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ABSTRACT 

 The Turonian-aged Codell Sandstone member of the Carlile Shale Formation is a 

hydrocarbon bearing shaley sandstone that has been interpreted as a regressive, shelf sand 

deposit that has been reworked by storm waves in the Cretaceous Western Interior Seaway. The 

Codell Sandstone behaves as a low resistivity pay zone suppressed by the presence of clays and 

pyrite. Production out of the Codell Sandstone began in northeastern Colorado out of Wattenberg 

Field in the early 1980ôs and has expanded north into southeast Wyoming. The Codell Sandstone 

is an unconventional tight sand reservoir that has been targeted in Silo Field approximately 20 

miles northeast of Cheyenne, Wyoming within Laramie County and is the focus of this study. 

Structure maps indicate that the Codell Sandstone is approximately 7500 ï 9000 feet TVD in the 

field, whereas isopach maps indicate a thickness of approximately 25 ï 35 feet. The Codell 

Sandstone is 32 feet thick from a core taken from the Helis Cain 16-63-2-11-1CH well and was 

the targeted formation. 

 Geochemical analysis of produced oils from the Codell Sandstone and extracted 

hydrocarbons from the Niobrara C Marl and Greenhorn Limestone indicates a marine shale 

source from the Graneros Shale, Greenhorn Limestone, or Pierre Shale (Sharon Springs 

equivalent) formations. Core analysis from the Cain 16-63-2-11-1CH well indicated average 

permeability to air values of 0.019 millidarcies and average porosities of 12 ï 13%. XRD 

analysis from core indicated clay percent by weight through the Codell interval in the Cain 16-

63-2-11-1CH well to be between 16 ï 20%. Porosity vs. permeability cross plots indicate a nano 

pore structure. A Modified Lorenz Plot was constructed along with cumulative storage capacity 

and cumulative flow capacity vs. depth plots. The Modified Lorenz Plot reveals seven distinct 

flow units. Flow units one and seven being ñpoorò while also showing no oil staining in the core 
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under UV light. Flow units two through seven were considered ñgoodò flow units and showed oil 

staining in the core. A cumulative storage capacity vs. depth plot showed consistent porosity 

through the section. Cumulative flow capacity vs. depth plot showed variable permeability that 

was affecting the quality of the flow units. Trace fossils include Teichichnus, Planolites, and 

Skolithos, indicating a mostly Cuziana ichnofacies. The Cruziana ichnofacies is consistent with a 

sublittoral zone of deposition between the fair-weather wave base and storm wave base.  

Core descriptions of two other cores within Silo Field, the Cirque Berry Unit 13-9 and 

Cirque Child #30-9 showed a similar thickness of Codell, similar trace fossil ichnofacies, and 

similar sedimentary structures. The Berry Unit core in northwestern Silo Field is capped by the 

Sage Breaks Shale Formation, similarly to the Cain 16-63-2-11-1CH core. The Sage Breaks 

Shale is absent in the Child #30-9 core in southwestern Silo Field. Twenty petrographic thin 

sections were prepared every two feet through the Sage Breaks Shale and Codell Sandstone 

section of the Cain 16-63-2-11-1CH core. While thin sections can be difficult to aid with facies 

separations in the Codell Sandstone, as composition is similar throughout, thin section and core 

descriptions helped to delineate six distinct facies within this section, three in the Sage Breaks 

and three within the Codell Sandstone based on varying sand/clay percentages, trace fossil 

assemblages, and sedimentary structures.  
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CHAPTER 1 

INTRODUCTION 

 The Denver Basin is an asymmetric basin located along the Front Range in Colorado and 

Laramie Range in southeastern Wyoming. It covers parts of northeast Colorado, southeast 

Wyoming, and western Nebraska. Cretaceous-aged strata have been important, prolific oil 

producers throughout the basin, with total production peaking in 2019 at 801.5 thousand barrels 

of oil per day and 5.8 billion cubic feet of gas per day. Advances in horizontal drilling and 

hydraulic fracturing have allowed for improved production out of continuous hydrocarbon 

accumulations, or ñcarrier bed playsò. The most prolific carrier bed plays of the Denver Basin 

are the Codell Sandstone member of the Carlile Shale Formation and various benches of the 

Niobrara Formation. Production out of the Codell Sandstone began in Wattenberg Field in the 

1980s and has since expanded north into southeast Wyoming.  

The Turonian-aged Codell Sandstone member of the Carlile Shale Formation is a 

hydrocarbon bearing shaley sandstone that has been interpreted as a regressive, shelf sand 

deposit that has been reworked by storm waves in the Cretaceous Western Interior Seaway. The 

Carlile Shale Formation, and locally the Codell Sandstone itself, occurs unconformably above 

the Greenhorn Formation and is unconformably overlain by the Ft. Hays Member of the 

Niobrara Formation.  

Silo Field is located in Laramie County, Wyoming and encompasses Townships 15 and 16 

north and Ranges 63, 64, and 65 west. As of early 2022, according to the Wyoming Oil and Gas 

Commission, cumulative production out of Silo Field has reached 21 MMBbls of oil and 20 BCF 

of gas. While new developments in NE Silo Field targeting the Codell Sandstone have been 
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successful, new reservoir characterization studies, as well as detailed mapping to help delineate 

the edge of production are important for continued success in the region. 

1.1 Study Objectives 

The purpose of this study was to analyze the petroleum system of the Upper Cretaceous 

(Turonian) marine sediments from Silo Field, with a focus on the Codell Sandstone. Detailed 

descriptions and analysis of the Codell Sandstone in northeast Silo Field in southeast Wyoming 

provided new insights into successful developments and helped delineate the potential edge of 

production from Silo Field. New development in northeast Silo field has been successful, 

however, detailed characterization of the Codell Sandstone remains a critical component of 

continued success. This study attempted to resolve the following questions: 

1.) What is the depositional environment of the Codell Sandstone? 

2.) What are the potential source rocks for the Codell Sandstone carrier bed play? 

3.) What dominant lithofacies within the Codell Sandstone correlate to better 

production in the field? 

4.) Are low-angle cross strata in sandstones associated with storm events that are 

correlatable across the field? 

5.) Can detailed resistivity mapping be used to delineate the edge of production in 

Silo Field? 

6.) Do the organic-rich fine-grained beds within the Codell Sandstone contribute 

hydrocarbons to the continuous hydrocarbon accumulation? 

7.) What porosity and permeability types contribute to better production? 

8.) What is the importance of the clay content within the Codell Sandstone? 
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1.2 Study Area 

The focus area of this study is northeast Silo Field in Laramie County, Wyoming (Figure 

1.1). Core data and well logs available from a study well, the Helis Cain 16-63-2-11-1CH, were 

used to analyze the Codell Sandstone in the area. Two other cores from central and western Silo 

Field, the Cirque Child V.O. #30-9 and the Cirque Berry Unit #13-9 were also used as well as 

well logs from the Helis Deselms 17-63-19-30-1CH and Helis Hastings 16-64-12-1-2CH. 

 

Figure 1.1 Denver Basin outlined in brown showing the location of Silo Field in southeast 

Wyoming outlined by the red square. 
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The horizontal Helis Cain 16-63-2-11-1CH sudy well is located in T16N R63W and was 

drilled across the western portions of sections 2 and 11 (Figure 1.2). The Codell is approximately 

25-35 feet thick in the field and the Codell thickens to the north (Gent et. al. 2021). The Cirque 

Berry Unit #13-9 was drilled in T16N R66W and the Cirque Child V.O. #30-9 was drilled in 

T16N R55W (Figure 1.3). Directional surveys were not available for these two wells. The Helis 

Deselms 17-63-19-30-1CH was drilled in T17N R63W along the western portions of sections 19 

and 30. The Helis Hastings 16-64-12-1-2CH was drilled in T16N R64W along the western 

portion of sections 12 and 1 (Figure 1.3). 

 

 

Figure 1.2 Isopach of the Codell Sandstone throughout Silo Field, showing the location of T16N 

R63W outlined in the large dark blue square. The specific location of the Cain 16-63-2-11-1CH well 

is highlighted by the large green dot and outlined by the smaller blue rectangle. It is a horizontal well 

drilled from north to south along the western edge of sections 2 and 11. The Codell in northeast Silo 

Field is approximately 35 feet thick. 
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The Codell Sandstone outcrops along the Front Range north of Ft. Collins at the Holcim 

Cement quarry. The section was measured to try and correlate 3D outcrop features with features 

observed in the core such as low-angle cross stratification that has been interpreted as 

hummocks. The location of the outcrop is just north of Laporte, Colorado (Figure 1.4). The 

Codell Sandstone in this location is on the western flank of the Denver Basin and due to 

Laramide deformation, beds dip east. Preliminary investigation reveals the best exposures within 

a road cut along the western side of a hill in the quarry. The full Codell Sandstone section is 

exposed. The contact with the Carlile Shale appears gradational in this area, however, the fallen 

debris and slumping partially obscure the contact. The upper contact with the Ft. Hays is sharp in 

Figure 1.3 Locations of other key wells within Silo Field, including the Cirque Berry Unit 13-9, 

Cirque Child V.O. #30-9, the Helis Deselms 17-63-19-30-1CH, and Hastings 16-64-12-1-2CH. 
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nature and well exposed. This outcrop provides an adequate representation of the Codell 

Sandstone section seen in the Helis Cain 16-63-2-11-1CH core, and provides a better 

understanding of three-dimensional sedimentary structures. 

