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ABSTRACT 

 

The Powder River Basin in Wyoming has yet again entered a new stage of oil and gas production 

and reserve growth. Oil production in the basin has grown from 46,900 BOPD in 2009 to a peak rate of 

190,000 BOPD in 2019. This dramatic increase in production is due to the expanded application of 

horizontal drilling and large volume, multi-stage hydraulic fracturing. These technologies are now being 

applied to a Cretaceous age resource base that has historically been uneconomic due to the limited 

reservoir contact of vertical well completions.  

The Parkman Sandstone Member of the Mesaverde Formation is one of several Cretaceous 

sandstones and source rocks currently targeted for horizontal development in the basin. Horizontal drilling 

in the basin is targeting reservoirs in the Teapot, Parkman, Sussex, Shannon, Niobrara, Turner, Frontier 

(Wall Creek), Muddy and Mowry. The Parkman is not a prolific and widespread, tight oil play like the 

Frontier and Turner sandstones, or a continuous source rock shale play like the Niobrara or Mowry 

formations. In these types of plays, hydrocarbon saturated reservoirs (or facies) are present over much of 

the Powder River Basin geographic area and wells can be drilled with a repeatable well bore design. 

Production from the Parkman is more localized, with sweet spots that can be extremely economic. For 

clastic reservoirs, such as the Parkman, possible geologic constraints on economic production can be 

related to stratigraphy, facies distribution (i.e. depositional environment), structure, or diagenetic factors. 

Interpreting the stratigraphic and facies constraints on hydrocarbon production in the Parkman is the 

focus of this research. 

The Parkman and the Ferguson Member of the Parkman Sandstone can be divided into four 

facies associations based on sixteen individual facies. There are two marine facies associations and two 

non-marine facies associations. The marine associations include a coarsening upward marine shelf to 

shoreface progradational succession and a reworked transgressive succession. The non-marine 

associations include a coastal plain facies association and a fluvial facies association. Three of the four 

facies (coarsening upward shoreface, coastal plain, and fluvial) are present along the western margin of 

the basin in outcrop. The fourth facies (reworked transgressive sediments of the Ferguson) is present 

only in the subsurface. 

The depositional model for the Parkman Sandstone and the Ferguson Member of the Parkman 

Sandstone is based on abundant well control, sequence stratigraphic concepts, oil and gas production, 

good outcrops, core data, correlation of bentonite marker beds, and principles based on the 

understanding of modern depositional systems. The Parkman is a progradational parasequence set 

comprised of both non-marine coastal plain deposits and coarsening upward marine shelf to shoreface 

deposits, which step basinward to the east. The Ferguson Member of the Parkman Sandstone is a 

retrogradational parasequence set backstepping onto the Parkman. A sequence boundary separates the 
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Parkman from the Ferguson. Along the western margin of the Powder River Basin the sequence 

boundary can be defined at the base of an incised valley which has eroded into the coastal plain 

deposits. In other areas along the western margin of the basin the sequence boundary is defined by the 

juxtaposition of marine shales over the coastal plain deposits.  In these area the sequence boundary is 

co-planar with a flooding surface. Further to the east in the subsurface the sequence boundary is 

defined by an erosional surface that has been modified by transgression. In the eastern most portions of 

the study area the sequence boundary becomes conformable. Correlation, mapping, and core 

description indicates that production in the Parkman is from multiple parasequences and facies.  

In the expanded study area, the Parkman is productive from two marine facies: the structureless 

sandstone facies and the horizontal-planar laminated sandstone facies. Porosity for the two facies range 

from 6-20%, while permeability ranges from 0.001 – 100 md, which is over five orders of magnitude. 

Since the overpressured compartment in the Powder River Basin described by Surdam (1997) does not 

include the Parkman, charging of oil into Parkman facies is dependent on a buoyancy mechanism. For 

individual Parkman facies, Mercury Injection Pressure Tests show that high-quality rocks (horizontal – 

planar laminated sandstone facies) can easily be charged from the Niobrara. However, tighter rocks 

(bioturbated sandstones and mudstones) are not as likely to be charged due to lesser reservoir quality. 

Lower quality facies are more likely to retain original formations waters which can cause production 

problems. 
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CHAPTER 1:  INTRODUCTION 

1.1  Parkman Sandstone Overview  

It is an old oilfield adage:  the best places to find oil are in places where it has already been 

found. The Powder River Basin (PRB) in Wyoming has yet again entered a new stage of oil and gas 

production and reserve growth. Oil production in the basin has grown from 46,900 BOPD in 2009 to a 

peak rate of 190,000 BOPD in 2019 (Figure 1.1). This dramatic increase in production is due to the 

expanded application of horizontal drilling and large volume, multi-stage hydraulic fracturing. These 

technologies are now being applied to a Cretaceous age resource base that has historically been 

uneconomic due to the limited reservoir contact of vertical well completions.  

The PRB has over 5,000 feet of oil-bearing rocks in the Cretaceous stratigraphic section 

containing legacy vertical production. The Parkman Sandstone Member of the Mesaverde Formation 

(Kpm) is one of several Cretaceous sandstones and source rocks currently targeted for horizontal 

development in the basin (Figure 1.2). The Parkman Sandstone is stratigraphically one of the youngest of 

these horizontal targets, and therefore, usually the shallowest and cheapest to drill. It is the oldest 

member the Mesaverde Formation in the PRB and time-equivalent to the Hygiene Sandstone in the 

Denver Basin (Kiteley, 1976) and to the Ericson Sandstone in the Greater Green River Basin (Wheeler, 

2010). In the eastern portion of the PRB the Parkman laterally transitions into the Pierre Shale. The 

Niobrara Shale is stratigraphically just below the Pierre Shale and is the main source for the 

hydrocarbons trapped in the Parkman (Momper & Williams, 1984; Rahman et al., 2016; Anna, 2009). 

Hydrocarbon migration has occurred through natural, vertical faults and fracture pathways connecting the 

mature Niobrara to both underlying and overlying reservoirs (Anna, 2009).  

 

Figure 1.1 Average daily oil production from the Powder River Basin since 1978. Source of production 
data is Wyoming Oil and Gas Conservation Commission. 
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Figure 1.2 Cretaceous stratigraphic column for Rocky Mountain Basins in the U.S. and Canada. Active 
horizontal plays in the PRB are indicated by green oil & gas symbols (modified from Martinsen, 2003). 
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Production from the Parkman was first established in 1957 from Dead Horse Creek Field. Dead 

Horse Creek is the northern most field in a long and narrow fairway of Parkman Sandstone production 

that trends from the northwest to southeast, roughly parallel to the structural axis of the basin (Figure 1.3). 

Most of these fields were discovered in the 1970s and are regarded as conventional reservoirs with 

associated down-dip water. The fields are combination structure-stratigraphic traps formed by the updip 

pinchout of reservoir rock along the eastern flank of the PRB. Average reservoir thickness in conventional 

Parkman fields is usually 9-20 feet, porosity averages 8-21%, and permeability ranges from 3-11 md. 

Conventional Parkman fields produce from either a water drive or a moderate solution gas drive (Carlton, 

1981; Gomez, 1981; Newcomer, 1981; Smithwick, 1981; Campen and Campen, 2000; Johnson, 2000; 

Wheeler, 2010). 

The most recent economic discovery of conventional Parkman reserves was in 2002 at 

Savageton Field. Development of Savageton Field was an early predecessor for the current boom of 

horizontal drilling in the PRB. In the vertical discovery well at Savageton, hydraulic fracturing of the Lower 

Parkman reservoir resulted in communication with water bearing sandstones of the Upper Parkman. 

Produced water/oil ratios in these initial field wells were about four to one and had the potential to 

negatively affect the economic success of the field (Wheeler, 2010). To eliminate the need to hydraulically 

fracture Savageton wells and prevent communication with the wet sandstones above the oil reservoir, the 

field was fully developed with horizontal wells that were not hydraulically fractured. Horizontal drilling 

allowed maximum connection of this thin reservoir to the well bore. Savageton Field is comprised of 51 

horizontal wells. It is the second largest producing field in the Parkman conventional fairway, with Scott 

Field being the largest. Savageton Field was unitized in 2008 for secondary recovery and was the first 

horizontal waterflood in Wyoming (Wheeler, 2010).  

Since 2008 there have been 321 horizontal Parkman Sandstone wells drilled and hydraulically 

fractured in the PRB. Figure 1.3 shows the location of the horizontal Parkman wells with respect to 

conventional Parkman producing fields. Horizontal wells are color coded by operator. Horizontal drilling 

has occurred along the updip margins of the conventional Parkman fields.  

Horizontal drilling in the basin is targeting reservoirs in the Teapot, Parkman, Sussex, Shannon, 

Niobrara, Turner, Frontier (Wall Creek), Muddy and Mowry formations. The Parkman has the highest 

estimated ultimate recovery per well of these horizontal targets (Figure 1.4). Average EUR per Parkman 

well is 440,085 BOE (data from Kegel et al., 2019); gas production was adjusted to BOE using 20:1 

(based on hydrocarbon economics of $2.50/mcfg and $50/BO). The Parkman was also the second 

highest oil-producing reservoir for the PRB in 2019, producing 10,044,035 BO and 9,900,515 mcfg 

(Wyoming Oil and Gas Conservations Commission, 2020).  

The horizontal Parkman play is a tight oil play with both conventional and unconventional 

reservoir characteristics (Bottjer et al., 2017) with permeability ranging from 0.01 – 100 md.  Reservoirs 

with less than 0.1 md of permeability are defined as unconventional (L. Meckel, 2011, pers. comm.). The 

Parkman is not a prolific and widespread, tight oil play like the Frontier and Turner sandstones (Toner, 
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2019 and ENERCOM 2018), or a continuous source rock shale play like the Niobrara or Mowry 

formations. In these types of plays, hydrocarbon saturated reservoirs/facies are present over much of the 

PRB geographic area. Production from the Parkman is more localized, with sweet spots that can be 

extremely economic. However, industry bias is that ”the sweet spots are not large enough to sustain a 

large, extended drilling campaign” (ENERCOM, 2018). What constrains the economic distribution of oil 

and gas within the Parkman Sandstone? For clastic reservoirs, such as the Parkman, possible geologic 

constraints on economic production can be related to stratigraphy, facies distribution (i.e. depositional 

environment), structure, or diagenetic factors. Interpreting the stratigraphic and facies constraints on 

hydrocarbon production in the Parkman is the focus of this research. 

 

Figure 1.3 PRB regional map of vertical (brown circles) and horizontal Parkman production. Basin extents 
are illustrated by the Mesaverde outcrop. Western Mesaverde outcrop outline is from Headley, 1958 and 
western outcrop outline is from Merewether, 1996. Conventional Parkman oil fields are labeled, and 
horizontal wells are color coded by operator. 
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Figure 1.4 Estimated Ultimate Recoveries (EURs) for Upper Cretaceous horizontal completions in the 
PRB since 2011. Formations are listed in stratigraphic order from youngest to oldest. Gas is adjusted to 
BOE using a 20:1 ratio. (data from Kegel et al. 2019) 
 

1.2 Scientific Question 

The middle Campanian Parkman Sandstone is a north to northeasterly thinning marginal-marine 

clastic wedge deposited into the Western Interior Seaway, sourced from the Sevier fold-thrust belt to the 

west. It was deposited during the 2nd regression (R2) of the Late Cretaceous in the Rocky Mountains as 

defined by Weimer in 1960. Historically, the Parkman has been considered a deltaic succession with an 

overall progradational parasequence stacking pattern (Asquith, 1974 and Van Wagoner et al., 1990). 

Depositional environments of the Parkman vary across the PRB from non-marine coastal plain and fluvial 

deposits prominent in the west, to offshore marine deposits in the east.  

The Parkman sandstone has been extensively studied since 1918 along the western margin of the 

PRB where it outcrops (Figure 1.5). Many of these studies focused on the southwestern area of the basin 

where the Parkman Sandstone forms the escarpments along the eroded anticlines of Teapot Dome and 

Salt Creek oil fields (Wegemann, 1918; Thom & Spieker, 1931; Heydenburg, 1966; Hubert et al., 1972; 

Curry & Crews, 1976; Nilsen & Milliken, 2003; Steidtmann, 2018). At outcrop, the Parkman was divided 

into the lower, middle and upper Parkman. The lower Parkman consists of prograding marine sandstone 

and shales that coarsen upward. The middle Parkman consists of non-marine, coastal plain sandstones, 

shales, and coals which were deposited as the shoreline prograded further basinward. The upper 

Parkman, a thick sandstone (60-110 feet), has been interpreted in a number of different ways in the past 

100 years or has just been simply overlooked. Interpretations of the upper Parkman vary from coeval 

floodplain channel sandstones (Heydenburg, 1966) to marine sandstones representing the destructive 

phase of a delta (Hubert et al., 1972). The non-marine middle and upper Parkman intervals described at 

Teapot Dome are not present in the Parkman productive fairway.   
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The Parkman has also been extensively studied 30 miles to the east of the outcrops in the 

subsurface where it is productive (Figure 1.5). Numerous field studies have described the productive 

sandstones of the Parkman (Carlton, 1981; Horn, 1981; Smith, 1981; Smithwick, 1981; Campen & 

Campen, 1981; Johnson, 1981). Two of the most prominent studies include Van Wagoner et al., 1990 

sequence stratigraphic interpretation in which the Parkman was used as a type section to illustrate a 

classic progradational parasequence set and Wheeler’s 2010 paper on the discovery of Savageton Field. 

Wheeler’s paper pointed out that each parasequence of the Parkman “has the potential to be a separate 

reservoir”. In the subsurface the marine clastic wedge of the Parkman is overlain by the Ferguson 

Sandstone Member of the Parkman Sandstone (“Ferguson”). The Ferguson is a distinctive sandstone 

named after the landowner of the Dead Horse Creek Field discovery well (Sabins and Peterson, 1961). 

Interpretations for the Ferguson include:  1.) progradation of continental deposits into the basin as part of 

the uppermost progradational parasequence of the Parkman (Van Wagoner et al., 1990); 2.) 

transgressive unit deposited above a ravinement surface and sourced by the local erosion of the 

underlying shoreface sands (Purcell, 1960 and refined by Wheeler, 2010); 3.) Van Delinder and Hewitt, 

2017 also refers to a diachronous transgressive systems tract that onlaps and backsteps the highstand 

systems tract of the Parkman. This transgressive systems tract may influence horizontal production from 

the Parkman. However, Van Delinder and Hewitt (2017) does not mention the Ferguson specifically in the 

abstract. 

Interpretations of the Parkman Sandstone focus on either outcrop or subsurface observations. A 

comprehensive model for the Parkman that addresses both the surface and subsurface facies 

successions does not exist. The scientific question to be addressed in this research is as follows: 

 

1. What is the depositional model and stratigraphic architecture for the Parkman clastic wedge from 

outcrop to the subsurface?  The model must address the marine and non-marine sediments at 

outcrop and the Ferguson Member of the Parkman Sandstone described only in the subsurface. The 

depositional model will traverse the Parkman from outcrop to the subsurface where horizontal drilling 

is occurring. The model is necessary to understand how and why the Parkman is different from other 

horizontal plays in the basin. 

 



 

7 

 

 

Figure 1.5 Illustration of the scientific question for the Parkman Sandstone in the PRB, including type 
sections for outcrop and subsurface. Parkman outcrop measured section is from Teapot Dome (Curry and 
Crews, 1976). Parkman subsurface (Subx) type log is the discovery well at Dead Horse Creek (Lawton, 
1958). On each log the marine sandstones and shales are shaded yellow. In outcrop, the non-marine 
coastal plain deposits (Middle Parkman) are shaded green; the extent of the Middle Parkman into the 
subsurface is one of the questions this research will answer. The Upper Kpm has multiple depositional 
environment interpretations and is shaded orange. In the subsurface the Parkman marine sandstones are 
overlain by the Ferguson (shaded blue on Kpm Subx type log). The Middle and Upper Parkman rocks are 
not present in the subsurface productive fairway of the Parkman. Isochore mapping of the Ferguson rocks 
will be a part of developing a depositional model for the Parkman. Approximate location for depositional 
model traverse is shown by the red line. Conventional Parkman wells are in shades of brown circles, 
horizontal wells are purple. 

 

1.3 Study Objectives 

The goal of this thesis is to use well logs, cores, and outcrop data for vertical facies analysis of the 

Parkman Sandstone. Geologic techniques of ichnology, sedimentology, and high-resolution sequence 

stratigraphy will be applied to this data set. Facies identified at the core and outcrop scale will be tied into 

a larger and more regional data set of electric well logs. Regional correlations will allow the interpretation 

and mapping of the lateral facies relationships within the Parkman to ultimately interpret a depositional 

model to better understand the geologic constraints on hydrocarbon production. The following questions 

will be answered. 

1. What facies and facies associations define the Parkman and Ferguson? 

2. What are the stratigraphic relationships and key surfaces of the Parkman and Ferguson facies 

associations? 
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3. What defines the base and top of the Parkman?  

4. What defines the base and top of the Ferguson?  

5. How do published absolute ages of the Parkman compare to eustatic sea-level charts for the 

Cretaceous? 

6. How does the Parkman compare to other horizontal plays in the PRB? 

7. What facies in the Parkman are productive? How do these facies vary by field, or by 

conventional/horizontal target? 

8. What are the reservoir characteristics (porosity/perm.) of the productive facies in the Kpm? 

9. What facies of the Parkman are likely to be charged with hydrocarbons from the Niobrara?  

1.4 Research Area and Dataset 

The research area for this thesis is divided into three areas: a central subsurface mapping area, a 

measured section at Teapot Dome where the Parkman Sandstone outcrops, and a wider, less focused 

mapping area that includes specific Parkman extended cross-sections, maps, or cores that cover key 

stratigraphic intervals, surfaces, or correlations (Figure 1.6).  

The central area of interest (AOI) and focus of subsurface mapping for this project is a 25 township 

(T42-46N, R71-74W) area in the Powder River Basin, Wyoming, centered roughly around Wright, WY. 

Subsurface control comes from wells drilled in Hartzog Draw, House Creek, K-Bar, and Hilight oil and gas 

fields. The vintage of electric well log data used in this research range from the 1950’s to the present. 

Twelve cores that cover distinct portions of the Parkman Sandstone interval were used in this research; 

full core description was done for six of the cores. Table 1.1 lists these cores and pertinent data available 

from each core. Eight of cores are in the central AOI, while four of cores are within the expanded mapping 

area. Cores available from the United States Geological Survey Core Research Center (USGS -CRC) in 

Lakewood, Colorado are noted in Table 1.1, and the USGS-CRC Core Library Number is provided. 

