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Chapter 3:  2D Geocellular Model of a Heterolithic Tidal-Fluvial Point Bar: 

Neslen Formation, East Canyon, Harley Dome, Utah 

 

 
ABSTRACT 

 

 The Whiskey Tango Foxtrot (WTF) outcrop of the Neslen Fm in the Harley Dome, UT 

area of the Book Cliffs contains estuarine distal tidal-fluvial channels and point bars, sandy and 

muddy tidal flats, and floodplains deposits. These paleoenvironments comprise 9 facies each 

with differing sand to mud ratios and grain size trends, thus providing varying degrees of 

reservoir compartmentalization and barriers and baffles to flow. Due to the excellent outcrop 

exposure, heterogeneity at multiple scales, and the lateral and vertical extent of an estuarine 

distal tidal-fluvial point bar, the WTF outcrop provided an excellent location to examine a 

reservoir analogue to inform a 2D geocellular model with outcrop facies distribution data that 

could be subject to a streamlined flow simulation. Using established methodologies, imagery 

taken from a high-resolution photomosaic was imported into drafting software (Adobe 

Illustrator) and interpreted in drafting and geocellular modeling software (Petrel) to categorize 

the facies distribution within the WTF outcrop. An image was exported as a JPEG and imported 

into Petrel, where the image served as a template to recreate the facies distribution in outcrop 

using the facies painting capabilities of Petrel. The resultant model is the most accurate 

representation of the distribution of facies in a outcrop that is compatible with s other features of 

Petrel software such as memory capabilities and flow simulation. 

The methodology used was successful in recreating the facies distribution of the WTF 

outcrop exhibiting intermediate to large-scale heterogeneities (> 0.5 m) but unsuccessful in 

capturing smaller-scale mud drapes (mm to 0.5 m). This methodology can be used on heterolithic 

tidal-fluvial systems such as the Neslen Fm (a producing gas reservoir) as well as other 
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heterolithic reservoirs such as the McMurray Fm in Alberta and the Prince Creek Fm in Alaska 

to improve subsurface prediction in terms of how the different levels of heterogeneity affect 

reservoir performance, thus optimizing and refining hydrocarbon extraction in these areas. 

 

INTRODUCTION 

 Reservoir characterization and geocellular modelling of deposits of tidally-influenced 

systems can be extremely challenging due to their heterolithic nature. Such modeling is further 

challenged by the various scales of heterogeneity found in these deposits, which can range from 

millimeter scale mud drapes on sedimentary structures to meter scale mud drapes on inclined 

heterolithic stratification (Pranter et al. 2007; Musial et al. 2012). Mud drapes at all scales have 

the potential to act as barriers and baffles to flow, and must be considered in any assessment of 

reservoir performance (Richardson et al. 1978). Determining the appropriate amount of facies 

heterogeneity to incorporate into a reservoir model is challenging, and is still a matter of 

continued debate (Richardson et al. 1978; Weber 1982; Jones et al. 1995; Pranter et al. 2007).  

Typical subsurface data (e.g. 2D-3D seismic, wireline logs, core) does not provide the resolution 

or vertical-lateral continuity to capture intermediate to smaller scale facies changes. Integration 

of outcrop analogues and resultant outcrop-based geocellular models with known reservoir data 

can vastly improve predictions of reservoir performance in deposits of tidally-influenced 

systems. 

 Murphy (Chapter 2, this thesis) describes the upper Sego and Neslen fms in the Book 

Cliffs near Harley Dome, UT in Middle Canyon, East Canyon, Bryson Canyon, and San Arroyo 

Canyon. Murphy (Chapter 2) interprets the upper Sego and Neslen strata near Harley Dome as 
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estuarine deposits that include those of proximal and distal tidal-fluvial channels, sandy and 

muddy tidal flats, and floodplains. Because the Neslen Fm comprises deposits of a tidally-

influenced system, tidal channels and associated point bars are heterolithic on many scales and 

provide an ideal opportunity to explore the effect that these internal heterogeneities may have on 

reservoir performance.   