 

 

1.3 Dataset and Research Methods 

In total, three cores from Silo Field that contained the Codell section were described in 

detail. The cores include the Cain 16-63-2-11-1CH core stored at the Colorado School of Mines 

core lab, as well as the Cirque Berry Unit 13-9 and Cirque V.O. Child #30-9 cores stored at the 

USGS Core Research Center in Lakewood, CO. Slabbed core and extensive associated data from 

the Cain 16-63-2-11-1CH well were donated to the MUDTOC consortium by Helis Oil and Gas 

Corporation for the completion of this project. The dataset includes wireline logs, mud logs, and 

Figure 1.4 Location of Holcim Cement Quarry Codell outcrop outlined in red squares just north of 

Laporte and Ft. Collins,CO. This section was measured and used to compare 3D outcrop analogs 

with core to define the low-angle cross stratification that has been interpreted as hummocky. 
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MWD logs. Multiple core analysis datasets were made available for the project including LECO 

TOC, pyrolysis, routine porosity/permeability data, crushed rock analyses including fluid 

saturations and grain densities, mercury injection capillary pressure (MICP) analyses, triaxial 

compressive tests (TCS) with acoustic velocities, thin section descriptions, and x-ray diffraction 

(XRD) mineralogy data. Geochemical analysis on produced oils from the Codell Sandstone, as 

well as extracted hydrocarbons from the Niobrara C Marl and Greenhorn Limestone were 

performed by Geomark and initial results provided for this Study. MWD logs and XRD analysis 

from the Helis Deselms 17-63-19-30-1CH well were also provided. Mudlogs and MWD logs 

were provided for the Helis Hastings 16-64-12-1-2CH well. The Cain 16-63-2-11-1CH well was 

scanned with a portable (handheld) Olympus Terra XRF analyzer through the Codell section at 

6-inch (15.24 cm) resolution. New thin sections were cut every two feet through the Codell 

section of the Cain 16-63-2-11-1CH core, as well as and the field emission scanning electron 

microscope (FE-SEM) at Colorado School of Mines Department of Geology and Geological 

Engineering was used to analyze the new thin sections. 

Methods 

Core Descriptions 

Core descriptions were done on an inch (2.54 cm) scale to help distinguish facies within 

the cores that may correlate with better production. Trace fossils assemblages, with the help of 

Pemberton et. al. (2009), were noted to aid the interpretation of depositional environment for the 

Codell Sandstone as well as sedimentary structures. Low-angle cross-stratified sections that have 

historically been interpreted as hummocky cross stratification (Gent et.al. 2021, Longman et. al. 

2021; Sonnenberg et. al. 2021) were noted, along with depth, in all three cores to see if 

individual storm events can be correlated across the field.  
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Thin Sections 

 Helis Oil and Gas Company cut thin sections from the Cain 16-63-2-11-1CH core and 

provided descriptions. Additional thin sections were cut every two feet through the Codell 

section to achieve a representative sampling from each facies through the core and stained for K-

feldspar and plagioclase. An additional thin section was cut in a clay-rich zone that typically caps 

the low-angle cross-stratified beds. The thin sections aided in establishing a more detailed view 

of the diagenetic and burial history of the Codell Sandstone, as well as the porosity types that are 

visually present.  

Field Emission Scanning Electron Microscope (FE-SEM) 

 The thin sections were also examined using the FE-SEM lab at Colorado School of 

Mines. The Codell Sandstone in Silo Field contains approximately 16-20% clay. From XRD, 

approximately five percent of the clays are kaolinites. The FE-SEM was used to examine pore 

types and pore structures as well as any diagenetic relationships of clays at a more detailed level 

than is available using a petrographic microscope. The detail of the FE-SEM revealed other 

relationships such as diagenetic feldspar replacements and whether the clays are authigenic or 

allogenic in nature.  

Whole Rock Geochemistry 

 The Source Rock Analyzer (SRA) is a programmed dry pyrolysis instrument housed at 

Colorado School of Mines and was used to analyze a sample from a clay rich zone within a cored 

Codell section at Redtail Field. Typically, the clay-rich zones overlie low-angle cross-stratified 

beds in the core. The samples analyzed at Redtail Field indicate that the clay-rich zones within 

the Codell can contain greater than two percent total organic carbon (Damon, 2022). This can 
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reveal whether the clay-rich zones within the Codell section can contribute to the petroleum 

system. The LECO TOC analysis from Helis Oil and Gas Co. was used to determine the quantity 

and quality of organic matter present within the possible source beds of the Niobrara and 

Greenhorn formations.   

X-ray Diffraction (XRD) 

 An XRD dataset was provided by Helis Oil and Gas Co. The mineralogy data was 

collected from the Helis Cain core approximately every 3-5 feet through the Codell Section. The 

XRD data was used to help delineate and characterize facies. It was also useful for determining 

overall rock composition in regard to tectosilicates, carbonates, and phyllosilicates present. This 

was useful when looking at thin sections and using the FE-SEM. The XRD was also useful in 

constraining the element-derived mineral model created using XRF data.  

X-ray Fluorescence (XRF) 

 Elemental data was generated from the Helis Cain core using a portable (handheld) 

Olympus Terra XRF analyzer beginning three feet below the contact between the Codell 

Sandstone and Greenhorn Limestone and continuing three feet above the contact of the Ft. Hays 

Limestone. Due to sampling gaps in the XRD, an elemental-derived mineral model was 

generated. The elemental data and corresponding mineral model were used to delineate facies 

and contacts providing greater insight into the depositional conditions of the Codell Sandstone.  

Well Logs 

 An extensive suite of well logs were collected and provided by Helis Oil and Gas 

Company for this study. The logs were added to a Petra project provided by Dr. Stephen 

Sonnenberg for a petrographic analysis of the Codell Sandstone. Resistivity logs were used to 
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map pay zones and delineate the edge of production in Silo Field. The bulk density logs were 

used to calculate density porosity, which then were used to calculate water saturation using the 

Simandoux equation, Indonesia method, Fertlôs equation, and Archieôs equation. Cross sections 

and other maps through Silo Field based on tops picked were also generated. SLBôs oil-based 

microimager (OBMI) image logs were obtained from the Helis Cain well and were used to 

identify bedding surfaces. Unfortunately, these image logs are not detailed enough to pick out 

fractures and cross stratification. 

1.4 Silo Field Historic Production 

Silo Field production began as early as 1983 with production from vertical Niobrara wells 

(Welker, 2013). Post 1990, with the introduction of horizontal drilling and single-stage hydraulic 

fracturing in the field, production increased to nearly 200,000 Bbls (barrels) per month in late 

1993 through 1994. This production steadily declined through the early 2000s until production 

started to increase again due to horizontal steering techniques and multi-stage hydraulic 

fracturing (Figure 1.5). Cumulative production in the field has reached 20 MMBbls of oil, 20 

BCF of gas, and 20 MMBbls of water (Figure 1.6). While most of the historic production has 

been from various benches of the Niobrara Formation, the Codell Sandstone member of the 

Carlile Shale has become an important carrier bed play that has been target for unconventional 

wells in Silo Field. 
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Figure 1.5 Yearly production of oil, gas, and water from 1983-2023 for Silo Field. Information 

from the Wyoming Oil and Gas Conservation Commission. 

 

 

Figure 1.6 Cumulative production of oil, gas, and water for Silo Field from 1983-2023. 

Information from the Wyoming Oil and Gas Conservation Commission. 
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 The Helis Cain 16-63-2-11-1Ch well, the main focus of this study, was completed for 

production in July of 2018. According to the Wyoming Oil and Gas Conservation Commission, 

Initial production from the well was 299 Bbls of oil, 119 MCF of gas, and 2,244 Bbls of water, 

and as of December 2022 cumulative production was 303,251 Bbls of oil, 248,386 MCF of gas, 

and 641,986 Bbls of water. Production rates per month from July 2018 through December 2022 

can be seen on Figure 1.7. The Helis Deselms 17-63-19-30-1CH well was completed in May 

2021 with an initial production of 587 Bbls of oil, 253 MCF of gas, and 2,767 Bbls of water, and 

as of December 2022 cumulative production was 372,508 Bbls of oil, 212,634 MCF of gas, and 

211,486 Bbls of water. Production rates per month can be seen on Figure 1.8. The final Helis Oil 

and Gas Co. well included in this study was the Helis Hastings 16-64-12-1-2CH well. This well 

was completed in April of 2021. Initial production was 342 Bbls of oil, 194 MCF of gas, and 

2,636 Bbls of water, and as of December 2022 cumulative production was 203,621 Bbls of oil, 

93,346 MCF of gas, and 247,660 Bbls of water. Production rates per month are seen on Figure 

1.9. It is important to note that the water cut increases the farther to the east that the wells are 

drilled, with the Helis Cain 16-63-2-11-1CH well having the highest water cut. 
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Figure 1.7 Monthly Production of oil, gas, and water for the Helis Cain 16-63-2-11-1CH well. 

Information from the Wyoming Oil and Gas Conservation Commission. 

 

 

Figure 1.8 Monthly Production of oil, gas, and water for the Helis Deselms 17-63-19-30-1CH 

well. Information from the Wyoming Oil and Gas Conservation Commission. 
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Figure 1.9 Monthly Production of oil, gas, and water for the Helis Hastings 16-64-12-1-2CH 

well. Information from the Wyoming Oil and Gas Conservation Commission. 
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CHAPTER 2 

GEOLOGIC OVERVIEW 

2.1 Tectonic Setting of the Denver Basin 

 The Denver Basin is an asymmetric foreland basin that is deepest in the western portion 

and shallows to the east (Figure 2.1). Formations dip more steeply to the east on the western 

flank of the basin. The steeper dip of these formations is caused by the uplift of the Front Range 

of Colorado and Laramie Range of Wyoming.  

