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Abstract 
 
Salt deposition and subsequent diapiric deformation into salt walls/anticlines occurred in the Paradox Basin associated with the Late 
Pennsylvanian-Permian uplift of the Uncompahgre contractional fault block (Ancestral Rocky Mountains). Recent workers (Paz Cuellar, 
Trudgill, Fleming, Hearon, Thompson) have used structural restoration to document the sequential growth of the salt diapirs. Current 
preservation of stratigraphic horizons upon which to construct restoration datums emphasizes Jurassic and older units. Permian datums (Cutler 
Group) show that a majority of the diapiric structural relief developed during and immediately following ARM tectonism (Trudgill, 2011). 
Structural restoration of the Lisbon Valley salt anticline, however, shows a majority of diapiric growth that is younger than Jurassic (Fleming, 
2015).  
 
In order to capture and visualize the sequential development, Cretaceous and Tertiary datums are necessary. This effort requires an estimated 
reconstruction of sedimentary units lost during Laramide contractional uplift (minor) and Late Tertiary uplift of the Colorado Plateau (major). 
To that end, I have created a sequential restoration of the Lisbon Valley anticline that includes: (1) a mid-Jurassic datum, (2) a Mid-Cretaceous 
datum, (3) a Mid-Eocene datum, (4) an inferred, pre-Colorado Plateau exhumation, Miocene (?) topography, and (5) present-day structural 
profile beneath current topography. If my stratigraphic reconstructions are correct, a majority of the salt-cored structural relief at Lisbon Valley 
must have occurred during Mid-Tertiary extensional reactive diapirism on the Lisbon Valley normal fault (Dmax ~ 1500 m). 
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Structural profile interpretation of  Line F by Fleming (2015).
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Structural profile interpretation of  Line F constrained by surface geology (Wier et al, 
1961), well data (Utah Geological Survey), and seismic data (Fleming, 2015). Stratal thick-
ness magnitudes and gradients taken from USGS, Utah GS reports, and area well penetra-
tions. Section is near culmination of  Lisbon Valley salt anticline (amplitude ~2000 m); 
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Area balanced restoration for a top Dakota horizontal datum showing slight mismatch of  gaps (yellow) and 
overlaps (red). Area of  gaps is roughly equal to area of  overlaps such that overall area balance is main-
tained. Recontruction of  eroded units is indicated by dashed lines and lighter coloring. 

Mended restoration to eliminate gaps and overlaps. Restored section is placed above top of  Mississippian strata; 
area of  Paradox (salt) Formation is more than present-day structural profile due to inferred 3D salt inflation at the 
culmination of  the salt anticline. Section is positioned such that: a) the 442 m of  detached extension (unfaulting) from 
the Lisbon Valley Fault is shown by an indentation on the left, and b) the 157 m of  detached contraction (unfolding) is 
shown by a projection on the right.

Reconstruction of  overburden strata above Dakota datum for the purpose of  computing the vertical decompaction 
of  Dakota and older strata through a backstripping calculation

Final structural sequential restoration panel for mid-Cretaceous (Dakota datum) which includes the vertical decom-
paction; no decompaction effect for Paradox (salt) Formation.
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Lisbon Valley fault initiates with Dmax of  a few 10s of  meters. Slight growth in HW units of  Morrison/Burro Cyn/Dakota is 
inferred. Decompacted Glen Cyn is 427 m at LV fault. The reconstruction implies a very modest near crestal collapse in 
Late Jurassic/Early Cretaceous time. These displacements are too small to distort the flat-lying status of  the Jura-Cre-
taceous units so the salt anticline remains buried beneath them. Restored extension (442 m) and contraction (157 m) 
are inferred to post-date the mid-Cretaceous.

Lisbon Valley fault is interpreted to be fully restored with no perceptible depositional growth in Glen Cyn Group units. 
Dashed trace marks incipient fault position. Decompacted Glen Cyn is 499 m at LV fault. The reconstruction implies a 
salt pillow structure formed principally in Permian (Cutler) time although Triassic salt anticline growth is seen with the 
Moenkopi pinch-out and slight Chinle crestal thinning. Glen Canyon units are not folded at this time so the salt anticline is 
buried beneath them. Restored extension (442 m) and contraction (157 m) are inferred to post-date the mid-Jurassic. 
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mid-Cretaceous
Lisbon Valley faults initiate with Dmax of  a few 10s of  meters. Slight growth in HW units of  Morrison/Burro Cyn/Dakota is inferred. 
Decompacted Glen Cyn is 323 m at LV fault and 364 m at GTO fault. The reconstruction implies a very modest near crestal col-
lapse in Late Jurassic/Early Cretaceous time. These displacements are too small to distort the flat-lying status of  the Jura-Cre-
taceous units so the salt anticline remains buried beneath them. Restored extension (768 m) and contraction (136 m) are in-
ferred to post-date the mid-Cretaceous.

