
The type section for the Undifferentiated Cutler Formation is located in Gateway, 

Colorado (Figure 1) where the most proximal alluvial fan sediments are preserved. The majority 

of the Cutler outcrops have been interpreted to be preserved braid plains with lateral and 

longitudinal bars, sheetflood sands, as well as levee and overbank fine sand deposits (Jordan and 

Mountney, 2010). However, fan facies fine towards the southwest, as evidenced by the rocks I 

the study area. The sediments are arkosic, micaceous, red brown, red purple, and maroon 

(Doelling, 2002). Sediments in the study area, which are directly adjacent to the Onion Creek 

Diapir, are significantly finer grained and the sedimentary packages are more poorly defined than 

those in the type section and even those a few kilometers away at the Fisher Towers.  

The top of the Cutler is an unconformable contact with the fluvial sandstones of the 

Triassic Moenkopi Formation. At its base is also an unconformity with the Pennsylvanian 

Hermosa Group, comprised of the Paradox and Honaker Trail Formations, which are successions 

of evaporites, shallow marine, and mixed siliciclastics (Condon, 1997). 

Basin History 

The Paradox Basin is a Late Paleozoic tectonic depression that covers much of 

southeastern Utah, into western Colorado, northern Arizona and New Mexico (Figure 5). The 

Middle Pennsylvanian Paradox Formation evaporites originate from a period of aridity and 

glacio-eustatic seal level fluctuation in the Pennsylvanian period when the basin was partially 

restricted and generally define the extent of the basin (Suttner and Dutta, 1986). Formations and 

facies associations in the Paradox basin trace their ancestry to periods of Pennyslvanian through 

Permian tectonism in the Uncompaghre uplift. As there have been several major episodes of 

uplift in this part of the “Ancestral Rockies” there is uncertainty surrounding the exact timing of 

tectonism in the basin (Stone, 1977). Because the uplift is now inactive and the metamorphic

8 
 











  

Figure 14: These images represent end members of the Massive sandstone 
lithofacies. Although their depositional environment and sedimentological processes 
are similar, their differences in grain type and size vary. The outcrop on the left has a 
matrix of medium to coarse grains with extraformational pebbles. The outcrop on 
the right is fine to medium grained and well sorted quartz. 
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Variations in discharge and channel avulsion explain facies OC3 and the vertical 

accretion is achieved by cut and fill processes (Cant, 1978; Abdullatif, 1989). These scours 

generally form in a single, high discharge flood event, explaining why they are less laterally 

continuous that facies OC2 

Massive Sandstone (OC4) 

 Sediments of the OC4 facies are bimodally distributed. The most volumetrically 

significant fraction is medium to fine grained with a minor part medium to coarse grained 

channel elements (Figure 14). Likewise, there exists a range of grain composition with quartz 

dominating and lesser feldspar and mica. Colors range from moderate reddish orange to pale red. 

Although grain size and type, as well as the size of channelized elements vary, the lack of 

sedimentary structure distinguishes this facies.  

This sandstone facies results from unconfined sheetflood overbanks deposits (DeCelles et 

al., 1991; Mack and Rasmussen, 1984). It is distinguished in outcrop from the Friable Laminated 

Fine Sandstone facies by its lack of sedimentary structure and grain size. Massive sandstone 

deposits are interpreted to be high sediment concentration sheetfloods. High concentrations of 

mud in the original deposits may account for the lack of sedimentary structure.  

Friable Laminated Fine Sandstone (OC5)  

 Facies OC5 is easily identifiable by both is darker color and its fine lamination. Colors range 

from moderate red to dark reddish brown (Figure 15). OC5 is also characterized by the finest 

sediments in the study area, which are most often very fine sand with common minor silt. Mica 

grains are easily visible and are usually bigger than the quartz and feldspars. Small-scale, 

subcritical ripples and planar laminations are common in this facies, and cm scale interbeds and 

lenses of medium sand are present but rare. Facies contacts are often undulatory. The lateral 
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extent of the medium grained sand beds range from 

centimeters to a few meters. The vertical thickness of 

lenses is generally only a few centimeters to 10s of 

centimeters because they are isolated and do not stack.  

Facies OC5 represents a lower flow regime than 

the rest of the facies and accretion is mainly vertical 

(Abdullatif, 1989). Although the depositional method is 

similar to sheet flood sands because they represent an 

unconfined flow, these overbank sands do not display any 

upper flow regime bedforms and are much finer grained. 

When bank capacity is reached and a channel is breached, 

rapid flow expansion decreases energy and causes the fine 

sediments to drop out of suspension (Cain and 

Mountney,2009). The lateral avulsion of channelized 

facies sweeping across a stratigraphic horizon generally 

destroy overbank deposits. Therefore, the preservation of this facies is interpreted to indicate 

either a base level rise or a decrease in sediment supply (Cain and Mountney, 2009).   

Syntectonic Structural Deformation 

Halokinetic stratal geometries and syntectonic isopachs reveal characteristics of the 

Fisher minibasin that explain the history of Paradox salt withdrawal and Onion Creek diapirism. 

Qualitative observations of large-scale halokinetic geometries have been made by 

others,(Doelling, 2001) but with photogrammetric methods a more quantitative analysis of stratal 

thickness changes can be made. The modeled stratigraphic horizons were first identified in 

Figure 15: Friable laminated fine 
sandstone lithofacies. These 
overbank fine sands, when 
preserved, represent a decrease in 
sediment supply as the facies is 
generally destroyed by fan channel 
autocyclicity 
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outcrop and then captured in the photogrammetric model. The data from the model were used to 

interpolate four surfaces S1, S2, S3, and S4 using manually interpreted control points (Figures 16 

and 17). These surfaces and their isopachs represent syntectonic stratal geometries influenced by 

the relationship between sedimentation and salt withdrawal/passive diapirism.  

Surface S1 is generated from the horizon closest to the cap rock that is laterally traceable 

through the study area at the lowest stratigraphic position. The depositional environment of the 

facies immediately above that horizon is interpreted as channel bars with extraformational gravel 

and pebbles, and is dominantly facies OC2. The arkosic nature of the sediments make the color 

much lighter than the surrounding strata and therefore easy to trace laterally.  

Although the mineralogy of the facies are similar where surfaces S2 and S1 are 

interpreted, the expression of S2 in outcrop is much more pronounced (Figure 9). That this 

horizon is stratigraphically low, relative to the diapir and the inaccessible surrounding cliffs 

made tracing it in three dimensions through the study area fairly easy. There are therefore more 

data points constraining S2 than the other three surfaces. 

Because surfaces S3 and S4 are stratigraphically much higher than the other horizons, 

they were largely inaccessible in the field and often only exposed along cliff faces. Therefore, 

because of resolution constraints in the photogrammetric model, the horizons from which the 

deposition (Giles and Rowan, 2012). However, because there is no cross sectional view of the 

contact between Cutler sediments and the diapir in outcrop, exact thinning and thickening trends 

are impossible to determine.
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Figure 16: Interpolated stratigraphic surfaces. Google Earth images are draped over a digital 
elevation model. Top: Surface S1 is the lowest interpreted surface and truncates closest to the cap 
rock. Bottom: Surface S2 is constrained by the most data points in the field area. 
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Figure 17: Interpolated stratigraphic surfaces. Google Earth images are draped over a digital 
elevation model. Top: Surface S3 is inaccessible on foot and is interpreted as the base of a cliff 
forming package. Bottom: Surface S4 is the highest interpreted stratigraphic surface in the field area. 
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