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ABSTRACT 

The Upper Cretaceous (lower Mesaverde) Parkman Sandstone (PS) is a deltaic 

succession that displays overall progradational parasequence set stacking, with 

depositional environments ranging from offshore marine to coastal plain deposits.  

Shoreface facies of the PS that show strong wave and some tidal influence and are 

excellent reservoirs.   

The PS crops out all along the western margin of the Powder River Basin.  Nine 

sections were measured at Teapot Dome and integrated with observations of previous 

outcrop work to create a new proximal framework for the PS that suggests the 

occurrence of a previously unrecognized, major sequence boundary and associated 

incised valley system near the top of the lower PS in outcrop. Above the sequence 

boundary, the base of the valley fill system consists of estuarine deposits.  Above the 

estuarine deposits are multi-story fluvial deposits.  Relief on the valley incision is on the 

order of 60 ft. – 70 ft., individual fluvial channels display relief on the order of 10 ft. – 20 

ft., with multiple channels stacking upwards of 40 ft. - 50 ft.     

The recognition of an incised valley and sequence bounding unconformity has 

important implications in terms of subsurface exploration and production of PS 

reservoirs.  Namely, the possibility of a new play type (incised valleys) in the PS as well 

as a better understanding of distal PS deposition in terms of lowstand sediment 

transport and lowstand reservoirs.   
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CHAPTER 1  

INTRODUCTION 

1.1 Purpose and Objectives 

The Parkman Sandstone (PS) has continued to be a successful exploration and 

development target in the Powder River Basin of eastern Wyoming, even with the 2014 

commodities price drop.  Although successful production is achieved through the efforts 

of horizontal drilling, little research has been done on the PS in the last 40-45 years, 

leaving many questions still to be answered and further production efficiencies to be 

achieved. 

Recently, horizontal drilling technologies have resulted in a new surge of PS 

exploration and production.  Production in 2010 was around ~950,000 bbl/year and 

reached a high of over 11 million bbl/year in 2015.  2017 production was 6.6 million 

barrels even during the downturn in commodity pricing (WOGCC, 2018). Recently 

discovered fields in the Parkman Sandstone occur primarily in the subsurface of 

Campbell and Converse counties, Wyoming.  

The purpose of this research is to investigate the PS outcrops at Teapot Dome, 

Natrona County, on the west flank of the Power River Basin, Wyoming and utilize 

learnings and observations in these outcrops to help provide insight to the PS petroleum 

reservoirs to the east of Teapot Dome in the future, primarily in Campbell and Converse 

Counties, Wyoming. Preliminary observations by the author suggested the possible 

existence of incised valleys within the PS in the Teapot Dome area.  If such is the case 

then it could have significant implications for sediment outputs in the basinward 
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(eastward) direction.  A primary focus of this research will be to determine if there is an 

incised valley within the PS interval at Teapot Dome, and if so, to characterize it.  

The objectives of this research are as follows: (1) do a comprehensive 

assessment of the nature of the PS interval in the Teapot Dome area outcrops including 

measured sections, facies analysis, drone imaging, outcrop correlations and thin section 

analysis. (2) investigate the presence of the incised valleys in the Teapot Dome 

outcrops through the observations made from the first objective and create a 

stratigraphic framework of the PS interval at Teapot Dome.  

1.2 Area of Investigation 

The PS is well-exposed on the flanks of Teapot Dome, a large Laramide anticline 

35 miles northeast of Casper, Wyoming on the western margin of the Powder River 

Basin.  The anticlinal structure that forms subsurface hydrocarbon fields in and around 

Teapot Dome has produced 30 MMBO from the Shannon, Wall Creek and Tensleep 

formations to date (Anderson, 2013).  The PS reservoirs are productive east of Teapot 

Dome in the Powder River Basin.  However, as it relates to this study, Teapot Dome 

exposes miles of PS outcrops on both sides of the north-south trending anticline (Figure 

1.1).  The outcrops around the dome provide ample opportunities to investigate the 

overall geologic properties of the proximal PS deltaic system, and the nature of 

exposures as they wrap around the anticline provide a three-dimensional view of the PS 

over a sub-regional spatial area.  Likewise, the presence or absence of point-sourcing 

incised valley feeder systems can be investigated in these outcrops.  
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The Powder River Basin, is a petroleum-rich, asymmetric foreland basin that 

encompasses parts of northeastern Wyoming, southeastern Montana and southwestern 

South Dakota (Figure 1.2).  The basin has an area of approx. 20,000 square miles and 

Figure 1.1 Teapot Dome Anticline with Parkman outcrops outlined in red, anticline axis 
and yellow and dip-direction identified with orange arrows (modified from 
google.com/maps). 
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is bordered to the south by the Laramie Mountains and Casper Arch, to the west by the 

Big Horn Mountains, to the north by the Miles City Arch and to the east by the Black 

Hills (Lynds & Toner, 2017).  

 

 

Although primarily known for its major coal resources, the Powder River Basin is 

also a prolific oil and gas producer.   Gas is produced from both shallow coal beds and 

from deeper structural and stratigraphic traps.  Oil is produced from structural traps on 

the basin margins and abundant stratigraphic traps throughout the entire basin.  

Figure 1.2 Extent of Powder River Basin, shown by the blue outline, and a star showing 
the location of Teapot Dome field area (modified from Anna, 2009). 
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Although oil production in the basin has fluctuated over the past 50 years, oil production 

in early 2014 was 78,000 bbl/d and development has continued in various formations 

(Figure 1.3) (EIA, 2014).   

 

Figure 1.3 Production in the Powder River Basin since 2000 by formation (EIA.GOV). 

1.3 Dataset and Methods 

This study is focused on outcrop work at the Teapot Dome location in Natrona 

County, Wyoming.  Nine sections were measured, 12 samples were taken for thin 

section analysis and detailed drone imaging and modeling was done to gain a 

comprehensive understanding of the three dimensional architecture of this outcropping 

deposit of the proximal PS deltaic systems.  

The methods of the study will accurately describe the PS interval by integrating 

analysis from three levels of detail. A traditional study of the PS interval involving 

measured sections gives insight into the stratigraphy, facies associations and 
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depositional environments.  Next, thin sections from facies of importance, both within 

and outside of any interpreted incised valley, reflect petrographic and sedimentologic 

differences in valley fill versus interfluve deposits.  Finally, drone work helps to correlate 

between measured sections and allow large-scale mapping of the observed incised 

valley system within the PS interval at Teapot Dome.       

1.4 Previous Work 

Very little work has been published on the PS interval over the past half century.  

Furthermore, analysis on the PS since horizontal drilling and hydraulic fracturing made 

PS production economic in Campbell and Converse counties of Wyoming has been 

very minimal.  

While examining the geology of the Big Horn Mountains, Darton (1906) named 

an interval of sandy strata the Parkman Sandstone after its type locality located near 

Parkman, Wyoming.  A few years later, Wegeman (1918) wrote a paper on the Salt 

Creek oil field (just north of Teapot Dome) to address the geology of one of most prolific 

oil producing fields of the time.  Wegeman detailed the stratigraphy of the area and 

recognized the PS as the lowermost member of the Mesaverde Formation, the other 

members being the middle unnamed member and the uppermost Teapot Sandstone 

Member. Wegeman also described the Mesaverde Formation being an equivalent to the 

Pierre Shale 

Thom and Spieker (1931) were the first to publish a report specifically on the 

Naval Petroleum Reserve No. 3 (also called Teapot Dome).  They identified both the 

petroleum resource within the field and also described the rocks that crop out around 
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the oil field.  Their description, naming and stratigraphy was similar to that of earlier 

studies by Wegeman. 

 Regional studies by Rich (1958) and Purcell (1961) that included the PS focused 

on the overall Mesaverde Formation, primarily to understand the stratigraphic 

relationships of the Parkman Sandstone, Teapot Sandstone, Steele Shale and Lewis 

Shale as they were deposited during the rising and falling seas of the Cretaceous 

Western Interior Seaway.  The majority of the findings concerning the PS were 

thicknesses and associated facies in various regions of the basin, primarily offshore 

marine to coastal plain facies and a thickness ranging from 500 feet near the western 

margin of the Powder River Basin to 50 feet in the east.  

Sabins and Peterson (1961) were the first to examine the petrology associated 

with oil production from the PS in Dead horse Creek and Barber Creek fields where by 

1961 there had been over 3 million bbls of oil produced from the fields with only four 

years of production.  Findings focused on the various lithologies and mineralogies 

associated with the production in this locality.  

Heydenburg (1967) published a master’s thesis at the University of Wyoming that 

was a PS outcrop study, primarily at the Teapot Dome area.  Heydenburg’s overall 

findings on the facies found in the PS interval at Teapot Dome closely resemble the 

findings of this research with the exception that Heydenburg did not identify any incised 

valleys. Also at Teapot Dome, Cooper et al. (2006) examined the fracture and fault 

patterns associated with basement-cored anticlines.  A general finding of southwest-

northeast oriented faults in the Teapot Dome area was documented. 
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Asquith (1970, 1974) studied the depositional systems of the Late Cretaceous 

strata across all of Wyoming.  This study includes a detailed cross-section of the PS 

across the Powder River Basin, using it as an illustration of how the systems appear in 

a 2D representation.  This cross-section is widely used to document the nature of 

progradational deltaic systems that are commonly found in the Cretaceous Western 

Interior Seaway.  Van Wagoner et al. (1990) presented a cross-section modified from 

(Asquith, 1970) of the PS that demonstrates it is characterized by a progradational 

parasequence stacking pattern. 

Starting the in 1970s, several studies were PS specific and involved 

comprehensive investigations of the deltaic system, sedimentology, stratigraphy and 

petrology in both outcrop and subsurface of the PS.  These studies include Hubert et al. 

(1972), Curry (1973) and a University of Iowa Ph.D. thesis by Dogan (1984).  These 

papers concluded with various interpretations of the overall PS depositional systems 

ranging from offshore to coastal plain.  Hubert et al. (1972) interpreted in the area of 

Teapot Dome as a south-eastward prograding, wave dominated, high destructive type 

of delta.  Furthermore, they identified scour surfaces and prominent ball and pillow 

structure in the PS interval, observations that are similar to those found in the measured 

section analysis of this study.  Dogan (1984) did a detailed petrographic study of thin 

sections (some of which were from Teapot Dome) and which were used as a reference 

for thin section analysis in this study.  Dogan detailed four facies based on the 

evaluation including: interbedded shale, siltstone and very fine-grained sand, 

coarsening-up sandstone with lenticular beds and shale interbeds, fine-grained cross-

bedded sandstone and dark colored lignitic shale. 
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Anna (2009) published a regional geologic assessment of the undiscovered oil 

and gas in the Powder River Basin through the USGS.  This study was comprehensive 

of all formations within the basin and highlighted the potential for oil production within 

the basin by defining and understanding the various petroleum systems in the basin.  In 

this study, the PS in considered part of the Niobrara total petroleum system which 

includes that majority of the Upper Cretaceous formations. 