mid-Cretaceous
A Lower Lisbon Valley fault initiates with Dmax of  a few 10s of  meters. Slight growth in HW units of  Burro Cyn/Dakota is inferred. 
Decompacted Glen Cyn is 329 m at crest of  anticline. The reconstruction implies an insignificant crestal collapse in Early Creta-
ceous time. These displacements are too small to distort the flat-lying status of  the Jura-Cretaceous units so the salt anticline 
remains buried beneath them. Restored extension (305 m) and contraction (33m) are inferred to post-date the mid-Cretaceous.

mid-Cretaceous

Lisbon Valley fault continues with Dmax of  a few 100s of  meters. Inferred growth is modeled for syn-Laramide contrac-
tional folding by the Wasatch units (Tw). Glen Cyn is fully compacted (326 m at LV fault). The reconstruction interprets 
incipient Mancos/Mesa Verde contractional amplification of  the salt anticline with secondary crestal collapse during 
Laramide contraction. Area of  Paradox Fm (salt) has increased due to 3D inflow into the core of  the anticline. Thick-
ness of  the Mancos and Mesa Verde units are projected from Uinta and San Juan Basins (Nuncio and Condon, 1996); 
Wasatch unit thicknesses are conjectural. Restored extension (442 m) is inferred to post-date the mid-Eocene. Exten-
sion is shown on the western edge, but this is arbitrary and some or all may occur at the eastern edge. 

mid-Eocene
Lisbon Valley faults continue with Dmax of  a few 100s of  meters. Inferred growth is modeled for syn-Laramide contrac-
tional folding buried by Wasatch units (Tw). Glen Cyn is fully compacted (265 m at LV fault; 282 m at GTO fault).The re-
construction interprets incipient Mancos/Mesa Verde contractional amplification of  the salt anticline with secondary 
crestal collapse during Laramide contraction. Area of  Paradox Fm (salt) has increased slightly due to 3D inflow into the 
core of  the anticline. Thickness of  the Mancos and Mesa Verde units are projected from Uinta and San Juan Basins 
(Nuncio and Condon, 1996); Wasatch unit thicknesses are conjectural. Restored extension (768 m) is inferred to 
post-date the mid-Eocene. Extension is shown on the western edge, but this is arbitrary and some or all may be at the 
eastern edge.  

mid-Eocene
Lower Lisbon Valley faults form a crestal graben with Dmax of  many 10s of  meters. Inferred small growth is modeled for 
syn-Laramide contractional folding buried by Wasatch units (Tw). Glen Cyn unit is fully compacted at 254 m within the 
graben. The reconstruction interprets contractional amplification of  the salt anticline with secondary crestal collapse 
during Laramide contraction; graben extension exceeds fold contraction. Area of  Paradox Fm (salt) has increased very 
slightly. Thickness of  the Mancos and Mesa Verde units are projected from Uinta and San Juan Basins (Nuncio and 
Condon, 1996); Wasatch unit thicknesses are conjectural. Most vof  the restored extension (205 m) is inferred to 
post-date the mid-Eocene. Extension is shown on the western edge, but this is arbitrary and some or all may be at the 
eastern edge.  

mid-Eocene

Lisbon Valley fault displacement increases substantially; main fault Dmax of  ~1100 meters. Inferred growth is modeled 
for a mid-Tertiary (?) unit (Tu) that is not preserved following post-5 Ma exhumation of  Colorado Plateau. The recon-
struction interprets substantial northeast limb collapse of  the salt anticline. Area of  Paradox Fm (salt) has decreased 
perhaps due to northeast flow into the  Gypsum Valley salt wall. Kinematics of  Lisbon Valley fault offset expresses de-
tached extension.LV fault is interpreted to show listric flattening at depth to explain Lisbon Canyon anticline (Doelling, 
2004) as a reverse drag flexure. Restored profile length now matches present day profile length.  

