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ABSTRACT 

The Paradox Basin is a structurally unique and important petroleum basin in southeastern 

Utah and southwestern Colorado that provides pristine examples of diapiric salt structures and 

supra-salt faulting.  The structural and stratigraphic architecture of the Paradox Basin was 

strongly influenced by the complex, dynamic evolution of the evaporite-rich Paradox Formation 

and development of NW trending salt wall structures.  The Moab Fault System is one of the 

largest normal fault structures within the Paradox Basin and provides an ideal opportunity to 

study the linked evolution of salt structures and supra-salt faulting. The fault system trends 

parallel to the Moab-Spanish Valley salt wall, extending approximately 30km NW of the 

entrance to Arches National Park. Although the fault system has been extensively studied, the 

timing and mechanisms controlling faulting are not well understood. The literature presents a 

range of inconsistent dates for fault initiation, ranging from the Permian through the Quaternary, 

while extensional mechanisms include regional extension, salt evacuation, and salt dissolution. 

This study reveals new information and conclusions regarding the development of the 

Moab Fault System and the underlying Moab-Spanish Valley salt wall, answering questions that 

were previously in debate. Detailed mapping along the Moab Segment and Mill Canyon Linkage 

Zone of the Moab Fault System characterize important hanging wall structures: collapse v-

shaped synclines on the limb of a rollover anticline along the southern portion of the Moab 

Segment and extensional fault tip monoclines along the northern portion of the fault system. The 

synclines and monoclines indicate brittle, post-depositional faulting. Kinematic data indicate 

primarily dip-slip fault motion with oblique slip concentrated along fault branch points and 

curved fault segments. Extension is towards the NW along the NE-striking Moab Segment, 

transitioning to mainly northward extension along the E-W striking segments of the Mill Canyon 

Linkage Zone. A series of closely spaced 2D cross sections and 3D surfaces were constructed by 
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integrating detailed surface data with all available subsurface data including wells, one 2D 

seismic profile, published 2D cross sections, and published structure contours. The interpreted 

3D geometries reveal a lack of evidence for growth faulting and a genetic relationship between 

the shape of the top of the underlying Paradox Formation and localized fault initiation.  Throw 

distributions indicate that the highest point of the underlying asymmetric salt high, or pillow, 

corresponds to the maximum throw and the location of fault initiation of the Moab Segment. 

Additionally, the faults along the Mill Canyon Linkage Zone are located where the top of the 

Paradox Formation increases in slope, dipping to the north. These data suggest that the fault 

system developed after the formation of the diapiric salt structures and deposition of the strata 

exposed in the field (early Cretaceous). This study also suggests salt movement from beneath the 

hanging wall as a stronger candidate for fault initiation than regional extension due to the lack of 

additional large-scale normal faults (graben system) in the area surrounding the Moab Fault 

System, indicating more localized strain than expected during regional extension. 

Faulting may have initiated due to uplift of the CO plateau during the late Neogene, 

which substantially increased erosion and initiated salt dissolution along the Moab-Spanish 

Valley salt wall.  This process would have lowered the differential pressure on the Paradox 

Formation evaporites along the salt wall, forcing salt to migrate away from the thick overburden 

surrounding the salt structure (high differential) towards the main salt wall and thinner 

overburden (low differential pressure).  The presence of cataclastic deformation bands across the 

fault system provides evidence for deformation at a substantial burial depth and, therefore, 

before complete uplift and exhumation. This proposed deformation mechanism suggests that the 

brittle hanging wall accommodated the evacuation of the underlying Paradox Formation through 

the initiation of the Moab Fault system.   
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Figure 3.3  Map showing the location of the field area and the geologic map (~15 x 15km) 
created in this study, the locations of thirty-two 2D cross sections constructed in 
this study, and the area covered by the 3D surfaces (~23 x 20km) created from 
the cross sections. The locations of the 104-B2 seismic line, and the 5 cross 
sections published in Trudgill, 2009 are also included. A detailed map is shown 
in Figure 3.4, with key wells labeled. These wells are shown in Table 3.1.  .............36 

Figure 3.4   Detailed map showing the location of the field area and geologic maps created 
in this study, the locations of thirty-two 2D cross sections constructed in this 
study, and the area where 3D surfaces were created from the cross sections. The 
locations of the 104-B2 seismic line, and the 5 cross sections published in 
Trudgill, 2009 are also included. Key wells are labeled. These wells are shown 
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Figure 3.5  Regional cross sections across the Paradox Basin used to constrain the regional 
subsurface geometries of 2D cross sections constructed in this study.  B-�%�¶���L�V�� �W�K�H��
same cross section shown in Figure 2.6.  Locations of sections are shown in 
Figure 3.3.  (Taken from Paz, and Trudgill, 2006). ...................................................42 

Figure 4.1  Geologic map of the study area showing the Moab Segment and Mill Canyon 
Linkage Zone of the Moab Fault System. Geologic Surfaces are the top of 
geologic formations and correspond to those described in Figure 2.2. Detailed 
inset maps are shown in Figure 4.2 �± Figure 4.6. A small representative sample 
of the structural measurements taken in the field is displayed on the map.  ..............44 

Figure 4.2  Detailed map of the southern-most portion of the Moab Segment.  The southern-
most  syncline along the hanging wall and Moab Anticline are also shown.  A 
small representative sample of the structural measurements taken in the field is 
displayed on the map.  For location and legend, see Figure 4.1. ...............................46 

Figure 4.3  Detailed map of the second and third synclines along the hanging wall and 
northern extent of the Moab Anticline.  Also note the sharp bend in the strike of 
the fault.  A small representative sample of the structural measurements taken in 
the field is displayed on the map.  For location and legend, see Figure 4.1. .............47 

Figure 4.4  Detailed map of the Chinle-Cutler contact and hanging wall monocline.  A small 
representative sample of the structural measurements taken in the field is 
displayed on the map.  For location and legend, see Figure 4.1. ...............................48 

Figure 4.5   Detailed map of the eastern portion of the Mill Canyon Linkage Zone and the 
intersections of the Moab Segment and Courthouse Rock Fault and the Tusher 
Canyon Fault.  A small representative sample of the structural measurements 
taken in the field is displayed on the map.  For location and legend, see Figure 
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Figure 4.6  Detailed map of the western portion of the Mill Canyon Linkage Zone.  A small 
representative sample of the structural measurements taken in the field is 
displayed on the map.  For location and legend, see Figure 4.1. ...............................50 
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Figure 4.7   Examples of minor faults in the hanging wall of the southern portion of the 
Moab Segment, along the Moab Anticline.  (a) and (b) Poorly exposed faults 
offsetting the Tidwell member of the Morrison Formation against the Moab 
Tongue member of the Entrada Formation. Figure locations shown in Figure 4.8.  
(c) and (d) Close-up photos of deformation bands within the Moab Tongue.  ..........52 

Figure 4.8   Simplified map illustrating the faults comprising the Moab Fault System: (1) 
Moab Segment (2) Courthouse Rock Fault (3) Tusher Canyon Fault.  Locations 
of photos shown in Figure 4.7 �± Figure 4.16 are marked by blue dots with 
arrows showing the viewing direction.......................................................................53 

Figure 4.9   Conjugate joint sets in the footwall, immediately adjacent to the main fault 
surface (Cutler Formation).  Viewing direction is towards 120o. Image location 
shown in Figure 4.8. ..................................................................................................54 

Figure 4.10 Intersection of the Moab Segment and Courthouse Rock Fault of the Mill 
Canyon Linkage Zone.  Viewing direction is towards 080o.  Image location is 
shown in Figure 4.8. ..................................................................................................55 

Figure 4.11  Field photo illustrating the complex fault geometries along the Courthouse Rock 
fault and its intersection with the Tusher Canyon Fault.  Photo viewing direction 
is towards 272o.  Image location is shown in Figure 4.8 ...........................................56 

Figure 4.12 Complex fault zone on the east side of Tusher Canyon, along the E-W striking 
segment of the Tusher Canyon Fault.  Viewing direction is towards 097o.  Image 
location is shown in Figure 4.8..................................................................................57 

Figure 4.13 (a) Overview of Chinle-Cutler contact.  Viewing Direction towards 342. (b) 
View of outcrop where Chinle conformably overlies Cutler.  (c) Close-up of 
Cutler-Chile contact and paleosol within the top of the Cutler Formation.  (b) 
and (c) taken by Bruce Trudgill.  Viewing direction is towards 018o. Image 
locations show in Figure 4.8......................................................................................59 

Figure 4.14 Chevron fold in the hanging wall of the Moab Segment (Salt Wash Formation).  
Viewing direction is towards 134o.  Image location shown in Figure 4.8.................61 

Figure 4.15 Well-exposed outcrop along the Tusher Canyon Fault showing the steeply 
dipping Cedar Mountain Formation adjacent to the fault and dips gradually 
decreasing towards the NE (away from the fault).  Note the relatively flat-lying 
Moab Tongue and Slick Rock Formations in the footwall. Viewing direction is 
towards 325o.  Image location shown in Figure 4.8. .................................................63 

Figure 4.16 (a) Steeply dipping shale within the Brushy Basin Member.  The shale is 
adjacent to a fault surface and lies beneath the Cedar Mountain Member.  (b) 
Detail view of shale smear within the Brushy Basin Member.  Viewing direction 
is towards 328o.  Image location shown in Figure 4.8...............................................64 
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Figure 4.17 Kinematic analysis of the Moab Segment and the Mill Canyon Linkage Zone, 
divided into structural domains.  (a) A map of the study area illustrating data 
collection locations of fault and slickenline orientations; (b)-(i) P-T analyses 
projected on lower-hemisphere equal-angle stereonets, divided into data 
collected along the (b) Moab Segment; (c) Mill Canyon Linkage Zone; (d) NE-
SW striking Tusher Canyon Fault; (e) E-W striking Tusher Canyon Fault; (f) 
Courthouse Rock Fault; (g) Secondary faults along Mill Canyon; (h) Linkage 
Zone where the Tusher Canyon fault intersects with the Courthouse Rock Fault; 
(i) Linkage zone where the Courthouse Rock Fault intersects with the Moab 
�6�H�J�P�H�Q�W���� ���6�W�H�U�H�R�Q�H�W�V�� �F�U�H�D�W�H�G���X�V�L�Q�J�� �5�L�F�N�� �$�O�O�P�H�Q�G�L�Q�J�H�U�¶�V��FaultKin 6 stereonet 
application. ................................................................................................................65 

Figure 5.1 Three-dimensional view of Sections 2, 5, 8, and 12 showing the structural 
change along strike.  The fault trace is at the surface (projected to a DEM) and 
cross sections extend above the surface.  Note the transition in the hanging wall 
from a rollover anticline in Section 2 to a monocline in Section 12.  Also note 
the change in the salt geometry along strike.  ............................................................71 

Figure 5.2 Seismic line (104B-82) located NW of the study area.  Location is shown in 
Figure 3.3.  Note the steep faults above the Paradox Salt and the thinning of the 
supra-salt strata onto the crest of the salt pillow and thickening into the adjacent 
minibasins.  The formations do not change thickness significantly across the 
supra-salt faults..........................................................................................................73 

Figure 5.3 Section 2, intersecting the southern portion of the Moab Segment of the Moab 
Fault System, oriented NE-SW.  The location of the section is shown in Figure 
3.3.  The color of the title corresponds to the orientation of the section, shown in 
Figure 3.3.  Wells in inset map are shown in Figure 3.4 and Table 3.1.  Wells 
intersecting the cross section are show in red and those within 1km are shown in 
orange.  Cross-cutting 2D sections are shown along the bottom, in the color 
�F�R�U�U�H�V�S�R�Q�G�L�Q�J�� �W�R���W�K�H�� �V�H�F�W�L�R�Q�¶�V�� �R�U�L�H�Q�W�D�W�L�R�Q�� �V�K�R�Z�Q�� �L�Q�� �)�L�J�X�U�H�� �����������,�Q�W�H�U�V�H�F�W�L�Q�J��
geologic horizons are shown by black dots.  Note the rollover anticline in the 
hanging wall, the footwall dipping away from the fault to the SW, formations 
thinning onto the top of the salt pillow (Paradox Formation) and thickening into 
the minibasin to the NE, and no thickness changes within the supra-salt strata 
across the fault.  No vertical exaggeration. ...............................................................75 

Figure 5.4 Section 5, intersecting the middle of the Moab Segment of the Moab Fault 
System south of the fault kink, oriented NE-SW.  The location of the section is 
shown in Figure 3.3.  The color of the title corresponds to the orientation of the 
section, shown in Figure 3.3.  Wells in inset map are shown in Figure 3.4 and 
Table 3.1.  Wells intersecting the cross section are show in red and those within 
1km are shown in orange.  Cross-cutting 2D sections are shown along the 
bottom, in the color correspondin�J�� �W�R���W�K�H�� �V�H�F�W�L�R�Q�¶�V�� �R�U�L�H�Q�W�D�W�L�R�Q�� �V�K�R�Z�Q�� �L�Q�� �)�L�J�X�U�H��
3.3. Intersecting geologic horizons are shown by black dots.  Note the rollover 
anticline in the hanging wall, the footwall dipping away from the fault to the 
SW, formations thinning onto the top of the salt pillow (Paradox Formation) and 
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thickening into the minibasin to the NE, and no thickness changes within the 
supra-salt strata across the fault.  Also note the height of the salt beneath the 
footwall and hanging wall.  The legend is shown in Figure 5.3.  No vertical 
exaggeration. .............................................................................................................77 

Figure 5.5 Section 8, intersecting the middle of the Moab Segment of the Moab Fault 
System north of the fault kink, oriented NE-SW.  The location of the section is 
shown in Figure 3.3.  The color of the title corresponds to the orientation of the 
section, shown in Figure 3.3.  Wells in inset map are shown in Figure 3.4 and 
Table 3.1.  Wells intersecting the cross section are show in red, those within 
1km are shown in orange, and those further than 1km are shown in black.  
Cross-cutting 2D sections are shown along the bottom, in the color 
cor�U�H�V�S�R�Q�G�L�Q�J�� �W�R���W�K�H�� �V�H�F�W�L�R�Q�¶�V�� �R�U�L�H�Q�W�D�W�L�R�Q�� �V�K�R�Z�Q�� �L�Q�� �)�L�J�X�U�H�� �����������,�Q�W�H�U�V�H�F�W�L�Q�J��
geologic horizons are shown by black dots.  Note the relatively flat hanging 
wall, the footwall dipping away from the fault to the SW, formations thinning 
onto the top of the salt pillow (Paradox Formation) and thickening into the 
minibasin to the NE, and no thickness changes within the supra-salt strata across 
the fault.  Also note the height of the salt beneath the footwall and hanging wall.  
The legend is shown in Figure 5.3.  No vertical exaggeration. .................................78 

Figure 5.6   Section 14, intersecting the northern portion of the Moab Segment of the Moab 
Fault, oriented NE-SW.  The location of the section is shown in Figure 3.3.  The 
color of the title corresponds to the orientation of the section, shown in Figure 
3.3.  Wells in inset map are shown in Figure 3.4 and Table 3.1.  Wells 
intersecting the cross section are show in red, those within 1km are shown in 
orange, and those further than 1km are shown in black.  Cross-cutting 2D 
sections are shown along the bottom, in the color corresponding to the �V�H�F�W�L�R�Q�¶�V��
orientation shown in Figure 3.3. Intersecting geologic horizons are shown by 
black dots.  Note the hanging wall dipping away from the fault towards the 
minibasin to the NE and the monocline adjacent to the fault.  Also note the 
relatively flat footwall, formations thinning onto the top of the salt pillow 
(Paradox Formation) and thickening into the minibasin to the NE,  no thickness 
changes within the supra-salt strata across the fault, and the depth of the salt 
beneath the footwall and hanging wall.  The legend is shown in Figure 5.3.  No 
vertical exaggeration. ................................................................................................79 

Figure 5.7  Section 29, intersecting the Courthouse Rock and Tusher Canyon Faults in the 
Mill Canyon Linkage Zone, oriented N-S.  The location of the section is shown 
in Figure 3.3.  The color of the title corresponds to the orientation of the section, 
shown in Figure 3.3.  Wells in inset map are shown in Figure 3.4 and Table 3.1.  
Wells intersecting the cross section are show in red, those within 1km are shown 
in orange, and those further than 1km are shown in black.  Cross-cutting 2D 
sections are �V�K�R�Z�Q�� �D�O�R�Q�J�� �W�K�H�� �E�R�W�W�R�P���� �L�Q�� �W�K�H���F�R�O�R�U�� �F�R�U�U�H�V�S�R�Q�G�L�Q�J�� �W�R���W�K�H�� �V�H�F�W�L�R�Q�¶�V��
orientation shown in Figure 3.3. Intersecting geologic horizons are shown by 
black dots.  Note the hanging wall dipping away from the faults to the N, the 
footwall dipping slightly towards the fault to the N, formations thinning onto the 
top of the shallow salt pillow (Paradox Formation) and thickening into the 
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CHAPTER 1 

INTRODUCTION 

The Paradox Basin is a geologically unique petroleum basin in SE Utah and SW 

Colorado (Figure 1.1). The basin evolved as a flexural foreland basin (Barbeau, 2003), 

developed in the footwall of the Uncompahgre thrust front during the Pennsylvanian-Permian 

Ancestral Rocky Mountain (ARM) orogeny (Figure 1.1). The tectonic history of the Paradox 

Basin is dominated by the movement and diapirism of a substantial salt accumulation and the 

�E�D�V�L�Q�¶�V�� �V�W�U�X�F�W�X�U�D�O�� �D�U�F�K�L�W�H�F�W�X�U�H�� �L�V�� �F�K�D�U�D�F�W�H�U�L�]�H�G�� �E�\���O�L�Q�H�D�U�� �V�Dlt walls that trend NW and are 

separated by deep, evacuation minibasins (Figure 1.1). The basin is geologically unique because 

the salt walls are close to, or in some places exposed at the surface and linear topographic valleys 

lie above the salt walls. The salt walls formed during the late Pennsylvanian and Permian as 

substantial clastic sediment was shed from the rising Uncompahgre mountain front, loading and 

driving migration of the salt basinward (southwest) and creating large salt structures through 

differential loading and downbuilding (Trudgill, 2011). This process greatly influenced the 

resulting stratigraphy, which is well-exposed, allowing for detailed study and understanding of 

the behavior of the Paradox salt and associated fault structures. 

There has been substantial research in the Paradox Basin to understand the processes 

controlling the formation of the linear salt walls and overlying valleys (e.g., Gutierrez, 2004; 

Banbury, 2005; Ge et al., 2008; Kluth and DuChene, 2009; Trudgill and Paz, 2009; Trudgill, 

2011). The valleys are characterized by extensive surficial grabens, formed by normal faulting 

along the crests of the anticlines that lie above the salt walls (Figure 1.2). The Moab Fault is part 

of this overall array of commonly NW-SE striking normal faults; however, it is much larger in 

scale than the rest of the faults in the region and has a different relationship to the underlying salt 

wall. It crops out at the NW end of the Moab-Spanish Valley and trends parallel to the valley,  
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extending beyond the salt wall for a substantial distance (30km to the NW; Figure 1.2). Many 

specific structural studies have been completed on the fault including detailed field descriptions 

of the fault zone and associated veining, calcite cementation, and iron oxide reduction, analysis 

of its ability to act as a seal or baffle to hydrocarbon flow, and its earthquake potential (eg., 

Foxford et al., 1996; Olig et al., 1996; Foxford et al., 1998; Garden et al., 2001). However, no 

Figure 1.1  Map of the Paradox Basin.  The Uncompahgre Uplift lies on the northeast margin of 
the basin and the thick Cutler siliciclastics are shown in the proximal foredeep of the basin. 
Section B-�%�¶���L�V�� �V�K�R�Z�Q�� �L�Q��Figure 2.6. (Modified from Trudgill and Paz, 2009; modified after 
Barbeau, 2003) 

Figure 2.6 

Oil Field 
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integrated study has been performed to understand the evolution of the Moab Fault system and 

how it relates to the growth and development of the Moab-Spanish Valley salt wall. This study 

aims to achieve this goal, in addition to gaining a better understanding of the fault-slip 

kinematics and timing of movement along the Moab Fault. The study will also add data to the 

ongoing research/debate regarding fault monocline and relay ramp evolution, improving the 

understanding of the development of these structures (Childs et al., 2016). 