 An outcrop comprising amalgamated point bars of a distal tidal-fluvial channel, named 

the Whiskey Tango Foxtrot interval (WTF), and the overlying and underlying deposits in East 

Canyon (Fig 3.3) were chosen as an analogue to inform a geocellular model that focuses on 

facies distribution in distal tidal-fluvial channels, and the effect on reservoir quality. A similar 

study by Pranter et al. (2007) explores how intermediate scales of heterogeneity in the form of 

mud drapes affect flow behavior within a fluvial point bar. Pranter et al. (2007), develop a series 

of 2D and 3D geocellular models with differing mud drape continuity and geostatistically 

distributed facies, and these models are prepared for a streamlined flow simulation. The goal of 

this study is to follow the methodology of Prather et al. (2007) to assess how flow within an 

outcrop analogue for a distal tidal-fluvial channel reservoir is affected by intermediate scales of 

heterogeneity and mud drape continuity, based on the facies distribution observed in outcrop. 

Examining how flow can be affected by the distribution of facies within an estuarine tidal-fluvial 

point bar outcrop analogue is important because: 1) deposits of estuarine systems can be 

hydrocarbon reservoirs (Reinson et al. 1988; Musial et al. 2012), 2) the muddy nature of tidally-

influenced deposits on various scales makes them inherently complex and prone to reservoir 

compartmentalization, and 3) subsurface data is often insufficient to capture intermediate to 

smaller scales of heterogeneity and therefore outcrop characterization is necessary to provide an 

accurate representation of what is preserved for subsurface prediction. The purpose of this study 
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is to provide a methodology to map the distribution of facies in a tidal-fluvial point bar in an 

outcrop of the Neslen Fm, and use the interpreted facies distribution to inform a 2D geocellular 

model. 
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Figure 3.1:  Ammonite biostratigraphy and generalized lithostratigraphy for the Uinta, Piceance Creek, and Sand Wash Basins of 

northeastern Utah and northwestern Colorado (Konishi, 1959; Gill and Hail, 1975; Hettinger and Kirschbaum, 2002; Gomez and 

Steel, 2010). Red box indicates the interval examined in this study.  Modified from Burton et al. (2016) and Prather (2016).  
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Figure 3.2:  Regional paleogeography of the study area and modern basin geography. A. Approximate location of the study area in    

northeastern Utah along the Campanian paleoshoreline of the Cretaceous Western Interior Seaway. The location of the study                 

area is shown by the black box (Roberts and Kirschbaum, 1995; Willis and Gabel, 2003; Painter et al., 2013). Modified from                  

Prather (2016). B. Modern-day geography of Laramide age basins and uplifts of northeastern Utah and northwestern Colorado. Modified 

from Gomez-Veroiza and Steel (2010). 
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Figure 3.3: Photomosaic of the Whiskey Tango Foxtrot (WTF) outcrop in East Canyon, Harley Dome, UT. White box shows portion of outcrop used to 

inform a 2D geocellular model (Fig. 3.6A).  

Fig. 3.6A 
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REGIONAL STRATIGRAPHIC SETTING 

 The Late Cretaceous (Campanian) upper-Sego and Neslen fms are members of the 

Mesaverde Group (Fig. 3.1) deposited along the southwest-northeast trending coastline of the 

Cretaceous Western Interior Seaway (CWIS) and subsequently exposed in the Uinta Basin of 

eastern Utah and western Colorado (Fig. 3.2). These strata (Fig. 3.1) include the fluvial-

distributive to shallow-marine strata of the Castlegate Sandstone (Castlegate), Buck Tongue of 

the Mancos Shale, Sego Sandstone Member of the Mancos Shale (Sego), Neslen Formation 

(Fm), and Bluecastle Tongue of the Castlegate (Konishi, 1959; Gill and Hail 1975; Hettinger and 

Kirschbaum 2003; Gomez and Steel 2010; Burton et al. 2016; Allen and Pranter 2016). The 

focus of this study is the Neslen Fm in the Harley Dome area of the Book Cliffs (Fig. 3.1) 

interpreted as estuarine deposits of distal and proximal tidal-fluvial channels, sandy and muddy 

tidal flats, and floodplains (Murphy, Chapter 2). The Neslen Fm contains the ammonite 

Didymoceras nebrascense which indicates deposition at approximately 76 MA (Gill and Hail 