Oligocene-Miocene (?)
Lisbon Valley fault displacement increases substantially. LV fault shows Dmax of  ~500 meters; GTO fault shows Dmax of  
~800 meters. Inferred growth is modeled for a mid-Tertiary (?) unit (Tu) that is not preserved following post-5 Ma exhu-
mation of  Colorado Plateau. The reconstruction interprets crestal and northeast limb collapse of  the salt anticline. 
Area of  Paradox Fm (salt) has decreased perhaps due to northeast flow into the Gypsum Valley salt wall. Kinematics of  
Lisbon Valley fault offset expresses detached extension. GTO fault is interpreted to show listric flattening at depth to 
explain SW-tilt. Restored profile length now matches present day profile length.  

Oligocene-Miocene (?)
Lower Lisbon Valley fault offsets increase, but remain small faults (Dmax <500 meters). Faults define a symmetric graben 
above a gentle salt swell in the Lower Lisbon Valley. Inferred growth is modeled for a mid-Tertiary (?) unit (Tu) that is not 
preserved following post-5 Ma exhumation of  Colorado Plateau. The reconstruction interprets crestal collapse of  the 
salt anticline. Area of  Paradox Fm (salt) is only very slightly decreased. Kinematics of  Lower Lisbon Valley faulting ex-
presses decreased detached extension relative to the lines to the north. Normal faults are interpreted as nearly planar 
to explain lack of  fault block tilting/folding. Restored profile length now matches present day profile length.  

Oligocene-Miocene (?)

Uplift and exhumation of  Colorado Plateau erodes into the Lisbon Valley salt anticline just short of  exposure of  salt at 
the surface (~250 m of  lower Hoanker Trail cover). Initial collapse into the near surface salt manifest in a) sub-vertical 
normal fault and b) northeastward tilt to form the Lisbon Valley anticline of  Doelling (2002). 

Present
Uplift and exhumation of  Colorado Plateau erodes into the SSE plunge end of  Lisbon Valley salt anticline short of  expo-
sure of  salt at the surface (~700 m of  Hoanker Trail & Cutler cover). LV and GTO faults form a relay transfer as south-
ward GTO displacement increases and LV displacement decreases. The fault block between shows significant south-
ward dip and constitutes a breached relay ramp. Pit demarcates the location of  the Centennial Pit copper mining exca-
vation (Lisbon Valley Mining Company); LV fault surface exposed in SW corner of  the pit. 

Present

top Navajo datum

top Dakota datum

datum

1 km

2 km

datum

1 km

2 km

3 km

datum

1 km

2 km

3 km

4 km

5 km

datum

1 km

2 km

0 km

1 km

2 km

3 km

4 km

5 km

3 km

4 km

5 km

inferred Eocene topography

eroded units

eroded units

IPhp

Jgc

Pc

IPhp

T cR

Jgc

T mR

IPhht

Pc

157 m

restored
contraction

157 m

datum

1 km

2 km

restored
contraction

136 m

datum

1 km

2 km

3 km

restored
contraction

136 m

Jm

Kbc Kd

31864
162201135630464

Sea Level

1000

2000

3000

-1000

-2000

-3000

Sea Level

1000

2000

3000

-1000

-2000

-3000

Lisbon
Valley
Fault

top Kd

Kbc Kd

T mR

T mR

T mR

Km

IPhp

IPhht

Pc

T cR

Jm JcJeJs
Kbc

Jgc
Tu
Tw
Kmv
Km
Kd
Kbc
Jm
Js
Je
Jc
Jgc
T c
T m
Pc
IPhht
IPhp
Ml

R

R

: mid-T seds
: Wasatch
: Mesa Verde
: Mancos
: Dakota
: Burro Cyn
: Morrison
: Summervile
: Entrada
: Carmel
: Glen Cyn
: Chinle
: Moenkopi
: Cutler
: Honaker Trail
: Paradox
: Leadville

Tu
Tw
Kmv
Km
Kd
Kbc
Jm
Js
Je
Jc
Jgc
T c
T m
Pc
IPhht
IPhp
Ml

R

R

: mid-T seds
: Wasatch
: Mesa Verde
: Mancos
: Dakota
: Burro Cyn
: Morrison
: Summervile
: Entrada
: Carmel
: Glen Cyn
: Chinle
: Moenkopi
: Cutler
: Honaker Trail
: Paradox
: Leadville