 

Figure 1.2  A structural map of the northern Paradox Basin, showing the NW-SE trend of the salt 
wall structures and major faults, including the Moab Fault system and Tenmile Graben.  
Elongated salt walls are shown in light blue.  (Modified from Trudgill and Paz, 2009; modified 
after Doelling, 2001). 
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A digital database was compiled in Global Mapper and �0�L�G�O�D�Q�G���9�D�O�O�H�\�¶�V���0�R�Y�H, 

consisting of published �P�D�S�V�����D�L�U�� �S�K�R�W�R�V���� �D�Q�G���'�L�J�L�W�D�O�� �(�O�H�Y�D�W�L�R�Q�� �0�R�G�H�O�V�� ���'�(�0�¶�V�� in order to 

complete preliminary mapping and focus data collection in the field. Detailed field 

measurements were then collected in order to characterize the detailed structures along the strike 

of the Moab Fault System. A kinematic analysis of slickenline and fault orientations was created 

to define the bulk shortening and extension directions along the fault system. These detailed 

structural field data were added to the digital database in �0�L�G�O�D�Q�G�� �9�D�O�O�H�\�¶�V���0�R�Y�H and integrated 

with available subsurface data including seismic, well data, and published cross sections and 

structure contours in order to construct a series of closely spaced structural cross sections. The 

2D cross sections were then used to develop a 3D model of the regional structure in 

�6�O�X�P�E�H�U�J�H�U�¶�V���3�H�W�U�H�O, including key formations and fault surfaces. Finally, the surfaces were used 

to generate fault throw-length plots using �0�L�G�O�D�Q�G���9�D�O�O�H�\�¶�V���0�R�Y�H in order to analyze the 

initiation and development of the Moab Fault System. 

These products represent a valuable addition to the Paradox Basin database that has been 

compiled by Bruce Trudgill and associates. The constructed 2D cross sections and 3D model 

provide an enhanced understanding of the 3D structural geometry at depth and insight into how 

the evolution of the Moab Fault System relates to the overall evolution of the Paradox Basin, 

including the development and growth of the salt structures. In addition, the characterization of 

detailed structures along the hanging wall of the Moab Fault System provides additional 

knowledge of the complex geometries of petroleum traps created by supra-salt fault structures. 

This enhanced understanding of the relationship between salt structures and supra-salt faulting 

also has implications for resource exploration in analogous basins throughout the world that are 

similarly dominated by salt tectonics, such as the Gulf of Mexico, North Sea, Brazil, and Angola.  
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CHAPTER 2 

GEOLOGICAL BACKGROUND AND PREVIOUS WORK 

2.1 Study Area 

The study area lies in the northern part of the Paradox Basin in SE Utah and is limited to 

the extent of the Moab Fault system (Figure 1.2). The main segment of the Moab fault is a NW-

SE trending large-scale normal fault that crops out at the NW end of the Moab-Spanish Valley 

salt wall and continues approximately 30 km to the NW beyond the salt wall, possibly 

connecting to Tenmile Graben (Figure 1.2; Foxford et al., 1996).  

2.2 The Paradox Basin 

The Moab Fault is a large structure located in the structurally complex Paradox Basin in 

eastern Utah and western Colorado (Figure 1.2). Located in the center of the Colorado Plateau, 

The Paradox Basin formed during the Ancestral Rocky Mountain (ARM) orogeny (Trudgill, 

2011). It is an assymetric flexural foreland basin (Figure 2.1) that formed along the southwestern 

flank of the Uncompahgre Uplift, a large basement cored uplift  in Utah and Colorado that trends 

NW-SE (Figure 1.1). The basin is large, approximately 265km x 190 km

Figure 2.1  Left: Schematic of facies distribution across the Paradox Basin.  Right: Schematic of 
facies distribution of a restricted marine flexural foreland basin. (Taken from Barbeau, 2003). 

NE SW 
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 (Barbeau, 2003), and its limits are defined by the extent of the Paradox Salt, deposited in the 

basin during the late Pennsylvanian (Desmoinesian) (Figure 1.1; Trudgill and Paz, 2009).  

The formations exposed within the study area and offset by the Moab Fault at the surface 

range from late Pennsylvanian through early Cretaceous in age (Figure 2.2). They include the 

Pennsylvanian and Permian Hermosa and Cutler Groups, the Triassic Moenkopi and Chinle 

formations, the Jurassic Glen Canyon and San Rafael Groups and Cedar Mountain and Morrison 

formations, and the Cretaceous Dakota Formations (Figure 2.2). In the eastern portion on the 

Paradox Basin, adjacent to the Uncompahgre Uplift, the Hermosa and Cutler groups (Figure 2.3) 

�F�R�Q�V�L�V�W�� �R�I�� �W�K�H���³�X�Q�G�L�Y�L�G�H�G�´�� �&�X�W�O�H�U�� �I�D�Q�V���� �Z�K�L�F�K�� �D�U�H���F�R�H�Y�D�O�� �Z�L�W�K the Honaker Trail Formation and 

Cutler Group in the more distal portions of the basin. During the uplift of the Uncompahgre 

plateau, substantial clastic sediment was shed from the rising basement rock and deposited as 

large prograding alluvial fan, debris flow, and aeolian-reworked fluvial megafan deposits in the 

�S�U�R�[�L�P�D�O�� �I�R�U�H�G�H�H�S�� �R�I���W�K�H�� �E�D�V�L�Q�� ���O�R�Z�H�U�� �³�8�Q�G�L�Y�L�G�H�G� �́� �&�X�W�O�H�U�� �)�R�U�P�D�W�L�R�Q��. Across the distal flexural 

forebulge, approximately 200 km SW of the Uncompahgre front (Barbeau, 2003), biohermal 

carbonate mounds created a topographic high that restricted water flow into the basin from the 

open ocean to the south and west. Thick evaporates (Paradox Formation) were deposited in the 

restricted basin (Trudgill and Paz, 2009). The shelf carbonates represent a significant petroleum 

reservoir system, sourced by high TOC black shales that are interbedded with the evaporites in 

the center of the basin and sealed by marine shales and limestones that were deposited in the 

backbulge (Figure 2.1).  

The Paradox evaporites were originally deposited to a thickness of approximately 2200m 

(Trudgill and Paz, 2009, after Peterson and Hite, 1969) and are highly heterogeneous, consisting 

of a multiple cycles of dolostone, hydrocarbon-rich organic black shale, anhydrite, halite, and 



7 
 

Figure 2.2  Stratigraphic column of units in the northern Paradox Basin. Late Pennsylvanian 
through mid-Jurassic strata are exposed along the footwall of the Moab Fault System while mid-
Jurassic through early Cretaceous strata are exposed in the hanging wall (Modified from 
Trudgill, 2011; after Doelling & Ross, 1998 and Doelling, 2001). 
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other salts that were deposited during sequences of flooding and dessication related to glacio-

eustatic sea level fluctuations during the middle Pennsylvanian (Hite and Buckner, 1981; 

Trudgill and Paz, 2009; Trudgill, 2011). The Honaker Trail Formation was deposited above the 

Paradox evaporites during the late Pennsylvanian in a broad shelf environment, basinward and 

SW of the fan system that was still receiving sediment from the Uncompahgre front. The 

Honaker Trail Formation consists of alternating crinoid, brachiopod, fusulinid, and bryozoan-

rich packstones, lenticular and cross-stratified carbonate shoals (coated grain packstones), and 

coastal channels (silstones and sandstones) (Peterson and Hite, 1969). The Cutler Formation 

includes the coarse undivided clastic wedge that was shed from the Uncompahgre throughout the 

Pennsylvanian, consisting dominantly of arkosic conclomerates with minor amounts of arkosic 

sandstones, siltstones, mudstones, and carbonates (Trudgill, 2011). The Cutler Group grades 

westward into thinner, more uniformly distributed deposits above the Honaker Trail during the 

early Permian. The Cutler Group includes the Cedar Mesa, Organ Rock, and White Rim 

Figure 2.3  Stratigraphic column of Pennsylvanian through Permian fill of the Paradox Basin.  
(Taken from Trudgill and Paz, 2009, modified after Barbeau, 2003). 
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sandstones which are more marine-influenced than the lower Cuter, (Figure 2.3). The Moenkopi 

Formation is a heterogeneous sandstone deposited in a mixed marine and terrestrial environment 

during the early Triassic (Figure 2.2). It consists of near-shore and tidal flat deposits in addition 

to river and floodplain sandstones. The Chinle was deposited during the middle and late Triassic 

in lacustrine, perennial and ephemeral river systems, and aeolian environments (Figure 2.2). 

During the Jurassic, the area was dominated by occasional marine and lacustrine advancement 

into the margins of an aeolian erg system (Foxford et al., 1999). The Glen Canyon Group 

contains the aeolian sandstones of the Wingate, Kayenta, and Navajo Formations (Figure 2.2). 

The San Rafael Group lies above these, containing the Carmel (locally, the Dewey Bridge) and 

Entrada sandstones. The Dewey Bridge was deposited on a coastal sabkha and consists of 

interbedded silty sandstone, silstone, and lenticular sand bodies  (Foxford et al., 1996). The 

Entrada is more mature, consisting of mostly quartz arenites and can be separated in to the Slick 

Rock and Moab Tongue Members (Figure 2.2). The Slick Rock Member is composed of 

discontinuous aeolian dunes interbedded with sabkha and interdune sandstones to mudstones. 

The Moab Tongue is dominated by large-scale aeolian dunes, representing a return of the erg 

system and more arid conditions (Foxford et al., 1996). The Slick Rock and Moab Tongue 

Member of the Entrada Formation were deposited on the margin of the interior seaway that 

began to transgress from the north. The Morrison and Cedar Mountain formations were 

deposited as fluvial and lacustrine deposits in the late Jurassic as the seaway continued to 

progess southward and the Sevier fold and thrust belt developed to the west (Figure 2.2). The 

Cretaceous fluvial and marine Dakota Formation was then deposited, followed by the Mancos 

Shale as the Cretaceous Interior Seaway transgressed further and deepened in the foreland basin 

of the Sevier orogeny (Figure 2.2).  
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2.2.1 Development of Salt Walls and Minibasins 

In order to analyze how the Moab Fault system fits into the history of the Paradox Basin, 

it is essential to have an understanding of the dominant regional structures and the processes 

controlling their development. The NE portion of the Paradox Basin is dominated by a series of 

salt walls that developed through a complex interplay between basement uplift, sedimentary 

loading, creation of accommodation, differential sedimentation, and salt movement (Trudgill and 

Paz, 2009). Various salt structures are present including deeply buried, low relief pillows, salt 

diapirs, and elongate salt walls (Trudgill, 2011). The large salt walls are parallel to the 

Uncompahgre front, trending NW-SE (Figure 2.4). The supra-salt strata are highly faulted and 

Figure 2.4  Map of the northern Paradox Basin showing distribution of the salt valleys and 
associated crestal salt anticlines.  (Taken from Gutierrez, 2004). 
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folded into asymmetric anticlines above the salt walls and thicken significantly in the wide 

synclines in the adjacent minibasins. Linear valleys lie above each salt wall due to salt 

dissolution, normal faulting, and collapse of the overlying strata. The Fisher and Sinbad Valleys 

are the most proximal salt structures to the Uncompahgre front and lie along strike from one 

another; Fisher Valley lies in Utah to the NW and Sinbad Valley lies to the SE in Colorado 

(Figure 2.4). To the SW, the Salt-Cache Valley, Castle Valley, and the Paradox Valley, also lie 

along strike from one another (Figure 2.4). The next set of valleys to the southwest is the Moab-

Spanish Valley and Gypsum Valley (Figure 2.4). The most distal valley is the Libson Valley 

(Figure 2.4; Gutierrez, 2004; Trudgill, 2011). The NW (Utah) and SE (Colorado) valleys are now 

separated by the La Sal Mountains, comprised of 29-25Ma intrusive complexes but are 

interpreted as being originally at least partly connected (Figure 2.4).  

 The oldest and generally more proximal salt walls began to develop during the late 

Pennsylvanian as the clastic sediment of the Cutler Formation was deposited in the foredeep of 

the basin, driving the underlying Paradox evaporites basinward, towards the SW. As the Cutler 

Formation prograded away from the thrust front, the evaporites were expelled in the same 

direction. At depth and over geologic time, salt acts as an incompressible fluid, moving away 

from differential stresses applied due to sediment loading. Pre-existing NW-SE trending subsalt 

faults at the top of the Mississippian strata (base salt) acted as buttresses to the salt migration, 

helping to initiate diapirism along a linear NW-SE trend (Trudgill, 2011). The salt moved from 

beneath the region of active deposition into a growing salt wall, increasing accommodation and 

allowing more sediment to be deposited in the developing minibasin (i.e. passive diapirism). 

Once all of the salt evacuated from the area, forming a salt weld, the salt wall could no longer 

grow, creation of accommodation ceased, and the deposition center moved basinward. The active 
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salt wall was at, or near to, the surface throughout diapir growth. This process, known as 

�³�G�R�Z�Q�E�X�L�O�G�L�Q�J� �́��� �F�U�H�D�W�H�V�� �D���³�K�H�H�O-�W�R�H� �́� �J�H�R�P�H�W�U�\�� �R�I���V�H�G�L�P�H�Q�W�� �L�Q�� �W�K�H�� �P�L�Q�L�E�D�V�L�Q�V�� ��Figure 2.5; Kluth 

& DuChene, 2009). The new depo-center then forced a younger salt wall to develop basinward. 

This process continued through the early Jurassic and created older minibasins and salt walls 

adjacent to the Uncompahgre front and progressively younger salt walls and associated 

minibasins towards the SW (Trudgill, 2011). Figure 2.6 shows a series of structural restorations 

of a cross section passing through the Onion Creek Valley, Salt Valley, and Moab-Spanish 

Valley salt walls and Figure 2.5 shows a schematic representation of this downbuilding process 

(Paz and Trudgill, 2006; Trudgill and Paz, 2009).  

The subsurface geometry of the salt wall structures is shown by a redrafted gravity 

gradient map of the area (Banbury, 2005; Figure 2.7). The flat-topped salt walls and flat-floored 

minibasins have low gravity gradients. The salt walls are characterized by high gradients due to 

rapid changes in gravity across the steep salt flanks. The salt walls are also clearly defined by an 

isopach map of the Paradox Formation (Figure 2.7; Trudgill, 2011). The maps show that the top 

of the Castle Valley and Moab-Spanish Valley salt walls plunge steeply at their NW ends, where 

they cross the Colorado River, which is also confirmed by well data (Trudgill, 2011). The sudden 

terminations of the salt walls are interpreted to be related to a subsalt NE-SW structural trend 

that helped control the initial deposition of the evaporite facies and influenced the edges of salt 

wall development (Trudgill, 2011). The Moab Fault extends NW of the edge of the steeply 

plunging Moab-Spanish Valley salt wall. 

After mobilization of the salt ceased, the salt structures were overlain by horizontal strata 

during the middle Jurassic. These strata now form anticlines above the salt walls and synclines in 

the adjacent minibasins, which has been explained through multiple mechanisms. Rasmussen 
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Figure 2.5  �&�D�U�W�R�R�Q���G�H�S�L�F�W�L�Q�J�� �W�K�H�� �S�U�R�F�H�V�V���R�I���G�R�Z�Q�E�X�L�O�G�L�Q�J�� �D�Q�G���W�K�H���I�R�U�P�D�W�L�R�Q�� �R�I���³�K�H�H�O-�W�R�H� �́�
sedimentary geometries in minibasins.  (Taken from Kluth & DuChene, 2009). 
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Figure 2.6  Structural restoration of cross section B-�%�¶�����O�R�F�D�W�L�R�Q�� �R�I���V�H�F�W�L�R�Q�� �L�V���V�K�R�Z�Q�� �L�Q��Figure 1.1 
and Figure 2.7).  It shows the process of downbuilding and sedimentation deposition centers 
migrating from the NE to SW. (Taken from Trudgill and Paz, 2009). 
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Figure 2.7  Northern Paradox Basin maps of (a) Gravity gradient (after Banbury, 2005 and 
gravity data from Case and Joesting, 1972) (b) Paradox Formation isopach map with 500m 
contours (after Foxford et al., 1996; Doelling, 2001).  The purple highlights zero salt thickness 
(salt welds).  Maximum salt wall accumulations are labeled. (Taken from Trudgill, 2011). 
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 (2014) claimed that compression during the Laramide Orogeny focused stress on the weak 

supra-salt strata causing them to fold into anticlines. Differential compaction of the compressible 

sediment in the minibasins and incompressible salt below the anticlines also may have helped 

initiate folding (Trudgill and Paz, 2009).  

2.2.2 Unconformities and Thickness Variations 

The movement of the Paradox salt had a strong influence on the deposition of sediment 

within the Paradox Basin and there is a direct correlation between the thickness variations of 

different formations and the rate of salt movement. The thickness variations are also important to 

understand when analyzing the Moab Fault system and determining if it is a synsedimentary 

growth fault or if it post-dates deposition. Regional stratigraphic thickness changes are most 

prominent from the Pennsylvanian Honaker Trail Formation through the Upper Triassic Chinle 

Formation, although some mild, local thickness changes are also present through the Jurassic 

Navajo Formation (Trudgill, 2011; Figure 2.6). The Honaker Trial Formation shows significant 

thickness and facies changes, especially adjacent to the salt walls, indicating that the salt was at, 

or close to, the surface at the time of deposition (Trudgill, 2011). The Cutler formation shows the 

most extreme thickness and facies changes, ranging from 0 to 2450 meters, indicating that it was 

deposited during the highest rate of minibasin subsidence and salt movement (Trudgill, 2011). 

The end of Cutler deposition marked the end of basin subsidence and uplift of the Uncompahgre, 

forming an unconformity at this time due to erosion (Banbury, 2005). This unconformity is 

marked by the presence of detrital gypsum at the base of the Moenkopi in exposures on the SW 

side of Castle Valley, indicating that the Castle Valley salt wall was present at the surface, 

eroding and redistributing gypsum within Moenkopi deposits (Banbury, 2005). The Moenkopi is 

absent above Salt Valley, Moab-Spanish Valley, and the Uncompahgre uplift. However, it is 
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extensive across the rest of the basin, reaching a maximum 750 m of thickness in adjacent 

minibasins, and blanketing Onion Creek and Castle Valleys, in addition to the SW end of the 

Cache Valley (Banbury, 2005; Trudgill, 2011). From well data, the Triassic strata thin in the 

hanging wall of the Moab Fault and thicken away from the fault, towards the NE (Trudgill, 

2011). The Chinle shows less pronounced thickness changes across the basin and only the top 

30-60m is deposited above the Uncompahgre uplift. Several unconformities are also present 

within the Chinle, caused by continued salt movement (Trudgill and Paz, 2009). Outstanding 

exposures are present along the Colorado River in the Big Bend minibasin, on the SW side of the 

Castle Valley salt wall (Trudgill, 2011). The last syn-diapiric strata are the early-Jurassic 

Wingate, Kayenta, and Navajo Formations of the Glen Canyon Group which show only slight 

thickness variations. The first post-diapiric strata, the mid-Jurassic Carmel/Dewy Bridge, and 

Entrada Formations, are isopachous across the basin. These thickness variations indicate that the 

main salt movement occurred during Honaker Trail and Cutler times and slowed after the 

deposition of the Cutler (Trudgill, 2011). Movement continued at least through the deposition of 

the Navajo Formation during the mid-Jurassic (Trudgill, 2011). In addition, the areas where each 

formation is the thickest indicate where the center of deposition and greatest accommodation was 

located at the time (Banbury, 2005). The Honaker Trail and Cutler Formations are thickest 

adjacent to the Uncompahgre Uplift. The Moenkopi and Chinle formations are thin adjacent to 

the Uncompahgre front and are thickest on the SW side of the Salt-Cache and Castle Valleys. 

This can be seen in isopach maps of each formation and provides evidence for the direction of 

salt movement (Banbury, 2005). It also shows that oldest minibasins and salt walls are adjacent 

to the Uncompahgre and are progressively younger towards the SW (Trudgill, 2011). 
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2.2.3 Faulting 

A large system of normal faulting is present in the northern Paradox Basin (Figure 2.1). 

