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Abstract 
 
Effective exploitation of low permeability reservoirs requires the understanding of the local tectonic history and the present day stress regime. 
The industry's current focus on fractured, liquids-rich gas and tight oil plays makes the southwestern Sand Wash Basin, with high-quality, lower 
maturity source rocks and structural complexity, an ideal place to study fracturing in tight rocks. Orientations of minor faults and extensional 
fractures within variably oriented structures formed during the Laramide Orogeny and Brown's Park Extension were analyzed to unravel modes 
and mechanisms of fracturing and paleostress trends. Cross-cutting relations observed in outcrop and geologic maps were used in an attempt to 
characterize the local Cenozoic strain history.  
 
The 59° orientation of Laramide σ1 suggests oblique thrust and left-lateral slip on the E-W striking North Boundary Fault. N-S trending 
Laramide extensional fractures and out-of-the-basin flexural-slip suggest strain partitioning within this zone of oblique deformation. NW-striking 
extensional fractures and compatible conjugate strike-slip faults cross-cut Laramide structures and show Brown's Park deformation resulted in 
extension of the hanging wall of the northeastern Uinta Arch and transtensional strike-slip along the Axial Fold Belt, southern Sand Wash and 
the North Park Basins. NW-SE and WNW-ESE trends of SHmax determined from wellbore failure observed in image logs suggest this early- to 
middle-Miocene stress field has been slightly perturbed or mostly unaffected by Basin and Range Extension and Rio Grande Rifting. 
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Figure 1. Greater Green River Basin Region with Laramide arches and
basins labeled and boxes showing areal extents of detailed
maps. Figure adapted from USGS.

Introduction
- Timing and mechanisms controlling fracture genesis
- Controls on post-orogenic fracturing

Hypotheses of Cenozoic Kinematics
- Oblique Reverse Slip
- Unidirectional slip
- Strain partioning

Hypotheses of Fracture Mechanisms
- Post-orogenic extension (Narr, 1982; Hansen, 1984; 1986b; Harthill, 1997)

- Rio Grande rifting or topographic release due to uplift and erosion (Hancock and
Engelder,1989)

- Syn-Laramide compression (Stone, 1995)

- Pre-Laramide compression (Condon, 1997; Silliphant and Engelder, 2001)

- Basin and Range extension (Anderson and Barnhard, 1993; Erslev, 2001)

- Miocene Browns Park extension (Stevens, 2002)

- Elastic rebound of Laramide strain (Ruf and Erslev, 2005)

Methods
- Detailed field mapping

- 722 minor fault and 996 joint measurements

- Ideal 1σ determined using Compton’s (1966) method

- Eigenvector and Eigenvalue analyses of 1σ axes and slickenline
data

Irish Canyon Observations
1st NE-SW Laramide compression:

- NE-SW to ENE-WSW directed thrust faulting and strike-slip faulting
- large amounts of flexural slip
- N71E-striking joint set.

2nd E-W extension and minor N-S transpression which could possibly be
associated with a poorly documented post-Laramide event:
- right-lateral fault system
- NNE-SSW transpressional thrust faulting
- N1E-striking joint set

3rd NE-SW Browns Park extension:
- N52W- striking normal faults
- N40W- striking joints

Figure 3. Rose diagrams of average ideal 1σ

superimposed on the geologic map. Rose dia-
gram of full data set in bottom right corner.

Figure 5. Stereonets of contoured slickenline
trends superimposed on the geologic map

Figure 4. Stereonets overlain on field map illustrating fault
planes superimposed on the geologic map .

Figure 6. Stereonets of joint planes within the Navajo Sand-
stone superimposed on the geologic map.

Figure 7. Stereonets of joint planes within the Miocene
Browns Park Formation superimposed on the geologic
map.Figure 8. Structural cross-section through study area.Figure 2. Geologic map of NW Colorado. Field area denoted by translucent box. Structural

cross-section marked by black line. Modified from Rowley et al., 1985.
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Figure 9. Geologic map of the Rock Springs uplift with stereonets of joint planes. Fracture data from
Grout and Verbeek, 1992. Map modified from Love and Christiansen, 1985. Figure 10. Geologic map of the Rawlings uplift with stereonets of joint planes. Fracture data from Grout

and Verbeek, 1992. Map modified from Love and Christiansen, 1985.

