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ABSTRACT 

 

    Outcrop studies at the Middle Fork of the Powder River and Fremont Canyons, and 

core and well log study at the Teapot Dome, indicate that the Pennsylvanian to Early 

Permian Tensleep Sandstone contains multiple sequences which are controlled by 

tectonics as well as high-frequency and high-amplitude sea level change. These sea level 

changes happened concurrent with the tectonic movement on the Pathfinder Uplift. The 

Tensleep Sandstone represents a regressive mega-sequence that was influenced by 

numerous marine transgressions which deposited areally extensive marine carbonates that 

cap eolian sandstones within each sequence. The evidence for sequence boundaries 

includes erosional surfaces, paleosol, facies change, conglomerates, karst and carbonate 

breccia. Sequence boundaries can be identified very well in Gamma Ray intensity logs. 

Usually, across sequence boundaries, Gamma Ray intensity shows a sudden upward 

increase.  

    Generally, from bottom to top, the Tensleep Sandstone changes from dominantly 

marine, with abundant crinoids and corals, thick tabular carbonate beds and thin 

sandstone layers, to dominantly continental, with thick eolian cross-bedded sandstones, 

scarce fossils, and thin and discontinuous carbonates. The basal onlap of the Tensleep 

Sandstone from the Middle Fork of the Powder River in the north to Fremont Canyon in 

the south reflects the presence of the Pathfinder Uplift to the south during Tensleep 

deposition. 
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    Three depositional environments are inferred for the Tensleep Sandstone. They are 

shallow marine carbonate shelf, shoreline and non-marine eolian. Reservoir properties are 

controlled by depositional facies and diagenesis. Sequence stratigraphic study provides a 

clear reservoir property framework. A typical sequence in the Tensleep Sandstone 

contains a lowstand eolian sand dune, interdune or sand sheet facies, and a transgressive 

coastal sabkha, interdune or shoreface facies, a high stand epeiric marine carbonate facies 

and a sequence boundary at the top. In the typical sequence, from the bottom to the top, 

reservoir properties change from cemented sand dune, interdune or sand sheet facies with 

low porosity, permeability and oil saturation, to uncemented sand dune facies with high 

porosity, permeability and oil saturation, sabkha facies with low porosity, permeability 

and oil saturation, and marine dolostone facies with low porosity, permeability and oil 

saturation.
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CHAPTER 1 

INTRODUCTION 

 

    The Pennsylvanian to lower Permian Tensleep Sandstone, which marks the change 

from carbonate to clastic deposition in Wyoming during the late Paleozoic, is one of the 

most important reservoir units in Wyoming and has attracted the attention of many 

geologists for about one hundred years. The Tensleep Sandstone was deposited between 

the active Ancestral Rocky Mountains to the south and the stable shelf to the north. The 

Tensleep Sandstone can be divided into upper part and lower part according to the ratio 

of sandstone to carbonate. It is composed of white, tan and pink, fine to very fine grained, 

cross-bedded, thick sandstones with dolostone, limestone, and some shale and anhydrite 

beds. Marine and non-marine environments affected the deposits of Tensleep Sandstone 

alternately.  

    The Tensleep Sandstone is overlain by the Goose Egg Formation, Phosphoria 

Formation or Park City Formation and underlain by the Amsden Formation. The contact 

between the Tensleep Sandstone and the overlying formations are distinct by color, rock 

type and a bounding unconformity. The contact between the Tensleep and underlying 

Amsden Formation, in contrast, is gradational and is generally picked at the boundary 

between dominant sandstones and dominant carbonate rocks.  
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1.1  Study Area 

 

    Outcrops, cores and well logs were studied for this research project. Outcrop data 

come mainly from the Middle Fork of the Powder River and Fremont Canyon, and cores 

and well logs data were mostly obtained at the Teapot Dome oilfield. 

    Teapot Dome is about 30 mi north of Casper, Wyoming, on the west side of the 

Powder River basin. Teapot Dome gets its name from nearby Teapot Creek which in turn 

was named for Teapot Rock, 6 mi southwest of the structure. Teapot Dome is an 

asymmetric, basement-cored, Laramide-age anticline.  It is a small structural appendage 

to the much larger Salt Creek anticline and has 200 ft (61 m) of independent closure 

(Curry, 1977) (Figure 1-1). 

    The dome was set aside as a Naval Petroleum Reserve (NPR#3) in 1915 (Curry, 1977) 

with first production in October 1922 (Trexel, 1930). Now the field is owned by the US 

Government, and operated by the Department of Energy through its Rocky Mountain 

Oilfield Testing Center (RMOTC). The total area of NPR-3 is nearly 10,000 acres and 

1300 wells have been drilled. Teapot Dome is one of several productive hydrocarbon 

traps along the western margin of the Powder River basin of similar structural style 

(Cooper, et. al., 2004).  

    Oil production at the Teapot Dome field is mainly from three formations: the shallow 

Shannon at depths of 400 to 1000 ft; the Second Wall Creek member of the Frontier 

Formation at 2500 to 3000 ft; and the Tensleep Sandstone at about 5500 ft. The proven 
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reserve is 42 million bbl (Curry, 1977). Because of the long development history, plenty 

of subsurface data and many former projects about the oilfield are available for 

geological research. 

    Seven outcrops were studied and they are at the Whiskey Gap, the Wind River 

Canyon, the Tensleep Canyon, the Orchard and Chabot Anticlines near Nowood, the 

Middle Fork of the Powder River and the Fremont Canyons (Figure 1-2).  The two 

outcrops, at the Middle Fork of the Powder River and Fremont Canyon, were measured in 

detail. The Middle Fork of the Powder River outcrop is located southwest of Kaycee. The 

south side outcrops are on the public lands. The north side outcrops are on private land 

but accessible with permission. The major measured section at the Middle Fork of the 

Powder River is located at the campground and along the Outlaw Cave Trail. The 

Fremont Canyon outcrop lies southwest of Alcova Reservoir, southwest of Casper. It is 

on public land with easy access. The major measured section at the Fremont Canyon 

ascends the east side of the canyon. Both outcrops include completely exposed Amsden 

Formation and Tensleep Sandstone. The Madison Limestone unconformably underlies 

the Amsden Formation, and the Opeche Shale of the Goose Egg Formation 

unconformably overlies the Tensleep Sandstone. Both unconformities are distinct and can 

be correlated across east-central Wyoming. The measured sections include both the 

Tensleep Sandstone and Amsden Formation.  
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1.2  Previous Studies 

 

    Many papers about eolian deposits have been published. McKee (1979) edited a 

comprehensive study of global sand seas. Fryberger (1990) compiled a series of papers 

about modern and ancient eolian deposits for petroleum exploration and production, 

which is a good reference for eolian description and nomenclature. Kocurek (1988) 

compiled papers about late Paleozoic and Mesozoic eolian deposits of the Western 

Interior of the United States. Kocurek (1993) constructed an eolian sequence stratigraphic 

model. These special publications and others form the foundation for more recent eolian 

studies.  

    The study of the Tensleep Sandstone began with Darton (1904). Classic regional 

papers about the Tensleep Sandstone were written by Agatston (1952, 1954, 1957), 

Fisher (1963), Mallory (1967), Lageson (1979), Mankiewicz & Steidtmann (1979), 

Moore (1984) and others. Wheeler (1986) did regional correlation of the Tensleep 

Sandstone in the southeast Bighorn Basin, and indicated the sea level change during 

Tensleep period and the erosion on the top of the Tensleep Sandstone. Kerr and Dott 

(1988) studied the eolian sand dune types of the Tensleep Sandstone, and made an 

attempt to study the different orders of bounding surfaces. Carr (1996) developed a more 

detailed classification of the bounding surfaces of the Tensleep Sandstone in the Bighorn 

and Wind River Basins. Hurley et al. (2003) used subsurface data to study the structural 

and stratigraphic compartments. And Ciftci et al. (2004) did three-dimensional modeling 
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of the Tensleep Sandstone based on outcrops. These studies form the foundation for our 

current understanding of the sequence stratigraphy and reservoir characteristics of the 

Tensleep Sandstone.  

 

1.3  Research Objective 

 

    With current growing demand for potential sites for CO2 sequestration, the Tensleep 

Sandstone has become a candidate for a national CO2 sequestration test site (Nummedal 

et al., 2003), perhaps combined with enhanced oil recovery. The first step towards this 

goal is to construct a detailed geological model for the Tensleep Sandstone reservoir at 

Teapot Dome. The objective of this research is to construct the detailed sequence 

stratigraphic component of such a model, based on outcrop measurements and subsurface 

data. 

    Specifically, this broad objective can be separated into the following two tasks. 

1) Measure and log outcrops with gamma ray scintillometer at major outcrops and 

construct sequence stratigraphic models based on these logs and related 

photomosaics. Evaluate the relationship between tectonics, sea level change and 

sedimentation for deposition of the Tensleep Sandstone. 

2) Describe and interpret subsurface cores through the Tensleep Sandstone at Teapot 

Dome, relate the facies to depositional systems inferred from the outcrops, and 

use outcrop geological model to interpret subsurface data at the Teapot Dome. 
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Figure 1-1. Index map illustrating the general location of Teapot Dome relative to the 
Powder River Basin and surrounding Laramide uplifts. (Cooper et al., 2004) 
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Figure 1-2. The location of Teapot Dome field, Middle Fork of the Powder River outcrop 
and Fremont Canyon outcrops. Other fields with production from the Tensleep Sandstone 
in this region and other Tensleep outcrops are marked on this map.  “ ” represent 
Tensleep outcrops and “ ” represent oil fields with Tensleep production.  
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CHAPTER 2 

LATE PALEOZOIC HISTORY 
OF THE CENTRAL ROCKY MOUNTAINS 

 

    During the Late Paleozoic, especially during Pennsylvanian time, two important 

geological conditions affected Tensleep deposition: the glaciation in the southern 

hemisphere and the collision between the North American and South America-Africa 

(Gondwanaland) Plates. The glaciation resulted in frequent and high amplitude sea level 

changes and consequently high frequency sequences, and the collision resulted in a series 

of uplifts and basins, and greatly changed the deposits in Wyoming from dominantly 

carbonates to dominantly clastics. 

    A series of global paleogeographic maps (Figure 2-1, 2-2, and 2-3) made by Blakey 

(2004) show how the Earth may have appeared during the late Paleozoic. 

 

2.1  Late Paleozoic Global Tectonics and the Ancestral Rocky Mountains 

 

    Throughout the Paleozoic, Wyoming was a part of the shelf of a passive continental 

margin between the craton to the east and a deep oceanic basin to the west (Miller, 1992).  

The collision along the southern margin of North America, as manifested by the 

Ouachita-Marathon orogenic belt, resulted in uplifts in today’s Rocky Mountains area. 

Kluth (1986) concluded that the Ancestral Rocky Mountains were intracratonic block 
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uplifts that formed in Colorado and the surrounding region during Pennsylvanian time. 

Kluth (1986) also illustrated the sequential evolution of basins and uplifts of these 

Ancestral Rockies during the Late Paleozoic (Figures 2-4, 2-5, 2-6, 2-7). During the 

Early Pennsylvanian, the collision was taking place only south of the Ouachita region. By 

Middle Pennsylvanian time, the collision zone expanded westward along an irregular 

margin into the area south of Marathon in west Texas. The foreland deformation, in 

response to this collision, reached its greatest extent and intensity at this time, 

culminating in the Ancestral Rocky Mountains. During the Late Pennsylvanian and into 

Early Permian time, the collision process generally slowed south of the Ouachita, but it 

continued in the Marathon region. Suturing and deformation ended synchronously in 

early Permian time. Kluth (1986) concluded that the Pennsylvanian deformation of North 

America is, in some general ways, analogous to the Cenozoic deformation of Asia in 

response to the continent-to-continent collision with India.  

    The important Ancestral Rocky Mountains uplifts which influenced the Pennsylvanian 

deposition in Wyoming included the Front Range uplift, the Pathfinder uplift, and the 

Uncompahgre uplift. The Pathfinder uplift (Figure 2-8), whose most rapid rise occurred 

during the Atokan (Mallory, 1966), had the greatest influence on Pennsylvanian 

deposition, especially the Tensleep Sandstone, in Wyoming. In northern Wyoming, a 

broad stable shelf was the dominant tectonic feature. Pennsylvanian and lower Permian 

strata in Wyoming were deposited during this period of vigorous tectonic activity to the 

south and stable shelf to the north.  
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    The Ancestral Rocky Mountain uplifts resulted in local regressions of the sea. In 

response, the depositional environments evolved over time from open marine to non-

marine, and eventually many regions were exposed to subaerial erosion, forming 

unconformities such as the Tensleep/Goose Egg boundary. After this erosion, Permian 

sediments were deposited on the shelf during transgression of the early Permian sea. 

Apparently, the Ancestral Rocky Mountains controlled the depositional environments of 

the Central Rocky Mountain area, and consequently controlled the deposits of the 

Tensleep Sandstone. 
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Figure 2-1. Mississippian global paleo-geographic map. The North American plate had 
yet to collide with the Gondwana plate. (From Blakey, 2004). 
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Wyoming 

Ancestral Rocky 
Mountains 

 
Figure 2-2. Pennsylvanian global paleo-geographic map. A collision belt was formed 
along the southern edge of the North America plate, and the collision uplifted the 
Ancestral Rocky Mountains North of, and perpendicular to, the regional suture zone 
(From Blakey, 2004).  
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Figure 2-3. Permian global paleo-geographic map. Pangaea formed after the collision 
between the North American and the Gondwana plates. (From Blakey, 2004). 
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The area indicated in 
Figure 2-8 

 
Figure 2-4. Atokan tectonic features of the Ancestral Rocky Mountains. Thrusting had 
begun to disrupt the Ouachita region, deformation intensified in the area of the Anadarko 
basin and Wichita Mountains, and the features of the Ancestral Rocky Mountains became 
more clearly defined (From Kluth, 1986). The transparent block is equal to the whole 
area in the Figure 2-8.  
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Figure 2-5. Des Moinesian tectonic features of the Ancestral Rocky Mountains. Thrusting 
ended in the Ouachita region during Des Moinesian time, reflecting decreased activity of 
the suture zone to the south of that area. Rapid subsidence of the Marathon region 
reflected the beginning of activity of the suture zone to the south of that area. The 
Ancestral Rocky Mountains achieved their most rapid development during the Des 
Moinesian (From Kluth, 1986).  
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Figure 2-6. Missourian tectonic features of the Ancestral Rocky Mountains. Tectonic 
activity in the Ouachita region and the mid-continent began to wane, reflecting and end 
of the continental collision to the south of that area. Deformation intensified in the 
Marathon region and in the southwestern United States, reflecting continued activity 
along the collision suture south of that area. The deformation in the Ancestral Rocky 
Mountains began to gradually decrease in intensity (From Kluth, 1986). 
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Figure 2-7. Virgillian and Early Permian tectonic features of the Ancestral Rocky 
Mountains. Thrusting continued in the Marathon region, reflecting continued activity of 
the suture zone to the south of that area, but activity was greatly reduced farther to the 
east. Foreland deformation gradually decreased and affected areas in southwestern United 
States. Thrusting and foreland deformation ended synchronously during the Early 
Permian. (From Kluth, 1986).  
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Figure 2-8. Paleogeologic map showing areal geology of Pathfinder uplift at end of Atoka 
time and thickness and lithology of strata of Atoka age in area surrounding the uplift 
(From Mallory, 1966). This area is equal to the transparent block in Figure 2-4.  
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2.2 Sea Level Change during Late Paleozoic 

 

    Sea level changes during the late Paleozoic were more rapid and of shorter duration 

than Cambrian to Devonian eustatic events (Ross and Ross, 1988). The cyclic sea level 

changes during Pennsylvanian time were caused by the waxing and waning of continental 

ice sheets (glaciations) in response to climatic changes across the Gondwana continent. 