Most relevant to this study is the Milliken (2011) paper in which the author’s 

outcrop studies included measured sections and correlations that were the first to point 

towards the possibility of an incised valley system at Teapot Dome.  Milliken was the 

original basis to the research found in this study as he originally led me into the field to 

show me some of the observations he had made in the PS outcrops.    

Wheeler (2015) was the most recent analysis of the PS as far as its oil 

productivity.  Wheeler discussed the discovery and development of Savageton Field, a 

PS producer in the Powder River Basin.  Highlighted were the different pay zones in 

terms of parasequences within the PS and their properties and also the use of different 

technologies that most economically developed the field.  Savageton Field has a ~13 

mmbl estimated ultimate recovery.   
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CHAPTER 2  

GEOLOGIC BACKGROUND 

2.1 Structural Framework 

The Powder River Basin (PRB) is an asymmetrical, synclinal depocenter, formed 

during the Laramide Orogeny which began 70 million years ago.  However, studies 

have shown that many of the Laramide structures were active starting nearly 100 million 

years ago (Dolson et al. 1991; Steidtmann, 1993).  It is geographically located in 

northeastern Wyoming and southeastern Montana.  Although the basin formed primarily 

though tectonism during the Laramide Orogeny, the Sevier Orogeny, which started in 

the Late Jurassic played an important role in the creation of the Cretaceous Western 

Interior Seaway (CWIS) 

Mantle flow patterns related to the subduction of the more westwardly located 

Farallon Plate drove early subsidence of the CWIS, and additional subsidence was 

driven by the shortening and flexure of the Sevier fold and thrust belt (Liu et al. 2011). 

Subsidence initiated along the western margins and progressed to the east to form a 

trough shape (Liu et al. 2011). Liu et al. (2011) indicated the maximum subsidence 

occurred at 84 Ma.  By 80 MA, the migrating slab had redirected to the north, effectively 

ending subsidence, resulting in the final basin form.   

 The PRB formed as a result of the Laramide Orogenic compartmentalization of 

the CWIS basin into several intermountain structural features. The PRB has steeply 

dipping western flanks and gently sloping eastern margins.   The structural effects of the 
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Laramide Orogeny and the older Sevier Orogeny are mostly observed on the western 

margins on the basin (Figure 2.1) (Anna, 2009).    

The PRB covers a surface area of approximately 22,000 mi2. The sedimentary 

section (Merewether, 1996) in the basin has a thickness range of 2,000 – 20,000 ft. 

including Paleozoic deposition of shelf carbonates and siliciclastics overlain by a thicker 

Mesozoic succession reflecting deposition under terrestrial, marginal marine and open 

marine conditions.   

 

Figure 2.1 Schematic of an east-west Powder River Basin cross section showing the 
asymmetry of the basin, with the Upper Cretaceous zone of interest highlighted in red 
(modified from Anna, 2009). 

The PRB is separated from the Denver-Julesburg Basin, lying to the south, by 

the Hartville Uplift and the Laramie Mountain Range.  The PRB is also bounded to the 

east by the Black Hills Uplift, to the west the Bighorn Mountains and Casper Arch and to 

the north the Miles City Arch (Anna, 2009).   

Teapot Dome 
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Figure 2.2 Illustration of structures that bound the margins of the Powder River Basin 
(modified from Anna, 2009). 

Movement along basin bounding faults during the Phanerozoic influenced the 

depositional topography and affected the nature of most petroleum systems in the PRB 

(Slack, 1981) and in the area of the adjacent Denver Basin (Sonnenberg, 1980). Later, 

the influence of recurrent movement on basement faults on overall geology of the PRB 

was proven by Weimer and Flexer (1985). During Late Campanian time, a regional uplift 

began to affect most parts of the basin and central parts of Wyoming, which continued 

Teapot Dome 
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through the end of the Maastrichtian. The Hartville uplift affecting southern portions of 

the PRB occurred during Late Turonian (Asquith, 1970). 

Merewether and Cobban (1986) indicated that the Turonian period, 

corresponding to the Sevier Orogeny, reflected the most intense structural deformation 

along the western margins. Among these structural lineaments, the Belle Fourche Arch, 

located in central Powder River Basin, is interpreted to have a strong influence on the 

late Cretaceous sedimentation (Marrs and Raines, 1984).  

The Late Cretaceous in the PRB was also a time of intense structural 

deformation due to the Laramie Orogeny, which promoted basin flexure and active 

faulting as subsidence continued, resulting in structural lineaments predominantly in a 

NE-SW direction (Martinsen, 2003). The NE-SW oriented lineaments are observed to 

have formed because of basement block induced deformation that influenced the 

depositional topography. Moreover, another set of lineaments in the NW-SE direction 

are also observed (Figure 2.3) (Marrs and Raines, 1984).   

Most of the compressional deformation within the CWIS basin took place during 

the Late Cretaceous.   This deformation affected deposition of the Fox Hills Sandstone 

and the Lance Formation. Ongoing compression began to result in closure of the CWIS, 

and resulted in a change in the depositional environment from marginal-open marine to 

terrestrial (Ayers, 1986).  
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Figure 2.3 Structural features in the Powder River Basin. BC (Bell Creek), SR (Springen 
Ranch), RZ (Rozet), SCC (South Coyote Creek), GB (Gose Butte), FC (FIddler Creek), 
CT (Clareton Trend) LM (Little Missouri) From Slack 1981. PB (Parkman-Baker), BHC 
(Bighorn-Custer) and BD (Buffalo-Douglas) from Marrs and Raines 1984, BB (Black 
Butte) from Sabel 1985, LC (Lightning Creek) from Mitchell and Rogders (1993). From 
Martinsen, 2003.  
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2.2 Stratigraphic Framework 

The stratigraphic architecture in the PRB was highly influenced by an interplay 

between eustatic sea level changes and structural deformation. The result was a highly 

heterogeneous intercalation of terrestrial and marine lithologies (Merewether, 1996).  

The Upper Cretaceous stratigraphy of the PRB reflects deposition under terrestrial, 

marginal marine and marine conditions. Sedimentary rock successions located near the 

southern and western margins display interlamination of sediments from terrestrial to 

marine environments.  These successions contain sandy units that grade eastward into 

shales, and eventually become carbonate-rich units in the deeper and most eastern 

parts of the basin.  

Upper Cretaceous sedimentation and resulting stratigraphy (Figure 2.4) in the 

PRB started around the deposition of the Mowry Formation, followed by deposition of 

the Frontier Formation, Carlile Shale and the Niobrara Formation, respectively. The 

nature of the contact between the Carlile Shale and the Niobrara Formation has been 

identified as both unconformable and conformable based on where workers were 

focused across the basin (Merewether, 1996). Above the Niobrara Formation, the Cody 

(Steele) Shale was deposited, which also included two productive sandstone intervals, 

the Shannon and the Sussex.  

Deposition of the Mesaverde on top of the Cody (Steele) Shale represents 

regressive shoreline conditions, in which the Parkman and Teapot Sandstones were 

deposited.  The Parkman and the Teapot are both hydrocarbon productive intervals of 

the Mesaverde Formation within the basin. Finally, deposition of the Lewis Shale and 

subsequent Fox Hills Sandstone marked the end of Upper Cretaceous-age deposition, 



16 

and final draining of the CWIS. Final draining of the CWIS basin induced a terrestrial-

dominated depositional environment in the Paleogene period and Cenozoic era 

(Merewether, 1996).  

 

Figure 2.4 Stratigraphic column of Upper Cretaceous strata in the Powder River Basin 
(PRB). The Parkman Sandstone is outlined in red and the producing units defining the 
Niobrara Total Petroleum System (TPS) are identified with green dots. Mbr, member; 
Ck, Creek; Fm, formation; Sh, Ss, sandstone. (Anna, 2009, p.30). 
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2.3 Upper Cretaceous Formations 

The Mowry Formation is described as a silica-rich, organic-rich mudrock that 

included numerous bentonite beds. The top of the Mowry Shale is marked by the Clay 

Spur Bentonite, a unit that can be correlated throughout the entire basin (Slaughter and 

Earley, 1965). 

The Frontier Formation stratigraphically overlies the Mowry Formation. The 

Frontier Formation consists of shallow marine, interbedded sandstones, siltstones, 

shales and coal beds. The formation defines a low-stand systems tract (Vail, 1987) 

before seaway deepening occurred and resulted in the deposition of the Niobrara 

Formation. The Frontier Formation is subdivided into Belle Fourche and Wall Creek 

Members on the western margins of the seaway. The Belle Fourche Member consists of 

sandstone and shale deposited in coastal plain to shelf settings, and the Wall Creek 

Member forms the upper sandy unit of the Frontier Formation (Merewether, 1996). 

The Frontier Formation, on the western seaway margin, grades into the Sage 

Breaks Member of the Carlile Shale, consisting of interlaminations of calcareous and 

calcite-poor shales. The Pool Creek and Turner Sandy Members are found in eastern 

portions of Powder River Basin and are not present on its western margins. The Sage 

Breaks member grades into the Niobrara Formation conformably or due to submarine 

erosion the Sage Breaks member ends abruptly and forms an unconformity. The 

unconformable nature of the contact shows erosion in the lower shoreface and is 

reflected in the formation of incised valleys (Merewether, 1996).  

The Niobrara Formation overlies the Carlile Shale and is defined as interbedded 

siliciclastic dominant marl units and carbonate-rich chalky units. The formation grades 
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into shales and siltstones on the western seaway margin. The Niobrara Formation does 

not contain the Fort Hays Member that is found in D-J basin. The Niobrara Formation in 

PRB is described as time-equivalent to the Smoky Hills Member in D-J Basin 

(Merewether, 1996). 

The Cody (Steele) Shale was deposited on top of the Niobrara Formation, 

displaying open-marine sedimentation with episodic sea level fluctuations resulting in 

sandstone deposition on the western margins of the basin. The Cody (Steele) Shale is 

described as shale, silty and sandy shale, siltstone, sandstone with numerous bentonite 

beds. Two sandy units of interest are found within the Cody (Steele) Shale, the Sussex 

Sandstone and the Shannon Sandstone. The upper strata of Cody (Steele) Shale 

represents open marine deposition with silty shales and bentonites (Merewether, 1996).  

The Mesaverde Formation conformably overlies the Cody (Steele) Shale and is 

defined as interbedded marine and terrestrial strata (Merewether, 1996).  In the PRB 

the formation consists of the Parkman Sandstone and Teapot Sandstone. The Parkman 

Sandstone displays as a progradational deltaic complex with lithologies that include: 1. 

shales and siltstone interbedded with sandstones; 2. coarsening upward medium-

grained sandstones interbedded with thin siltstone beds interpreted as nearshore 

deposits; and 3. deposits of organic-rich silts and mudstones interpreted as terrestrial in 

nature (Anna, 2009).  

