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Summary 
 

 3D seismic data will contribute significantly to the understanding of the Marcellus. 
 

 Geophysical analysis/evaluation, although in the early stages, looks very promising for optimizing well locations. 
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Zeroing in on the Marcellus Shale Play in Pennsylvania with High Fidelity 3D Full 
Azimuth Surface Seismic Data Including Simultaneous Multi-Component  3D data for 
Calibration and Identification of Fracture Sweet Spots. (Data not vertically corrected 
for velocity differentials)
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Vertical Calibration/Resolution 
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Spatial Resolution/Geometric Attributes 
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J1 & J2 Fracture Sets in Marcellus
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Natural gas chimneys in black shale 
showing cross fold J2 joints
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Positive Curvature
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Seismic Attributes

Unbiased accurate structural deformation – positive flexures (highs)
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Unbiased accurate structural deformation – negative flexures (lows)

time slice
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Anisotropic Attributes 



Anisotropic/Rock Property Attributes 

Anisotropy

1. Elliptical Inversion using P-wave Interval Velocities

2. Time differentials from Shear waves (3 comp)

Rock Properties

1.    Lambda*Rho  Mu *Rho



Density and Orientation of Micro-fractures
Physical Basis

Velocities dependence on fractures’ direction.
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Difference between fast and slow velocities (anisotropy) is a measure of 
fracture density

 - Azimuth
VMAX

VMIN

(VMAX-VMIN)/VMAX

e - Error

Elliptical Inversion (EI) to estimate anisotropy
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Better resolution velocity field

Velocity field for azimuthal NMO correction



Elliptical Inversion
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Azimuth  co-rendered with Stack
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Co-rendered Azimuth/Anisotropy  - Positive Curvature 

Azimuth

Anisotropy

J1 – “Maintains ENE orientation regardless 
of location relative to the oroclinal bends”

J2 - “In the Valley and Ridge, J2 is found 
normal to fold axes…”

Engelder, T. “Structural geology of the Marcellus and 

other Devonian gas shales”



Anisotropic/Rock Property Attributes 

Anisotropy

1. Elliptical Inversion using P-wave Interval Velocities

2. Time differentials from Shear waves (3 comp)

Rock Properties

1. Lambda*Rho  Mu *Rho
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Anisotropic/Rock Property Attributes 

Anisotropy

1. Elliptical Inversion using P-wave Interval Velocities

2. Time differentials from Shear waves (3 comp)

Rock Properties

1.    Lambda*Rho  Mu *Rho



Cross-plot from Seismic
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Low density ~ high TOC



Conclusions

3D seismic data will contribute significantly to 
the  understanding of the Marcellus

Geophysical analysis/evaluation, although in the 
early stages, looks very promising for optimizing 
well locations
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