The faults are almost exclusively restricted to the crests of the anticlines that overly the salt wall 

accumulations, where salt is present at a shallow depth beneath the surface. Most of the faults are 

roughly parallel to the NE trending underlying salt structures, forming graben systems in the thin 

supra-salt strata. The Moab Fault is part of this array of normal faults; however, it is unique in 

the basin. It is a NE-dipping, isolated, large-scale fault which extends NW of the Moab-Spanish 

Valley salt wall, where salt is not close to the surface. 

Two mechanisms have been proposed to explain these supra-salt fault structures, 

including both the graben systems and the Moab Fault system: (1) Regional extension (2) Salt 

dissolution and collapse. The regional extension model claims that NNE-SSW directed extension 

concentrated stress in the thin, weak strata overlying the salt walls which was oblique to the salt 

accumulations, creating en-echelon faults (Ge et al., 1996, 1998, 2008). Alternatively, 

Dissolution collapse of brittle supra-salt strata would produce nearly vertical normal faults 

parallel to the salt wall axes, dipping slightly towards the center of the salt wall (Figure 2.8). The 

collapse of faulted blocks would form a crestal graben in the salt wall anticlines, with blocks 

closer to the center of the salt wall sinking progressively deeper (Gutierrez, 2004). Gutierrez also 

claims that collapse of the anticlinal crests can be dominated by one main normal fault, creating 

an asymmetric half graben and secondary rollover anticline in the hanging wall (Figure 2.8). 

Proponents of the dissolution collapse theory argue that the faults are too steep to have 

developed due to extension alone. In addition, thick caprock exposures in several salt valleys 

indicate substantial dissolution of the underlying salt (Gutierrez, 2004). Dissolution may have 

been accentuated by uplift of the Colorado Plateau, which would have allowed for increased 
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erosion and entrenchment of the drainage network (Doelling, 1983). Groundwater circulation 

would also have increased, initiating karsting of the underlying Paradox evaporites (Gutierrez, 

2004). Opposing the dissolution and collapse theory, Ge, Jackson, and Vendeville (1996, 1998) 

built scaled physical models that produced an inner contractional zone with steep, convex-

upward reverse faults and buckle folds and an outer extensional zone of normal faulting on the 

edge of a subsiding diapir (Figure 2.9). Because this geometry is not present in the Paradox 

Basin, they argue that the crestal faults could not have formed by dissolution collapse (Ge at al., 

1996; Ge and Jackson, 1998; Ge et al., 2008). However, Gutierrez (2004) contended that the 

physical models did not accurately simulate dissolution because the salt analogue was extracted 

from the base as opposed to dissolution at the top. The timing of supra-salt faulting is not well 

Figure 2.8  Schematic diagrams depicting geometries of faulting and collapse along the crest of 
salt anticlines due to ductile downwarping followed by brittle collapse (C), brittle collapse alone 
(D), and collapse dominated by one main fault (E).  (Taken from Gutierrez, 2004). 
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constrained, however, dates presented in literature include the Paleogene, Neogene, and 

Quaternary. Gutierrez claimed that faulting across the Paradox Basin occurred during the 

Paleogene and Neogene with continued movement during the Quaternary (Gutierrez, 2004) 

while Ge et al. proposed earlier movement during the Eocene and Oligocene with no Quaternary 

deformation (Ge et al., 2008).  

 

Figure 2.9  Schematic cross sections created by scaled physical models of salt-withdrawal and 
salt-dissolution structures.  Dashed outlines indicate initial geometry of salt analogue prior to 
evacuation.  Sections a, b, and c were deformed with pre-�G�H�I�R�U�P�D�W�L�R�Q�� �V�W�U�D�W�D���R�Q�O�\�� �Z�K�L�O�H�� �D�¶�����E�¶����
�D�Q�G���F�¶���Z�H�U�H���G�H�I�R�U�P�H�G�� �Z�L�W�K�� �V�\�Q-deformational strata. (Taken from Ge et al., 1996). 
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2.3 The Moab Fault 

In addition to having a different relationship to the underlying salt, the Moab fault is also 

unique because it is much larger than the other faults in the area. It consists of several segments 

that trend NE beyond the end of the salt wall where it branches into several splays that trend 

east-west before bending parallel to the main fault (Figure 2.10).  

The Moab Valley salt wall has a symmetric structure and is approximately 3 km wide and 

over 2500m tall. It is welded on its SW side and the strata on its flanks are drape-folded due to 

passive diapirism during downbuilding, with steeply upturned Honaker Trail beds immediately 

adjacent to the salt (sections C-�&�¶���D�Q�G�� �'-�'�¶���L�Q��Figure 2.11; Trudgill, 2011; Banbury, 2005). To 

the north of the Moab Valley, the Moab Fault cuts through the supra-salt strata above the salt 

wall, becoming the dominant surface structure and the geometry of the salt at depth is 

asymmetric (Sections E-�(�¶���D�Q�G�� �)-�)�¶���L�Q��Figure 2.11; Trudgill, 2011). Based on well data, the salt 

is present at shallow depths beneath the footwall, adjacent to the fault, but is much deeper 

beneath the hanging wall (sections E-�(�¶�� �D�Q�G���)-�)�¶���L�Q��Figure 2.11). The crest of the Moab 

Anticline, which lies in the hanging wall, is highly faulted and collapsed (Trudgill, 2011). The 

Moab Fault system is composed of two distinct sections: (1) Moab Segment (2) Blue Hills 

Segment in addition to several splays, the most prominent of which is the Emkay Segment 

(Figure 2.10 and Figure 2.12; Banbury, 2005). The main segments are hard-linked by the Mill 

Canyon Linkage Zone (Figure 2.10). The Moab Segment and the Blue Hills Segments both trend 

NW-SE and dip towards the NE. Due to poor fault exposure along the Blue Hills Segment, this 

study is focused on the Moab Segment and the Mill Canyon Linkage Zone (Figure 2.10). 

The Emkay Segment (Figure 2.12) is a splay on the southernmost end of the fault system 

and is mostly buried, running along the SW margin of the Moab-Spanish Valley. It juxtaposes 
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Figure 2.10  Maps showing the Moab-Spanish Valley salt wall and the Moab Fault.  (A) The three sections of the Moab Fault are 
shown in addition to the salt structures, Moab Anticline, and Courthouse Syncline.  (B) Structure contour map of the Top Navajo, 
showing the interpreted relationship between uplift and subsidence with the fault system.  (Modified from Banbury, 2005) 
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Figure 2.11  Cross sections illustrating the geometry of the Moab-Spanish Valley salt wall and 
the Moab Fault and their changes along strike.  The map shows an isopach map of the Paradox 
Formation with salt accumulations shown in turquoise and salt welds in gray. (Taken from 
Trudgill, 2011). 
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Moenkopi and Chinle in the hanging wall against Honaker Trail in the footwall (Figure 2.12). 

The throw maximum throw along this segment occurs at its southern end (Banbury, 2005). 

Most of the Moab Segment consists of one main fault plane, trending NW-SE and 

dipping to the NE (Figure 2.10; Figure 2.12). It intersects the Emkay Segment at the northwest 

end of the Moab-Spanish Valley, near the entrance to Arches National Park (Figure 2.12). The 

maximum throw occurs just NW of this location, juxtaposing the Pennsylvanian Honaker Trail 

Formation in the footwall against the Jurassic Salt Wash Member of the Morrison Formation in 

Figure 2.12  Simplified geologic map of the N end of the Moab-Spanish Valley.  The S end of 
the Moab Fault system is shown in addition to smaller associated faults. (Modified from 
Banbury, 2005). 
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the hanging wall (Figure 2.12; Banbury, 2005). In the middle of the section, erosion has created 

inverted topography where the resistant Salt Wash member of the Morrison Formation in the 

hanging wall is downthrown against the shale-rich Cutler Formation in the footwall (Olig et al., 

1996). The fault continues 19km NW of the Colorado River where the throw decreases, 

juxtaposing the upper Jurassic Brushy Basin member of the Morrison Formation in the footwall 

against the upper Jurassic Cretaceous Cedar Mountain and Dakota Formations in the hanging 

wall (Figure 2.13; Banbury, 2005).  

The Mill Canyon Linkage Zone consists of two segments: (1) Courthouse Rock Segment 

and (2) Tusher Canyon Segment (Figure 2.13). Both of these segments trend E-W at their eastern 

branch point and along strike, they curve towards the NW, becoming parallel with the 

Figure 2.13  Simplified geologic map of the northern extent of the Moab Segment, the Mill 
Canyon Linkage zone, and the Blue Hills Segment.  The Mill Canyon Linkage Zone consists of 
two faults: the Courthouse Rock Fault and the Tusher Canyon Fault. (Modified from Banbury, 
2005). 
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Moab and Blue Hills segments (Figure 2.13). The Mill Canyon Linkage Zone offsets the Entrada 

and Dewey Bridge Formations in the footwall against Morrison and Cedar Mountain Formations 

in the hanging wall (Figure 2.13). Banbury (2005) suggested that this linkage zone may be a 

breached relay ramp between the Moab and Blue Hills segments and a transition zone between 

the two different faulting styles. Banbury reasoned that the Blue Hills Segment and Moab 

Segments have similar strikes and were most likely the initial faults in the area (Figure 2.10). 

The E-W strike and curved geometry of the Mill Canyon Linkage Zone faults suggest that they 

may have formed as the Moab and Blue Hills Segments grew towards each other and their strain 

at their tips began to interact. Banbury also suggested that the geometry of the Courthouse Rock 

and Tusher Canyon segments indicates that the original faults in the area most likely trended E-

W and were forced to bend parallel to the Blue Hills and Moab segments as the main segments 

propagated towards one another (Banbury, 2005). He cited the presence of paleotips at the end of 

the fault segments as evidence for this claim (Banbury, 2005; Figure 2.13).  

The Blue Hills Segment is more complex than the Moab Segment and is comprised of 

numerous splays, mostly in the footwall, that trend WNW-ESE (Figure 2.10). It, extends 13km 

NW from the end of the Mill Canyon Linkage Zone. The splays are parallel to Tenmile Graben 

which lies to the NW (see Figure 2.1). The faults in the Blue Hills Segment juxtapose the same 

formations as the Mill Canyon Linkage Zone (Figure 2.13).  

Banbury (2005) examined the structure of the Navajo Formation and the gravity 

variation, hanging wall and footwall cutoff elevations, and displacement- length profiles along 

the Moab-Spanish Valley salt wall and the whole Moab Fault system. Banbury claimed these 

data indicate displacement along the fault may have been primarily due to footwall uplift as 

opposed to the typical hanging wall subsidence (Banbury, 2005). A top-Navajo structure contour 
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map shows little relief along the Blue Hills Segment and a large topographic high along the 

footwall of the Moab Segment (Figure 2.12). The displacement- length profiles compliment this, 

showing limited variation along the Blue Hills Segment and a much steeper gradient along the 

Moab Segment (Figure 2.14A). The hanging wall cutoff plot shows that the elevation of the 

hanging wall remains constant along the entire Moab Fault system while the elevation of the 

footwall cutoff shows dramatic increase along its length, especially along the Moab Segment 

(Figure 2.14B). The increase in the gravity gradient plot along the Moab Segment corresponds to 

the increase in displacement and indicates that salt is below the elevated uplifted footwall 

(Banbury, 2005) Figure 2.14C).  

Figure 2.15 shows two cross sections across the Moab Fault system created by Banbury 

(2005). Section A-�$�¶���O�L�H�V�� �F�O�R�V�H�� �W�R���W�K�H�� �P�D�[�L�P�X�P�� �W�K�U�R�Z�� �R�I���W�K�H�� �0�R�D�E���6�H�J�P�H�Q�W. It shows the Moab 

Anticline in the hanging wall, the uplift of the footwall causing the strata to dip away from the 

fault, and the salt upwelling under the uplifted footwall. Section B-�%�¶���O�L�H�V�� �I�D�U�W�K�H�U�� �Q�R�U�W�K�� �D�Q�G�� 

crosses the Blue Hills Segment. It shows the splaying of the fault, the absence of the Moab-

Spanish Valley salt wall, its location on the SW limb of the Courthouse Syncline, and the much 

deeper depth of the salt beneath the fault. 

2.3.1 Timing 

The timing of movement along the Moab Fault remains unclear as the dates interpreted in 

different studies throughout literature are not consistent, ranging from the Permian though 

Quaternary. Early dates presented in literature include fault movement during the Permian 

thorough early Jurassic with reactivation during the late-Cretaceous (Garden et al., 2001) and 

movement beginning during the Triassic through early Jurassic with reactivation during the mid-

Cretaceous through early-Tertiary (Foxford et al., 1998). However, these studies do not provide  
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Figure 2.14  Profiles along the Moab Fault system showing  (A) elevations of hanging wall and 
footwall cutoffs, (B) cummulative throw, and (C) inverste gravity, showing low values, 
representing elevated salt, as highs. (Taken from Banbury, 2005). 
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Figure 2.15  Cross sections showing the changes in the Moab-Spanish valley salt wall structure 
and Moab Fault system along strike.  A-�$�¶���L�V���O�R�F�D�W�H�G�� �Q�H�D�U���W�K�H�� �P�D�[�L�P�X�P�� �G�L�V�S�O�D�F�H�P�H�Q�W�� �R�I���W�K�H��
Moab Segment, NW of the Colorado River.  B-�%�¶���L�V�� �O�R�F�D�W�H�G�� �W�K�U�R�X�J�K�� �W�K�H���%�O�X�H�� �+�L�O�O�V�� �6�Hgment.2X 
Vertical Exaggeration. (Banbury, 2005). 
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clear evidence for these dates. Younger dates of fault movement include initiation during the 

Paleocene �± Eocene and active movement during the Pleistocene �± Holocene (Guerrero et al., 

2014) based on detailed analysis of fault segments within artificial trenches along the southern 

portion of the Moab Fault System. Another study presented dates of possible movement 

throughout the Cenozoic with the main fault movement during the Neogene and Quaternary 

(Gutierrez et al., 2004) based on analysis of structures observed in the field. Additional evidence 

for the age of faulting comes from K-Ar dating of fine-grained illite within the shale gouge in the 

Morrison Formation. This was recorded along the Mill Canyon Linkage Zone and provided an 

age date during the Paleocene through Eocene (between 60 and 43Ma; Trudgill, 2011 after 

Pevear et al., 1997). Trudgill (2011) also interprets possible reactivation during the Neogene. 

Olig et al. (1996) interpreted fault movement during the Paleogene and Neogene, with the latest 

movement during the late Neogene (7.5-1.2 Ma) using bedrock scarp-retreat rates of 0.6-1.6ft per 

1000 years to estimate the time for the footwall to erode back to its current position from the 

main fault trace. Ge et al. (2008) interpreted fault movement due to regional extension during the 

late Eocene through Oligocene based on scaled physical modeling. 

2.3.2 Additional Studies 

Many studies have been performed on the Moab Fault; however, almost all of them focus 

on a specific aspect of the fault. Various studies provide detailed descriptions of the fault zone 

structure including brecciation, cataclastics, fault gouge, and slip bands, and how these features 

vary along strike (e.g. Foxford et al., 1998). Davatzes et al., 2005 described the deformation 

bands and jointing in detail along the Mill Canyon Linkage Zone. Their study concluded that the 

distribution of deformation bands and joints are controlled by the splay and relay geometries. 

Deformation bands are located along the entire length of the fault but are concentrated in 
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contractional relays while joints and sheared joints are restricted to extensional relays. This 

indicates that their distribution is controlled by local stress variations and mechanical interaction 

between fault segments (Davatzes et al., 2005). Foxford et al. (1996) describes the characteristics 

and distribution of alteration along the Moab Fault System such as veining, calcite cementation, 

and iron oxide reduction, along the fault. Garden et al. (2001) provides �D�Q�� �D�Q�D�O�\�V�L�V�� �R�I���W�K�H�� �I�D�X�O�W�¶�V��

ability to act as a seal or baffle to fluid (especially hydrocarbon) flow. The earthquake potential 

of the fault system has also been investigated (Olig et al., 1996).   
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CHAPTER 3 

METHODS 

Detailed, high-resolution field mapping was completed to fulfill the goals of this project. 

�$���G�L�J�L�W�D�O�� �G�D�W�D�E�D�V�H�� �R�I���S�X�E�O�L�V�K�H�G�� �P�D�S�V���� �D�H�U�L�D�O�� �S�K�R�W�R�J�U�D�S�K�V���� �D�Q�G���G�L�J�L�W�D�O�� �H�O�H�Y�D�W�L�R�Q�� �P�R�G�H�O�V�� ���'�(�0�¶�V����

was compiled in Global Mapper prior to field work to help with efficiency and to narrow down 

specific areas that will provide the most useful data. Measurements collected in the field 

included strike and dip of bedding surfaces, main fault surfaces, minor synthetic and antithetic 

faults, and deformation bands. The trend and plunge of well-exposed slickenlines were also 

measured. Figure 3.1 shows examples of slickenlines and deformation bands within various 

formations across the study area. These data were collected with the help of �0�L�G�O�D�Q�G���9�D�O�O�H�\�¶�V��

FieldMove Clino app, a digital based mapping tool, which allowed for rapid data collection and 

Figure 3.1 Examples of slickenlines and deformation bands from various formations across the 
study area. 
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accurate geo-referencing in the field. The primary focus of the field work was to gain a detailed 

understanding of how the structure changes in both the hanging wall and footwall along the 

strike of the fault system. To achieve this, a focus was placed on measuring bedding orientations 

immediately adjacent to the main faults, along the entire length of the main Moab Segment and 

the well-exposed portions of the Mill Canyon Linkage Zone.  

After data collection was complete, structural data were compiled into a digital database 

using Midland �9�D�O�O�H�\�¶�V���0�R�Y�H with published geologic maps, cross sections, digital elevation 

�P�R�G�H�O�V�� ���'�(�0�¶�V������ �D�Q�G���I�R�U�P�D�W�L�R�Q�� �W�R�S�V���L�Q�� �Z�H�O�O�V�� �G�R�Z�Q�O�R�D�G�H�G�� �I�U�R�P�� �W�K�H���6�W�D�W�H���R�I���8�W�D�K�� �2�L�O�� �D�Q�G���*�D�V��

Program website and published by Massoth and Tripp (2011). Geologic contacts from published 

maps were digitized and updated using aerial photos and contacts mapped in the field. A 

geologic map of the study area was finalized in ArcGIS and stereonets were created to 

characterize the structural changes in the hanging wall and footwall along the length of the Moab 

Fault system. Kinematic analyses were �F�R�P�S�O�H�W�H�G�� �X�V�L�Q�J�� �5�L�F�N�� �$�O�O�P�H�Q�G�L�Q�J�H�U�¶�V��FaultKin 6 

stereonet application. The shortening and extension axes of each fault/slickenline pair were 

plotted on an equal area stereonet, based on the fault and slickenline orientations (Figure 3.2). 

The shortening (P-axis) and extension (T-axis) axes lie within the movement plane, which is 

defined by the slickenline and pole to the fault plane. The P- and T- axes are 90o from one 

another, 45o from the pole to the fault, and the slip direction points towards the extensional axis. 

In this study, the shear sense along the faults can be determined by the age of the formations 

present in outcrop along the hanging wall and footwall. Across the study area, younger strata are 

downthrown along the hanging wall against older strata in the footwall, indicating that all fault 

movement is are normal. The P- and T- axes were then contoured, illustrating the direction of 

bulk shortening/extension. These kinematic axes represent the principal axes of the incremental 
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strain for each fault segment (Marrett and Allmendinger, 1990). This analysis was completed 

separately for the entire Moab Segment and for individual structural zones along the Mill 

Canyon Linkage Zone. 

The detailed field data were integrated with available regional data in order to gain a 

better understanding of how the Moab Fault fits into the regional structural architecture of the 

Paradox Basin and to shed some light on the development of the fault system through time. 