The Parkman Sandstone is well exposed at the surface along the western margin of the PRB. A 

measured section (OC-1) was completed at Teapot Dome to strengthen the Parkman depositional model 

across the entire basin. Teapot Dome is a large Laramide age anticline about 30 miles northeast of 

Casper in Natrona County, Wyoming (T38-39N, R78W). Location of the measured section is designated 

by the orange star on Figure 1.5. 

As mapping progressed in this research, it was necessary to move outside the central AOI. Extending 

key cross-sections and adding outcrop data was essential to verifying the hypothesis formed during initial 

subsurface mapping. The central mapping area was expanded to a wider, less focused research area 

that covers key stratigraphic intervals, surfaces, or correlations.  
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Figure 1.6 Map of Parkman research area for thesis. The central subsurface mapping area is the smaller, 
dark purple box. Wider and less focused research area (light purple box), includes extended cross-
sections, maps and cores that cover key stratigraphic intervals, surfaces, or correlations. Location of 
measured section (OC-1) at Teapot Dome is the orange star. Latitude and longitude of OC-1 is 
43º16’53.9”N 106º13’16.7.9”W. County outlines are dashed red lines. The western extent of the Parkman 
Sandstone Member of the Mesaverde Formation is in black where the Mesaverde Formation outcrops. 
The eastern extent of Parkman equivalent rocks (Red Bird Silt Member) is further to east in the Black Hills 
outside the limits of this map. Coal mines represent the eastern outcrop of Tertiary age rocks in the PRB.  
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Table 1.1 Parkman Cores Used for Research  

 

 

 

 

 

 

 

 

 

 

Well Name API#
Operator &   

(USGS ID#)
Location Type

Core 

Photos
Φ/K MICP

Christensen G-1 49005256160000
Cities Service      

USGS(E507)
22 - T44N-R76W Slabbed yes - -

Durham Fed 32-1 49005267450000
First Energy Corp      

USGS(C936)
1 - T44N-R73W Slabbed yes 14 3

Cornrock Fed 42-14 49005242910000
Daimond Shamrock      

USGS(A744)
14 - T46N-R75W Slabbed yes - -

Gilbertz 12-30 49005258340000
Louisiana L&E      

USGS(E959)
30 - T45N-R74W Slabbed yes - -

Hummer Fed 1 49005256800000
Davis Oil Co.      

USGS(R711)
5 - T41N-R0W Slabbed yes 10 5

Drake 31-29 49005566710000
Ballard Petroleum     

USGS(F022)
29 - T43N-R73W Slabbed yes - -

Partial Core Description for Key Surface or Stratigraphic Interval Based on Mapping

Fed Wagstaff #1 49005050410000
Great Western      

USGS(S561)
7 - T46N-R74W Full - - -

Taylor Federal21-12 49005260070000
Daimond Shamrock      

USGS(C672)
12 - T49N-R75W Slabbed yes - -

Devon #1 confidential   Devon Energy confidential   Slabbed yes 28 -

Iberlin 23-11 49005267410000
Louisiana L&E      

USGS(D086)
11 - T46N-R76W Slabbed yes - -

Good 1 49005242810000
Ladd Petroleum    

USGS(B148)
18 - T43N-R72W Slabbed yes 22 -

Ickes 14-9 49005259240000
Louisiana L&E      

USGS(C178)
 9 - T43N-R73W Slabbed yes - -

Full Core Description Completed
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CHAPTER 2:  GEOLOGIC BACKGROUND 

2.1  Regional Overview of the Parkman Sandstone 

        The Parkman Sandstone is one of several Cretaceous sandstones and shales currently targeted for 

horizontal development in the Powder River Basin (PRB) of Wyoming. The PRB is located in northeastern 

Wyoming and southeastern Montana and covers an area of approximately 22,000 square miles when 

defined by the extent of the associated Tertiary aged rocks (Figure 2.1). Sediments in the basin range in 

age from Cambrian to Tertiary with a combination of both reservoir and source rocks. The PRB has 

always been a major source of hydrocarbons, experiencing its first oil boom in 1908 with the development 

of the Salt Creek Oil Field. Hydrocarbon resources for the basin occur primarily in conventional 

reservoirs1, unconventional (biogenic coalbed methane) reservoirs2, or in shale and unconventional 

stratigraphic reservoirs3 that emerged in 2009 with the advancement of onshore horizontal drilling and 

large volume, multistage completions.  

 

Figure 2.1 Location map of the Powder River Basin illustrating the tectonic boundaries of the basin. Red 
arrows indicate the synclinal structural axis of the basin. Modified from Dolton et al. (1990) 

 

                                                           
1 Based on geological criteria of permeability >0.1 md 
2 Based on physical criteria of adsorbed gas trap 
3 Based on geological criteria of permeability <0.1 md and engineering techniques used for hydrocarbon 
extraction 

LARAMIE  
BASIN 

a   

b  
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The thickest accumulation of sediments preserved in the basin is from the Cretaceous Period. 

During this time of greenhouse climate conditions and high sea levels, the Western Interior Seaway (WIS) 

was the predominant depositional feature in North America (Figure 2.2). The Cretaceous sediments 

deposited predominantly along the western margin of this north trending seaway provide a record of 

multiple cycles of marine transgressions and regressions. Highlands to the west, associated with the 

Sevier thrust and fold belt, were the dominant source for the detrital sediments during this time. The 

eastern shoreline of this seaway was a low stable cratonic platform located in the central portion of the 

United States and Canada. At peak sea-levels the WIS spanned over 600 miles east-west and 3,000 

miles north-south (Kauffman and Caldwell, 1993). An estimate of water depth in the WIS during the time 

of Parkman deposition was calculated by Asquith (1970) to conservatively be around 260 feet. Asquith’s 

depth is for the inner shelf area and does not correct for sediment compaction. 

The WIS initially formed during the Late Jurassic with the collision and subduction of the paleo-

Pacific Ocean plates beneath the western margin of the North American Plate. The WIS is the associated 

foreland basin. In the Rocky Mountain region, the thrusting and subduction associated with the Sevier 

Orogeny continued through the Late Cretaceous and possibly into the early Eocene. The onset of the 

Laramide Orogeny (which lasted from 80-55 Ma) ended the Sevier Orogeny and divided the southwestern 

portion of the WIS into the series of smaller Rocky Mountain subbasins present today (English and 

Johnston, 2002). 

The PRB is an asymmetric, intermountain basin bounded by Laramide compressional tectonic 

features (Figure 2.1). These tectonic features include the Bighorn Mountains on the western margin of the 

basin and the Black Hills to the east. The southern margin of the PRB is defined by a combination of 

structures including the Casper Arch and the Laramie and Hartville uplifts. The Miles City Arch defines the 

northern margin of the basin and is solely a subsurface feature (Purcell, 1960). Significant to this thesis 

project is the structural axis of the basin, which occurs along the western margin of the PRB (Figure 2.1). 

Near vertical to overturned beds are present to the west of the basin axis, while the eastern flank of the 

PRB is more gently dipping with dips in the Parkman averaging 0.8 degrees to the southwest (Wheeler, 

2010). Nearly all Parkman Sandstone production is east of the basin axis, occurring in up-dip, 

stratigraphic pinch-out traps or on subtle structural traps.  

The Parkman is a siliciclastic reservoir rock deposited during the Campanian Stage of the Late 

Cretaceous. Sediments were deposited in continental (non-marine), nearshore-marine, and off-shore 

marine environments. In the productive fairway of the PRB, the Parkman Sandstone is an upward-

coarsening package of sediments ranging from sandstones, silty sandstones, sandy siltstones, and 

shales. The Parkman is widespread across the PRB. Gross sediment accumulation for the Parkman 

thickens to the south-southwest from about 125 feet in Big Horn and Powder River counties in Montana to 

700 feet in Converse County, Wyoming. Net sand thickness for the Parkman ranges from 0 - 250 feet and 

drilling depths to the top of Parkman are usually around 7,000 – 8,000 feet (Figure 2.3). Laterally, the 

Parkman grades eastward initially into the Red Bird Silt Member and ultimately into the Pierre Shale. The 
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Parkman outcrops on the western margin of the PRB along the Bighorn Uplift (Figure 2.3). The Red Bird 

Silt Member of the Pierre Shale and Pierre Shale (lateral equivalents to the Parkman) outcrop on the 

eastern margin of the basin along the Black Hills Uplift.  

Fossil assemblage studies by Cobban (1958) and Gill and Cobban (1966) were the first to 

demonstrate a Campanian age for the Parkman Sandstone and its lateral equivalent the Red Bird Silt. 

Subsequent work by Merewether (1996) and Lynds and Slattery (2017) refine the chronostratigraphy for 

the Parkman based on paleontological data and absolute ages from bentonite beds in the Powder River 

Basin.  Both studies indicate a Middle Campanian age for the Parkman and determined that North 

America Ammonite Zones Baculites perplexus to Baculites scotti constrain the deposition from 

approximately 78.5 - 76.6 ±0.51 Ma. The Parkman Sandstone is stratigraphically equivalent to the Ericson 

Formation in the Green River Basin, the Hygiene in the Denver Basin, and the Judith River Formation in 

Montana. 

 

 

Figure 2.2  a.) Late Cretaceous paleo-tectonic map illustrating subduction of Pacific Ocean plates (Kula 
and Farallon Plates) beneath the western margin of the N. American Plate and the associated foreland 
basin. b.) Middle Campanian (77Ma) paleogeographic map of western North America illustrating the 
location of the Sevier Highlands to the west and the location of the Western Interior Seaway at the time of 
Parkman deposition Blakey (2016). 
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Figure 2.3 Net sand thickness map for the Parkman Sandstone in the PRB (CI=50 feet). Western and 
eastern outcrops of the Mesaverde Formation are black, county outlines are red, and thesis AOI is purple. 
Contours are from Headley (1958) and are based on porosity values. The exact porosity cutoff value used 
was not given in Headley (1958).  
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2.2   Stratigraphy, Sedimentation, and Depositional Environment 

The stratigraphic interpretation of the Parkman Sandstone has naturally evolved since it was first 

described and mapped along the margins of the Big Horn Mountains by Darton in 1906. Like Darton’s 

study, early descriptions of the Parkman Sandstone were confined to the western margin of the PRB 

where the Parkman outcrops and forms the prominent escarpments along the eroded anticlines at Teapot 

Dome and Salt Creek oil fields. These early Parkman outcrop studies were largely descriptive and 

attempted only to record the rocks that are present; no depositional interpretations were made 

(Wegemann and Woodruff, 1911; Wegemann, 1918; and Thom and Spiecker, 1931). In outcrop, along 

the western margin of the basin, the Parkman is divided into three intervals:  a basal sandstone series 

(170 – 190 feet thick) separated by intervening thin shale beds containing marine invertebrate fossils, a 

middle interval (190 feet thick) of shale, carbonaceous shale, coal beds, and localized channel 

sandstones, followed by a capping, massive, sandstone (110 feet thick). Fossilized dinosaur bones and 

crocodile remains along with petrified wood are described in the upper sandstones. 

The discovery of oil in the Ferguson Sandstone Member of the Parkman Sandstone at Dead 

Horse Creek Field in 1957 prompted an emphasis on understanding the stratigraphic relationships in the 

sandstone and mapping the Parkman into the subsurface. Partridge (1957) published the first map 

illustrating the distribution and thickness of the Parkman Sandstone throughout the PRB. A year later, 

Rich (1958) interpreted Parkman outcrops as regressive deposits with nearshore marine sediments at the 

base, overlain by brackish, coastal plain sediments. A comprehensive, subsurface interpretation for the 

entire Mesaverde Formation was done by Purcell (1960 and 1961). He divided the Parkman into two 

units: a thick, overall regressive unit at the base, with a thinner transgressive unit at the top. Purcell 

named the sandstones in the transgressive unit the Ferguson Sandstone lentil and interpreted these 

sands as tidal flat deposits.  

In 1962, Gill and Cobban furthered the depositional model of the Parkman by formally naming the 

Red Bird Silt Member from its type location along the western flank of the Black Hills in Niobrara County, 

Wyoming. In their study, Gill and Cobban correlated the Red Bird Silt to the marine and non-marine 

sediments of the Parkman Sandstone in the western PRB and also to the Hygiene Sandstone in the 

Denver Basin and the Judith River Formation in Montana. 

The Parkman Sandstone is the oldest cycle of deposition for the Upper Cretaceous Mesaverde 

Formation in the PRB (Wegemann, 1918). The complete Mesaverde Formation section in the PRB 

(ascending order) includes the Parkman Sandstone Member, the Unnamed Marine Shale Member, and 

the Teapot Sandstone Member (Figure 2.4). The Mesaverde is an overall progradational to 

retrogradational succession of sediments interrupted by at least one unconformity located in the Teapot 

Sandstone (Gill and Cobban, 1966). In the western portion of the basin, the Parkman conformably 

overlies and grades into the Steele Member of the Cody Shale and is either conformably overlain by the 

unnamed shale member of the Pierre Shale or can be disconformably overlain by the non-marine Teapot 
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Sandstone (Merewether, et al., 1977a,b,c). To the east, where the Parkman has laterally transitioned to 

marine shales, it is conformable with the Red Bird Silt Member of the Pierre Shale (Figure 2.4). In this 

paper, the name Ferguson Sandstone Member of the Parkman Sandstone is used for the productive 

sandstone at Dead Horse Creek Field.  

Subsequent stratigraphic interpretations of the Mesaverde and Parkman Sandstone done by 

Weimer (1960); Asquith (1970 & 1974); Hubert et al. (1972); Curry (1973); Cordell (1985); and Dolton et 

al. (1990) concluded the Parkman is one of several, large-scale, regressive, clastic wedges in the 

Cretaceous. Depositional facies of the Parkman include a broad area of non-marine coastal & delta plain 

deposits, deltaic and marine shelf sandstones that easterly grade into siltstones, and marine mudstones. 

In 1974, Asquith mapped the Parkman Sandstone as part of a regional deltaic system in Wyoming with 

distinct fluvial, delta plain, marginal marine and marine facies (Figure 2.5). Asquith (1974) postulated the 

Parkman was deposited during a period of maximum regression in the late Campanian. Strand lines of 

middle to late Campanian aged sediments in northern WY and southern MT have been mapped by 

Weimer (1960); Gill and Cobban (1973); and Asquith (1974).  

The deltaic sands comprising the Parkman have been interpreted differently based on location 

and regional extent of the individual study. Hubert et al. (1972) interpreted Parkman deposits to be part of 

a wave-dominated, high destructive delta. Upper sandstones of the delta (equivalent to the Ferguson) 

were locally modified into offshore bars. Dogan’s (1984) regional study, interpreted the Parkman to be 

part of a river-dominated delta. 

 Recent interpretations of the Parkman stratigraphy focus on the areas where the Parkman has 

produced conventionally and take a sequence stratigraphic approach to correlating the sandstones of the 

Parkman. Van Wagoner et al., (1990) used the Parkman as his type section for prograding 

parasequences (Figure 2.6). The stacked parasequences represent cycles of progradation (or 

regression), where progressively younger parasequences of the Parkman prograde further east into the 

basin. Wheeler (2010) later modified Van Wagoner’s cross-section. Van Wagoner originally interpreted 

the Ferguson Sandstone Member of the Parkman Sandstone as coastal plain sandstones and mudstones 

prograding a significant distance into the basin; however, Wheeler looked at core through the Ferguson 

interval and determined these were marine sediments. Wheeler ultimately interpreted the Ferguson to be 

a transgressive unit deposited above a ravinement surface. The ravinement surface has locally eroded 

the Parkman sandstones below it. 
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Figure 2.4 Stratigraphic nomenclature used in this thesis for Upper Cretaceous rock in the Bighorn and 
Powder River Basins (modified from Merewether, 1996) 
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Figure 2.5 Distribution of sedimentary environments in Wyoming during late Campanian (modified from 
Asquith, 1974). River distributary system is diagrammatic. Outline of the PRB is included to illustrate the 
difference in depositional environments on the western and eastern sides of the basin. 
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Figure 2.6 Cross-section illustrating progradational parasequence sets of the Parkman and Teapot sandstones (modified from Van Wagoner et al., 
1990). Coastal plain sandstone and mudstone deposits (green) have been reinterpreted by Wheeler (2010) to be a transgressive unit above a 
ravinement surface (Ferguson Member of the Parkman Sandstone). Approximate location of the cross-section is shown on Figure 2.5. Color 
schemes of depositional environments on this figure and Figure 2.5 are the same. API numbers shown above each well.
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2.3   Structure 

The current and depositional structural setting for the Parkman Sandstone influences production 

from the reservoir in three significant ways:  (1.) hydrocarbons are trapped in the Parkman by a 

combination of structural and stratigraphic controls resulting in up-dip stratigraphic pinch-out traps; (2.)  

lineaments associated with basement faulting in the WIS basin influence the deposition and preservation 

of the Parkman reservoir rock; (3.) these basin scale basement faults also provide the conduits for 

hydrocarbon migration (discussed further in Section 2.6 Source Rock). 

 The 100 mile, linear, production fairway of Parkman fields is located on the gently dipping eastern 

flank of the PRB (Figure 1.3). The structure of this area is uniform and is defined by a relatively planar 

surface which generally strikes N60W and dips to the southwest about one degree (Wheeler, 2010). 

Parkman sandstone production is controlled by the up-dip stratigraphic pinch-out of the reservoir rock into 

the Pierre Shale. The down-dip limits of the Parkman reservoirs are defined by oil/water contacts oriented 

parallel to strike. Oil/water contacts will differ by reservoir compartment in the Parkman Sandstone. 

 Multiple regional lineaments interpreted in the PRB are shown on Figure 2.7. Regional lineaments 

have been identified from satellite imagery (Anna, 1986; Marrs & Raines, 1984), from gravity surveys 

(Gay, 2007), and from stratigraphic thickness anomalies and structural offsets (Slack, 1981; Mitchel & 

Rodgers, 1993). The lineaments represent an extensional system affecting Cretaceous and Tertiary 

sediments. The orthogonal, extensional system is characterized by small fault throws and nearly vertical 

normal faults that trend NE-SW and NW-SE (Figure 2.7). Weimer (1980) and Slack (1981), were the first 

to relate these lineaments to Precambrian basement faults that trend northeast across the basin.  

There was subtle and repeated vertical movement along these faults throughout the existence of 

the WIS basin that often interrupted subsidence (Slack, 1981). The Belle Fourche Arch is the cumulative 

effect of these minor vertical movements, which occurred throughout Cretaceous time (Figure 2.8). 