1975; Hettinger and Kirschbaum 2003; Burton et al. 2016) (Fig. 3.3). The focus of this study is 

an interval in the East Canyon measured section (75-88 m Murphy, Chapter 2, Appendix A, 

Appendix B) that contains 9 facies including coal, carbonaceous shale, structureless to rooted 

siltstone, combined-flow current-rippled cross-laminated siltstone, very-fine grained 

structureless sandstone, very-fine to upper fine grained low-angle planar to sigmoidal bedded 

sandstone, very-fine to fine grained combined flow ripple cross-laminated sandstone with 

abundant mud drapes and/or mud chips, and small to large scale trough cross-stratified to tabular 

cross-stratified sandstone. 
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METHODS 

 Four composite measured sections were logged in four separate canyons near Harley 

Dome, UT in the southern Uinta Basin: Middle Canyon, East Canyon, Bryson Canyon, and San 

Arroyo Canyon, an area covering approximately 70 km2. (Murphy, Chapter 2).  Facies and facies 

associations (paleoenvironments) were assigned by Murphy (Chapter 2) based on a combination 

of the information in stratigraphic columns, high-resolution GigaPan and drone imagery, and 

paleocurrent data (n=157). 

To model a representative interval of the stratigraphy, an outcrop interval (75-88 m in 

East Canyon, Murphy, Chapter 2, Appendix A, Appendix B) was chosen that contained deposits 

of an estuarine distal tidal-fluvial channel and mud-rich point bars (the Whiskey Tango Foxtrot 

sandbody-interval or WTF). A GigPan image of the WTF was exported as a JPEG out of EFX 

Stitch and was uploaded into Adobe Illustrator CS5. The GigaPan image was used alongside 

Adobe Illustrator because the GigaPan image has greater detail than the maximum resolution 

JPEG Illustrator can provide. A total of 9 of the 16 facies identified by Murphy (Chapter 2) were 

present in the WTF outcrop belt. Corresponding colors for these facies were “painted” on the 

outcrop photo in Adobe Illustrator, guided by measured sections through the WTF interval (Fig. 

3.4) and GigaPan and drone imagery. Drone imagery was captured by a DJI Phantom 4 Pro 

Drone with a 20 MB camera and subsequently uploaded into AgiSoft software which created 

point clouds and orthophotos from the drone imagery. The length and width of the outcrop in 

meters (250 m x 50 m) was determined through the use of the ruler tool on orthomosaics created 

in AgiSoft using drone imagery of the modeled interval (Figure 3.5).  Major bedding and scour 

surfaces were also interpreted on the image. The interpreted image was uploaded into 
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Schlumberger’s Petrel software as a bitmap image. Polygons representing the major bounding 

surfaces and scour surfaces in the outcrop were created in Petrel.   

A simple grid (cell size of 2.5 m x 1 m x 0.5 m) was developed with bounding limits set 

as the top of the outcrop and the base of the outcrop visible in the GigaPan photo. The cell size 

was chosen to capture intermediate scale facies heterogeneities present in the outcrop. Horizons 

were created based on the polygons representing the bounding and scour surfaces, and this 

allowed for the development of a grid on which to model the facies distribution. The horizons 

that were created served as bounding surfaces of 5 separate zones, each corresponding with a 

major surface interpreted in outcrop (Fig. 3.7B) Layering within each zone was user defined as 

proportional, but the number of layers was determined based on the level of heterogeneity within 

each zone. A color palette to represent the 9 facies was made using the Facies template settings 

in Petrel (Fig. 3.4).  All 9 facies were painted on the grid, using the facies tool palette in Petrel 

and imported using the interpreted JPEG image as a guide. The resultant geocellular model 

displays the interpreted facies distribution in 2D. 
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Figure 3.4: Facies (with corresponding colors) of the Neslen Fm identified in the 

Whiskey Tango Foxtrot (WTF) outcrop in East Canyon, Book Cliffs, Harley Dome 

area, UT. Legend for Fig. 3.6 and 3.8.  
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Figure 3.5: AgiSoft orthophotos derived from drone imagery of the Whiskey Tango Foxtrot (WTF) outcrop. A.  Orthophoto showing the location of 

the WTF outcrop used to inform the 2D geocellular model in the white box; B. Zoomed in orthophoto of the study area showing the dimensions of 

the outcrop calculated using the ruler tool in AgiSoft. 