Crowell (1999) described the process in detail and the major points include: 1) the Late 

Paleozic Ice Age began in Mid-Visean time at ca. 338 Ma and glaciers reached their 

greatest extent between ca. 320 Ma and ca. 256 Ma; 2) glaciers waxed and waned as the 

united supercontinent moved across the South Pole and as the tectonic positions of 

uplands and basins changed; 3) ice centers began to grow in now-western South 

American in late Visean time (ca. 338 Ma), and then moved now-eastward to develop 

their maximum extent  in regions adjoining southern Africa during Westphalian to 

Artinskian time (from ca. 310 Ma to ca. 272 Ma).  

    Ross and Ross (1988) identified sixty transgressive-regressive depositional sequences 

in Carboniferous and Permian shallow marine successions (Figure 2-9) on the world’s 

stable cratonic shelves. These transgressive-regressive sequences averaged about 2 ma 

and ranged from 1.2 to 4 ma in duration. Detailed sea level curve study shows a high-

frequency character during the Pennsylvanian period (Figure 2-10). Cecil et al. (2003) 

further indicated that during the middle Pennsylvanian, eustatic changes in sea level were 

the primary control on accommodation space in most basins and paleoclimate change 
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(coincident with eustatic changes in sea level) controlled the lithostratigraphy of 

cyclothems at any given paleolatitude in the tropical regions of Pangea. 

    Pennsylvanian sea level changes are inferred from geological records in the Rocky 

Mountains, mid-continent, Permian Basin and other areas all over the world. Many 

sequences and sequence boundaries can be recognized in Pennsylvanian formations 

everywhere.  

 

2.3  Eolian Deposits in the Western Interior of the United States during the 

Late Paleozoic 

 

    During the late Paleozoic and Mesozoic, the Western Interior of the United States 

contained some of the largest eolian ‘sand seas’ of the world.  Much of our understanding 

of eolian systems has been developed from these deposits. In Wyoming, Pennsylvanian 

eolian deposits are widespread.  

    This paragraph about the extent of eolian deposits ranging in age from the Middle 

Pennsylvanian to the Middle Permian across the Western Interior of the United States 

(Figure 2-11) is summarized from Blakey (1988). Paleozoic erg deposits are widespread 

from Montana to Arizona and include Pennsylvanian formations (Weber, Tensleep, 

Casper and Quadrant Sandstones) chiefly in the Northern and Central Rocky Mountains, 

with some deposits (Hermosa and Supai Groups) on the Colorado Plateau. Lower 

Permian (Wolfcampian) erg deposits (Weber, Tensleep, Casper, Minnelusa, Ingleside, 
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Cedar Mesa, Elephant Canyon, Queantoweap and Esplanade Formations) are more 

widespread and thicken into the central Colorado Plateau. Middle Permian (Leonardian I) 

erg deposits (De Chelly and Schnebly Hill Formations) are distributed across the southern 

Colorado Plateau on the north edge of the Holbrook basin in Arizona. Leonardian II erg 

deposits (Coconino and Glorieta Sandstones) are slightly more widespread across the 

southern Colorado Plateau. Leonardian III erg deposits formed adjacent to the Toroweap-

Kaibab sea in Utah and Arizona (Coconino and White Rim Sandstones) and in north-

central Colorado (Lyons Sandstone). 

    Late Paleozoic and Mesozoic eolian deposits responded to changing climatic, tectonic 

and eustatic controls. All of the eolian deposits are intricately interbedded with non-

eolian deposits, including units of fluvial, lacustrine and shallow-marine origin, clearly 

dispelling the myth that eolian sandstones are simple sheet-like (Blakey, 1988). 
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Figure 2-9. Coastal onlap curve for Carboniferous and Permian shelf sediments. (Ross 
and Ross, 1988).    
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Figure 2-10. Sea level curve for the middle and upper Pennsylvanian, based on outcrops 
in the US mid-continent region (From Heckel, 1986). 
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2.4   The Tensleep Sandstone and its Regional Correlation with Other 

Formations 

 

    The Tensleep Sandstone, which marks a change from carbonate deposition to clastic 

deposition in Wyoming during the late Paleozoic, is one of the most important reservoirs 

in Wyoming. The Tensleep Sandstone was named by Darton (1904) for the sandstone 

above the Amsden Formation and below red beds that are now named Goose Egg 

Formation of Permian and Triassic age, in the canyon of Tensleep Creek on the western 

flank of the Bighorn Mountains. The Tensleep Sandstone is equivalent to the Quadrant 

Quartzite to the north, the lower part of the Wells Formation to the west, the Weber 

Sandstone of northwest Colorado and northern Utah, the lower part of the Casper and 

Hartville Formation to the east and south, and the part of Minnelusa Formation to the 

northeast (Figure 2-12). 

    The Tensleep Sandstone is overlain by the Goose Egg Formation, Phosphoria 

Formation or Park City Formation and is underlain by the Amsden Formation. The 

contact between the Tensleep and overlying formations is characterized by a distinct 

change in color and rock type, as well as an unconformity. The contact between the 

Tensleep Sandstone and Amsden Formation is gradational and only is a lithologic 

boundary. Usually this boundary is picked between the dominant sandstone in the upper 

and the dominant carbonate rock in the lower. There is some confusion between 

references from different periods. For instance, Todd (1959) concluded that the Tensleep 

 



 25

Sandstone at Wind River Canyon consists of 3 sandstone units and its total thickness is 

327 feet, but Maughan (1987) measured the same outcrop and concluded the Tensleep 

Sandstone consists of upper sandy member with thickness of 195 to 290 feet and lower 

dolomitic member with thickness of 100 to 275 feet.  More confusion was generated 

when later workers correlated the Tensleep Sandstone, mostly because there is no strict 

definition for the lower boundary of the Tensleep Sandstone.  

    The Tensleep Sandstone can be divided into upper and lower parts according to the 

ratio of sandstone to dolostone. 

    The Upper Tensleep Sandstone is composed of light-gray, yellowish-gray, well sorted, 

fine to very fine grained sandstone. Strata are very thick. Large scale cross bedding is the 

most conspicuous depositional structure, which is the primary character of the Upper 

Tensleep Sandstone.  

    The Lower Tensleep Sandstone contains more carbonates than the upper. Where 

carbonates are poorly developed, the sandstone contains a greater amount of calcareous 

or dolomitic cements than the upper sandstone beds. Usually, the light-gray to gray 

sandstones are interbedded with yellowish dolostones or limestones. From the bottom to 

the top, the percentage of dolostone decreases and that of sandstone increases. Trace 

fossils can be found in some carbonate, but not everywhere. The thickness of sandstones 

in Lower Tensleep is usually no more than several meters. Cross bedding and lamination 

can be found in most sandstones.  
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Figure 2-11. Geometry and facies relations of Pennsylvanian eolian deposits. Heavy lines 
show approximate percentage of eolian sandstone. Isopach interval 30 m with selected 
contours omitted where closely spaced. Solid lines show where outcrops occur; dashed 
lines show where interval is in subsurface or removed by erosion. (From Blakey, 1988). 

 



 27

 

 
Figure 2-12. Late Paleozoic to early Mesozoic stratigraphic chart of part of Wyoming, 
showing the Tensleep Sandstone and related formations (Modified from Winter, 2000). 
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CHAPTER 3 

OUTCROP STUDY 

 

    The Tensleep Sandstone is well exposed in central and northern Wyoming. Throughout 

these areas this study has approached the Tensleep outcrops at two spatial scales: regional 

and local. The regional study was designed to document the broad patterns of the 

Tensleep stratigraphy.  Based on this information, two localities of exceptional outcrop 

quality were chosen for detailed studies of stratigraphy and sedimentology. These 

locations are at the Middle Fork of the Powder River and at the Fremont Canyon of the 

North Platte River. 

 

3.1 Regional Field Work 

 

    Seven Tensleep Sandstone outcrops were studied throughout Wyoming. These 

outcrops are at the Chabot Anticline, the Orchard Anticline, the Tensleep Canyon, Wind 

River Canyon, the Whiskey Gap, the Middle Fork of the Powder River and the Fremont 

Canyon (Fig. 1-2).  

    The Chabot Anticline outcrop (Figure 3-1) is located in N43°39.097’ W107°22.456’, 

Washakie County, Wyoming (Figure 1-2). The Chabot Anticline is a northwest trending, 

asymmetrical fold with steep flanks. The best Tensleep outcrop is at the intersection of 
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the Chabot Anticline and Nowood Creek. Here the Tensleep Sandstone is overlain by 

gypsum and red shale, and consists of very fine to fine grained, well cemented, cross-

bedded sandstone, interbedded with yellowish limestone and dolostone.  

    The Orchard Anticline outcrop (Figure 3-2) is located at N43°34.527’ W107°27.174’, 

Washakie County, Wyoming (Figure 1-2). The Orchard Anticline is a northwest trending, 

asymmetrical fold with a very gentle dip angle. The Orchard outcrop lies at the 

intersection of the Orchard Anticline and Nowood Creek. The Tensleep Sandstone is 

overlain by grey hard limestone and sandy limestone of the base of the Goose Egg 

Formation, and consists of very fine to fine-grained, thick and well-cemented sandstone 

with cross bedding, interbedded with yellowish limestone, sandy limestone and 

dolostone.   

    The Tensleep Canyon outcrop (Figure 3-3) is located at 44°03.974’N 107°22.424’W, 

Washakie County, Wyoming (Figure 1-2), along highway US-16 east of the town of 

Tensleep. This outcrop is the type section of the Tensleep Sandstone (Darton, 1904). The 

Tensleep Sandstone is overlain by grey, hard and dense limestone of the base of the 

Phosphoria Formation, and consists of very fine to fine-grained thick sandstone with 

cross bedding, and very hard dolostone and limestone. Many cross bed sets with high 

angle foresets are well exposed. Agatston (1952) summarized some distinctive features of 

the lower part of the Tensleep Sandstone at the Tensleep Canyon, indicating that the 

section is composed of 58 percent dolomite, 25 percent sandstone and 17 percent shale, 

and there are 6, possibly 7, minor unconformities within 59 feet of section. 
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    The Wind River Canyon (Figure 3-4) is located at 43°34.118’N 108°12.594’W, Hot 

Springs County, Wyoming (Figure 1-2), along highway US-20 south of Thermopolis. 

The Tensleep Sandstone is overlain by grey hard limestone of the basal Phosphoria 

Formation, and consists of very fine to fine-grained friable or cross bedded sandstone, 

and grey thick bedded dolostone and limestone with many burrows. Maughan (1987) 

divided the Tensleep Sandstone at the Wind River Canyon into an upper sandy member 

that forms a prominent, near vertical sandstone cliff and a lower dolomitic member that 

forms an underlying slope of sandy dolomite.  

    The Whiskey Gap outcrop (Figure 3-5) is located at N42°19.840’ W107°24.900’, 

Carbon County, Wyoming (Figure 1-2), east of Muddy Gap. The Tensleep Sandstone is 

overlain by Goose Egg Formation, and consists of a series of fine to very fine-grained 

cross-bedded sandstones. The base of the Tensleep Sandstone is not exposed and about 

100 feet upper part of the Tensleep Sandstone is exposed. 

    The Middle Fork of the Powder River outcrop is located west of Kaycee, on the east 

side of the Bighorn Mountains (Figure 1-2).  The Middle Fork of the Powder River cuts 

deep into the Paleozoic deposits, and provides exceptionally complete 3D exposures of 

the Tensleep Sandstone throughout the area (Figure 3-6, Figure 3-7, Figure 3-8). We will 

discuss this outcrop in detail in part 3.2 of this chapter. 

   The Fremont Canyon outcrop is located southwest of the Alcova Reservoir on the 

North Platte River (Figure 1-2) and is equal to the continuous 3D exposures in the Middle 

Fork of the Powder River outcrop. The Tensleep Sandstone at this outcrop includes 
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exceptionally thick sets of cross beds of inferred eolian origin (Figure 3-9, Figure 3-10). 

This outcrop will be discussed in detail in part 3.3 of this chapter.  

    Based on the regional field study, the Fremont Canyon and the Middle Fork of the 

Powder River were chosen as outcrops for detailed sedimentological study.  

    There are several reasons for us to choose these two outcrops. First, the Tensleep 

Sandstone is completely and continuously exposed at the two outcrops. Second, there are 

not only accessible paths for detailed measurements, but also long and steep sections for 

photomosaics. Third, these outcrops are on public lands or accessible private lands. 

Fourth, these outcrops are the closest to Teapot Dome where the subsurface oil field data 

were obtained.  Fifth, these outcrops are fairly close to highways and are easy to access.  
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Figure 3-1. The Tensleep Sandstone at the Chabot Anticline. All of the outcrop in this 
photo is the Tensleep Sandstone. The top of the anticline is the top of the Tensleep 
Sandstone. The Tensleep Sandstone consists of interbedded sandstones and dolostones. 
Sandstone intervals are white color and dolostone intervals are yellowish color. The total 
thickness of the section is about 200 ft.  
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Figure 3-2. The Tensleep Sandstone at the Orchard Anticline. All of this outcrop is 
Tensleep Sandstone. The Tensleep Sandstone consists of interbedded sandstones (white 
color) and dolostone (yellowish color). The top of the anticline is weathered base of 
Goose Egg Formation. The total thickness of the outcrop is about 200 ft. 
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Figure 3-3. The Tensleep Sandstone at the south side of the eastern Tensleep Canyon. 
Tensleep Sandstone in the photo consists of thick cross-bedded sets of inferred eolian 
sand dune origin. The total thickness of this outcrop is about 50 ft. 
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Phosphoria Formation

Tensleep Sandstone

Figure 3-4. The Tensleep Sandstone at the Wind River Canyon. The Tensleep Sandstone 
consists of interbedded sandstones and dolostones. The Tensleep Sandstone is bounded 
by cherty deposits in the basal Phosphoria Formation and limestone with burrows in the 
top of the Amsden Formation. The total thickness of this outcrop is about 300 ft. 
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Figure 3-5. The Tensleep Sandstone at the Whiskey Gap. The Tensleep Sandstone 
consists of several cross-bedded eolian sandstone intervals. There are 3 sandstone 
intervals with different bed dip directions, indicating three different dune migration 
directions. The total thickness of this outcrop is about 50 ft. 
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Figure 3-7. The Tensleep Sandstone at the campground of the Middle Fork of the Powder 
River. Measured section is along the foot of the cliff, indicated with a blue line. The top 
of the Tensleep Sandstone is not shown in this photo. 
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Opeche Shale 

Tensleep Sandstone

Figure 3-8. The Tensleep Sandstone at the Fishing Access of the Middle Fork of the 
Powder River. The Tensleep Sandstone in this photo is younger than the Tensleep 
Sandstone shown in Figure 3-7. Top of Tensleep Sandstone was measured here. 
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Figure 3-10. The Tensleep Sandstone at the Fremont Canyon. The Tensleep Sandstone 
here consists of dominant sandstones with thin dolostone layers. The measured section is 
along the right side of the cliff as indicated by a blue line. 
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3.2  Middle Fork of the Powder River Outcrop 

 

    The major measured section (Figure 3-11, Appendix 1) is located at the campground 

which is at 43°35.36′N 106°56.86′W according to GPS. The measured section extends 

from top of the Madison Limestone to the bottom of the Opeche Shale (Figure 3-11, 

Appendix 1). 