Although the present amount of displacement along the entire length of the arch is less than 200 feet, the 

changes in the paleotopography around the arch has significant control on the formation, location, and 

preservation of many Parkman and other Cretaceous oil fields (Martinson, 2003). For example, the Rozet 

and South Coyote Creek lineaments (or parallel subsets of these lineaments) appear to be boundaries for 

the Savageton Field (Wheeler, 2010). Wheeler also postulates that the subtle uplift of the Belle Fourche 

Arch influenced the location for accumulation of the offshore-shoal deposits for the lower Parkman 

reservoir at Savageton Field. 
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Figure 2.7 Oil and gas map of the PRB showing the approximate location of regional lineaments. NE-SW 
lineaments are highlighted red and NW-SE lineaments are highlighted blue. Lineaments BC (Bell Creek), 
SR (Springen Ranch), RZ (Rozet), SCC (South Coyote Creek), GB (Gose Butte), FC (Fiddler Creek), and 
CT (Clareton Trend) are from Slack (1981). Lineaments PB (Parkman-Baker), BHC (Bighorn-Custer) and 
BD (Buffalo-Douglas) are from Marrs & Raines (1984). Lineament BB (Black Butte) is from Sabel (1985). 
Lineament LC (Lightening Creek) is from Mitchell and Rogers (1993). Savageton Field, located between 
the Rozet and South Coyote Creek lineaments, is shown in green. Cross-section XX’ is the location of the 
Belle Fourche Arch mapped by Slack, 1981. Figure modified from Martinsen, 2003.  
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Figure 2.8 Illustrative NW-SE cross-section across the Belle Fourche Arch. Bell Creek (BC), Little 
Missouri (LM,) Springen Ranch (SR), Rozet (RZ), Coyote Creek (SC), Gose Butte (GB), Fiddler Creek 
(FC), and Clareton (CT) lineaments are shown. Structural relief on the arch is about 200 feet. Location of 
cross-section (X-X’) is shown on Figure 2.7 (from Slack, 1981). 
 
 

 

2.4 Tectonic Controls on the Parkman Sandstone 

The sedimentation and stratigraphy of the Upper Cretaceous in the PRB provides a rock record of 

tectonic geologic events during this time. The late Mesozoic through early Cenozoic in the Western U.S. 

was a time of significant compressional deformation. Both the Sevier Orogeny and the Laramide Orogeny 

control the deposition and hydrocarbon trapping in the Parkman Sandstone. 

Originally, the PRB was part of the Western Interior Seaway (WIS), a large, subsiding foreland 

basin that formed in conjunction with the Sevier fold and thrust belt. The WIS and the Sevier fold and 

thrust belt developed along the late Mesozoic western margin of the US because of crustal shortening 

and loading during the western migration of the North American plate and the subduction of the Kula and 

Farallon plates beneath it. The Sevier Orogeny in the Rocky Mountain region is best illustrated by thrust 

faulting in western Wyoming and Idaho.  

 Early sedimentation into the WIS from 92-80 Ma, prior to Parkman deposition, was confined to a 

relatively narrow zone to the east of the Sevier thrust belt in Utah and Wyoming (Figure 2.9a), due to 

lithospheric flexure by thrust loading (thin-skinned deformation). With the onset of low-angle subduction in 

the late Cretaceous, sedimentation from 80-67 Ma covered a much broader area, with the highest 

sedimentation rates focused in Wyoming and Colorado (Figure 2.9b) (Cross, 1986). Paleogeographically, 

during this time, the WIS was characterized by a broad coastal plain extending along the western margin 

of the seaway that persisted in the Maastrichtian (Miall et al., 2008). 

Termination of the WIS and foreland basin began during the Late Campanian or Early 

Maastrichtian, as the low angle subduction forces transitioned into the Laramide Orogeny. The Laramide 
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Orogeny is defined by basement-cored uplifts (thick-skinned deformation), which divided the 

southwestern portion of the WIS into a series of smaller Rocky Mountain sub-basins such as the PRB. 

Parkman deposition occurred from approximately 78.5 - 76.6 Ma. The Parkman was deposited 

during the initial transition from Sevier to Laramide tectonic forces. Greater thicknesses and high 

sedimentation/subduction rates of Parkman sediments occur in the southwest portion of the PRB (Figure 

2.3). This depositional pattern may be due to downthrown structural blocks of the Belle Fourche or 

possible early Laramide uplift of the Hartville and Laramie uplifts, which define the southern limits of the 

PRB (Merewether, 1996).  

 

 

Figure 2.9 Contrasting styles of subsidence in the Rocky Mountain Region of the WIS. a.) Pattern of 
foreland-basin subsidence generated by thin-skinned tectonics and crustal loading on the edge of the 
craton. Isopach shows thickness of Upper Albian – Santonian deposits adjacent to the Sevier Orogeny. 
b.) Pattern of broad subsidence centered on Wyoming and Colorado generated by sub-crustal loading by 
cooling oceanic slab. Isopach shows thickness of Campanian – Maastrichtian strata. State of Wyoming 
outlined in dark pink (modified from Cross, 1986).  
 

2.5   Source Rock 

 The Parkman is part of the Niobrara Petroleum System (Momper & Williams, 1984; Rahman et 

al., 2016). Marls and calcareous shales of the Niobrara are stratigraphically older than the Parkman 

Sandstone and migration of hydrocarbons has occurred through vertical faults and fracture pathways 

connecting the Niobrara to the overlying Parkman reservoirs (Anna, 2009). The Niobrara Petroleum 

System also includes reservoirs in the Frontier, Turner, Sussex, Shannon, Teapot and Teckla. Oil 

expulsion from the Niobrara began during the early Tertiary, after significant Laramide deformation had 

formed the PRB. At this time, the source rocks in the Niobrara were buried deep enough along the basin 
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axis for hydrocarbon generation to begin. The resulting Laramide structure in the basin controlled the 

eastward migration and stratigraphic trapping of the hydrocarbons (Momper & Williams, 1984). Research 

completed by several authors indicates lineaments of the Belle Fourche Arch most likely provided the 

conduits for hydrocarbon migration (Inden et al., 2004 and Anna, 2009)  Inden’s conclusions were based 

on high-resolution aeromagnetic data; while Anna looked at the API gravity and GOR trends around the 

Bell Fourche Arch. 

 In the PRB, the Niobrara Formation averages more than 3 weight percent total organic carbon 

(Type II kerogen). Total organic carbon values may increase to the west, due to increasing shale versus 

marl content in the formation (Anna, 2009). Based on modeling done by Anna (2009), significant 

hydrocarbon generation probably started at a burial depth around 8,000 feet, along the basin axis. 

Vertical and horizontal production from the Niobrara Petroleum System is mostly confined to the Niobrara 

hydrocarbon generation area. Anna (2009) uses this observation as evidence that hydrocarbons have 

migrated from the Niobrara vertically or only short lateral distances. Other conclusions based on Anna’s 

modeling include: (1.) the Niobrara Formation did not reach thermal maturity on the east side of the basin; 

(2.)  the Niobrara source rock never reached temperatures to generate large amounts of gas, explaining 

why most of the fields in the Niobrara Petroleum System produce mostly oil. Figure 2.12 shows the area 

where the Niobrara Formation is within the oil generation window, in relationship to the conventional and 

horizontal Parkman producing wells. 
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Figure 2.10 Map of the PRB illustrating where the Niobrara Formation falls within the oil generation 
window (grey & green cross-hatched area) from Anna 2009. Conventional Parkman wells are brown/light 
brown, horizontal Parkman wells are blue. 
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CHAPTER 3:  PARKMAN FACIES 

3.1 Introduction 

 Facies are bodies of rock that are noticeably distinct from adjacent rocks as a result of different 

depositional environments (Walker, 1990). The purpose of facies identification in this study was to 

establish the vertical and lateral facies succession of the Parkman deposits in the PRB. Facies were 

identified at the core, outcrop and well log scale in order to interpret the entire Parkman section. Facies 

successions were not only used for depositional environment interpretation, but were also applied to 

regional correlations and mapping to establish a depositional model for the Parkman within a sequence 

stratigraphic framework. 

 This chapter will illustrate and describe the sixteen facies identified in the Parkman. Facies for the 

Parkman are initially defined by a descriptive lithology and prominent sedimentary structure, and then 

finally interpreted and grouped into four facies associations. The chapter will conclude with a discussion 

on the rock quality of potentially productive facies in the Parkman. Detailed core and outcrop descriptions 

are at the end of this Chapter (Figure 3.21 - 3.29). 

 

3.2   Parkman Facies (Subsurface & Outcrop) 

        Sixteen separate facies, usually on the scale of six inches to one foot were recognized in the 

Parkman. Division of facies was based on: lithology and grain size, nature of interbedding between 

lithologies (i.e. proportion of shale and thickness of interbeds), primary sedimentary structures, trace 

fauna and degree of burrowing, bed contacts, and other constituents, such as macro-fossils, siderite, and 

organic material. The depositional process and possible interpretations of depositional environment are 

included in the interpretation section for each facies. Four main facies groups were interpreted in the 

Parkman:  organic-rich sediments (shales & coals), heterolithic sediments, siltstones and sandstones, 

plus a unique group of standalone facies, such as lags and bentonites. 

 

Methodology Notes: 

1. Degree of bioturbation is recorded from 0-100% (lowest to highest) with respect to intensities of 

burrowing and overprinting, along with the level of preservation of primary structures. 

2. Ichnofacies were used to constrain and better understand the depositional environment and 

process. The ichnofacies scheme developed by Seilacher (1954) to identify trace fossils formed 

under a similar set of environmental conditions was used. 

3. Grain sizes are documented from clay to pebble size. 

4. Sand sizes: very coarse sand (2-1 mm), coarse sand (1-0.5 mm), medium sand (0.5-0.25mm), 

fine sand (0.25-0.125), very fine sand (0.125-0.062mm). 

5. Micro-fossils (foraminifera & diatoms) were not studied. 

6. Salt and pepper sandstones (very common in the Rockies) have a speckled appearance due to 

the lithic fragment component. 
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7. Sedimentary structure references are from Collinson & Thompson (1989) and Harms et al., 

(1982). 

8. Depositional environment nomenclature used in the interpretation discussion is from Walker 

(1986) (Figure 3.1). 

 

 

Figure 3.1 Shallow marine to shelf depositional setting nomenclature from (Walker, 1986). 
 

3.2.1 Structureless Shale Facies 

       The structureless shale facies is a grey-dark grey, well indurated, mudstone, that lacks observed 

sedimentary structures or laminations (Figure 3.2A). The lack of silt or sand size sediment variation 

obstructs the identification of these elements. Structureless shales are moderately fissile and do not 

contain carbonaceous debris. This facies is infrequently cored in the Parkman and not exposed in the 

outcrop section described. Macro- fossils were never observed in the structureless shale and trace fauna 

are rare with bioturbation ranging between 0-10%. In slightly siltier zones the Helminthopsis (H) trace 

fauna is observed. Helminthopsis are grazing trails of worm-like organisms living in very low energy 

conditions dominated by suspension deposition. The structureless shale facies are associated with the 

bioturbated mudstone facies and the contact between the two facies is very gradational. At the outcrop, 

this facies is covered and not well exposed for description. 

 

Interpretation  

Due to the dominant mud lithology, lack of coarser material, lack of sedimentary structures, and 

low trace fauna activity, structureless shales were deposited in a low energy setting far from a source of 

coarser clastic material. Structureless shales were deposited in a marine setting well below storm wave 

base with the possibility of anoxic conditions. Rare trace fossils observed fall into the distal Cruziana or 

proximal Zoophycos ichnofacies.  
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3.2.2 Bioturbated Mudstone Facies 

The bioturbated mudstone facies is a grey, intensely bioturbated silty to sandy mudstone (Figure 

3.2B). Observed clay content of this facies is >70%. Bioturbation in the facies has produced a 

homogeneous package of sediment usually lacking primary sedimentary structures and laminations. 

When rare laminations are preserved, faint hummocks and ripple laminations are identified in subtle 

coarser grained bands of silts or very fine-grained sandstones. Bioturbation ranges from 70-100%. 

Common trace fossils include Chondrites, Thalassinoides, Helminthopsis, Planolites, Asterosoma, 

Ophiomorpha, Schaubculindrichnus, and Cosmorhaphe. Occasional shell fragments are observed in the 

bioturbated mudstones. This facies is usually gradational with the structureless shale facies and the 

bioturbated sandstone facies. In outcrop this facies is covered and not well exposed for description.  

 

Interpretation  

 The bioturbated mudstones were deposited from suspension processes in a fully marine, distal 

offshore environment. The lack of coarse sediment and absence of primary depositional sedimentary 

structures due to pervasive bioturbation indicate that the facies was deposited slowly. Sediments 

accumulated below storm wave base in a low-energy marine setting. Very distal influences of oscillatory 

currents and sediment reworking by storm waves occasionally deposited coarser sediments this far 

offshore as ripple or hummocky laminated sediments. Well circulated waters promoted bioturbation giving 

rise to churned sediments and obliteration of bedding surfaces. The Cruziana ichnofacies dominates the 

trace fossil assemblage with some influence from the proximal Zoophycos ichnofacies. 
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Figure 3.2 A. Structureless shale facies example from USGS-CRC #C936 @ 7102.7 feet, and B. 
Bioturbated mudstone facies example from USGS-CRC #C936 @7112.0 feet. Ch = Chondrites, Cr = 
Cosmorhaphe 
 

3.2.3 Coal Facies 

Beds of low rank coal up to 6 feet thick are present in outcrop (no coals were observed in cores from 

the Parkman). Coals are black, well cleated, and heavily weathered (Figure 3.3). Coals contain more than 

70% by volume of carbonaceous material (McCabe, 1984) The coals described in outcrop have limited 

lateral extent, usually less than 150 feet, and are extremely gradational with carbonaceous shales.  

 

Interpretation  

Coals form in freshwater environments (Renton and Cecil, 1979) and indicate emergence from a 

marine depositional environment. Coals are preserved organic deposits (peat) buried before oxidation 

occurred. Preservation of these organic-rich sediments usually indicates wet, heavily vegetated, low-

energy, environments with long-term elevated water tables. These environments probably occurred in 

low-gradient flood plains or low-lying swamps associated with coastal areas also receiving deposition of 
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clastic material from floods and storms. Peats preserved in this environment would likely be transformed 

to high ash coals and carbonaceous shales (McCabe, 1984). 

 

3.2.4 Carbonaceous Shale and Non-marine Silty Shale Facies 

Carbonaceous shales and non-marine silty shale facies are present in outcrop. Dark grey to black 

carbonaceous shales are composed primarily of organic matter, but have a higher detrital sediment 

component (>30% by weight) than coals. Carbonaceous shales may have fine, irregular laminations but 

tend to be structureless and lack any form of cleating. Carbonaceous shales can range from a foot up to 

10 feet thick and are depositionally gradational both above and below coal seams (Figure 3.3). The 

carbonaceous shales described at the outcrop have limited lateral extent, usually less than 150 feet, 

Light tan to grey, silty mudstones were also observed to have gradational contacts above and 

below the carbonaceous shales. The silty mudstones have limited lateral extent usually in the range of 

300 feet. Root zones and body fossils were not observed in this mostly covered section. 

 

Interpretation  

 These are non-marine sediments deposited on low-gradient flood plains or low-lying swamps 

associated with coastal areas. There was a high input of clastic material from floods and storms into this 

environment. Gradational relationships with coals and carbonaceous shales probably represents 

variations in vegetation accumulation rates due to water table depth or sediment influx into these non-

marine coastal areas. 
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Figure 3.3 Coal, carbonaceous shale and non-marine silts and shales in OC-1 measured section. Ski pole 
in lower left-hand corner of photo is 47 inches in height. 
 

3.2.5 Heterolithic Sandstone, Siltstone and Mudstone Facies 

The heterolithic sandstone, siltstone and mudstone (heterolithic) facies is characterized by 

interbedded shales, siltstones, and very fine- to fine-grained sandstones (Figure 3.4). Interbedding occurs 

on the scale of every few inches or less, giving it a distinct chunky appearance. Maximum thickness of the 

heterolithic facies recorded in core is eight feet, however this facies tends to be infrequently and 

incompletely cored in the Parkman. The proportion of shale varies from 40 to 70%. Sandier intervals can 

have scour bases and contain horizontal to slightly inclined, parallel laminations or wave ripples. 

Occasional shell fragments were observed in this facies. Bioturbation from trace fauna is sporadic with 

bioturbation ranging between 30-50%. Trace fauna include Planolities, Thalasinoides, Paleophycus, 

Astersoma, Chondrites, and Cosmorpha. The heterolithic facies is associated with the bioturbated 

mudstone facies and the bioturbated sandstone facies, the contact between both facies is very 

gradational. In outcrop this facies is not well exposed for description. 
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Interpretation  

 The trace fossil assemblage is characteristic of the Cruziana and Zoophycos ichnofacies, which 

are interpreted to be typical of an offshore to deep marine depositional environment. The occasional 

preserved sandstone containing horizontal to wavy parallel laminations or wave ripples indicate 

deposition near the storm wave base. 

 

 

Figure 3.4 Examples of heterolithic sandstone, siltstone and shale facies. A. photo from USGS-CRC # 
C936 @ 7200.0 feet, and B. photo from USGS-CRC #C936 @7203.5 feet.  Ch = Chondrites, Cr = 
Cosmorhaphe 

 

3.2.6 Blocky Shale Facies 

The blocky shale facies is a laminated sandstone, silt, shale facies (Figure 3.5). Clay content of this 

facies is around 50%. Blocky shales are usually recognized by normal graded bedding. These intervals of 

fining upward sediments can range from six–eight inches thick. The base is commonly a very fine- to fine-

grained sandstone with a sharp or scoured base, possibly containing mud rip-up clasts or hummocky 

cross-stratified sandstones. The sandstones then grade into horizontal, parallel-laminated siltstones and 
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shales and finally into a structureless shale, that may be very fissile and organic-rich. This capping shale 

layer can be up to six inches thick. Bioturbation is not present. The blocky sandstone facies is often 

associated with wavy shales or often it can interrupt deposition of the structureless sandstone facies. 

 

Interpretation 

The blocky shale facies is related to depositional processes resulting from waning energy from an 

event type deposition. Fining upward event beds can result from several different processes such as delta 

front turbidities and sediment gravity flows, storm generated flows (tempestites), or river flooding events 

associated with hypopycnal and hyperycnal flows. The low-angle planar to curvilinear parallel laminations 

with scoured bases are interpreted as hummocky cross-laminations, indicating storm generated flows. 

The relatively thick capping mudstones are interpreted as deposits from suspension settling from 

hypopycnal flows associated with storm events. Storms events are often accompanied by precipitation 

that can lead to flooding of the coastal area and buoyant mud plumes. 