The Parkman Sandstone consists of both marine and non-marine deltaic 

successions, mainly located in Converse, Natrona, Johnson and Sheridan Counties in 

the PRB. The nature of the Parkman Sandstone delta has been interpreted as strongly 

wave-dominated with migration to the southeast (Hubert et al. 1972). However, Dogan 
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(1984) proposed that the delta may have been river-dominated and suggested the 

possibility that marine sequences were transported northeast; whereas, the terrestrial-

dominated upper sequences were transported east.  

The paleocurrent directions in the Parkman SS range from 68o E to 77o E based 

on analyses conducted on cross-bedded terrestrial sequences (Merewether, 1996). In 

addition, the Parkman Sandstone is identified as a progradational parasequence set by 

Van Wagoner et al. (1990) and is marked by a sharp deepening at its top. The Teapot 

Sandstone consists of marine to non-marine sandstone interpreted to have been 

deposited in a deltaic environment.  It stratigraphically consists of a basal pro-delta 

shale followed by a coarsening-upward sequence of delta front sandstones with non-

marine delta plain deposits (Anna, 2009).    

The Late Cretaceous Lewis Shale conformably overlies the Teapot Sandstone 

and consists of mudstones, sandy shale and siltstone, including limestone and 

sandstone nodules, coal and numerous bentonites. The formation was interpreted to 

have been deposited in shelf-to-deltaic environment (Merewether, 1996). 

The Lewis Shale is overlain by the Fox Hills Sandstone, which marks the terminal 

deposit of Cretaceous in the PRB.  The Fox Hills Sandstone consists of muddy siltstone 

and fine-grained, thinly laminated to cross-bedded sandstones and is interpreted to 

have been deposited in deltaic to nearshore settings. The formation grades upward into 

the Lance Creek Formation, reflecting terrestrial sandstone successions. As the 

deposition of the Fox Hills Sandstone ended, the CWIS fully drained, initiating terrestrial 

deposition during Paleogene and Cenozoic (Merewether, 1996).   
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CHAPTER 3  

TEAPOT DOME MEASURED SECTION OVERVIEW, FACIES AND DEPOSITIONAL 

ENVIRONMENTS  

3.1 Introduction 

This chapter analyzes nine sections from the Parkman Sandstone (PS) interval 

that were measured within the Teapot Dome study area.  The first two measured 

sections (MS #1 & MS #3) were re-measured and analyzed based off of work from 

Milliken (2011), who used these sections to suggest the presence of an incised valley 

within the PS interval at Teapot Dome.  This study then added seven more sections that 

were chosen after outcrop reconnaissance to help delineate the incised valley system 

(Table 3.1).  The nine measured sections can be found in full in (Appendix A) of this 

thesis.  This chapter first includes a geographical summary of the locations and 

specifications of the measured sections at Teapot Dome.  Then, an examination and 

interpretation of the depositional environment of the facies found within the PS interval 

at Teapot Dome is detailed.   

3.2 Measured Section Location and Specifications   

The Teapot Dome study area is located approximately 30 miles northeast of 

Casper, Wyoming in the northeastern portion of T38N R78W and the south-central 

portion of T39N R78W (Figure 3.1).  Fieldwork began in the summer of 2016 when Mr. 

Milliken led a field trip to the dome to show the PS outcrops and described what he 

thought was a potential incised valley system. The nine measured sections span the 

majority of the western, southeastern and southern rim of the anticline with the goal of 
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narrowing down the location and delineating the margins and orientation on the incised 

valley system (Figure 3.1).  In areas where the valley edge has been identified, closely 

spaced measured sections (<500 meters) were used for greater accuracy.  

Table 3.1 Location, thickness and overall depositional systems interpretations of the 
nine measured sections (seen in Figure 3.1) at Teapot Dome. 

MS # Location Thickness  
(basal sand to 
coastal plain) 

Depositional interpretation 

1 43°15'03.5"N 
106°10'37.9"W 

~280 ft. Deltaic succession with progradational 
parasequence set stacking – possible incised valley 
cutting through multiple of the upper 
parasequences.  Offshore marine to coastal plain. 

2 43°15'09.2"N 
106°12'03.6"W 

~230 ft. Deltaic succession with progradational 
parasequence set stacking – possible incised valley 
cutting through multiple of the upper 
parasequences.  Offshore marine to coastal plain. 

3 43°16'53.9"N 
106°13'04.0"W 

~256 ft. Deltaic succession with progradational 
parasequence set stacking.  Offshore marine to 
coastal plain. 

4 43°17'07.4"N  
106°13'16.7"W 

~240 ft. Deltaic succession with progradational 
parasequence set stacking.  Offshore marine to 
coastal plain. 

5 43°16'41.2"N 
106°13'00.7"W 

~280 ft. Deltaic succession with progradational 
parasequence set stacking.  Offshore marine to 
coastal plain. 

6 43°15'24.5"N 
106°12'16.6"W 

~238 ft. Deltaic succession with progradational 
parasequence set stacking.  Offshore marine to 
coastal plain. 

7 43°15'48.4"N 
106°10'18.2"W 

~270 ft. 
 

Deltaic succession with progradational 
parasequence set stacking – possible incised valley 
cutting through multiple upper parasequences.  
Offshore marine to coastal plain. 

8 43°14'33.7"N 
106°11'27.5"W 

~205 ft. Deltaic succession with progradational 
parasequence set stacking – possible incised valley 
cutting through multiple of the upper 
parasequences.  Offshore marine to coastal plain. 

9 43°16'14.7"N 
106°10'13.9"W 

~205 ft. Deltaic succession with progradational 
parasequence set stacking.  Offshore marine to 
coastal plain. 
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Figure 3.1 Teapot Dome anticline with location of measured sections indicated by 
yellow stars (basemap modified from google.com/maps). 
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3.3 Facies and Depositional Environment Classification  

The PS interval at Teapot Dome demonstrates a succession of parasequences 

that prograded east to southeast into the Cretaceous Western Interior Seaway during 

Upper Cretaceous (Campanian) time (Asquith, 1970).  Previous work by Hubert (1972), 

interpreted the PS succession around Teapot Dome as prograding to the southeast 

based on ball and pillow structures.  In addition, Asquith’s 1970 cross-section (Figure 

3.2) trends NW-SE and also suggests progradation of the delta to the southeast.  

This study has determined that depositional environments from the lowest portion 

of the PS interval to the top demonstrate offshore marine, distal lower shoreface, lower 

shoreface, upper shoreface, estuarine, fluvial (based on the interpretation of an existing 

incised valley) and coastal plain with fluvial channels (Table 3.1). Note that the more 

proximal portion of the cross-section (left side of Figure 3.2) is strongly progradational 

with little to no aggradation. This dominance of progradation suggests there was little 

accommodation being created and possibly that it was being destroyed forcing systems 

to build ever increasingly basinal clinoform packages.  The more distal portion of the 

cross-section (upper right side) shows the system changing from strongly 

progradational to highly aggradational.   

Shoreline deposits in the Mesaverde Formation, including deltaic shorelines, are 

strongly wave dominated and facies successions of deltaic sequences and strand plain 

sequences are similar.  A standard idealized, storm-wave dominated parasequence 

succession is described in Bhattacharya and Walker (1992).  This succession starts out 

as marine shale, grading up to HCS lower shoreface to cross stratified upper shoreface, 
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overlain by foreshore and coastal plain deposits.  However, foreshore and coastal plain 

deposits are not always preserved.   

For the purposes of investigating the presence of an incised valley, facies will be 

described using MS #1 and MS #3 as examples.  Bioturbation intensity was estimated 

and facies were categorized based on ichnofabric facies using the scheme of Droser 

and Bottjer (1989) (Figure 3.3).  

  These two measured sections are the “type sections” of two different 

successions observed in the PS.  A normal progradational succession as observed in 

outcrops in the northern part of Teapot Dome including MS #3 (Figure 3.4) that are 

similar to storm-wave dominated successions as presented by Bhattacharya and 

Walker (1992) and an anomalous succession present in the southern part of Teapot 

Dome (MS #1).  The lower part of this anomalous succession (MS #1) consists of facies 

similar to the lower part of the “normal” parasequence successions seen in the north at 

MS #3.  The upper part, however, consists of facies that are not present in the northern 

outcrops at Teapot Dome (MS #3) (Figure 3.5).  The facies found throughout the PS at 

Teapot Dome are outlined below (Table 3.2).  Within Table 3.2 are figure numbers that 

reference to figures in 3.3.2 of this chapter which are photographs from the outcrops 

that represent the individual facies.   



25 

  

Figure 3.2 Electric log from cross-section of Parkman Sandstone from Southwest Powder River Basin.  Cross-section 
shows classic deltaic succession of parasequences that prograded eastward into the Cretaceous Western Interior 
Seaway (Asquith, 1970). 
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Figure 3.3 Schematic representation of Bioturbation Intensity (BI) values 1 to 6, after 
(Droser and Bottjer, 1989). 
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Figure 3.4 PS interval with progradational parasequence set stacking at the MS #3 locality. Upward coarsening 
parasequences are indicated by orange arrows. 
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Figure 3.5 MS #1 locality showing the interpreted valley fill above progradational shoreface parasequence set stacking. 
Straight red lines indicate scour surfaces within the fluvial valley fill, wavy line indicates the valley’s base (sequence 
boundary) with estuarine fill above.  Lateral accretion (shown by dipping blue line) can be seen in one of the fluvial 
successions. Notice that the fluvial system is multi-story.  Note person for scale. 
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Table 3.2 Summary table of facies described in the Parkman Sandstone and associated outcrops at Teapot Dome.  FA = 
facies association, BI = bioturbation indices, VFG = very fine grained. FG = fine grained, UFG = upper fine grained, MG = 
medium grained, HCS = hummocky cross-stratification, SCS = swaley cross-stratification, SSD = soft sediment 
deformation, Occ. = occasional.   

FA Facies Name Lithology Sedimentary 
Structures 

Ichnology and 
Fossils 

BI Notes Depositional 
Environment 

1-FA1 Marine shale  
(Figure 3.6, 
Figure 3.7) 

Mudstone w/ 
scattered 
interbedded VFG 
sandstone beds.  
Sandstone is 
well sorted, sub-
rounded to sub-
angular.  

Mudstone mostly 
covered – 
structures hard to 
see.  Sandstone 
is primarily HCS 
with ripples on 
surfaces.  Occ. 
concretions in 
sandstone.    

Mudstone 
mostly 
covered.  
Sandstone can 
be burrowed 
with tracks and 
trails on 
surfaces. 

2 Mudstone beds 
are 5 ft. -20 ft. 
thick, 
sandstone beds 
are .5 ft.-2 ft. 
thick. Some SS 
beds are red in 
color (iron rich)  

Offshore 
 

2-FA1 Interbedded 
sandstone 
and marine 
shale 
(Figure 3.8, 
Figure 3.9) 

Interbedded VFG 
sandstone and 
mudstone. 
Sandstone is 
well sorted, sub-
rounded to sub-
angular. 
Mudstone is silty.   

Sandstone is 
primarily HCS but 
occ. wavy to 
planar with 
ripples on 
surfaces. 
Mudstone 
weathered 
(difficult to see)  

Sandstone has 
occ. Tracks 
and trails on 
surfaces. 
Mudstone is 
burrowed but 
difficult to see. 

