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Our primary prospect objective is an anticline containing Tensleep Sandstone. 

The Tensleep is a Permo-Penn age, primarily aeolian (dunal)-marginal marine sandstone 

with ultimate recoverable reserves in the central Rocky Mountain province of several 

billion barrels of oil.  Our Tensleep objective is a shallow (2,500 feet drill depth), porous 

(in excess of 20% porosity in places), permeable (over 2,000 millidarcies, locally, and 

probably fractured), thick (223 feet of pay greater than 10% porosity in a nearby well) 

sandstone with most likely recoverable reserves of six to twelve million barrels of oil. 

We have had our eye on this prospect, with future plans to lease and drill, but 

were forced to act when Donald S. Stone published his recent AAPG paper “Morphology 

of the Casper Mountain uplift and related, subsidiary structures, central Wyoming: 

Implications for Laramide kinematics, dynamics, and crustal inheritance.” One of his 

structure maps and two cross-sections exactly identified our prospect anticline.  Our hand 

was called, so to speak.  We were very fortunate to be able to lease the entire potentially 

productive area with lease expirations in 2013. 

Our geologic studies have identified a possible “Old”, pre-Laramide anticline in 

the environs of our prospect.  Oil migrated from Phosphoria Formation phosphatic shales 

140 to 200 million years ago and remained in Tensleep Sandstones of “Old” anticlines or 

“Old” stratigraphic traps until the onset of major folding and faulting of Laramide age (30 

to 40 million years ago).  A “Young” Laramide anticline, forming some distance from an 

oil accumulation in an “Old” anticline, has little chance of containing commercial 

Tensleep oil today.  On the other hand, a “Young” Laramide anticline forming at the 

same location as an “Old”, already oil filled anticline has an excellent chance to produce 

abundant commercial oil.  Voila’!  Emigrant Gap Anticline prospect. 

When we compare the Wind River Basin Winkleman Dome oil field and its 

adjacent, more prominent, Tensleep barren, 2,000 feet structurally higher Sage Creek 

Anticline with the Casper Arch Emigrant Gap prospect and its adjacent, more prominent, 

Tensleep barren, 1,000 feet structurally higher Emigrant Gap main anticline, we note 

several striking similarities: geometry, depth, structural offset, size, and surface geologic 

formations.  Winkleman Dome has produced 55 million barrels of oil from Tensleep 

Sandstone. 

Areas of complex geology, like the Casper Mountain-Casper Arch region, can 

contain excellent oil reserves.  South Casper Creek is a Tensleep oil field at a drill depth 

of 2,500 feet, and was discovered in 1919.  It is located 14 miles northwest of our 

prospect.  It has an area of closure a little larger than our structure, and has produced 17 

million barrels of oil; it is still producing 137,000 barrels of oil per year.  Part of South 

Glenrock Oil field, a stratigraphic trap located several townships east of our prospect, is 

partially beneath an overthrust of the Laramie Range and has essentially the same 

overthrust-like structural geometry we expect on the south end of our prospect closure.  
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EMIGRANT GAP ANTICLINE 

Natrona County, Wyoming 

 

Illustration Descriptions 
Michael L. Pinnell, Geologist, WPG #1090 

 

FIGURE 1: Location Map.  The Casper Arch is a structural high dividing the 

Powder River basin on the east and the Wind River basin on the west.  The Casper Arch 

is a northwest trending, somewhat lower structural extension of the more pronounced 

Laramie Range. The prospect area exhibits structural influences of both the Arch and the 

Range.  The prospect is only a few miles west of the town of Casper, Wyoming and is 

along State Highway 220 which connects Casper with Rawlins and Lander. 
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CASPER

FIGURE 1

 
 

FIGURE 2: Stratigraphic Column.  Cody Shale is the predominant lithology 

exposed around the prospect area.  Because the prospect structure is a tightly folded and 

uplifted anticline, most formations between the Cody Shale and older Jurassic shales 

have been eroded and are exposed in an almost perfect presentation for geologic study 

along the core of the anticline. Virtually every geologic field trip of eastern Wyoming 

stops at the road cut just east of our drill site to study the Muddy Sandstone, Mowry 
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Shale (which contains fish fossils consisting of mostly fish scales with an occasional 

skeleton), and Cloverly Formation (Dakota equivalent and Lakota conglomerate). 

 The Tensleep Sandstone, our primary drill objective, is an almost perfect reservoir 

rock. It can be over 300 feet thick consisting mostly of ancient sand dunes.  Along 

anticlinal crests it is commonly fractured, enhancing permeability (see Appendix 1, a 

photograph of a nearby anticline with Tensleep at its core).  Tensleep Sandstone is also 

exposed along Casper Mountain Road, seven miles south-east of the prospect.  
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 FIGURE 3: Land Map.  We feel very fortunate to have a prospect wherein we 

own all the potentially productive leasehold.  If we have a discovery, we do not have to 

worry about farm-ins, drilling options, unitizations for water floods, or corner shooters. 