Apdx = 29.26 x 106 m2

top Ml

Kd

IPhp

IPhht
Pc

Jm Jc
Je

Js
Kbc

Jgc

top Ml

inferred Oligo-Miocene (?) topography

Apdx = 32.49 x 106 m2

Apdx = 32.55 x 106 m2

Apdx = 35.74 x 106 m2

Apdx = 31.16 x 106 m2

Km

Kmv
Tw Tu

T cR

Kd

IPhp

IPhht
Pc

Jm Jc
JeJs

Kbc

Jgc

top Ml

Km

Kmv

Tw

T cR

IPhht

T cR
T mR

Lisbon Valley faults are interpreted to be fully restored with no perceptible depositional growth in Glen Cyn Group units. 
Dashed traces mark incipient fault positions. Decompacted Glen Cyn is 390 m at LV fault and 422 m at GTO fault. The recon-
struction implies a salt pillow structure formed principally in Permian (Cutler) time although Triassic salt anticline growth is 
seen with the Moenkopi pinch-out and slight Chinle crestal thinning. Glen Canyon units are not folded at this time so the salt 
anticline is buried beneath them. Restored extension (768 m) and contraction (136 m) are inferred to post-date the mid-Juras-
sic. 

mid-Jurassic
The smaller Lower Lisbon Valley faults are interpreted to be fully restored with no perceptible depositional growth in Glen 
Cyn Group units. Dashed trace marks incipient fault position. Decompacted Glen Cyn is 387 m at crest of  anticline. The re-
construction implies a salt pillow structure formed principally in Permian (Cutler) time although Triassic salt anticline growth 
is seen with Moenkopi and Chinle crestal thinning. Glen Canyon units are not folded at this time so the salt anticline is buried 
beneath them. Restored extension (300 m) and contraction (33 m) are inferred to post-date the mid-Jurassic. 
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Lisbon Valley salt anticline has plunged out to a very subtle fold in the Lower Lisbon Valley. Uplift and exhumation of  
Colorado Plateau down to Upper Jurassic/Lower Cretaceous units. Paradox salt lies beneath 1500 m of  overburden. A 
southern strand of  the GTO fault shows <500 m offset. A similar offset antithetic fault (ant. 0) creates a symmetrical 
graben block that drops into the salt crest. 
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1. Summary
Salt deposition and subsequent diapiric deformation into salt walls/anticlines occurred in the Paradox Basin associated with the Late Pennsylvanian-Permian uplift of  
the Uncompahgre contractional fault block (Ancestral Rocky Mountains). Recent workers (Paz Cuellar, Trudgill, Fleming, Hearon, Thompson) have used structural 
restoration to document the sequential growth of  the salt diapirs. Current preservation of  stratigraphic horizons upon which to construct restoration datums empha-
sized Jurassic and older units. Permian datums (Cutler Group) show that a majority of  the diapiric structural relief  developed during and immediately following ARM 
tectonism (Trudgill, 2011). Structural restoration of  the Lisbon Valley salt anticline, however, shows a majority of  diapiric growth that is younger than Jurassic (Flem-
ing, 2015). In order to capture and visualize full sequential development Cretaceous and Tertiary datums are necessary. This effort requires an estimated recon-
struction of  sedimentary units lost during Laramide contractional uplift (minor) and Late Tertiary uplift of  the Colorado Plateau (major). To that end, I have created a 
sequential restoration of  the Lisbon Valley anticline that includes: 1) a mid-Jurassic datum, 2) a mid-Cretaceous datum, 3) a mid-Eocene datum, 4) an inferred, 
pre-Colorado Plateau exhumation, Oligocene-Miocene (?) topography, and 5) vthe present-day structural profile beneath current topography. If  my stratigraphic re-
constructions are correct, a majority of  the salt-cored structural relief  at Lisbon Valley must have occurred during mid-Tertiary extensional reactive diapirism on the 
Lisbon Valley normal fault (Dmax ~ 1200 m).

2. Salt Anticlines of  the Paradox Basin
The Paradox Basin is interpreted as a flexural foredeep basin adjacent to the contractional, 
NW-trending Uncompahgre basement-cored uplift that developed during the Late Pennsylvanian 
and Early Permian (Dickinson and Lawton, 2003; Barbeau, 2003). Most of  the major salt anticlines 
(diapiric Pennsylvanian Paradox Formation) in the Paradox Basin are marked by broad, elongate, 
NW-trending valleys floored with scattered evaporitic exposures.  