2 Sandstone 
beds are 1 in. -
5 in. thick, 
mudstone beds 
are .5 ft. – 3 ft.   
thick. Some SS 
beds are red in 
color (iron rich)  

Offshore 
transition 

3-FA1 Amalgamated 
HCS 
sandstone 
(Figure 3.10) 

VFG, occ. FG 
sandstone.  Well 
sorted, sub-
rounded to sub-
angular. Rare 
interbedded silty 
mudstone layers. 

Sandstone is 
amalgamated 
HCS. Occ. 
ferruginous clasts 
within. 

None observed 0 Amalgamations 
usually >10 ft. 
thick. Individual 
beds are ~1 ft. 
thick. 

Lower 
shoreface 
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Table 3.2 Continued. 
4 n/a       

5-FA1 Massive to 
low angle 
Sandstone 
(Figure 3.11) 

VFG-UFG 
sandstone. Well 
sorted, sub-
rounded to sub-
angular.    

Sandstone is 
massive 
appearing to low 
angle bedded. 
Occ. possible 
SCS.  

None observed 0 Sandstone 
beds 5 ft. – 20 
ft. thick. OCC. 
ferruginous 
clasts. 

Middle 
shoreface 

6-FA1 Ball and pillow 
sandstone 
(Figure 3.12) 

VFG-FG 
sandstone. Well 
sorted, sub-
rounded to sub-
angular. 

Slumped bedding 
– ball and pillow 
structures. Other 
features hard to 
see. 

None observed 0 Some beds 
contain 
ferruginous 
clasts. 

Shoreface 
(hard to 
interpret)? 

7-FA1 Cross-bedded 
Sandstone A 
(Figure 3.13) 

Mostly FG 
sandstone, well 
sorted, sub-
rounded to sub-
angular. 

Cross-bedded. None observed 0 Interbedded 
with facies 8 

Upper 
shoreface 

8-FA1 Cross-bedded 
sandstone 
with occ. 
Ophiomorpha 
(Figure 3.14)  

Mostly FG 
sandstone, well 
sorted, sub-
rounded to sub-
angular, often 
white in color. 

Cross-bedded 
occ. planar 
bedded. 

Contains occ. 
Ophiomorpha 
found 
throughout 

2 Some beds 
contain 
ferruginous 
layers and 
clasts. 

Upper 
shoreface 

9-FA1 Massive to 
low angle 
sandstone 
with 
ferruginous 
layers 
(Figure 3.15) 
 

Mostly FG 
sandstone. Well 
sorted, sub-
rounded to sub-
angular.   

Massive/planar to 
low angle 
sandstone w/ 
ferruginous 
layers 

None observed 0 Some beds 
contain 
ferruginous 
clasts and 
SSD. 

Middle 
shoreface 
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Table 3.2 Continued. 
10-

FA2 

Low angle 
sandstone 
with abundant 
Ophiomorpha 
(Figure 3.16, 
Figure 3.17) 
 

UFG sandstone. 
Well sorted, sub-
rounded to sub-
angular, white in 
color.  

Low angle 
sandstone occ. 
Massive.  

Ophiomorpha 
found 
throughout   

2 Horizontal 
ferruginous 
layers occur 
every couple of 
ft. 

Estuarine 

11-

FA2 

Cross-bedded 
sandstone B 
(Figure 3.18) 

FG-MG 
sandstone, well 
sorted, sub-
rounded to sub-
angular. 

Cross-bedded 
occ. planar to low 
angle 

Occ. 
Ophiomorpha 

1 Some beds 
contain 
ferruginous 
clasts.  

Estuarine 

12-

FA3 

Cross-bedded 
sandstone C 
(Figure 3.19, 
Figure 3.20) 

MG sandstone, 
moderately 
sorted, sub-
rounded to 
angular. 

Cross-bedded, 
abundant cut and 
fill and 
ferruginous clast 
lags.   

 0 Occ SSD.  
Woody debris, 
logs and 
vertebrate 
bones in lags 

Fluvial 

13 n/a       

14-

FA4 

Rippled 
sandstone 
(Figure 3.21) 

FG sandstone, 
well sorted, sub-
rounded to sub-
angular. 

Current rippled 
including 
climbing ripples 

None observed 0 Mostly found at 
the top of 
cross-bedded 
facies. Often 
iron cemented. 

Coastal plain 

15-

FA4 

Carbonaceous 
facies  
(Figure 3.22, 
Figure 3.23) 

Interbedded 
carbonaceous 
shales, siltstones 
and coal with 
scattered fluvial 
sandstone 
channels  

N/A None observed 0 Top of MS 
analysis. Used 
as datum. 

Coastal plain 
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3.3.1 Facies Associations 

 The lithofacies described in Table 3.2 combine to form four (4) facies 

associations.  They are described below (Table 3.3). 

Table 3.3 Facies associations of measured section facies at Teapot Dome 

FA# Description of Facies Association 

FA1 Shelf to shoreface facies found in a deltaic/wave dominated progradational 
succession. Including: offshore, offshore transition, lower shoreface, middle 
shoreface and upper shoreface. 

FA2 Facies found in estuarine fill including low angle sandstone and cross-bedded 
sandstone with bioturbation (Ophiomorpha) and ferruginous layers and clasts. 
At one measured section (MS #7), roots were observed extending down from 
this facies into underlying FA1. (See Figure 5.13)  

FA3 Facies found in a fluvial environment that contain medium grain, moderately 
sorted sand with cross stratification.  Lags containing various terrestrial debris 
are also found within the fluvial scour surfaces.  

FA4 Facies found in a coastal plain environment including carbonaceous shales, 
siltstones and coals with isolated single-story fluvial channels scattered 
throughout. 

   

3.3.2 Facies Images 

The following figures (3.6 - 3.23) are photographs taken at the Teapot Dome 

outcrops.  These photographs represent the facies found in Table 3.2 (facies 

associations are discussed in the figure caption).  The figure number to its associated 

facies are found in the Facies Name column of Table 3.2. 
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Figure 3.6 Photo showing the marine shale facies with a thin interbedded HCS 
sandstone intervals found in FA1 at the base of MS#1 (7 ft.). Person for scale.  See 
Appendix A for location on MS #1. 
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Figure 3.7 Photo showing a hummocky cross-stratified (HCS) sandstone bed found within found at the base of MS#1 in 
FA1 (56 ft.) (6 in. scale).  This facies is dominated by shales, however several 1 ft.–2 ft. thick HCS beds are found within 
these units reflecting periods of storm reworking of the shelf. See Appendix A for location on MS #1. 
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Figure 3.8 Photo showing interbedded HCS sandstone and marine shale facies found at 
the offshore transition in FA1 at MS#1 (100 ft.) Person for scale. See Appendix A for 
location on MS #1. 
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Figure 3.9 Photo showing ripple marks found on surfaces of HCS beds in FA1 at MS#1 
(78 ft.). See Appendix A for location on MS #1. 
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Figure 3.10 Photo showing amalgamated a HCS sandstone bed interval outlined in red.  FA1 at MS#3 (170 ft.). Person for 
scale See Appendix A for location on MS #3.



38 

 

 

 

 

 

 

 
 
 

 

Figure 3.11 Photo showing massive to low angle sandstone in FA1 at MS#3. (200 ft.) 
See Appendix A for location on MS #3. 
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Figure 3.12 Photo showing ball and pillow structure in sandstone (hammer for scale).  
These deposits are part of the shoreface of FA1 at MS#3 (208 ft.). See Appendix A for 
location on MS #3. 
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Figure 3.13 Photo showing cross-bedded sandstone A (red arrow line denotes scale is 
~ 2 ft.). Located in FA1 near the top of MS#3 (235 ft.). See Appendix A for location on 
MS #3. 
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Figure 3.14 Photo showing cross-bedded sandstone B (occasional Ophiomorpha and 
ferruginous clasts/layers. FA1 at the top of MS#3 (255 ft.) Person for scale. See 
Appendix A for location on MS #3. 
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Figure 3.15 Massive to low angle sandstone with ferruginous layers.  FA1 at MS #3 
(220’ ft). (Jacob staff is 5 ft.)  See Appendix A for location on MS #3. 
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Figure 3.16 Photo of low angle to planar laminated sandstone with abundant Ophiomorpha and horizontal ferruginous 
layers. These are the estuarine facies (FA2) of MS#1 (230 ft.) Person for scale. See Appendix A for location on MS #1. 
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Figure 3.17 Photo showing abundant Ophiomorpha in low angle to planar laminated sandstone within the FA2 of MS#1 
(230 ft.)  Four inch pen for scale. See Appendix A for location on MS #1. 
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Figure 3.18 Photo of cross-bedded sandstone B showing occasional Ophiomorpha 
within the FA2 of MS# 7 (230 ft.). See Appendix A for location on MS #7. 
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Figure 3.19 Photo of cross-bedded sandstone C showing cut and fill structure and 
ferruginous clasts in the fluvial facies (FA3) of MS#1 (255 ft.).  Person for scale. See 
Appendix A for location on MS #1. 
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Figure 3.20 Photo of cross-bedded sandstone C showing cut and fill structure, abundant 
ferruginous clasts, woody debris and a log above the scour at the base of a fluvial 
channel. FA3 of MS#1 (255 ft.). See Appendix A for location on MS #1. 
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Figure 3.21 Photo of rippled sandstone at the base of the coastal plain facies (FA4).  
Top of MS#1 (280 ft.). See Appendix A for location on MS #1. 
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Figure 3.22 Photo of coastal plain facies including Interbedded carbonaceous shales, 
siltstones and coal with scattered fluvial channels circled in red in red. FA4 at the top of 
MS#1 (260 ft.). See Appendix A for location on MS #1. 
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Figure 3.23 Photo of coastal plain with a large single story fluvial channel. FA4 at the 
top of MS#3 (265 ft.). See Appendix A for location on MS #3. 
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3.4 Discussion 

    A large incised valley appears to occur cutting through Parkman shoreface 

parasequences in outcrop (Figure 3.24).  The valley’s northern edge lies just south of 

MS #9 and MS #6, both are measured sections that show only two of the four facies 

associations (FA1 and FA4) (Table 3.3).  All the sections including and to the north of 

MS #9 and MS #6 show prograding falling stage shelf and shoreface deposits overlain 

by coastal plain.  The valley is observed to have incised (with a basal scour found in 

sections MS #7, MS #8, MS #2, and MS #1 (Appendix A) into the PS and show a 

complete suite of all four facies associations (Table 3.3) at these outcrops that are south 

of MS #9 and MS #6.   

The southernmost margin of the valley is not seen, as the outcrop plunges into 

the subsurface and no subsurface data could be found to map the valley’s southern 

margin.  To the north of MS #9 and MS # 6 only the coastal plain facies associations is 

seen directly overlying shelf and shoreface facies associations, reflecting a basinward 

shift in facies associations across this surface, but no obvious valley incision.  These 

coastal plain facies were deposited after valley incision during subsequent sea level 

rise, possibly coincident with the PS aggradational parasequence set shown in Figure 

3.2.    