Thirty-two 2D structural cross sections were �F�U�H�D�W�H�G���L�Q�� �0�L�G�O�D�Q�G�� �9�D�O�O�H�\�¶�V�� ���'���0�R�Y�H across the 

study area (Figure 3.3). All of the 32 cross sections can be found in Appendix A. The sections 

were built to honor the field data and detailed geologic contacts mapped within the study area. 

Outside of the study area, published geologic contacts and strike/dip data were digitized and used 

to develop regional surface geometries. Five published regional cross sections (Paz and Trudgill, 

2006), published contours of the Chinle and Cedar Mountain Formations (Doelling, 2001), and 

Figure 3.2 Fault slip kinematics in equal-area, lower hemisphere stereonet.  The shortening and 
extension axes are marked by squares.  These axes lie in a common plane with the slip direction 
and the pole to the fault.  Each of the kinematic axes form 45o angles with the slip direction and 
the pole to the fault.  The sense of slip is determined in the field by the age of sediments along 
the hanging wall and footwall and the slip direction points towards the extension axis. (Marrett 
and Allmendinger, 1990). 



35 
 

available wells were also used to constrain the subsurface of the cross sections. Key wells within 

the study area are labeled in Figure 3.4. The names of these wells in addition to their Unique 

�:�H�O�O�� �,�G�¶�V�����O�D�W�L�W�X�G�H���� �O�R�Q�J�L�W�X�G�H���� �D�Q�G�� �R�S�H�U�D�W�R�U���Q�Dmes are shown in Table 3.1. The wells contain 

formation tops downloaded from the State of Utah Oil and Gas Program website. Figure 3.5 

shows the regional cross sections published by Paz and Trudgill (2006). Where it was possible, 

missing well tops were correlated in Petra using raster logs. One 2D seismic profile, located 

north of the study area, was interpreted and used to understand the geometries of the formations 

and salt structures in the subsurface (Figure 3.3 and 3.4). 

Fault surfaces were created in �$�5�$�1�=���*�H�R�¶�V���/�H�D�S�I�U�R�J���*�H�R, honoring strike/dip 

measurements, detailed fault surface traces, and fault sticks created in Move for the 2D cross 

sections. The cross sections created in this study were imported into �6�F�K�O�X�P�E�H�U�J�H�U�¶�V��Petrel and 

used to create surfaces of key formations and fault polygons. The surfaces were then re-imported 

into �0�L�G�O�D�Q�G���9�D�O�O�H�\�¶�V�� �0�R�Y�H to complete detailed fault analyses, including fault footwall and 

hanging wall cutoffs, throw profiles along each main fault segment, and displacement- length 

plots. 
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Figure 3.3 Map showing the location of the field area and the geologic map (~15 x 15km) 
created in this study, the locations of thirty-two 2D cross sections constructed in this study, and 
the area covered by the 3D surfaces (~23 x 20km) created from the cross sections. The locations 
of the 104-B2 seismic line, and the 5 cross sections published in Trudgill, 2009 are also included. 
A detailed map is shown in Figure 3.4, with key wells labeled. These wells are shown in Table 
3.1. 
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Figure 3.4  Detailed map showing the location of the field area and geologic maps created in this study, the locations of thirty-two 2D 
cross sections constructed in this study, and the area where 3D surfaces were created from the cross sections. The locations of the 104-
B2 seismic line, and the 5 cross sections published in Trudgill, 2009 are also included. Key wells are labeled. These wells are shown 
in Table 3.1.  
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Table 3.1  Wells shown in Figure 3.4. Well name, Unique Well Id (UWI), Latitude, Longitude, and Operator Name are given (State of 
Utah Oil and Gas Program; Massoth and Tripp, 2011). 

Well # Well Name UWI Latitude Longitude Operator 

1 Gold Bar Unit 2 4301930810 38°36'42.1581"N 109°41'9.1478"W Davis Oil Company 

2 Arches Federal 1 4301931018 38°37'36.2004"N 109°38'57.7262"W Samson Resources Co. 

3 Cane Creek No 2 (Utah 2) 4301911482 38°37'40.0786"N 109°39'7.7030"W Delhi Taylor Oil Co. 

4 Utah No. 2 Core Utah No. 2 core 38°37'42.5933"N 109°39'45.9106"W Delhi-Taylor Oil Corp. 

5 Utah 7 Potash Exploration Well 38°38'4.3021"N 109°39'54.9373"W Delhi-Taylor 

6 Govt Utah 6   38°38'17.2321"N 109°39'43.3800"W   

7 Rath 1 4301911471 38°38'24.0408"N 109°39'33.5174"W Columbia Crude Corp 
8 Skip Federal 1-7 4301930418 38°38'31.2020"N 109°38'53.3434"W Ari-Mex Oil & Exp Inc 

9 Utah 6 Potash Exploration Well 38°39'2.7149"N 109°39'45.2487"W Delhi-Taylor 

10 Utah 3 Potash Exploration Well 38°38'41.5924"N 109°40'33.4191"W Delhi-Taylor 

11 Utah 5 Potash Exploration Well 38°38'22.5904"N 109°41'31.8424"W Delhi-Taylor 

12 Moab Federal 16-9 4301930910 38°38'17.4004"N 109°42'39.1089"W Chandler & Associates Inc. 

13 Seven Mile St 1 4301911472 38°39'9.0723"N 109°40'27.9074"W Great Lakes Carbon Corp 

14 Utah 9 Potash Exploration Well 38°39'12.7345"N 109°40'27.5917"W Delhi-Taylor 

15 Utah 10 Potash Exploration Well 38°39'38.4085"N 109°41'29.2637"W Delhi-Taylor 

16 Utah 8 Potash Exploration Well 38°40'15.0961"N 109°39'59.9579"W Delhi-Taylor 

17 Corral Canyon #1 (State 1) 4301930032 38°40'26.5972"N 109°39'35.9081"W Union Oil Co. of California 

18 Utah 11 Potash Exploration Well 38°39'43.3276"N 109°42'47.1264"W Texas Gulf Sulfur 

19 Klondike Unit 2 4301930272 38°42'23.5745"N 109°47'57.1280"W Mountain Fuel Supply Co. 

20 Salt Valley 1 4301931112 38°43'44.5343"N 109°43'11.6263"W Ladd Petroleum Corp. 

21 State 12-11 4301930455 38°44'22.2611"N 109°41'17.3774"W Tiger Oil CO 

22 Leggett 1 4301911035 38°44'24.8134"N 109°39'33.5299"W Shell Oil Company 
23 Cullen Govt 1 4301930122 38°44'12.7073"N 109°38'14.4805"W Ferguson & Bosworth 

24 Salt Valley No. 1 Salt Valley No. 1 38°44'55.1711"N 109°37'32.8690"W San Jacinto Petroleum 

25 King Oil Company 1 4301911567 38°45'59.3796"N 109°37'33.6677"W King Oil Co. 
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Table 3.1 Continued. 
Well # Well Name UWI Latitude Longitude Operator 

26 Balsey 4301905064 38°46'18.2075"N 109°38'30.2436"W Utah Southern Oil Co. 
27 Salt Valley No. 2 Salt Valley No. 2 38°46'51.7054"N 109°37'33.6582"W San Jacinto Petroleum 

28 King Well No. 1 4301911559 38°48'22.8174"N 109°38'56.0703"W Utah Southern Oil Co. 

29 Potash Test Well 24 Potash Test Well 24 38°48'35.2766"N 109°39'27.2210"W U. S. Government 

30 Devil's Garden USA 1 4301920146 38°49'56.5733"N 109°37'22.0181"W Union Oil Co. of California 

31 State 1-P-2 4301930062 38°49'59.5560"N 109°33'48.7079"W Union Oil Co. of California 

32 NE Salt Valley 1 4301911566 38°50'23.5470"N 109°40'45.6557"W Pure Oil Co. 

33 Western Allies No. 1 4301911558 38°50'21.3183"N 109°43'53.8430"W Western Allies 

34 Govt Hall 1 4301910232 38°49'58.4140"N 109°45'30.3054"W Continental Oil Co. 

35 McKinnon Govt 1 4301920038 38°48'17.4100"N 109°48'48.4076"W Texaco Inc. 

36 Donohue 1 4301911500 38°48'3.8400"N 109°50'11.2973"W Equity Oil Company 

37 Klondike Unit 3 4301930326 38°45'40.3250"N 109°52'23.9794"W Wexpro Company 

38 Klondike Unit 1 4301930251 38°47'50.6606"N 109°53'27.2191"W Hilliard Oil & Gas Co. 

39 Power Line 12-1 4301931502 38°49'25.5000"N 109°53'25.1160"W Samson Resources Co. 

40 Strat St 1 4301910361 38°45'50.2030"N 109°45'38.5470"W Equity Oil Company 

41 Federal DE-1 4301930647 38°47'23.7401"N 109°57'20.1322"W Cities Service Oil Co. 
42 Mt Fuel Federal 1-21 4301930038 38°48'4.3565"N 109°56'47.6588"W Shell Oil Company 

43 Tenmile Wash State 16-1 4301931576 38°48'24.2999"N 109°56'24.5400"W Fidelity E&P Company 

44 Government 2318 4301931361 38°49'46.7760"N 109°55'55.4880"W Riata Energy Inc 

45 Tenmile 1 4301931260 38°50'12.8041"N 109°56'10.3201"W Benson-Montin-Greer DRL 

46 Federal 1-27U 4301930276 38°41'44.7376"N 109°55'33.5049"W Ladd Petroleum Corp. 

47 Kane Springs Federal 10-1 4301931331 38°38'36.2565"N 109°55'9.2669"W Wesco Operating Inc 

48 McRae Federal 1 4301910715 38°38'20.0055"N 109°55'41.2366"W McRae Oil & Gas Co. 

49 Kane Springs Federal 16-1 4301931341 38°37'31.9079"N 109°56'27.5280"W Wesco Operating Inc 

50 Federal 1-20 4301930043 38°37'7.7462"N 109°57'5.8845"W Shell Oil Co. 

51 Shenandoah Bowknot 1 4301930170 38°37'2.7567"N 109°56'41.3533"W Read and Stevens Inc. 
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Table 3.1 Continued. 
Well # Well Name UWI Latitude Longitude Operator 

52 Federal 1-21 4301930033 38°37'2.7288"N 109°56'45.4474"W Shell Oil Co. 
53 Kane Springs Federal 28-1 4301931325 38°35'56.5011"N 109°49'34.5753"W Intrepid Oil & Gas LLC 

54 Cane Creek Unit 28-2H 4301950020 38°35'57.2999"N 109°49'12.0360"W Wesco Operating Inc 

55 Federal Bartlett Flat 10-27 4301930379 38°35'58.8436"N 109°48'31.0382"W Husky Oil Company 

56 Big Flat Unit 5 4301911333 38°35'57.2993"N 109°48'29.1207"W Union Oil Co of California 

57 Big Flat Unit 6 4301910154 38°35'57.2568"N 109°48'24.9460"W Calvert Western Ex Co. 

58 Kane Spring Federal 27-1 4301931310 38°35'53.8081"N 109°48'23.6881"W Wesco Operating Inc 

59 Kane Springs Federal 25-
19-34-1 

4301931334 38°35'28.2481"N 109°48'23.4359"W Wesco Operating Inc 

60 Cane Creek Unit 26-2 4301931584 38°36'3.3480"N 109°47'35.8080"W Fidelity E&P Company 

61 Cane Creek Unit 26-3 4301950019 38°36'3.3480"N 109°47'35.3040"W Wesco Operating Inc 

62 Big Rock Fed 1 4301930050 38°36'21.3146"N 109°47'4.7951"W General Crude Oil Co. 

63 Gold Bar Unit 1 4301930795 38°35'44.7818"N 109°44'3.8959"W Davis Oil Co. 

64 Embar Big Six Oil Cos 1 4301911563 38°35'25.1576"N 109°35'40.9922"W Embar-Big-Six Oil Cos 

65 Buckeye 2 4301930534 38°35'40.0031"N 109°34'16.9134"W Enterprise Products 
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Figure 3.5 Regional cross sections across the Paradox Basin used to constrain the regional 
subsurface geometries of 2D cross sections constructed in this study.  B-�%�¶���L�V�� �W�K�H���V�D�P�H�� �F�U�R�V�V��
section shown in Figure 2.6.  Locations of sections are shown in Figure 3.3.  (Taken from Paz, 
and Trudgill, 2006). 
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CHAPTER 4 

FIELD RESULTS 

4.1 Overview 

Detailed field mapping was an essential first step in evaluating the Moab Fault system. 

This study focused on updating previously published maps, with detailed geologic contacts and 

adding crucial structural and kinematic data. The comprehensive geologic maps show a small 

subset of the structural data that were collected in the field (Figure 4.1 �± Figure 4.6). These maps 

were made using geologic contacts digitized in Move and utilized in the creation of 2D cross 

sections and the 3D model.  

The fault geometries, slickenline orientations, and structure of the hanging wall change 

significantly along the strike of the Moab Segment and Mill Canyon Linkage Zone (Figure 4.1). 

The hanging wall structure is characterized by a rollover anticline (Moab Anticline) along the 

southern portion of the Moab Segment, which gradually dies out to the NW along strike (Figure 

4.1 �± 4.3). West of the anticline axial trace, v-shaped synclines are present in the hanging wall, 

directly adjacent to the fault (Figure 4.1 �± 4.3). North of the rollover anticline and approximately 

halfway along the length of the Moab Segment the fault makes and abrupt jog to the west 

(Figures 4.1 and 4.3). Another smaller fault-parallel syncline is present in the hanging wall 

northwest of the fault kink (Figures 4.1 and 4.3). Continuing along strike, the hanging wall 

changes to a fault-parallel, broad-scale monocline NW of Corral Canyon (Figure 4.1 and Figure 

4.4). This monocline is present to the tip of the Moab Segment and along the Mill Canyon 

Linkage Zone (Figures 4.1 and 4.5 �± 4.6).  

The few structural measurements present on previously published maps reflect these 

changes; however, the minor structural changes have not been characterized in detail (Doelling 

and Morgan, 2000; Doelling, 2001). In order to achieve this goal, data collection in the field  
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Figure 4.1 Geologic map of the study area showing the Moab Segment and Mill Canyon Linkage 
Zone of the Moab Fault System. Geologic Surfaces are the top of geologic formations and 
correspond to those described in Figure 2.2. Detailed inset maps are shown in Figure 4.2 �± 
Figure 4.6. A small representative sample of the structural measurements taken in the field is 
displayed on the map. 
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Figure 4.2 Detailed map 
of the southern-most 
portion of the Moab 
Segment.  The southern-
most  syncline along the 
hanging wall and Moab 
Anticline are also shown.  
A small representative 
sample of the structural 
measurements taken in 
the field is displayed on 
the map.  For location 
and legend, see Figure 
4.1. 
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Figure 4.3 Detailed map 
of the second and third 
synclines along the 
hanging wall and 
northern extent of the 
Moab Anticline.  Also 
note the sharp bend in the 
strike of the fault.  A 
small representative 
sample of the structural 
measurements taken in 
the field is displayed on 
the map.  For location 
and legend, see Figure 
4.1. 
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Figure 4.4 Detailed map 
of the Chinle-Cutler 
contact and hanging wall 
monocline.  A small 
representative sample of 
the structural 
measurements taken in 
the field is displayed on 
the map.  For location and 
legend, see Figure 4.1. 
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Figure 4.5  Detailed map of the eastern portion of the Mill Canyon Linkage Zone and the intersections of the Moab Segment and 
Courthouse Rock Fault and the Tusher Canyon Fault.  A small representative sample of the structural measurements taken in the field 
is displayed on the map.  For location and legend, see Figure 4.1. 
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Figure 4.6  Detailed map of the western portion of the Mill Canyon Linkage Zone.  A small representative sample of the structural 
measurements taken in the field is displayed on the map.  For location and legend, see Figure 4.1. 
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were concentrated in an area approximately 0.5-1 km wide, along the entire length of the fault 

system (approximately 30 km long). This area covers the zone of structural deformation 

produced by the influence of the Moab Fault System. Outside of this region, the bedding has a 

fairly constant regional dip (Figure 4.1).  

4.2 Fault geometries 

The fault geometries mapped in the field are similar to those described by Banbury 

(2005); however, additional structural data help characterize them in more detail. This study 

focused on characterizing the geometries of the Moab Segment and the Mill Canyon Linkage 

Zone of the Moab Fault System (Figure 4.1). The Mill Canyon Linkage Zone consists of two 

faults: (1) The Courthouse Rock Fault and (2) The Tusher Canyon Fault (Figure 4.1). The Moab 

Segment of the Moab Fault System consists of one primary fault surface, dipping an average of 

50-55o to the NE at its southernmost exposure, near the entrance to Arches National Park (Figure 

4.1). A number of minor synthetic and antithetic faults are present in the hanging wall of the 

Moab Fault Segment (Figure 4.1). In the field, these minor faults offset the Tidwell Member of 

the Morrison Formation against the Moab Tongue member of the Entrada Formation (Figure 4.1; 

Figure 4.2; see Figure 2.2 for stratigraphy). Fault surfaces are buried and no slickenlines could be 

measured in the field. However, the minor faults are characterized by wide zones of dense 

deformation bands in the Moab Tongue, as shown in Figure 4.7.  The location of this photo is 

shown in Figure 4.8.  Along the southern portion of the Moab Segment, the Moab Tongue and 

Salt Wash Formations are present at the surface in the hanging wall and are heavily jointed and 

filled with deformation bands Figure 4.1 and 4.2). The footwall is also heavily jointed, consisting 

of cross-cutting conjugate joints within the Cutler Formation (Figure 4.9).  
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The Moab Segment continues with a fairly linear average strike of approximately 320o 

(050o dip direction) for approximately 8 kilometers to the NW (Figure 4.1). The dip of the fault 

varies from approximately 50o to 65o with an average dip of 58o. At this location the fault crosses 

Highway191, making a sharp jog to the west (Figure 4.1-Figure 4.3). Unfortunately, this section 

of the fault is located along Sevenmile Canyon and it is covered by Quaternary sediments. The 

fault continues NW of this location for approximately 7.5 km with a similar average strike and 

dip (320o/60o) (Figure 4.1). 

  

Figure 4.7  Examples of minor faults in the hanging wall of the southern portion of the Moab 
Segment, along the Moab Anticline.  (a) and (b) Poorly exposed faults offsetting the Tidwell 
member of the Morrison Formation against the Moab Tongue member of the Entrada Formation. 
Figure locations shown in Figure 4.8.  (c) and (d) Close-up photos of deformation bands within 
the Moab Tongue. 
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Figure 4.8  Simplified map illustrating the faults comprising the Moab Fault System: (1) Moab 
Segment (2) Courthouse Rock Fault (3) Tusher Canyon Fault.  Locations of photos shown in 
Figure 4.7 �± Figure 4.16 are marked by blue dots with arrows showing the viewing direction.  
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Approximately 1.5 km south of the tip of the Moab Segment, a large splay fault intersects 

the main fault at an angle of 63 degrees (Figure 4.1; Figure 4.5; Figure 4.10). This is the 

easternmost fault forming the Mill Canyon Linkage zone, referred to in this text as the 

Courthouse Rock Fault (Figure 4.1; Figure 4.8). It initially has a strike of 245o and dip of 70-75o, 

but then curves towards the east (270o strike) for approximately 750m before bending towards 

the NE (295o strike) on the west side of Mill Canyon (Figure 4.5). Unlike the Moab Segment, 

Courthouse Rock Fault does not consist of one main fault plane. It is characterized by a number 

of connecting fault segments, breached relays, and minor splays (Figure 4.11). The geometry and 

Figure 4.9  Conjugate joint sets in the footwall, immediately adjacent to the main fault surface 
(Cutler Formation).  Viewing direction is towards 120o. Image location shown in Figure 4.8. 
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complexity of these splays is not reflected on published maps. The maps created in this study 

more accurately reflect the complex fault geometries. They are also similar, but updated and 

more detailed than those mapped by Davatzes, et al. (2005). 

The Tusher Canyon Fault meets the Courthouse Rock Fault on the west side of Mill 

Canyon, where the Courthouse Rock Fault begins to curve towards the NW (Figure 4.1; Figure 

4.5). At this intersection, the Tusher Canyon Fault consists of a wide zone of deformations bands 

and numerous slip surfaces (Figure 4.5). This zone has a SW strike (240o) but bends rapidly 

towards the west (Figure 4.5). The fault continues with an E-W strike for 2 km before bending 

gradually towards the NW (310o), similar to the Courthouse Rock Fault (Figure 4.1; Figure 4.6). 