Silo Field sits on the eastern flank of the Denver Basin, so formations dip gradually to the 

west. The Denver basin is bounded by the Front Range and Laramie Range to the west, the 

Hartville Uplift to the northwest, the Chadron-Cambridge Arch to the northeast, the Las Animas 

Arch to the southeast, and the Wet Mountains to the southwest (Figure 2.2). The formation of the 

Denver Basin was controlled by eustatic sea level changes as well as Cordilleran tectonic events 

Figure 2.1 Typical W-E cross section of the Denver Basin showing the synclinal axis of the basin in 

the western portion. Silo Field sits on the eastern flank shallower than the "oil window". Formations 

on the eastern flank of the basin dip shallowly to the west, Modified from Sonnenberg, 2015(AAPG 

© 2015) reprinted by permission of the AAPG whose permission is required for further use. 
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to the west. The main two orogenic events that affected the oil and gas basins of the Cretaceous 

Western Interior Seaway, including the Denver Basin, were the Sevier and Laramide orogenies 

(Kauffman and Caldwell, 1993). The Sevier Orogeny began in the late Jurassic approximately 

150 Ma and continued through the early late Cretaceous, approximately 80 Ma. 

 

Figure 2.2 Tectonic framework of the Denver Basin bounded by the Front Range, Laramie 

Range, and Wet Mountains to the west, the Las Animas Arch to the southeast, Chadron Arch to 

the northeast, and Hartville Uplift to the northwest. 
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This orogenic event was caused by the subduction of the Farallon Plate beneath the North 

American Plate. This event caused thin-skinned thrusting in the present-day western US and 

helped build the present-day Rockies (Yonkee and Weil, 2015). The thin skinned thrusting 

flexurally loaded the crust and caused subsidence, creating a retro arch foreland basin 

(commonly referred to as the Western Interior Basin) structure across much of western North 

America. The foreland basin structure created accommodation space for the deposition of eroded 

sediments from the Cordilleran magmatic arc and associated thrust sheets. The Laramide 

Orogeny, began in the Late Cretaceous approximately 80 Ma and continued through the 

Paleocene, approximately 50 Ma (English 2004). The Laramide Orogeny caused increased 

deformation of strata within the Western Interior Basin that previously was formed during the 

Sevier Orogeny. It is proposed that the shift in deformation from the Sevier Fold and Thrust Belt 

to farther east was caused by a shift to flat slab subduction of the Farallon Plate below the North 

American Craton (Yankee and Weil, 2015). The shift eastward in stress caused block uplifts that 

separated the Western Interior Basin into different terranes such as the Denver Basin and 

Piceance Basin (Figure 2.3). The Laramide block uplift that created the Front Range caused the 

steeper dipping western axis of the Denver Basin.  
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Figure 2.3 Formation of Sevier Fold and Thrust Belt and foreland basin during Sevier Orogeny 

with location of Western Interior Seaway (A,B,C). Switch to flat slab subduction and formation 

of Laramide block faults creating different terranes through the Paleogene (D). (Information 

from Yonkee and Weil, 2015). 

2.2 Stratigraphy and Depositional Environment 

 This study will focus on Upper Cretaceous formations within the Denver Basin, 

specifically the Codell Sandstone. The oldest formation that we will focus on is the Graneros 

Shale because it is the oldest proposed source rock for younger Cretaceous-aged sediments in the 

basin. The Graneros Shale is overlain by the Greenhorn Formation, which contains the Lincoln 

Limestone Member, Hartland Shale, and Bridge Creek Limestone Member. The Greenhorn 

Formation is overlain by the Carlile Formation, which contains the Carlile Shale, Codell 

Sandstone, and Sage Breaks Shale. The Carlile Formation is unconformably overlain by the 
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Niobrara Formation, which contains the Ft. Hays Limestone Member and various benches of 

chalks and marls (Smoky Hill Member). The youngest formation that is important to the Codell 

carrier bed play is the organic-rich Sharon Springs Member of the Pierre Shale (Figure 2.4). 

 

Figure 2.4 Stratigraphic column of the Denver Basin showing typical depths to formation in the 

basin as well as different source rock and pay zone intervals from (Sonnenberg, 2015). (AAPG © 

2015) reprinted by permission of the AAPG whose permission is required for further use. 

All of these formations were deposited in the Cretaceous Western Interior Seaway 

(CWIS). Eustatic sea level and climate changes created change in sediment supply that 



20 
 

ultimately led to deposition of different lithologies throughout the stratigraphy. It is important to 

note that specifically, in NE Silo Field, near the Cain 16-63-2-11-1CH well, core description 

indicates that the Carlile Shale has been completely eroded and the Codell Sandstone sits directly 

on the Bridge Creek Member of the Greenhorn Limestone. The Greenhorn Limestone, which 

was deposited during the Late Cenomanian to Early Turonian represents a transgressive cycle 

within the WIS and is composed of chalky and foraminiferal limestones and shales. By the mid-

Turonian, water depths begin to shallow during the R6 regressive event within the WIS where 

water depths shallowed to around 300 to 350 ft (approximately100 meters) or less, although 

water depths are debated in the CWIS. This is when the Codell Sandstone was deposited. The 

Codell Sandstone has been interpreted as a regressive shelf, shaley sand deposit that was 

reworked by storm waves within the CWIS. Preliminary core description on the Cain 16-63-2-

11-1CH well show heavy bioturbation through the Codell interval as well as low-angle cross-

stratified zones interpreted as hummocky cross stratification. The hummocky cross stratification 

is often capped by a layer of clay. The trace fossils present in the Codell are mostly of the 

Cruziana Ichnofacies (Hagadorn 2021). This is consistent with a sublittoral zone of deposition. 

The hummocky cross stratification indicates deposition occurred on the shelf in a transitional 

zone between the fair-weather wave base and storm wave base. The Niobrara Formation, which 

unconformably overlays the Codell Sandstone, shows another transgressive event within the 

CWIS. The Niobrara is composed of various benches of deep-water chalks and marls.   

2.3 Petroleum System 

The Codell Sandstone is a carrier bed play, meaning that oil has migrated from other 

source rocks in the CWIS into the Codell and created a continuous accumulation of 

hydrocarbons. The Codell Sandstone itself acts as a migration pathway and a reservoir, 
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containing porosities of 12 ï 13% and permeabilities of 0.01 ï 0.05 millidarcies (Sterling 2016). 

The source of Codell oil has been debated, with the Codell Sandstone being deposited between 

many possible source rocks. Below the Codell, the organic-rich Graneros shale and Greenhorn 

Limestone formations are possible source rocks. Above the Codell, the various benches of the 

Niobrara and the Sharon Springs member of the Pierre Shale provide possible organic-rich 

sources. Zumberge et. al, 2016 proposed that the Sharon Springs Formation is a likely source of 

Codell oil based on geochemical analysis. Geochemical analysis done by GeoMark for Helis Oil 

and Gas Co. analyzed three extracted oil samples from three different wells in NE Silo Field. 

Pristane/Phytane, Pristane/nC17, Phytane/nC18, and carbon preference index ratios indicated 

that all three of the extracted oils were from the same source rock. GeoMark plotted aromatic vs. 

saturate ratios as well as Pristane/Phytane vs. saturate ratios for the extracted oils and compared 

this to their database of Denver Basin oils. The database indicated that the Helis produced oils 

matched well with Niobrara, Greenhorn/other Cretaceous, or Mowry source rocks. Sterling et. 

al., (2016) proposed that most of the produced oil from the Codell is sourced by the Niobrara C 

Marl. The oil in the Codell is trapped by the impermeable limestones and shales that are 

deposited above and below. For migration to occur in an unconventional carrier bed play, 

buoyancy pressure must exceed capillary pressure (Figure 2.5). Up-dip seals for the Codell 

carrier bed play are unknown. The up-dip seal may be a bitumen type of seal related to water 

washing or microbial degradation of oils, or it may simply be a water-block type of trap related 

to capillary pressures in the subsurface (Sonnenberg, 2021). 
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Figure 2.5 For Migration to occur in unconventional carrier bed plays, buoyancy pressure must 

exceed capillary pressure (Sonnenberg, 2021).  

2.4 Structural Geology of Silo Field  

The structure of Silo Field based on the contact between the Codell Sandstone and 

Greenhorn Limestone is a monocline that follows the Permian salt edge that occurs throughout 

the northeastern part of the field (Figures 2.6 and 2.7). There are structural synclines in the  

northwestern portion of Silo Field that are related to basement structures. Faults start at the 
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basement level, penetrate through the Pierre Formation and take the shape of wrench fault 

(Finley 2014).  

 

 

 

 

 

Figure 2.6 Permian salt time-structure map. The Permian salt edge is delineated by the 

edge of the red-colored highs in northeast Silo Field. 
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Figure 2.7 Structure map on the top of the Codell Sandstone in subsea depth. Note the structural 

nose in northeast Silo Field that could be related to the Permian Salt edge location. 

 There are also sets of polygonal faults and listric normal faults in south-central Silo Field. 

These faults are oriented N-S to NNE-SSW (Figure 2.8). These faults are layer-bound to the 

Niobrara and Pierre formations (Finley 2014). A study was performed by Underwood (2013) that 

indicated these faults could be from compaction driven water expulsion that likely took place 

after deposition but before deep burial. While the faults are layer bound to the Niobrara and 
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Pierre formations, and do not directly affect the Codell Sandstone, such faulting often allows a 

migration pathway for hydrocarbons.  