To the south, sections MS #1, MS #8 and MS #7 show the thickest fluvial and 

estuarine fill.  Table 3.4 summarizes the facies associations found at each measured 

section and the implications of whether the measured section reflects a complete 

progradational parasequence set as observed in outcrops in the northern part of Teapot 
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Dome, or a truncated progradational parasequence set as observed in in outcrops in the 

southern part of Teapot Dome.    

Because the valley is only partially exposed in outcrop, its exact width cannot be 

determined. If it is assumed that the valley is symmetrical, and because the base is not 

seen rising in outcrop, it should extend at least another mile into the subsurface, making 

it at least 2 miles wide.  These dimensions are in line with dimensions of other 

Cretaceous (Weimer, 1984; Ethridge et al. 1994; Bhattacharya and Willis, 2001; Van 

Wagoner et al. 1990).  Valleys such as the one at Teapot Dome have never been 

documented associated within the Parkman sequences.  

Chapter 4 of this thesis will provide further insight into the interpreted incised 

valley through thin section analysis, comparing several key facies from this chapter to 

show differences in the petrography of the valley fill and traditional shoreface facies 

found at several measured sections.  Then, a stratigraphic analyses in chapter 5 of this 

thesis, which integrates outcrop imaging to help correlate the measured sections, will 

further help to delineate the valley incision and key horizons.  
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Figure 3.24 Teapot Dome anticline with location of measured sections indicated by yellow 
stars. The northern boundary of the proposed Teapot Dome valley fill (shown in blue) is 
delineable in outcrop, however the southern margin does not outcrop, but would occur in 
the subsurface to the south of Teapot Dome. (Basemap modified from google.com/maps). 
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Table 3.4 Location, thickness, facies associations and interpretation of depositional 
system found at each measured section. 

MS 
# 

Location Thickness  
(basal sand 
to coastal 

plain) 

Facies 
Associations 
Present in MS 

Interpretation 

1 43°15'03.5"N 
106°10'37.9"W 

~280 ft. FA1, FA2, FA3 and 
FA4 

Standard 
progradational deltaic 
succession with incised 
valley fill of estuarine 
and fluvial sequences 

2 43°15'09.2"N 
106°12'03.6"W 

~230 ft. FA1, FA2, FA3 and 
FA4 

Standard 
progradational deltaic 
succession with incised 
valley fill of estuarine 
and fluvial sequences 

3 43°16'53.9"N 
106°13'04.0"W 

~256 ft. FA1 and FA4 Standard 
progradational deltaic 
succession 

4 43°17'07.4"N  
106°13'16.7"W 

~240 ft. FA1 and FA4 Standard 
progradational deltaic 
succession 

5 43°16'41.2"N 
106°13'00.7"W 

~280 ft. FA1 and FA4 Standard 
progradational deltaic 
succession 

6 43°15'24.5"N 
106°12'16.6"W 

~238 ft. FA1 and FA4  Standard 
progradational deltaic 
succession  

7 43°15'48.4"N 
106°10'18.2"W 

~270 ft. 
 

FA1, FA2 and FA4 Standard 
progradational deltaic 
succession with incised 
valley fill of estuarine 
sequences 

8 43°14'33.7"N 
106°11'27.5"W 

~205 ft. FA1, FA2 and FA4 Standard 
progradational deltaic 
succession with incised 
valley fill of estuarine 
sequences 

9 43°16'14.7"N 
106°10'13.9"W 

~205 ft. FA1 and FA4 Standard 
progradational deltaic 
succession 
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CHAPTER 4 

THIN SECTION ANALYSIS 

4.1 Introduction 

This chapter outlines the results of the petrographic thin section study done using 

samples from the outcrops of the PS, providing a microscale interpretation of the facies 

found in the measured sections at Teapot Dome.  The overall purpose of thin section 

analysis was to compare various facies and facies associations; outlined in the previous 

chapter, with the goal of identifying any petrographic difference between the facies 

found in the progradational wave-dominated sequence at MS# 3 and the facies found in 

the sequence with the interpreted incised valley and associated underlying units at MS 

#1.   

Additionally, two thin sections that contain samples from directly above the 

sequence boundary at the base of the valley incision, were taken from MS #1 (these 

were not noted in the previous chapter as a specific facies).  These two thin sections 

are examined for evidence of the presence of a valley incision, that being the 

occurrence of silty/muddy rip-up clasts, likely originating in the HCS shoreface facies 

below the sequence boundary.  Further discussion of the interpreted sequence 

boundary can be found in Chapter 5 of this thesis.  

In all, 12 thin sections were analyzed from hand samples that were collected at 

measured sections 1 (MS #1) and 3 (MS #3).  Thin sections were impregnated with 

clear epoxy, and each was stained on half of the thin section slide for mineral 

identification of calcite, potassium feldspar and plagioclase.  Identification was also 
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guided by Ulmer-Scholle et al. (2014).  Table 4.1 below lists each thin section, what 

facies they represent and where on outcrop the sample was taken from.  A complete 

assemblage of photographs of thin sections can be found in Appendix B of this thesis.  

Analysis of mineral abundancies were not point counted but were estimated visually. 

4.2 Analysis Overview 

The majority of the samples viewed in thin sections classify as litharenites, and 

include a combination of primarily quartz and lithics [sedimentary rock fragments (SRF) 

in this case].  Accessory minerals found in the samples include: compacted clays, 

plagioclase, potassium feldspar, glauconite, kaolinite, chlorite, and some samples 

contain wood fragments and chert. Grain sizes range from very fine-grained (VFG) to 

medium-grained (MG) and the angularity of the grains ranges in nearly all samples from 

sub-angular to sub-rounded.   

All samples appear to have some degree of calcite cementation and most show 

some degree of clay diagenesis within the matrix.  Many of the samples have some 

degree of pyritization.  Furthermore, the samples have varying degrees of compaction 

and little to no visible porosity is seen in any thin section.  Table 4.2 below describes the 

detailed petrography, depositional environment and facies associations of the 12 thin 

sections. 
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Table 4.1 Thin section location, associated facies and depositional environment. HCS = 
hummocky cross-stratified, MS = measured section. 

Sample # Measured section 
and sample depth 

in section 

Facies description Depositional 
Environment 

1 MS# 3 82 ft. HCS sandstone in 
marine shales 

 

Offshore  

2 MS# 3 175 ft.  Amalgamated HCS 
sandstone 

Lower shoreface 

3 MS# 3 225 ft. Massive- to low-
angle bedded 

sandstone with 
ferruginous layers 

Middle shoreface 

4 MS# 3 235 ft. Cross-bedded 
sandstone A 

Upper shoreface 

5 MS# 3 (channel in 
coastal plain) 

Channel facies in  
carbonaceous 

shales 

Coastal plain 
channel 

6 MS# 1 105 ft. Interbedded 
sandstone and 
marine shale 

Offshore transition/ 
lower shoreface 

7 MS# 1 212 ft. Interbedded 
sandstone and 
marine shale 

Lower shoreface 

8 MS# 1 215 ft. Clasts in interval 
above basal scour  

Basal valley fill 

9 MS# 1 215  ft. Sandstone in 
interval above 

basal scour 

Basal valley fill 

10 MS# 1 230 ft. Low-angle 
sandstone with 

abundant 
Ophiomorpha 

Estuarine 

11 MS# 1 270 ft. Cross-bedded 
sandstone C 

Fluvial  

12 MS# 1 (channel in 
coastal plain) 

Channel facies in  
carbonaceous 

shale  

Coastal plain 
channel 

.     
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Table 4.2 Summary of thin sections and the respective petrology associated with each. (HCS = hummocky cross-
stratification, FA = facies association, VFG = very fine grained, UVFG = upper very fine grained, FG = fine grained, UFG = 
upper fine grained, MG = medium grained, SA = sub-angular, SR = sub-rounded, Tr = trace, Qtz = quartz, SRF = 
sedimentary rock fragments, CC = compacted clays, Kspar = potassium feldspar, Plag = plagioclase, Ca = calcite, NVP = 
no visible porosity) 
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1 HCS sandstone 
in marine shale 

FA1 Offshore Litharenite  VFG, SA-
SR 

50/50 SRF, Qtz, CC, 
Tr Kspar, Tr 
Plag 

Mod Mild Yes NVP Mod Possible 
Glauconite 

2 Amalgamated 
HCS sandstone 

FA1 Lower 
shoreface 

Litharenite  VFG, SA-
SR 

30/70 SRF, Qtz, CC, 
Tr Ca, Tr 
Kspar, Tr Plag 

Mod Mild Yes NVP Mod Possible 
Glauconite 

3 Massive to low 
angle sandstone 
with ferruginous 
layers 

FA1 Middle 
shoreface 

Litharenite UVFG-
LFG, SA-
SR 

25/75 SRF, Qtz, CC, 
Tr Ca, Tr 
Kspar, Tr Plag 

Mod -
high 

Mod Yes NVP Mod Possible 
Glauconite, 
wood 
fragments 

4 Cross-bedded 
Sandstone A 

FA1 Upper 
shoreface 

Litharenite FG, SA-
SR 

25/75 SRF, Qtz, CC, 
Tr Kspar, Tr 
Plag, Tr 
Kaoloinite 

Mod-high Mod Yes NVP Low Possible 
Glauconite, 
Tr wood 
fragments 

5 Channel in  
carbonaceous 
shale facies 

FA4 Coastal plain Litharenite FG, SA-
SR 

50/50 SRF, Qtz, CC, 
Glauconite, Tr 
Kspar, Tr Plag 

Mild Low Yes NVP Mod-
high 

Chunks of 
compacted 
clay 

6 Interbedded 
sandstone and 
marine shale 

FA1 Offshore 
transition/ 
lower 
shoreface 

Litharenite  VFG, SA-
SR 

50/50 SRF, Qtz, CC, 
Tr Kspar, Tr 
Plag 

Mild Mod Yes NVP Mod   

7 Interbedded 
sandstone and 
marine shale 

FA1 Lower 
shoreface 

Argillaceous 
litharenite / 
sandy mudrock  

Mudstone-
VFG, SA-
SR 

(50% 
clay) 
30/20 

Clay, Qtz, SRF, 
CC, Tr Ca, Tr 
Kspar, Tr Plag 

Very low None 
visibl
e 

Yes NVP Mod Clay rich 
matrix, Tr 
wood 
fragments 

8 Clasts in interval 
above scour 
 
 
 
 

N/A Basal valley 
fill 

Argillaceous 
litharenite clasts 
in litharenite  

Mudstone 
to UFG, 
SA-SR 

Clasts - 
(85% 
clay) 
5/10 

Clay, SRF, Qtz  Mild No Yes NVP Mod   
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Table 4.2 Continued 

9 Sandstone in 
interval above 
scour 

N/A Basal Valley 
fill  

Litharenite UFG, SA-
SR 

40/50 
(10% 
CC) 

SRF, Qtz, CC, 
Ca, Tr Kspar, 
Tr Plag,  

Mod Mild Yes NVP Mod Calcite 
crystals 

10 Low angle 
sandstone with 
abundant 
Ophiomorpha 

FA2 Estuary 
 

Sub - litharenite  UFG, SA-
SR 

80/20 Qtz, SRF, 
Chert, Tr CC, 
Tr Kspar, Tr 
Plag 

Trace No No NVP High Fractures in 
Qtz crystals 

11 Cross-bedded 
sandstone C 

FA3 Fluvial Litharenite UFG-MG, 
SA-SR 

70/30 Qtz, SRF, CC, 
Tr Ca, Tr 
Kspar, Tr Plag 

Mod-high Mod Yes 
(low) 

NVP Mod-
high 

Chlorite 

12 Channel in  
carbonaceous 
shale facies 

FA4 Coastal plain Litharenite  FG, SA-
SR 

50/50 Qtz, SRF, CC, 
Ca, Tr Kspar, 
Tr Plag 

Mod-high Low Yes NVP Mod Chunks of 
compacted 
clay 
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4.3  Analysis 

Table 4.2 summarizes observations on individual thin sections.  However, there 

are several interesting comparisons between samples of the same facies and facies 

associations that reveal details of the overall temporal evolution of the system.   