A 
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Figure 3.6: A. GigaPan photomosaic of the portion of the WTF outcrop analyzed in this study; B. Interpreted JPEG analyzed 

in Adobe Illustrator showing the facies distribution in 2D; C. 2D geocellular model created in Schlumberger’s Petrel informed 

by the interpreted JPEG of the facies distribution. 
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DISCUSSION 

 Evaluation of reservoir performance in highly heterolithic tidally-influenced systems 

such as the Neslen Fm can be enhanced with outcrop data, which provides both a higher 

resolution view of heterogeneity within the reservoir and additional lateral and vertical views of 

facies and connectivity. Tidally-influenced systems comprise producing petroleum reservoirs 

worldwide including the McMurray and Viking fms of Alberta, Canada, the Vectis Fm in the Isle 

of Wright, Ireland, and the Prince Creek-Ugnu on the North Slope of Alaska (Reinson et al. 

1988; Yoshida et al. 2001; Flaig et al. 2011; Musial et al. 2012). The Neslen Fm is a gas-prone 

reservoir that produces in the southeastern Uinta Basin (Pitman et al. 1986). Subsurface data 

such as well logs can be somewhat unreliable when evaluating complex reservoirs such as these 

because: 1) tools average vertical measurements, 2) tools take measurements in constant 

increments, and heterogeneity does not follow a constant scale, and 3) measurements are 

spatially inconsistent due to human-defined well spacing. Some heterogeneities are at scales that 

are commonly undetected in subsurface data, providing numerous barriers and baffles to flow 

and enhancing reservoir compartmentalization and flow complexity (Richardson et al. 1978). 

The limitations of subsurface data makes outcrop characterization, if available, an integral 

component to flow studies in tidally-influenced systems such as these. 

 The outcrop chosen for this study represents highly heterolithic deposits of amalgamated 

distal tidal-fluvial channels and point bars bounded above and below by floodplain and tidal flat 

deposits (Fig 3.6). Methodology defined by He et al. (2015) was used to develop a 2D 

geocellular model based on outcrop imagery. This methodology involves 2D facies interpretation 

on outcrop imagery in a drafting software, importing the interpreted JPEG into Petrel, and using 

the interpreted JPEG as a template to inform a 2D geocellular facies distribution model of the 
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outcrop. This methodology was chosen due to its ability to produce an outcrop specific facies 

distribution in 2D, and does not rely on geostatistics to populate the facies in the model. This 

methodology produces a model that is true to outcrop and thus true to what is likely to be 

preserved in the subsurface. The resultant geocellular model can then be prepared to be run 

through a streamlined flow simulation.  A JPEG derived from a GigaPan photomosaic was 

uploaded into Adobe Illustrator CS5 and facies determined by Murphy (Chapter 2) were painted 

on the outcrop image using associated measured sections as a guide.  The GigaPan imagery was 

invaluable for capturing high-resolution detail that the drafting software could not show due to 

memory limitations of Adobe Illustrator resulting in some resolution loss that can occur during 

uploading. The benefit of using Adobe Illustrator CS5 for facies painting on outcrop photos was 

the ability to draft facies bounding surfaces and small to large-scale heterogeneities (cm-m scale) 

as exact as possible, with the ability to zoom in up to 6000% on the image to capture smaller 

scale details. Major bounding surfaces and scour surfaces were also able to be interpreted on the 

image at a high level of detail. The facies painting in Adobe Illustrator CS5 on the GigaPan 

JPEG provided the most accurate facies diagram to inform a 2D geocellular model in Petrel. The 

downside of facies painting in Adobe Illustrator CS5 was that smallest-scale heterogeneities (mm 

scale) were not easily visible due to loss of image resolution during uploading, which is 

manifested when zooming in to the smallest-scale features. This was troublesome in that all the 

heterogeneity was not captured in the interpreted JPEG and therefore not in the geocellular 

model, but proved to not be an issue due to cell size and computing time limitations of Petrel. 

The interpreted JPEG was uploaded into Schlumberger’s Petrel software to create the 2D model. 