Most leases are federal, issued by the Bureau of Land Management.  Several small leases 

are fee simple on the westernmost portion of the lease block.  Leases expire in 2013.  A 

detailed land description is attached to the prospect terms. 
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 FIGURE 4: Geologic Map.  A first glance at the geologic map does not tell the 

entire subsurface geologic story.  The Emigrant Gap Anticline is the most obvious map 

feature being a large, northwest trending, tightly folded anticline.  It extends to the 

northwest at least 30 miles.  Casper Mountain, to the south, displays an east-west up-

thrusted fault block.  The southern portion of the prospect structure (see red outline) 

appears to be, but is not part of, this faulted block.  The complex geology of Casper 

Mountain is deceptively hiding part of a potentially significant oil field.  

This map was published by Beck, et al, in 1985 before a re-survey of the township 

and section lines, so the exact location of the mapped units may not precisely fit more 

recently generated topographic maps of the area.  The highway is a good guide for 

locating our proposed well.  Furthermore, the geologic concepts as to the nature and 

cause of the faulting and the resulting prospect structure were generated much more 

recently.  Were it not so, our prospect anticline would have been drilled long ago.   

Casper Mountain, complicating the geologic map, was caused by Laramide age 

tectonics: compressional folding and thrusting which probably occurred during the 

Eocene around 30 to 40 million years ago.  Casper Mountain has been faulted up and 

over the Casper Arch generally, and over the prospect area more specifically, at a fairly 

flat angle of about 45 degrees.  No wells have been drilled through the Casper Mountain 

block in the immediate area of our prospect.  If you were to drill a well just south of the 

first Casper Mountain thrust, just south of Highway 220, and on the southern portion of 

the prospect, you would go quickly through the overthrust block and back into the 

subthrust, prospect block.  Stone’s cross section B-B’ in his Figure 5, page 1422 of his 

AAPG paper shows this relationship quite close to our proposed location. The farther 

south you would drill into the Casper Mountain block, the deeper the prospect block 

would be encountered until eventually the Casper Mountain Thrust would rest directly on 

the Tensleep Sandstone of our prospect thus defining the southern extent of our 

productive area.  Several townships east of the prospect is an example of a commercial 

oil discovery below a similar relationship where oil production was established 

underneath overthrusted Precambrian granite in the South Glenrock field in T32N, 

R75W, Section 6.  The well, drilled by True Oil Co., was completed for 70 BOPD from 

Skull Creek Formation (approximately equivalent to Muddy Sandstone) in a broad, fairly 

flat stratigraphic trap.  Gries described this relationship and published a cross section and 

location map we have redrawn (see Appendix 7). 
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FIGURE 5: (Located in a separate folder). Detailed Geologic Map.  In an effort to 

coordinate the relationship of the new geologic concepts of our prospect with the old 

geologic map, our geologist, Mike Pinnell, spent several days taking strike and dip 

measurements with a Brunton compass between the Platte River and Casper Mountain, 

locating himself with a GPS device.  As one might expect, there was not a perfect match 

between the site location by the GPS device and the newly surveyed (since the geologic 

map was made) topographic maps.  Pinnell concluded that the GPS device consistently 

located data points about 100 feet farther east than their actual location.  This conclusion 

was based on an “In the field” coordination of the hand held GPS device with a portable 

computer containing a digital version of the topographic map plus GPS notation. In an 

attempt to tie the old and new data together, he then extracted all the strike and dip data 

points from the topographic map, drew red lines for the location of section lines and an 

orange line for the location of Highway 220 all from the topographic base, and did a best 

fit of this data set to the geologic map of Beck.  The result is displayed as Figure 5.  

Pinnell’s work overprints Beck’s in a surprisingly consistent pattern.  Different colors of 

dip amounts (squint, they are quite small) are for significantly different dates of data 

acquisition. Pinnell attempted to dig holes into the Mowry Shale interval in an effort to 

obtain dip data pertinent to the proposed location. These efforts failed. Strike/dips were 

often on fracture surfaces, deformed shale partings or small glide plains from shale 

heaving during expansion from hydration. These values are not plotted. 

In the upper left portion of the illustration, at noted area “A”, the small white strip 

of Kt (Thermopolis Shale) between Ktm (Muddy Sandstone) and Km (Mowry Shale) is 

an important location on the map.  The dips at this juncture, being quite steep to the 

southeast, are anomalous to the crest of the entire extent of the Emigrant Gap Anticline 

(review Figure 4).  They are steep indicating, at depth, either a fault or some other 

significant change in the deeper geology.  This is where Stone elected to locate the 

division between the northern and southern structural closures he mapped on his 

Mississippian Madison structure map (which we include, in a re-drawn, easier to see 

format in Figure 8).  We concur with his placement of the division at this location.  

Whether by faulting or folding, our prospect has its northern boundary near this anomaly.   

Progressing further southeast, note how the once fairly consistent southwest dips 

begin to show significant disarray starting at noted area “B”.  There are, in fact several 

dip reversals as well as structurally flat, non measurable dip locations between “B” and 

Highway 220 indicating not only a possible northeast to southwest surface expression of 

structural reversal consistent with, but not required for, our prospect, but a deep anomaly 

below the somewhat convoluted shale outcrops. Surface geology is not needed to confirm 

our deeper structural closure because our prospect anomaly is hidden below faulted 

Cretaceous and Jurassic shales in a manner similar to the larger northern crest of the 

Emigrant Gap Anticline as mapped and drawn from surface geology, well control and 

seismic data by Stone (refer to Figures 9 and 10). 

