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Abstract 

 
The Sand Wash fault zone is a segmented and discontinuous fault system that strikes northwest to southeast in the central part of the Uinta 
Basin. It is approximately 34 kilometers long with an uncommonly wide damage zone, typically 100 to 200 meters wide. Due to recent, rapid, 
and large-scale incision by the Green River and its tributaries, the Sand-Wash fault zone is well exposed in several closely spaced canyons.  
These canyon exposures allow mapping of the lateral relationships through panoramic photographs and surface kinematic descriptions.   
 
Most movement on the Sand Wash fault zone occurred in the late Eocene, but minor, more recent movement likely occurred.  Evidence for 
fault timing includes strata-bound, syndepositional movement which occurred during Lake Uinta time (55 to 43 Ma BP) resulting in debris 
flows, slump blocks, and small (>150 meters diameter) sag basins filled with poorly organized sediments.  After lithification, elongate grabens 
formed with up to 33.5 meters of horizontal extension.  Two styles of deformation are present. Brittle rocks, such as sandstone and limestone 
beds, are intensely fractured and faulted, whereas clay-rich and organic-rich rocks are largely unfractured and unfaulted, with variably folded 
beds that have experienced some layer-parallel slip.  Laterally, deformation is distributed up to 100 meters from the fault core, which is 
uncommonly large for faults with short lengths and little displacement.  Vertically, displacement is concentrated in brittle sandstone and 
carbonate beds and rare in clay- and hydrocarbon-rich units, such as the Mahogany oil-shale zone of the Eocene Green River Formation. The 
Mahogany oil-shale zone mostly displays ductile flow (granular flow) commonly forming small décollements between overlying and 
underlying units.  Vertical displacement on separate fault segments is generally less than 5 meters and decreases down section, dying out 
completely around the top of the Mahogany oil-shale zone.   
 
In this presentation we show evidence for syndepositional deformation along the Sand Wash fault zone, strain partitioning along décollement 
surfaces, fault surfaces that experience multiple deformational phases, pop-up blocks, and graben development. We also show that deformation 
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on the fault zone is related to extension above a neutral surface of a larger fold. This larger fold is associated with a basement-rooted fault zone 
that moved during Laramide tectonism with the reactivation of the Uncompahgre uplift.  The Sand Wash fault zone appears to have many 
similarities to the larger, and more deeply buried, Duchesne fault zone 25 kilometers to the north, and the more deeply eroded Cedar Ridge 
fault zone located 30 kilometers to the south.  The high-resolution fault model, developed herein, is thus a good proxy for other complex fault 
zones in the Uinta Basin.  Our model will be useful to oil and gas operators as they develop horizontal wells across this and other complex fault 
zones in the basin. 
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Problem

• Across the Uinta Basin, poorly 
understood faults appear to impact oil 
and gas production

• Seismic example from the oil-productive 
Duchesne fault zone 

• Near these fault wells encounter highly 
variable pressures, water zones and far 
traveled oil

• The genesis and character of the faults 
needs to be understood 

Reservoirs

Modified from: Wide-Azimuth 3D Seismic Data Integrated with Geologic Information from Open-Hole Logs Unlocks the Secrets of a Naturally 
Fractured Trap in the Western Uinta Basin, Utah; W. Korenkiewicz and J. Pyle; 2014 RMS-AAPG Conference, Denver, CO

NS



Objective

Provide
• Characterization and 

descriptions of the superbly 
exposed Sand Wash Fault 
System in the study area by 
integrating

• Outcrop fault and fracture mapping

• Photogrammetry

• Rheology analysis 

• A deformation model that 
explains the variable faulting 
and fracturing 

1 meter



Location
• The Uinta Basin within northeastern Utah

• The Sand Wash fault zone (SWFZ) in red in the center of the 
basin

• The SWFZ is south of the main oil and gas fields in the basin 
• The SWFZ trends northwest-southeast
• Like other fault zones in the southern Uinta Basin
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SWFZ

• The study area showing the relation of 
the fault traces to the photo pans

• The canyon edges are shown because 
the best exposures of the fault zone and 
involved stratigraphy are visible there



A  ̶ Uninterpreted

B  ̶ Interpreted

Sand Wash Canyon

Green River

What is the Sand 
Wash Fault Zone?

• The SWFZ is a segmented and discontinuous fault 
system that strikes northwest to southeast in the 
central part of the Uinta Basin

• It is approximately 34 kilometers long with an 
uncommonly wide damage zone for such a low-throw 
fault system
• Typically, 100 to 200 meters wide



125 Meters

45 
Meters

Décollement surface (decollement)
Ductile deformation of strata on top 
of detachment surface

Good examples of growth strata

Mahogany oil-
shale zone

S2 marker bed

What is the Sand 
Wash Fault Zone?