    The Middle Fork of the Powder River outcrop is well suited for a sequence 

stratigraphic study. Sequence boundaries are distinct and easy to trace. Most sequences 

contain lowstand sandstones, transgressive and highstand carbonates, and truncations on 

the tops. 17 sequences boundaries and 16 sequences are described based on measured 

section and are traced along the river.  

 

3.2.1  Sequence Boundaries 
 
 
    Sequence boundaries at the Middle Fork of the Powder River outcrop are very distinct 

and are easy to trace. 

    SB1 is the unconformity between the Mississippian Madison Limestone and the 

Pennsylvanian Amsden Formation. It is marked by a paleosol consisting of a red and very 

soft shale and siltstone interval (Figure 3-12). It is covered in most areas because of the 

soft paleosol zone along the unconformity. Big caves are common along this boundary 

(Figure 3-12).  
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    SB2 lies at the base of a white to yellow carbonate breccia interval which has irregular 

contacts between overlying and underlying limestones (Figure 3-13). 

    SB3 lies at the base of a thin irregular conglomerate layer composed of pink carbonate 

pebbles. Many vertical round holes penetrated into the underlying stratum from this 

boundary. The diameters of these holes are about 1 inch (Figure 3-14). Hansen (1992) 

interpreted similar structures in the Casper Formation as rhizoliths. But these round holes 

in the Tensleep Sandstone are vertical and do not have branches. Also, these holes have 

uniform diameters from top to bottom. All this evidence indicates that these structures are 

burrows, not rhizoliths.  

    SB4 is characterized by an erosional surface under a carbonate conglomerate layer 

(Figure 3-15). The conglomerate layer contains gray and yellow carbonate fragments and 

reddish pebbles with size of 2-4 mm.  

    SB5 (Figure 3-16) is at the base of a thin reddish calcite breccia which separates a red 

color eolian sand unit above it from a white sandy limestone unit below it. The reddish 

calcite breccia provides evidence of sub-aerial erosion.  

    SB6 is an unconformity (Figure 3-17) at the bottom of the vertical cliff along the trace 

of the measured section, and separates reddish yellow sandstone from the underlying 

thick limestone. There is a thin yellow shale layer along the boundary. 

    SB7 is an unconformity separating a yellowish red planar shaly dolostone from 

overlying eolian sandstone, and is marked by a thin conglomerate layer at the base of the 

eolian sandstone (Figure 3-18).  
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    SB8 is a sharp contact which separates a thick limestone and overlying low-angle cross 

bedding sandstone. In photomosaics it can be traced as the boundary between a dark bed 

and a bright yellow bed (Figure 3-19).  

    SB9 is an irregular and sharp contact and lies on the top of a yellow shaly dolostone 

interval which has very high gamma ray value (Figure 3-20).  

    SB10 is an unconformity at the base of a carbonate breccia layer (Figure 3-21). It 

separates a reddish dolostone from underlying dolostone with small fractures and 

stylolites.  

    SB11 is an irregular unconformity that separates underlying vuggy dolostone from 

overlying thick eolian sandstone. Red and thin silts and clays are distributed along the 

boundary (Figure 3-22).  

    SB12 is an unconformity which separates a vuggy dolostone from overlying sandstone 

with a conglomerate layer at the base (Figure 3-23). 

    SB13 is an unconformity with sand and dolomite debris along the irregular surface that 

separates a thick dolostone from overlying sandstone (Figure 3-24). 

    SB14 is an unconformity which separates a thick dolostone from overlying eolian 

sandstone, and has dolomite debris along the irregular surface (Figure 3-25).  

    SB15 is an unconformity on the top of an intensely karsted dolostone with many 

vertical dissolution holes. Dolomite gravel and coarse sand are along the boundary 

(Figure 3-26). This boundary forms an extensive regional platform on top of the cliff, 
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because above this sequence boundary deposits are dominant uncemented sandstones and 

are erosive.  

    SB16 is an irregular contact which separates a pink dolomite conglomerate from 

overlying red sandstone (Figure 3-27, Figure 3-28). The pink dolomite conglomerate 

pinches out locally but the erosional surface still can be seen.  

    SB17 is the boundary between the Tensleep Sandstone and the Opeche Shale of the 

Goose Egg Formation. It is an important regional unconformity, characterized by clean 

sandstone and carbonate below this boundary and shale and chert deposits above this 

boundary (Figure 3-29). Fisher (1963) measured Tensleep Sandstone outcrops along the 

eastern Bighorn Mountains and found that the upper surface of the Tensleep Sandstone is 

overlain in most places by a pink sandstone breccia. Fisher (1963) also concluded that the 

northward thinning of the Tensleep Sandstone is due to truncations in the late 

Pennsylvanian in Wolfcampian times. Wheeler (1986), who studied the Tensleep 

Sandstone in the southeast Bighorn Basin, presented two superimposed regional 

unconformities on the upper Tensleep surface. Former research and field observation 

indicate that this sequence boundary can be found in most places of central northern 

Wyoming. 
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Figure 3-11.  The measured section of Middle Fork of the Powder River outcrop. The 
right side shows the lithologic symbols which are used in this thesis. 
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SB1 
Madison Limestone 

Yellow Marker 

Tensleep Sandstone 
and Amsden Formation

 
Figure 3-12. The outcrop at the north side of the river and northwest of the campground, 
showing the relationship among Madison Limestone, Amsden Formation and Tensleep 
Sandstone. Red shale and big caves make the contact between Madison Limestone and 
Amsden Formation very distinct. The Yellow Marker is another very distinct stratum in 
this outcrop. The total thickness of this outcrop is about 300 ft.  
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Figure 3-13. SB2 at the Middle Fork of the Powder River outcrop. It is at the base of a 
yellowish white carbonate breccia interval with dark weathering color. A scale bar, where 
the distance between two yellow lines is 10 cm, is at the left upper corner. 
 
 

 

SB3

SB2

 
Figure 3-14. SB3 at the Middle Fork of the Powder River outcrop. Burrows penetrated 
into underlying sandy limestone interval. A scale bar, where the distance between two 
yellow lines is 10 cm, is at the left upper corner. All outcrops use this kind scale bar.  
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SB4

 
Figure 3-15. SB4 at the Middle Fork of the Powder River outcrop, characterized by a thin 
paleosol layer under a carbonate conglomerate layer.  
 
 
 
 

  

SB5 

 
Figure 3-16. SB5 at the Middle Fork of the Powder River outcrop. It separates red color 
eolian sand unit from underlying white sandy limestone unit. 
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Figure 3-17. SB6 at the Middle Fork of the Powder River outcrop. It separates reddish 
yellow sandstone from an underlying thick limestone. 
 
 
 
 

 
SB7

SB6

 
Figure 3-18. SB7 at the Middle Fork of the Powder River outcrop. It separates a 
yellowish red planar shaly dolostone from overlying eolian sandstone. 
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Figure 3-19. SB8 at the Middle Fork of the Powder River outcrop. It separates shoreface 
sandstone from an underlying shaly limestone. 
 
 
 
 

 

SB9 

SB8

 
Figure 3-20. SB9 at the Middle Fork of the Powder River outcrop. It separates planar 
bedding dolostone and overlying dolostone with big vugs.  
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Figure 3-21. SB10 at the Middle Fork of the Powder River outcrop. It is marked by a 
carbonate breccia. 
 
 
 
 

 

SB11 

SB10 

 
Figure 3-22. SB11 at the Middle Fork of the Powder River outcrop. It separates a thick 
eolian sandstone and underlying vuggy dolostone.  
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SB12

 
Figure 3-23. SB12 at the Middle Fork of the Powder River outcrop. It separates a thin 
eolian sandstone and underlying karsted dolostone. 
 
 
 
 

 

SB13 

 
Figure 3-24. SB13 at the Middle Fork of the Powder River outcrop. It separates an eolian 
sandstone and underlying karsted dolostone.  
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Figure 3-25. SB14 at the Middle Fork of the Powder River outcrop. It separates an eolian 
sandstone and underlying karsted dolostone. 
 
 
 
 

 

SB15 

SB14

 
Figure 3-26. SB15 at the Middle Fork of the Powder River outcrop. It caps the top of a 
karsted dolostone and underlies eolian interdune deposits.  
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SB16 

  
Figure 3-27. SB16 at the Middle Fork of the Powder River outcrop. It separates a reddish 
eolian sand dune unit and an underlying white sand dune unit. 
 
 
 
 

 

SB16

 
Figure 3-28. SB16 at the Middle Fork of the Powder River outcrop. Red dolomite 
conglomerate lens marks the boundary. 
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Opeche Shale

SB17 

Tensleep Sandstone

 
Figure 3-29. The contact between the Tensleep Sandstone and Opeche Shale at the 
Middle Fork of the Powder River outcrop. The top of the Tensleep Sandstone is reddish 
dolostone or sandy dolostone, which is overlain by shale and chert strata of Opeche 
Shale.  
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3.2.2  Description of Sequences  

 

    The sequence boundaries described above bound sixteen sequences, most of which 

start with lowstand sandstones and are capped by transgressive or highstand carbonates. 

    Sequence 1 consists of a grey or reddish limestone with irregular nodules (Figure 3-

13), suggesting a shallow marine oxidized and evaporative carbonate shelf environment. 

Total thickness of this sequence is 3.7 m. Carbonate shelf environments were dominant in 

most of Wyoming during this period. 

    Sequence 2 consists of a white and yellow carbonate breccia interval at the base, a 

reddish limestone with small vugs, large coral heads, crinoids and shell fragments at the 

middle, and a sandy limestone at the top. Many vertical round burrows penetrate from the 

top to central part (Figure 3-14). The existence of many marine fossils in the limestones 

suggests the shallow marine carbonate shelf environment, and it shallows up into sandy 

limestone shoreface environments. Total thickness of this sequence is 3 m. Similar to 

Sequence 1, Sequence 2 contains dominant carbonate shelf deposits, but with some sand 

deposits, which indicates that the Wyoming Shelf was still stable during the Sequence 2 

period. 

    Sequence 3 consists mainly of a transgressive systems tract with a thin high stand 

systems tract at the top. The base is a reddish limestone with irregular horizontal and 

vertical fractures, carbonate breccias and pebbles (Figure 3-30). Above the reddish 

limestone, the deposits are gradational from very fine to fine grained, trough cross 
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bedded sandstone, calcareous sandstone, to grey limestone and sandy limestone. 

Vertically, within Sequence 3, the environments changed from non-marine at the base, to 

shoreline and shallow marine carbonate shelf, and a regressive shoreface at the end. Total 

thickness of this sequence is 5.4 m. Sequence 3 contains the first continental sandstones 

of the Pennsylvanian period, and marks an important change in depositional 

environments. Precise dating data are not available, but it is reasonable to infer that 

Sequence 3 was synchronous to the beginning of Pathfinder uplift during the Morrowan 

time, as indicated by Kluth (1986) and Mallory (1966). 

    Sequence 4 consists of grey and white carbonate breccia interbedded with reddish 

shale pebbles, reddish horizontal to low angle cross bedded sandy limestone, high to low 

angle sandy limestone with medium to coarse grains, white sandy limestone, and reddish 

sandy limestone (Figure 3-31). Dominant sandy limestone deposits with cross bedding 

suggest a littoral environment with high energy but scarce terrigenous sediment supply. 

Total thickness of this sequence is 4.5 m. Sequence 4 indicates a relatively stable period 

after the tectonically active period during Sequence 3 time.  

    Sequence 5 consists of reddish limestone with vugs and pebbles at the base, red very 

fine to fine grained sandstone with high angle cross bedding (Figure 3-32), planar bedded 

sandy limestone, reddish grey limestone (Figure 3-33) and yellow shale at the top. It is a 

sequence with environments changing upward from non-marine eolian, shoreface to 

shallow marine carbonate shelf. Total thickness of this sequence is 7.6 m. Thick eolian 

sandstone is the evidence that widespread areas in central northern Wyoming emerged 
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during this time so that there were sediment source areas and sand dune migrating 

pathways. Overlying thick and pure carbonate deposits indicate a significant 

transgression happened and this area submerged again into a shallow marine carbonate 

shelf environment. Low sea level at the beginning of Sequence 5 resulted in the 

emergence of a large area, and the following high sea level caused the depositional 

environments to change from continental to marine.  

    Sequence 6 consists of fine to medium grained sandstone (Figure 3-17), limestone and 

sandy limestone with planar bedding or lamination, white fine to medium grained 

sandstone with cross bedding, fine to very fine grained sandstone with low angle cross 

bedding and planar bedding, and reddish yellow planar limestone with thin shale layers 

(Figure 3-34). The depositional environment was dominantly a shoreface. Total thickness 

of this sequence is 7.6 m.  

    Sequence 7 consists of fine to very fine grained trough cross bedded sandstone at the 

base (Figure 3-18), sandy limestone above it, and thick planar bedded limestone with 

vugs (Figure 3-35), stylolites and crinoids. Shallow marine carbonate shelf was the 

dominant environment, even with eolian and shoreface deposits at the beginning. Total 

thickness of this sequence is 11.5 m. Sequence 7 represents a tectonically stable period. 

Lowstand eolian sandstone is very thin, followed by thick transgressive and highstand 

carbonate deposits without sand content.  

    Sequence 8 consists of very fine grained sandstone with low angle cross bedding 

(Figure 3-19), interpreted as a shoreface, shallow marine carbonate shelf sandy limestone 
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with horizontal bedding and lamination, limestone with vugs, lagoonal yellow or white 

interbedded shaly dolostone with small vugs, stylolites, wave ripples and shale layers 

(Figure 3-36). This sequence is very distinct because of its yellow color and extremely 

high gamma ray value. The total thickness of this sequence is 5 m. The sequence is 

characterized by high stand shale and shaly dolomite deposits, probably deposited in a 

lagoonal environment. This is the only lagoonal environment observed in the Middle 

Fork of the Powder River outcrop.  

    Sequence 9 consists of thick vuggy dolostone with vertical round holes, stylolites and 

fossils, and sandy dolostone with very fine to fine grained sands and big holes (Figure 3-

37, Figure 3-38). The depositional environments were shallow marine carbonate shelf 

and shoreline. Total thickness of this sequence is 7 m.  

    Sequence 10 consists of dolostone with stylolites, small vugs, small fractures and some 

big holes (Figure 3-39). The base is a re-crystallized carbonate breccia layer. The gamma 

ray value decreases from the bottom to the top. The depositional environment was 

shallow marine carbonate shelf. Total thickness of this sequence is 2.8 m.  

