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Abstract 
 
Polygonal fault systems (PFS) are present in the Niobrara Formation of the Denver Basin. This type of fault system is recognized 
primarily on 3D seismic. 
 
The PFS is detached from basement faults and occurs in distinct layer-bounded systems (Niobrara and lower Pierre Shale). The faults are 
minor extensional faults, randomly oriented and form polygonal networks in map view. Faults dip 30 to 80 degrees; have throws of 30 to 
70 ft; and lengths of generally less than 4000 ft.  
 
The polygonal fault system deforms the Niobrara over a large part of the Denver Basin. Relatively undeformed sequences occur above 
and below the Niobrara faulted interval. This type of fault structure may also be present in other Rocky Mountain basins. 
 
An additional and separate PFS zone is seen towards the base of the Larimer-Rocky Ridge Member of the Pierre Shale. 
 
The faults are similar to ones reported in North Sea shale sequences. PFS are thought to represent volumetric contraction resulting from 
compaction-driven fluid expulsion. PFS are probably common features in thick shale sequences in sedimentary basins.  
 
Layer-bounded faults in the Niobrara and Pierre have previously been interpreted as listric faults. The new interpretation does not support 
the listric interpretation. This new interpretation explains the random orientation of the faults which previously was not explained. 
Recognition of this structural style is important for future wells targeting the Niobrara petroleum system. 
 
Other types of fault systems also occur in the Cretaceous section of the Denver basin.  
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ABSTRACT

Structure map Niobrara Fm. Denver Basin, stars show 
location of Bunting and Sooner 3-D surveys.

Diagrammatic cross section Denver Basin.  Niobrara is 
i th il t it i d i th b i tin the oil maturity window in the basin center.

C t St ti hi lCretaceous Stratigraphic column, 
Denver Basin, Niobrara consists of four chalks and three 

marl intervals.

Isopach map of total Niobrara Formation, Rocky 
Mountain Region.

Rocky Flats Seismic Line, 
Western Denver Basin

Note: Reverse faults east of basin margin fault

Niobrara facies map, Western Interior Cretaceous Basin.



Niobrara Fault Systems, Previous Interpretations

Examples of Detached Faults
Niobrara Formation

Eastern Colorado shallow biogenic gas play.

Force (drape) folds over basement fault systems.  
Fracturing is expected where radius of curvature is 

the greatest.

Eastern Colorado shallow biogenic gas play.
N t i i b i ht t

Structural models for fracture development from 
Austin Chalk.

Note seismic bright spots.

Basement wrench fault model for Silo Field.

Seismic line over Black Hollow Field showing fold 
over basement fault system (from Stone, 1985).

Basement faults and detached faults, Denver Basin.

Basement faults influencing structure at Silo Field; 
basement faults also control salt dissolution edge 

and fracturing in Niobrara.

Cross section illustrating the listric fault model, 
Denver Basin, CO (Davis, 1985).

Examples of Niobrara faults in Little Beaver Field.  
Note faults do not extend below upper Greenhorn.Seismic illustrating timing of salt dissolution, Silo 

Field.  Dissolution is interpreted to be Upper 
Jurassic and Lower Cretaceous. Seismic illustrating the listric fault model, Denver 

Basin, CO (Davis, 1985).



Polygonal Fault Systems 

Diagrams illustrating compaction of fine grained 
sediment with depth.  Most porosity loss is early.

Diagram illustrating compaction & loss of water in fine-
grained sediments with depth.  Note early water loss or 

compaction.

Lower Pierre Shale  amplitude map.  Note polygonal 
shapes.

Areas where PFS have been identified.

Diagram illustrating early loss of porosity in mud rock 
intervals (expulsion of pore water and compaction).

North Bunting 3-D
T6N-R60W

16 square miles
1998

Data provided by Enerplus

( p p p )

Lower Pierre Shale  most negative curvature attribute.  Note 
polygonal shapes.

Diagram illustrating two tiers of polygonal faults. 
Note the polygonal shape in planform.

Lower Pierre Shale most positive curvature attribute Note

Seismic line, Bunting survey, showing two tiers of normal 
faults.

Lower Pierre Shale  most positive curvature attribute.  Note 
polygonal shapes.

Lower Pierre Shale time structure.  Note polygonal shapes.
Lower Pierre Shale  similarity attribute.  Note polygonal 

shapes.



Polygonal Fault Systems 

Niobrara Time Structure
Sooner Survey

Similarity attribute top Niobrara, note polygonal shapes.Niobrara time structure, note polygonal shapes.

Niobrara Amplitude
Sooner Field

Niobrara time structure  map, Sooner Survey.  Note partial 
polygonal shapes.

Analysis of timing of the faults suggests early origin.

Niobrara amplitude map, note polygonal shapes.

Sooner 3-D
DOE Study

D SS Reservoir
1992

Niobrara amplitude map, Sooner Survey.  Note partial 
polygonal shapes.

Seismic line with no vertical exaggeration. Note orientation 
of faults is approximately 45o.  

Most negative curvature top Niobrara, note polygonal 
h 1992

7.7 square miles

Tier 2
Lower
Pierre
Shale

shapes.

Seismic line, Sooner survey, showing normal faults at 
Niobrara level.  Faults do not extend below Greenhorn.

Seismic line, Sooner Survey.  Two tiers of normal faulting 
are present.

Tier 1
Niobrara

Most positive curvature top Niobrara, note polygonal 
shapes.



Polygonal Fault Systems 

Polygonal weathering fractures, Fox Hills Sandstone, 
Boulder, CO.  Two or more scales of polygons are present.

Lower Hygiene time structure.  Note polygonal shapes.

Lower Hygiene amplitude map.  Note polygonal shapes.
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Most negative curvature through lower Pierre Shale time 
slice.  Note the presence of smaller polygons within the 

larger polygons.
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