 

 

Figure 3.5 Examples of the blocky shale facies A. photo from USGS-CRC #E959 @ 7896.0 feet, and B. 
photo from USGS-CRC #FO22 @7895.0 feet. HCS = Hummocky Cross Stratification 

 

3.2.7 Wavy Mudstone Facies 

The wavy mudstone facies is characterized by laminated sandstone and mudstone (Figure 3.6). 

Thickness of individual sandstone or mudstone laminations vary from <1/64 inch to 3-4 inches. The 
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proportion of shale varies from 40-70%. This facies is common in the Parkman cores and ranges from 6 

inches to several feet in total thickness. This facies was only described from core.  

The very fine- to fine-grained sandstone beds are almost always sharp (erosional) based and can 

be comprised of horizontal-planar-parallel laminations, wave or combined-flow ripple laminations. The 

thinnest of the sandstone intervals may be comprised of a single train of a starved ripple. Capping the 

sandstone intervals are grey to black mud drapes up to an inch or two thick. Bioturbation is low (<20%). 

Trace fossils include Planolites, Ophiomorpha, Palaeophycus, Thalassinoids, and Teichichnus. The wavy 

mudstone facies is associated with horizontal–planar laminated sandstones, blocky mudstones, 

hummocky cross-stratified sandstones, and bioturbated sandstones. 

 

Interpretation 

 The wavy mudstone facies is a fining-upward succession of stacked event beds. Fining upward 

event beds can result from several different processes such as: delta front turbidities and sediment 

gravity flows, storm generated flows (tempestites), or river flooding events associated with hypopycnal 

and hyperycnal flows. These thin sedimentary structures are interpreted to be associated with 

depositional processes resulting from waxing and waning flow energy from storm-generated sedimentary 

gravity flows (SGSGFs). These SGSGFs were influenced by both current and wave processes. Bouma-

like sequences similar to those described by Heger (2016) in the Turner Sandstone were not noted in this 

facies. Thicker organic-rich mudstone drapes in the range of two-three inches were most likely deposited 

from hypopycnal plumes associated with the storms. Low bioturbation in the facies indicates a stressed 

and constantly changing environment, when calmer ambient conditions return the wavy mudstone facies 

is often associated with bioturbated sandstones.  
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Figure 3.6 Examples of the wavy mudstone facies. A. photo from USGS-CRC #C936 @ 7123.8 feet and 
B. photo from USGS-CRC #E959 @7856.5 feet. Pl = Planolites, T = Teichichnus.  

 

3.2.8 Convoluted Sandstone or Siltstone Facies  

Convoluted sandstones and siltstones are easily identified by the soft sediment deformation 

preserved in these sediments. Deformed sediment structures include pipe structures described from 

cored intervals (Figure 3.7), along with ball and pillow structures described in outcrop (Figure 3.8).  

In outcrop, ball and pillow structures are found in very fine- to fine-grained, tan iron-stained 

sandstones. Because of the slumped bedding, other sedimentary structures are hard to distinguish in this 

interval. Thickness of the interval in outcrop is four-six feet and associated with cross-laminated facies. 

Bioturbation was not observed in outcrop. 

In cored intervals, pipe, flame, or just generally disrupted sediments are observed in silts and very 

fine-grained sandstones. Because of the slumped bedding, other sedimentary structures are hard to 

distinguish. Trace fauna were not observed. Thickness of the interval in core is three-five feet and 

associated with cross-laminated and structureless sandstone facies. Convoluted siltstone facies may be 

interrupted by wavy mudstone deposits or horizontal-planar laminated sandstones. 
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Interpretation 

      Convoluted sediments can form by a variety of processes including rapid rates of deposition, 

liquefaction due to nearby seismic activity, or simply the result of slumping during fluvial incision. In the 

Parkman section the convoluted bedding is associated with storm influenced middle shoreface 

sediments. Nearby seismic/volcanic activity (associated with the Sevier Orogeny to the west) or rapid 

rates of deposition influenced this facies. A rapid rate of deposition would indicate proximity to a fluvial-

deltaic environment. In this environment, rapid rates of deposition produce high pore fluid pressures; soft 

sediment deformation occurs as the sediments de-water during the initial compaction of the rock. 

 

 

Figure 3.7 Examples of convoluted sandstone-silt facies in core A. photo from USGS-CRC #E959 @ 
7860.7 feet, and B. photo from USGS-CRC #E959 @ 7857.8 feet. 
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Figure 3.8 Ball and pillow structures from Parkman measured section OC-1 at Teapot Dome. Note low 
angle cross-laminated sandstones above. 
 

3.2.9 Structureless Sandstone Facies 

 Structureless sandstones are commonly cored in the Parkman. The salt and pepper, light grey 

sandstone contains less than 10% clays or silts (Figure 3.9A&B). Grains size is usually very fine- to fine-

grained. The sandstone appears massive, lacking sedimentary structures and can be up to 35 feet thick 

in core. Shale rip-ups or organic “coffee ground” material may define an occasional fuzzy lamination or 

slightly scoured base. The structureless sandstone facies is almost always associated with other 

sandstone facies, especially the horizontal-planar laminated sandstone and cross-laminated sandstones. 

Trace fauna are rare, but this sandstone appears to be cryptobioturbated (Figure 3.9A). 

Cryptobioturbation is the biogenic homogenization of very fine- to fine-grained sediments caused by 

meiofauna occupying the space between sand grains and feeding on bacterial and algal colonies that 

cling to the surface of the sand grain (Bromley, 1996). Traditional bioturbation is less than15%. Trace 

fauna include Ophiomorpha, Skolithos, and fugichnia. 

 In outcrop, structureless sandstones are described with concave up, channel shaped geometries. 

These sandstones are fine to medium grained and can be tan or iron stained (Figure 3.9C). Where 

exposed, these sands have sharp, scoured bases sometimes associated with a lag facies. The sandstone 

appears massive, lacking sedimentary structures and can range from 8 to 70 feet thick in outcrop. 

Identification of sedimentary structures in the outcrop facies was limited due to access near the cliff face 

(Figure 3.19).  
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Interpretation 

A variety of processes can form a structureless sandstone. These processes include very rapid 

sediment deposition, cryptobioturbation, or the reworking of sediments characteristics (sand size and 

composition) leading to homogeneity and the inability to produce discernable sedimentary structures. All 

of these processes appear to have influenced the deposition of structureless sandstones described in 

outcrop. Trace fauna (Skolithos ichnofacies) indicate a proximal shoreface depositional environment. 

Intervals of bioturbated sandstone with Ophiomorpha indicated periodic times of ambient wave energy 

dominated and sediment inflow was at a minimum and sediments were reworked (MacEachern, 2017). 

Escape structures (Fugichnia) and associated cross-laminated sandstone, indicated periods of more 

rapid sediment deposition (MacEachern, 2017). Much of the structureless sandstone facies is interpreted 

to be thoroughly cryptobioturbated, therefore lacking any recognizable sedimentary structures (Figure 

3.9A). 

Structureless sandstones described in outcrop are interrupted to be channel sandstones based 

on morphology. Where observable, the sandstones appear to be homogenous in grain size and 

composition.  These sandstones are courser grained than most of the sandstones described from 

subsurface Parkman cores, possibly indicating a more proximal location to sediment source. The stacked 

nature of these channel sandstones indicate amalgamation and multi-story channel construction. 
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Figure 3.9 Examples of the structureless sandstone facies in core A. photo from USGS-CRC #A744 @ 
7492 feet, sandstone is fine-grained with Cryptobioturbation, and B. photo from USGS-CRC #E959 @ 
7761.2 feet. O = Ophiomorpha 
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Figure 3.9C Amalgamated fluvial deposits from Parkman measured section OC-1. CH refers to channel 
architectural element defined by Miall (2010). Upper channel is an iron stained medium grained 
sandstone. Location of this photo is the red star on Figure 4.5. 

 

3.2.10 Horizontal - Planar Laminated Sandstone Facies 

 The horizontal-planar laminated sandstone facies is a salt and pepper grey, very fine- to fine-

grained sandstone. This sandstone contains less than 10% silts and clays and can range from several 

inches to more than a foot in thickness (Figure 3.10). The silt and clay size sediments form horizontal- 

planar-parallel laminations in the sandstone. Laminations are usually extremely thin (up to 0.5mm thick) 

and often contain carbonaceous “coffee ground” material. This facies does not contain trace fauna or 

macro- fossils, although fuzziness of some laminations may be due to cryptobioturbation. The horizontal-

planar laminated sandstones usually have a sharp contact with other sandstone facies and with the wavy 

mudstone facies. 
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Interpretation 

 Horizontal-planar laminated sandstones are produced by current processes when high velocity 

sheet flow conditions are present. Horizontal-planar laminated sandstones are deposited during storm 

activity above storm wave base. Orientation or the angle of the core (usually unknown) can make very 

low angle laminations that are less than five degrees appear as horizontal-laminated sandstones. Since 

slabbed core diameters (~three inches) provide only a limited view of the entire sedimentary structure, 

some horizontal-planar laminated sandstones may actually be hummocky cross-stratified sandstones. 

 

 

Figure 3.10 Examples of the horizontal–planar laminated sandstone facies in core A. photo from USGS-
CRC #C936 @ 7125 feet, laminations are fuzzy due to Cryptobioturbation, upper laminations are calcite 
cemented B. photo from USGS-CRC #E959 @ 7854.7 feet.  
 

3.2.11 Hummocky Cross-Stratified Sandstone Facies 

The hummocky cross-stratified sandstone (HCS) facies is a salt and pepper grey, very fine- to fine-

grained sandstone (in outcrop these HCS sandstones are very fine- to fine-grained and tan or iron 

stained). This sandstone contains less than 10% silts and clays and can range from several inches to 

several feet thick (Figure 3.11 & 3.12). The silt and clay size sediments form low angle, curved, parallel 

laminations. Often these laminations form truncation-bounded sets of convex upward laminations 
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(hummocks), as well as, concave laminae (swales). This facies does not contain trace fauna or macro- 

fossils. The HCS laminated sandstones have sharp or scoured bases. 

 

 

Interpretation 

 The hummocky cross-laminated sandstone facies is produced by strong and complex wave 

activity due to storm activity. The occurrence of the HCS facies suggests a phase of vigorous activity that 

eventually slows down to recognizable wave oscillation. It has been interpreted that a complex pattern of 

erosion and rapid deposition occurs on an irregular, undulating surface during the deposition of 

hummocky sandstones (Collinson and Thompson, 1989). Storms allow for deposition of these sediments 

below fair-weather wave base, but above storm wave-base, covering the middle shoreface to offshore 

depositional (shelf) environment. 

 

 

Figure 3.11 Example of low angle, cross-laminated sandstone, interpreted to be a hummocky cross-
laminated sandstone facies from USGS-CRC #A744 @ 7487.5 feet. Photos A and B are the same core 
piece with laminations identified on photo B. 
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Figure 3.12 Example of hummocky cross-stratified sandstone facies from Parkman measured section 
OC-1 at Teapot Dome. Hummock and swale identified in upper photo. 

 

3.2.12 Cross Laminated Sandstone Facies 

The cross laminated sandstone facies is a salt and pepper grey (core) or tan (iron-stained) weathered 

(outcrop), very fine- to fine-grained sandstone (Figure 3.13 and Figure 3.8). This sandstone contains less 

than 10% silts and clays and can be only a few inches to several feet thick. The silt and clay size 

sediments form planar tabular laminations in the sandstone, with foreset dips of up to 23 degrees. 

Laminations are usually extremely thin (up to 0.5mm thick) and often contain carbonaceous “coffee 

ground” material. This facies does not contain trace fauna or macro- fossils. The cross laminated 

sandstone facies usually has a sharp contact with other sandstone facies. 

 

Interpretation 

       Cross laminated sandstones are not restricted to a specific depositional environment. They can be 

produced by unidirectional flow in a non-marine channel or by longshore currents along a marine 

shoreline. The specific depositional environment interpretation of cross laminated sandstone will depend 

heavily on the associated facies. 
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Figure 3.13 Example of cross-laminated sandstone facies in core from USGS-CRC #FO22 @ 7862 feet. 
Laminations are thin (up to 0.5mm thick) and often contain carbonaceous “coffee ground” material. A few 
laminae appear paired, but no rhythmicity is observed to confirm tidal fluctuations (observation from 
MacEachern, 2017) 
 

3.2.13 Current-Rippled Sandstone Facies 

The current-rippled sandstone facies is a tan, iron stained (outcrop), fine grained sandstone 

(Figure 3.14). This sandstone contains 30% silts and clays and can be six inches to several feet thick. 

The silt and clay size sediments form asymmetrical ripples that may occur in climbing sets. Planar to 

wavy clays and silt beds (0.5 to 2 inches thick) are often associated with the rippled sandstones. This 

facies does not contain trace fauna or macro- fossils. The current-rippled sandstone facies usually has a 

sharp contact with other facies. 

 

Interpretation 

 Current-ripple sandstones are not restricted to a specific depositional environment. Aggradational 

or climbing ripples indicate a current traction depositional process in a lower flow regime coupled with 

high sedimentation rates. They can be produced by unidirectional flow in a channel or by longshore 

currents along a marine shoreline. In the Parkman, current-ripple sandstones are interpreted to be 

crevasse splay and levee architectural elements described by Miall (2010).  These architectural elements 
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are associated with channel sandstones with concave up scoured, lag bases and coals; therefore a non-

marine fluvial environment of deposition is interpreted.  

 

 

Figure 3.14 Example of current ripple sandstone facies from Parkman measured section OC-1 at Teapot 
Dome. The steepness of the climb is an indication of high sedimentation rate (concept from MacEachern, 
2017). 
 

3.2.14 Bioturbated Sandstone Facies 

The bioturbated sandstone facies is a salt and pepper, very fine- to fine-grained, sporadic to intensely 

bioturbated sandstone (Figure 3.15). Clay content of this facies is <50%. High bioturbation in the facies 

can produced a homogeneous package of sediment usually lacking primary sedimentary structures and 

laminations. The bioturbated sandstone facies ranges from a few inches thick up to 20 feet thick 

depending on proximity to shoreline. Bioturbation ranges from 60-100%. Common trace fossils include 

Asterosoma, Schaubcylindrichnus, Thalassinoides, Ophiomorpha, Cosmorhaphe, Teichichnus, 

Chondrites and Planolites. Occasional shell fragments are observed in the bioturbated mudstones. Base 

contacts are gradational with wavy mudstones and bioturbated mudstones. At OC-1 the facies is covered 

or extremely weathered and not well exposed for description. 

 

Interpretation 

 The Skolithos and proximal Cruziana ichnofacies dominates the trace fossil assemblage indicating 

deposition in the middle to lower shoreface environment. Well-circulated waters promoted bioturbation 

giving rise to churned sediments and obliteration of sedimentary structures. The bioturbated sandstones 

are gradational with the fining-upward facies of stacked event beds and storm deposits (wavy mudstones 

and horizontal-planar laminated sandstones) and represent a return to ambient conditions between storm 

events. 
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Figure 3.15  Examples of the bioturbated sandstone facies in core A. photo from USGS-CRC #E959 @ 
7893.4 feet, Cr = Cosmorhaphe, O = Ophiomorpha, Ph = Phycosiphon, Th = Thalassinoides. B. photo 
from USGS-CRC #R711 @ 6453.7 feet, As = Asterosoma, Ch = Chondrites, Sh = Schaubcylindrichnus, 
T = Teichichnus.  

 

3.2.15 Lag Facies  

There are two types of lags described in the Parkman, each having a distinctly different facies 

association. The first type of lag is observed in cores at the tops of coarsening upward parasequence and 

range from a few inches up to 16 inches thick (Figure 3.16). These lags are composed of poorly sorted, 

conglomerate sediments with a matrix of fine-medium sandstone containing mud rip-up clasts, possibly 

siderite pebbles and fish bone fragments, all ranging in size from 1-2mm to several cm. Bedding does not 

appear to be stratified and trace fauna are not present. Bases of these lag deposits are sharp and often 

scoured and angled. 

 The second type of lag is described at the base of sands with a channel shaped geometry and 

was observed in outcrop (Figure 3.17). This lag can be considerably thicker than the lag described in 

cores, ranging from two-three inches up to three-four feet thick. The lag described in the Parkman 

measured section at Teapot Dome contains rounded, ironstone pebbles along with silt and fine-grained 
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sandstone. Dinosaur bones, tree molds and a skin plate of large crocodile have also been described from 

this interval (Wegemann, 1918; Thom and Spieker, 1931; Curry and Crews, 1976). Bedding is not 

stratified, and the bases of the lag deposits are sharp, often scoured and concave up in shape. 

 

Interpretation  

Lags imply erosion and a depositional hiatus or unconformity. The thickness of a lag is usually 

proportional to the amount of material which has been eroded (Bhattacharya, 1989). Lags at the top of 

the coarsening upward parasequences were produced during a marine transgression and are a good 

indication of a potential flooding surface. Van Wagoner et al. (1990) pointed out that these transgressive 

lags usual coincide with sequence boundaries.  

Lags at the base of channel sandstones are described on or just above the base of an erosional 

or scour surface (Galloway and Hobday, 1983). Where the basal contact is exposed, channel lags at the 

OC-1 measured section erode into the ripple sandstone facies.  Lags associated with channels are poorly 

sorted and consists of locally derived materials such as mudclasts eroded from the banks, organic debris, 

and coarse bed load gravel and sand (Galloway and Hobday, 1983).  Above the lag are thick, massive 

appearing fine-grained sandstones. Channel lags are often associated with sequence boundaries at the 

base of an incised valley (Van Wagoner et al. 1990) 
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Figure 3.16 Examples of the lag facies in core. A. photo from USGS-CRC #A744 @ 7444 feet, lag is 4 
inches thick and composed of clay, very fine-grained sandstone, and glauconite with mud rip-up and 
siderite clasts, the largest is 1x4cm in size. B. photo from USGS-CRC #A744 @ 7466 feet, lag is 2 inches 
thick and composed of very fine- to fine-grained sandstone with mud rip-up clasts ranging in size from 1-
2mm in length. 
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Figure 3.17 Example of lag facies in outcrop from Parkman measured section OC-1 at Teapot Dome. A. 
illustrates the scour surface between the lag deposits and the ripple-sandstone facies below and the 
structureless channel sandstones above. B closer view of ironstone pebble conglomerate lag facies 
shown in photo A. 

 

3.2.16 Bentonite (Volcanic Ash) Facies 

Bentonites (Figure 3.18) are clay-rich deposits formed from the alteration of volcanic ash 

(Christidis and Huff, 2009). Bentonites provide extremely useful data recording the geologically 

instantaneous event of ash deposition from a volcanic eruption. The bentonite facies was initially 

recognized on well logs because this facies is often washed out during the coring process. The log 

signature for bentonites is characterized by a low bulk density and very low resistivity/very high 

conductivity. Bentonites can usually be differentiated from coal by a high GR. The Ardmore Bentonite is 

the closest bentonite to the Parkman section that has been radiometrically dated. The age of the 

lowermost Ardmore Bentonite is 80.54 ±0.55 Ma (Zelt, 2015). 