Petrel software was chosen specifically because of the facies painting capability of the software 

as well as compatibility with a built in flow simulation module that could be used at a later date. 
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To capture as much heterogeneity as possible, three human-defined inputs were determined 

including cell size, zones, and layering within each zone. The WTF outcrop modeled measured 

250 m in length and 50 m in height based on drone imagery. Drone imagery was essential to this 

study because it provided the input for exact outcrop dimensions measured from AgiSoft 

orthophotos. Without the AgiSoft measurements, outcrop dimensions would have been estimated 

from landmarks in images, and lack of accurate dimensions causes the dimensions of the outcrop 

in Petrel to be incorrect, which could cause inaccuracy in results from simulations in Petrel such 

as flow simulation. Analysis of the drone imagery and the painted JPEG resulted in a cell size of 

2.5 m x 1 m x 0.5 m. This cell size was deemed best to capture intermediate scales of 

heterogeneity (> 0.5 m), a cell size any smaller would have caused unreasonable computation 

times in Petrel or program crashes, and a cell size any larger would have not have captured the 

scale of heterogeneity of interest for this study. 

 The geocellular model was ultimately divided into 5 different zones based on the location 

of bounding surfaces or scour surfaces. The total of 5 zones was chosen due to likely scales of 

heterogeneity within each zone, and each zone is bound by the top or bottom of the interval of 

interest or a scour surface within the sandbody. This zoning proved advantageous because it 

allowed for changes such as facies painting or layering edits and processes such as flow 

simulation to only be applied to one zone, multiple zones, or all zones. Dividing the model into 

zones is advantageous for flow simulation, allowing either select portions of the model to 

undergo the simulation, or all of the model to be flow simulated.  

 The final modification made to the model grid was layering within each zone. Layering 

as defined here is establishing the number of rows of cells per zone and how those layers should 

be distributed. Layering in the model was determined to be zone specific (different for each 
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zone) based on the level of heterogeneity within that zone. The three most basal zones in the 

model that were below the major WTF sandbody were interpreted based on outcrop 

investigations to be predominantly flat-lying and laterally continuous floodplain and tidal flat 

deposits. These were less heterogeneous in comparison to the deposits of the major WTF 

sandbody due to lack of scour surfaces and lower mud content in the tidal flat sandbodies. These 

less heterogeneous zones were assigned a lower number of layers, which means there are less 

layers of cells therefore reducing the number of cells available to capture heterogeneity. The 

upper two zones that are contained within the amalgamated distal tidal-fluvial channels and point 

bars of the main WTF interval contain both the smallest and largest-scale heterogeneities (mm to 

100s of m scale). These were assigned a greater number of layers of cells, increasing the cell 

density to capture heterogeneities in the model.  

 In comparison to the interpreted JPEG from the GigaPan imagery, the 2D geocellular 

model created in Petrel captured the larger-scale heterogeneities (> 0.5 m) but was not able to 

capture the smaller-scale heterogeneities (< 0.5 m). Drafting on the GigaPan JPEG was able to 

capture some of these smaller-scale heterogeneities due to the ability of the drafting software to 

create precise lines and polygons and thus capture accurate boundaries and detail in the 

interpreted image. In contrast, drafting in Petrel is not exact, but rather relies on cells which may, 

or most often may not coincide with the exact facies boundary. In reference to the smallest-scale 

heterogeneities (<1 cm), these were not captured in the interpreted GigaPan JPEG because of 

resolution and as a result not present in the Petrel model. This limitation of Petrel was not 

problematic in the sense that intermediate and large scale heterogeneities were captured in the 

geocellular model and therefore could be evaluated by flow simulation, but it does provide the 
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caveat that the small-scale heterogeneities within this system cannot be evaluated using this 

methodology.  