Figure 11. Geologic map of Craig with stereonets of joint planes superim-
posed on the geologic map. Modified from the Craig Quadrangle map.

Figure 12. Simplified map of the Greater Green River basin with SHmax
superimposed on the geologic map.

Figure 13. Map view of microseismic events from a hydraulic fracture
stimulation in the Frontier Formation, Moxa Arch.
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Abstract
Effective exploitation of low permeability reservoirs requires the understanding of the
local tectonic history and the present day stress regime. The industry’s current focus
on fractured, liquids-rich gas and tight oil plays makes the southwestern Sand Wash
Basin, with high-quality, lower maturity source rocks and structural complexity, an ideal
place to study fracturing in tight rocks. Orientations of minor faults and extensional
fractures within variably-oriented structures formed during the Laramide Orogeny and
Brown’s Park Extension were analyzed to unravel modes and mechanisms of fractur-
ing and paleostress trends. Cross-cutting relations observed in outcrop and geologic
maps were used in an attempt to characterize the local Cenozoic strain history.

The 059° orientation of Laramide 1σ suggests oblique thrust and left-lateral slip on the
E-W striking North Boundary Fault. N-S trending Laramide extensional fractures and
out-of-the-basin flexural-slip suggest strain-partitioning within this zone of oblique
deformation. NW-striking extensional fractures and compatible conjugate strike-slip
faults cross-cut Laramide structures and show Brown’s Park deformation resulted in
extension of the hanging wall of the northeastern Uinta Arch and transtensional strike-
slip along the Axial Fold Belt, southern Sand Wash and the North Park Basins. NW-SE
and WNW-ESE trends of SHmax determined from wellbore failure observed in image
logs suggest this early- to middle-Miocene stress field has been slightly perturbed or

mostly unaffected by Basin and Range Extension and Rio Grande Rifting.
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Conclusions
• Minor Fault Analyses show Laramide 1σ axes average 059° (n=722).

- Oblique Left-Lateral / Reverse Slip on WNW-ESE striking North Uinta Thrust (NUT), dominance of right-
lateral minor faults.

- Variable trends of 1σ axes suggest partitioning of strike-slip and dip-slip strain in the hanging wall of the NUT.

-Basinward dipping minor thrusts indicative of top-to-SW, out-of-the-basin flexural shear within Lower Creta-
ceous Strata.

• Strikes of Navajo Sandstone Joints average 071° (n=641).

- Navajo joint strikes are compatible but not parallel to 059° minor fault 1σ axes, possibly indicating a slight
shift in stress field as Laramide strain rates increased and later decreased.

- Lesser populations of N-S and WNW-ESE-striking joints indicate multiple mechanisms and modes of exten-
sional fracturing, i.e. partitioned contractional strain due to gravitational spreading of the Uinta Arch and sub-
sequent backsliding on NUT.

• Strikes of Browns Park Formation Joints average 320° (n=355).

- Browns Park joint strikes are compatible with map- and regional-scale extensional structures cutting
Oligocene and Miocene strata in Uinta Arch and Axial Fold Belt.

- Post-Laramide compression and NE-SW extension resulted in oblique extension of the Uinta Arch and Axial
Fold Belt and transtensional deformation of adjacent basins.

- Orientations of borehole breakouts and tensile fractures observed in acoustic and resistivity image logs indi-
cate the tectonic stress regime has changed little since the early Miocene.

- Observations of microseismicity during hydraulic fracturing shows reactivation of pre-existing ENE-striking
Laramide fractures and NNE-striking Moxa Arch parallel fractures. The NNE-striking set is likely parallel to the
current SHmax and the ENE-striking set are 70° oblique to the present day SHmax.


	2012_RMS_Detring_Poster
	AAPG_Poster_John_DetringNEW


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /All
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Impact
    /LucidaConsole
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 275
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50182
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