 

 

 



 

50 

 

Interpretation 

Correlation of bentonites above and below the Parkman section in the subsurface sets the 

framework for the correlation of flooding surfaces within the Parkman. Since bentonites record a relatively 

instantaneous geologic event, they are reliable timelines for correlations. Bentonites cross depositional 

settings just like flooding surfaces used in sequence stratigraphy.  

 

 

Figure 3.18 Thirteen inch thick bentonite from Federal Wagstaff #1 (USGS-CRC S561) in 7-T46N R74W. 
Bentonite was originally recognized from well log signature. Core photos from the USGS were not 
available to verify the existence of the bentonite until core was pulled and viewed for the first time since 
the core was donated to the facility. 
 

3.3 Facies Associations and Vertical Facies Analysis 

Facies associations represent the relative positions of the sixteen facies described in the 

Parkman within the context of an interpreted depositional setting. The facies are grouped by key 

sedimentary structures and the principal architectural elements that comprise the overall depositional 

setting. The Parkman can be grouped into four facies associations (Table 3.1). There are two marine 

associations and two non-marine associations. The marine associations include a coarsening upward 

marine shelf to shoreface progradational succession (coarsening upward FA) and a reworked 

transgressive facies association. The non-marine facies associations include a coastal plain facies 

association and a fluvial facies association. Three of the four facies associations (coarsening upward FA, 
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coastal plain, and fluvial) are present in the Parkman outcrop measured section (Figure 3.19). The 

reworked transgressive facies association is present only in the subsurface. 

 

Table 3.1 Facies Associations in the Parkman Sandstone 

Facies Association Description 

Fluvial 
amalgamated channel deposits with scoured bases and lags, lateral 

accretion deposits, crevasse splay and levee deposits 

Coastal Plain 

carbonaceous shales, coals, siltstones, mudstones, with isolated 

single story fluvial channels (vf-fine grained ss.) scattered 

throughout 

Coarsening Upward Marine Shelf 

to Shoreface Progradational 

Succession 

upward coarsening and upward-shallowing marine sandstones and 

shales capped by marine flooding surfaces that form a 

parasequence, parasequences have an overall progradation 

stacking pattern, bentonites throughout 

Reworked Transgressive 

Succession 

upward coarsening /upward-shallowing marine sandstones and 

shales capped by marine flooding surfaces (or bentonite marker) 

which form a parasequence, parasequences have an overall 

retrogradational stacking pattern, erosional lag at base of 

retrogradational parasequence set in places, bentonites 

throughout 

 

 The most distal and one of the oldest facies association is the coarsening upward marine shelf to 

shoreface progradational succession (coarsening upward FA). Depositional environment terminology 

used for this facies association discussion comes from Walker, 1986 (Figure 3.1) and observed facies are 

from both core and outcrop. The coarsening upward FA represents a wave-dominated strandplain 

shoreface succession heavily influenced by storm deposits and rapid sedimentation. This facies 

association is represented by upward-coarsening, upward-shoaling marine sandstones and shale 

parasequences each capped by a marine flooding surfaces. The stacked parasequences of the 

coarsening upward FA represent cycles of progradation, where progressively younger parasequence 

prograde further east into the basin. The progradational aspect of these sediments will be discussed 

further in Chapter 4. 

 Table 3.2 lists the vertical facies order for the coarsening upward FA with respect to the marine 

shoreline depositional setting. There is a lot of variability in the Middle to Lower Shoreface due to 

deposition and erosion from storm or tempestite events. Facies deposited during tempestite events 

include high energy HCS and horizontal planar laminated facies, along with facies indicating waxing and 

waning energy flows such as blocky mudstones and wavy shales. The upper shoreface depositional 

setting is dominated by thick, structureless, massive appearing very fine- to fine-grained sediments. 

Sediments in this setting are interpreted to be deposited in a more stable, consistent energy environment, 

dominated by wave action. In a classic vertical succession of shoreface deposits, trough-laminated 

sandstones are expected, but either due to sediment grain size consistency or crypto bioturbation these 

sedimentary structures are not preserved in the Parkman. Convoluted siltstones are associated with 
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upper shoreface sediments in two cores. In these areas rapid sedimentation is inferred due to possible 

proximity to deltaic deposition. 

 

Table 3.2 Coarsening Upward Marine Shelf to Shoreface Progradational Facies Association 

 

 

The second marine facies association is above the coarsening upward FA and only present in the 

subsurface. The boundary between the two marine facies is an erosional surface and can be scoured and 

sharp.The reworked transgressive succession is represented by upward-coarsening, upward-shoaling 

marine sandstones and shale parasequences capped by marine flooding surfaces similar to those found 

in the coarsening upward FA. However, in the reworked transgressive succession, the parasequences 

have an overall retrogradational stacking pattern with an erosional surface and lag deposits defining the 

base of the parasequence set. Coring of this facies association is limited within the study area, but the 

vertical facies succession (distal-proximal) for these back stepping parasequences is as follows: lag 

(several inches to almost two feet thick), bioturbated sandstones or mudstones, and structureless 

sandstones. The structureless sandstones in the transgressive succession FA are slightly coarser grained 

than the structureless sandstones in the coarsening upward FA. The retrogradational aspect of these 

sediments and a further interpretation of the reworked transgressive succession will be discussed 

Chapter 4.  

 In outcrop, three of the four facies associations in the Parkman were described: the coarsening 

upward FA, the coastal plain facies association, and the fluvial facies association. Three coarsening 

upward FA parasequences were interpreted (Figure 3.19). Offshore and lower shoreface sediments of 

each parasequence are covered and not well exposed for description. Above the youngest parasequence 

of the coarsening upward FA is the coastal plain facies association. The facies in the coastal plain 

association are a heterolithic mixture of coals, carbonaceous shales, non-marine siltstones and shales, 

and faintly cross-laminated sandstones with scoured bases. These sandstones are interpreted as isolated 

fluvial channels with very limited lateral extent (<50 feet).  

Coarsening Upward Marine Shelf to Shoreface Progradational FA 

Depositional Setting (Walker, 1986) Facies

Upper Shoreface
Structureless Ss, Cross-laminated Ss,  

Convoluted Ss

Middle Shoreface

Hummocky Cross-laminated Ss, Wavy 

Mudstones, Horizontal-Planer Laminated Ss, 

Blocky Shale, 

Lower Shoreface Bioturbated Sandstone

Upper Offshore Heterolithic Sandstone, Siltstone, and Mudstone

Lower Offshore Bioturbated Mudstone

Offshore Marine (below  storm w ave base) Structureless Shale
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Figure 3.19 Facies association at the Parkman measured section OC-1 at Teapot Dome. View is to the 
southwest (this is the depositional strike profile of OC-1). Refer to Figure 4.6 for depositional dip profile of 
same interpreted section. The three coarsening upward marine to shoreface parasequences are labeled 
on Figure 4.6 along with the bounding flooding surfaces. 
 

 Above the coastal plain facies association is the fluvial facies association (Figure 3.19 & 4.9). The 

contact between the two facies is sharp and sometimes scoured. The fluvial facies contains amalgamated 

channel deposits with scoured bases and lags, lateral accretion deposits, and crevasse splay and levee 

deposits. Architectural elements for basic classification of fluvial deposits are from Miall, (1996). Table 3.3 

lists the facies associated with each architectural element interpreted for the fluvial facies association. No 

relative vertical depth position is suggested in the table.  

 

Table 3.3 Fluvial Facies Association 

 

 

 

 

Architectural Elements (Miall, 1996 Facies

Channels (CH)
Structureless and Cross-laminated Sandstones 

with concave up scoured bases and lags

Lateral Accretion Deposits  (LA)

Structureless Sandstones, Cross-laminated (low-

angled) Sandstones, and Current-rippled 

Sandstones with scoured bases and lags

Crevasse  Splay and Levee (CR&L)
Current-rippled sandstone, wedge shaped 

geometries

Fluvial Facies Associations
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3.4 Reservoir Characteristics by Facies 

Figure 3.20 shows the relationship of porosity to permeability measurements for potentially productive 

Parkman facies. Porosity and permeability data are from core plug analysis available for the following 

wells (well name, USGS-CRC Core Numbers and well location are listed): Durham-Federal 32-1 (USGS-

CRC #C936), sec. 1-44N R73W; Hummer Federal #1 (USGS-CRC #R711), sec. 5-T41N R70W; Good 1 

(USGS-CRC #B148), sec. 18-T43N R72W; Gilbertz Federal 12-30 (USGS-CRC #A774), sec. 30-45N 

R74W; and the Devon #1 well. Facies shown are the structureless sandstone facies, horizontal–planar 

laminated facies, and the bioturbated mudstone and sandstone facies. Porosity for the three facies range 

from 6-20%, while permeability ranges from 0.001 – 100 md (over five orders of magnitude). The graph 

shows dramatic variations in the permeabilities of potentially productive Parkman facies even when 

porosities are similar.  

To further characterize the rock quality of potentially productive facies in the Parkman r35 contours 

are shown on the graph. R35 is often used to classify and compare the flow potential of sandstones with 

various textures. R35 is based on experiments by Dale Winland and Ed Pittman (Pittman, 1992) that show 

a statistical correlation between optimal fluid flow and pore throat radius (also termed port size) when 

35% of the pore space is saturated by a nonwetting phase during a capillary pressure injection test 

(Hartmann and Beaumont, 1999). R35 values represent the pore-throat radius at approximately 35% water 

saturation (non-wetting phase). The r35 contours on the graph are calculated using Winland’s r35 equation 

for rocks with intergranular and intracrystalline porosity (Hartmann and Beaumont, 1999, p. 9-32). The 

horizontal-planar laminated facies has the widest range of port size from nano to meso. Bioturbated 

sandstones and mudstones have the smallest port size ranging from nano to micro. Implications to oil 

production (flow) and oil charging from the Niobrara for the three facies are discussed further in  

Chapter 5. 
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Figure 3.20 Core porosity - permeability cross plot for potentially productive Parkman facies (structureless 
sandstone, horizontal–planar laminated sandstone, and bioturbated sandstone/mudstone facies).  
Winland’s r35 (port size) calculation for rocks with intergranular and intracrystalline porosity is also 

displayed on the right of the graph. 
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3.5 Core and Outcrop Descriptions 

 

 

Figure 3.21 Location map for core and outcrop descriptions. Cores are labeled #1-6 in proximal to distal 
order. Orange star is location of Parkman outcrop at Teapot Dome. 
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Figure 3.22 Legend for core and outcrop descriptions. 
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Figure 3.23 Core #1. Christensen G1 (USGS-CRC E507), sec. 22-44N R76W. 
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Figure 3.24 Core #2. Conrock Federal 42-14 (USGS-CRC A774), sec. 14-46N R75W. 



 

60 

 

 

Figure 3.25 Core #3. Gilbertz Federal 12-30 (USGS-CRC A774), sec. 30-45N R74W. 
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Figure 3.26 Core #4. Drake 31-29 (USGS-CRC F022), sec. 29-43N R73W. 
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Figure 3.27 Core #5. Durham-Federal 32-1 (USGS-CRC C936), sec. 1-44N R73W. 
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Figure 3.28 Core #6 Hummer Federal #1 (USGS-CRC R711), sec. 5-T41N R70W. 
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Figure 3.29 Parkman measured section OC-1 at Teapot Dome, Natrona County, WY 
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CHAPTER 4:  REGIONAL CORRELATION & MAPPING 

4.1   Introduction 

 This chapter builds on the lithostratigraphic approach of understanding the Parkman Sandstone, 

which was covered in Chapter 3, and transitions to a sequence stratigraphic approach to map and model 

the Parkman Sandstone. Key surfaces from outcrop, core, and well log data, along with sequence 

stratigraphic principles and techniques are used to establish a chronostratigraphic framework for 

subsurface correlations in the Parkman. Sequence stratigraphic techniques and terminology are from Van 

Wagoner et al. (1988), Van Wagoner et al. (1990), and Catuneanu et al. (2009).  

The scientific objective of this thesis is to present the stratigraphic architecture and a depositional 

model for the Parkman Sandstone clastic wedge. The model must address not only the marine and non-

marine sediments observed in outcrop in the Parkman, but also the presence of the overlying Ferguson 

Member of the Parkman Sandstone present in the subsurface. The depositional model will traverse the 

Parkman from outcrop to the subsurface where horizontal drilling is occurring. This model is necessary to 

understand Parkman production and why the Parkman is different from other horizontal plays in the 

Powder River Basin. 

 

4.2 Previous Parkman Mapping and Interpretations 

The Parkman has been studied and tested by drilling in the Powder River Basin for over one hundred 

years and this thesis respectfully tries to build upon the interpretations of many geologists. Early analyses 

of the Parkman from the outcrops of Salt Creek and Teapot Dome oil fields used a lithostratigraphic 

approach and divisions of upper, middle, and lower Parkman differentiating the non-marine Parkman from 

the marine Parkman sediments. Since the 1950s, geologists recognized the Parkman sandstones as a 

regressive sandstone and interpreted productive sandstones as offshore bars.  

Significant interpretations to the understanding of the Parkman and the Ferguson Member of the 

Parkman Sandstone by decade are discussed below. 

1950s…The discovery of oil in the Ferguson Sandstone Member of the Parkman at Dead Horse 

Creek Field in 1957 prompted an emphasis on understanding the stratigraphic relationships in the 

sandstone and mapping the Parkman into the subsurface. Headley (1958) published one of the first maps 

illustrating the distribution and thickness of the Parkman Sandstone in the PRB. Headley’s net sandstone 

thicknesses for the Parkman are used on Figure 2.3 to illustrate the sandstone’s pervasiveness 

throughout the basin, thickening to the SW, and the lateral transition to the east into the Pierre Shale.  

1960s …Purcell’s (1960) thesis correlated bentonites (ie. time- stratigraphic markers) in the Parkman 

and Teapot Sandstones which are used in this thesis to establish the framework for Parkman 

correlations. Purcell was also the first to postulate that upper Parkman sandstones were deposited during 

a minor transgression. 

1970s…D.O. Asquith had two insightful publications in the early 70s which greatly influenced the 

understanding of the Parkman. Asquith (1970) interpreted inclined, time-stratigraphic horizons in multiple 
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Rocky Mountain basins by recognizing electric log resistivity kicks that “resulted from variations in 

bentonite content”. By correlating these resistivity kicks in the Parkman, he illustrated that the Parkman is 

formed by a series of clinoforms that downlap onto a near flat lying resistivity marker used as a datum for 

the stratigraphic cross-section (Figure 4.1). Asquith’s clinoforms are parasequences in today’s sequence 

stratigraphy terminology. The resistivity kicks used by Asquith are not all bentonites (some can be 

though), instead they are flooding surfaces defining parasequences and the flat lying datum is a 

maximum flooding surface. In 1974, Asquith mapped the Parkman Sandstone as part of an east trending, 

regional deltaic system in Wyoming with distinct fluvial, delta plain, marginal marine and marine facies 

(Figure 2.5). Asquith (1974) postulated the Parkman was deposited during a period of maximum 

regression in the late Campanian.  

 

 

Figure 4.1 Asquith (1970) electric log cross section of the Parkman Sandstone from the southwestern 
PRB (through Cole Creek – Big Muddy – South Glenn Rock oil fields). Asquith was the first to interpret 
the inclined clinoforms in the Parkman (modified from Asquith, 1970). Datum is green line. 
 

1990s…Van Wagoner et al. (1990), used a sequence stratigraphic approach to interpret the 

Parkman. Van Wagoner used the Parkman in his type cross-section for a progradational parasequence 

set. Each parasequence within the overall Parkman is a “relatively conformable, genetically related 

succession of beds and bounded by a marine flooding surface” (Figure 2.6). Van Wagoner defined the 

top of the Parkman by a major marine-flooding surface that terminated the underlying stacking pattern. 

2000s…Wheeler (2010) discusses the most recent discovery of a conventional Parkman 

reservoir at Savageton Field and points out that each parasequence in the Parkman has the potential to 

be productive under the right trapping configuration. In his paper, Wheeler also modifies Van Wagoner’s 

cross-section for the Ferguson. Van Wagoner interpreted the Ferguson Sandstone Member of the 

Parkman Sandstone as coastal plain sandstones and mudstones prograding very far out into the basin; 
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however Wheeler looked at core through this interval and determined these were actually marine 

sediments. Wheeler proposed that the Ferguson is a transgressive unit deposited above a ravinement 

surface and sourced by the erosion of the underlying shore face sands. The ravinement surface has 

locally eroded the Parkman sandstones below it. Wheeler (2010), also proposed the disconformity below 

the Ferguson could be due the recurrent movement along the Belle Fourche Arch. 

 

4.3  Stratigraphic Subdivision and Key Correlation Surfaces in the Parkman 

Initial stratigraphic subdivision for the Parkman relied on facies associations, surfaces noted from 

cores/outcrop descriptions, and the previous interpretations of other geologists. Determining which 

surfaces were key correlation surfaces was a very iterative process. Surfaces described at the core scale 

from Chapter 3 and well log signatures were all tested by correlating these surfaces throughout the 

central mapping AOI to determine continuity and stratal termination patterns above or below the surface. 

Whenever possible, key surfaces identified by log signature and stratal terminations were verified by 

available core data.  

Figure 4.2 is a type log for the central mapping area of the Parkman Sandstone and is taken from the 

Savageton Field area. The type log is modeled after Wheeler (2010) and shows both the lithostratigraphic 

interpretation and the key correlation surfaces used for sequence stratigraphic interpretation. The 

Parkman is about 500 feet thick at this location and is composed of sandstones, shaly sandstones, sandy 

shales, and marine mudstones. The conventional pay zone for Savageton Field is in the lower portion of 

the Parkman (FS 1000 Savageton). Two of the four facies associations defined for the Parkman in 

Chapter 3 are present in the central mapping area. The coarsening upward marine shelf to shoreface 

progradational facies association and the reworked transgressive facies association are highlighted on 

the type log. The reworked transgressive facies association is only 10 -15 feet thick on the type log. The 

fluvial and coastal plain facies associations are not present in the central mapping AOI. 
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Figure 4.2 Type log (API # 4900532682) and key surfaces for the Parkman Sandstone in the central 
mapping AOI. GR, Resistivity and Conductivity curves are displayed. FS= flooding surface, ES = 
erosional surface (modeled after Wheeler, 2010). 