The Sand Wash fault zone cuts perpendicularly through the outcrop, creating a beautiful 
exposure of:
• S2 marker bed having been extended 33.25 meters 

• Breaking into three foundered grabens
• Complex mix of fractured and unfractured rocks
• Some growth strata

• Mahogany oil-shale zone is largely undisturbed 



Stratigraphic nomenclature and 
thicknesses based on Remy, 1992. 
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Stratigraphy

• Brittle sandstones and limestone are broken and sheared in the fault zone

• Ductile oil shales are mostly undeformed 

• Some folding if immediately adjacent to sheared blocks of sandstones



Larger Structural Context

• Tectonic features of the Uinta Basin  

• The Sand Wash fault zone is on the outer 
arc of the Uncompahgre anticline, similar to 
the Cedar Ridge fault zone

• Deeper structural movement on the SWFZ 
appears to be linked to deformation on the 
Uncompahgre Uplift

Modified from Osmond, 1965 and Sprinkel, 2014. 



Plan view photo of the SWFZ as an example 
of methodology of the process of 
measuring fault length of discreet segments 
from drone-derived photogrammetry

Fault segment length by 
stratigraphic unit in meters

185 m

Characterizing the Fault Zone -
Fault Trace Lengths



Displacements on discreet fault 
segments in meters

Methodology of measuring fault displacements
• GPS referenced photographs were taken of the cliff faces

• Photos were used to build large photogrammetry models 
• Point to point measurements taken to capture throw

• Inclined joints sets (yellow dot) in the rotated fault block in the center 
of the image
• Block foundered and rotated after initial jointing

2.52 m

Characterizing the Fault 
Zone - Displacements



Fault surfaces in the 
Horse Bench 
Sandstone

Fault surfaces in the 
Uinta B Sandstone 
within a stereograph

Fault surface dips, dip directions and 
locations for the Uinta Formation

Fault surface dips, dip directions and 
locations for the Horse Bench Sandstone

Characterizing the 
Fault Zone – Fault 

Planes



Fault surfaces in 
the S2 marker bed

Fault surface dips, dip directions and 
locations for the S2 marker bed

Characterizing the Fault Zone –
Fault Planes



• Well-developed decollement surface 
under a series of fault blocks that were 
also deformed
• Likely because they were newly 

deposited and poorly lithified while 
being deformed

• Syndepositional healed surfaces and 
growth strata also indicate 
syndepositional movement on this fault

S2 Marker Bed

Mahogany 

Characterizing the Fault 
Zone – Syndepositional

Fault Movement

44.5m

• Large, rotated blocks with fault drag and 
shortening on the footwall
• Indicating poor lithification and 

deformation early after burial



Slickenlines
posted on 
fault surfaces 
from the 
Horse Bench 
Sandstone.

Stereograph of 
slickenlines posted 
on fault surfaces 
from the Uinta 
Formation, member 
B.

Fault surface slickenlines 
plunges, trends, and 
locations for the Uinta 
Formation

Fault surface 
slickenlines plunges, 
trends and locations 
for the Horse Bench 
Sandstone

Characterizing the Fault 
Zone – Slickenlines



Stereograph of slickenlines 
posted on fault surfaces from 
the S2 marker bed

Slickenlines indicating slightly 
oblique normal movement

Slickenlines indicating 
oblique movement

Average fault plane

Slickenlines from the S2 marker 
bed, with dip slip and oblique 
slip slickenlines

Characterizing the Fault 
Zone – Slickenlines



InterpretedUninterpreted

Second set of slickensides with 
oblique dextral normal slip

First set of slickensides with 
sinistral oblique transpressional slip

Explanation

Third set of slickensides with 
oblique dextral normal slip

Nearly vertical fault surface 
with multiple generations of 
slickenlines.

Points indicating nearly 
horizontal slickenlines
associated with localized 
sinistral slip. Colors match 
the lines delineating the 
slickensides.

1

2
3

• Near vertical fault surface contains at least three generations of slickenlines, demonstrating changes on the fault over 
time 

• Slickenlines marked in red are the oldest as subsequent slickenlines overprint them  
• These mostly strike-slip slickenlines were created when the fault was moving in a sinistral oblique direction 

• Later the fault moved in an oblique dextral direction
• Then again in a more normal dextral sense of motion

• These changing slip directions can be seen in the stereograph
• The fault surface is represented as a great circle 
• The slickenlines are represented as points  
• The points are numbered in chronological order of slip (1 is oldest)

Sense of Movement 



Stereograph of joint sets within 
the Sand Wash fault zone

Stereograph of joint sets (yellow) 
compared to fault surfaces (black)

-There is a 5° clockwise rotation of 
average of the joint sets

Extensive jointing in the Horse Bench 
sandstone within the SWFZ  

Jointing is denser at the top of the Horse 
Bench in the cleanest sandstones and 
decreases in density downward

Characterizing the 
Fault Zone –

Fractures



Stereograph of axial surfaces for 
each fold

The surface in yellow is the 
average of all the Mahogany 
folds, roughly paralleling fault 
and joint azimuths