    Sequence 11 consists of thick very fine to fine grained sandstone with planar and high 

angle cross bedding (Figure 3-40) in the lower part, and yellow, reddish dolostone with 

vugs in the upper part. The depositional environments range from non-marine eolian to 

shallow marine carbonate shelf. The total thickness of this sequence is 12.3 m. Beginning 

from Sequence 11, the depositional environments change from dominant carbonate shelf 

to dominant continental eolian, indicating the Tensleep Sandstone depositional area 
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emerged. Sequence 11 was probably deposited during Des Moinesian time when the 

Ancestral Rocky Mountains had its maximum development (Kluth, 1986).   

    Sequence 12 consists of very fine grained sandstone with cross bedding (Figure 3-23) 

dolomitic sandstone and sandy dolostone in the lower part, and dolostone with vugs and 

stylolites in the upper part. The depositional environments range from shoreline to 

shallow marine carbonate shelf. Total thickness of this sequence is 5.8 m.  

    Sequence 13 consists of very fine to fine grained shaly dolomitic sandstone with 

parallel bedding, very fine to fine grained sandstone with high angle cross bedding 

(Figure 3-41), and karsted dolostone with many fractures. The depositional environments 

were from eolian, shoreface to shallow marine carbonate shelf. Total thickness of this 

sequence is 8.5 m. 

    Sequence 14 consists of very fine to fine grained and well sorted sandstone with high 

angle cross bedding (Figure 3-42) sandy dolostone, and yellow karsted dolostone (Figure 

3-43). The depositional environments were eolian, shoreline to shallow marine carbonate 

shelf. The total thickness of the sequence is 13 m.  

    Sequence 15 consists of very fine to fine grained sandstone with low angle cross 

bedding and laminae, interbedded with thin yellow or pink dolostone in the lower part 

(Figure 3-44, Figure 3-45), and white very fine to fine grained sandstone with high angle 

cross bedding (Figure 3-46), with a thin pink dolostone layer with gravel at the top 

(Figure 3-28). The depositional environments were dominantly eolian sand dunes and 
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interdunes. Total thickness of this sequence is 16.5 m. During Sequence 15, the epeiric 

sea retreated from this area, so there are no marine carbonate deposits in this sequence.  

    Sequence 16 consists of reddish fine grained sandstone with high angle cross bedding 

and nodules (Figure 3-47, Figure 3-48), dolomitic sandstone with dolostone layers 

(Figure 3-49), white fine to medium grained sandstone with parallel or low angle cross 

bedding, sandy dolostone, and reddish dolostone (Figure 3-8). There are many nodules 

and carbonate pebbles in this sequence. A ravinement surface (Appendix 1, Appendix 2, 

Appendix 3 and Appendix 4), which is defined as a subaqueous erosional surface 

resulting from shoreline erosion associated with a sea-level rise, can be recognized in this 

sequence. It is an irregular erosional surface with carbonate gravels along it (Figure 3-50, 

Figure 3-51). The depositional environments were eolian, shoreline to shallow marine 

carbonate shelf. The total thickness of this sequence is 9.7 m. Sequence 16 was deposited 

after the active period of Ancestral Rocky Mountains. Because this sequence was under 

an important regional unconformity and was truncated, the thickness of this sequence 

changes much in different locations. Above the sequence is the base of the Opeche Shale, 

consisting of shale, shaly dolostone and cherts (Figure 3-12).  
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Figure 3-30. Lower part of sequence 3 at the Middle Fork of the Powder River outcrop. 
 
 
 
 

 
 
Figure 3-31. Sandy limestone and calcareous sandstone in Sequence 4 at the Middle Fork 
of the Powder River outcrop. 
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Figure 3-32. Red very fine to fine grained sandstone with high angle cross bedding in 
Sequence 5 at the Middle Fork of the Powder River outcrop. 
 
 
 
 

 
 
Figure 3-33. Reddish grey limestone in Sequence 5 at the Middle Fork of the Powder 
River outcrop. 
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Figure 3-34. Reddish yellow planar dolostone with thin shale layers in Sequence 6 at the 
Middle Fork of the Powder River outcrop. 
 
 
 
 

  
 
Figure 3-35. Limestone with many vugs in Sequence 7 at the Middle Fork of the Powder 
River outcrop. 
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Figure 3-36. Yellow or white interbedded shaly dolostone in Sequence 8 at the Middle 
Fork of the Powder River outcrop. 
 
 
 
 

 
 
Figure 3-37. Dolostone with many vugs in Sequence 9 at the Middle Fork of the Powder 
River outcrop. 
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Figure 3-38. Dolostone with many vugs in Sequence 9 at the Middle Fork of the Powder 
River outcrop. 
 
 
 
 

  
 
Figure 3-39. Dolostone in Sequence 10 of the Middle Fork at the Powder River outcrop. 
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Figure 3-40. Very fine to fine grained sandstone with planar and high angle cross bedding 
in Sequence 11 at the Middle Fork of the Powder River outcrop. 
 
 
 
 

 
 
Figure 3-41. Very fine to fine grained sandstone with high angle cross bedding, 
gradationally changing into dolomitic sandstone in Sequence 13 at the Middle Fork of the 
Powder River outcrop. 
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Figure 3-42. Very fine to fine grained and well sorted sandstone with high angle cross 
bedding in Sequence 14 at the Middle Fork of the Powder River outcrop. 
 
 
 
 

 
 
Figure 3- 43. Karsted dolostone in Sequence 14 at the Middle Fork of the Powder River 
outcrop. 
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Figure 3-44. Very fine to fine grained sandstone with low angle cross bedding and 
laminae, interbedded with thin yellow or pink dolostone in Sequence 15 at the Middle 
Fork of the Powder River outcrop. 
 
 
 
 

 
 
Figure 3-45. Very fine to fine grained sandstone with low angle cross bedding and 
laminae, interbedded with thin yellow or pink dolostone in Sequence 15 at the Middle 
Fork of the Powder River outcrop.  
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Figure 3-46. Very fine to fine grained sandstone with high angle cross bedding in 
Sequence 15 at the Middle Fork of the Powder River outcrop. 
 
 
 
 

  
 
Figure 3-47. Red fine grained sandstone with high angle cross bedding in Sequence 16 at 
the Middle Fork of the Powder River outcrop.  
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Figure 3-48. Red fine grained sandstone with high angle cross bedding and nodules in 
Sequence 16 at the Middle Fork of the Powder River outcrop. 
 
 
 
 

 
 
Figure 3-49. Dolomitic sandstone with dolostone layers in Sequence 16 at the Middle 
Fork of the Powder River outcrop.  
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Figure 3-50. Ravinement surface in Sequence 16 at the Middle Fork of the Powder River 
outcrop. 
 
 
 
 

 
 
Figure 3-51. Ravinement surface in Sequence 16 at the Middle Fork of the Powder River 
outcrop. 
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3.2.3 Sequence Stratigraphic Framework on Photomosaics 

 

    Three large photomosaics were made to trace sequence boundaries, to study facies 

assemblages and to understand the geometry of potential reservoir sandstones. The 

longest photomosaic (Appendix 2-1 representing west part and Appendix 2-2 

representing east part) represents a west to east section which extends from 43°35.75′N 

106°57.43′W to 43°35.94′N 106°54.71′W along the north side of the Middle Fork of the 

Powder River. Sequence boundaries are marked on this photomosaic. The Second 

photomosaic (Appendix 3) represents a west to east section of upper Tensleep Sandstone 

along the north side of Middle Fork of the Powder River at 43°35.66′N 106°56.61′W.  

Thick eolian cross-bedded sandstone units are exposed in this section. The third 

photomosaic (Appendix 4) represents a north-to-south section extending along a tributary 

in the Fishing Access of the Middle Fork of the Powder River at 43°35.48′N 

106°55.38′W. 

    Sequences and sequence boundaries described in the measured sections are easily 

recognized and can be traced on these photomosaics. At the same time, photomosaics 

provide supporting evidence for our sequence stratigraphic framework obtained from 

measured sections.  
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3.3  Fremont Canyon Outcrop 

 

    The major measured section (Figure 3-52, Appendix 5) transects the southeast side of 

the Fremont Canyon, from the top of the Madison Limestone to the bottom of the Opeche 

Shale. The GPS position of the parking place is 42°29.57′N 106°46.83′W. The lower part 

of the Tensleep outcrop lies southwest of the parking place and the upper part of the 

Tensleep outcrop is the small hill at the northeast side of the parking place.  

    Compared to the Middle Fork of the Powder River outcrop, the Tensleep Sandstone at 

the Fremont Canyon consists of mainly thick cross-bed sets of eolian dune origin, 

especially in the upper part. Sequence boundaries in the upper part of the Tensleep 

Sandstone are not very distinct because sand dunes were stacked with each other and no 

thick carbonates separate these sand dunes, but sequence boundaries still can be 

recognized by facies changes, truncation surfaces, color changes. 11 sequences 

boundaries, and 10 sequences bounded by these boundaries, are described at the 

measured section and traced laterally along the canyon walls. 
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Figure 3-52.  The measured section at the Fremont Canyon outcrop. 
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3.3.1  Sequence Boundaries 

 

    SB1 is the unconformity between Mississippian Madison Limestone and 

Pennsylvanian Amsden Formation (Figure 3- 53, Figure 3- 54). It is at the base of a red 

soil and silt zone with sands and pebbles.  

    SB2 is an unconformity which separates a dark limestone from overlying yellow 

dolostone (Figure 3-54).  

    SB3 is an unconformity which is at the base of a reddish paleosol and is at the top of 

the yellow marker (Figure 3-54, Figure 3-55).  

    SB4 is an unconformity with irregular surface at the base of a clay and limestone 

breccia layer (Figure 3-54). It separates a limestone with crinoids from the overlying 

limestone breccia layer. 

    SB5 is an unconformity which separates a vuggy limestone from overlying low-angle 

cross-bedded dolomitic sandstone (Figure 3-56). 

    SB6 is an unconformity marked by paleo-weathering zone which separates a thick 

dolostone from overlying thick sandstone and is characterized by yellow soft weathering 

dolostone with red pebbles (Figure 3-57). 

    SB7 is an unconformity which is sharp and irregular and separates karsted dolostone 

from overlying dolomitic sandstone (Figure 3-58, Figure 3-59).  

     SB8 is an erosional surface which separates an interdune deposit from a sand dune 

deposit (Figure 3-60).  
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    SB9 is an unconformity which separates a yellow marine grainstone from overlying 

eolian sandstone (Figure 3-61).  

    SB10 is an unconformity which overlies sand dune deposits and underlies dolomitic 

sandstone and sandstone with wave ripples (Figure 3-62). 

    SB 11 is the unconformity between Tensleep Sandstone and Opeche shale. It separates 

dolostone and overlying shale. 

 

3.3.2  Description of Sequences 

 

    Sequence 1 consists of dark green limestone with many big stylolites (Figure 3-63). 

The depositional environment was inferred as shallow marine carbonate shelf. Total 

thickness of this sequence is 3.5 m. 

    Sequence 2 consists of yellow shaly dolostone with small vugs and fractures (Figure 3-

64). The gamma ray value is very high compared to other sequences. The depositional 

environment was shallow marine carbonate shelf. Total thickness of this sequence is 3 m.  

    Sequence 3 consists of limestone with vugs, fractures and big stylolites (Figure 3-65). 

Many crinoids (Figure 3-66) are present in the upper part. The depositional environment 

was shallow marine carbonate shelf. Total thickness of this sequence is 8 m. 

    Sequence 4 consists of limestone with vugs and stylolites. The base is limestone 

breccia. The depositional environment was shallow marine carbonate shelf. Total 

thickness of this sequence is 3.3 m. 
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    Sequence 5 consists of very fine to fine grained dolomitic sandstone with low angle 

cross bedding (Figure 3-56), shaly sandstone and limestone breccia layers, and thick 

microcrystal dolostone with vugs and fossils (Figure 3-67). Sandstones are characterized 

by high dolomite ratio and big cross bedding. The depositional environments were 

shoreface and shallow marine carbonate shelf. Total thickness of this sequence is 10.5 m. 

    Sequence 6 consists of yellowish very fine to fine grained sandstone with high angle 

cross bedding and laminae (Figure 3-68), nodules (Figure 3-69), low angle cross bedding 

and wave ripples, fine to medium grained and planar bedded sandstone, reddish 

microcrystal dolostone (Figure 3-70) with stylolites, and yellow microcrystal karsted 

dolostone with planar bedding, fractures and vugs (Figure 3-71). The depositional 

environments were eolian and shallow marine carbonate shelf. Total thickness of this 

sequence is 19.6 m. 

    Sequence 7 contains three parts. The lower part consists of very fine to fine grained 

dolomitic sandstone with low angle planar or cross bedding, very fine to fine grained 

sandstone with reddish pebbles and small cross bedding or wave ripples, and red algal 

fragments (Figure 3-72). The middle part consists of very fine to fine grained sandstone 

with high angle cross bedding (Figure 3-73) or wind ripples. The upper part consists of 

very fine to fine grained sandstone with low angle or high angle cross bedding and wave 

ripples. The depositional facies are eolian sand dune and interdune. Total thickness of 

this sequence is 16.0 m. 
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    Sequence 8 contains two parts. The lower part consists of yellow very fine to fine 

grained sandstone with high angle cross bedding. Some sandstones have been deformed 

(Figure 3-74). The upper part consists of interbedded very fine to fine grained sandstone 

with low angle cross bedding and wave ripples, and reddish well laminated dolostones 

(Figure 3-75). The top is a fine to medium grained grainstone (Figure 3-76). The 

depositional facies are eolian sand dune and interdune. Total thickness of this sequence is 

36.5 m. 

    Sequence 9 contains two parts. The lower part consists of yellow very fine to fine 

grained sandstone with high angle cross bedding, dolomitic sandstone with high angle 

cross bedding, and dolomitic sandstone layers with planar bedding (Figure 3-77). The 

upper part consists of white very fine to fine grained sandstone with high angle cross 

bedding. The depositional facies are eolian sand dune and interdune. Total thickness of 

this sequence is 19.8 m. 

    Sequence 10 consists of yellow dolomitic sandstone with low angle cross bedding 

(Figure 3-78), and thick dolostone in the upper part. The depositional facies are eolian 

and shallow marine carbonate shelf. Total thickness of this sequence is 20 m. 
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Figure 3-53. Boundary between Madison Limestone and Amsden Formation at the 
Fremont Canyon outcrop. 
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Figure 3-54. SB1, SB2, SB3, SB4 and SB5 at the Fremont Canyon outcrop. 
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SB3

 
Figure 3-55. SB3 at the Fremont Canyon outcrop. It separates a yellow shaly dolostone 
from overlying reddish limestone. 
 
 
 
 

 

SB5

 
Figure 3-56. SB5 at the Fremont Cayon outcrop. It separates a vuggy limestone from 
overlying low angle cross bedded dolomitic sandstone. 
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Figure 3-57. SB6 at the Fremont Canyon outcrop. It separates thick dolostone from 
overlying thick sandstone. The paleo-weathering surface can be seen in this photo. 
 
 
 
 

 

SB7

SB6

 
Figure 3-58. SB7 at the Fremont Canyon outcrop. It is on the top of the uppermost thick 
dolostone in the Tensleep Sandstone. 
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Figure 3-59. SB7 at the Fremont Canyon outcrop. It separates karsted dolostone from 
overlying dolomitic sandstone. 
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Figure 3-60. SB8 at the Fremont Canyon outcrop. It separates an interdune deposit from a 
cross bedded sand dune deposit. 

 



 85

          
 
Figure 3-61. SB9 in the Fremont Canyon outcrop. It separates a yellow marine grainstone 
from overlying eolian sandstone. 
 
