
Fault Patterns in the Niobrara Formation—Examples from the Eastern and Central DJ Basin* 
 

Steven G. Siguaw
1
 and Jane E. Estes-Jackson

2
 

 
Search and Discovery Article #10354 (2011) 

Posted September 12, 2011 
 
*Adapted from oral presentation at AAPG Rocky Mountain Section meeting, Cheyenne, Wyoming, USA, June 25-29, 2011. 
 
1Consulting Geophysicist, Pine, CO (ssiguaw@gmail.com) 
2McElvain Oil & Gas Properties, Inc., Denver, CO (janej@mcelvain.com) 
 

Abstract 

 
The Upper Cretaceous Niobrara Formation is the latest in a series of fractured plays at the forefront of exploration activity within the Rocky 
Mountain region. Prolific oil and gas production has been achieved through the use of modern exploration methods followed by advanced 
horizontal and vertical drilling and completion techniques.  
 
Regional archival 2-D seismic data, as well as single fold seismic data, is used to target the more attractive exploration areas within the mature 
Denver Julesburg (DJ) Basin of eastern Colorado, southeastern Wyoming, and western Nebraska. The use of these reconnaissance data is 
followed by modern high-resolution 3-D seismic surveys that are used to identify Niobrara faults along with their orientation and throw. 
 
McElvain Oil & Gas Properties, Inc. acquired a series of three proprietary 3-D surveys in Yuma County, Colorado, and they were merged into 
one 54.5 square mile continuous 3-D survey through the use of reprocessing. Subsequent interpretation techniques, including volume curvature, 
used to identify Niobrara fault trends, patterns, and fault displacements, reveal attractive structural exploration targets for the Niobrara 
Formation. These techniques led to the discovery of two new Niobrara fields within the Mildred combined-3-D-survey area. Two additional 3-
D surveys, the 4.2 square-mile Krieger 3-D in Weld County, Colorado, and the 14.6 square-mile Cedar Creek 3-D in Cheyenne County, 
Nebraska, are shown to illustrate Niobrara faulting signatures in other portions of the DJ Basin. These surveys reveal that fault patterns within 
the Niobrara Formation are the result of both Laramide tectonism and post-Cretaceous dissolution of Permian salt beds. 
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Upper Cretaceous Niobrara Fm 

  Chalk Beds = Hydrocarbons 

  Matrix Porosities = 6 - 16% 

  Permeability < .01 md 

  Natural Fracturing/Hydraulic 
Fracturing 



Upper Cretaceous Niobrara Fm 
(Beecher Island Zone) 

  Chalk Beds = Biogenic Gas 

  Matrix Porosities = 30 - 45% 

  Permeability < .1 md 

  Rely Less On Natural Fracturing 

  Production established in 
1919 at Beecher Island Field, 
Yuma County 
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  100% and 2-D data for reconnaissance mapping 

  3-D data for: 
  Accurate fault definition 
 Shear zone identification 
 Salt tectonics / structural mapping 
 Amplitude analysis  

  Curvature to analyze Niobrara fault patterns 
reflecting two structural events: 

 Laramide reactivation of  shear zones in Pre-
Cambrian basement 
 Curvilinear faults resulting from post-Cretaceous 
dissolution of  Permian salt beds 

 14 Successful Wells in Wingspan Field and  
7 Successful Wells in Mildred West Field 
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