4.3.1 Comparison of Lower FA1 Facies at MS #1 and MS #3   

This study expected to see similar petrography in the lower most strata of both 

MS #1 and MS #3.  It was hypothesized that these facies, all FA1, would be similar in 

petrographic character because they lie below the scour surface and the interpreted 

valley incision in MS #1, and because they are all interpreted to have been deposited in 

offshore to lower shoreface environments.  

Figure 4.1 below shows images from thin sections 1 and 6, both are cut from 

samples collected in HCS sandstones interpreted to have been deposited in the 

offshore/offshore transition zone.  They both show very fine-grained (VFG) sandstone 

(thin section 1 is slightly more coarse, but still classifies as VFG) and sedimentary rock 

fragments (SRF) in a 50% to 50% ratio (quartz to SRF).  Accessory minerals in each 

include potassium feldspar and plagioclase, both in trace amounts, and they both 

contain minor amounts of compacted clays. There is a higher degree of calcite 

cementation and a lower degree of pyritization in thin section 1 than in thin section 6, 

but they each have similar clay diagenesis and moderate compaction.  Thin section 1 
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also has trace amounts of glauconite.  Overall, the lower HCS sandstones from MS #1 

and MS # 3, as hypothesized, are petrographically similar.   

 

Figure 4.1 Thin section 1 (on the left) and thin section 6 (on the right).  Thin sections 
have similar mineral abundances and accessory minerals. (Qtz = quartz, SRF = 
sedimentary rock fragments, CC = compacted clays, Ca = calcite (cement)) 

Figure 4.2 below shows images from thin sections 2 and 7, both cut from similar 

HCS sandstone samples as the above thin sections (1 and 6) but are taken from 

samples higher up in the stratigraphic section in a younger offshore transition to lower 

shoreface facies.  Differences between MS #1 and MS #3 are easily seen by visually 

comparing these two thin sections.  Thin section 2 is similar to the above thin sections 

(1 and 6) but has a lower quartz to SRF ratio (30% to 70%).  Likewise, thin section #2 

shows smaller grain sizes, although the rock is still classified as VFG.  Similar to the 

older sediments in thin sections 1 and 6, thin section 2 and 7 sediments show 

accessory minerals (potassium feldspar and plagioclase) in trace amounts and there is 

minor compacted clay.  Overall, thin section 2 shows similar petrography to the older 

sediments in thin sections 1 and 6.  
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 Thin section 7 has a few petrographic differences that bear noting. This thin 

section, containing approximately 50% clay, was collected in a younger HCS sandstone 

from about 1 foot below the interpreted sequence boundary at MS #1.  The high clay 

content is interpreted to have infiltrated the HCS sandstone directly below the scour 

during erosion and exposure of the sandstone throughout a relative fall in sea level. 

Thin section 7 still contains 30% quartz and 20% SRF’s that are similar in grain size to 

thin section 2, however, there is low calcite cementation and only trace amounts of 

potassium feldspar and plagioclase.  Moderate compaction is also seen, but the key 

difference is the amount of clay in thin section 7 when compared to the other three thin 

sections found in the older FA1.   

 

Figure 4.2 Thin section 2 (on the left) and thin section 7 (on the right).  Thin section 2 
has similar mineral abundances and accessory minerals to thin sections 1 & 6.  Thin 
section 7 shows a change in lithology due to effects of the overlying scour surface. (Qtz 
= quartz, SRF = sedimentary rock fragments, CC = compacted clays, Ca = calcite 
(cement)) 

4.3.2 Upper FA1 Facies at MS #3  

Figure 4.3 below shows images of thin sections 3 and 4, which are from samples 

taken from the middle shoreface and upper shoreface deposits, respectively, in MS # 3.  
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These facies are not found in MS #1 because the valley incision has removed them.  

The overlying valley is filled with FA2 and FA3, thus the analysis of thin sections 3 and 4 

will be used to compare against the thin sections from FA2 and FA3 that are described 

following this section. 

Thin sections 3 and 4 are similar in petrographic character, with the exception of 

their grain size.  The middle shoreface sample (thin section #3) is upper VFG to LFG 

and the upper shoreface sample (thin section #4) is FG.   Both samples contain the 

same abundances of quartz to SRF (25% to 75%), and have trace amounts of 

potassium feldspar, plagioclase and wood fragments.  Both samples also have a high 

degree of calcite cementation, moderate pyritization and show clay diagenesis.  Thin 

section 4 shows a lower degree of compaction than thin section 3, and also contains 

trace amounts of kaolinite.  Thin section 3 shows trace amounts of calcite crystals.  

These thin sections do show differences in accessory minerals.  The primary difference 

between samples 3 and 4 remains their grain sizes.  

 

Figure 4.3 Thin section 3 (on the left) and thin section 4 (on the right).  Thin sections 
show similar ratios of quartz to SRF but thin section 3 is VFG and thin section 4 is FG. 
(Qtz = quartz, SRF = sedimentary rock fragments, CC = compacted clays, Ca = calcite 
(cement))  
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4.3.3 Interval above Scour Surface, FA2 and FA3 Facies at MS #1  

Figure 4.4 below shows images of thin sections 8 and 9.  These thin sections are 

made from samples taken above the basal sequence boundary at MS #1.  The interval 

immediately above the basal sequence boundary scour contains unique 

mudstone/siltstone rip-up clasts that are seen at the base of valley incision at most of 

the measured sections that contain the interpreted valley incision.  This sub-chapter will 

compare the petrology of both the rip-up clasts and the host sandstone against 

surrounding thin sections, both above and below the scour. 

Thin section 8 is made from a sample of the rip-up clasts from the interval above 

the sequence boundary.  These rip-up clasts are mudstone/siltstone dominated.  Thin 

sections show them composed of 5% quartz and 10% SRF within a muddy/silty matrix.  

No accessory minerals were identified, however, the sample contains minor calcite 

cementation and has no visible pyritization.   Overall, these thin sections are very 

similar, although not identical to thin section 7, which was collected from the HCS 

muddy sandstone directly below the basal valley erosional surface.  This similarity 

suggests that the rip-up clasts were likely derived from the material directly below the 

erosional surface. This further suggests the sediment directly below the erosional 

surface was somewhat lithified prior to erosion. 

Thin section 9 is from a sample in the sandstone directly above the basal 

erosional surface, the one that contains the above-mentioned rip-up clasts.  This 

sandstone is upper fine-grained with accessory minerals of potassium feldspar and 

plagioclase.  There is also a minor amount of compacted clays, moderate calcite 

cementation (with several large calcite crystals), mild pyritization and the sediments 

appear to have undergone moderate compaction. Based on grain size, this sandstone is 
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coarser than the HCS sandstone below the scour at MS #1, although the mineralogy is 

similar.  

 

Figure 4.4 Thin section 8 (on the left) and thin section 9 (on the right).  Thin section 8 is 
a sample of a muddy/silty rip-up clasts at the scour surface of MS #1.  Thin section 9 is 
a sample of the UFG sandstone of the scour at MS #1 that contains the rip-up clasts. 
(Qtz = quartz, SRF = sedimentary rock fragments, CC = compacted clays, Ca = calcite 
(cement)) 

 Figure 4.5 below is an image of thin sections 10 and 11.  These thin sections 

come from samples that were taken from within the interpreted incised valley fill.  Thin 

section 10 (FA2) is from a sample taken in an interval interpreted as an estuarine 

depositional environment and thin section 11 (FA3) is from a sample taken in an interval 

interpreted as a fluvial depositional environment.   

 Thin section 10 is one of the most unique samples in this study (aside from the 

rip-up clasts) as it is classified as a UFG sub-litharenite due to its high quartz content 

(80% Quartz to 20% SRF).  Accessory minerals, however, are similar to many of the 

other samples with traces of potassium feldspar, plagioclase and compacted clays.  

Additionally, and unique to thin section 10, is the occurrence of chert grains, very low 

calcite cementation and the appearance of fractures within the quartz grains (likely due 
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to a high degree of compaction) and no clay diagenesis.  These characteristics set this 

sample apart from anything else that was examined in this study.  Qualitative analysis 

indicates that this sample is much different than anything seen in FA1.  The unique 

qualities of this sample supports the interpretation of an abrupt change in provenance 

and source above the interpreted sequence boundary scour than that below it.  

 Thin section 11, a sample taken from the fluvial facies above the interpreted 

estuarine facies, also contains several differences when compared to the samples taken 

from the older FA1.  Thin section 11 shows UFG to MG sandstone with a high quartz to 

SRF content (70% to 30%), the largest grain sizes seen in this analysis. It also has a 

very high degree of calcite cementation as well as trace amounts of calcite crystals.  

Furthermore, there is a trace of chlorite and low clay diagenesis, which are both unique 

to this sample.  Like samples from FA1, it contains trace amounts of accessory minerals 

potassium feldspar, plagioclase and also traces of compacted clays. There is no 

observed pyritization and the compaction is moderate.   

 Although not as differentiated from FA1 samples as thin section 10, thin section 

11 contains several key differences from FA1 including very high calcite cementation, a 

coarser grain size and the presence of chlorite.  As with thin section 10, this sample lies 

above the scour interpreted as a sequence boundary unconformity.  This observation 

combined with the unique qualities of this sample lead to the conclusion that this facies 

is much different than the ones we see in the standard deltaic shoreface in FA1 

samples, an observation that supports a significant change in process and deposits 

above the sequence boundary versus below it.  
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Figure 4.5 Thin section 10 (on the left) and thin section 11 (on the right).  Thin section 
10 showing the chert grain, lack of calcite cementation and fractures within the quartz 
grains.  Thin section 11 shows the coarser grains, high calcite cementation and the 
trance of chlorite. (Qtz = quartz, SRF = sedimentary rock fragments, CC = compacted 
clays, Ca = calcite (cement)) 

4.3.4 Comparison of FA4 Facies at MS #1 and MS #3 

Figure 4.6 below shows thin sections 5 and 12, which are taken from samples in 

the fluvial channels within the coastal plain (FA4) above MS #3 and MS #1 respectively.  