 

Figure 2.8 West to east seismic line across south central Silo Field showing faults bound to the 

Niobrara Formation. 
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CHAPTER 3 

CORE AND OUTCROP STUDY 

Three cores that contained the Codell Sandstone section in Silo Field were examined for 

this study (Figure 3.1): the Cain 16-63-2-11-1CH core, the Cirque Berry Unit 13-9 core, and the 

Cirque Child V.O. #30-9 core. The Cain 16-63-2-11-1CH core was donated to the MUDTOC 

consortium by Helis Oil and Gas Company and was the main focus of this study. The core is 

stored and was accessed at the core lab at Colorado School of Mines. The two Cirque cores are 

stored and were accessed at the USGS Core Research Center. 

 

Figure 3.1 Locations of the three cores that were involved in this study, with Silo Field outlined 

in red. 
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3.1 Cain 16-63-2-11-1CH 

 The Cain 16-63-2-11-1CH core includes the Niobrara, Sage Breaks Shale, Codell 

Sandstone, and Greenhorn Limestone formations. The Sage Breaks Shale and Codell Sandstone 

section of this core were described in detail. The contact between the Ft. Hays Limestone 

Member of the Niobrara Formation and Sage Breaks Shale Member of the Carlile Shale is not 

sharp in nature. The top of the Sage Breaks Shale was picked at a measured depth of 7624 ft. At 

this depth, there was a sharp decrease in inoceramid fossils that were abundant in the Ft. Hays 

Limestone, and the first appearance of pyrite, which is common throughout the Sage Breaks 

Shale and Codell Sandstone members of the Carlile Shale (Figure 3.2). XRD analysis also 

indicated a decrease in calcite and increase in SiO2 percentages at this depth. The contact 

between the Sage Breaks Shale and Codell Sandstone is gradational. The contact was picked 

based on sandstone content in the two facies. 

 

 

 

 

 

 

 

  

Figure 3.2 Contact between the Ft. Hays Limestone and Sage Breaks Shale picked 

using the abundances of Inoceramid fossils and pyrite with assistance from XRD 

analysis. 
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There is an increase in sandstone percentage at the beginning of the Codell Sandstone 

(Figure 3.3) as wells as an increase in identifiable trace fossils as the sandstone content increases 

into the Codell Sandstone. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The final contact that was picked in this core was the contact between the Codell 

Sandstone and the Greenhorn Limestone. Typically, the Codell Sandstone unconformably 

overlays other members of the Carlile Shale (Sonnenberg 2011) however, in the Cain core, the 

Codell Sandstone erosionally overlies the Bridge Creek Member of the Greenhorn Limestone. 

The contact is sharp and shows scour and rip-up clasts (Figure 3.4). The Cain 16-63-2-11-1CH 

core was described from the contact between the Ft. Hays Limestone and Sage Breaks Shale to 

Figure 3.3 Gradational contact between the Sage Breaks Shale and Codell Sandstone, 

marked by an upward increase in percentage of sand sized grains. 
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the contact between the Codell Sandstone and the Greenhorn Limestone. The total thickness of 

the Sage Breaks Shale in the Cain core is approximately six feet. The thickness of the Codell 

Sandstone in the Cain core is approximately 32 feet. This is consistent with thicknesses from 

other wells in NE Silo Field.   

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

            The Codell thickens slightly to the north. The described section of the Cain core was 

broken up into six distinct facies: three Sage Breaks Shale facies and three Codell Sandstone 

facies. The composition of the Sage Breaks Shale and Codell Sandstone is relatively consistent 

through the section, therefore, the facies were picked based on sandstone/clay percentages, trace 

fossil assemblages, and sedimentary structures. The total length of the core is 37.8 feet. Facies 1 

consists of 2.6 feet, Facies 2 of 1.0 feet, Facies 3of 2.6 feet, Facies 4 of18.2 feet, Facies 5 of 3.8 

feet, and Facies 6 of 9.8 feet (Figure 3.5).  

Figure 3.4 Contact between the Codell Sandstone and Greenhorn Limestone. This contact 

is sharp and erosive. Some rip-up clasts are apparent as well as a fossilized fish scale. 
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Figure 3.5 Overall facies distribution from the Cain 16-63-2-11-1Ch core from the top of the 

Sage Breaks Shale to the base of the Codell Sandstone. 
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Figure 3.6 Overall facies distribution from the Cain 16-63-2-11-1Ch well from the top 

of the Sage Breaks Shale to the base of the Codell Sandstone under UV light showing 

oil staining distribution between facies. 



32 
 

Table 3.1 Facies description of the six distinct facies seen in the three described cores, including 

lithology, description, and interpretation. 

CŀŎƛŜǎ [ƛǘƘƻƭƻƎȅ 5ŜǎŎǊƛǇǝƻƴ LƴǘŜǊǇǊŜǘŀǝƻƴ 

Ім 

 

{ƛƭǘǎǘƻƴŜ ±ŜǊȅ ŬƴŜπƎǊŀƛƴŜŘ ǎŀƴŘȅ ǎƛƭǘǎƻƴŜ 
ǘƘŀǘ ƛǎ ǇƻƻǊƭȅ ǎƻǊǘŜŘ ŀƴŘ ƘŜŀǾƛƭȅ 
ōƛƻǘǳǊōŀǘŜŘΦ LƴƻŎŜǊŀƳƛŘ ŦǊŀƎƳŜƴǘΣ 
ǇȅǊƛǘŜ ƴƻŘǳƭŜǎΣ ŀƴŘ ǎŀƴŘǎǘƻƴŜ 
ŬƭƭŜŘ ōǳǊǊƻǿǎ ŀǊŜ ŎƻƳƳƻƴΦ 

aŀǊƛƴŜ ǎƘŜƭŦ ŘŜǇƻǎƛǘ ōŜƭƻǿ ǘƘŜ ǎǘƻǊƳ 
ǿŀǾŜ ōŀǎŜ ƻǊ ǘƘŀǘ ƭŀŎƪŜŘ ŘŜǘǊƛǘŀƭ ǎŀƴŘ 
ƛƴǇǳǘΦ tƻǎǎƛōƭŜ ǊŜǇǊŜǎŜƴǘŀǝƻƴ ƻŦ ŀƴ 
ŜǳǎǘŀǝŎ ǎŜŀ ƭŜǾŜƭ ŎƘŀƴƎŜ ǘƻ ŘŜŜǇŜǊ ǿŀǘŜǊΦ  

Ін 

 

aǳŘǊƻŎƪ ¢Ƙƛǎ ŦŀŎƛŜǎ Ŏƻƴǎƛǎǘǎ ƻŦ ƳǳŘǊƻŎƪ 
ǿƛǘƘ Ƴƻǎǘƭȅ Ŏƭŀȅ ǎƛȊŜŘ ǇŀǊǝŎƭŜǎΣ 
ƘƻǿŜǾŜǊΣ ǘƘŜǊŜ ŀǊŜ ǎƻƳŜ ōǳǊǊƻǿǎ 
ǘƘŀǘ ŀǊŜ ŬƭƭŜŘ ǿƛǘƘ ǾŜǊȅ ŬƴŜ 
ǎŀƴŘǎǘƻƴŜΦ  LƴƻŎŜǊŀƳƛŘ ŦǊŀƎƳŜƴǘǎ 
ŀƴŘ ǇȅǊƛǘŜ ƴƻŘǳƭŜǎ ŀǊŜ ŎƻƳƳƻƴΦ 

aŀǊƛƴŜ ǎƘŜƭŦ ŘŜǇƻǎƛǘ ōŜƭƻǿ ǘƘŜ ǎǘƻǊƳ 
ǿŀǾŜ ōŀǎŜ ƛƴ ŀ ƭƻǿ ŜƴŜǊƎȅ ŜƴǾƛǊƻƴƳŜƴǘΦ 
tƻǎǎƛōƭŜ ǊŜǇǊŜǎŜƴǘŀǝƻƴ ƻŦ ŘŜŜǇŜǊ ǿŀǘŜǊ 
ǘƘŀƴ /ƻŘŜƭƭ {ŀƴŘǎǘƻƴŜ ŘŜǇƻǎƛǝƻƴΦ  
 

Іо 

 

{ƛƭǘǎǘƻƴŜ ±ŜǊȅ ŬƴŜπƎǊŀƛƴŜŘ ǎŀƴŘȅ ǎƛƭǘǎǘƻƴŜ 
ǘƘŀǘ ƛǎ ǇƻƻǊƭȅ ǎƻǊǘŜŘ ŀƴŘ ƘŜŀǾƛƭȅ 
ōƛƻǘǳǊōŀǘŜŘΦ LƴƻŎŜǊŀƳƛŘ 
ŦǊŀƎƳŜƴǘǎΣ ǇȅǊƛǘŜ ƴƻŘǳƭŜǎΣ ŀƴŘ 
ǎŀƴŘǎǘƻƴŜ ŬƭƭŜŘ ōǳǊǊƻǿǎ ŀǊŜ 
ŎƻƳƳƻƴΦ IƛƎƘŜǊ ǎŀƴŘǎǘƻƴŜ 
ŎƻƴǘŜƴǘ ǘƘŀƴ CŀŎƛŜǎ мΦ 

aŀǊƛƴŜ ǎƘŜƭŦ ŘŜǇƻǎƛǘ ŎƭƻǎŜ ǘƻ ǘƘŜ ǎǘƻǊƳ 
ǿŀǾŜ ōŀǎŜΦ ! ƘƛƎƘŜǊ ŀƳƻǳƴǘ ƻŦ ǎŀƴŘǎǘƻƴŜ 
ŬƭƭŜŘ ōǳǊǊƻǿǎ ŎƻǳƭŘ ƛƴŘƛŎŀǘŜ ŀ ƘƛƎƘŜǊ 
ŜƴŜǊƎȅ ŜƴǾƛǊƻƴƳŜƴǘ ǘƘŀƴ CŀŎƛŜǎ м ŀƴŘ нΦ  