 
 
 

 

SB10
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Figure 3-62. SB10 at the Fremont Canyon outcrop. It separates sand dune deposits from 
underlying dolomitic sandstone and sandstone. 
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Figure 3-63. Limestone in Sequence 1 at the Fremont Canyon outcrop. 
 
 
 
 
 

 
 
Figure 3-64. Shaly dolostone in Sequence 2 at the Fremont Canyon outcrop.  
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Figure 3-65. Limestone with stylolites in Sequence 3 at the Fremont Canyon outcrop. 
 
 
 
 

 
 
Figure 3-66. Crinoids in Sequence 3 at the Fremont Canyon outcrop. 
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Figure 3-67. Dolostone with fossils in Sequence 5 at the Fremont Canyon outcrop. 
 
 
 
 

 
 
Figure 3-68. Cross bedding and laminae in Sequence 6 at the Fremont Canyon outcrop. 
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Figure 3-69. Nodules in Sequence 6 at the Fremont Canyon outcrop. 
 
 
 
 

 
 
Figure 3-70. Reddish dolostone in Sequence 6 at the Fremont Canyon outcrop.  
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Figure 3-71. Karsted dolostone in Sequence 6 at the Fremont Canyon outcrop. 
 
 
 
 

 
 
Figure 3-72. Red algal fragment in Sequence 7 at the Fremont Canyon outcrop. 
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Figure 3-73. High angle cross bedding sandstone in Sequence 7 at the Fremont Canyon 
outcrop. 
 
 
 
 

 
 
Figure 3-74. Deformed sandstone in Sequence 8 at the Fremont Canyon outcrop.  
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Figure 3-75. Reddish well laminated dolostone in Sequence 8 at the Fremont Canyon 
outcrop. 
 
 
 
 

 
 
Figure 3-76. Yellow grainstone in Sequence 8 at the Fremont Canyon outcrop.  
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Figure 3-77. Dolomitic sandstone with planar bedding in Sequence 9 at the Fremont 
Canyon outcrop. 
 
 
 
 

 
 
Figure 3-78. Yellow dolomitic sandstone with cross bedding in Sequence 10 at the 
Fremont Canyon outcrop. 
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3.3.3 Sequence Stratigraphic Framework on Photomosaics 

 

    Three long photomosaics are made to trace sequence boundaries and study facies 

assemblages. The first photomosaic (Appendix 6) covers part of the north-south section 

of the east side of Fremont Canyon. The second photomosaic (Appendix 7) is a north-

south section of west side of Fremont Canyon. The third photomosaic (Appendix 8) is a 

west-east section of the upper part of Tensleep Sandstone. Like the photomosaics of the 

Middle Fork of the Powder River outcrop, photomosaics of Fremont Canyon supply a 

good way to trace sequences and sequence boundaries.  

 

3.4  Summary of Depositional Environments 

 

    Three broad depositional environments are inferred for the Tensleep Sandstone 

outcrops at the Middle Fork of the Powder River and Fremont Canyon. They are shallow 

marine shelf, coastline and non-marine.  

 

3.4.1  Shallow Marine Shelf 

 

    The shallow marine shelf facies observed in the Tensleep Sandstone consists mostly of 

carbonates. These carbonates are continuous, can be traced to long distance without 

significant thickness change, and generally have flat top and bottom surfaces. Tucker & 
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Wright (1990) discussed this kind of carbonate and named it epeiric carbonate platform 

which generally had a water depth of less than 10 m so that the tides were damped out by 

frictional effects over the very extensive shallow sea floor. Apparently, this kind of 

carbonate can only be formed on the extremely flat sea floor. Sea level change could 

make a large area submerge or emerge and make every carbonate unit widespread.  

    The existence of many vugs (Figure 3-35) in most carbonates indicates an evaporative  

depositional environment, and the existence of marine fossils (Figure 3-66) indicates a 

marine environment. The carbonate in the Tensleep Sandstone includes limestone which 

is mainly in lower part of the Tensleep Sandstone, and dolostone which is mainly in the 

upper part of the Tensleep Sandstone.  Most limestones are microcrystalline and very 

hard, with many stylolites (Figure 3-65) and fractures (Figure 3-63). Some limestones are 

very sandy, and contain shale layers, but most limestones are very pure. The dolostones 

consist of mainly dolomite and some undolomitized calcite. They are microcrystal and 

very sandy. Usually these dolostones form karst terrain (Figure 3-26, Figure 3-43, Figure 

3-59, Figure 3-71) with and caverns, indicating these dolostones had been exposed to 

dissolution before burial.  

 

3.4.2  Shoreline 

 

    The shoreline in the Tensleep Sandstone at the Middle Fork of the Powder River and 

Fremont Canyon is a depositional environment between non-marine eolian deposits and 
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marine carbonate deposits. The shoreline deposits are characterized by high dolomite 

content and big cross bedding. The deposits are mainly of dolomitic sandstone or sandy 

dolostone, depending on the clastic supply and sea water energy.  Most sands of shoreline 

facies are fine to very fine grained, showing the eolian origin (Figure 3-17). Carbonate 

breccias, coarse grains, pebbles and burrows (Figure 3-14) are common in the shoreline 

facies. In some low energy environments, the deposits are mainly lagoonal shaly 

carbonate  (Figure 3-36) and shaly sandy carbonate.   

 

3.4.3  Non-marine 

 

    Non-marine deposits are dominantly eolian in the Tensleep Sandstone. Fryberger 

(1990) classified eolian stratification into dune facies, interdune facies, sand sheet facies 

and sabkha facies. In the Tensleep outcrops, sand dune and interdune facies are the most 

common eolian facies in the Tensleep Sandstone. Sabkha facies are not observed in the 

outcrops, but they are found in the cores which will be discussed in the Chapter 4. 

    The sand dune facies (Figure 3-40, Figure 3-42, Figure 3-46, Figure 3-47, Figure 3-60, 

Figure 3-68) consists of very fine to fine grained sandstone with high angle cross bedding 

and wind ripples. In the photomosaics, the geometry of sand dunes can be seen clearly 

(Appendix 3). The interdune facies consists of very fine, fine and even medium grained 

sandstones with low angle cross bedding, horizontal bedding and wave ripples. Some wet 
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interdunes (Fryberger, 1990) consist of sandy dolostone or dolomitic sandstone, with 

anhydrite nodules (Figure 3-48) and algal laminations (Figure 3-72).  

 

3.5  Sequence Stratigraphic Framework of Outcrops 

 

    The Tensleep Sandstone contains multiple sequence boundaries in response to frequent 

and high-amplitude sea level changes. These sequence boundaries can be correlated from 

the Middle Fork of the Powder River to the Fremont Canyon. 

 

3.5.1  Sequences and Sequence Boundaries in the Tensleep Sandstone 

 

    Generally, from bottom to top, the Tensleep Sandstone changes from dominantly 

marine, with abundant crinoids and corals, thick tabular carbonate beds and thin 

sandstone layers, to dominantly continental, with thick eolian cross-bedded sandstones, 

scarce fossils, and thin and discontinuous carbonates. 

    Evidence for sequence boundaries described above include paleosols, conglomerates, 

carbonate breccia, burrows and karst, all developed on top of marine carbonates. These 

suggest repeated episodes of relative sea level fall, causing exposure of previous marine 

shelves.    

    In the lower part of the Tensleep Sandstone, some sequence boundaries are not distinct 

because of the same lithologic characters below and above sequence boundaries, but we 
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still can recognize these sequence boundaries based on the associated carbonate breccias, 

burrows, conglomerates, carbonate pebbles, infilling materials and color change. Marine 

carbonates lying directly above sequence boundaries indicate possible bypass of lowstand 

clastics in incised valleys not exposed at the locations of the measured section, or open 

marine carbonate platforms out of reach of terrigenous clastics.   

    In the Upper Tensleep Sandstone, most sequence boundaries are very flat and are 

typically associated with karsted dolostones, but some sequence boundaries could be 

missed when there are no carbonate deposits and eolian sandstones of several sequences 

are locally stacked directly on top of each other.  Complete sequences consist of lowstand 

eolian sandstones and highstand carbonates, and end with an exposure surface on the top 

of carbonate. All carbonates in the Upper Tensleep Sandstone have been dolomitized, and 

the top of the carbonates are commonly karsted. Thick units of eolian sandstones in the 

upper Tensleep indicate that non-marine environments were becoming the dominant 

depositional environment, probably in response to a regional widespread regression.  

 

3.5.2  Correlation of Two Main Outcrop Sections 

 

    The Middle Fork of the Powder River outcrop shows a typical coastal depositional 

environment, with continental eolian deposits interbedded with marine carbonate 

deposits, and dominant eolian sand dune deposits happened only at the end of the 

Tensleep period when most of Wyoming was emerge. These indicate that the Middle 
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Fork of the Powder River outcrop was deposited on a stable shelf and the deposition here 

was controlled by high-frequency and high-amplitude sea level change.  

    Compared to the Middle Fork of the Powder River outcrop, the Fremont Canyon 

outcrop shows a dominant continental environment, with thick eolian sand dune deposits 

and thin carbonate layers most of which in the upper Tensleep Sandstone are non-marine 

carbonates. The facies characters suggest the Fremont Canyon represents a more 

continental setting than the Middle Fork of the Powder River. This was caused by 

Pathfinder uplift (Figure 2-8) which was described by Mallory (1966) as a tectonic 

element of the Ancestral Rocky Mountains and to be largest and most active tectonically 

in Atoka time. The Fremont Canyon outcrop occupies the northwest flank of the 

Pathfinder uplift and the Middle Fork of the Powder River outcrop was to the north of the 

uplift.  

    The fossils in the Tensleep Sandstone do not provide enough dating for correlation. 

But the understanding of paleo-geography and sea level change during Tensleep period 

provides us reliable ways for sequence stratigraphic correlation. First, the Pathfinder 

uplift was active during early Pennsylvanian age, which resulted in sequences missing at 

the base of the Fremont Canyon outcrop, which was on the Pathfinder uplift area. 

Second, the northward thinning of the Tensleep Sandstone indicates the post-Tensleep 

erosion was significant in the far north Wyoming and Montana, but not significant in my 

study area. Actually, the youngest fossils in the whole Tensleep Sandstone were found by 

Verville (1957) in the Mayoworth area which is only several miles from the Middle Fork 
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of the Powder River outcrop. There is no evidence to show that there was any sequence 

missing at the top of the Tensleep in my study area. Third, the epeiric carbonate deposits 

in the Tensleep Sandstone indicate the surfaces were very flat, and the sequence 

boundaries and depositional facies are continuous and can be correlated for a long 

distance. Fourth, the Yellow Marker is the only lagoonal deposit in the Tensleep 

Sandstone and it is an important correlation marker. Fifth, the occurrence of the first 

significant sandstone indicates an important tectonic event or significant regional 

depositional environment change and the sandstone should be another important 

correlation marker. Sixth, gamma ray is useful for the correlation because gamma ray is 

sensitive to facies change. Across sequence boundaries, gamma ray generally has a 

sudden change.  

    The two outcrops are correlated (Figure 3-79) based on the six points above. This 

correlation matches the paleo-geography well, and clearly illustrates the sedimentary 

history of the Tensleep Sandstone. During Atoka time, the Pathfinder uplift was very 

active and high, which is the reason why 6 basal sequences onlapped the uplift between 

the Middle Fork of the Powder River and the Fremont Canyon. During Des Moinesian 

time, the Pathfinder uplift waned and shelf environments were widespread in this area. 

Thick carbonates were formed. But the Ancestral Rocky Mountains continued to develop, 

which finally caused the whole study area to be elevated and dominated by continental 

deposits. The Ancestral Rocky Mountains continued to develop after Des Moinesian 

time. The whole area where Tensleep Sandstone was deposited finally emerged during 
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the late Pennsylvanian and early Permian, so the continental deposits dominated. Because 

the Fremont Canyon was closer to Ancestral Rocky Mountains, the elevation of the 

Fremont Canyon was higher than that at the Middle Fork of the Powder River, and the 

epeiric sea retreated from the Fremont Canyon area earlier than in the Middle Fork of the 

Powder River area. The upper Tensleep Sandstone, especially in the Fremont Canyon, is 

dominated by continental eolian sandstone. 
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Figure 3-79.  Sequence stratigraphic correlation of the Middle Fork 
of the Powder River outcrop and the Fremont Canyon outcrop. The 
correlation shows that the Tensleep Sandstone onlapped from north 
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to south during the early stage of the Tensleep Sandstone period. 
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CHAPTER 4 

CORE DESCRIPTION AND WELL LOG CORRELATION 

 

    The outcrop study in the Chapter 3 shows that the Tensleep Sandstone in the outcrop 

consists of eolian sandstones and marine carbonates. The Tensleep Sandstone in Teapot 

Dome is similar to the Tensleep Sandstone in the outcrops. 

 

4.1  Core Description 

 

    Cores from a total of six wells have been described. Four cores (54-TPX-10, 55-TPX-

10, 11-MX-11 and 51-CMX-10) belong to RMOTC, Casper, and are currently on loan to 

the University of Wyoming. Two cores (W56-TPX-3, 56-TPX-10) belong to the USGS in 

Lakewood, CO.  

 

4.1.1  Well 54-TPX-10 

 

    This core was collected from depths of 5333 ft to 5475 ft. About 32 ft of core within 

this interval are missing. The core description is shown in Figure 4-1. The digital core 

analysis data are in Appendix 13.  

 

 



 104

4.1.1.1 Description   

 

    5334 to 5341 ft: This interval consists of very fine-grained, well-sorted and dolomite-

cemented sandstone, with massive or low-angle laminae (Figure 4-2), suggesting an 

interdune environment. Porosities in this core range from 7.2% to 10.4%, permeabilities 

from 0.46 to 3.5 md, and oil saturation about 50%. Both gamma ray and resistivity are of 

medium value. 

    5341 to 5347 ft: This interval consists of very fine-grained to fine-grained and well-

sorted sandstone, with crinkly lamination to high-angle cross bedding (Figure 4-3), 

suggesting a sand dune environment. It is cemented intensely by dolomite. The texture 

and structure suggest a cemented sand dune environment. Porosities range from 4.1% to 

8.0%, permeabilities from 2.23 to 30 md, and oil saturation from 40.6% to 55.8%. 

Gamma ray is low and resistivity is of medium value.   

    5347 to 5357 ft: This interval consists of very fine-grained and well-sorted dolomitic 

sandstone, with pinstripe lamination (Figure 4-4) to crinkly lamination, suggesting an 

interdune environment. From top to bottom, porosities decrease from 5% to 1.1%, 

permeabilities decrease from 0.26 to 0.02 md, oil saturation decreases from 33.4% to 0, 

the gamma ray increases from low to medium, and the resistivity increases from medium 

to high. These changes are caused by increased dolomite cements from top to bottom. 

    5357 to 5360 ft: This interval consists of dolostone (Figure 4-5). Crinoids found at the 

top of the dolostone indicate that the depositional environment is shallow marine. This 
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interval has low porosity (less than 1%), is almost non-permeable, and does not contain 

oil. Gamma ray and resistivity are of high value. 

    5360 to 5368 ft: Core is missing. 

