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Researches on fractures using pre-stack seismic data are based on reflection 
amplitude and frequency of P-wave exhibiting variable attenuation with different fracture 
orientation, that is, seismic anisotropy. The vertically aligned fractures generate seismic 
anisotropy, analyzing seismic wave anisotropy produced by fracture is one of the important 
applications of seismic data to fracture detection. Due to overloaded pressure, researches 
show that fracture with small or near vertical angle is easy to be reserved, the presences of 
fracture lead to seismic anisotropy when seismic waves travel through the fracture. Thereby, 
the fracture orientation can be determined by using analyzing seismic anisotropy attributes. 
Theoretical studies on seismic scattering show that seismic attenuation of high frequency 
decays slow along the fracture strike direction, in contrasting, seismic attenuation of high 
frequency decay fast along the 
fracture normal direction. That 
is, the fracture of reservoir is 
the reason of causing 
attenuation differences in 
frequency along different 
orientation. When fractured 
reservoir is filled with gas/oil, 
due to high frequency of 
seismic wave is decayed by 
oil/gas, the frequency decay 
differences along different 
orientations tend to be more 
outstanding. In practical 
application, we found that 
frequency attributes are more 
sensitive to reflect fracture density and fluid-content than amplitude attributes do. As a 
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Figure 1. Super-bin shows offset distributions in 
azimuth. 
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consequence, FVA, which caused by fracture density and fluid-content, can be indirectly 
used to delineate spatial distribution of fracture density. 

Seismic data in this study covers a wide range of azimuths, see Figure 1 for azimuth 
and offset distribution for this study. Several steps were used to generate final results. We 
first performed reserved amplitude processing ， which is correlated with azimuths for 3-D 
pre-stack seismic data, we did well-seismic correlation, in the mean while, Rock-physical 
modeling of fractured reservoir based on rock-physical studies were built to model seismic 
anisotropy. Then six azimuths seismic data sets were achieved by selecting and combining 
seismic data in the range of 0~2000 meters offset and 0~180o azimuth; and we calculated 
different azimuth amplitudes and frequency and analyzed their variations. Finally we come 
up with a spatial distribution 
of frequency azimuth ellipse, 
here, the curvature of 
frequency azimuth ellipse 
represents the frequency 
decay along different 
direction, this curvature 
attribute then reflects the 
fracture density. Under the 
guide of the seismic 
modeling theory, the spatial 
distribution of amplitude 
azimuth ellipse achieved by 
analyzing pre-stack azimuth 
seismic amplitude attribute 
can be used to determine the 
fracture orientation, and to 
delineate and detect fractured reservoir. 

Figure 2.  Fracture distributions from azimuthal AVO and 
seismic attenuation analysis  

The Figure 2 shows the fracture density and orientation in Carbonate reservoir 
achieved in this study. The fracture direction is nearly E-W, which correlates with the major 
fault orientation in this area, locally, the fracture density is different, the fracture density is 
uneven, showing “spot” and “block” features. These are typical features in carbonate 
reservoirs.  

Faulting is the direct reason of causing fractures. The deformation of structure 
causes a series of strain redistribution, along with various fracture groups. And the uneven 
distribution of these fracture groups were mainly determined by different structural forming 
conditions and variable lithology such as limestone and dolomite and so on. 
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