At this bend, there is a small outcrop that is mostly buried by Quaternary sediments and consists 

almost entirely of a dense array of deformation bands in both the hanging wall and footwall. The 

average dip is 75o along the length of the Tusher Canyon fault. The fault appears to consist of 

fewer fault segments and splays than the Courthouse Rock Fault; however, it is significantly less 

well exposed (Figure 4.1). Much of the fault is buried by Quaternary sediments and 

measurements could only be taken where the fault crops out along the edge of buttes formed  

 

Figure 4.10  Intersection of the Moab Segment and Courthouse Rock Fault of the Mill Canyon 
Linkage Zone.  Viewing direction is towards 080o.  Image location is shown in Figure 4.8.  
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Figure 4.11 Field photo illustrating the complex fault geometries along the Courthouse Rock fault and its intersection with the Tusher 
Canyon Fault.  Photo viewing direction is towards 272o.  Image location is shown in Figure 4.8 



57 
 

by resistant exposures of the Moab Tongue and Slickrock Formations in the footwall and the 

Cedar Mountain Formation in the hanging wall. Although large splay faults are not mappable (as 

they are along the Courthouse Rock Fault), the deformation zone of the fault is more complex 

than along the Moab Segment. The butte on the eastern side of Tusher Canyon provides an 

excellent exposure of this complex fault zone (Figure 4.12). 

4.3 Footwall Structure 

Across a large portion of the study area, the footwall dips shallowly towards the west or 

SW and away from the Moab Segment and Mill Canyon Linkage Zone faults (Figure 4.1). Dips 

are mainly between 5 and 10o. Adjacent to the Moab Segment, near the area of maximum throw, 

the footwall dips are slightly steeper, (10-25o) to the SW, away from the fault (Figure 4.1; Figure 

4.2 ). Locally, along the northern portion of the Moab Segment and the Mill Canyon Linkage 

 

Figure 4.12 Complex fault zone on the east side of Tusher Canyon, along the E-W striking 
segment of the Tusher Canyon Fault.  Viewing direction is towards 097o.  Image location is 
shown in Figure 4.8. 
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zone, the footwall dips slightly towards the NE, towards the fault (Figure 4.1; Figure 4.3 �± Figure 

4.6 ). 

The most notable feature in the footwall is located along the middle of the Moab 

Segment, between the lateral jog in the fault and the Mill Canyon Linkage zone intersection, on 

the north side of Corral Canyon (Figure 4.1). At this location, the Triassic Chinle Formation 

conformably overlies the Permian Cutler Formation while the Triassic Moenkopi Formation is 

missing due to non-deposition (Figure 4.13 (a) and (b)). Below the Cutler-Chinle contact, the 

Cutler has been heavily weathered and a mottled paleosol is present (Figure 4.13 (c)). This 

missing section implies that there was a decrease in accomodation during late Cutler deposition 

through Moenkpoi deposition, most likely due to a relative paleo-high created by an elevated salt 

height in the subsurface. This high was persistent and a location of non-deposition throughout 

Moenkopi-time, allowing for the development of the paleosol in the upper part of the Cutler 

section. This geometry, in addition to other significant facies and thickness variations within the 

Honaker Trail, Cutler, Moenkpoi, and Chinle Formations, have been described by Trudgill, 2011 

and Banbury, 2005. However this stratigraphic relationship is crucial to the development of the 

2D sections and 3D model produced in this study. Trudgill attributed these thickness changes to 

the evolution of the salt height and subsurface geometry through time (Trudgill, 2011). Thick 

sections mark the location of a deposition center while thin or missing sections record the rise of 

the salt due to along-strike migration, away from the increased differential pressure below the 

deposition center. 

4.4 Hanging Wall Structure 

The structure of the hanging wall is more complex than the footwall and the general 

structure changes significantly along the strike of the Moab Fault System. Along the southern 
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Figure 4.13 (a) Overview of Chinle-Cutler contact.  Viewing Direction towards 342. (b) View of 
outcrop where Chinle conformably overlies Cutler.  (c) Close-up of Cutler-Chile contact and 
paleosol within the top of the Cutler Formation.  (b) and (c) taken by Bruce Trudgill.  Viewing 
direction is towards 018o. Image locations show in Figure 4.8. 
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portion of the Moab Segment, the hanging wall forms a broad rollover anticline, named the 

Moab Anticline (Figure 4.1). In the northern portion of the study area, north of Corral Canyon, 

the hanging wall forms a monocline, dipping steeply away from the fault (towards the NE) and 

gradually decreases to a regional dip within a few hundred meters of the fault (Figure 4.1; Figure 

4.4). This monocline continues to the end of the Moab segment and along the Mill Canyon 

Linkage Zone (Figure 4.1; Figure 4.4 �± Figure 4.6). 

4.4.1 Small-Scale Synclines 

Adjacent to the southern half of the Moab Segment, south of Corral Canyon, a series of 

narrow synclines are present with axial traces parallel to the strike of the fault (Figure 4.1 �± 

Figure 4.3). The southernmost syncline lies on the limb of the Moab Anticline and is about 2.2 

km long and varies from 150-300 m wide (Figure 4.2; Figure 4.14). The syncline is an 

asymmetric chevron fold, with steeper dips on the NE limb. The limb dips, especially the NE 

limb, increase rapidly along strike from 15-25o at its NW end of the syncline to 40-50o 

approximately 1.5 km to the SW (Figure 4.2). The fold is an asymmetrically doubly-plunging 

syncline with each end of the fold plunging towards the other. The majority of the syncline 

plunges to the SE while the southernmost 300m plunges towards the NW (Figure 4.2). The 

steepest limb dips lie adjacent to the largest throw along the Moab Segment (Figure 4.2).  

A second syncline lies 2.5km NW of the first southernmost syncline (Figure 4.1; Figure 

4.3). It plunges to the SW and is only approximately 300 m in length and 150-200 m wide. It is 

located a few hundred meters south of the kink in the Moab Segment and is at the northern edge 

of the Moab Anticline (Figure 4.3). The limbs of this syncline are at a shallow angle, between 5o 

and 20o. Beyond the fault kink, a third small symmetric syncline is present in the hanging wall 

that plunges towards the NW. It is approximately 150 m wide and 2.1 km long and has limbs  
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dip between 10o and 25o (Figure 4.1; Figure 4.3). East of these synclines, the bedding dips gently 

towards the fault with a regional dip between 3-6o (Figure 4.3). 

4.4.2 Fault Tip Monocline 

Northwest of Corral Canyon (Figure 4.1), the hanging wall transitions from the Moab 

anticline and adjacent synclines to a monocline (Figure 4.1; Figure 4.3; Figure 4.4). This 

transition is fairly abrupt, occurring in less than one kilometer (Figure 4.1; Figures 4.3-4.4). 

Adjacent to the fault, the monocline dips steeply (40-50o) away from the fault, towards the NE 

(Figure 4.4). The dip of the beds gradually decreases away from the fault, reaching the shallow 

regional dip within approximately 300 m of the fault. This monocline parallels the strike of the 

Figure 4.14 Chevron fold in the hanging wall of the Moab Segment (Salt Wash Formation).  
Viewing direction is towards 134o.  Image location shown in Figure 4.8.   
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Moab Segment (Figure 4.4) and similar monoclines are also present along the Mill Canyon 

Linkage Zone, specifically adjacent to the western portion of the Courthouse Rock Fault and the 

Tusher Canyon Fault (Figure 4.5; Figure 4.6; Figure 4.15). Some anomalously high dips are 

present where formations dominated by shale lie directly adjacent to the fault in the hanging 

wall, with dips of up to 65-75o (Figure 4.16).  

4.5 Kinematic Analysis 

The stereonets shown in (Figure 4.17) are P- and T- analyses of all the fault and 

slickenline orientation data collected in the field. This method uses cumulative fault motions to 

quantitatively characterize the strain pattern across a region (Rowland and Duebendorfer, 1986). 

The stereonets were created using the method described by Marrett and Allmendinger (1990), 

using the orientations of each fault/slickenline pair to determine the principle strain axes, or the 

direction of bulk shortening and extension. The stereonets have been divided into structural 

domains along the fault system to test for strain homogeneity and define areas where the strain 

pattern is unique. Figure 4.17 (a) shows a map of data collection locations along the Moab 

Segment (black points) and Mill Canyon Linkage zone (colored points). Figure 4.17 (b) and (c) 

show all data collected along the Moab Segment and Mill Canyon Linkage Zone, respectively. 

Figure 4.17 (d) through (i) show the Mill Canyon Linkage Zone data broken out into separate 

domains.  

Across the fault system, younger sediments in the hanging wall are downthrown against 

older sediments in the footwall, indicating that all faults measured in the field are normal. The 

majority of the slickenline data across the Moab Fault System reveal dip-slip motion. Along the 

Moab Segment, the bulk strain is oriented NE-SW with extension mainly towards the NW. 

Although a few data points show oblique slip, the bulk extension axis (#1 on the stereonet) has a  
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Figure 4.15 Well-exposed outcrop along the Tusher Canyon Fault showing the steeply dipping Cedar Mountain Formation adjacent to 
the fault and dips gradually decreasing towards the NE (away from the fault).  Note the relatively flat-lying Moab Tongue and Slick 
Rock Formations in the footwall. Viewing direction is towards 325o.  Image location shown in Figure 4.8.   
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Figure 4.16 (a) Steeply dipping shale within the Brushy Basin Member.  The shale is adjacent to 
a fault surface and lies beneath the Cedar Mountain Member.  (b) Detail view of shale smear 
within the Brushy Basin Member.  Viewing direction is towards 328o.  Image location shown in 
Figure 4.8. 
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Figure 4.17 Kinematic analysis of the Moab Segment and the Mill Canyon Linkage Zone, 
divided into structural domains.  (a) A map of the study area illustrating data collection locations 
of fault and slickenline orientations; (b)-(i) P-T analyses projected on lower-hemisphere equal-
angle stereonets, divided into data collected along the (b) Moab Segment; (c) Mill Canyon 
Linkage Zone; (d) NE-SW striking Tusher Canyon Fault; (e) E-W striking Tusher Canyon Fault; 
(f) Courthouse Rock Fault; (g) Secondary faults along Mill Canyon; (h) Linkage Zone where the 
Tusher Canyon fault intersects with the Courthouse Rock Fault; (i) Linkage zone where the 
Courthouse Rock Fault intersects with the Moab Segment.  Stereonets created using Rick 
�$�O�O�P�H�Q�G�L�Q�J�H�U�¶�V��FaultKin 6 stereonet application. 
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plunge/trend of 06o/047o (Figure 4.17 (b))  The strain is oriented N-S (bulk extension axis 

plunge/trend = 13o/358o) along the Mill Canyon Linkage Zone and a significantly larger number 

of slickenlines were measured with oblique slip than along the Moab Segment (Figure 4.17 (c)). 

The spread in the data is also due to the variety of fault orientations along the splays and curved 

fault segments. 

By breaking the data in this zone into structural domains and comparing the slip direction 

to the fault orientations, it is clear that the oblique slip is concentrated at fault intersections and 

curved fault segments (Figure 4.17). Along the NW-SE striking section of the Tusher Canyon 

fault, the slip is mainly in the dip direction with some oblique slip to the north. The bulk 

extensional direction is to the NE (10o/034o), similar to the Moab Segment (Figure 4.17 (d)). The 

E-W striking segment of the Tusher Canyon and Courthouse Rock Faults have bulk extension 

axes towards the NNW (21o/342o and 06o/349o, respectively) with mainly dip-slip but also some 

oblique slip. The Tusher Canyon Linkage Zone which strikes NE-SW has mainly NW-SE 

directed slip (dip-slip) (Figure 4.17 (h)). The Courthouse Rock linkage zone has the most oblique 

slip of all of the structural domains, with an overall extension axis towards the north (08o/360o) 

and the majority of the oblique slip towards the NW (Figure 4.17 (i)). 

From this kinematic analysis, it is evident that the strain along the Moab Segment is 

homogeneous, as there is a unique pattern of shortening and extensional axes. If the axes showed 

a multi-modal distribution, it would be clear that multiple strain orientations were present during 

the history of the fault movement (Marrett and Allmendinger, 1990). The strain along the Mill 

Canyon Linkage Zone is weakly multi-modal, with the primary strain oriented N-S and some 

strain oriented NW-SE.  
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CHAPTER 5 

MODELING RESULTS 

5.1 Regional Cross Sections 

A series of regional cross sections were constructed in order to gain a better 

understanding of the 3-dimensional structural architecture of the Moab Fault System and the 

underlying salt wall geometry. To date, no study has focused on defining and explaining the 

structural changes observed at the surface and interpreting what these changes imply about the 

subsurface and evolution of the fault system and salt at depth. The series of 2D cross sections 

and the 3D model constructed in Move and Petrel serve as an initial 3D representation of the 

subsurface structure along the Moab Fault system and provide enhanced visualization of the 

subsurface that has not previously been completed. The interpretation involved integration of all 

available surface and subsurface data. If seismic data or additional well data were available, they 

would enhance the resolution of the model and improve its accuracy; however, available well 

data and published regional cross sections and structure contours provided sufficient subsurface 

control for this study. 

5.1.1 Surface and Subsurface Control 

A total of thirty-two 2D cross sections were constructed in this study. Figure 5.1 shows a 

3-dimensional view of several cross sections and how they illustrate the structural changes along 

the strike of the Moab Fault system.  The locations of all the constructed sections in addition to 

the seismic line (104-B2), five published cross sections, and wells used to constrain the 

subsurface are shown in Figure 3.3. The 2D cross sections were created using detailed structural 

measurements collected in the field and digitized geologic contacts. These data were projected to 

a digital elevation model (DEM) to provide 3D surface control. The subsurface was constrained 

primarily by formation tops in available well logs and through projecting surface 
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Figure 5.1 Three-dimensional view of Sections 2, 5, 8, and 12 showing the structural change 
along strike.  The fault trace is at the surface (projected to a DEM) and cross sections extend 
above the surface.  Note the transition in the hanging wall from a rollover anticline in Section 2 
to a monocline in Section 12.  Also note the change in the salt geometry along strike. 
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dips into the subsurface. Published cross sections and structure contours of the top Chinle and 

Cedar Mountain were also used (Doelling, 2000; Doelling, 2001). Regional surfaces were 

created in Petrel using all available subsurface data. These surfaces were then imported into 

Move and used while constructing the 2D cross sections to help constrain regional geometries. 

The base salt surface (Leadville Formation) was used in the 2D cross sections and was not 

edited. This surface is faulted; however, sufficient subsurface control was not available to 

incorporate this detail into the sections (Figure 5.1; Joesting and Case, 1962; Ross, 1998). 

The 104-B2 seismic profile extends 2.5 seconds in the subsurface and is located NW of 

the Moab Fault System (Figure 3.3; Figure 5.2). The profile crosses the southern extent of 

Tenmile Graben and is located approximately 14.5 km NW of the main study area. It trends 

parallel to the NE-SW oriented 2D sections (Sections 1-16; Figure 3.3). Several key surfaces 

were interpreted on this seismic profile to help understand the structural architecture and the 

stratigraphic thickness changes at depth (Figure 5.2). The seismic profile was tied to the Mt Fuel 

Federal 1-21 well, which is located 0.5 km north of the profile. In the 2D cross sections 

constructed in this study, the White Rim Sandstone was considered part of the Cutler Group; 

therefore, the top White Rim in the seismic profile corresponds to the top Cutler Formation in the 

constructed 2D sections. The interpreted seismic profile illustrates several important features that 

were incorporated into the 2D sections: (1) a shallow asymmetric salt pillow (Paradox 

Formation) is present, overlying basement faults. (2) steep supra-salt faults are present directly 

above basement faulting  (3) The salt pillow is welded on its NE side while the salt only thins 

slightly on the SW side (4) several formations thicken significantly into the adjacent minibasin, 

most notably the Cutler Formation. (5) The supra-salt formations thin onto the crest of the salt 

pillow and (6) no significant thickness changes are seen across the supra-salt faults (Figure 5.2).  
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The five cross sections published by Trudgill (2011) do not cross the Moab Fault System; 

however, they show similar stratigraphic geometries to the seismic profile (Paz and Trudgill, 

2006; Trudgill and Paz, 2009; Trudgill, 2011; Figure 3.3 and 3.5). They show a salt pillow/high 

that thins into the minibasin to the NW and is welded below the deepest portion of the minibasin. 

The salt thins very slightly and gradually on the SW side of the shallow pillow. The sections also 

Figure 5.2  Seismic line (104B-82) located NW of the study area.  Location is shown in Figure 
3.3.  Note the steep faults above the Paradox Salt and the thinning of the supra-salt strata onto the 
crest of the salt pillow and thickening into the adjacent minibasins.  The formations do not 
change thickness significantly across the supra-salt faults. 
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show the supra-salt strata thinning onto the salt high and thickening into the minibasin to the 

SW. These thickness changes are especially prominent in the Cutler through Chinle Formations. 

The cross sections published by Banbury (2005) show all of these geometries in addition to no 

significant thickness changes across the Moab Fault system (Banbury, 2005; Figure 2.15) 

5.1.2 Summary of Surface and Subsurface Geometries 

The cross sections and 3D surfaces created in this study provide a new 3-dimensional 

framework and visualization of how the structural architecture changes along the strike of the 

Moab Fault System (Figure 5.1).  Figure 5.3 throughFigure 5.7 show a number of cross sections 

illustrating these structural changes.  The 2D sections were extended beyond the field study area 

to incorporate and honor as much regional data as possible (Figure 3.3).  The NE-SW sections 

(Sections 1-16) are oriented perpendicular to the average strike of the Moab Fault System and 

are the most useful for visualizing the subsurface structure (Figure 3.3; Figure 5.1).  The 

locations of all 32 cross sections were chosen to intersect a maximum number of wells for 

subsurface control. Four 3D surfaces were created from these cross sections: the top Kayenta, 

Chinle, Honaker Trail, and Paradox Formations (Figure 5.8; Figure 5.9).  Formations above the 

Kayenta were not modeled because they are eroded along a significant portion of the footwall. 

The 3D surfaces extend beyond the field study, into the minibasin on the NE side of the Moab 

Fault System (Figure 3.3; Figure 5.1).  