Іп 

 

{ŀƴŘǎǘƻƴŜ ±ŜǊȅ ŬƴŜπƎǊŀƛƴŜŘ ǎƛƭǘȅ ǎŀƴŘǎǘƻƴŜ 
ǘƘŀǘ ƛǎ ǇƻƻǊƭȅ ǎƻǊǘŜŘ ŀƴŘ ƘŜŀǾƛƭȅ 
ōƛƻǘǳǊōŀǘŜŘΦ ¢ǊŀŎŜ Ŧƻǎǎƛƭǎ ƻŦ ǘƘŜ 
/ǊǳȊƛŀƴŀ LŎƘƴƻŦŀŎƛŜǎ ŀǊŜ ŎƻƳƳƻƴΦ 
{Ƙƻǿǎ ƭƛƎƘǘ ƻƛƭ ǎǘŀƛƴƛƴƎ ǳƴŘŜǊ ¦± 
ƭƛƎƘǘΦ 

{ǳōƭƛǧƻǊŀƭ ȊƻƴŜ ƻŦ ŘŜǇƻǎƛǝƻƴ ōŜǘǿŜŜƴ 
ŦŀƛǊπǿŜŀǘƘŜǊ ǿŀǾŜ ōŀǎŜ ŀƴŘ ǎǘƻǊƳ ǿŀǾŜ 
ōŀǎŜΦ aŀǊƛƴŜ ǎƘŜƭŦ ǎŀƴŘǎǘƻƴŜ ǘƘŀǘ Ƙŀǎ 
ōŜŜƴ ǊŜǿƻǊƪŜŘ ōȅ ǎǘƻǊƳ ǿŀǾŜǎκōƻǧƻƳ 
ŎǳǊǊŜƴǘǎ ŀƴŘ ƘŜŀǾƛƭȅ ōƛƻǘǳǊōŀǘŜŘΦ 
{ŜŘƛƳŜƴǘŀǊȅ ǎǘǊǳŎǘǳǊŜǎ ŎƻǳƭŘ ƘŀǾŜ ōŜŜƴ 
ǎƛƳƛƭŀǊ ǘƻ CŀŎƛŜǎ р ōŜŦƻǊŜ ōƛƻǘǳǊōŀǝƻƴΦ 
[ƻƴƎ ¢ŜƛŎƘƛŎƘƴǳǎ ōǳǊǊƻǿǎ ƛƴŘƛŎŀǘŜ ƘƛƎƘ 
ǎŜŘƛƳŜƴǘŀǝƻƴ ǊŀǘŜǎΦ 

Ір 

 

{ŀƴŘǎǘƻƴŜ [ƻǿπŀƴƎƭŜ ŎǊƻǎǎπǎǘǊŀǝŬŜŘ ǘƻ ǊƛǇǇƭŜ 
ŎǊƻǎǎπǎǘǊŀǝŬŜŘ ǾŜǊȅ ŬƴŜπƎǊŀƛƴŜŘ 
ǎŀƴŘǎǘƻƴŜΦ aƻŘŜǊŀǘŜ ǘƻ ǿŜƭƭ 
ǎƻǊǘŜŘ ǿƛǘƘ ŎŜƴǝƳŜǘŜǊ ǘƘƛŎƪ ǎƘŀƭŜ 
ōŜŘǎ ǘƘŀǘ ƻƊŜƴ ŎŀǇ ǘƘŜ ƭƻǿπŀƴƎƭŜ 
ŎǊƻǎǎπǎǘǊŀǝŬŜŘ ȊƻƴŜǎΦ IŜŀǾȅ ƻƛƭ 
ǎǘŀƛƴƛƴƎ ǳƴŘŜǊ ¦± ƭƛƎƘǘΦ 

{ǳōƭƛǧƻǊŀƭ ȊƻƴŜ ƻŦ ŘŜǇƻǎƛǝƻƴ ōŜǘǿŜŜƴ ǘƘŜ 
ŦŀƛǊπǿŜŀǘƘŜǊ ǿŀǾŜ ōŀǎŜ ŀƴŘ ǎǘƻǊƳ ǿŀǾŜ 
ōŀǎŜΦ [ƻǿπŀƴƎƭŜ ŎǊƻǎǎ ǎǘǊŀǝŬŎŀǝƻƴ ƛǎ 
ƛƴǘŜǊǇǊŜǘŜŘ ŀǎ ƘǳƳƳƻŎƪȅ ŀƴŘ ǎǿŀƭŜȅ 
ŎǊƻǎǎ ǎǘǊŀǝŬŎŀǝƻƴΦ {ƘŀƭŜ ƭŀƳƛƴŀǝƻƴǎ ǎƘƻǿ 
ǇŜǊƛƻŘǎ ƻŦ ǉǳƛŜǎŎŜƴŎŜ ŀƴŘ Ŧŀƭƭπƻǳǘ 
ǎŜŘƛƳŜƴǘŀǝƻƴΦ 

Іс 

 

{ŀƴŘǎǘƻƴŜ ±ŜǊȅ ŬƴŜπƎǊŀƛƴŜŘ ǎƛƭǘȅ ǎŀƴŘǎǘƻƴŜ 
ǘƘŀǘ ƛǎ ƳƻŘŜǊŀǘŜƭȅ ǇƻƻǊƭȅ ǎƻǊǘŜŘ 
ŀƴŘ ƘŜŀǾƛƭȅ ōƛƻǘǳǊōŀǘŜŘΦ ¢ǊŀŎŜ 
Ŧƻǎǎƛƭǎ ƻŦ ǘƘŜ /ǊǳȊƛŀƴŀ LŎƘƴƻŦŀŎƛŜǎ 
ŀǊŜ ŎƻƳƳƻƴΦ {Ƙƻǿǎ ƘŜŀǾȅ ƻƛƭ 
ǎǘŀƛƴƛƴƎ ǳƴŘŜǊ ¦± ƭƛƎƘǘΦ {Ƙƻǿǎ ŀ 
ƘƛƎƘŜǊ ǎŀƴŘǎǘƻƴŜ ŎƻƴǘŜƴǘ ŀƴŘ 
ŘƛũŜǊŜƴǘ ǘǊŀŎŜ Ŧƻǎǎƛƭ ŀǎǎŜƳōƭŀƎŜ 
ǘƘŀƴ CŀŎƛŜǎ пΣ ŀƭǘƘƻǳƎƘ ǎǝƭƭ 
/ǊǳȊƛŀƴŀ LŎƘƴƻŦŀŎƛŜǎΦ 

{ǳōƭƛǧƻǊŀƭ ȊƻƴŜ ƻŦ ŘŜǇƻǎƛǝƻƴ ōŜǘǿŜŜƴ 
ŦŀƛǊπǿŜŀǘƘŜǊ ǿŀǾŜ ōŀǎŜ ŀƴŘ ǎǘƻǊƳ ǿŀǾŜ 
ōŀǎŜΦ aŀǊƛƴŜ ǎƘŜƭŦ ǎŀƴŘǎǘƻƴŜ ǘƘŀǘ Ƙŀǎ 
ōŜŜƴ ǊŜǿƻǊƪŜŘ ōȅ ǎǘƻǊƳ ǿŀǾŜǎκōƻǧƻƳ 
ŎǳǊǊŜƴǘǎ ŀƴŘ ƘŜŀǾƛƭȅ ōƛƻǘǳǊōŀǘŜŘΦ  
{ŜŘƛƳŜƴǘŀǊȅ ǎǘǊǳŎǘǳǊŜǎ ŎƻǳƭŘ ƘŀǾŜ ōŜŜƴ 
ǎƛƳƛƭŀǊ ǘƻ CŀŎƛŜǎ р ōŜŦƻǊŜ ōƛƻǘǳǊōŀǝƻƴΦ 
5ƛũŜǊƛƴƎ /ǊǳȊƛŀƴŀ ǘǊŀŎŜ Ŧƻǎǎƛƭ ŀǎǎŜƳōƭŀƎŜ 
ŎƻǳƭŘ ōŜ ŘǳŜ ǘƻ ƘƛƎƘŜǊ ǎŀƴŘ ŎƻƴǘŜƴǘΦ 
IŜŀǾƛŜǊ ƻƛƭ ǎǘŀƛƴƛƴƎ ŘǳŜ ǘƻ ƛƴŎǊŜŀǎŜŘ 
ƛƴǘŜǊƎǊŀƴǳƭŀǊ ǇƻǊƻǎƛǘȅΦ 
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Facies 1 is a very fine-grained sandy siltstone that is poorly sorted and heavily bioturbated. This 

facies is part of the Sage Breaks Shale Formation and occurs directly below the contact between 

the Ft. Hays Limestone and Sage Breaks Shale. Pyrite nodules appear throughout this facies, as 

well as fragmented inoceramid shells. This facies shows no oil staining under UV light (Figure 

3.7). Facies 1 consists of approximately 2.6 feet of the 38-foot Sage Breaks Shale and Codell 

section and occurs exclusively in the Sage Breaks Shale section. 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3.7 Representative photograph of Facies 1 showing relatively high clay content, sand 

filled burrows, inoceramid shell fragments, and pyrite. While the contact between the Ft. 