    5368 to 5370 ft: This interval consists of very fine-grained dolomitic sandstone, with 

horizontal laminations (Figure 4-6). Considering the overlying shallow marine and the 

underlying sabkha environment, the depositional environment of this interval should be 

coastal sand sheet. Porosities range from 2% to 4.8%, permeabilities from 0.04 to 0.05 

md, and oil saturation from 0 to 13.2%. Gamma ray is low, and resistivity is high because 

of the dolomitic cements. 

    5370 to 5377 ft: This interval consists of dolostone with abundant fractures, stylolites, 

and vugs (Figure 4-7). Evaporites, especially gypsum, can be found in the dolostone. All 

these characters indicate a sabkha environment. Porosities range from 1.8% to 2.3%, and 

permeabilities from 0.02 to 0.05 md. Oil stain is recognized in vugs and fractures. 

Resistivity is high, a typical characteristic of dolostone.  

    5377 to 5379 ft: This interval consists of very fine to fine-grained and well-sorted 

sandstone, with low-angle cross bedding (Figure 4-8), suggesting a sand dune 

environment. This interval shows very good reservoir properties. Porosities range from 

11.3% to 18.5%, permeabilities from 3.21 to 102 md, and oil saturation from 27.7% to 

47.4%. Gamma ray and resistivity are low, indicating the low percentage of dolomite 

content.  

    5379 to 5390 ft: Core is missing. 
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    5390 to 5404 ft: This interval consists of very fine to fine-grained and well-sorted 

sandstone, with low to high-angle cross bedding (Figure 4-9), suggesting a sand dune 

environment. Porosities range from 7.9% to 20.2%, permeabilities from 2.17 to 271 md, 

and oil saturation from 30.1% to 58.5%. The color is dark because of the oil staining. 

Gamma ray and resistivity are low. 

    5404 to 5405 ft: This interval consists of very fine-grained and well-sorted dolomitic 

sandstone, with crinkly laminations and adhesion ripples (Figure 4-10), suggesting an 

interdune environment. Porosities range from 9.7% to 11.1%, permeabilities from 0.02 to 

0.04 md, and oil saturation from 47.1% to 51.2%. Permeabilities are low due to dolomite 

cements. Gamma ray is high and resistivity is low. 

    5405 to 5408 ft: This interval consists of very fine to fine-grained and well-sorted 

sandstone (Figure 4-11), with high-angle cross bedding and grain flows, suggesting a 

sand dune environment. Porosities range from 12% to 19%, permeability from 2.74 to 

7.01 md, and oil saturation is from 34% to 40.6%. Gamma ray and resistivity are low. 

    5408 to 5427 ft: This interval consists of very fine-grained and well-sorted sandstone 

to dolomitic sandstone (Figure 4-12), with low-angle cross bedding, pinstripe 

laminations, adhesion ripples and crinkly lamination, suggesting an interdune 

environment. Porosities range from 1.7% to 10.2%, permeabilities from 0.02 to 0.87 md, 

and oil saturation from 0 to 50.5%. Gamma ray and resistivity change greatly because of 

change in the percentage of dolomite.  

    5427 to 5431 ft: Core is missing.  
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    5431 to 5435 ft: This interval consists of very fine-grained and well-sorted sandstone, 

with low-angle laminae (Figure 4-13) and fractures, suggesting an interdune 

environment. Porosities range from 1.6% to 3.1%, permeabilities from 0.02 to 0.04 md, 

and oil saturation about zero. Gamma ray is low and resistivity is high. 

    5435 to 5442 ft: This interval consists of very fine to fine-grained and well-sorted 

sandstone, with low to high-angle cross bedding (Figure 4-14) and crinkly lamination, 

suggesting a sand dune environment. Porosities range from 2% to 6.8%, permeabilities 

from 0.02 to 0.04 md, and oil saturation about zero at most of the interval. However, oil 

saturation can be as high as 52.5% in very limited areas. The reservoir properties are very 

poor because of the cementation by dolomite. Gamma ray is low and resistivity is high 

because of the dolomite. 

    5442 to 5452 ft: Core is missing. 

    5452 to 5456 ft: This interval consists of very fine-grained and massive sandstone, 

with abundant fractures (Figure 4-15). Considering that the interval overlies an open 

marine interval, it should be a coastal sand sheet environment. At the bottom of the 

interval, porosity is 4.3%, permeability 1.07 md, and oil saturation 18.9%, due to less 

cementation. Except at the very base, this sandstone interval is intensely cemented by 

dolomite with porosity from 2.3% to 4.4%, permeabilities of 0.02 md, and oil saturation 

of zero. Gamma ray is not available from this interval at the bottom of the well. 

Resistivity ranges from high to low, reflecting change in the percentage of dolomite.  
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    5456 to 5465 ft: This interval consists of dolostone to dolomitic sandstone, with some 

fractures. It contains fusulinids and fragments of brachiopods and crinoids (Figure 4-16), 

suggesting an open marine environment. Porosities range from 0.7% to 5.8%, 

permeabilities from 0.02 to 1.27 md, and oil saturation zero at most of the interval. 

However, oil saturation can be as high as 5.8% at the depth of 5458 ft. Resistivity ranges 

from low to high, depending on the percentage of dolomite. 

    5465 to 5470 ft: This interval consists of very fine to fine-grained dolomitic sandstone 

to sandstone, with low-angle cross beddings (Figure 4-17), suggesting, perhaps, a 

shoreface environment. Porosities range from 5% to 9.5%, permeabilities from 0.19 to 15 

md, and oil saturation from 4.1% to 27.5%. Log data are not available from this interval 

to bottom of the well.  

    5470 to 5470.3 ft: This core interval consists of cyan very fine-grained and massive 

muddy sandstone (Figure 4-18). The depositional environment is inferred as shallow 

marine lagoonal. Porosity is 0.9%, permeability 0.05md, and oil saturation zero. 

    5470.3 to 5475 ft: This core interval consists of light red to brown, very fine to fine 

dolomite-cemented sandstone with chert nodules (Figure 4-19), suggesting an open 

marine environment. Porosities range from 0.7% to 2.5%, permeability 0.02 md, and oil 

saturation zero. 
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Figure 4-1. Tensleep core log for Teapot Dome well 54-TPX-10.  
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Figure 4-2. Massive and low-angle laminated sandstone with oil staining. Well 54-TPX-
10, depth 5336ft. The width of the core is about 3 inches. All cores in this thesis have this 
size. 
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Figure 4-3. Sandstone with high-angle cross bedding. Well 54-TPX-10, depth 5341ft.  
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Figure 4-4. Sandstone with pinstripe lamination. Well 54-TPX-10, depth 5353ft. 
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Figure 4-5. Dolostone with fossils (crinoids). Well 54-TPX-10, depth 5358ft. 
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Figure 4-6. Dolomitic sandstone with horizontal laminations. Well 54-TPX-10, depth 
5369 ft. 
 

 



 115

 
 
 
 
 
 
 
 
 
 
 
 

 

 
Figure 4-7. Dolostone with vugs (molds after evaporite crystals) and fractures. Well 54-
TPX-10, depth 5371ft. 
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Figure 4-8. Sandstone with low-angle cross bedding and oil stain. Well 54-TPX-10, depth 
5378ft. 
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Figure 4-9. Sandflow cross bedding with oil stain. Well 54-TPX-10, depth 5391-5392ft. 
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Figure 4-10. Dolomitic sandstone with ripples. Well 54-TPX-10, depth 5404-5405ft. 
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Figure 4-11. Sandstone with oil-staining of selected beds. Well 54-TPX-10, depth: 
5406ft. 
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Figure 4-12. Sandstone with low-angle cross bedding. Well 54-TPX-10, depth 5416-
5417ft. 
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Figure 4-13. Sandstone with low-angle laminae. Well 54-TPX-10, depth 5432ft. 
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Figure 4-14. Sandstone with two sets of cross bedding with different angles. Well 54-
TPX-10, depth 5435ft. 
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Figure 4-15. Dolomite-cemented massive sandstone with fractures. Well 54-TPX-10, 
depth 5452-5453ft. 
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Figure 4-16. Dolomitic sandstone with fossils. Well 54-TPX-10, depth 5457-5458ft. 
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Figure 4-17. Sandstone with low-angle cross bedding. Well 54-TPX-10, depth 5467-
5468ft. 
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Figure 4-18. Cyan-colored, massive muddy sandstone. Well 54-TPX-10, depth 5470ft.   
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 Figure 4-19. Sandstone with chert nodules. Well 54-TPX-10, depth 5473ft. 
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4.1.1.2  Summary 

 

    Figure 4-1 presents the core log for well 54-TPX-10 at Teapot Dome, including 

sedimentological and petrophysical data and a ground sea level curve. At its base (below 

5456 ft), the cored interval consists of dolomite-cemented sandstone with chert nodules, 

grading upward into dolostones. The interval contains fusulinids and crinoids, suggesting 

an open marine depositional setting. Oil-stained, cross-bedded, and rippled sandstones of 

eolian origin overlay the dolostones (from 5456 to 5377 ft). Overlying the thick 

sandstone (Sequence B Sandstone) is an interval of intensely fractured and stylolitized 

dolostone with vuggy pseudomorphs of large evaporite crystals. These sediments are 

inferred to represent a sabkha or supratidal evaporite flat. An important interval of this 

core (from 5369 ft to 5360) is missing, but directly above this gap is preserved 2.5 ft of 

dolostones with crinoid fragments. At 5377 ft, there is a marine flooding surface 

truncating the eolian sandstone and overlain by coastal sabkha deposits which are 

overlain by open marine deposits recording the peak of this relative sea level cycle. The 

abrupt base of another eolian sandstone at 5357 ft suggests a second sequence boundary 

associated with renewed sea level fall. Therefore, the core can be divided into Sequence 

C, Sequence B, and Sequence A. Sequence C extends from the base to 5456 ft. Only the 

top of Sequence C is captured in this core. The captured part consists of open marine 

cherty, muddy sandstone to dolomitic sandstone and dolostone. It was probably deposited 

during a period of sea level highstand. The cherty sandstone is truncated by an erosional 
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surface, interpreted as a sequence boundary within the Tensleep Sandstone. Sequence B 

extends from 5456 ft to 5357 ft and is a complete sequence. This sequence can be divided 

into two parts based on a flooding surface at the depth of 5377 ft. The lower part of 

Sequence B consists of sandstone and dolomitic sandstone, mainly eolian deposits. The 

upper part of the sequence consists of sabkha dolostone, offshore sandstone and open 

marine dolostone, representing a transgression beginning with a flooding surface and 

ending with the next overlying sequence boundary. Sequence A extends from 5357 ft to 

top, and consists of eolian sandstone, representing the low part of another sea level cycle.  

 

4.1.2  Well 55-TPX-10 (Figure 4-20) 

 

     This core was collected from depths of 5367 ft to 5416 ft, and the core description is 

shown in Figure 4-20. The digital core analysis data are in Appendix 13. 

 

4.1.2.1  Description 

 

    5366 to 5368 ft: This interval consists of very fine grained dolomitic sandstone with 

low-angle cross bedding (Figure 4-21) and a very thin dolostone layer, suggesting a 

coastal sand sheet environment. Gamma ray is low and resistivity is high. Core analysis 

data is not available at this interval. 

 



 130

    5368 to 5375 ft: This interval consists of light red dolostone with evaporite crystal 

molds (dark vugs) and sparry dolomite in fracture fills (Figure 4-22), suggesting a sabkha 

environment. Porosity is 1.8%, permeability 0.04, and oil saturation zero. Gamma ray is 

low and resistivity is high. 

    5375 to 5391 ft: This interval consists of very fine to fine-grained and well-sorted 

sandstone (Figure 4-23), with high-angle cross bedding, crinkly laminations, and oil 

stain, suggesting a sand dune environment. Porosities range from 0.56% to 15.3% 

(mainly around 10%), permeabilities from 0.12 to 155 md, and oil saturation from 28.9% 

to 63.2%. Gamma ray is low and resistivity ranges from low to medium. 

    5391 to 5405 ft: This interval consists of very fine-grained and well-sorted dolomitic 

sandstone (Figure 4-24), with crinkly laminations and wind ripples, suggesting an 

interdune environment. Porosities range from 4.3% to 6.5%, permeabilities from 0.02 to 

0.27 md, and oil saturation from 0 to 52.2% (mainly greater than 10%). From bottom to 

top of the interval, gamma ray is from medium to low, and resistivity is from low to 

medium. 

    5405 to 5409 ft: This interval consists of very fine to fine-grained and well-sorted 

sandstone (Figure 4-25), with low to high-angle cross bedding and oil stain, suggesting a 

sand dune environment. Porosities range from 6.2% to 7.8%, permeabilities from 0.47 to 

4.43 md, and oil saturation from 21.4% to 52.3%. Both gamma ray and resistivity are 

low.  
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    5409 to 5416 ft: This interval consists of very fine-grained, well-sorted dolomitic 

sandstone (Figure 4-26), with low-angle laminae, adhesion ripples, and fractures, 

suggesting an interdune environment. Porosities range from 4.2% to 8.4%, permeabilities 

mainly from 0.02 to 0.15 md (except bottom sample with a permeability of 5.83 md), and 

oil saturation from 1.3% to 42%. The gamma ray and resistivity change greatly due to 

variations in the percentage of dolomite. 

 

4.1.2.2  Summary 

 

    Figure 4-20 presents the core log for well 55-TPX-10 at Teapot Dome, including 

sedimentological and petrophysical data and a ground sea level curve inferred from the 

water depth of individual depositional systems. The textures, structures, reservoir 

properties and depositional sequences are similar to those of the core from Well 54-TPX-

10. This core consists mainly of eolian sandstone and sabkha dolostone. It can be 

correlated to Sequence B of the core interval in Well 54-TPX-10. From bottom to 5375 

ft, eolian sandstones are dominant. At 5375 ft, there is a flooding surface which shows 

that deposits were from non-marine eolian to coastal sabkha and sand sheet. 
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Figure 4-20. Integrated core description of Well 55-TPX-10. 
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Figure 4-21. Dolomitic sandstone with low-angle cross bedding. The upper arrow points 
to a stylolite between sandstone and dolostone. Well 55-TPX-10, depth 5367ft. 
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Figure 4-22. Dolostone with evaporite crystal molds (dark vugs) and sparry dolomite in 
fracture fills. Well 55-TPX-10, depth 5368ft. 
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Figure 4-23. Sandstone with cross bedding (top) and dead oil along laminations. Well 55-
TPX-10, depth 5383ft. 
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Figure 4-24. Sandstone with crinkly lamination. Well 55-TPX-10, depth 5402ft. 
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Figure 4-25. Sandstone with high-angle cross bedding, small fracture and oil staining.  
Well 55-TPX-10, depth 5408ft. 
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Figure 4-26. Dolomitic sandstone with adhesion ripple and fracture. Well 55-TPX-10, 
depth 5414ft. 
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4.1.3  Well 51-CMX-10 

 

    This core was collected from depths of 5511 to 5640 ft. Core analysis data is available 

only at the depth range of 5511 ft to 5545 ft. The core description is shown in Figure 4-

27. The digital core analysis data are in Appendix 13. 

 

4.1.3.1  Description 

 

    5511 to 5524 ft: This interval consists of dolomitic sandstone to siltstone (Figure 4-

28), intensely deformed by loading, suggesting a lagoonal environment. Porosities range 

from 0.8% to 1.8%, permeabilities from 0.01 to 0.03 md, and oil saturation zero. Gamma 

ray values are highly variable, and resistivity is high. 