Location Map of  central Paradox Basin:
     1) exposed crests of  salt walls coring salt anticlines shown in solid light blue
     2) buried crests of  salt swells coring salt anticlines shown in striped light blue
     3) structural sections are marked in pink
     4) normal fault traces with displacement > 500 m shown in dark blue (Moab, Lisbon Valley, GTO)

Comparison between present-day structural profiles (top) and Triassic age restorations (bottom) show that the large amplitude salt wall development oc-
curred by the end of  the Permian. Restorations of  Trudgill and Hearon imply no significant post-Triassic contraction or extension.

Sequential Structural Restoration of  Lisbon Valley Anticline, Paradox Basin, Utah

Steven Lingrey
Department of  Geosciences, University of  Arizona, 1040 E. 4th Street, Tucson, AZ, U.S.A.

3. Profile Interpretation of  the Lisbon Valley Salt Anticline
Line F is a re-interpretation of  a profile 
located near the culmination (ampli-
tude ~2000 m) of  the Lisbon Valley salt 
anticline originally constructed by 
Fleming (2015) with the aid of  seismic 
data. The anticline is detached above 
the salt swell in the Pennsylvanian Par-
adox Formation. The northeast flank of  
the anticline is modified by 1100 m of  
normal slip offset by the Lisbon Valley 
fault. Restoration of  a nearby profile 
by Fleming (2015) to a top Navajo 
datum indicated that the Lisbon Valley 
fault is post-mid-Jurassic. Sequential 
restoration in panel 5 shows the major-
ity of  Lisbon Valley fault offset to be 
post-mid-Eocene.

4. Method of  Restoration
Restoration of  structural profiles was made using LithoTect software. Step 1: areal balance restoration with 
areal misfits (gaps and overlaps) shown across Lisbon Valley fault. Step 2: mended restoration with interpret-
ed detached shortening (on NE) and detached extension (on SW). Step 3: reconstruction of  depth of  maxi-
mum burial. Step 4: computed decompaction.

7. Conclusions
Restoration of  Paradox Basin profiles by others and in this poster show 
that a large majority of  the structural amplitude of  salt walls and salt 
swells in the Paradox Basin formed in the Permian contemporaneous with 
the deposition of  the Cutler Formation during the waning stages of  An-
cestral Rocky Mountain tectonism (contractional uplift of  Uncompahgre 
basement fault block). Restoration at Lisbon Valley, however, shows some 
slight salt anticline amplification during Laramide deformation and signif-
icant amplification during mid-Tertiary detached extension. Recognition 
of  these effects needs structural restoration using younger datums 
(mid-Eocene and Oligocene-Miocene (?)) than has heretofore been used. 
To accomplish this requires reconstruction of  ~1500 m of  eroded stratig-
raphy. If  my stratigraphic reconstructions are correct, the salt-cored 
structural relief  at Lisbon Valley must have occurred during mid-Tertiary 
extensional reactive diapirism on the Lisbon Valley normal fault.

6. Is the Lisbon Valley Fault Contempor-
     aneous with the Moab Fault?
The Moab fault has received much more attention and study than the 
Lisbon Valley fault (Hodson et al, 2016; Solum et al, 2010; Eichhubl et al, 
2009; Davatzes et al, 2005; Solum et al, 2005; Foxford et al, 1996). The 
cross sectional profile of  these faults is similar, although the exposed 
Moab fault lies above northwest plunge end of  the prominent Spanish 
Valley salt wall. While initial fault motion may have been Jurassic, dating 
of  clays (Solum) indicates ~60 Ma timing of  fault displacement to acrue 
>1000 m offset. This has been interpreted as Laramide age salt reactiva-
tion. The Lisbon Valley restorations as interpreted show modest Lara-
mide age offset, but show significantly more offset with post-Laramide 
timing. Given the extent of  stratigraphic reconstruction, it may be possi-
ble to entertain a hypothesis of  greater offset in the Laramide. The de-
tached extension, however, is constrained by more complete Jura-Cre-
tacous strata. This extensional stretching is far greater than the contrac-
tional shortening inferred as Laramide. As such, the mid-Tertiary exten-
sion contemporaneous with the western Colorado Plateau and Rio 
Grande Rift normal faulting seems a better hypothesis for the Lisbon 
Valley fault.
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