These parallel the fault zone and 
represent deformation related 
to the grabens

A

We collected fold axial-plane dip and 
dip direction data defining the axial 
surface of folds in the Mahogany bed 
and the lower S2 marker bed

D

B

3 m

C

2 m

Characterizing the 
Fault Zone – Folds



Characterizing the 
Fault Zone – Dikes

Dikes on the margin 
of the SWFZ are 
perpendicular to 
the trend of faults

Dikes within the 
SWFZ are parallel to 
the trend of faults

• Dikes are useful to identify the local stress fields from when 
they were intruded

• These dikes are in a specific stratigraphic interval across the 
study area 
• Interpreted to be emplaced contemporaneously to 

deformation on the fault zone
• Within the SWFZ, maximum horizontal stress was NW-SE

• Parallel to the fault zone
• On the margins of the SWFZ, maximum horizontal stress 

was NE-SW
• Perpendicular to the fault zone



• Breccia dike (outlined in red) that intruded a fault in the Uinta Formation in the 
SWFZ

• The fault contains slickenlines demonstrating dip slip
• The 2-meter-wide dike does not exhibit brittle deformational features
• The fault has likely not moved since intrusion

• This breccia dike parallels and has similarities to the famous gilsonite veins 10 
kilometers to the north

• The dike likely intruded  contemporaneously with the gilsonite veins in 
Oligocene during initial extension in the Uinta Basin

Characterizing the Fault 
Zone – Breccia Dikes



Characterizing the Fault Zone 
– Decollement Surfaces

micro-thrust duplex structures
Joint formation occurred 
before block rotation

Nearly horizontal on the left side of the 
photograph to over 10° on the right



• Small sag basin near the top 
of the Mahogany zone
• The sag basin is filled 

with a heterolithic
mixture of mudstones 
and siltstones 

• Capped by an 
undeformed “healed 
surface”

200 Meters

Healed Surface

S2 Marker Bed

Mahogany 

S2 Marker Bed

Mahogany 

Characterizing the Fault Zone 
– Small Sag Basins

• Larger sag basin found on a 
cliff face of the Mahogany 
zone near the Green River

• It also is filled with a 
heterolithic mixture but is 
much larger in scale.



1 KM

N

• Stratigraphic dips, dip directions, and locations 
were measured across the SWFZ 

• The steepest dips are within the fault zone on 
rotated blocks

• Dips on the north flank of the fault zone are 
steeper than to the south

Characterizing the Fault 
Zone – Bed Orientations
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C

3° increase in dip 
across the SWFZ on 
the S2 Marker SS 

3° increase in dip 
across the SWFZ on 
the S2 Marker SS 

3° increase in dip 
across the SWFZ on 
the Horse Bench SS 

Proximate Cause of the Faulting



SWFZ Deformation Model: Extension 
Above the Neutral Surface of a Large Fold

Extension

Compression

Faults, grabens, sag 
basins and parallel dikes

Perpendicular dikes on 
the margin of the fold

• Our model is that extension above the neutral surface of a large fold is 
being accommodated by the SWFZ 
• Fits observed faults geometries, sag basins and dikes

• The fold is the result of faulting on much deeper rocks
• Nearby seismic images deep faulting on adjacent structures

Fouch, T.D., Wandrey, C.J., Taylor, D.J., Butler, C.B., Miller, J.J., Prensky, S.E., Boone, L.E., Schmoker, J.W., Crovelli, R.A., 

Beeman, 1994b, Oil and Gas Resources of U.S. Naval Oil Shale Reserves 1 and 3, Colorado, and Reserve 2, Utah:  Open-

File Report 94-427, U.S. Department of Energy Contract No. DE-AT21-93-MC30141, https://doi.org/10.3133/ofr94427.
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Significant basement faults

Basement-involved antiforms

• Area basement faults and 
antiforms are related to 
the Uncompahgre uplift  

• Many of these faults are 
features that are only 
partially expressed in the 
overlying sedimentary 
cover

• Note the consistent trend 
of the structures and their 
relationship with the 
SWFZ  

Modified from Stone (1977), 
and Eckels and others (2004).

SWFZ Matches Mapped Basement Faults



Why are the Sandstones So Heavily Fault and the Oil Shales 
Not? 

S2 “silicic” trend

Mahogany 
“TOC” trend

S1
Marker Bed

Mahogany Oil-Shale 
Zone

• Simple rock mechanics
• The sandstones are much more 

brittle at any given TOC than 
the shales



D

Development of décollement 
at geomechanical boundary

A

Mahogany oil-shale Zone

Debris 
FlowsSag Basin

Higher relative subsidence on 
northeast side of SWFZ

C
Continued basement movement results 

in shallow folding and extension

After lithification, intense joint sets 
form in the S2, parallel to the fault zone

B Broad folding, periodic shaking and 
extension result in soft-sediment 
deformation and block slumping 

S2 marker bed

Mahogany Zone

Deformation Model
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