Geometry of Salt 

The 2D cross sections and 3D surfaces created in this study show a shallow salt pillow 

(Paradox Formation) in the subsurface, similar to the geometries in the published sections and 

104B-82 seismic line (Figure 5.1; Figure 5.2; Figure 5.9).  Away from the fault, the Paradox 

Formation gradually thins towards the north and west (Figure 5.8(d)).  The salt is at a higher  
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Figure 5.3  Section 2, intersecting the southern portion of the Moab Segment of the Moab Fault System, oriented NE-SW.  The 
location of the section is shown in Figure 3.3.  The color of the title corresponds to the orientation of the section, shown in Figure 3.3.  
Wells in inset map are shown in Figure 3.4 and Table 3.1.  Wells intersecting the cross section are show in red and those within 1km 
are shown in orange.  Cross-cutting 2D sections are shown along the bottom, in the color corr�H�V�S�R�Q�G�L�Q�J�� �W�R���W�K�H�� �V�H�F�W�L�R�Q�¶�V�� �R�U�L�H�Q�W�D�W�L�R�Q��
shown in Figure 3.3. Intersecting geologic horizons are shown by black dots.  Note the rollover anticline in the hanging wall, the 
footwall dipping away from the fault to the SW, formations thinning onto the top of the salt pillow (Paradox Formation) and 
thickening into the minibasin to the NE, and no thickness changes within the supra-salt strata across the fault.  No vertical 
exaggeration. 
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Figure 5.4  Section 5, intersecting the middle of the Moab Segment of the Moab Fault System south of 
the fault kink, oriented NE-SW.  The location of the section is shown in Figure 3.3.  The color of the 
title corresponds to the orientation of the section, shown in Figure 3.3.  Wells in inset map are shown in 
Figure 3.4 and Table 3.1.  Wells intersecting the cross section are show in red and those within 1km are 
shown in orange.  Cross-cutting 2D sections are shown along the bottom, in the color corresponding to 
�W�K�H�� �V�H�F�W�L�R�Q�¶�V�� �R�U�L�H�Q�W�D�W�L�R�Q�� �V�K�R�Z�Q�� �L�Q�� �)�L�J�X�U�H�� �����������,�Q�W�H�U�V�H�F�W�L�Q�J�� �J�H�R�O�R�J�L�F�� �K�R�U�L�]�R�Qs are shown by black dots.  
Note the rollover anticline in the hanging wall, the footwall dipping away from the fault to the SW, 
formations thinning onto the top of the salt pillow (Paradox Formation) and thickening into the 
minibasin to the NE, and no thickness changes within the supra-salt strata across the fault.  Also note 
the height of the salt beneath the footwall and hanging wall.  The legend is shown in Figure 5.3.  No 
vertical exaggeration. 
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Figure 5.5  Section 8, intersecting the middle of the Moab Segment of the Moab Fault System north of 
the fault kink, oriented NE-SW.  The location of the section is shown in Figure 3.3.  The color of the 
title corresponds to the orientation of the section, shown in Figure 3.3.  Wells in inset map are shown 
in Figure 3.4 and Table 3.1.  Wells intersecting the cross section are show in red, those within 1km are 
shown in orange, and those further than 1km are shown in black.  Cross-cutting 2D sections are shown 
along th�H���E�R�W�W�R�P���� �L�Q�� �W�K�H���F�R�O�R�U�� �F�R�U�U�H�V�S�R�Q�G�L�Q�J�� �W�R���W�K�H�� �V�H�F�W�L�R�Q�¶�V�� �R�U�L�H�Q�W�D�W�L�R�Q���V�K�R�Z�Q�� �L�Q�� �)�L�J�X�U�H�� ����������
Intersecting geologic horizons are shown by black dots.  Note the relatively flat hanging wall, the 
footwall dipping away from the fault to the SW, formations thinning onto the top of the salt pillow 
(Paradox Formation) and thickening into the minibasin to the NE, and no thickness changes within the 
supra-salt strata across the fault.  Also note the height of the salt beneath the footwall and hanging 
wall.  The legend is shown in Figure 5.3.  No vertical exaggeration. 
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Figure 5.6  Section 14, intersecting the northern portion of the Moab Segment of the Moab Fault, 
oriented NE-SW.  The location of the section is shown in Figure 3.3.  The color of the title corresponds 
to the orientation of the section, shown in Figure 3.3.  Wells in inset map are shown in Figure 3.4 and 
Table 3.1.  Wells intersecting the cross section are show in red, those within 1km are shown in orange, 
and those further than 1km are shown in black.  Cross-cutting 2D sections are shown along the bottom, 
�L�Q�� �W�K�H�� �F�R�O�R�U�� �F�R�U�U�H�V�S�R�Q�G�L�Q�J�� �W�R���W�K�H���V�H�F�W�L�R�Q�¶�V�� �R�U�L�H�Q�W�Dtion shown in Figure 3.3. Intersecting geologic 
horizons are shown by black dots.  Note the hanging wall dipping away from the fault towards the 
minibasin to the NE and the monocline adjacent to the fault.  Also note the relatively flat footwall, 
formations thinning onto the top of the salt pillow (Paradox Formation) and thickening into the 
minibasin to the NE,  no thickness changes within the supra-salt strata across the fault, and the depth of 
the salt beneath the footwall and hanging wall.  The legend is shown in Figure 5.3.  No vertical 
exaggeration. 
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Figure 5.7 Section 29, intersecting the Courthouse Rock and Tusher Canyon Faults in the Mill Canyon 
Linkage Zone, oriented N-S.  The location of the section is shown in Figure 3.3.  The color of the title 
corresponds to the orientation of the section, shown in Figure 3.3.  Wells in inset map are shown in 
Figure 3.4 and Table 3.1.  Wells intersecting the cross section are show in red, those within 1km are 
shown in orange, and those further than 1km are shown in black.  Cross-cutting 2D sections are shown 
�D�O�R�Q�J�� �W�K�H���E�R�W�W�R�P���� �L�Q�� �W�K�H���F�R�O�R�U�� �F�R�U�U�H�V�S�R�Q�G�L�Q�J�� �W�R���W�K�H�� �V�H�F�W�L�R�Q�¶�V�� �R�U�L�H�Q�W�D�W�L�R�Q�� �V�K�R�Z�Q�� �L�Q�� �)�L�J�X�U�H�� ����������
Intersecting geologic horizons are shown by black dots.  Note the hanging wall dipping away from the 
faults to the N, the footwall dipping slightly towards the fault to the N, formations thinning onto the 
top of the shallow salt pillow (Paradox Formation) and thickening into the minibasin to the N, and no 
thickness changes within the supra-salt strata across the faults.  Also note the depth of the salt beneath 
the footwall and hanging wall.  The legend is shown in Figure 5.3.  No vertical exaggeration. 
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Figure 5.8  Map view showing the contoured structure surfaces of the top Kayenta, Chinle, Honaker Trail, and Paradox Formations.  
These surfaces were created in Petrel using formation tops in wells and 2D cross sections that were created in Move.   
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elevation and shallower depth in the southern-most sections (approximately 700 m beneath the 

footwall and 1500 m beneath the hanging wall in Section 1 and 2 (Figure 5.1; Figure 5.3) and at 

a lower elevation and greatest depth in the northern-most sections (approximately 1600 m 

beneath the footwall and 1800 m beneath the hanging wall in Sections 14-16 (Figure 5.1; Figure 

5.6). The elevation of the top salt (Paradox Formation) is highest approximately 7km NW of the 

southern end of the study area. At this location, the Utah 8 well, which is intersected by Section 

5, shows the top of the Paradox salt only 670 m below the hanging wall of the fault (Figure 5.4). 

In all of the 2D sections, the salt thins to the NW beneath the hanging wall into the adjacent 

minibasin. Salt welds have been incorporated into the sections beneath the deepest portion; 

however, sufficient well data is not present to be confident that the salt is completely welded in 

m 

Figure 5.9 Three-dimensional view of the four structure surfaces created in Petrel: the Kayenta, 
Chinle, Honaker Trail, and Paradox formations.   
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all of the sections. The location of the welds is controlled by the gravity gradient and Paradox 

Formation isopach maps published by Trudgill (2011) (Figure 2.7). 

Stratigraphic Geometries 

The surface geometries, well data, and published cross sections provide no evidence for 

thickness changes in any of the supra-salt formations across the Moab Fault System. The 

formations thin toward the fault in both the hanging wall and footwall in outcrop, published 

sections, seismic, and wells. As described earlier, the Moenkopi Formation pinches out in the 

footwall of the fault in Corral Canyon (Figures 4.3 and 4.4; Figure 4.13). Along the southern 

portion of the fault, where the Moab Anticline is present in the hanging wall (Figure 4.1), the 

Skip Federal 1-7, Utah 8, and Corral Canyon #1 wells (Figure 5.3; Figure 5.4) show the Cutler, 

Moenkopi, and Chinle Formations thinning towards the Moab Fault Segment in the hanging wall 

in Sections 2 and 5. Along the northern portion of the Moab Fault System, no growth strata are 

present in outcrop and the seismic profile suggests no stratigraphic thickness changes across the 

fault system (Figure 5.2). This geometry, with strata thinning towards a normal fault is contrary 

to the stratigraphic architecture observed in classic growth faults (Withjack et al., 2002; Figure 

5.10). In extensional settings with deposition during fault movement, stratigraphic packages are 

progressively rotated into a rollover anticline and thicken towards the fault (Figure 5.10, 

Withjack et al., 2002). Because no clear evidence for growth faulting is apparent in the available 

data, the 2D cross sections constructed in this study honor this geometry, with the supra-salt 

strata maintaining constant thickness across the Moab Fault System. For example, Section 5 

shows thin Chinle and Moenkopi in wells in the hanging wall and in outcrop in the footwall 

(Figure 5.4) 
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Along-Strike Structural Changes 

In sections 1-3, the Moab Fault Segment detaches along the NE side of the salt pillow 

and has a partially listric geometry at depth (Figure 5.3). The footwall dips gently away from the 

fault, towards the SW and the Cutler and Moenkopi, and Chinle Formations thicken slightly in 

this direction as the salt thins beneath them (Figure 5.3). In the hanging wall, the formations thin 

towards the fault and thicken in the opposite direction, into the minibasin to the NE (Figure 5.2). 

Adjacent to the fault, a rollover anticline (the Moab Anticline) is present in the hanging wall, 

with the strata dipping slightly towards the fault (Figure 5.3). This dip becomes significantly 

steeper to the SE, reaching a 45-50o dip towards the fault at the entrance to Arches National Park 

(Figure 4.1; Doelling et al., 2002; Trudgill, 2011). 

Figure 5.10  Geometries of growth fault strata in both traditional basement-involved rift basins 
and along listric faults that propagated upward from a detachment layer.  Pre rift units are 
stippled and synrift units are shaded gray.  (a) Schematic drawings showing the evolution of a 
rift system and the geometry of synrift units.  Note the footwall uplift, progressive rotation of 
synrift strata, and the units thickening towards the fault.  (b) Interpretation of a seismic line 
showing an extensional fault-bend fold.  The fault has a listric geometry and detaches within salt. 
Hangingwall strata dip towards the fault. (Modified after Withjack et al., 2002). 
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The highest point of the salt pillow is present in Section 5, diminishing in height in both 

directions along strike, in Sections 4-7 (Figure 5.4; Figure 5.8). The Moab Fault Segment 

penetrates the top of the salt pillow, offsetting the salt beneath the surface. The rollover anticline   

(Moab Anticline) is still present in these sections within the hanging wall strata (Figure 5.4).  

In Sections 8 and 9, the hanging wall is almost flat-lying and the footwall still dips gently 

away from the fault (Figure 5.5). The fault geometry is similar to the southern-most sections (1-

3), detaching along the NE side of the elevated salt (Figure 5.5). These sections lie along the 

transition in the hanging wall structure from a rollover anticline to a monocline dipping away 

from the fault. In Sections 10-16, the salt is deeper beneath the footwall, which is mostly flat-

lying (Figure 5.6). The salt does not thin noticeably under the footwall, only thinning very 

gradually to the NW. Along the northern portion of the Moab Segment (Sections 10-12) and the 

Mill Canyon Linkage Zone (Sections 11-16), the monocline is present directly adjacent to the 

fault in the hanging wall. Further away from the faults, the formations dip gradually to the NE, 

into the Courthouse minibasin (Figure 5.6). The northern portion of the Moab Segment and the 

Courthouse Rock and Tusher Canyon Faults of the Mill Canyon Linkage Zone are steeper and 

more planar than the southern portion of the Moab Segment (Figure 5.6 and 5.7). The northern 

portion of the Moab Segment is an average of 5-10o steeper while the Courthouse Rock and 

Tusher Canyon Faults are an average of 15-20o steeper (Figure 5.6 and 5.7).  

Sections 11-16 and 28-32 cross faults along the Mill Canyon Linkage Zone (Figure 3.3). 

Along these faults, the salt is also deeper and has less relief than along the Moab Segment 

(Figure 5.6; Figure 5.7). The N-S oriented cross sections (Sections 28-32) are at the best 

orientation to show the structure across the E-W striking portions of the faults along the Mill 

Canyon Linkage Zone. The footwall is almost flat-lying and a monocline is present along the 
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fault in the hanging wall (Figure 5.7). Beyond the fold, the hanging wall dips gently to the north 

as the Cutler, Moenkopi, and Chinle formations thicken towards the Courthouse Syncline and 

above thinning salt. This is controlled by the Strat #1 State Well (Section 29; Figure 5.7). The 

faults are present at the change in slope in the top of the salt, where it begins to dip to the north. 

(Figure 5.7). 

5.2 Throw Analysis 

The 3D Kayenta, Chinle, and Honaker Trail Formations were used to create footwall and 

hanging wall cutoffs along the Moab Segment and Mill Canyon Linkage Zone of the Moab Fault 

System, representing the intersection of the footwall and hanging wall layers with the fault 

surfaces. These cutoffs were then used analyze the throw along the faults. The Kayenta and 

Chinle footwall cutoffs have the best control along the southern portion of the Moab Segment 

due to excellent outcrop exposures, while less control is present for the cutoff elevations along 

the Mill Canyon Linkage Zone. Hanging wall cutoffs of the Honaker Trail are constrained by 

wells and 2D cross sections. 

The footwall and hanging wall cutoffs and throw profiles were created using the Fault 

Analysis Module in Move. Figure 5.11 and Figure 5.12 show individual fault segments along the 

Moab Fault system projected onto a 2-dimensional plane, looking towards the footwall. The 

footwall and hanging wall cutoffs are shown by solid and dotted lines, respectively. The color 

represents the interpolated throw gradient, with warm colors showing high throw values and cool 

colors showing low throw values. The throw above and below the Kayenta and Honaker Trail 

cutoffs is not constrained and therefore not accurately represented in the plots, however, the 

throw distributions illustrate important trends regarding the lateral changes in throw along strike 

and vertical changes between the modeled formations. Figure 5.11 shows the Moab Segment  
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Figure 5.11  Throw distribution along the Moab Segment of the Moab Fault System.  (a) Surface trace of modeled faults (b) 3D view 
of modeled fault surfaces (c) Projected 2D view of the Moab Segment.  Warm colors represent high throw values while low throw 
values are shown by cool colors.  Kayenta (brown), Chinle (Purple), and Honaker Trail (blue) footwall and hanging wall cutoffs are 
shown by solid and dashed lines, respectively.  The branch line of the surface connection with the Courthouse Rock Fault is marked 
by a thick dotted black line. 
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Figure 5.12  Throw distribution along individual fault segments of the Courthouse Rock Fault and the Tusher Canyon Fault of the Mill 
Canyon Linkage Zone.  (a) Surface trace of modeled faults (b) 3D view of modeled fault surfaces (c) Projected 2D view of the 
Courthouse Rock and Tusher Canyon Faults.  Warm colors represent high throw values while low throw values are shown by cool 
colors.  Kayenta (brown), Chinle (Purple), and Honaker Trail (blue) footwall and hanging wall cutoffs are shown by solid and dashed 
lines, respectively. 
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while three main fault segments of the Courthouse Rock Fault in addition to the Tusher Canyon 

Fault are shown in Figure 5.12.  

The throw along the majority of the Moab Segment shows an overall elliptical geometry 

with the maximum throw of 930 m occurring along the southern third of the fault, near the 

southernmost fault-parallel syncline in the hanging wall (Figure 4.1; Figure 5.11). The throw 

decreases relatively rapidly along strike to the NW, but locally increases slightly to almost 700 m 

at the kink in the fault (Figure 5.11). The intersection between the Moab Segment and the 

Courthouse Rock Fault is shown by the branch line marked the by the dotted black line. 

Northwest of this branch line, the throw decreases abruptly along the Moab Segment from over 

400 m to less than 300m within 0.1 km along strike (Figure 5.11). Within 0.5 km along strike, 

the throw decreases to less than 200m (Figure 5.11). 

The maximum throw along the Mill Canyon Linkage Zone is located where the faults 

have a NE-SW oriented strike (Figure 5.12). The maximum throw along the Tusher Canyon and 

Courthouse Rock Faults is just over 300 m and 250 m, respectively. The throw along the first 

and second segments of the Courthouse Rock Fault, which strike E-W, is the lowest with only 

90-130 m of max throw (Figure 5.12). 

Throw profiles (Distance vs. Throw) were created for the Moab Segment and Mill 

Canyon Linkage Zone to provide information regarding fault linkage and strain partitioning 

along the fault system. Profiles for the Kayenta, Chinle, and Honaker Trail are shown together in 

Figure 5.13. These profiles are similar to the profile for the Navajo Formation presented by 

Banbury, 2005. The maximum throw is approximately 930 m and is present approximately 4.8 

km along the Moab Segment while the profile from Banbury shows approximately 900 m of 

maximum throw (Banbury, 2005; Figure 2.14 B; Figure 5.11; Figure 5.13). The largest 
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difference between the profiles presented in this study and those from Banbury (2005) is the 

amount of throw across the Mill Canyon Linkage Zone. Banbury shows approximately 150- 275 

m of throw which is highest where the faults meet the Moab Segment and throw gradually 

decreasing to the NW (Banbury, 2005; Figure 2.14 B). This study shows a maximum throw 

along the center of the Tusher Canyon Fault with approximately 300 m of throw (Figure 5.12; 

Figure 5.13). An aggregate throw profile for the Chinle Formation is shown in Figure 5.14. The 

overall profile is similar to the individual throw profiles. Two throw maxima are present along 

the Moab Segment and there is a dramatic decrease in throw where the Moab Segment intersects 

the Courthouse Rock Fault (Figure 5.14). The throw along the Mill Canyon Linkage Zone is 

much lower than the Moab Segment and the Courthouse Rock and Tusher Canyon Faults both 

have their own unique throw maxima (Figure 5.14).  
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Figure 5.13  Throw profile of the Chinle (purple), Kayenta (brown), and Honaker Trail (blue) Formations across the Moab Segment 
and Mill Canyon Linkage Zone (3 main fault segments of the Courthouse Rock Fault and the Tusher Canyon Fault).  10X Vertical 
exaggeration 
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Figure 5.14  Aggregate throw profile of the Chinle Formation across the Moab Segment and Mill Canyon Linkage Zone (3 main fault 
segments of the Courthouse Rock Fault and the Tusher Canyon Fault).  10X Vertical exaggeration. 
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CHAPTER 6  

DISCUSSION 

6.1 Kinematic Analysis 

The kinematic analysis completed using fault and slickenline data collected within the 

study area show two primary extension directions were present across the Moab Fault System 

during deformation (Figure 4.17). Along, the Moab Segment, extension was directed towards the 

NE (Figure 4.17 b). Deformation along the Mill Canyon Linkage Zone was more complex, as 

evident from the kinematic analysis in addition to the mapped fault geometries (Figure 4.5; 

Figure 4.11; Figure 4.12; Figure 4.17). The primary extension direction along the Courthouse 

Rock and Tusher Canyon Faults is towards the north, with secondary extension towards the NE 

(Figure 4.17 e, f, g, d). The change from NE- to N-directed extension may be due to the structure 

of the underlying salt (Figure 6.1). The E-W striking segments of the Mill Canyon Linkage Zone 

lie along the change in slope of the top salt surface, as the top of the salt increasingly dips to the 

north (Figure 6.1).  

6.2 Collapse Synclines 

The steep-v-shaped syncline adjacent to the maximum throw along the Moab Segment in 

addition to the smaller hanging wall synclines are interesting structural features that provide 

insight into the history of the fault system (Figure 4.2; Figure 4.3; Figure 4.14). The v-shape and 

extensive jointing along the synclines, especially the tightest, southernmost syncline, suggest 

brittle deformation of the supra-salt formations (Figure 4.14). In addition, the folds are likely 

related to fault movement and the proximity of the salt to the surface. Above the Pennsylvanian 

Eagle Valley evaporite in Colorado (which is contemporaneous with the Paradox Formation) 

similar strike-parallel, v-shaped synclines have been related to supra-salt collapse due to 

dissolution and lateral movement of the underlying salt (Scott et al., 2002). In Sections 1, 2, and 
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5, which cross the two southernmost synclines, the top of the Paradox formation is only 60-700m 

below the surface in the footwall and is at its highest point below the hanging wall (Figure 6.2; 

Figure 4.2; Figure 4.3; Figure 5.3; Figure 5.4). In sections to the north, the top Paradox 

Formation is 1000-1700 m below the footwall (Figures 5.6-5.7). The proximity of the folds to the 

salt high and maximum throw along the Moab Segment suggests a genetic relationship to both 

faulting and the height of the salt (Figure 4.2; Figure 4.3). The folds probably developed 

Figure 6.1  Structure of the top of the Paradox Formation in 3D view looking to the SE (top) and 
map-view (bottom).  Note that the location of the faults corresponds to an increase in the slope of 
the top Paradox Formation, which locally dips to the north. 
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Figure 6.2  Detailed map of the southern-most synclines and the locations of 2D cross sections 
constructed in this study.  The depth to the top of the Paradox beneath the syncline (within each 
cross section) is posted in the green boxes. 
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 due to evacuation of the salt, either through dissolution or lateral migration, and subsequent 

collapse into the void created by salt removal. In this case, faulting must have occurred, at the 

earliest, after deposition and lithification of the Salt Wash member of the Morrison Formation.  