Although the coastal plain was not a large part of the overall research of this thesis, 

these samples are used to compare the facies that lie above both the standard deltaic 

progradational sequence at MS #3 and the incised valley fill at MS #1.   

Thin sections 5 and 12 are fine grained sandstones with a quartz to SRF ratio of 

50% to 50%. Thin section 12 is similar to thin section 5 in nearly all aspects with the 

exception that it has a high degree of calcite cementation when compared to the low 

calcite cementation found in thin section 5. These samples contain traces of accessory 

potassium feldspar, plagioclase, calcite crystals and larger pieces of compacted clays. 

There is also an occasional glauconite grain found within these samples (these have 

been seen in several other samples in this analysis).  With moderate compaction, some 
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clay diagenesis and low pyritization, these samples are similar in mineralogy and 

abundances of minerals to the FA1 facies.   

 

Figure 4.6 Thin section 5 (on the left) and thin section 12 (on the right).  These thin 
sections contain similar minerals and abundances however, the level of calcite 
cementation is much higher in thin section 12. (Qtz = quartz, SRF = sedimentary rock 
fragments, CC = compacted clays, Ca = calcite (cement)) 

4.3.5 Discussion 

As mentioned, the purpose of thin section analysis was to identify differences in 

facies in the wave dominated progradational sequence (FA1) in MS #3 and the lower 

portion of MS #1 from the facies in the interpreted incised valley fill (FA2 & FA3) in MS 

#1.  Although the samples in a broad sense are all similar (most of them classify as a 

litharenite composition or very close it), the samples FA2 and FA3 found within and 

above the scour surface (sequence boundary) at MS #1 are petrographically the most 

unique when compared to the rest of the sample set.  

These interpreted incised valley facies contain a greater amount of quartz, 

include cherts, have extremely variable values of calcite cementation and show little-to-

no clay diagenesis – all of which are qualities that are unique to FA2 and FA3.  
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Differences of this magnitude are not seen within the FA1 facies at either MS #3 or 

lower MS #1 with the exception of thin section 7. Thin section 7 appears to have over 

50% clay.  The origin of this high clay content is that the underlying marine deposits 

were likely altered during the above sequence boundary development, that is it was liely 

infiltrated by clay from above,   

Finally, the similarities in the FA4 samples at both MS #1 and MS #3 show that 

different systems were likely involved in the deposition of MS #1 and MS  #3 during the 

“deltaic interval”, but that during depositional time of the coastal plain then reverted back 

to having similar depositional systems.    

These relatively large differences in the petrography of the facies in the deltaic 

progradational sequence and the incised valley fill further help to substantiate that, in 

fact, there was likely a unique depositional system that incised into the deltaic 

parasequences at Teapot Dome and deposited valley fill facies that are not seen in the 

majority of the PS interval.  Stratigraphic analysis in Chapter 5 will help solidify this 

interpretation.  
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CHAPTER 5 

DRONE IMAGING AND MEASURED SECTION CORRELATION  

5.1 Introduction 

Seeing three-dimensional architecture and mapping of key surfaces is difficult in 

outcrop.  Vegetation obscures surfaces, steep cliff facies and thick homogeneous sands 

create cliffs and obstacles that inhibit outcrop access, the inability to see the large-scale 

perspective often makes subtle truncations difficult to see up close to the outcrops.  

Drone acquired images can provide the necessary larger perspective and access to see 

many of these larger features and enable mapping “through” vegetative cover. 

 3D drone-acquired images and extracted static photographs were used to map 

the larger extent of key stratigraphic surfaces and overall architecture of the PS interval 

in the Teapot Dome area.  Large-scale incision into multiple progradational 

parasequences integrated with detailed measured sections (see chapter 3; Appendix A) 

and detailed thin section petrography was used to document incised valley character 

and extent as well as to compare the valley fill with the nature of surrounding facies.  

The drone imaging captured over 1,100 photographs that were “stitched” 

together to create a 3D visualization of the entire Teapot Dome area of interest.  This 

visualization wraps around the Teapot Dome anticlinal structure in a counter-clockwise 

manner from MS #4 on the northwest side to the southern part of the anticline where the 

PS plunges into the subsurface.  The 3D images then travel back up north along the 

eastern side of the anticline to MS #9 (Figure 5.1).  This chapter uses both 2D screen 

shots of the 3D model as well as individual photos captured by the drone to confirm 
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observations and correlations of parasequences and the incised valley sequence 

boundary interpreted in the field and from measured section correlations.   

 

Figure 5.1 Map showing the location of measured sections and Figures 5.3 through 
5.15.  The images in these figures are extracted from 3D drone images and outcrop 
photographs taken in and around the Teapot Dome area to document the three-
dimensional nature of key surfaces and architecture of the Parkman Sandstone. 
(Basemap modified from google.com/maps) 
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5.2  Analysis 

Three dimensional images of the PS interval indicate that the uppermost three 

parasequences in the marine PS appear to be relatively continuous.  Three horizons 

representing the tops of the upper three parasequences (green, purple and blue) can be 

correlated with certainty in MS# 4 (Figure 5.3), MS #3 (Figure 5.4) and MS #5 (Figure 

5.5), all of which demonstrate the typical progradational parasequence stacking pattern 

of the marine PS.  Although appearing to be continuous in their occurrence they do 

appear to thin and thicken somewhat around the study area as seen below the blue 

horizon in that strata around MS #5 (Figure 5.5).  These parasequences also show 

lateral changes in facies between measured sections (e.g. changes from amalgamated 

HCS sandstones to interbedded HCS sandstones and shale).    

MS #5 and MS #6 are far apart (~ 2 miles) because the outcrop between them is 

poorly exposed (becomes a grassy slope), thus the green, purple and blue correlations 

are only tentatively correlated from MS #5 to MS #6 as well as between MS #6 and the 

remaining outcrops.  However, these dashed correlations do illustrate that the sequence 

boundary and associated valley, in places, incises through at least two shoreface 

parasequences.   

MS #6 (Figure 5.6) shows the green, purple and blue correlations tentatively 

interpreted across the large gap in data from MS #5.  An additional black parasequence 

is shown between the green and purple parasequences at MS #6 which cannot be 

identified in MS #5.  Another additional parasequence (shown in black) also occurs 

above the purple parasequence in MS #9.  Based on the apparent relative continuity of 

the other parasequences, the additional parasequence surfaces should be correlative 
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between MS #6 and MS #9.  Therefore, the incised valley cuts through at least two 

parasequences that are laterally adjacent to it. 

Figure 5.7 taken adjacent to MS #6 shows the incision of the valley (west valley 

edge).  Here, the sequence boundary begins to truncate the uppermost white sandstone 

facies and incises down into the green parasequence from right to left.  Complicating 

the recognition of the west valley edge is a channel in the coastal plain that sits directly 

above the interpreted valley edge as seen in Figure 5.7. 

Continuing to MS #2 (Figure 5.8) the incised valley and associated sequence 

boundary truncates the green and black horizons and the purple and blue horizons still 

appear to be present.  Between MS #2 and MS #8 the depth of valley incision into 

underlying parasequences increases such that at MS #8 (Figure 5.9) the purple 

parasequence is at least partially removed.  

The outcrop between MS #8 and MS #1 represents the nose of the Teapot Dome 

anticline where it plunges into the subsurface.  In this area the outcrops are poorly 

exposed and no measured sections were completed.   

Figure 5.10 is an image of outcrops just to the south of MS #1.  This section of 

outcrop demonstrates the greatest amount of relief in the valley incision and associated 

sequence boundary (maximum incision of 60 ft. -70 ft.). Here, the incision has 

completely removed the green, black and purple parasequences and appears to have 

likely removed part of the blue parasequence, although exact observations are difficult 

due to outcrop coverage.  Figure 5.10 also shows clearly that the valley fill overlying the 

basal sequence boundary appears to be composed of two packages, an interpreted 

basal estuarine fill and an upper fluvial fill, both of which are facies that were identified 
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in the previous chapters.  The upper fluvial package shows a similar erosional base and 

displays multiple fluvial scours.   

Figure 5.11 is an image of MS #1.  Similar to the previous Figure 5.10, the green, 

black and purple horizons appear to be truncated by the valley incision.  Here however, 

the relief of incision is not as great and the blue horizon is visible.  Also visible is the 

upper erosional surface that separates the estuarine fill from the fluvial fill, but 

identification of the individual fluvial scours is difficult due to the nature of the 

outcropping.     

Separating MS#1 and MS #7 is a distance of a little more than a mile.  Although 

the outcrops are well exposed, the area is less accessible due to land ownership.  MS 

#7 (Figure 5.12) lies just to the south of the eastern valley edge.  Here, only the blue 

horizon is visible with the purple horizon just barely being truncated by the sequence 

boundary.   Of note in this section is the occurrence of roots below the valley incision 

and associated sequence boundary (Figure 5.13).  The presence of roots extending 

below this surface suggests subaerial exposure of the surface, further evidence in 

support that this scour surface represents a sequence boundary (Porter and 

Sonnenberg, 1994).  

Figure 5.14 is an image of the east valley edge on the backside of MS #7 to the 

north.  Here the valley fill can be seen thinning out from right to left and again the 

sequence boundary correlates to the base of the coastal plain as seen near MS #6.   

Figure 5.14 also shows (like Figure 5.7) that in areas beyond the valley margins, the 

sequence boundary is overlain by coastal plain facies that include coastal plain 

channels.  
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Finally, Figure 5.15 is an image of MS #9.  Here you can see the normal 

shoreface progradation seen at MS #4, #3, #5 and #6 with the black, purple and blue 

parasequence correlations (green cannot be identified).  MS #9, like MS#6 and the 

parasequences correlations at each, help precisely delineate the margins of the valley.     