Hays Limestone and Sage Breaks Shale is not sharp in nature this Facies also shows an 

increase in quartz and decrease in calcite from the Ft. Hays Limestone above. 
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Facies 2 is the most clay-rich part of the Sage Breaks Shale section. This facies consists 

of mudrock with mostly clay sized particles, however, some burrows are filled with very fine 

sandstone. There are also inoceramid fragments and pyrite throughout this section. This section 

shows no sedimentary structures and is also heavily bioturbated. This facies is only one foot of 

the described section of core (Figure 3.8). Facies 2 was separated from Facies 1 due to the higher 

clay content. This facies does not show oil staining under UV light. There is one vertical fracture 

that was noted in this facies, however, it is difficult to tell whether the fracture is natural or 

induced due to the fissile nature of the shale under examination. 
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Figure 3.8 Representative core photograph for Facies 2. This facies is a mudrock consisting of 

clay sized particles. This facies has Inoceramid fragments, pyrite and sand filled burrows. 
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Facies 3 is the last facies that is part of the Sage Breaks Shale Formation and represents 

the transition from the Sage Breaks Shale to the Codell Sandstone. The gradational contact can 

be hard to pick but was aided with the addition of well logs that will be discussed in Chapter 5. 

This facies can be described as a very fine-grained sandy siltstone that is poorly sorted and 

heavily bioturbated (Figure 3.9). Similar to the first two facies, there are inoceramid fragments 

and pyrite, however the sandstone content increases in comparison to facies 1 and 2 as the 

amount of sandstone filled burrows increase and the average grain size increases from clay sized 

particles to silt sized particles.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.9 Representative core photograph for Facies 3. This facies is a very fine-grained sandy 

siltstone that is poorly sorted and heavily bioturbated. Sand filled burrows and Inoceramid 

fragments are common. This facies has a higher sand content than facies 2. 
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Facies 4 is the first Codell Sandstone facies that appears in the core. The contact between 

the Sage Breaks Shale is gradational in nature. There is another increase in sand percentage in 

facies 4 compared to all three Sage Breaks Shale facies. Facies 4 can be described as a very fine-

grained silty sandstone that is poorly sorted and heavily bioturbated. This facies shows abundant 

trace fossils consisting of mostly Teichichnus burrows with some Skolithos burrows as well 

(Figure3.10). However, the dominant trace fossil assemblage is of the Cruziana ichnofacies. 

Facies 4 is also the first facies to show oil staining under UV light. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.10 Representative core photograph for Facies 4. This facies is a very fine-grained 

silty sandstone that is poorly sorted and heavily bioturbated. Teichichnus burrows dominate 

this facies with some Skolithos burrows as well. This facies has a higher sand content than 

facies 3. 



37 
 

 Facies 5 consists of a low-angle cross-stratified to ripple cross-stratified very fine-grained 

sandstone. This facies is moderately to well sorted with centimeter thick shale beds that often cap 

the low-angle cross-stratified zones in the core (Figure 3.11). This is the only facies that has 

recognizable sedimentary structures that have not been destroyed by heavy bioturbation. Some of 

the ripple and low-angle cross-stratified beds have double and single mud drapes. The centimeter 

scale shale beds have Planolites burrows within them. Bioturbation is limited to the shale beds 

within this facies. This facies also shows heavy oil staining under UV light. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.11 Representative core photograph for Facies 5. This facies is a very fine-grained 

sandstone with low-angle cross stratification and ripple cross stratification. It is moderately to 

well sorted with little bioturbation. Planolites burrows dominate this facies. This facies has 

some clay drapes associated with cross stratification and shows heavy oil staining under UV 

light. 
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Facies 6, the final facies in the Cain 16-63-2-11-1CH core, is a very fine-grained silty 

sandstone that is moderately poorly sorted and heavily bioturbated (Figure 3.12). This facies is 

similar to facies 4, however, but has a higher sandstone content than facies 4 and also shows 

heavier oil staining than facies 4 under UV light. The most common trace fossils in this facies 

are Ophiomorpha, Schaubcylindrichnus, and Chondrites. The trace fossils in facies 6 are still 

part of the Cruziana ichnofacies, but the assemblage of trace fossils is also different than facies 

4. This facies shows no sedimentary structures due to the heavy amount of bioturbation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.12 Representative core photograph for Facies 6. This facies is a very fine-grained 

silty sandstone that is moderately poorly sorted and heavily bioturbated. Ophiomorpha, 

Schaubcylindrichnus, and Chondrites burrows dominate this facies. This facies has a higher 

sand content than facies 4 and shows heavier oil staining under UV light. 
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The Cain 16-63-2-11-1Ch core was scanned with a handheld XRF scanner every six 

inches from three feet above the contact between the Ft. Hays Limestone and the Sage Breaks 

Shale to three feet below the contact between the Codell Sandstone and Greenhorn Limestone. A 

mineral model was then created using the stoichiometric ratios from Nance and Rowe (2015). 

This model assumes clay consists of 100% illite, and therefore overestimates the amount of illite 

present in the core, however, overall percentages of quartz, calcite, and clay matches well with 

XRD data from sidewall core plugs. While the XRD data is likely more accurate, the XRF data 

can be used to fill in sampling gaps. The XRF data indicates quartz percentages in the Sage 

Breaks Shale ranging from 50-60%, calcite percentages ranging from 3-10%, and clay 

percentages ranging from 32-42%. The XRF data indicates quartz percentages in the Codell 

Sandstone ranging from 65-75%, calcite percentages ranging from 1-10%, and clay percentages 

ranging from 15-30% (Figure 3.13). XRD data from sidewall cores through this interval in the 

Cain 16-63-2-11-1CH well were taken approximately every 3 feet through the Codell interval, 

with only one data point in the Sage Breaks Shale. The Sage Breaks Shale sample indicated 

51.9% tectosilicates, 10.3% carbonates, and 36.5% phyllosilicates. The samples in the Codell 

Sandstone interval indicated a range of 70-80% tectosilicates, 3-14% carbonates, and 16-20% 

phyllosilicates (Figure 3.13).  The XRF and XRD data was plotted in Strater software and 

displayed to give a visual distinction of the data between the Sage Breaks, Codell Sandstone, and 

Greenhorn Formations. Ft. Hays limestone shows a high percentage of carbonates that decreases 

into the Sage Breaks Shale and Codell section. The percent carbonate and clay then decrease 

again into the Codell Sandstone section. The samples from the Greenhorn limestone indicate an 

increase in clay and carbonate percentage on both the XRD and XRF data (Figure 3.13). 
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Figure 3.13 Visual representation of XRF data after a mineral model that was used to determine 

quartz, calcite, and clay percentages, as well as visual representation of XRD data from the Cain 

16-63-2-11-1CH core showing the increase in tectosilicates through the Codell section and 

increased calcite and carbonate percentages in the overlying Ft. Hays and underlying Greenhorn 

Limestone Formations.    
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3.2 Cirque Child V.O. #30-9 

 As part of the core study the Cirque Child V.O. #30-9 core, stored at the USGS Core 

Research Center was also described in detail. The core was taken from the southwest corner of 

the northeast corner of section 30 in Township 15 North Range 65 West (Figure 3.1). This core 

was located in the southwest portion of Silo Field but could give a good indication of how well 

depositional zones in the Codell Sandstone differ across the field. The Child V.O. #30-9 core 

contains the Ft. Hays Limestone, Sage Breaks Shale, and Codell Sandstone formations. The 

contact between the Ft. Hays Limestone and Sage Breaks Shale in this core seems slightly 

sharper in nature than the contact in the Cain 16-63-2-11-1CH core, however, the Sage Breaks 

Shale has thinned to almost nonexistent in the southwest portion of Silo Field, which makes the 

contact seem sharper. The contact between the Sage Breaks Shale and Codell Sandstone is also 

gradational in this core, however, the thinning of the Sage Breaks Shale Member has made the 

contacts more obvious than in the Cain core (Figure 3.14).  

 

 

 

 

 

 

 
Figure 3.14 Contacts between the Ft. Hays and Sage Breaks Shale Formation and Sage 

Breaks Shale Formation with the Codell Sandstone. The thinning of the Sage Breaks 

Shale Formation has made the contacts more obvious than in the Cain 16-63-2-11-1CH 

core. 
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The Child V.O. #30-9 core does not reach the contact between the Codell Sandstone and 

the underlying Carlile Shale/Greenhorn Limestone. While the Codell Sandstone section of the 

Cain core lies directly above the Greenhorn Limestone, log analysis that will be discussed in a 

later chapter may indicate there is a small section of Carlile Shale that is still present in this area. 

The Sage Breaks Shale in this core is only approximately 0.25 ft thick. While the core does not 

reach the contact with the formation below the Codell Sandstone, log analysis indicates a 

thickness of approximately 28 ft. The contact between the Ft. Hays Limestone and Sage Breaks 

Shale was picked due to the disappearance of inoceramid shell fragments that are common in the 

Ft. Hays, the increase in clay percentage, and the appearance of Cruziana ichnofacies trace 

fossils. The contact between the Sage Breaks Shale and Codell Sandstone was picked due to the 

increase in sandstone content and trace fossils.  