 

The Parkman stratigraphic interval contains multiple bentonites (time-stratigraphic surfaces). Four 

key bentonites (base of the Ardmore bentonite series, Kpm, Kfg and Ktp) were correlated initially to define 

the framework for correlations within the Parkman. The Parkman is divided into six major parasequences 

(continuous within the central mapping AOI). Each parasequence is tens of feet thick and bounded by a 

marine flooding surfaces. There are multiple, less continuous, minor flooding surfaces which were 

correlated within each parasequence. Two downlap surfaces and a significant erosional surface 

(unconformity) separating the Parkman and the Ferguson Member of the Parkman Sandstone were also 

correlated. 

 Three cores are emphasized here to illustrate the expression of the erosional surface between 

the Parkman and the Ferguson Member of the Parkman Sandstone in the subsurface using cores and 

well logs. Figure 4.3 shows the location of the cores numbered #1 - #3. Core #1 (Devon #1) is the most 

distal core shown. The erosional surface in Core #1 is expressed by the juxtaposition of bioturbated 

mudstones facies of the Ferguson directly over hummocky cross–laminated sandstones and wavy 

mudstones facies in the Parkman. The juxtaposition of these facies indicates a deepening of the 
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depositional environment from middle shoreface storm event deposits to lower offshore deposits. The 

contact between the two facies is angled and sharp (Figure 4.4). 

Core #2 (Iberlin 23-11) is slightly to the west of the central mapping area. In this example there is a 

three foot lag deposit right above the erosional surface. The lag is separating structureless sandstone 

facies in the Parkman from bioturbated mudstones at the base of the Ferguson. The juxtaposition of 

these facies indicates a deepening of the depositional environment from upper shoreface deposits to 

lower offshore deposits. The lag indicates some modification of the erosional surface by the 

transgression. Walker (1995) has pointed out this type of modification to sequence boundaries in his work 

on the Viking Formation in Canada. Note that the Ferguson is 20 feet thick in this well and is productive 

(Figure 4.5). 

Core #3 (Taylor Federal 21-12) is 2.5 townships north of central study area. This example illustrates a 

classic Glossifungitis ichnofacies at the erosional surface between the Parkman and the Ferguson (Figure 

4.6). The omission suite in this case is Thalassinoides (A. Jaffri, 2017, pers. comm.). Glossifungitis 

surfaces indicate missing time in the rock record when substrate was eroded after burial and the exposed 

surface became sufficiently firm to support colonization and burrowing.  The burrows of the Glossifungitis 

surface are generally not lined and have been passively filled by deposition of the overlying unit. 

Glossifungitis surfaces can by due to a transgressive surface of erosion or a sequence boundary 

(MacEachern et al., 1992).  
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Figure 4.3 Location map for three cores used to illustrate the expression of the erosional surface between 
the Parkman and the Ferguson Member of the Parkman Sandstone in the subsurface. Cores are 
numbered #1 through #3. 
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Figure 4.4 Core #1 (Devon #1) illustrating the expression of the erosional surface between the Parkman 
and the Ferguson in core and on well log. Erosional surface is shown in red. 
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Figure 4.5 Core #2 (Iberlin 23-11, USGS-CRC D086) illustrating the expression of the erosional surface 
between the Parkman and the Ferguson in core and on well log. Erosional surface is shown in red. 
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Figure 4.6 Core #3 (Taylor Federal 21-12, USGS-CRC C672) illustrating the Glossifungitis surface 
between the Parkman and the Ferguson in core and on well log. Erosional surface is shown in red (A. 
Jaffri, 2017, pers. comm.). 
 

4.4 Cross-section Correlations 

Detailed correlations in the Parkman were initially completed in the central area of interest (AOI). In 

the AOI there are 3,252 wells drilled over the last six decades with a variety of log suite vintages. For this 

study, 25 intersecting cross-sections were generated, which tie a total of 1,138 wells. Three key 

depositional strike cross-sections pass through Hartzog Draw, House Creek and Hilight oil fields. 

Depositional dip cross-sections #1, #2, #3 tie the depositional strike cross-sections (Figure 1.6). 

Depositional dip cross-section #1 expands on Van Wagoner’s et al. (1990), type section for 

progradational parasequence sets, and depositional dip cross-section #3 expands on Merewether, et al. 

(1977b). These six cross-sections are in Appendix A. Raster images were mainly used in correlations and 

petrophysical calculations for the Parkman were not a part of this thesis. 

The cross-sections generated in the central area of interest show the detailed correlations for the 

bentonites and both major and minor flooding surfaces. Bentonite markers are dark pink, Parkman 

flooding surfaces are shades of grey, Ferguson flooding surface are shades of green, and Unnamed 

Shale flooding surfaces are shades of orange. Key stacking patterns and stratal terminations for the 

Parkman, Ferguson and Unnamed Shale Member of the Pierre Shale can be interpreted from these 

cross-sections. Stratal terminations nomenclature are from Mitchum and Vail (1977) and are defined 

below and illustrated in Figure 4.7. 
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Onlap – the point where initially horizontal sedimentary strata terminate or condense towards a lower, 

inclined surface.  

Downlap – the point where initially inclined strata terminated or condense against a lower surface. 

Toplap – the point where initially inclined strata terminate against a usually horizontal upper boundary due 

to non-deposition as opposed to erosion. 

Erosional Truncation – the point where inclined or horizontal strata terminate against an upper boundary 

as a result of erosion. 

 

 

Figure 4.7 Stratal terminations that can be observed above or below a stratigraphic surface. Recognition 
of these termination is important to identifying key sequence stratigraphic surfaces (from Mitchum and 
Vail, 1977). 
 

 The Parkman shows a dominantly progradational stacking pattern with successively younger 

parasequences stepping further basinward to the east. The lower (oldest) parasequences in the Parkman 

downlap against a base flooding surface, while the upper parasequences of the Parkman are truncated 

beneath the erosional surface, which is confirmed by core description (Figure 4.4 – 4.6). Parasequences 

and bentonite shales of the Ferguson show a dominant back stepping stacking pattern, onlapping the 

erosional surface that truncates the Parkman (Depositional Dip Cross-sections #1-3 in Appendix). 

Parasequences of the Unnamed Shale return to a progradational stacking pattern with onlap against the 

upper flooding surface of the Ferguson. The stratal terminations in the Parkman, Ferguson, and 

Unnamed Shale define the three key surfaces. The oldest surface is a maximum flooding surface at the 

base of the Parkman marking the time of maximum flooding or transgression onto the shoreline shelf. 

There is an erosional surface separating the Parkman and the Ferguson and a second downlap surface 

at the top of the Ferguson.  

Figure 4.8 is a schematic cross-section based on the detailed correlations in the central mapping area 

and the stratal terminations described above. The cross-section is considerably compressed with a 

vertical exaggeration approximately 180 to 1. The datum for this cross-section is the maximum flooding 

surface at the base of the Parkman. To fully interpret a depositional model for the Parkman the erosional 

surface separating the Parkman and the Ferguson must be investigated further. On the schematic cross-



 

75 

 

section the erosional surface is illustrated by the red unconformity line with truncation below and onlap 

above. Core data shows a deepening of the depositional environment above the erosional surface 

(Figures 4.4 – 4.6), indicating that the erosional surface is co-planer with a flooding surface. 

By definition (Van Wagoner et al., 1988) “onlap of overlying strata onto a marine-flooding surface 

does not occur unless this surface is coincident with a sequence boundary.” The erosional surface 

separating the Parkman and Ferguson is a possible sequence boundary because parasequences and 

bentonite correlations in the Ferguson do onlap the surface. Another recognition criteria for a sequence 

boundary is that it must be a laterally continuous, widespread surface covering at least an entire basin 

and may often occur synchronously in many basins around the world (Van Wagoner et al., 1990). The 

central mapping area was extended west to where the Parkman outcrops at Teapot Dome to understand 

if the erosional surface separating the Parkman and Ferguson can be regionally correlated across the 

basin. 

 

 

Figure 4.8 Schematic cross-section based on the detailed correlations in the central mapping area and 
stratal terminations described in text. The central mapping area was extended to the west where the 
Parkman outcrops at Teapot Dome to understand if the erosional surface separating the Parkman and 
Ferguson can be regionally correlated across the basin. 
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4.5 Incised Valley Cross-section and Map 

To interpret a depositional model for the Parkman, the possible sequence boundary separating 

the Parkman and the Ferguson Member of the Parkman Sandstone must be interpreted not only in the 

subsurface, but also where the Parkman outcrops along the western margin of the basin. This section 

covers correlations and mapping in the Teapot Dome area where the Parkman outcrops and measured 

section OC-1 was completed (Figure 1.6 for location of measured section) and discusses the 

interpretation of an incised at the top of the Parkman outcrop at Teapot Dome (Figure 4.9) that can be 

correlated into the subsurface section of the Parkman. 

 

 

Figure 4.9 Incised valley at the top of the Parkman outcrop at Teapot Dome measured section OC-1. The 
erosional surface at the base of the incised valley is outlined by the thicker red unconformity line. The 
thinner red unconformity line is a channel (CH) cutting into the crevasse splay and levee deposits 
(CR&L). Based on regional mapping the base of the incised valley is a sequence boundary that also 
separates the Parkman and the Ferguson in the subsurface. Red star indicates location of Figure 3.9C.  
 

 The outcrop at Teapot Dome has been described about a dozen times in the last 100 years 

(Wegemann, 1918; Thom and Spieker, 1931; Heydenburg, 1966; Hubert et al., 1972; Curry and Crews, 

1976; Cooper et al., 2001; Nilsen and Milliken, 2003; Coles, 2009; Milliken, 2011; Steidtmann, 2018). 

Figure 4.10 is a photo of the Parkman outcrop from Thom & Spieker‘s 1927 field season. The photo was 

taken in the direction of depositional strike, which provides a depositional dip profile annotated with the 

three facies associations of the Parkman described in outcrop. Refer to Figure 3.28 for the detailed 

measured section of OC-1. The Parkman section at Teapot Dome is approximately 430 feet thick. The 
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lower 191 feet of the section are the coarsening upward marine shelf to shoreface progradational 

association defined by three progradational parasequences. The less resistant coastal plain facies 

association is located in the middle of the section and is about 171 feet thick. Above the coastal plain 

deposits is the fluvial facies association, composed of amalgamated channels with scoured bases and 

lags, lateral accretion deposits, crevasse splay and levee deposits. Total thickness of the amalgamated 

channels is around 100 feet. Individual channels are10 to 60 feet. 

Early descriptions of the sandstones at the top of the Parkman in the Teapot Dome area simply 

referred to them as a capping, massive, yellow, sandstone up to 110 feet thick with preserved dinosaur 

bones and a fossilized skin plate of a large crocodile (Wegemann, 1918 and Thom and Spieker, 1931). 

Other interpretations concluded the channels were coeval flood plain channel sandstones similar to the 

sandstones in the coastal plain deposits (Heydenburg, 1966), or marine sandstones deposited during the 

destructive phase of the Parkman delta (Hubert et al., 1972). The most recent descriptions and 

interpretations of this outcrop completed after the introduction of the sequence stratigraphic model did not 

include the fluvial sandstones at the top of the Parkman and only described the progradational 

parasequences at the base and about 20 – 30 feet into the coastal plain deposits (Cooper et al., 2001; 

Nilsen & Milliken, 2003; Milliken and Coles, 2009; Milliken, 2011, Steidtmann, 2018). 

 

 

Figure 4.10 Parkman outcrop at Teapot Dome. Photo from Thom and Spieker (1931). Interpreted facies 
associations for the Parkman are shown. Note Model T truck for scale in the center left. 
 

 The fluvial sandstones can be correlated along both sides of the anticline and into the subsurface. 

Curry and Crews (1976) give an example of the correlation to the subsurface using the electric log from 
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the Frontier Refining Corp. Kings Draw No. 1 well in nesw sect 12, T39N, R 78W, Natrona County, WY 

(API# 4902506820). Figure 4.11 is the map view of the incised valley deposits. The map covers an area 

from the outcrop to the southwest corner of the study area with the basin axis in between. The incised 

valley deposits are approximately 5-6 miles wide and can be correlated to cross- section A-A’ shown on 

the map. Just to the east of cross-section A-A’, the incised valley begins eroding into shore face deposits 

and correlations become difficult due to sand on sand contacts. 

 

 

Figure 4.11 Map view of incised valley at Teapot Dome. Outline of incised valley is dark pink. The incised 
valley deposits are approximately 5-6 miles wide and can be correlated to cross section A-A’. Cross 
section B-B’ is the location of Curry and Crew’s 1976 correlation of outcrop deposits into the subsurface. 
County lines are dashed red lines. 

 

Cross section A – A’ (Figure 4.12) illustrates the incised valley cutting into the coastal plain 

sediments which are shaded green on the cross-section. The incised valley sandstones have a sharp 

base log signature. Marine shales overlie the incised valley in the subsurface. The maximum thickness for 

the incised valley channel fill on the cross-section is about 60 feet. Another item to point out on this cross-

section is how the log signature is changing along strike. In the well furthest to the south, there is a 

transition from the coastal/delta plain and incised valley fill deposits to a prograding sequence that is 

interpreted as marine sandstones. The cross-section illustrates how wave-dominated delta deposits 

grade into shoreface deposits along depositional strike. 
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Figure 4.12 Incised valley cross-section A-A’. Coastal plain deposits are green, fluvial sandstones are 
orange, marine shoreface deposits are yellow. 

 

4.6 Depositional Model of the Parkman Sandstone & Ferguson Member of the Parkman Sandstone 

The depositional model for the Parkman Sandstone and the Ferguson Member of the Parkman 

Sandstone is based on abundant well control, sequence stratigraphy concepts, oil and gas production, 

good outcrops, core data, bentonite marker beds, and principles based on modern sedimentation  

(Figure 4-13). 

Four facies associations define the sediments of the Parkman and Ferguson. In the subsurface the 

Parkman sandstone is primarily composed of upward coarsening/upward shallowing marine sandstone 

and shale parasequences. The parasequence set has an overall progradational stacking pattern. Coeval 

with the marine sandstone parasequences are coastal plain sediments that also prograde into the basin. 

The coastal plain facies association is composed of carbonaceous shales, coals, siltstones, mudstones 

with isolated single-story fluvial channels. Figure 4.14 illustrates how far the coastal plain deposits extend 

into the basin. The Ferguson Member of the Parkman sandstone is defined by the reworked 

transgressive facies association. This facies association is defined by upward coarsening/upward 

shallowing marine sandstone and shale parasequences with multiple bentonites throughout this facies 

association. The parasequence set has a retrogradational stacking pattern with an erosional lag often 

observed at the base of the parasequence set.  

Separating the Parkman from the Ferguson is a type 1 sequence boundary. In the subsurface the 

sequence boundary is defined by the erosional truncation of Parkman parasequences below the 

boundary. Above the sequence boundary there is onlap of retrogradational parasequences of the 
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Ferguson. From core data, a glossifungites inchnofacies has been recognize at the boundary. In outcrop 

(landward) the sequence boundary defines the base of an incised valley with a significate ironstone lag 

deposits containing dinosaur bones and a fossilized skin plate of a large crocodile. Filling the incised 

valley are amalgamated channels with associated crevasse splay and levee deposits which further define 

the fluvial facies association. Along the western margin of the PRB, the sequence boundary can also be 

defined by the juxtaposition of marine shales over the coastal plain deposits. Further to the east in the 

subsurface the sequence boundary is defined by an erosional surface that has been modified by 

transgression. In the eastern most areas of the study area the sequence boundary becomes conformable. 

 

 

Figure 4.13 Integrated depositional model for the Parkman Sandstone. Refer to Figure 1.5 for location of 
schematic cross-section.  
 

Other aspects of the model to note: 

1. The Parkman is shoreline attached. 

2. Flooding surfaces are flatter and aggradational in the lower (pro-delta) portion of the Parkman 

and progradational in the upper rocks of the Parkman (annotated on Figure 5.3). 

3. Flooding surfaces dip seaward parallel to the previous flooding surface. 

4. Flooding surfaces eventually flatten and dip very gently seaward in the offshore. 

5. Parasequences become amalgamated to the west. 
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6. Traditional lowstand system tract deposits in deeper marine settings, such as slope or basin floor 

fans 1.) could lie further to the east of the study area, 2.) were never deposited in the ramp style 

margin of the WIS or, 3.) deposits were eroded and reworked by transgression after sea level fall. 

 

 

Figure 4.14 Maximum progradation of non-marine coastal plain facies association into the basin. 
Progradation of the coastal plain facies does reach the southwest corner of study area.  
 

A modern-day example for the Parkman Sandstone is the Paraiba Do Sul River Delta in Brazil, 

which is a wave-dominated delta (Figure 4.15). Figure 4.15 is annotated to illustrate both the deltaic 

deposits and the shoreface deposits. The delta front of a wave dominated delta is very similar to the 

shoreface deposits of a strandplain. The two depositional settings co-exist and grade into one another 

along depositional strike (concept from MacEachern, 2017). The Parkman coarsening upward facies 

association described and modeled in the central mapping area are analogous to the shoreface deposits 

of the Paraiba Do Sul River Delta in Brazil. Delta front deposits coeval with Parkman the shoreface 

deposits mapped in the central study area likely present in the basin. One possible location of these delta 

front deposits may be to the south of the central mapping area near Scott Field. Wheeler (2010) 

informally named this area the Douglass Delta.  
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Figure 4.15 Map view of modern-day example of the Parkman depositional model (modified from 
Bhattacharya, 2010). 

 

4.7 Parkman Sandstone and Ferguson Member of the Parkman Sandstone Isochore Maps 

A sequence is a relatively conformable succession of genetically related strata bounded by 

unconformities or their correlative conformities (Mitchum, 1977). Parasequences and parasequences sets 

are the stratal building blocks of the sequence (Van Wagoner et al., 1990). Parasequence sets that define 

the Parkman and the Ferguson are associated with two separate sequences.  

The base of the Parkman is a maximum flooding surface that marks a time of maximum transgression 

of base-level over the shelf. The surface is distinguished by downlap onto the surface by the oldest 

Parkman parasequences. This is the same surface Asquith used in his 1970 publication. In the central 

mapping area, the top of the Parkman is a sequence boundary defined by an abrupt increase in water 

depth which superimposed mudstones and bioturbated sandy mudstones on top of shallow marine 

sandstones and shales. Basinward, the surface becomes conformable and more difficult to distinguish on 

well logs. Figure 4.16 is the isochore thickness map of the Parkman prograding wedge in the AOI. The 

Parkman progrades into the basin from the southwest. Thickness of the prograding wedge ranges from 

575–325 feet. 

The base of the Ferguson is the sequence boundary that separates the Parkman from the Ferguson. 

Parasequences of the Ferguson onlap the sequence boundary. The top of the Ferguson is a maximum 

flooding surface that marks the time of maximum transgression of base-level over the Ferguson shelf. 