 

Figure 5.2 Legend for annotations on Figures 5.3 through 5.14.  Legend for measured 
section facies are in Appendix A. 
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Figure 5.3 MS #4, located at the northwestern part of Teapot Dome, showing correlations of upper parasequences, 
sequence boundary and measured section line to a photograph of its associated outcrop. 
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Figure 5.4 MS #3 with correlations of upper parasequences, sequence boundary and measured section line to a 3D 
model imaged of its associated outcrop. (Note – Lower image quality is due to 3D processing of the images). 
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Figure 5.5 MS #5 with correlations of upper parasequences, sequence boundary and measured section line to a 3D 
model image of its associated outcrop.  Notice the thinning of the parasequence below the blue line indicated by black 
arrows. (Note – Lower image quality is due to 3D processing of the images). 
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Figure 5.6 MS #6 with correlations of upper parasequences (some tentative, shown with dashed lines), sequence 
boundary and measured section line to a photograph of its associated outcrop.  Notice the beginning of the interpreted 
valley edge in the upper left corner (see Figure 5.7). 
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Figure 5.7 is a 3D model image of the incised valley edge just south of MS #6.  The sequence boundary shows the valley 
system above incising into the top of the uppermost green parasequence. Notice the thinning of the uppermost 
parasequence from right to left and a channel within the coastal plain cutting down almost to the sequence boundary at 
the valley edge.  Carbonaceous shale is present between the sequence boundary and the base of the channel. (Note – 
Lower image quality is due to 3D processing of the images). 
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Figure 5.8 MS #2 with correlations of upper parasequences (tentative), sequence boundary with valley fill above and 
measured section line to a 3D model image of its associated outcrop. Notice that at this location the estuarine facies is 
present below the fluvial facies (Note – Lower image quality is due to 3D processing of the images). 
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Figure 5.9 MS #8 with correlation of the blue parasequence (tentative), the sequence boundary with valley fill above (both 
estuarine and fluvial) and measured section line to a 3D model image of its associated outcrop (Note – Lower image 
quality is due to 3D processing of the images). 
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Figure 5.10 3D model panorama of thick valley fill sequence (appx. 60 ft. – 70 ft. thick) where none of the correlated 
parasequences can be observed.  Image is facing east (north above to south below).  The basal fill is estuarine and the 
upper fill is fluvial.  Notice the multi-story nature of the fluvial fill (compound valley).  Location of MS #1 in upper image is 
indicated for reference. (Note – Lower image quality is due to 3D processing of the images). 
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Figure 5.11 MS #1 with correlations of blue parasequence (tentative), sequence boundary with valley fill above and 
measured section line to a photo of its associated outcrop. The basal fill is estuarine and the upper fill (above upper scour 
surface) is fluvial.  Although not obvious from the photo, the fluvial is multi-story as seen in Figure 5.10. 
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Figure 5.12 MS #7 with correlations of blue parasequence (tentative), sequence boundary with valley fill above and 
measured section line to an image of its associated outcrop.  The basal fill is estuarine and the upper fill is fluvial. The 
estuarine facies here is different from estuarine facies at other locations in that it is cross bedded instead of planar. Here, 
roots can be found extending down from sequence boundary into underlying deposits (see Figure 5.13). 
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Figure 5.13 Roots below sequence boundary at MS #7. 
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Figure 5.14 3D model image just north of MS #7 at the east side valley edge.  Correlations of the sequence boundary with 
valley fill above are on the right (MS #7).  To the north (left) the sequence boundary lacks relief and is no longer indicative 
of valley incision and is found above a series of marine shoreface parasequences like at MS’s #3, #4, #5 and #6.  An 
example of the sequence boundary underneath a channel in the coastal plain can also be observed on the left side of the 
image (like Figure 5.7).  The left margin of the channel is just a bit off the left edge of the photo.  Both the width and the 
depth of the channel are similar in size to individual channels in the incised valley multi-story fluvial fill. (Note – Lower 
image quality is due to 3D processing of the images). 



88 

 

Figure 5.15 North facing 3D model image of MS# 9 just north of the east side valley edge showing correlations of 
parasequences (some tentative), sequence boundary and measured section line.  Sequence boundary lacks relief, is no 
longer indicative of valley incision and is found above a series of marine shoreface parasequences like at MS’s #3, #4, #5 
and #6.  Notice progradational parasequences are easily visible. (Note – Lower image quality is due to 3D processing of 
the images). 



89 

5.3 Discussion  

The figures in this chapter analyze the PS at the Teapot Dome anticline visually in a 

step-by-step manner, correlating the sequence boundary and parasequences where it is 

possible (Figure 5.16).  The valley edges, varying levels of incision into underlying 

shoreface parasequences and valley fill facies have been identified.  At its thickest, the 

valley incises upwards of 60 ft. -70 ft. into shoreface parasequences and is at a 

minimum over two miles wide.  Furthermore, based on the geometries of the two 

identified valley edges, the valley appears to be trending in an east-west manner.  

Incised valleys, with the exception of Milliken (2011), have not been previously 

identified in the PS.  However, similar incised valleys have been recognized in other 

Cretaceous formations in the Powder River Basin including the Lower Cretaceous 

Muddy (Weimer, 1984) and Dakota (Ethridge et al. 1994) Sandstones, and the Upper 

Cretaceous Frontier Formation (Bhattacharya and Willis, 2001) and Teapot Sandstone 

(Van Wagoner et al. 1990).  Additional incised valleys have been recognized in the 

Mesaverde formation in the area of the Rock Springs Uplift (southwestern Wyoming) 

(Martinsen et al. 1998).  

SEPM (sepmstrata.org) defines incised valleys as “the channel or valley formed by 

fluvial systems that extend their channels basinward and erode into underlying strata in 

response to a relative fall in sea level. Incised valleys can be up to several hundred feet 

deep and range in width from a half mile to many tens of miles.”  
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Criteria for recognizing incised valleys based on Emery and Myers (1996) and 

Weimer (1984, 1992) are as follows:  

1. Incised valleys are commonly wider and deeper than channels. 

2. Valleys can be inferred where deeper incisions (deeper than the thickness of 

individual of channels) can be recognized. 

3. Fluvial systems are commonly multi-story and occur within a container.  That 

is, they are not intercalated with adjacent facies.   

4. Valley incision is often heralded by decreasing rates of accommodation 

creation. 

5. The facies that fill incised valley record a basin wide shift in facies belts.  

6. Evidence of subaerial exposure such paleosols, roots or chemical changes 

below the sequence bounding unconformity.  

The valleys identified in the PS interval have satisfy the criteria listed above.  In 

addition, the fluvial deposits are typically medium-grained.  The shorefaces are very fine 

to fine-grained.  River systems, such as distributary channels, generally contain similar 

sized sediments as the shoreface they are feeding.  The fact that the fluvial sediments 

are coarser than any of the shoreface sediments, implies a basinward shift in facies. 

 The valley in the PS interval are observed to have incised into underlying strata to a 

depth of least 60 ft. – 70 ft. and the width of the valley is at least one mile wide.  These 

dimensions are significantly larger than the channels observed in the overlying coastal 

plain.  The valley incises down into multiple underlying parasequences and is filled with 

multi-story channelized architectures that are smaller than the overall container.  

Furthermore, there are roots observed below the basal valley unconformity at MS #7 
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indicating subaerial exposure. Finally, the PS parasequences in the subsurface (that are 

equivalent to the marine PS at Teapot Dome) as interpreted by Asquith (1970), indicate 

only progradation showing no accommodation was being created. 

 Rivers tend to incise when their base level profile is steeper than the land surface 

gradient (Posamentier and Vail, 1988).  It is not unexpected to have incised valleys in 

the Cretaceous of Wyoming as the Cretaceous Western Interior Seaway (CWIS) was a 

relatively low accommodation basin, therefore even relatively small drops in relative sea 

level have the potential to create incised valleys.  Although the western margin of the 

CWIS was a ramp, highstand deposition created a shelf-slope basin depositional 

topography (Asquith, 1970).  If a drop in relative sea level went below the depositional 

shelf-slope break, rivers would incise.   

Because the CWIS was in a tectonically active basin, active faulting and differences 

in topography due to temporal and geographic variations in subsidence/uplift were 

common as a result of this tectonism were responsible for many of the changes 

observed in relative sea level in the CWIS. Active uplift during a small drop in relative 

sea level would enhance valley incision.  

5.4 Petroleum Potential  

The recognition of an incised valley in the PS of the Powder River Basin has 

implications important for petroleum exploration and production.  The distal Parkman 

sandstones are significant tight oil objectives.  Recognition of an incised valley indicates 

there are Parkman lowstand shorelines. Although not researched in this project, the 

targeted Parkman reservoirs may be part of a lowstand system that was fed by this 

valley and thus help to better define sweet spots in the Parkman tight oil reservoirs.  In 
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addition, this valley may lead to future exploration opportunities in regard to the 

presence of an incised valley.  
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Figure 5.16 Cross-section of measured sections at Teapot Dome hung on the base of the coastal plain (datum) showing 
the incised valley including a basal scour (sequence boundary), estuarine fill and fluvial fill. 
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CHAPTER 6  

CONCLUSIONS 

The goal of this study was to complete a comprehensive outcrop analysis of the 

Parkman Sandstone interval at Teapot Dome, Wyoming, with a particular interest in 

understanding the nature of the incised valley in the Parkman interval, which was 

initially observed during preliminary field work with Mr. Mark Milliken in the summer of 

2016.  This study used measured section analysis at nine locations, facies identification, 

thin section analysis and correlations of drone-acquired images to construct a 

stratigraphic framework of the Parkman Sandstone outcrops in the Teapot Dome area, 

Wyoming.  The following conclusions can be made from this study: 

1) The Parkman Sandstone at Teapot Dome generally exhibits the characteristics of a 

strongly wave-dominated, progradational deltaic sequence as previous described by 

Hubert et al. (1972) and Asquith (1970).  This character is reflected in the sediments, 

sedimentary structures and facies found in MS’s #3, #4, #5, #6 and #9 (Appendix A).  

In these sections, coarsening-upward parasequences that represent offshore to 

coastal plain depositional environments, represented by facies associations FA1 and 

FA4, are observed. 

2) The Parkman Sandstone in the southern portion of Teapot Dome also exhibits a 

strongly wave-dominated, progradational deltaic sequence that is truncated by an 

incised valley and the underlying sequence bounding unconformity.  This character 

is reflected in the sediments, sedimentary structures and facies found in MS’s #1, 
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#2, #7 and #8 (Appendix A).  In these sections it is observed that a valley incised 

through multiple parasequences.  The basal valley fill is estuarine and the upper 

valley fill is fluvial as represented by facies associations FA2 and FA3 respectively in 

this study.   

3) Additionally, it may be that the Parkman Sandstone incised valley at Teapot Dome 

represents a compound valley (Zaitlin et al 1994).  The fact that the basal valley fill is 

estuarine suggests that there might may have been a transgression after the valley 

was incised. The fluvial facies then would have been deposited after a subsequent 

drop in relative sea level.   

4) As an overall visual representation of these conclusions, refer to Figure 6.1 and 6.2 

below, which show both a map view and cross-sectional view of the valley incision 

that is observed in the Parkman Sandstone at the southern end of Teapot Dome.  
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Figure 6.1 Teapot Dome anticline with location of measured sections indicated by 
yellow stars and the Teapot Dome valley fill boundaries shown in blue. (Modified from 
google.com/maps) 
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Figure 6.2 Cross-section of measured sections at Teapot Dome hung on the base of the coastal plain (datum) showing 
the incised valley including a basal scour (sequence boundary), estuarine fill and fluvial fill. 
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APPENDIX A 

 

Teapot Dome Measured Sections 

Steidtmann.pdf 

PDF file including digitized measured 

sections 
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APPENDIX B 

 

Thin section figures Steidtmann.pdf 
PDF file including thin section photos and 

summary tables 
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