The Child V.O. #30-9 core was split into four distinct facies: one Sage Breaks Shale 

facies and three distinct Codell Sandstone Facies. The number of facies in the Sage Breaks Shale 

decreased from the Cain core due to the thinning of the formation to less than a foot thick. The 

Sage Breaks Shale facies present in both cores is facies 2. The three facies in the Codell 

Sandstone are the same as the three facies depicted in the Cain core (Figure 3.15).   

Facies 2 is described in the Child V.O. #30-9 core as a mudrock with mostly clay-sized 

particles. Grains are not visible with the naked eye. There is some pyrite in this section and a 

reworked inoceramid shell fragment. This facies is heavily bioturbated and has some sandstone 

filled burrows. This facies makes up only 0.25 ft of the 28 ft section that was measured in core.  

Facies 4 appears in this core as well and is again described as very fine-grained silty 

sandstone that is poorly sorted and heavily bioturbated (Figure 3.16). This facies again shows 

abundant trace fossils consisting of mostly Teichichnus burrows with some Skolithos burrows. 



43 
 

 

Figure 3.15 Overall facies distribution from the Cirque Child #30-9 well from the top of the 

Sage Breaks Shale to the base of the Codell Sandstone. 
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However, the dominant trace fossil assemblage is still of the Cruziana ichnofacies. Pyrite 

is observed throughout this facies, as well as sandstone filled burrows. Some shell fragments are 

common as well as Chondrites and Ophiomorpha trace fossils. Unfortunately, UV light photos 

were not made available for this core, but using similar pay cutoffs as the Cain core on resistivity 

logs indicates this facies would likely have some oil staining. A potential calcite filled vertical 

fracture is noted at a depth of 8774.2 ft. This is the only vertical fracture that is filled and non-

mechanically induced throughout the Codell section of this core.  

 

Figure 3.16 Facies 4 from the Child #30-9 well. A very fine-grained silty sandstone with 

Teichichnus burrows, shell fragments, and pyrite. 
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Facies 5 (Figure 3.17) in the Child V.O. #30-9 core is a low-angle cross-stratified to 

ripple cross-stratified very fine-grained sandstone. This facies is moderately to well sorted with 

centimeter thick shale beds that often cap the low-angle cross-stratified zones. This facies is the 

only facies that has recognizable sedimentary structures that have not been destroyed by heavy 

bioturbation, although there is some light bioturbation in low-angle cross-stratified beds that is 

absent in the Cain core. Some of the ripple and low-angle cross-stratified beds have mud drapes. 

The centimeter scale shale beds have Planolites burrows within them. This facies would likely 

also show heavy oil staining under UV light if UV light photos were available. 

 

Figure 3.17 Facies 5 from the Child #30-9 core. A very fine-grained sandstone with low-angle 

cross stratification, ripples, mud drapes, and centimeter scale shale beds. 
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Facies 6, the final facies in the Child V.O.#30-9 core, is a very fine-grained silty 

sandstone that is moderately poorly sorted and heavily bioturbated. This facies is similar to 

facies 4, however, it has a higher sandstone content than facies 4 (Figure 3.18). Common trace 

fossils in this facies are Ophiomorpha, Schaubcylindrichnus, and Chondrites. The trace fossils in 

facies 6 are still part of the Cruziana ichnofacies, but the assemblage of trace fossils is different 

than facies 4. This facies shows no sedimentary structure due to the heavy amount of 

bioturbation. 

 

Figure 3.18  Examples of Facies 6 in the Child #30-9 core. A very fine grained silty sandstone 

that is heavily bioturbated  (A) Ophiomorpha burrow (B) Schaubcylindrichnus burrow (C) 

Chondrites burrows. 
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XRD analysis was also used on the Child V.O. #30-9 core approximately every two feet 

through the Codell Sandstone section of the core, as well as in the overlying Ft. Hays Limestone. 

The Ft. Hays Limestone showed total carbonate percent by weight of approximately 85 percent, 

total clay by weight of approximately 8-10 percent, and total tectosilicates of approximately 5-7 

percent. There were no samples analyzed in the thin Sage Breaks Shale section of this core. 

Carbonates in the Codell section of the core ranged from 1-5 percent, clays ranged from 16-26 

percent, and tectosilicates ranged from 74-79 percent by weight. This is very similar to the 

Codell section in the Cain core. The XRD data from the Child V.O. #30-9 core was also plotted 

in Strater software to get a good visual interpretation of the mineral composition of the core. 

Figure 3.19 shows a sharp increase in tectosilicates and decrease in carbonates in the Codell 

section of the core. While it seems the carbonate percent is still elevated in the upper 4 feet of the 

core, this is because the last Ft. Hays Limestone sample was taken at approximately 8662 feet, 

and the first Codell Sandstone sample was taken at 8778 feet, approximately 5 feet below the 

contact between the Sage Breaks Shale and Codell Sandstone.  
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Figure 3.19 Visualization of XRD data from the Child #30-9 core showing a sharp decrease in 

calcite and large increase in quartz percentages through the Codell Sandstone section. 
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3.3 Cirque Berry Unit 13-9 

 The final core described as part of this study was the Cirque Berry Unit 13-9 core. This 

core was also stored at the USGS Core Research Center in Lakewood, CO. The core was taken 

from the northwest corner of the southeast corner of section 13 in Township 16N Range 66W. 

This core is located in the northwest part of Silo Field. This core was broken into six distinct 

facies: two Sage Breaks Shale facies and three Codell Sandstone Facies. Unlike the Child #30-9 

core and more similar to the Cain 16-63-2-11-1CH core, the Sage Breaks Shale is approximately 

2.5 feet thick. While it is still thinner than the Cain 16-63-2-11-1CH core, it is much thicker than 

the almost nonexistent Sage Breaks Shale section of the Child #30-9 core. The Berry Unit 13-9 

core contains the Ft. Hays Limestone Member of the Niobrara Formation, the Sage Breaks Shale, 

and the Codell Sandstone Member of the Carlile Shale. The core does not reach the contact 

between the Codell Sandstone and underlying formation. Log analysis that will be discussed in a 

future chapter indicates that a thin section of Carlile Shale may underly the Codell Sandstone in 

the Berry Unit 13-9 core, unlike the Cain 16-63-2-11-1CH core in which the Codell directly 

overlies the Greenhorn Limestone.  

The contact between the Ft. Hays Limestone and Sage Breaks Shale in the Berry Unit 13-

9 core is similar to the contact in the Cain 16-63-2-11-1CH core and is gradational in nature. The 

contact was picked based on the lack of inoceramid shells that are common in the Ft. Hays 

Limestone, as well as an increase in the abundance of pyrite throughout the core (Figure3.20). 

The contact was also more apparent when examining the Gamma Ray and Neutron Porosity logs 

that were made available with this core.  
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Figure 3.20 Contact between the Ft. Hays Limestone and Sage Breaks Shale that seems 

gradational. An increase of pyrite and decrease of Inoceramid fragments is common. 

The contact between the Sage Breaks Shale and Codell Sandstone also seems gradational 

(Figure 3.21). The contact was picked based on an increase in sand percentage when compared 

to the Sage Breaks Shale. Like the Cain 16-63-2-11-1CH and Cirque Child #30-9 cores, the grain 

sizes of sand are consistent throughout the core. The grain size is very fine-grained sand. While 

the physical core does not reach the contact between the Codell Sandstone and Carlile Shale, log 

analysis indicates it is sharper in nature than the upper contacts, which is consistent with the Cain 

16-63-2-11-1CH core.  
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Figure 3.21 Contact between the Sage Breaks Shale and Codell Sandstone that seems 

gradational. Aided by using well logs. 

The six facies that the Berry Unit 13-9 core are divided into are the same as the six facies 

in the Cain 16-63-2-11-1CH core. The cored interval of the Sage Breaks Shale and Codell 

Sandstone in the Berry Unit 13-9 core is approximately 30.4 feet. Facies 1, the first facies in the 

Sage Breaks Shale, makes up 0.75 feet of the 30.4-foot interval, facies 2 makes up 0.4 feet, 

facies 3 makes up approximately 0.7 feet, facies 4, the first Codell Sandstone facies, makes up 

21.5 feet of the cored interval, facies 5 makes up approximately 2.4 feet of the cored interval, 

and the final facies in the Codell Sandstone, facies 6 makes up approximately 4.7 feet of the 

cored interval. This core is dominated by facies 4, which makes up nearly 75 percent of the core. 

The Sage Breaks Shale is thinner in the Cirque Berry Unit area when compared to the Cain core, 

and is a more minor component of the stratigraphy (Figure 3.22). Facies in the Berry Unit core 

were also determined using sand to clay percentages, sedimentary structures, and trace fossil 

assemblages. 
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Figure 3.22 Overall facies distribution from the Berry Unit13-9 core showing the same 6 facies 

that occur in the Cain 16-63-2-11-1Ch core. 
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Figure 3.23 UV light photos from the Berry Unit 13-9 core showing facies 5 and 6 with the 

heaviest oil staining, as well as a large calcite concretion. 
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Facies 1 is described as a very fine-grained sandy siltstone that is poorly sorted and 

heavily bioturbated. This facies is part of the Sage Breaks Shale Formation and occurs directly 

below the contact between the Ft. Hays Limestone and Sage Breaks Shale. Pyrite appears in this 

facies, as well as fragments of inoceramid shells (Figure 3.24). This facies shows no oil staining 

under UV light (Figure 3.23). Facies 1 consists of approximately 0.75 feet of the 30-foot Sage 

Breaks Shale and Codell cored section and is relegated to the Sage Breaks Shale section 

exclusively. Pyrite and inoceramid fragments are common. 

