the two hypotheses. 

 

Geological Background 

 

During a Pennsylvanian orogenic episode, the Oklahoma 

basin was broken into a series of uplift, forming major 
basins such as the Arkoma and the Anadarko Basins. The 

Anadarko Basin is bounded by the Wichita and Amarillo 

uplifts on the south, the Cimarron arch on the west, and the 

Nemha uplift on the east. The deepest part of the Anadarko 
Basin is in its south edge. The Arkoma Basin is bounded by 

the Ouachita uplift on the south, the Arbuckle uplift on the 

west, and the Cherokee platform on the north. Figure 2 

shows the location of the Anadarko and Arkoma Basins 
and principal geologic provinces in Oklahoma.  

The Woodford Formation is a hydrocarbon-rich shale and 

was deposited during Late Devonian-Early Mississippian 
due to the sea movement from southeast to the northwest. 

The base of the Woodford Shale is separated from top of 

the underlying Ordovician Hunton Limestone with a 

regional unconformity. The Woodford Shale has served as 
a prominent oil and gas source rock in Oklahoma over the 

past century. Now, it is an unconventional resource play 

that contains a large amount of fractures and subtle faults. 

The illumination of these fractures and faults within the 
Woodford Shale is of high importance, because highly 

fractured and faulted areas serve as good hydrocarbon 

reservoirs.  

 

Seismic Modeling  

 

We use a popular commercial finite difference wave 

equation modeling software package to evaluate the fault 
imaging artifact vs. the fracture/diagenetic alteration 

hypotheses. In both models, a suite of 92 shots with 

receiver spread of ±2500 ft were run across a 10000 ft 

model, with the Woodford at a target depth of 3000 ft, 
resulting in incident angles up to 400. These common shot 

gathers were then prestack time and depth migrated using a 

Kirchhoff migration algorithm, with the later using travel 

times computed using a first arrival eikonal solver. In both 
models, we used a Ricker wavelet with 60 Hz dominant 

frequency as the source wavelet. Seismic attributes were 

extracted and impedance inversion computed on both 

models. The values of the P-wave velocity, S-wave velocity 
and density were taken from a typical log of the area 

(Figure 3).    

 

The Fault Model 

 
We prepared a fault model with four faults in the Woodford 

and Hunton layers, at regular offset intervals (Figure 4a). 

The faults were kept as simple vertical fault with throws 

ranging between 20ft to 80ft. We terminate the faults at the  
 

 
 

Figure 2. Location Map of Anadarko Basin (in red), 

Arkoma Basin (in cyan) and principal geologic provinces 

in Oklahoma (Northcutt and Campbell, 1988). 

           
Figure 3: A typical well log section of the study area. 
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top of the Woodford Shale (green unit). The faults with 
throws of 40 ft and higher can be identified on the time-

migrated seismic amplitude (Figure 4b), whereas the faults 

with 20 ft throw and higher are visible on the energy ratio 

similarity (Figure 4c). The impedance (Figure 4d) shows 
quite smooth variations near the faults.     

    

The Fracture Model 

 
We prepared a fracture model with variable numbers of 

fractures that begin in the Hunton Limestone (blue unit) 
and terminate in the middle Woodford Shale (green unit) 

(Figure 5a). All of the fracture zones are 20 ft. wide and 

 

300 ft. long, and have the same velocity and density values. 
On the time-migrated seismic section, highly fractured 

areas (4 and 8 fractures) can be identified easily, but it is 

harder to identify the less fractured areas (1 and 2 fractures) 

because of the limited seismic resolution (Figure 5b). As in 
the fault model, the energy ratio similarity was able to 

detect even the low fractured areas (Figure 5c). In contrast 

to the fault model, the changes in impedance (Figure 5d) 

allowed us to identify the fracture zones easily and 
accurately.   

 

 
Figure 4. (a) Fault model, with variable throws. The two units in the middle of the model are faulted. VP and VS are in ft/s while denisty 

ρ is in g/cm3. (b) Prestack time migrated seismic section of the fault model. The top Woodford top at t~0.35 s is clearly visib le. The 

limited resolution of seismic data prohibits seeing the faults with throws of 10 and 20 ft; faults with throw greater than 40 ft are more 
easily identified. (c) Energy ratio similarity attribute depicts the faults with 20ft and higher throws. (d) Acoustic impedance, shows the 

faulted layer clearly, and the values of impedance does not appear to be changed due to the fault. 
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Conclusions 
 

Seismic modeling confirms our hypothesis that the 

impedance anomalies seen in the two surveys are correlated 

to fracturing and karsting in the underlying Hunton 
Limestone. Operators in Oklahoma currently drill 

horizontal wells in both formations. In the Hunton, they 

commonly look for natural fractures and complete the wells 

with acidation. In the Woodford, most operators attempt to 
define the strike of natural fractures and maximum 

horizontal stress to optimally place and orient their wells, 

completing them with hydraulic fracturing. We suspect  

 

 
these two reservoirs to be coupled, thereby providing 

opportunities for more innovative completion strategies. 
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Figure 5. (a) Fracture model, with variable numbers of fractures. The distance between fractures is constant and is 20 ft. VP and VS are 

in ft/s while density ρ is in g/cm3. (b) Pre-stack time migrated seismic section of the fracture model. The top of the Woodford 
Formation is at t~0.35 sec. (c) Energy ratio similarity attribute applied to the fracture model. Note that highly fractured areas (4 and 8 

fractures) as well as less fractured areas (1 and 2 fractures) are clearly seen as low coherence anomalies. (d) The P-impedance result of 

inversion for the fracture model. In contrast to the fault model, the fractures can be identified easily where impedance changes are 

observed. 