    5524 to 5533 ft: This interval consists of very fine-grained dolomitic sandstone 

(Figure 4-29), with low-angle cross bedding to crinkly laminations, suggesting a coastal 

sand sheet environment. Porosities range from 1.5% to 6.8%, permeabilities from 0.02 to 

0.09 md, and oil saturation from 0 to 10.9%. From bottom to top of this interval, gamma 

ray increases, and resistivity decreases. 

    5533 to 5534 ft: This interval consists of dolostone with evaporites (Figures 4-30 and 

4-31), suggesting a coastal environment. Core analysis data are not available at this 

interval. Gamma ray is low, and resistivity is high. 
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    5534 to 5563 ft: This interval consists of very fine-grained sandstone (Figure 4-32), 

with low-angle cross bedding and laminae, suggesting a coastal sand sheet environment. 

Porosities range from 3.1% to 8.5%, permeabilities from 0.02 to 0.09 md, and oil 

saturation from 0 to 2.1%. Gamma ray is from low to medium and resistivity is high.  

    5563 to 5568 ft: This interval consists of dolostone (Figure 4-33) with fusulinids, 

suggesting an open marine environment. Core analysis data is not available from this 

interval to bottom of the core. Gamma ray is low and resistivity is high. 

    5568 to 5575 ft: This interval consists of very fine-grained sandstone (Figure 4-34), 

with low-angle laminae or a massive appearance. Considering the overlying open marine 

environment and underlying sabkha environment, the environment of this interval should 

be coastal sand sheet. Gamma ray is low and resistivity is high.  

    5575 to 5577 ft: This interval consists of dolostone (Figure 4-34) with vugs, 

suggesting a sabkha environment. Gamma ray is medium and resistivity is high. 

    5577 to 5578 ft: This interval consists of very fine-grained, massive sandstone (Figure 

4-35), suggesting a sand sheet environment. Gamma ray is low and resistivity is high. 

    5578 to 5585 ft: Core is missing. 

    5585 to 5614 ft: This interval consists of very fine-grained and well-sorted sandstone 

(Figure 4-36) with high-angle cross bedding, crinkly laminations and intense oil stain, 

suggesting a sand dune environment. Both gamma ray and resistivity are low. 

    5614 to 5640 feet: This interval consists of very fine-grained and well-sorted 

sandstone (Figure 4-37) with low-angle cross bedding, crinkly laminations and low-angle 
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laminae, suggesting an interdune environment. From bottom to top, gamma ray 

decreases. Resistivity is low. 

 

4.1.3.2  Summary 

   

    This core consists of thick sandstones interbedded with thin dolostones. Only the lower 

parts of the sandstones contain oil.  

    The core can be divided into two sequences which correlate to Sequence A and 

Sequence B in Well 54-TPX-10. The lower sequence, Sequence B, ranges from bottom of 

the core to a depth of 5563 ft. This sequence consists of eolian sandstone and dolostone, 

overlain by marine sandstone and dolostone. It represents a complete sequence containing 

inland eolian environments and open marine environments, and ends at an erosional 

surface. This surface marks a sequence boundary, which can be correlated to the 

sequence boundary at top of the Sequence B in Well 54-TPX-10. The upper sequence, 

Sequence A, ranges from 5563 ft to top of the core. Only the transgressive systems tract 

consisting of coastal sand sheet and lagoonal sandstone was cored.  
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Figure 4-27. Integrated core description of Well 51-CMX-10. 
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Figure 4-28. Siltstone intensely deformed by loading. Well 51-CMX-10, depth 5516ft. 
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Figure 4-29. Dolomitic sandstone with low-angle cross bedding. Well 51-CMX-10, depth 
5530ft. 
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Figure 4-30. Dolomite with evaporites at base. Well 51-CMX-10, depth 5533ft. 
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Figure 4-31. Evaporites. Well 51-CMX-10, depth 5533ft. 
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Figure 4-32. Sandstone with low-angle bedding. Well 51-CMX-10, depth 5553ft. 
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Figure 4-33. Dolomite with fossils (fusulinids). Well 51-CMX-10, depth 5565ft. 
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Figure 4-34. A stylolite between underlying vuggy dolostone and overlying low-angle 
laminated sandstone. Well 51-CMX-10, depth: 5575ft. 
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Figure 4-35. Massive sandstone. Well 51-CMX-10, depth 5577ft. 
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Figure 4-36. Oil-stained sandstone with fractures. Well 51-CMX-10, depth 5604ft. 
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Figure 4-37. Sandstone with stylolites. Well 51-CMX-10, depth 5629ft. 
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4.1.4  Well 11-MX-11 

 

    This core was collected from depth of 5609 to 5646 ft, and the core description is 

shown in Figure 4-38. The digital core analysis data are in Appendix 13. 

 

4.1.4.1  Description 

 

    5609 to 5640 feet: This interval consists of very fine-grained and well-sorted 

sandstone (Figures 4-39, 4-40, and 4-41), with horizontal laminations and wind ripples, 

suggesting a sand dune environment. Porosities range from 8.8% to 15.8%, 

permeabilities from 0.38 to 135 md, and oil saturation zero, respectively. From bottom to 

top of this interval, both gamma ray and resistivity increase.  

    5640 to 5646 feet: This interval consists of very fine-grained and well-sorted 

sandstone (Figure 4-42) with stylolites, suggesting an interdune environment. Porosities 

range from 5.1% to 9%, permeabilities from 0.12 to 3.11 md, and oil saturation zero.  

 

4.1.4.2  Summary 

 

    This core is composed of thick sandstone. It can be correlated to the lower part of the 

Sequence B in Well 54-TPX-10. There is no oil stain in this core. The sandstones are 

intensely cemented by dolomite. 
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Figure 4-38. Integrated core description of Well 11-MX-11. 
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Figure 4-39. Sandstone with horizontal laminations and wind ripples. Well 11-MX-11, 
depth 5610ft. 
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Figure 4-40. Sandstone with wave ripples and cemented with dolomite. Well 11-MX-11, 
depth 5636ft. 
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Figure 4-41. Sandstone with high-angle cross bedding. Well 11-MX-11, depth 5617ft. 
 

 



 158

  
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4-42. Sandstone with numerous stylolites. Well 11-MX-11, depth 5640ft. 
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4.1.5  Well 56-TPX-3 

 

    This core was collected from a depth range of 5521 to 5547 ft. Log data are not 

available. The core description is shown in Figure 4-43. The digital core analysis data are 

in Appendix 13. 

 

4.1.5.1  Description 

 

    5521 to 5522 ft: This interval consists of dolostone, probably of open marine origin. 

Porosity is 4.3%, permeability 0.31 md, and oil saturation zero.  

    5522 to 5529 ft: This interval consists of very fine-grained dolomite-cemented 

sandstone (Figures 4-44 and 4-45) with laminations and massive bedding. This interval 

represents a coastal sand sheet environment. Porosities range from 4.7% to 9.2%, 

permeabilities from 0.04 to 5.3 md, and oil saturation ranges from 0 to 2.2%. 

    5529 to 5534.5 ft: This interval consists of dolostone with fractures, stylolites, and 

vugs after dissolved evaporite crystals (Figure 4-45), indicating a sabkha environment. 

Core analysis data is not available. 

    5534.5 to 5538 ft: This interval consists of dolomite-cemented, very fine-grained 

sandstone with low-angle laminae, suggesting an interdune environment. Porosities range 

from 8.6% to 16.7%, permeabilities from 2.5 to 24 md, and oil saturation ranges from 

6.3% to 16%. 
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    5538 to 5547ft: This interval consists of very fine to fine-grained sandstone with high-

angle cross bedding and fractures, suggesting a sand dune environment. Porosities range 

from 13.2% to 24%, permeabilities from 28 to 191 md, and oil saturation from 2.9% to 

9.5%. 

 
4.1.5.2  Summary 

 

    This core contains a lowstand systems tract eolian sandstone, transgressive systems 

tract sabkha dolostone, sand sheet, and highstand marine dolostone. The core can be 

correlated to the upper part of Sequence B in Well 54-TPX-10. 

 
 
 
 
 
 
 
 

 
 
Figure 4-43. Integrated core description of Well 56-TPX-3. 
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Figure 4-44. Dolomite-cemented sandstone. Well 56-TPX-3, depth 5527ft. 
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Figure 4-45. An erosional surface between upper laminated sandstone and lower vuggy 
dolostone. Well 56-TPX-3, depth 5529ft. 
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4.1.6  Well 56-TPX-10 

 

    This core was collected from depth range of 5370 to 5422.2 ft, and the core description 

is shown in Figure 4-46. The digital core analysis data are in Appendix 13. 

 

4.1.6.1  Description 

 

    5370 to 5373 ft: This interval consists of dolostone with fractures and dissolved crystal 

vugs (Figure 4-47). The dolostone is probably of an open marine origin. Core analysis 

data is not available in this interval. Both gamma ray and resistivity are high. 

    5373 to 5379 ft: This interval consists of dolomite-cemented, very fine-grained 

sandstone with low-angle laminae and crinkly laminations, suggesting a coastal sand 

sheet environment. Core analysis data is not available in this interval. Gamma ray is low 

and resistivity is high. 

    5379 to 5384 ft: This interval consists of dolostone with a few sand grains, stylolites, 

fractures and vugs (Figure 4-48), suggesting a sabkha environment. Core analysis data is 

not available in this interval. Gamma ray is low to medium, and resistivity is high.  

    5384 to 5407 ft: This interval consists of very fine-grained sandstone (Figure 4-49) 

with low-angle laminae, crinkly lamination and fractures, suggesting an interdune 

environment. Porosities range from 2.6% to 16.4%, permeabilities from 0.03 to 31 md, 
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and oil saturation from 4% to 59.1%. From bottom to top, gamma ray decreases and 

resistivity increases. 

    5407 to 5415 ft: This interval consists of very fine-grained sandstone with high-angle 

cross bedding, low-angle laminae and crinkly laminations, suggesting a sand dune 

environment. Porosities range from 6.6% to 15.1%, permeabilities from 0.17 to 33 md, 

and oil saturation from 12.3% to 47.6%. Gamma ray is high, and resistivity is low. 

    5415 to 5422 ft: This interval consists of very fine to fine-grained sandstone (Figure 4-

50) with fluid escape structures and burrows, suggesting an interdune environment. 

Porosities range from 4.3% to 12.5%, permeabilities from 0.1 to 8 md, and oil saturation 

from 4.5% to 47.2%. Both gamma ray and resistivity are high. 

 

4.1.6.2  Summary 

 

    This core contains eolian sandstone, sabkha dolostone and sand sheet, and marine 

dolostone. Fractures and stylolites are common in the dolostones, and often filled with 

other minerals. It can be correlated to Sequence B in Well 54-TPX-10. 
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Figure 4-46. Integrated core description of Well 56-TPX-10.  
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Figure 4-47. Dolomite with fractures. Well 56-TPX-10, depth 5371ft. 
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Figure 4-48. Dolomite with evaporite crystals and dissolution molds. Well 56-TPX-10, 
depth 5380ft. 
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Figure 4-49. Sandstone with crinkly laminae. Well 56-TPX-10, depth 5392ft. 
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Figure 4-50. Sandstone with burrows. Well 56-TPX-10, depth 5416ft. 
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4.2  Depositional Environments 

 

    Tensleep marine rocks are characterized by dolostone with marine fossils (e.g. 

crinoids) and chert nodules. Evaporite dissolution molds are concentrated in zones within 

the dolostones. Detrital clastic grains are rare. Fractures and stylolites are well developed 

in the dolostones. Some fractures are open with oil stain, and some are sealed by 

diagenetic dolomite or anhydrite. Resistivity is high for the marine dolostone. The marine 

dolostones are generally not permeable, except where heavy fractures are developed. 

    Continental rocks are dominated by eolian depositional systems, including sand dune, 

interdune, coastal sand sheet and coastal plain sabkha facies.  

    The Tensleep sand dune deposits are characterized by very fine to fine-grained 

sandstones, with high-angle cross bedding and wind ripples.  Steep cross bedding of grain 

flow and grain fall origin and pinstripe lamination formed by migrating wind ripples, are 

all commonly observed in the described sand dune deposits.  Dolomite cement is rare. 

Resistivity is low to high. Gamma intensity is usually low. The sand dune deposits are the 

most permeable sandstones in the Tensleep cores. They are usually oil saturated. 

    The interdune deposits consist of very fine to fine-grained sandstones or dolomitic 

sandstones, with horizontal bedding, low-angle cross bedding, and especially crinkly 

lamination and adhesion ripples. Resistivity is higher than that in sand dune deposits, due 

to higher dolomite content in the interdune sandstones than in sand dune deposits. 
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Porosity and permeability are highly variable depending on the abundance of dolomite 

cements. The interdune sandstones are oil-saturated or oil-stained.  

    The sand sheet deposits consist of poorly sorted, fine to very fine-grained sandstones. 

These sandstones are intensively cemented by microcrystalline dolomite. Low-angle 

cross bedding and adhesion ripples are also observed in the sandstones. Resistivity is 

high, and porosity and permeability are low. 

    The sabkha deposits described in these Tensleep cores are characterized by dolostones 

with evaporite dissolution molds (Figure 4-7 and 4-45). It is a group of mainly wind-laid 

sediments that developed in areas with high water table, and extremely saline water. The 

sediments are mainly dolostone and poorly sorted sand grains. Gypsum and other 

evaporites are very common, and vugs are formed when evaporites are dissolved. As in 

the marine dolostone, fractures and stylolites are often observed in the dolostone, but 

sabkha dolostones have more vugs and are not as dense as marine dolostones. Resistivity 

is high in the sabkha dolostone.  

 

4.3  Sequence Stratigraphic Correlation of Cored Intervals 

     

    Outcrop sequence stratigraphic study indicates that a typical sequence in the Tensleep 

Sandstone contains a lowstand eolian sand dune, interdune or sand sheet facies, and a 

transgressive coastal sabkha, interdune or shoreface facies and a high stand marine 

carbonate facies. The correlation of the Tensleep cores (Figure 4-51) shows that the 
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sequence stratigraphic framework matches the typical sequence model well. From top to 

bottom, these cores can be divided into three sequences: Sequence A, Sequence B and 

Sequence C.  

    Sequence C is cored only in Well 54-TPX-10, where it consists of open marine cherty, 

muddy sandstone to dolomitic sandstone and dolostone. These rocks are interpreted to 

represent the highstand systems tract of sequence C.   

    A number of cores penetrate sequence B, allowing correlations within Teapot Dome. 

This sequence can be divided into complete lowstand, transgressive and highstand 

systems tracts. A marine flooding surface marks the base of the transgressive systems 

tract. The lowstand systems tract of sequence B can be divided into a lower interval 

consisting mainly of interdune deposits and an upper interval consisting mainly of sand 

dune deposits. The transgressive systems tract of Sequence B consists of a lower interval 

of sabkha dolostone and an upper interval of a coastal sand sheet. The highstand systems 

tract consists of marine dolostone. An erosion surface, truncating the marine deposits at 

the top of this sequence, forms the next sequence boundary in the Tensleep Sandstone.  

    Sequence A is cored only in Wells 54-TPX-10 and 51-CMX-10. This sequence 

includes only a lowstand systems tract which consists of eolian sand dune, interdune, 

sand sheet and lagoon deposits.  