 

Figure 3.24 Facies 1 in the Berry Unit 13-9 core, a very fine-grained sandy siltstone with 

Inoceramid fragments and pyrite. 

Facies 2 is the most clay-rich part of the Sage Breaks Shale section. This facies consists 

of mudrock with mostly clay sized particles, however, there is some burrowing that is filled with 

very fine sandstone. There are also inoceramid fragments and pyrite throughout this section. This 

section shows no sedimentary structures and is also heavily bioturbated (Figure 3.25). This facies 
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is only 0.4 feet of the described 30 foot section of core. Facies 2 was separated from facies 1 due 

to the higher clay content. This facies does not show oil staining under UV light. Facies 2 in the 

Berry Unit 13-9 core shows similar characteristics to the Cain 16-63-2-11-1CH core. It is fissile 

and has vertical fractures. These fractures show no signs of being natural and are likely 

mechanical fractures caused by the coring or transporting process of the core. 

 

Figure 3.25 Facies 2 in the Berry Unit 13-9 core, a thin, claystone that is fractured with 

inoceramid fragments and a few sand-filled burrows. 

Facies 3 is the last facies that is part of the Sage Breaks Shale and represents the 

transition from the Sage Breaks Shale to the Codell Sandstone. This facies makes up 0.7 ft of the 

30-foot cored interval. Similar to the Cain 16-63-2-11-1CH core, it is a gradational contact that 

can be hard to pick but was aided with the addition of well logs that will be discussed in Chapter 

5. This facies is a very fine-grained sandy siltstone that is poorly sorted and heavily bioturbated 

(Figure 3.26). Similar to the first two facies, there are inoceramid fragments and pyrite nodules, 

however the sandstone content increases in comparison to facies 1 and 2 as the amount of 

sandstone filled burrows increase and the average grain size increases from clay sized particles to 

silt-sized particles. 
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Figure 3.26 Facies 3 in the Berry Unit 13-9 core, a sandy siltstone with pyrite and an increase in 

sand filled burrows. 

 Facies 4 is the first Codell Sandstone Facies in the Berry Unit 13-9 Core. This facies is a 

very fine-grained silty sandstone that is poorly sorted and heavily bioturbated. There are no 

visible sedimentary structures in this facies. Trace fossils are abundant, with Teichichnus 

dominating. There are also some Ophiomorpha burrows, both being part of the Cruziana 

ichnofacies (Figure 3.27). This facies is the first facies in the Berry Unit Core that shows oil 

staining under UV light. The oil staining is light. This facies makes up 21.5 ft of the 30-foot 

cored interval. This facies is the most dominant facies in the core.  

Facies 5 consists of a low-angle cross-stratified to ripple cross-stratified very fine-grained 

sandstone. This facies is moderately to well sorted with centimeter thick shale beds that often cap 

the low-angle cross-stratified zones in the core (Figure 3.28). This facies is the only facies that 

has recognizable sedimentary structures that have not been destroyed by heavy bioturbation. 

Some of the ripple and low-angle cross-stratified beds have mud drapes.  
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Figure 3.27 Facies 4 in the Berry Unit 13-9 core. A very fine-grained silty sandstone that is 

heavily bioturbated. Common trace fossils include Teichichnus and Ophiomorpha. 

 

Figure 3.28 Facies 5 in the Berry Unit 13-9 core. A very fine-grained sandstone with low-angle 

cross stratification, ripple cross stratification, centimeter scale shale laminations with Planolites 

burrows, and some Skolithos burrows. 
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The centimeter scale shale beds have Planolites burrows within them. Bioturbation is 

limited to the shale beds within this facies. This facies also shows avid oil staining under UV 

light. 

Facies 6 is the last facies in the Berry Unit 13-9 core. It is a very fine-grained silty 

sandstone that is moderately poorly sorted and heavily bioturbated (Figure 3.29). This facies is 

similar to facies 4, however, this facies has a higher sandstone content than facies 4 and shows 

heavier oil staining under UV light. The most common trace fossils in this facies are 

Ophiomorpha, Schaubcylindrichnus, and Chondrites. The trace fossils in facies 6 are still part of 

the Cruziana ichnofacies, but the assemblage of trace fossils is also different than facies 4. This 

facies shows no sedimentary structure due to the heavy amount of bioturbation. 

 

Figure 3.29 Facies 6 in the Berry Unit 13-9 core. A very fine-grained silty sandstone that is 

heavily bioturbated. Has a higher sand content than facies 4, with Schaubcylindrichnus and 

Chondrites burrows. 
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 XRD analysis was also used on the Berry Unit 13-9 core approximately every four to six 

feet through the Codell Sandstone section of the core, as well as in the overlying Ft. Hays 

Limestone formation. The Ft. Hays Limestone Formation showed total carbonate percent by 

weight of approximately 80 percent, total clay by weight of approximately 8-10 percent, and 

total tectosilicates of approximately 11 percent. There were no samples analyzed in the thin Sage 

Breaks Shale section of this core. Carbonates in the Codell section of the core ranged from 0-7 

percent, clays ranged from 17 ï 23 percent, and tectosilicates ranged from 76 ï 82 percent by 

weight. This is very similar to the Codell section in the Cain core and the Child V.O. #30-9. The 

XRD data from the Berry Unit 13-9 core was also plotted in Strater software to get a good visual 

interpretation of the mineral composition of the core. Figure 3.30 shows a sharp increase in 

tectosilicates and decrease in carbonates in the Codell section of the core. While it seems the 

carbonate percent is still elevated in the upper 4 feet of the core, this is because the last Ft. Hays 

Limestone sample was taken at approximately 8970 feet, and the first Codell Sandstone sample 

was taken at 8982 feet, approximately 5 feet below the contact between the Sage Breaks Shale 

and Codell Sandstone. 
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Figure 3.30 Visualization of XRD data from the Child #30-9 core showing a sharp decrease in 

calcite and large increase in quartz percentages through the Codell Sandstone section. 
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3.4 Holcim Cement Quarry Outcrop 

 In addition to the three cores described from Silo Field, an outcrop was described near 

Laporte, CO in a quarry owned by Holcim Cement. The location of the outcrop is approximately 

10 miles northwest of Ft. Collins, CO along Niobrara Ridge Road.  

 

Figure 3.31 Location of the Codell Sandstone outcrop near Laporte, CO, approximately 10 miles 

northwest of Ft. Collins, CO. The outcrop is located along Niobrara Ridge Road in the Holcim 

Cement Quarry. Property is privately owned, and access must be requested through the quarry. 
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 This outcrop is located on the steeper western flank of the asymmetric Denver Basin, but 

it is the closest outcrop to Redtail, Fairview, and Silo Fields that can be used as a proxy to what 

the subsurface might look like (Figure 3.31). The goal of describing the outcrop was to observe 

sedimentary structures in three dimensions to be able to understand the depostional environment 

of the Codell Sandstone in the Silo Field area. A measured section and field photo of the outcrop 

can be seen on Figures 3.35 and 3.36. 

 The contact between the Carlile Shale and Codell Sandstone in this outcrop was hard to 

determine because most of the contact was covered by debris and shrubbery. A small portion of 

the covered outcrop was trenched to determine where the contact is located. The basal 3.9 meters 

of the Codell Sandstone outcrop is dominated by sandy silt beds that are heavily bioturbated, as 

well as centimeter to one meter or less scaled sandstone beds with low-angle cross stratification 

and varying degrees of bioturbation (Figure 3.32). Some of the burrows are Skolithos, however, 

most of the burrows are small scale and hard to identify due to surface weathering.  

 

Figure 3.32 Example of long wavelength low-angle cross stratification in the lower portion of the 

Codell Sandstone outcrop, with Brunton for scale. Interpreted as hummocky and swaley cross 

stratification. 
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 The next 2.1 meters of the outcrop are dominated by very fine-grained sandstone beds 

that have low-angle cross stratification and varying degrees of bioturbation. A few beds have 

higher angle cross stratification that is not seen in any of the subsurface cores from Silo Field. 

There are also quite a few beds that lack sedimentary structures due to heavier bioturbation. 

Trace fossils in this section that are common consist of Skolithos, Asterosoma, Ophiomorpha, 

and Schaubcylindrichnus (Figure 3.33).  

 

Figure 3.33 Typical section of the upper 2.5 meters of the outcrop. Very fine-grained heavily 

bioturbated sand with Skolithos and Asterosoma burrows. 

 

 The top 0.5 meters of the outcrop, labelled ñUpper Codellò is dominated by an increase in 

grain size to medium-grained sandstone. Low-angle cross stratification is less common, with 
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higher angle cross stratification being the dominant sedimentary structure. There still is some 

bioturbation, with the most common trace fossil being Skolithos (Figure3.34). The higher angle 

cross stratification that is seen at the top of this outcrop is uncommon in the cores described from 

Silo Field, as well as the lower section of the Codell Sandstone at this location. There was also a 

Thalassinoides trace fossil found that is part of the Glossifungites ichnofacies, however, the 

piece of sandstone it belongs to was found in rubble that had fallen off of the outcrop so it is 

impossible to know which sandstone bed it came from.  

 

Figure 3.34 Characteristics of the upper 0.5 meters of Codell outcrop at this location. (A) An 

increase in grain size to medium-grained sand that is well sorted. (B) high angle cross 

stratification that is not typical in subsurface Codell cores. (C) Skolithos burrows dominate the 

trace fossil assemblage of the upper portion of the outcrop. 