The surface is distinguished by downlap onto the surface by the oldest parasequences of the Unnamed 
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Shale. Figure 4.17 is the isochore thickness map of the Ferguson wedge in the AOI. The thickness of the 

backstepping wedge ranges from 0–200 feet. There is a localized thick in the Ferguson in the 

northwestern portion of the study area that correlates to production of the Ferguson at Iberline and 

Empire fields. The Ferguson on laps the sequence boundary in the southwestern portion of the study 

area.  

 

 

Figure 4.16 Isochore thickness map of the Parkman prograding wedge in the AOI, CI=50 feet. 
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Figure 4.17 Isochore Thickness Map of Ferguson backstepping wedge in the AOI. CI=50 feet. 

 

4.8 Parkman Depositional Model within the Context of Base Level Change 

In 2009, a group of stratigraphers agreed on an updated sequence stratigraphic approach which 

emphasizes key surfaces and parasequence stacking patterns (Catuneanu et al., 2009). These key 

surfaces and stacking patterns occur in a predicable distribution based on four key events which occur 

during a base level fall and rise. These events and their associated surfaces and stacking patterns are 

illustrated on figure 4.18 and can be used to describe the deposition of the Parkman Sandstone and the 

Ferguson Member of the Parkman Sandstone. 

 Event #1 - Forced Regression. Forced regression occurs when progradation is driven by base-

level fall. During event #1 the coastline is forced to regress, irrespective of sediment supply. 

Parasequence stacking patterns can include continued progradation with downstepping or the 

truncation of underlying surfaces. Key surfaces formed during the forced regression is the sequence 

boundary and the regressive surface of marine erosion. 

 Event #2 – Lowstand Normal Regression. Lowstand normal regression marks the end of the 

forced regression and base-level fall at the shoreline and the onset of base-level rise. The parasequence 

stacking patterns display a combination of progradational and aggredational. 

Event #3 – Transgression. Transgression is driven by base-level rise. The rate of base-level rise 

outpaces the sedimentation rates at the coastline. The parasequence stacking pattern is 

retrogradational.  



 

85 

 

Event #4 – Highstand Normal Regression. Highstand normal regression occurs when sediment 

rates outpace the rates of base-level rise at the coastline. The stacking pattern is progradational. The 

beginning of event 4 marks the formation of the maximum flooding surface (MFS). 

 

Figure 4.18 Deposition of the Parkman and Ferguson facies associations within the context of base level 
rise and fall. The four key events which occur during base level rise and fall (discussed in text) are 
labeled 1-4. Yellow box with green outline = coastal plain and shoreface facies association, orange box = 
fluvial facies association, blue box = reworked transgressive facies association. (Modified from 
(Catuneanu et al., 2009).   
 

The Parkman and the Ferguson Member of the Parkman Sandstone represent one full cycle of 

base level rise and fall. The cycle begins at the formation of the MFS at the start of Parkman deposition 

and ends at the formation of the MFS at the conclusion of Ferguson deposition. Facies associations for 

the Parkman and Ferguson are shown on Figure 4.18 in relationship to the key events in base level rise 

and fall. Prograding parasequences and coeval coastal plain deposits of the Parkman formed during the 

high-accommodation normal regression. These prograding parasequences were subsequently truncated 

during a forced regression and formation of a sequence boundary, the forced regression also created an 

incised valley landward. Fluvial deposits of the Parkman, described in outcrop along the western margin 

of the basin, filled the incised valley as base level begins to rise during the low-accommodation normal 

regression stage. Retrogradational parasequences (Ferguson Sandstone Member of the Parkman) were 

deposited as base level continued to rise. These retrogradational parasequences onlap the sequence 

boundary between the Parkman and Ferguson Member.  
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4.9 Eustatic Controls on the Parkman Sandstone 

Fossil assemblage studies by Cobban (1958) and Gill and Cobban (1966) were the first to 

demonstrate a Campanian age for the Parkman Sandstone and its lateral equivalent, the Red Bird Silt. 

Subsequent work by Merewether (1996) and Lynds and Slattery (2017) refine the chronostratigraphy for 

the Parkman based on paleontological data and absolute ages from bentonite beds in the Powder River 

Basin.  Both studies indicate a Middle Campanian age for the Parkman and determine that North America 

Ammonite Zones Baculites perplexus to Baculites scotti constrain the deposition from approximately 78.5 

- 76.6 ±0.51 Ma.  

In the WIS, five transgressive-regressive (T-R) depositional cycles have long been recognized in 

the Upper Cretaceous (Weimer, 1960; McGookey et al., 1972; and Kauffman and Caldwell, 1993). The T-

R cycles in ascending order are: the Kiowa-Skull Creek, Greenhorn, Niobrara, Claggett, and Bearpaw. 

Based on these T-R cycles, Weimer (1983) published a sea-level curve for the Western Interior Seaway 

and compared it to Hancock’s 1975 sea-level curve for northern Europe (Figure 4.19). Parkman 

deposition occurred during the Claggett cycle. The Claggett was a stage of relatively high and stable sea 

levels that lasted approximately 4 m.y. during the middle to late Campanian. High and stable sea levels 

do correspond with the overall progradation interpretation that dominates the Parkman.  

Recent sea level curves of Haq (2014) present global second and third order sea-level curves for 

the entire Cretaceous (Figure 4.20). To further support the interpretation of a sequence boundary due to a 

base level fall separating the Parkman and the Ferguson Member of the Parkman Sandstone, Haq’s 

global sea level curves are integrated into this study. According to Haq’s long-term sea-level envelope, 

average sea levels throughout the Cretaceous were higher than present day mean sea levels by 246 – 

820 feet. The depositional interval for the Parkman (Baculites perplexus to Baculites scotti) is highlighted 

on Figure 4.20. Haq, 2014, does document a potential eustatic, third order, sea-level fall in western 

Europe at Kca5 (76.6 Ma) which may coincide with the end of Parkman deposition.  
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Figure 4.19 Sea-level curves for the Western Interior Seaway and North Europe (modified from Weimer, 
1983). Time of Parkman deposition in blue. 
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Figure 4.20 Late Cretaceous eustatic sea-level curves from Haq (2014). The depositional interval for the 
Parkman (Baculites perplexus to Baculites scotti) is highlighted blue.  
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CHAPTER 5:  PARKMAN PRODUCTION  

5.1   Introduction 

What constrains the economic distribution of oil and gas within the Parkman Sandstone? For 

clastic reservoirs, such as the Parkman, possible geologic constraints on economic production can be 

related to stratigraphy (depositional model), facies (i.e. rock quality), structure, or diagenetic factors. 

Interpretation of the stratigraphic and facies constraints on hydrocarbon production in the Parkman has 

been the focus of this research.  

The goal of this chapter is to demonstrate how the Parkman depositional model influences 

production (both vertical and horizontal) of the reservoir, and which facies are productive within the 

research area. The Parkman and the Ferguson member of the Parkman Sandstone produce from 

multiple parasequences and facies. Structure is always a primary, background component to Parkman oil 

production, since most Parkman fields are stratigraphic pinch-out traps along the updip margin of the 

basin.  

 

5.2   Vertical and Horizontal Parkman Production 

In 1957, production was first established from the Ferguson Member of the Parkman Sandstone 

with the discovery of Dead Horse Creek Field4. Dead Horse Creek is the northern most field in a long, 

narrow, fairway  (100 miles long and 25 miles wide) of Parkman Sandstone production that trends from 

the northwest to southeast (Figure 1.3). Most of these fields were discovered in the 1970s and are 

regarded as conventional reservoirs with associated down-dip water, suitable for development using 

vertical wells. Hydrocarbons are trapped in up-dip stratigraphic reservoir facies pinch-outs. Average 

reservoir thickness in conventional Parkman fields is usually 9-20 feet, porosity averages 8-21%, and 

permeability ranges from 3-11md. The conventional Parkman fields produce either from a water or 

moderate solution gas drive. (Carlton, 1981; Gomez, 1981; Newcomer, 1981; Smithwick, 1981; Campen 

and Campen, 2000; Johnson, 2000; Wheeler, 2010).Total EUR for these conventional Parkman fields is 

47.5 MMBO and 41.5 BCFG (Wheeler, 2010).  

Understanding and avoiding water production has always been a concern with the Parkman. The 

discovery of oil at Dead Horse Creek Field used the “split the difference exploration” method. “Splitting 

the distance between well control of tight sands with good oil shows and good sands with water led to the 

discovery of the Dead Horse Creek Field…” (Headley, 1958). As fracture stimulation treatments have 

increased in size in the decades since the discovery of Dead Horse Creek Field, the need to avoid 

fracturing into unwanted water has led to some distinctive drilling and completion methods in the 

Parkman. In the 1980s, Diamond Shamrock deployed an unusual no-fluid shaped-charge formation 

stimulation technology in vertical development wells in the Empire and Iberlin Fields (Ferguson) after 

                                                           
4 $3.06/bbl = Price of oil at the time of the Dead horse Creek discovery (Lawton, 1958). 
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initial hydraulic fracture stimulations had broken into water from the underlying Parkman leading to 

negative consequences for well performance and economics (Smith and Schmid, 1984). 

Avoiding water production also played a role in the most recent economic discovery of 

conventional Parkman reserves at Savageton Field. Horizontal production in Savageton Field was an 

early predecessor for the current PRB horizontal play, stretching the limits of conventional production. 

Hydraulic fracturing of the vertical discovery well in 2002 at Savageton resulted in communication with 

water bearing sandstones of the upper Parkman and produced water/oil ratios of four to one (Wheeler, 

2010). To eliminate the need to hydraulically fracture Savageton wells, and to prevent communication 

with the wet sandstones above the oil reservoir, the field was horizontally drilled. Horizontal drilling 

allowed maximum connection of this thinner reservoir to the well bore. Savageton Field is now fully 

developed with 51 horizontal wells that were never hydraulically fractured. It is the second largest 

producing field in the Parkman conventional fairway, with Scott Field being the largest. Savageton Field 

was unitized in 2008 for secondary water-flood recovery.  

The newest phase of drilling in the Parkman Sandstone is horizontal drilling with stimulation. 

Horizontal drilling is targeting the thin, distal middle to lower shoreface facies of the Parkman 

parasequences where hydrocarbons are trapped in updip, stratigraphic pinch-out traps. The thicker upper 

shoreface facies are not in a structural trapping position in these areas. Horizontal targets are completed 

using multi-stage fracture stimulation to increase production from lower quality rock. Since 2008 there 

have been 321 horizontal Parkman Sandstone wells drilled in the PRB. Figure 1.3 shows the location of 

the horizontal Parkman wells with respect to conventional Parkman producing fields. Horizontal wells are 

color coded by operator. Horizontal drilling has occurred along the updip margins of the conventional 

Parkman fields. Key Horizontal Parkman Play statics are listed in Table 5.1. 

Not all Parkman horizontal wells produce oil, as water, yet again can be an issue. In 2014, 

Anschutz Oil Company drilled a Parkman Sandstone horizontal well (Maggie State 4673-21-16PH, API# 

4900562500) in the north-central portion of the play. This well was drilled to a TVD of 6,847 feet and had 

a lateral length of 4,081 feet. After being hydraulically fractured with 20 stages, 3,230,110 lbs. of proppant 

and 52,084 bbls of total fluid, the well began producing in February of 2015. In two months, the 

cumulative production for the well was 190 MCFG and 39,478 BW; no oil production was reported. The 

well was subsequently plugged and abandoned in July 2015 (WOGCC, 2016). This well is an example of 

how a modern horizontal well with extensive stimulation can fail to produce commercial oil if drilled into 

facies that lack favorable reservoir characteristics or petroleum charge. This concept will be discussed 

further in the MICP section Poor oil production, often dominated by high water cut, is lowering the 

economic expectation of the Parkman Sandstone in some areas of the basin.  
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5.3 Conventional and Horizontal Parkman Production Tied to Depositional Model and Facies  

Correlation, mapping, and core description indicates that production in the Parkman is from 

multiple parasequences and facies. An example of integrating mapping and core descriptions to field 

production is described for the K-Bar Field and horizontal production occurring just to the east of K-Bar. 

Figure 5.1A is a cross-section correlating the two areas of production. At K-Bar Field, production is from 

parasequence PS1110 and from the truncated parasequence PS1125, which thickens to the east. Photos 

from USGS-CRC #F022 (Figure 5.1B) which cored the upper section of PS1110 tie the structureless 

sandstone facies to production at K-Bar Field. This facies is noted as being oil stained in the core 

description for USGS-CRC #F022 (Figure 3.25). Production from K-Bar is also from horizontal-planar 

laminated facies associated with wavy mudstones (note perforations on the cross-section from wells 

4900537518 and 4900531824). Correlating these perforations east to core C178, which has a photo 

illustrating the horizontal-planar laminated facies associated with wavy mudstones (Figure 5.1C). The 

sequence boundary separating the Parkman from the Ferguson was also cored in C178, illustrating again 

the juxtaposition of bioturbated mudstones and marine shales over middle shoreface storm event 

deposits. 

Table 5. 1 Key Horizontal Parkman Play Statistics  

Wells Drilled & Completed      321 wells 

Current Well Status^… 

Producing Oil 

 

306 wells      

Injection     8 wells 

DUC     1 well 

Shut-in     2 wells 

Temp Aband. or J&A     3 wells 

P&A     1 well 

Daily Production^                  24,907 BOPD               25,548 MCFGPD          20,964 BWPD         

Cumulative Production^ 42,523,600 BO             35,579,400 MCFG        37,409,500 BW           

Lateral Length (min, max)* 1,728/9,899  feet 

Horizontal Azimuth 355-5° or 80° 

IPmax 2,333 BOPD 

IPmedian 583 BOPD 

Effective Decline Rate* 80%/year 

Terminal Decline Rate* 11%/year 

WOR (avg. per well)+ 1.73 

GOR (avg. per well)+ 800 scf/bbl 

API Oil+ 42.11 

 ^as of April 2019                        +(WOGCC)                             *(Ruhle & Orth, 2015)       
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Figure 5.1 Correlations and core photos at K-Bar Field and horizontal drilling to the east in T43N R72W. 
A. West to east cross-section from K-Bar Field to Devon’s horizontal drilling in T43N R72W. Datum of the 
cross-section is the maximum flooding surface at the base of the Parkman. FS= marine flooding surface, 
SB = sequence boundary. B. Core photo for USGS-CRC #F022, C. Core photo from USGS-CRC #C178. 
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Extending the correlations at K-Bar Field to the east where Devon has been actively drilling 

horizontal Parkman wells ties in recent horizontal production to more conventional Parkman fields. Ingle 

et al. (2017) discusses Devon’s field assessment and development practices and shows the targeted 

sandstones of the Parkman. Those sandstones are highlighted on well 4900530866. Horizontal 

production from T43W R72W is from horizontal-planar laminated facies associated with wavy mudstones 

in the truncated PS1125 and upper sands of PS1110 which have now laterally transitioned to the 

horizontal-planar laminated facies associated with wavy mudstones. This correlation is based on well log 

characteristics. 

Other fields in the study area can be correlated in a similar fashion and reservoir characteristics for 

those field are summarized in Table 5.2. Figure 5.2 is the porosity and permeability cross-plot for the 

producing Parkman facies using available core data presented in Chapter 3. The range of porosities for 

these facies is narrow, however permeabilities range over five orders of magnitude. The porosity and 

permeability data from Table 5.2 for several oil productive Parkman fields in the study area are 

highlighted. Implications are that facies with higher permeabilities were the target of conventional 

Parkman production from the1960s through the 1980s (Dead Horse Creek and Barber Creek West 

fields). As the application of horizontal drilling and large volume, multi-stage hydraulic fracturing has 

expanded in the past decade, tighter facies of the Parkman are now the production targets (Savageton 

Field and Devon horizontal drilling). These technologies are now being applied to rocks with micro pore 

size reservoir characteristics that have historically been uneconomic in the Powder River Basin. Higher 

perm facies are also much more likely to be charged with oil, as will be discussed in section 5.5. The 

Parkman depositional model is annotated to show how key fields within the study area are productive 

from different parasequences (Figure 5.3). 

 

 

Table 5.2 Reservoir Characteristics for Parkman Fields in Study Area 

 

 

 

Field Producing Parasequence Producing Facies Porosity  (%) Permeablity (mD) Reference

K-Bar PS1125 & PS1110 Stuctureless Sandstone

H-planar laminated ss.

Devon PS1125 & PS1110 H-planar laminated ss. 9.9 0.11 Ingle. 2017

Savageton PS1000 H-planar laminated ss. 13 5.8 Wheeler, 2010

Dead Horse Creek Kfg - B Stuctureless Sandstone 16 11 Johnson, 1981

Barber Creek West Kfg - B Stuctureless Sandstone 15 24 Newcomer, 1981
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Figure 5.2 Core porosity - permeability cross plot for potentially productive Parkman facies (structureless 
sandstone, horizontal–planar laminated sandstone, and bioturbated sandstone/mudstone facies). 
Winland’s r35 (port size) calculation for rocks with intergranular and intracrystalline porosity is also 
displayed on the right of the graph. Porosity and permeability data for several oil productive Parkman 
fields are shown by: green box = Devon horizontal production in T43W R72W (Ingle, 2017), red box = 
Savageton Field (Wheeler, 2010), blue box = Dead Horse Creek (Johnson, 2000), orange box = Barber 
Creek West (Newcomer, 1981). 
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Figure 5.3 Depositional model of the Parkman illustrating the location of conventional (Dead Horse Creek, 
Savageton, and K-Bar fields) and horizontal production from different parasequences within the study 
area 

 

5.4 How is the Parkman Different from Other Horizontal Plays in the PRB?   

The horizontal Parkman play is a conventional reservoir with a tight oil component (Bottjer, 2017). 

Permeabilities of horizontally targeted facies can be low (<0.01 md), but permeabilities can also reach 10 

md. The Parkman is not a prolific and widespread tight oil play like the Frontier and Turner sandstones, or 

a continuous source rock shale play like the Niobrara or Mowry formations. In these types of plays, 

hydrocarbon saturated reservoirs/facies are present over broad areas of the Powder River Basin. 

Production from the Parkman is more localized, with sweet spots that can be extremely economic.  

There is both physical and quantitative evidence to support the conclusion that the Parkman does 

not produce from broadly distributed, low permeability rocks. Figures 5.4 and 5.5 comparing the Turner 

Sandstone to the Parkman Sandstone illustrates the physical evidence to support the conclusion that the 

Parkman is not a pervasively charged tight oil play. In the Turner, both the very fine to fine-grained 

sandstone and the bioturbated shaly sandstone facies fluoresce and are charged with hydrocarbons 

(Heger, 2016). In contrast, the Parkman example from a well within the study area indicates hydrocarbon 

charging is specific to individual facies. The very fine- to fine-grained sandstones of the horizontal–planar 

laminated sandstone are charged, but the bioturbated sandstone facies of the Parkman is not. The 
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importance of buoyancy and capillary pressure in charging these facies will be discussed in the next 

section. Areas of calcite cement in the horizontal-planar laminated sandstone facies can also limit 

hydrocarbon charging in the Parkman. 