6.3 Fault-�S�U�R�S�D�J�D�W�L�R�Q�� �I�R�O�G�V���Y�V�����³�)�D�X�O�W�� �G�U�D�J�´ 

The rollover anticline and monoclines along the hanging wall of the Moab Fault system 

are also important structures observed in the field (Figures 4.2 �± 4.6; Figure 4.11; Figure 4.14; 

Figure 4.15). In literature, three process have been presented to explain the development of 

similar folds paralleling normal faults: (1) folding due to the influence of an upward propagating 

tip of a blind fault (referred to as a fault tip monocline) (Figure 6.3a; Schlische et al., 1995; 

Sharp et al., 2000), (2) deformation due to lateral propagation of a fault or the interaction of 

underlapping faults (Figure 6.3b; Childs, et al., 2016; ; Sharp et al., 2000; Schlische et al., 1995) 

���������I�U�L�F�W�L�R�Q�D�O�� �³�G�U�D�J� �́� �R�U���³�V�P�H�D�U�L�Q�J� �́� �R�I�� �W�K�H���I�R�U�P�D�W�L�R�Q�V�� �Z�Lth increasing throw (fault drag or normal 

drag; Figure 6.3c; Ferrill et al., 2012; Davis and Reynolds, 1984). Various terms have been used 

to describe folds created through these mechanisms in literature; fault propagation monoclines 

where the fold is convex in the direction of slip and beds dip away from the fault have widely 

�E�H�H�Q���U�H�I�H�U�U�H�G�� �W�R���D�V���³�Q�R�U�P�D�O�� �G�U�D�J� �́� ��Figure 6.4; Davis and Reynolds, 1984). Rollover anticlines 

(concave in the direction of slip, with units dipping towards the fault) formed by upward fault 

�S�U�R�S�D�J�D�W�L�R�Q�� �K�D�Y�H�� �E�H�H�Q���U�H�I�H�U�U�H�G�� �W�R���D�V���³�U�H�Y�H�U�V�H�� �G�U�D�J� �́� ��Figure 6.4; Davis and Reynolds, 1984; 

Withjack et al., 2002). Hanging wall monoclines (units dipping away from the fault, convex in 

�W�K�H�� �G�L�U�H�F�W�L�R�Q�� �R�I�� �V�O�L�S���� �K�D�Y�H�� �D�O�V�R�� �E�H�H�Q���U�H�I�H�U�U�H�G�� �W�R���D�V���³�H�[�W�H�Q�V�L�R�Q�D�O�� �I�D�X�O�W-�S�U�R�S�D�J�D�W�L�R�Q�� �I�R�O�G�V� �́�

(Withjack et al., 2002). �,�Q�� �W�K�L�V�� �V�W�X�G�\���� �³�G�U�D�J� �́� �L�V�� �U�H�V�H�U�Y�H�G�� �I�R�U�� �I�R�O�G�L�Q�J�� �G�L�U�H�F�W�O�\�� �U�H�O�D�W�H�G�� �W�R���I�U�L�F�W�L�R�Q��

along a fault surface. The monoclines along the Moab Segment and Mill Canyon Linkage Zone 

are most likely fault-�W�L�S�� �P�R�Q�R�F�O�L�Q�H�V���� �Z�K�L�F�K�� �D�U�H���O�D�U�J�H�U�� �L�Q�� �V�F�D�O�H�� �W�K�D�Q�� �I�D�X�O�W�� �³�G�U�D�J� �́� ��Sharp et al., 
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2000; Schlische, 1995). It is unlikely that the folds observed in this study developed through 

�I�D�X�O�W�� �³�G�U�D�J� �́� �G�X�H���W�R���W�K�H�L�U broad size, �������¶�V���R�I���P�H�W�H�U�V�� �Z�L�G�H�� ���)�L�J�X�U�H�� ��������; Figure 4.15). In addition, 

the orientation of these folds (horizontal and parallel to the fault strike) implies mainly dip-slip 

movement along the fault (Davis and Reynolds, 1984). 

The local dip of the footwall towards the Moab Segment (northern portion), Courthouse 

Rock, and Tusher Canyon Faults is most likely associated with the same process as the hanging 

 

Figure 6.3 Processes illustrating the development of normal fault-parallel monoclines.  (a) 
Vertical fault propagation (modified from Schliche et al., 1995).  (b) Lateral fault propagation 
(modified from Sharp et al., 2000).  (c) Frictional drag (modified from Ferrill et al., 2012). 
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wall monocline (Figures 4.4 �± 4.6 ). The localized folds are probably the preserved footwall 

portion of the fold that developed prior to the fault breaching the horizon (Figure 6.3a and b). 

These folds are commonly observed along normal faults associated with a hanging wall fault-tip 

monocline (Figure 6.3a and b; Schliche, 1995). 

The localized dip increase in shale-dominated lithologies directly adjacent to the fault 

surface (Figure 4.16�����P�D�\�� �E�H���G�X�H���W�R���I�U�L�F�W�L�R�Q�D�O�� �³�G�U�D�J� �́� �R�U���³�V�K�D�O�H�� �V�P�H�D�U� �́� �D�O�R�Q�J�� �W�K�H�� �I�D�X�O�W�� �V�X�U�I�D�F�H�� �D�V��

the throw increased through time. Weak materials such as shale typically deform by folding or 

smearing along a fault surface during deformation (Davatzes, et al. 2005; Foxford et al., 1998).  

�+�R�Z�H�Y�H�U���� �W�K�H���S�U�R�F�H�V�V���R�I�� �I�U�L�F�W�L�R�Q�D�O�� �³�G�U�D�J� �́� �K�D�V���E�H�H�Q���T�X�H�V�W�L�R�Q�H�G�� �L�Q literature (Ferrill et al., 2012; 

Grasemann et al., 2005). Numerical studies have shown that broader scale folding due to friction 

is not a feasible explanation and the folding is likely due to upward propagation of a blind fault 

through mechanically layered stratigraphy (Ferrill et al., 2012; Grasemann et al., 2005). The 

shale does not transfer strain and hinders upward propagation through the weak, incompetent  

 Figure 6.4  Normal �Y�V�����U�H�Y�H�U�V�H�� �³�G�U�D�J� �́��� �����0�Rdified from Davis and Reynolds, 1984) 
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layer. While the fault propagation is stopped or slowed, the shale is progressively folded with 

increasing throw, as opposed to deformation due to friction (Ferrill, et al., 2012). There is not 

sufficient evidence to conclude whether the steeply dipping beds within the Brushy Basin and 

Cedar Mountain Formations are controlled by friction or arrested fault propagation. 

The rollover anticline along the southern portion of the Moab Segment also likely formed 

due to upward fault propagation (Figure 5.10). The scale of the fold, lack of growth, listric 

geometry of the fault and detachment along the edge of the asymmetric salt pillow are 

characteristic of post-depositional fault propagation folding. (Figure 5.10; Withjack et al., 2002). 

Additionally, the increasing steepness of the rollover anticline towards the SE corresponds to an 

increase in the elevation of the top Paradox salt, suggesting that the fault detaches at an 

increasingly shallow level as the salt pillow transitions to the main Moab-Spanish Valley salt 

wall and comes to the surface (Figure 5.8 d). The localized dip of the footwall away from the 

rollover anticline is related to the dip over the salt pillow prior to collapse (Figures 5.3 and 5.4) 

6.4 Stratigraphic Architecture 

The thickness changes observed at the surface and in the subsurface data reveal important 

information about the evolution of the Moab Fault System and the underlying salt system. The 

stratigraphic geometries seen in the field and at depth in published cross sections, seismic, and 

the 2D cross sections constructed in this study provide evidence that an asymmetric salt high, or 

pillow, developed throughout the Permian, Triassic, and early Jurassic, extending NW of the 

Moab Spanish Valley Salt wall. This structure is present in all cross sections created in this 

study, especially the southern sections (Figures 5.3 �± 5.7), in addition to the 3D surface showing 

the top Paradox Formation structure (Figure 5.8). The asymmetric salt pillow is much smaller, 

with less relief than the large salt walls present across the rest of the Permian Basin and is most 
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likely an extension of the Moab-Spanish Valley salt wall as the top of the salt wall plunges to the 

NW. The supra-salt strata blanketed the structure, with little thickness variations through the 

middle Jurassic and Cretaceous (Dewey Bridge, Entrada, Morrison, Cedar Mountain, and Dakota 

Formations; Figure 5.3 �± Figure 5.7).  

Significantly, the Permian and Triassic strata (Cutler, Moenkopi, and Chinle Formations) 

thin towards the fault system in both the footwall and hanging wall and thicken into the 

minibasin to the NW and N in the hanging wall (Figures 5.3 �± 5.7). These formations also 

thicken slightly in the footwall towards the SW (Figures 5.3 �± 5.7). These lateral changes are 

crucial to understanding of the salt movement through time, revealing changes in 

accommodation, the location of the deposition center, and the geometry of the underlying salt 

(Trudgill, 2011). The pinch-out of the Moenkopi Formation in the footwall of the Moab Fault in 

Corral Canyon indicates that salt was at the surface, restricting deposition at this time (Figures 

4.3 �± 4.4; Figure 4.13). Formation tops in wells show the Moenkopi thickens towards the NE and 

SW, away from the Moab Fault (Figures 5.3 �± 5.7). Additionally, well data show the top of the 

Paradox Formation is at its highest elevation adjacent to the fault (Figures 5.3-5.7). During the 

deposition of the Moenkopi, the salt must have been present near the surface, forming a minor 

pillow northwest of the main Moab-Spanish Valley salt wall, limiting sediment deposition in this 

location as a topographic high. The paleosol present in the top of the Cutler indicates that there 

was a long period of non-deposition, most likely due to the presence of a paleo-high at this 

location (Figure 4.13). This indicates accommodation was greater on the NE and SW sides of the 

salt high. Deposition was focused in the minibasin between the Salt and Cache Valley salt wall 

and the Moab Spanish Valley salt wall and the salt high must have developed during this time. 

Wells drilled in the minibasins showing exceptional Moenkopi thickness include (1) Equity Oil 
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Company, Strat St 1: Moenkopi = 1552ft, drilled to the north of Mill Canyon (2) LADD 

Petroleum, Salt Valley 1: Moenkopi = 1714ft, drilled NE of Mill Canyon, near Highway 191 (3) 

Tiger Oil Co., State 12-11: Moenkopi = 2550ft, drilled NE of Mill Canyon and east of the Salt 

Valley 1 well. The cross sections created in this study also reveal some thickness changes, and 

therefore, continued salt movement, during the deposition of the Wingate and Navajo formations 

(Figures 5.3 �± 5.7).  

It is also evident that the salt moved not only laterally away from the center of deposition 

in the Courthouse minibasin but also along the strike of the Moab-Spanish Valley salt wall and 

the shallow salt pillow. The pinch-out of the Moenkopi Formation in Corral Canyon and the 

facies and thickness changes along the Moab-Spanish Valley salt wall described by Trudgill 

(2010) and Banbury, (2005) indicate the center of deposition was located along the Moab 

Segment, north of the main salt wall during Honaker Trail and Cutler time. This deposition 

center migrated to the south during Moenkopi time while a paleo-high existed near Corral 

Canyon. During deposition of the Chinle, the center of deposition was split to the north and 

south; one deposition center was located near the Colorado River and a second was located near 

Corral Canyon, above the missing Moenkopi section.  

The stratigraphic geometries observed in this study in both the surface and subsurface 

provide evidence that the thickness changes within the supra-salt formations are due to salt 

movement and are unrelated to the development of the Moab Fault System. If the Moab Fault 

was syn-depositional, the growth packages would be expected to be similar to a classic roller 

fault. Roller faults are supra-salt normal faults with a characteristic listric geometry and rollover 

monocline or anticline in the hanging wall (Rowan et al., 1999; Figure 6.5). They detach along 

the steep edge of an asymmetric salt accumulation (roller) and growth packages in the hanging 



102 
 

Figure 6.5  Roller faults. (a) Comparison of fault families present above autochthonous salt.  (b) 
and (c) Examples of roller faults in seismic soling into salt, illustrating listric fault geometries, 
rollover anticlines in the hanging wall, and growth strata thickening toward the fault.  (c) shows a 
n ideal example of faults detaching along asymmetric salt rollers.  (Modified from Rowan et al., 
1999).  
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wall thicken towards the roller fault and increase in dip with depth (Rowan et al., 1999; Figure 

6.5). In this study, wells in the hanging wall and outcrops along the footwall indicate thinning, 

not thickening, towards the Moab Fault Segment (Figure 5.3; Figure 5.4). Different growth 

geometries would be expected along the northern portion of the Moab Segment and the Mill  

Canyon Linkage Zone. Where fault tip monoclines are present, growth packages thin towards the 

fault (Gawthorpe et al., 1997; Sharp et al., 2000; Figure 6.6). However, pinch-outs or truncation 

of units adjacent to the fault system were not observed in the field within the formations along 

the hanging wall monoclines. Throughout the study area, these units maintain a constant 

thickness across the Moab Fault System (Figures 5.3 �± 5.7). These data indicate thickness 

changes must pre-date faulting and were formed due to passive diapirism of the Paradox salt, as 

differential sedimentation in the Courthouse minibasin forced the salt into the growing Moab-

Spanish Valley salt wall and the small pillow extending NW of the main salt wall.  

6.5 Subsurface Structures 

The along-strike transition from a rollover anticline to a fault tip monocline in the 

hanging wall is likely controlled by the shape of the fault and the shape, thickness, and depth of 

the top Paradox Formation (and thinning of the salt). Literature indicates that rollover anticlines 

form as a result of movement along faults with a listric geometry (Schlische, et al., 1995). Along 

the southern portion of the Moab Segment, the rollover anticline likely formed due to the listric 

shape of the fault. This fault shape was also influenced by the salt. The salt is close to the surface 

in the area and has an asymmetric pillow shape, acting as a detachment surface along its steeper 

NE side. In addition, the salt, which is ductile at depth, accommodated the deformation of the 

hanging wall. Where the salt pillow is the highest and steepest, it appears that the thin  
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Figure 6.6  Geometries of synrift strata.  (a) Comparison of synrift strata associated with a 
basement-involved rift fault and fault propagation folding. (Modified from Withjack et al., 2002)  
(b) Truncation of synrift units and increasing dip rotation with increasing fault propagation. 
(Taken from Sharp et al., 2000) 
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supra-salt strata sank into the thick salt (Figure 5.4). Along the northern portion of the Moab 

Segment and the Mill Canyon Linkage Zone, the fault has a more linear shape and steeper dip. 

The deeper and lower relief salt in this area did not act as a detachment surface and did not 

therefore preferentially allow for the formation of listric faults. The faults are, however, located 

above a slope change in the top salt surface, which is seen in both SW-NE and N-S cross 

sections (Figure 5.6 and 5.7). The structure map of the Paradox Formation illustrates this 

relationship (Figure 5.8; Figure 6.1). The salt beneath the footwall is fairly flat-lying along the 

northern portion of the Moab Fault System (Figure 5.8; Figure 6.1). Beneath the hanging wall, 

the salt dips to the north and NE, into the Courthouse Syncline and minibasin (Figure 5.8). This 

slope change is an ideal nucleation point for the formation of the faults. Supra-salt faults 

preferentially overly structural heterogeneities such as basement faults, salt walls, salt pillows, 

etc. (Vendeville and Jackson; 1992; Ge et al., 1998)  Additionally, during dissolution or lateral 

salt migration, faults form above and parallel to underlying salt walls, where the salt wall is 

rising or collapsing (Tvedt et al., 2016). 

6.6 Throw Profiles 

The location of the maximum throw along the Moab Segment most likely indicates the 

location of the fault initiation (Figure 5.11; Figures 5.13 �± 5.14). The fault likely initiated where 

the salt was closest to the surface and acted as a more efficient detachment. The fault would have 

propagated along strike to the NW, becoming more linear and steeper with the increasing depth 

of the salt. Additionally, the significant throw decrease at the branch line indicates that the 

majority of the displacement transferred to the Mill Canyon Linkage Zone. (Figures 5.11; 5.13) 

The second peak in the throw profile along the Moab Segment may indicate that the fault 

originally consisted of two faults, both initiating at the point of maximum throw (Figures 5.13 �± 
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5.14). The second peak is located along the kink in the fault which may be related to the 

elevation of the salt in the subsurface. The fault kink represents a potential breached relay ramp 

between two fault segments, each initiating at the two peaks in the throw profile. This second 

throw peak is also at the maximum height of the salt pillow, which most likely acted as an 

initiation point for the secondary fault. 

The locations of the maximum throw along the Courthouse Rock and Tusher Canyon 

Faults suggests that they initiated along the NE-SE portion of the faults (Figure 5.12 �± Figure 

5.13). Conversely, Banbury proposed that the faults most likely initiated along the E-W portions 

and bent parallel to the main Moab Segment as the faults interacted (Banbury, 2005).  

6.7 Development of the Moab Fault System 

The main goal of this study was to integrate detailed surface data with regional 

subsurface data in order to gain a clearer understanding of the evolution of the Moab Fault 

System and the underlying salt. This study found no evidence for stratigraphic growth due to 

fault movement, suggesting that faulting post-dates deposition of the strata exposed in the field 

(early Cretaceous Dakota Formation), at a minimum. Faulting therefore also post-dates the 

development of the Moab-Spanish Valley salt wall and the salt pillow/high beneath the fault 

system. The fault-tip monoclines also suggest post-depositional fault movement, as the 

sediments overlying the fault were folded prior to the fault breaching the surface. Additionally, 

the v-shaped synclines indicate post-depositional, brittle deformation, likely after lithification of 

the upper Jurassic Salt Wash member of the Morrison Formation (at a minimum).  

6.7.1 Dissolution vs. Regional Extension 

The mechanism controlling the development of normal faults across the Paradox Basin, 

especially the Moab Fault System has been debated throughout literature (Foxford et al., 1996; 
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Olig et al., 1996; Garden et al., 2001; Trudgill, 2011, and others). A number of studies agree that 

the crestal graben systems overlying the large salt walls developed after the Tertiary uplift of the 

Colorado Plateau, due to dissolution of underlying salt and gravitational collapse (Doelling; 

2000; Gutierrez, 2004). However, within published literature, there has been less agreement 

regarding the timing and development of the Moab Fault System.  

Some authors have proposed regional extension as the initiation of the Moab Fault (Ge, et 

al., 2008). However, the Moab Fault system is significantly different from the rift development 

typical of regional extension. Rifts are characterized by a complex array of large-scale faults and 

graben systems, with interacting and linking normal faults representing a regional strain field 

(Figure 6.7; McClay et al., 2002). In salt-influenced basins, regional extension thins the supra-

salt overburden, creating arrays of faults forming grabens and half grabens (Figure 6.8; Jackson 

and Vendeville, 1994). The extension also initiates salt flow and reactive diapirism by altering 

the differential load as the overburden is weakened, fractured, and thinned. (Jackson and 

Vendeville, 1994). Conversely, the Moab Fault System is characterized by one dominant fault 

with localized antithetic and synthetic faults accommodating strain along the hanging wall. The 

lack of a large-scale graben system in the area surrounding the Moab Fault system (see Figure 

1.2) indicates that the controlling mechanism was likely not regional extension. Additionally, 

some proponents of the extensional model claim that extension must have been NNE-SSW, 

oblique to the salt walls and the overall strike of the Moab Fault System, in order to create an en-

echelon array of faults (Ge et al, 1996, 1998, 2008). However, the kinematic data in this study 

that slip along the Moab Fault System was mostly in the direction of fault dip, to the NE (Figure 

4.17 b). Oblique extension towards the NNE-SSW does not agree with the overall NE-SW 

dominated strain and dip-slip that the collected slickenline data suggest. It is possible that 
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localized extension may have helped initiate jointing, groundwater circulation, and salt 

dissolution (Gutierrez, 2004); however; there is little evidence that supports regional extension 

and the primary control for the development of the Moab Fault System.  