Although not all of the intermediate-scale heterogeneities were captured in the 2D 

geocellular model, the overall representation of the facies distribution in the WTF outcrop was 

moderately successful (Fig. 3.8). Due to the pixelated nature of Petrel, the boundaries between 

each facies are blocky and not smooth such as in the interpreted JPEG, but the overall 

intermediate to large-scale distribution of facies was captured and therefore is the most accurate 

representation of how these facies are preserved in the subsurface. This accuracy provides better 

prediction of oil and gas extraction and thus could be used to enhance exploitation of 

hydrocarbons in the Neslen Fm gas fields in the southeastern Uinta Basin. Because the Neslen 

Fm represents estuarine tidal-fluvial channels, tidal flats, and floodplain deposits, this model 

and/or methodology could be useful in similar hydrocarbon producing systems such as the 

McMurray Fm in Alberta or the Prince Creek Fm in Alaska. The McMurray Fm is composed of 

similar estuarine tidal-fluvial point bars with thick continuous mud drapes (Musial et al. 2012) 

and thus exploration in this tar sand could be aided by this workflow, subsequent model creation, 

and flow simulation. The Prince Creek Fm is another hydrocarbon producing tidally-influenced 

system (Flaig et al. 2011) that could benefit from optimization through model creation and 

several iterations of a streamlined flow simulation.  
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Figure 3.7: A. Central portion of the WTF outcrop showing intermediate to large-scale heterogeneities (> 0.5 m) manifested as 

mud drapes; B. Small to intermediate-scale heterogeneities in the WTF outcrop showing 10 cm-0.5 m sandbodies draped with 2 

cm-0.5 m mud drapes; C. Smallest to small-scale heterogeneities in the WTF showing 5 mm-5 cm scale mud drapes and sand 

layers.  
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Figure 3.8: Images displaying portions of the geocellular model (left) informed by the interpreted photomosaic (right) showing the 

distribution of facies within the WTF outcrop. 
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CONCLUSIONS 

The WTF outcrop of the Neslen Fm in the Harley Dome area of the Book Cliffs that contains 

estuarine distal tidal-fluvial channels, tidal flats, and floodplain deposits can be used as an 

analogue for highly-heterolithic tidally-influenced reservoirs. High levels of heterogeneity 

correspond with thick and abundant mud drapes, which can be barriers and baffles to flow, thus 

increasing the complexity in reservoir performance. One way to predict distribution of 

heterogeneity in the subsurface is outcrop characterization and geocellular model construction. 

This methodology was applied to the WTF outcrop of the Neslen Fm in East Canyon, Book 

Cliffs. The model contains 9 facies including: coal, carbonaceous shale, structureless to rooted 

siltstone, combined-flow current-rippled cross-laminated siltstone, very-fine grained 

structureless sandstone, very-fine to upper fine grained low-angle planar to sigmoidal bedded 

sandstone, very-fine to fine grained combined flow ripple cross-laminated sandstone with 

abundant mud drapes and/or mud chips, and small to large scale trough cross-stratified to tabular 

cross-stratified sandstone. Each of these facies has differing sand to mud ratios and are thus 

brought into the model as separate facies to represent differing levels of heterogeneity and how 

those vary vertically.  

This workflow created by He et al. (2015) illustrated how interpretation of the distribution of 

facies and small to large-scale heterogeneities (2 cm-100s of m) on an outcrop in 2D can be 

accurately created using a drafting software such as Adobe Illustrator CS5. Although small to 

large-scale heterogeneities can be interpreted on outcrop imagery in Adobe Illustrator, detailed 

high-resolution imagery such as GigaPan photomosaics must experience a resolution decrease 

when uploading into drafting software due to memory constraints of the program. This therefore 
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causes a lack of the smallest-scale heterogeneities (mm-cm) in both the resultant interpreted 

JPEG and geocellular model. 

Due to the fact that only the intermediate to large-scale heterogeneities being capture in the 

geocellular model, this methodology is useful for studies focused on flow response to 

intermediate to large-scale heterogeneities but would not be useful for studies focused on flow 

response to small-scale heterogeneities within tidally-influenced systems. This methodology 

produces Petrel models compatible with the streamlined flow simulation module of the program 

thus these models could be put through a streamlined flow simulation to quantitatively analyze 

the effect of intermediate to large scale heterogeneities on flow in tidally-influenced reservoir 

analogues. Lastly, this methodology could be used by others interested in refined subsurface 

prediction in producing tidally-influenced systems such as the McMurray Fm in Alberta and the 

Prince Creek Fm in Alaska, with models focused on intermediate to large-scale heterogeneities 

and how those heterogeneities affect reservoir performance and flow. 

 

 

 

 

 

 

 

 

 

 

 

 