Often the best reservoirs in the upper Turner Sandstone are the bioturbated sandstone facies 

(Heger, 2016). Primary porosity has been preserved in the facies “due to early cementation by grain 

coating clays” (Heger, 2016). Core porosity and permeability for the bioturbated sandstone facies in the 

Turner range from 8-12% and 0.01 – 0.15 md respectively, these values are very similar to porosity and 

permeability of the same facies in the Parkman (Figure 5.2). If the bioturbated sandstone and mudstone 

facies of the Parkman Sandstone are not charged by hydrocarbons and still contain original formation 

water, horizontal completions in this facies may result in high volumes of produced water. 
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Figure 5.4 Ultraviolet and plain light photographs from the Turner Sandstone. Upper photos = very fine- to 
fine grained ss, lower photos = bioturbated shaly ss. Both reservoirs fluoresce and contain hydrocarbons 
(modified from Heger, 2016) 
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Figure 5.5 Ultraviolet and plain light photographs from the Parkman Sandstone with similar facies as the 
Turner core in Figure 5.4. Bioturbated muddy sandstone facies are not charged with hydrocarbons (green 
ovals). Dark pink squares show area of calcite cement in horizontal-planar laminated sandstone facies 
also not charged with hydrocarbons. Core from Devon #1 well.  

 

 One explanation for the Parkman not performing as other prolific and widespread tight oil plays in 

the Powder River Basin may be due to overpressuring. Below a present-day depth of ~8,000 ± 2,000 

feet, shales of the Cretaceous are typically overpressured. Hydrocarbon generation from the Niobrara 

and Mowry has caused overpressuring in the Niobrara Petroleum System. Figure 5.6 illustrates the 

overpressuring compartment from Surdam’s 1994 work. Surdam et al. (1994) indicates that shales in this 

overpressured compartment are hydrocarbon saturated. Water has been driven out of the shales by 

hydrocarbon generating expulsion forces, while shales both above and below the overpressured 

compartment are not hydrocarbon saturated. The overpressured compartment is a basinwide feature 

where capillary forces dominated relative permeabilities. The sandstone reservoirs within the Niobrara 

Petroleum System are subdivided into isolated pressure compartments due to internal stratigraphic facies 

changes. Overpressuring is greatest in the deepest sandstones of the Niobrara Petroleum System and 

generally decreases in the shallower sandstones (Surdam et al., 1994). 

The top of the overpressuring cell is nearly horizontal at the basin center and moves slightly 

subparallel to stratigraphy along the eastern margin. Towards the basin margin the overpressured section 
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is more wedge shaped (Surdam et al., 1994). The Parkman lies just above the top of this overpressure 

cell. The Parkman could possibly be overpressured near the basin axis, but is not overpressured where 

vertical and horizontal production is occurring. Not all facies of the Parkman are hydrocarbon saturated. 

Therefore, buoyancy analysis and porosity and permeability relationships discussed in the next section 

are crucial for understanding prospective facies for hydrocarbon storage. 

 

 

Figure 5.6 Niobrara Petroleum System schematic cross-section illustrating overpressuring cell below the 
Parkman Sandstone, from Surdam et al. (1994). Basin axis and approximated extent of conventional and 
horizontal Parkman production highlighted at the top of the cross-section. 

 

5.5 Buoyancy Pressure & Migration of Hydrocarbons within Facies of the Parkman 

Buoyancy is upward pressure created by the difference in density of two fluids. It is a function of 

both the density difference and the column heights of the fluids. In the subsurface, oil may charge a 

porous water-saturated reservoir rock if available buoyancy can force the oil into pore spaces through the 

rock’s pore throat restrictions (size and geometry of pore throats). Pore water must be expulsed and the 

capillary forces holding it in place will be highest in the smallest pore throats. Thus, tighter reservoir rock 

(ie. smaller pore throats) requires greater buoyant force for charging with oil to occur. Ultimately charging 

of a rock by oil depends on both available buoyancy and a rock’s ability to accept entry of oil. 

The mercury injection capillary test (MICP) assesses the pore geometry of the prospective 

reservoir. In the laboratory, mercury is injected into a core plug of measured porosity and permeability. As 

greater volumes of mercury are injected, increasing pressure is needed to force the mercury into smaller 
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and smaller pores. The capillary pressure curve is often converted to a distribution profile of pore throat 

sizes used to characterize the rock (page 9-24 of Hartmann and Beaumont, 1999 for conversion 

equation). To characterize a potential reservoir rock the r35  port size (pore throat size) is commonly used. 

R35 is based on experiments by Winland and Pittman (Pittman, 1992) that show a statistical correlation 

between optimal flow and pore throat radius when 35% of the pore space is saturated by a nonwetting 

phase during a capillary pressure injection test (Hartmann and Beaumont, 1999). 

Results of an MICP test of a Parkman core plug from the Hummer Federal #1 well in sec 5 – 

T41N – R70W are shown by Figure 5.7. R35 for this sample is in the nano port size category, mercury 

injection pressure at  r35 = 6100 psi. Initial penetration of mercury into the largest pore throats for this 

sample occurs in the meso port size category, mercury injection pressure at initial penetration of sample = 

525 psi. The buoyancy model of Hartman and Beaumont (1999) provides a quick method to use the 

effective capillary pressure needed to achieve 35% saturation (r35) of the core plug by mercury and 

measure from the MICP graph an approximate oil column height needed in the subsurface for oil to 

charge the sample. The buoyancy model of Hartman and Beaumont (1999) predicts that 4,270 feet of oil 

column would be needed for oil to enter 35% of the pore space in this core plug (red lines). Some oil 

would initially penetrate the sample’s most permeable pores at much lower hydrocarbon column height of 

around 368 feet (blue lines). The r35 saturation represents the point where subsequent modest increases 

in injection pressure are sufficient to cause substantial increases in the saturation of injection fluid 

(mercury in the MICP test, oil in the field).  
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Figure 5.7 MICP test results and buoyancy model calculation for a Parkman core plug for the Hummer 
Federal #1 sec 5 – T41N – R70W. The buoyancy model of Hartman and Beaumont (1999) predicts that 
4,270 feet of oil column would be needed to charge 35% of this core plug with oil (red lines). However, 
some oil would initially penetrate the sample’s most permeable pores at much lower hydrocarbon column 
height of around 368 feet (blue lines). 
 

A number of Parkman cores have been assessed using MICP tests. A set of available MICP test 

results is summarized in Table 5.3. The MICP test annotated in Figure 5.7 is from a core plug taken from 

the bioturbated sandstone/mudstone facies. Porosity-permeability cross plots comparing the bioturbated 

sandstone/mudstone facies to other facies of the Parkman presented in Chapter 3 indicate this facies has 

poor reservoir flow qualities with porosities ranging between 8 – 15%, and a pore throat radius in the 

nano – micro size range. MICP test summarized in Table 5.3 show the high injection pressures and oil 

column heights (buoyancy) needed to charge this facies with hydrocarbons. 
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Table 5.3 Summary of MICP Test Available for the Parkman 

 

Figure 5.8 shows the results of MICP tests of three Parkman core plugs taken from the Durham-

Federal 32-1 well. Core plugs 1-7MICP and 1-37MICP are from the horizontal planar-laminated facies 

and core plug 1-59MICP is from the bioturbated sandstone facies. R35 injection pressure for core plugs I-

7MICP and I-37MICP (from the horizontal planar-laminated facies) are an order of magnitude lower than 

that of core plug I-59MICP taken from the bioturbated sandstone facies. At this well location buoyancy will 

be approximately the same for all samples, however the more permeable horizontal planar-laminated 

facies is much more likely to be charged with oil. 

The Parkman does not have the advantage of being overpressured like other horizontal plays 

occurring in the Powder River Basin. The overpressured compartment described by Surdam et al., (1994) 

does not include the Parkman. Charging of the Parkman reservoirs relies on buoyancy forces from 

hydrocarbons sourced in the Niobrara and the permeability characteristics of individual Parkman facies.  

For individual Parkman facies, MICP test illustrate that high-quality rocks (horizontal-planar laminated 

sandstones) can easily be charged with hydrocarbons. However, tighter rocks (bioturbated sandstones 

and mudstones) are not as likely to be charged. Bioturbated sandstones and mudstones are not as likely 

to be fully charged. Bioturbated sandstones and mudstones would remain partially or fully saturated with 

formation water, and capable of potentially problematic water production if connected for production by a 

horizontal well and/or a hydraulic fracture stimulation.  

 

Well Depth (ft) Facies Φ ( %) K(md)

Initial Penetration 

Pressure into Largest 

Pore Throats (psi)

Initial 

Penetration Pore 

Throat Size

R35 

Pressure 

(psi)

R35 Pore 

Throat 

Size

R35 Oil 

Column to 

Charge (ft)

Durham-Federal 32-1 (1-7MICP) 7,124.60 Horizontal-Planar Laminated 13.3 3.6398 15 macro 91 meso 63.7

Durham-Federal 32-1 (1-37MICP) 7,154.20 Horizontal-Planar Laminated 16.6 3.3205 30 macro 105 meso 73.5

Durham-Federal 32-1 (1-59MICP) 7,176.50 Bioturbated Sandstone 11.2 0.0319 180 meso 110 micro 770

Hummer Federal No. 1 6,451.70 Bioturbated Sandstone 15.9 0.0762 110 meso 1,150 nano 805

Hummer Federal No. 1 6,429.15 Bioturbated Sandstone 10.7 0.0202 115 meso 2,450 nano 1,715

Hummer Federal No. 1 6,466.30 Bioturbated Sandstone 11.7 0.0177 100 meso 2,650 nano 1,855

Hummer Federal No. 1 6,441.15 Bioturbated Sandstone 9.1 0.0046 112 meso 5,400 nano 3,780

Hummer Federal No. 1 6,472.20 Bioturbated Sandstone 8.3 0.0012 525 meso 6,100 nano 4,270
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Figure 5.8 MICP test results and R35 range for three Parkman core plugs for the Durham Federal #32-1 
well in sec 1 – T44N – R73W.  
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CHAPTER 6:  CONCLUSIONS  

6.1 Scientific Question 

 The depositional model for the Parkman Sandstone and the Ferguson Member of the Parkman 

Sandstone is based on abundant well control, sequence stratigraphy concepts, oil and gas production, 

good outcrops, core data, bentonite marker beds, and principles based on modern sedimentation. The 

Parkman is a progradational parasequence set comprised of both non-marine coastal plain deposits and 

coarsening upward marine shoreface to shelf deposits which step basinward to the east. The Ferguson 

Member of the Parkman Sandstone is a retrogradational parasequence set, backstepping onto the 

Parkman. A sequence boundary separates the Parkman from the Ferguson. Along the western margin of 

the Powder River Basin the sequence boundary can be defined at the base of an incised valley which has 

eroded into the coastal plain deposits. In other areas along the western margin, the sequence boundary is 

defined by the juxtaposition of marine shales over the coastal plain deposits. Further to the east in the 

subsurface the sequence boundary is defined by an erosional surface that has been modified by 

transgression. In the eastern most areas of the study area the sequence boundary becomes conformable. 

 

6.2 Numbered Conclusions 

1. What facies and facies associations define the Parkman and Ferguson? 

The Parkman and the Ferguson Member of the Parkman Sandstone can be divided into four 

facies associations based on sixteen individual facies. There are two marine associations and two non-

marine associations. The marine associations include a coarsening upward marine shelf to shoreface 

progradational succession and a reworked transgressive succession. The non-marine associations 

include a coastal plain facies association and a fluvial facies association. Three of the four facies 

(coarsening upward shoreface, coastal plain, and fluvial) are present along the western margin of the 

basin in outcrop. The fourth facies (reworked transgressive sediments of the Ferguson) is present only in 

the subsurface. 

 

2. What are the stratigraphic relationships and key surfaces of the Parkman and Ferguson facies 

associations? 

The Parkman shows a dominantly progradational stacking pattern of the coarsening upward 

marine shelf to shoreface facies association and coeval coastal plain facies associations, with 

successively younger parasequences stepping further basinward to the east. The lower (oldest) 

parasequences in the Parkman downlap against a base flooding surface, while the upper parasequences 

of the Parkman are truncated beneath an erosional surface. Parasequences of the Ferguson show a 

dominant back stepping stacking pattern, onlapping the same erosional surface. Parasequences of the 

Unnamed Shale return to progradational stacking pattern with onlap against the upper flooding surface of 

the Ferguson.  
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The stratal terminations in the Parkman, Ferguson, and Unnamed Shale define three key 

surfaces. The oldest surface is a maximum flooding surface at the base of the Parkman marking the time 

of maximum flooding or transgression onto the shoreline shelf. There is an erosional surface separating 

the Parkman and the Ferguson and a second downlap surface at the top of the Ferguson.  

 The erosional surface separating the Parkman and the Ferguson is a sequence boundary. Along 

the western margin of the Powder River Basin the sequence boundary is defined at the base of an 

incised valley (fluvial facies association) which has eroded into the coastal plain deposits or by the 

juxtaposition of marine shales over coastal plain deposits. Further to the west in the subsurface, the 

sequence boundary is defined by an erosional surface that has been modified by transgression. In the 

western most areas of the study area the sequence boundary becomes conformable. 

 

3. What defines the base and top of the Parkman?  

 Parasequence sets that define the Parkman and the Ferguson are associated with two separate 

sequences. The base of the Parkman is a maximum flooding surface that marks the time of maximum 

transgression of base-level over the shelf prior to Parkman deposition. The surface is distinguished by 

downlap onto the surface by the oldest of the Parkman parasequences. The top of the Parkman is 

defined by a sequence boundary. 

 

4. What defines the base and top of the Ferguson?  

 Parasequence sets that define the Parkman and the Ferguson are associated with two separate 

sequences. The base of the Ferguson is the sequence boundary that also defines the top of the 

Parkman. Parasequences of the Ferguson onlap the sequence boundary from the east. The top of the 

Ferguson is a maximum flooding surface that marks the time of maximum transgression of base-level 

over the Ferguson shelf. The surface is distinguished by downlap onto the surface by the oldest 

parasequences of the Unnamed Shale. 

 

5. How do the absolute ages of the Parkman compare to eustatic sea-level charts for the Cretaceous? 

Fossil assemblage studies by Cobban (1958) and Gill and Cobban (1966) were the first to 

demonstration a Campanian age for the Parkman Sandstone and its lateral equivalent the Red Bird Silt. 

Subsequent work by Merewether (1996) and Lynds and Slattery (2017) refine the chronostratigraphy for 

the Parkman based on paleontological data and absolute ages from bentonite beds in the Powder River 

Basin. Both studies indicate a Middle Campanian age for the Parkman and determine that North America 

Ammonite Zones Baculites perplexus to Baculites scotti constrain the deposition from approximately 78.5 



 

106 

 

- 76.6 ±0.51 Ma. Haq’s (2014) most recent global sea-level curves for the Cretaceous describe a third 

order, sea-level fall in western Europe at Kca5 (76.6 Ma) within Baculites scotti. This sea-level fall 

coincides with the end of Parkman deposition and strengthens the interpretation of the sequence 

boundary at the top of the Parkman.  

 

6. How does the Parkman compare to other horizontal plays in the PRB? 

The Parkman has the highest EUR per well of the horizontally developed formations in the basin. 

However, the Parkman is not a prolific and widespread horizontal play with oil like other formations in the 

Powder River Basin. There is both physical evidence from ultraviolet photographs illustrating how 

different facies of the Parkman are charged with hydrocarbons, and qualitative evidence from MICP data 

to support this statement.  

7. What facies in the Parkman are productive?  

In the expanded study area, the Parkman is productive from 2 facies: the structureless sandstone 

facies and the horizontal-planar laminated sandstone facies. 

 

8. What are the reservoir characteristics (porosity/perm.) of the productive facies in the Parkman? 

Porosity for the two facies range from 6-20%, while permeability ranges from 0.001 – 100 md 

ranging over five orders of magnitude. Port size (pore throat size) for the structureless sandstone facies 

varies from meso to macro. The horizontal-planar laminated facies has the widest range of port size from 

nano to meso. Bioturbated sandstones and mudstones have the smallest port size ranging from nano to 

micro in size. 

9. What facies of the Parkman are likely to be charged with hydrocarbons from the Niobrara?  

Since the overpressured compartment described by Surdam (1997) does not include the Parkman, 

charging of oil into Parkman facies is dependent on the operation of a buoyancy mechanism. For 

individual Parkman facies, the buoyancy model shows that high-quality rocks (horizontal – planar 

laminated sandstone facies) can easily be charged from the Niobrara. However, tighter rocks (bioturbated 

sandstones and mudstones) are not as likely to be fully charged, since a greater oil column height is 

needed than is available because of depth proximity of Parkman and Niobrara. Lower quality facies are 

more likely to retain some original formations waters which can cause production problems. 
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6.3 Future Questions 

1. What is the expression of the sequence boundary in the southern portion of the basin?   

2. No attempt was made to correlate flooding surfaces in the coastal plain deposits. Can the sequence 

stratigraphy of the coastal plain deposits be correlated? 

2. How much does diagenesis (calcite cementation) effect hydrocarbon production in the Parkman? 
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APPENDIX A 

Detailed correlations in the Parkman were completed in the central area of interest (AOI). Three 

key depositional strike cross-sections pass through Hartzog Draw, House Creek and Hilight oil fields. 

Depositional dip cross-sections #1, #2, #3 tie the depositional strike cross-sections (Figure 1.6). 

Depositional dip cross-section #1 expands on Van Wagoner’s et al. (1990), type section for 

progradational parasequence sets, and depositional dip cross-section #3 expands on Merewether, et al. 

(1977b). These six cross-sections are in Appendix A 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PDF files of Location Map and Cross-sections:

Hartzog Tie Cross-section #1.pdf

House Creek Tie Cross-section #2.pdf

Hilight Tie Cross-section #3.pdf

Depositonal Dip Cross-section #1.pdf

Depositonal Dip Cross-sectin #2.pdf

Depositonal Dip Cross-section #3.pdf

Location Map of X-sections.pdf

Parkman Cross-sections and Location Map.zip
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APPENDIX B 

Permission to Reuse Copyrighted Materials. 

 

SEPM Permission Copyright Figure 3.1

AAPG Permission Copyright Figure 2.8

Permission to Reuse Copyrighted Materials.zip


