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Summary 
 
Woodford Shale exhibits complex geophysical features 
(e.g., sub-seismic fractures) that are critical for gas 
exploration. Seismic attributes are effective tools in 
characterizing the patterns of discontinuities within shale 
reservoirs. In this study, we characterize a fault/fractures 
system within Woodford shale by integrating seismic 
attributes analyses and lab experiment modeling for better 
interpretation of this system. 
 
Introduction 
 
The Woodford Shale in middle-west of oklahoma (Fig.1a),  
was reported to produce dry gas, condensate, and oil within 
a thickness of ~200ft (Fig. 1a; Gupta, 2012). Due to 
multiple phases of tectonic activity, the Woodford Shale 
exhibits heterogeneous lithological features and complex 
geophysical characteristics (Arroyal, 2009). This 
complexity requires an integrated characterization of the 
faults and fractures in this unit.  
 
In this study, we characterize a faults/fractures system by 
application of seismic attributes (Marfurt and Rich, 2010) 
and clay modeling (Reches, 1988) to gain a better 
understanding of the relations between stratigraphy and 
mesostructures (Busetti, 2009). The study could: 1) 
illuminate faults and understand its physical mechanism 
within Woodford Shale, and 2) provide fracture distribution 
for planning of horizontal boreholes and improvement of 
hydro-fracturing. 
 
Study area 
 
Faults and the irregular unconformity surface (Fig. 1b) 
have been highlighted at the top of Woodford Shale by red 
lines. Our target structure is the north-south fault. Vertical 
slice (Fig. 2) of the 3D seismic amplitude volumes cutting 
through the fault AA’ shows the stratigraphic intervals. The 
red lines show that the fault-zone is vertical and the 
stratigraphic markers (e.g., pink line) show little vertical 
displacements; for these features, we interpret this fault as a 
strike-slip fault. For the analysis of this fault system, we 
applied clay cake experiments and 3D seismic attributes. 

a) 

 
b) 

 
Figure 1: a) Geological map and study area (Asterisk) 
covers the Woodford in Anadarko basin, Oklahoma 
(adapted from Gupta, 2012) ; b) Horizontal slice through 
the 3D-seismic amplitude volume flattened at the level of  
interest in the Woodford Shale. The red lines represent 
major faults. AA’ section is presented in Fig.2 

 
Figure 2: Vertical slice of the 3D-seismic amplitude 
volume with the studied fault-zone (in red lines).  
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Woodford Shale Fault/Fracture Characterization 

Fault model and clay experiments 
 
Clay-cake models have been widely used to study wrench 
faulting (e.g., Reches, 1988; Naylor et al., 1986; Staples et 
al., 2011). Naylor et al. (1986) presents the evolution of 
experimental wrench fault zones and recognized these 
distinct features (Fig. 3): 1) Synthetic Riedel shears (R) that 
are small strike-slip fault trending ~17ºrelative to the 
basement fault; 2) Short-lived splay faults near the tips of 
Riedel shears; 3) Antithetic Riedel shears (R’) striking at 
~72º to the basement fault with an opposite sense of shear 
of the R shears; 4) P faults connecting the discontinuous 
Riedel shears.  

We used a clay deformation apparatus with a horizontal 
table, and in our strike-slip experiment, the clay cake was 
placed on top of two plates that were moved laterally with 
respect to each other. In the experiment discussed here (Fig. 
4), a clay cake (1.22 g/cm3, or 76.2 lb/ft3) of approximate 
dimensions of 15 cm (5.9 in) long, 15 cm (5.9 in) wide, and 
5 cm (1.97 in) thick, was built above two flat wood blocks. 
The faults and fractures were photographed (Figs. 5, 6) 
every 30 seconds. The whole experiment lasted 
approximately 30 min. Fig. 6 indicates that our experiment 
generated fault pattern similar to Naylor et al. (1996). This 
systematically occurrence of Riedel P shears could be used 
as major indicators for strike-slip fault.  

 

  
Figure 3: Mechanical basis for faults/fractures associated 
with a major strike-slip fault: a) R and R’ faults that 
developed as Coulomb slip planes; b) Stress on the sides 
of the tip of a Riedel shear, which indicate the potential 
faults; c) Stress between two Riedel shears generates P 
shear (after Naylor et al., 1996). 

 
Figure 4: General view of the strike-slip clay experiment. 
Circles are marked as indicators for movements. 

 
Figure 5: Photograph from above demonstrating fault and 
fractures on the top during right-lateral strike-slip. 

 
Figure 6: Photograph from above demonstrating fault 
Riedels and P shears on top of the deformed clay in the 
end of right-lateral strike-slip with digitized image. 
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Woodford Shale Fault/Fracture Characterization 

Attribute-based Seismic analyses 
 
Following the clay experiments, we applied the seismic 
attributes of coherence, curvature and dip azimuth to 
illuminate the featues of the AA’ strike-slip fault and its 
fractures. The background for the calculations was 
described by Marfurt and Rich (2010). 
 
Time structure map (Fig. 7) of the Woodford Shale shows a 
flat structure with gentle dips (<2º), and reveal a palaeo- 
shoreline at the northeast area while basin depocenter 
toward southwest. Two major faults are shown 
approximately perpendicular to each other. We explored 
the dip-azimuth distribution along the N-S strike fault. The 
pattern of (Fig. 8) yellow-green bands from North-East to 
South-West is orientated similarly to Riedel shears, with 
respect to main stricke-slip fault in the clay modeling. The 
pink-red bands are suspected as P shears fracture zones. Fig. 
9 shows the rendered coherence attribute of the study area. 
The major faults are colored as black. The arrows indicate 
splay shears. Co-rendered horizon slice (Fig. 10) along the 
fault with most-positive and most-negative curvatures 
further shows the pattern between the fault and associate 
fractures, which records the movements of the fault blocks 
with respect to each other.  
 
Conclusions 
 
1. The clay experiments suggest a fault pattern at the 

proximaty of a major strike-slip fault in the basement. 
2. The seismic attributes of dip-azimuth, coherence, and 

curvature (K1+) could serve as good indicators of strike-
slip fault, among which coherence is best to indicate the 
faults and splay fractures; 

3. The general similarity between experiments and seismic 
attribute maps can help in geological interpretation. 
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Figure 7: A display of time co-rendered with seismic 
amplitude on the top of Woodford Shale strata. The red 
color reveals the north-east shoreline and the green color 
shows southwest basin depocenter. The connected line of 
green points is the studied strike-slip fault. The red arrows 
indicate the major Riedel shears along the fault. 

 
Figure 8: A display of dip-azimuth map on the top of 
Woodford Shale strata. Note the bands of same color 
indicating same dip-azimuth, it could reveal the associated 
fractures, e.g., the white arrow indicates one of fracture 
zones around the P shear.  
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Woodford Shale Fault/Fracture Characterization 

 

 
Figure 9: A display of coherence co-rendered with seismic 
amplitude on the top of Woodford Shale strata. The black 
color indicates potential faults and fracture. The red color 
shows the the edge of fracture plane. In this map, the 
white arrows indicate the major Riedels along the fault, 
and red arrow indicates the extended splay.The connected 
line shows the studied strike-slip fault.  

 
Figure 10: A display of curvature on the top of Woodford 
Shale. Areas with strong curvature correspoind to strong 
lateral change of seismic amplitude, and they are believed 
to indicate zones of relatively dense fractures.  
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