    Core description indicates that sedimentary textures and sedimentary structures of the 

Tensleep Sandstone in the Teapot Dome are similar to that of the Tensleep Sandstone in 
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the outcrops. The understanding of the Tensleep Sandstone in the outcrops can be used in 

the Teapot Dome.   

 

4.4  Reservoir Properties 

 

    Sequence stratigraphic study provides a clear reservoir property framework. Reservoir 

properties are controlled by sequence evolution. Facies and their positions in the 

sequences determine the reservoir properties. In an ideal Tensleep sequence, from the 

bottom to the top, reservoir properties change from cemented sand dune and interdune 

facies with low porosity, permeability and oil saturation, to uncemented sand dune facies 

with high porosity, permeability and oil saturation, sabkha facies with low porosity, 

permeability and oil saturation, and marine dolostone facies with low porosity, 

permeability and oil saturation. 

    Sandstone is the dominant reservoir rock in the Tensleep Sandstone. Almost all the 

sand grains are very fine to fine, and well sorted. The sandstones with high porosity, 

permeability, and oil saturation are usually cross bedded. This suggests that the eolian 

dune facies provide the best reservoir units. The carbonate, including both limestone and 

dolostone, generally can not be reservoir rock because of extremely low permeability 

(Figure 4-1), even with many vugs and fractures. Another important factor is the 

percentage of dolomite in these sandstones. A portion of the sandstone is cemented by 

dolomite during sedimentation and diagenesis. Dolomite contents dramatically lower the 
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porosity and permeability of the sandstones. Dolomitic sandstones can be identified using 

log curves, such as gamma ray, neutron density, and resistivity.   

 

4.5  Well Log Correlation 

 

   A total of 36 wells have penetrated into the Tensleep Sandstone at Teapot Dome, but 

most of them only reached the upper parts. These wells are correlated based on the 

sequence stratigraphic model from outcrop and core study. The correlation was done with 

PETRA, a software for well log correlation. The purpose of this correlation is to trace 

sequence boundaries in the Teapot Dome, and to illustrate the distribution of sandstones 

and dolostones.  

    The Tensleep Sandstone is very continuous in the seismic section (Figure 4-52). The 

well log correlation is based on reliable correlation signatures. First, the Opeche Shale is 

regionally widespread and has a very high gamma ray intensity and low resistivity. It is 

an important marker for correlation. The base of the Opeche Shale is the top of the 

Tensleep Sandstone. So the top of the Tensleep Sandstone is picked at the base of a unit 

with very high gamma ray and low resistivity. Second, core description indicates that 

sequence boundaries cap the dolostones. Well logs calibrated with core shows that there 

is a sudden change (decreasing of gamma ray and increasing of resistivity) in the well log 

character across a sequence boundary. Third, even though both sandstone and dolostone 

have low gamma ray intensity and high resistivity, dolostone has lower gamma ray 
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intensity and higher resistivity than sandstone. Fourth, eolian sandstone usually has good 

porosity which can be detected by porosity logs and resistivity logs, whereas dolostone 

generally has low porosity.  

    Based on these correlation signatures, wells are correlated and interpreted. Because 

most wells at Teapot Dome did not penetrate into the Madison Limestone and only 

discovered two or three sandstone intervals, data are not sufficient to construct a 

complete sequence stratigraphic framework of the Tensleep Sandstone and Amsden 

Formation. The general sequence stratigraphic framework is used here, but the traditional 

terminology in the Teapot Dome is not changed. The uppermost dolostone is named the 

A Dolostone and uppermost sandstone is named as A Sandstone. Three sequences are 

identified: Sequence A, Sequence B and Sequence C. Every sequence starts with highly 

permeable eolian sandstone, and ends with a dolostone and sequence boundaries are 

characterized by a sudden gamma ray value increase and resistivity decrease.  

    The correlation includes two steps. The first step is that structural cross sections and 

stratigraphic cross sections are constructed with the correlation of 5 wells calibrated with 

cores (Appendix 9 and Appendix 10), based on the outcrop and core study. The second 

step is that all well logs are correlated based on the first step correlation. Appendix 11 

and Appendix 12 show structural and stratigraphic cross sections along a north-south 

direction. A series of isopach maps were drawn based on the data  

    The geometries of sand dunes are clearly shown on the isopach maps. Thickness trends 

of sandstones of Sequence A show that the axis direction of the sand body was SWW to 
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NEE (Figure 4-53). Outcrop study indicates that the sand dunes of the Tensleep 

Sandstone migrated from north or NNW to south or SSE. Therefore, we infer that the 

thickness change of the sand body indicates that sand dunes moved from NNW to SSE. 

    The isopach map of B Sandstone (Figure 4-54) shows that the B Sandstone has the 

same geometry as the A Sandstone. The axis direction of sand dunes was SWW to NEE, 

indicating that sand dunes moved from NNW to SSE or the opposite direction. 
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Figure 4-51. Correlation of Tensleep cores in the Teapot Dome oilfield. 
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Figure 4-52  Seismic section showing the Tensleep Sandstone. From Tim McCutcheon 
(personal communication, 2005). 
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Figure 4-53. The isopach map of Sandstone of Sequence A. The outline indicates the 
whole Teapot Dome field area. The location is shown by the Township, Range and 
sections. Contours indicate the thickness of this sandstone.  
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Figure 4-54. The isopach map of Sandstone of Sequence B. The outline indicates the 
whole Teapot Dome field area. The location is shown by the Township, Range and 
sections. Contours indicate the thickness of this sandstone. 
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CHAPTER 5 

DISCUSSION 

 
 
    The uplift of Ancestral Rocky Mountains due to the collision between Gadwana 

Continent and North America Plate, high-frequency global sea level change due to the 

glaciation in the southern hemisphere, and widespread eolian deposits are three most 

impressing geological conditions during the Late Paleozoic.  

    The Tensleep Sandstone has been studied for about one hundred years, and most of 

these studies are about facies and reservoirs of the Tensleep Sandstone. Many most recent 

literatures documented that the Tensleep Sandstone is composed of a series of eolian 

sandstones and marine dolomitic sandstone, reflecting cyclic relative sea-level change 

(Mankiewicz et al., 1979; Kerr et al., 1986; Wheeler, 1986; Kerr et al., 1988, Carr-

Crabaugh et al, 1996). In this chapter, I will review two most recently classic papers 

about the Tensleep Sandstone, done by Kerr (1988) and Carr-Crabaugh (1996), and 

compare these papers to my thesis study.  

    Carr-Crabaugh (1996) identified two significant bounding surfaces. The first is the 

marine flooding surface defined as a super bounding surface. The second significant 

surface is the subaerial erosion surface that caps the marine units in the Tensleep 

sequences. Within the framework, she documented two different scales reservoir 

heterogeneities: small-scale heterogeneities and large-scale heterogeneities. Small-scale 

heterogeneities, such as stratification type, bounding surfaces, and lateral variations in 
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microscopic pore structure, are the result of variations in the character of the bedforms 

during acculation. Large-scale heterogeneities, represented by the extensive marine 

dolomites within the upper Tensleep Sandsotne, are controlled by longer-term variations 

in preservation space as influenced by relative sea-level fluctuations. She further 

identified different orders bounding surfaces within the Tensleep Sandstone. The classic 

work is illustrated with two diagrams (Figure 5-1, Figure 5-2). Figure 5-1 shows that 

marine dolomitic unit can be correlated in the whole Bighorn and Wind River basins, and 

figure 5-2 shows different order bounding surfaces.  

    Generally, the sequence stratigraphic model I constructed matches the sequence 

stratigraphic framework constructed by Carr-Crabaugh (1996). The super bounding 

surface is equal to the flooding surface in my thesis, and the second significant surface is 

equal to the sequence boundary in my thesis. She concluded that reservoir heterogeneity 

in the Tensleep Sandstone is primarily controlled by the processes taking place during 

both accumulation and preservation of the eolian system, or bounding surfaces. My one 

dimensional reservoir study shows that reservoir properties are controlled by the 

depositional facies and diagenesis. Integrated study of the bounding surface, depositional 

facies and diagenesis within a sequence stratigraphic framework would great improve the 

understanding of the reservoirs of the Tensleep Sandstone.  

 
    Kerr (1988) studied eolian dune types preserved in the Tensleep Sandstone in the 

north-central Wyoming. But his most classic work which was cited by many later 
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workers is not the eolian dune types, but a generalized paleogeographic map (Figure 5-3). 

Based on his paleogeographic interpretation, sands were derived from a fluvial and 

deltaic system to the north. His complete statement is:  

 

Facies patterns in parasequences show a southward progradation of sand. Eolian 

sedimentation began in the northern Bighorn Mountains in Middle Pennsylvanian 

time. By the end of the Middle Pennsylvanian and into the Early Permian, eolian 

sedimentation had shifted to the southern Bighorn Mountains, replacing former sites 

of marine sedimentation. Then Tensleep Sandstone was deposited as a system of 

ergs. Each erg advanced southward during low sea-level stands, and was drowned 

by s subsequent regional marine transgression. (Kerr et al., 1988, p. 399) 

 

    But this statement is against many tectonic interpretations. Figure 2-2 shows that in the 

north was shelf area. If the statement is right, a question would be: how could a river 

system go across a wide shelf? Or could the tectonic interpretations are wrong? My study 

indicates that the Pathfinder uplift to the south had a significant affection to the 

deposition of the Tensleep Sandstone. From the Fremont Canyon in the south to the 

Middle Fork of the Powder River in the north, the depositional environment changed 

from dominant continental to dominant marine. It is likely that sand was derived from 

south and reworked by wind and beach processes.  
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    The wind direction when the Tensleep Sandstone was deposited was intensely 

measured and documented. Opdyke et al. (1960) documented the late Paleozoic wind 

direction of Wyoming (Figure 5-4). Base on the figure, the dominant wind direction was 

from north to south. Detailed work by Peterson (1988) indicates that during 

Pennsylvanian the dominant wind direction was also from north to south. Many former 

studies about the provenance the Tensleep Sandstone were based on the wind direction 

study, with the assumption that the sediment supply must have been generally upwind 

(from the north). It is not always true. For example, the movement of beach sand dunes 

mainly is controlled by the movement of shoreline, not by wind direction.  

    My thesis work shows that the development of the sequences and sequence boundaries 

of the Tensleep Sandstone were controlled by tectonics and global sea level change. 

Apparently, wind regime is critical for the development of ergs. How the tectonics, sea 

level change and wind regime affected the eolian processes could be an interesting topic 

for the future study of the Tensleep Sandstone.  
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Figure 5-1. Fence diagram illustrating correlatability of individual marine dolomitic units 
across the Bighorn Basin (From Carr-Crabaugh et al., 1996). 
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Figure 5-2. Illustration of different scales of reservoir heterogeneity in the Tensleep 
Sandstone. The largest scale of heterogeneity is defined by the marine dolomitic units and 
the smaller-scale heterogeneities are defined by first-, second-, and third-order bounding 
surface (From Carr-Crabaugh et al., 1996). 
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Figure 5-3. Generalized Pennsylvanian to Early Permian paleogeography. Sand of the 
Tensleep Sandstone is inferred to have been derived from a fluvial and deltaic system to 
the north (From Kerr et al., 1988) 
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Figure 5-4. Late Paleozoic wind direction of Wyoming (From Opdyke, et al., 1960). 
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CHAPTER 6 

CONCLUSIONS 

 

    This research is focused on the construction of sequence stratigraphic models of the 

Tensleep Sandstone. The accomplishment of this research led to the following 

contributions:  

1) A large data set, including outcrop data and subsurface data, is established.  

2) Outcrops in the Middle Fork of the Powder River and Fremont Canyon were measured 

and gamma logged, and sequence stratigraphic models based on these logs and 

related photomosaics were constructed.  

3) Subsurface cores through the Tensleep Sandstone at the Teapot Dome were described 

and interpreted, and well logs were interpreted and correlated.   

4) The relationship between tectonics, sea level change and sedimentation for deposition 

of the Tensleep Sandstone was evaluated.  

 

    All of these efforts led to following conclusions: 

1) The Tensleep Sandstone represents an overall forestepping sequence set. Generally, 

from bottom to top, the Tensleep Sandstone changes from dominantly marine, with 

abundant crinoids and corals, thick tabular carbonate beds and thin sandstone layers, 

to dominantly continental, with thick eolian cross-bedded sandstones, scarce fossils, 

and thin and discontinuous carbonates. Dominant carbonate deposits in the low part 
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of Tensleep Sandstone, and thick eolian sandstones in the upper Tensleep Sandstone 

document that the dominant depositional environments changed upward from marine 

to non-marine. 

2) When the Tensleep Sandstone was deposited the Wyoming shelf was stable and the 

shelf surface was very flat, although the Ancestral Rocky Mountains continued to 

develop to the south. Therefore, transgressions caused by high amplitude eustatic 

changes allowed the marine waters to cover most of Wyoming, resulting in the 

deposition of widespread carbonate rocks and dolomitic sandstones.  

3) There are seventeen sequence boundaries in the Tensleep Sandstone at the Middle 

Fork of the Powder River and eleven sequence boundaries at the Fremont Canyon 

outcrop. The evidence for the sequence boundaries includes erosional surfaces, 

paleosols, facies change, conglomerates, karsts and carbonate breccias. A typical 

sequence of the Tensleep Sandstone contains a lowstand eolian sandstone, a 

transgressive and highstand carbonate and an erosional surface (sequence boundary) 

at the top.  

4) Gamma ray measurements are important in the sequence stratigraphic study of the 

Tensleep Sandstone. Generally, vertically upward across the sequence boundaries, 

gamma ray intensity suddenly increases. 

5) Correlation between the two major measured outcrop sections indicates that six basal 

sequences onlapped from the Middle Fork of the Powder River south to the Fremont 

Canyon. The Fremont Canyon was close to the Pathfinder Uplift during 
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Pennsylvanian time, and the deposits of the Tensleep Sandstone in the Fremont 

Canyon are dominated continental eolian sandstones. In contrast, the Middle Fork of 

the Powder River outcrop was close to the shelf and shows a typical coastal 

depositional environment.  

6) The sequences observed in outcrops of the Tensleep Sandstone are also easily resolved 

in the cores. A typical sequence in the core includes lowstand eolian sanstones and 

transgressive and highstand carbonates.  

7) Well log correlation at the Teapot Dome gives the same sequence stratigraphic model, 

and every sequence starts with a high permeable eolian sandstone, and ends with a 

dolostone. Sequence boundaries are characterized by sudden Gamma Ray value 

increase and resistivity decrease. Isopach maps based on well log correlation very 

clearly display the axis directions of sand dunes are SWW-NEE. 

8) Three depositional environments are identified in the Tensleep Sandstone outcrops and 

cores. They are shallow marine carbonate shelf, shoreline and non-marine eolian.  

9) Reservoir study shows that the reservoir properties of the Tensleep Sandstone are 

controlled by depositional facies and diagenesis. In the typical sequence, from the 

bottom to the top, reservoir properties change from cemented sand dune, interdune or 

sand sheet facies with low porosity, permeability and oil saturation, to uncemented 

sand dune facies with high porosity, permeability and oil saturation, sabkha facies 

with low porosity, permeability and oil saturation, and marine dolostone facies with 

low porosity, permeability and oil saturation. 
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