It is therefore much more likely that salt movement controlled the development of the 

Moab Fault System, than regional extension. Structural and stratigraphic relationships indicate a 

genetic relationship between the hanging wall structure, the fault geometry, and the salt structure. 

Figure 6.7  (a) Orthogonal and (b) Oblique rift development simulated by scaled sandbox 
models.  (Modified after McClay et al., 2002). 
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Figure 6.8  Fault development and diapirism in salt-influenced basins.  (a) Map view of the 
northern Red Sea where regional extension has produced a large graben system of faults (black 
lines) and salt walls (black polygons).  (b) and (c) experimental models showing faulting and 
diapirism during thin- and thick-skinned extension, respectively. (Modified from Jackson and 
Vendeville, 1994). 
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The v-shaped synclines and rollover anticline structure strongly suggest collapse into the 

underlying salt. Additionally, the throw profiles indicate that faulting initiated along the Moab 

Segment near the highest point of the salt. The fault likely grew by vertical propagation up from 

the salt detachment and laterally along strike to the NW. Along the northern portion of the Moab 

Fault System, the hanging wall fault tip monoclines suggest deformation due to fault propagation 

upwards, likely from the top Paradox salt surface, initiating along the increase in slope of the top 

salt surface. The deformation of the hanging wall along the northern portion of the fault system 

was likely accommodated by removal of the underlying salt. Salt removal may have occurred 

through dissolution, lateral migration in the subsurface, or a combination of the two. The likely 

direction of salt migration is along the strike of the salt accumulation, towards the Moab-Spanish 

Valley salt wall. Migration to the NE, N, or SE would have been prevented by the significant 

overburden of the Courthouse minibasin and the flat-lying footwall strata. Salt migration is 

triggered by differential loading due to some change in the overlying stress, either due to 

deposition or removal of overburden. The uplift of the Colorado Plateau is the main event that 

would have affected the differential loading of the salt. As erosion removed the depositionally 

thin strata above the Moab-Spanish Valley salt wall, dissolution was initiated, lowering the 

differential pressure over the salt wall. The underlying salt would have moved towards the 

central part of the Moab-Spanish Valley salt wall where pressure is lowest (and the overburden is 

thinnest), away from the thicker overburden (higher pressure) surrounding the salt wall. As salt 

evacuated from beneath the overburden, the brittle strata would have accommodated strain 

through faulting, initiating the Moab Fault System along the original thickest and highest 

elevation of the salt.  
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6.7.2 Timing 

The timing of the development of the Moab Fault System has been inconsistent in 

literature, with dates varying from the Permian through Quaternary (Figure 6.9). Older dates 

include fault movement during the Permian �± early Jurassic with reactivation during the late 

Cretaceous (Garden et al., 2001) or Triassic �± Jurassic with reactivation during the mid-

Cretaceous through early-Tertiary (Foxford et al., 1998). Younger ages presented in literature 

include deformation during the Paleocene �± Eocene (60-43 Ma) and reactivation during the 

Neogene (Trudgill, 2011 after Pevear et al., 1997), Paleogene �± Neogene, with the last 

movement during the late Neogene (7.5-1.2 Ma; Olig et al., 1996), Eocene �± Oligocene (Ge et 

al., 2008), initiation during the Paleocene �± Eocene and active movement during the Pleistocene 

�± Holocene (Guerrero et al., 2014), and possible movement throughout the Cenozoic with the 

main fault movement during the Neogene and Quaternary (Gutierrez et al., 2004). The studies 

that cite older ages do not provide clear evidence for these dates, while the younger dates were 

determined from bedrock scarp-retreat rates, dating of fine-grained illite within shale gauge 

along the Mill Canyon Linkage zone, and detailed analysis of fault segments within artificial 

trenches along the southern portion of the Moab Fault System. 

This study has determined that, at a minimum, faulting most likely post-dates the early 

Cretaceous strata exposed in the field (Dakota Formation). It is also likely that faulting is related 

to dissolution and collapse of the Moab Spanish Valley salt wall. Salt dissolution and collapse 

across the Paradox Basin must have been accentuated, if not initiated, by the uplift of the 

Colorado Plateau. Before uplift, which initiated during the late Miocene (5-10 Ma), the salt was 

covered by approximately 3 km (9000ft) of sediment (Rasmussen, 2009). Uplift allowed for 

increased erosion, entrenchment of the drainage network, and increased groundwater circulation 
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(Doelling, 1983; Gutierrez, 2004). As the overlying sediments were removed, joints and fractures 

likely allowed groundwater to reach the top of the salt walls and begin dissolution. With 

continued dissolution, salt along the shallow salt pillow began to migrate towards the main salt 

wall and the Moab Fault System may only then have initiated to accommodate brittle 

deformation of the overburden and collapse into the evacuating salt. Faulting may have also 

Figure 6.9  Timing of movement along the Moab Fault System presented by various authors. 
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been enhanced as fractures and joints along the fault system allowed groundwater to reach the 

deeper salt along the salt pillow. Additionally, the v-shaped synclines in the hanging wall of the 

Moab Segment were most likely influenced by enhanced salt dissolution along drainage systems. 

The southernmost syncline is located along a major drainage at the base of the plateau to the SW 

while the two northern synclines are located along Sevenmile Canyon (Figures 4.1 �± 4.3). 

Although the uplift of the Colorado Plateau likely initiated salt movement and faulting, 

deformation must have occurred at a sufficient depth to allow for the development of 

deformation bands, which are extensive along the entire length of the Moab Fault System. 

Deformation bands form in front of vertical and laterally propagating faults (Fossen et al., 2007; 

Figure 6.10 a). They accommodate localized strain in porous rocks and sediments and are mm to 

cm wide zones of increased cohesion and decreased permeability (Ballas et al., 2015). There are 

many types of deformation bands that can occur in various settings, involving a range of 

micromechanisms of deformation including the rearrangement of grains (granular flow), 

cataclasis (grain fracturing and grinding, phyllosilicate smearing, and chemical pressure solution 

(Ballas et al., 2015; Fossen et al., 2007). The type and degree of deformation is related to a 

variety of factors including grain size, shape, and sorting, porosity, mineralogy, lithification, 

burial depth, tectonic regime, and association with faulting (Ballas et al., 2015). The deformation 

bands present along the Moab Fault system are dominantly cataclastic, formed through 

mechanical grain fracturing that occurs at depths of 1.5-2.5 km (Ballas et al., 2015). The amount 

of cataclasis can vary and increase with deformation from microbreccia, protocataclasis, 

cataclasis, and ultracataclasis. Deformation bands can also be classified based on their 

permeability (which decreases with increasing cataclasis) as pure shear and shear-enhanced 

compaction bands, single cataclastic bands, band clusters, slipped bands, and  
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Figure 6.10  (a) Schematic illustrating the relationship between deformation bands and 
�G�H�Y�H�O�R�S�L�Q�J�� �I�D�X�O�W�V���� ���'�H�I�R�U�P�D�W�L�R�Q�� �E�D�Q�G�V�� �I�R�U�P�� �L�Q�� �W�K�H�� �³�S�U�R�F�H�V�V�� �]�R�Q�H�´�� �D�K�H�D�G�� �R�I���D���I�D�X�O�W�� �W�L�S�����W�D�N�H�Q��
from Fossen, et al., 2007).  (b) Deformation band classification based on permeabiliby (taken 
from Ballas et al., 2015). 
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fault core (Figure 6.10 b). Single cataclastic bands, band clusters, and slipped bands are present 

within both the hanging wall and footwall of the Moab Fault System and are abundant in most of 

the exposed formations across the area of this study, with the exception of shale-dominated 

lothologies (Davatez, 2005). Figure 6.11 shows examples of common deformation bands present 

along the Moab Fault system compared to field examples from Ballas et al. (2015).  

This study therefore concludes that faulting must have initiated, and been active during 

the late Neogene, at a maximum of 10 Ma, between the beginning of  the Colorado Plateau uplift 

and complete exhumation (Figure 6.9). This date is in agreement with dates presented by 

Gutierrez et al. (2004) and Guerrero et al. (2014). It also agrees with the latest movement dates 

proposed by Olig et al. (1996) and Trudgill et al. (2011) but conflicts with fault movement dates 

presented by Peavear et al. (1997) based on K-Ar dating of shale along the Mill Canyon Linkage 

Zone. However, the dated gouge was only sampled along one portion of the fault and multiple, 

consistent dates have not been obtained in any other studies. Additionally, the development of 

the shale may not reflect the age of faulting accurately. It is possible that gouge development was 

related to earlier deformation or unrelated to fault movement. Further studies should be 

undertaken to date fault gouge at additional locations along the Moab Fault system.  

6.8 Implications for petroleum exploration 

Hydrocarbon accumulations related to structural traps controlled by fault systems have 

been of particular interest to the petroleum industry, and predicting the sealing potential of the 

fault is a continuing challenge. Characterizing trapping geometries in the deformed zone is also 

difficult due to the complexity and resolution limits of seismic data. Fault systems influenced by 

salt movement are of particular interest, as some of the largest petroleum-rich basins are 

characterized by extensive salt diapirism and supra-salt faulting, including the Gulf of Mexico 
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and offshore Angola, and Brazil. This study provides additional knowledge of the structural 

complexities present at a sub-seismic scale along supra-salt fault systems, which is a key 

potential analogue for faulting in these important petroleum basins. 

Along the Moab Fault Segment, the hanging wall structure changes from a rollover 

anticline to a fault tip monocline over a distance of approximately 10km, which is easily 

Figure 6.11 Field examples of deformation bands  (a) Examples from Ballas et al., 2015, based 
on the classification shown in Figure 6.10. Color photos are taken in the field while black and 
white photos are SEM photomicrographs.  (b) Examples from the Moab Tongue member of the 
Entrada Formation, along the Moab Fault System. 
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resolvable on seismic. However, the v-shaped synclines, which are only 1.5-2 km in length, and 

the fault tip monoclines along the hanging wall are potentially at a sub-seismic scale. It is likely 

that these structures would affect the potential sealing capability of a hanging wall petroleum 

accumulation. In particular, the steepest v-shaped syncline, which lies along the limb of the 

rollover anticline, may compromise the viability of a 3-way structural trap. The syncline is also 

associated with extensive jointing and additional faulting accommodating the localized strain, 

which could allow for migration through the structural trap. Additionally, the antithetic and 

synthetic faults present along the crest of the rollover anticline also have the potential to act as 

conduits for hydrocarbon migration. 
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CHAPTER 7 

CONCLUSIONS 

7.1 Summary 

Through integration of detailed field mapping and existing map, section, and well data, 

this study resulted in an enhanced understanding of the development history of the Moab Fault 

System and Moab Spanish Valley salt wall. The following goals were achieved through 

completion of this study: 

1. Improved detail in the geologic maps along the Moab Segment and Mill Canyon 

Linkage Zone of the Moab Fault System. These maps show significantly more 

structural data than published maps and the hanging wall structure has been 

characterized in more detail than previous studies. 

2. Kinematic analysis of slickenline and fault orientation data along the Moab Fault 

System, providing an understanding of the strain during deformation. 

3. Integration of the structural and stratigraphic relationships at the surface with 

subsurface data. 

4. Digitized field and map data that are essential to 2D and 3D modeling. 

5. 2D and 3D modeling of the Moab Fault System and the termination of the underlying 

Moab-Spanish Valley salt wall. This supported previously published claims which 

did not have substantial evidence. The modeling results also revealed new 

information about the evolution of the fault and underlying salt system, outlined 

below. 

6. An assessment of the potential influence of the detailed hanging wall structure on trap 

geometries produced adjacent to sealing faults in petroleum systems. 
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This study helped answer questions regarding the history of the Paradox Basin that were 

previously in debate: 

1. No evidence for deposition during fault movement is present along the Moab Fault 

System. 

2. The Moab Fault System was influenced by the geometry of an underlying low-relief 

pillow of salt. This salt pillow is the NW extension of the Moab-Spanish Valley salt 

wall, as the top of the salt wall increasingly plunges to the NW. 

3. The rollover anticline along the southern portion of the Moab Segment is a fault-

propagation fold, associated with a listric fault that detaches at shallow levels on top 

of and along the NE edge of the Moab-Spanish Valley salt wall. 

4. The monoclines present along the northern portion of the Moab Segment and the Mill 

Canyon Linkage Zone formed due to upward propagation of a blind fault system.  

5. The small, v-shaped synclines in the hanging wall along the southern portion of the 

Moab Segment indicate brittle deformation and possible collapse into the underlying 

Paradox Formation. They also suggest deformation post-dates deposition and 

lithification of the early Cretaceous Salt Wash member of the Morrison Formation (at 

a minimum). 

6. The lack of growth strata, the brittle deformation of the hanging wall, and the fault 

propagation folds along the hanging wall indicate that the fault system post-dates the 

development of the Moab-Spanish Valley salt wall and the deposition of early 

Cretaceous sediments (at a minimum). Faulting was likely initiated after the 

beginning of the Colorado Plateau uplift, during the late Neogene (10 �± 5Ma). 
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7. Cataclastic deformation bands along the entire fault system indicate that fault 

movement must have occurred prior to complete uplift and exhumation, at a 

minimum burial depth of 1.5 �± 2.5 km.  

8. Regional extension was not likely the mechanism controlling fault initiation. Faulting 

most likely initiated to accommodate brittle collapse of the supra-salt strata during 

evacuation of the underlying salt, due to either dissolution or lateral migration. 

Regional extension is associated with distributed strain forming an array of large-

scale normal faults (graben system), which are not present in the area surrounding the 

Moab Fault. The isolation of the Moab Fault indicates more localized strain than 

expected during regional extension. 

9. The initiation of the Moab Fault System may have been due to the dissolution of the 

thin overburden above the Moab Spanish Valley salt after initiation of the uplift of the 

Colorado Plateau. Erosion and collapse of the thin supra-salt strata above the salt wall 

decreased the differential pressure on the underlying Paradox Formation salt, 

initiating lateral salt migration from beneath the thicker overburden (higher 

differential pressure) towards the main salt body (lower differential pressure). 

Faulting initiated to accommodate brittle deformation of the hanging wall as the 

underlying salt subsided. 

10. Two strain orientations controlled the development of the fault system: extension 

towards the NW and towards the N. NW-directed extension controlled the 

deformation along the Moab Segment while extension along the Mill Canyon 

Linkage zone was primarily towards the N. This change may be related to the 

increasing dip of the top salt surface to the north. 
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11. The initiation of the Moab Fault segment occurred along the highest point of the 

underlying Paradox Formation. The fault propagated upwards and laterally to the NW 

and SE.  

12. The fault segments along the Mill Canyon Linkage zone are located along an abrupt 

slope change of top of the underlying salt pillow. 

13. The Courthouse Rock and Tusher Canyon faults along the Mill Canyon Linkage Zone 

were initiated along their NE-striking segments. 

7.2 Future Work 

If seismic or additional well data become available along the Moab Fault System, the 2D 

cross sections and 3D model created in this study could be improved and more confidence could 

be gained that the geometries accurately reflect the subsurface structure. The confidence in the 

footwall and hanging wall cutoff elevation would also be improved. This would allow additional 

surfaces to be modeled helping constrain the throw distributions along each fault segment 

through time. The smaller-scale faults along the hanging wall should also be incorporated into 

this model. This would improve the 3-dimensional understanding of the fault accommodation 

zone and further the knowledge of petroleum trap potential. 

Additional dating of fault gouge should be performed to improve the confidence of the 

age of faulting. An extensive study should be undertaken to obtain representative samples along 

the entire length of the Moab Fault system. Confidence of the timing of fault movement may also 

be increased through an analysis of deformation bands across the fault system. Examination of 

deformation bands in thin section or through scanning electron microscopy will help determine 

the amount of cataclasis and any presence of pressure solution, which are related to burial depth 

and will help constrain the timing of faulting.   
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APPENDIX A 

 
Figure A.1  Map showing the location of the field area and the geologic map (~15 x 15km) created in this study, the locations of 
thirty-two 2D cross sections constructed in this study, and the area covered by the 3D surfaces (~23 x 20km) created from the cross 
sections. The locations of the 104-B2 seismic line, and the 5 cross sections published in Trudgill, 2009 are also included. A detailed 
map is shown in Figure A.2, with key wells labeled. These wells are shown in Table 3.1. 2D cross sections are shown in Figures A.3-
A.34. 
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Figure A.2 Detailed map showing the location of the field area and geologic maps created in this study, the locations of thirty-two 2D 
cross sections constructed in this study, and the area where 3D surfaces were created from the cross sections. The locations of the 104-
B2 seismic line, and the 5 cross sections published in Trudgill, 2009 are also included. Key wells are labeled. These wells are shown 
in Table 3.1.  
 



129 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
Figure A.3  Section 1, intersecting the southern portion of the Moab Segment of the Moab Fault System, oriented NE-SW. The 
location of the section is shown in Figures A.1 and A.2. The color of the title corresponds to the orientation of the section, shown in 
Figures A.1 and A.2. Wells in inset map are shown in Figure A.2 and Table 3.1. Wells intersecting the cross section are show in red 
and those within 1km are shown in orange. Cross-cutting 2D sections are shown along the bottom, in the color corresponding to the 
sectio�Q�¶�V�� �R�U�L�H�Q�W�D�W�L�R�Q�� �V�K�R�Z�Q�� �L�Q�� �)�L�J�X�U�H�� �����������,�Q�W�H�U�V�H�F�W�L�Q�J�� �J�H�R�O�R�J�L�F�� �K�R�U�L�]�R�Q�V�� �D�U�H���V�K�R�Z�Q�� �E�\���E�O�D�F�N�� �G�R�W�V. No vertical exaggeration.
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 Figure A.4  Section 2. For legend and a description of annotations, see Figure A.3.  
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 Figure A.5  Section 3. For legend and a description of annotations, see Figure A.3 
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 Figure A.6  Section 4. For legend and a description of annotations, see Figure A.3 
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 Figure A.7  Section 5. For legend and a description of annotations, see Figure A.3 
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 Figure A.8  Section 6. For legend and a description of annotations, see Figure A.3 
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 Figure A.9  Section 7. For legend and a description of annotations, see Figure A.3 
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 Figure A.10  Section 8. For legend and a description of annotations, see Figure A.3 
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 Figure A.11  Section 9. For legend and a description of annotations, see Figure A.3 
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 Figure A.12  Section 10. For legend and a description of annotations, see Figure A.3 



140 
 

 

 Figure A.13  Section 11. For legend and a description of annotations, see Figure A.3 
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 Figure A.14  Section 12. For legend and a description of annotations, see Figure A.3 
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 Figure A.15  Section 13. For legend and a description of annotations, see Figure A.3 
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 Figure A.16  Section 14. For legend and a description of annotations, see Figure A.3 
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 Figure A.17  Section 15. For legend and a description of annotations, see Figure A.3 
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 Figure A.18  Section 16. For legend and a description of annotations, see Figure A.3 
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 Figure A.19  Section 17. For legend and a description of annotations, see Figure A.3 
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 Figure A.20  Section 18. For legend and a description of annotations, see Figure A.3 
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 Figure A.21  Section 19. For legend and a description of annotations, see Figure A.3 
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 Figure A.22  Section 20. For legend and a description of annotations, see Figure A.3 
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 Figure A.23  Section 21. For legend and a description of annotations, see Figure A.3 
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 Figure A.24  Section 22. For legend and a description of annotations, see Figure A.3 
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 Figure A.25  Section 23. For legend and a description of annotations, see Figure A.3 
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 Figure A.26  Section 24. For legend and a description of annotations, see Figure A.3 
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 Figure A.27  Section 25. For legend and a description of annotations, see Figure A.3 
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 Figure A.28  Section 26. For legend and a description of annotations, see Figure A.3 
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 Figure A.29  Section 27. For legend and a description of annotations, see Figure A.3 
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 Figure A.30  Section 28. For legend and a description of annotations, see Figure A.3 
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 Figure A.31  Section 29. For legend and a description of annotations, see Figure A.3 
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 Figure A.32  Section 30. For legend and a description of annotations, see Figure A.3 
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 Figure A.33  Section 31. For legend and a description of annotations, see Figure A.3 
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 Figure A.34  Section 32. For legend and a description of annotations, see Figure A.3 