South closure seems to begin at noted area “C” in the southeastern portion of the 

map where the directions of dip definitely change from northeasterly to easterly with a 

slight southerly component.  A close examination of the map indicates how Beck 

interprets the continuation of Muddy and other beds as they wrap around the southern end 

of the anticline under the area covered by Quaternary landslide (Qls) indicating even 
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more southerly dip.  Again, due to the nature of our prospect, south closure need not be 

displayed in the surface geology to trap hydrocarbons at the Tensleep horizon, but this is 

somewhat reassuring, nonetheless. 

 

FIGURE 6: Tensleep Structure Map.  This is the most detailed structure map we 

have created for our prospect.  It was constructed by using Stone’s Cross-Sections (in his 

AAPG article, Figure 5-A and B) and Stone’s Mississippian Madison structure map (his 

Figure 4-B).  We have conservatively interpreted the crest of the anticline at our prospect 

to be 1,000 feet lower than the crest of the main Emigrant Gap anticline located four 

miles northwest (see our Figure 7).  It is important to point out that Stone interpreted the 

prospect anticline and the Emigrant Gap anticline to be at the same structural position at 

the Mississippian horizon, both cresting at an elevation of +3,500 feet (see our Figure 8, a 

duplication of a portion of Stone’s Figure 4-B).  At the Tensleep horizon the entire fault 

block is significantly wider than on Stone’s Mississippian map because the nature of the 

prospect creating faulting makes the block wider when positioned higher up the 

stratigraphic column.  In other words, a structure map of the Precambrian granite would 

be narrowest, while a structure map of the Tensleep would be the broadest.  See our 

Cross Section 1-2 (Figure 10). 

We interpret approximately 500 feet of structural closure at the Tensleep horizon.  

Many Tensleep producing fields have less closure including, nearby, the slightly larger 

Casper Creek field which has 400 feet of closure and a 350 foot oil column (and 17 

million barrels of produced oil) and Big Horn Basin’s Bonanza field which has 110 feet 

of closure and a 210 foot oil column with 42 million barrels of 36 degree API oil at 2,900 

feet and is four times as large as our prospect (Lawson, et al, pp.2206-2208). 
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FIGURE 7: Regional Structure Map, Tensleep Sandstone.  A regional structure 

map of the Tensleep Sandstone gives the reader the opportunity to view how our 

interpretation of regional structure differs from Stone’s.  There are very few differences.  

Compare our Figures 7 (our regional Tensleep structure map) and 8 (Stone’s regional 

Mississippian structure map, redrawn at the same scale).  In order to add detail to our 

interpretation we have estimated the top of Tensleep Sandstone in shallower Cloverly 

(Dakota) wells by adding the Cloverly to Tensleep isopach (from our Figure 11) to the 

Cloverly top to extract several more control points. 
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Wells with known oil shows

 

 

FIGURE 8: Donald S. Stone’s Fig. 4-B, Enlarged Structure Map of Mississippian 

Madison Limestone (slightly modified).  This is the most important map drawn by Stone 

for the definition of our prospect structure.  We had been studying this area for several 

years with plans to lease and drill.  When Stone published his AAPG paper containing 

this map in 2002, the future was now, so to speak, and we had to act quickly to acquire 

leases before another geologist recognized this undrilled anticlinal structure.  We have 

redrawn the map around the area of the prospect because Stone’s complete map covers a 

much larger area and by zooming in to get a closer look, detail is lost and contour lines 

become fuzzy. 
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The northwest trending prospect fault block is narrower at the Mississippian 

horizon because of the nature of prospect creating faulting.  This fault block would be 

narrowest in a structure map of Precambrian granite and is widest in the Tensleep map.  

(See the explanation for Figure 7, and review Figures 6-10). 
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FIGURE 9: Cross Section A-A*-A’ by Stone, 2002, Fig. 5-A, Page 1422.  So 

there is no confusion as to Stone’s interpretation of his important Cross Section A-A’, we 

have exactly duplicated it.  We have added formation colors on top of his stratigraphic 

horizons to provide the eye an easier visualization.  In addition, we have added the 

Tensleep horizon at a position 450 feet above the Mississippian Madison (Mm) marker. 

The same colors are used on our Cross Section 1-2.  We have added A* to Stone’s Cross 

Section because the entire illustration would be too wide to display; the A* indicates the 

southwestern extent we display on this drawing and on the maps used in this report.  Note 

the width of Precambrian granite in the prospect fault block. It is narrow.  The 

Mississippian Madison is wider, and Tensleep is widest.  With this in mind, the reader 

can visualize why our prospect structure block at the Tensleep horizon is wider than that 

shown by Stone in his Mississippian structure map. 

Stone’s structural interpretation of the Emigrant Gap Anticline is based on well 

control, surface geology, seismic data, and his superior knowledge and understanding of 

tectonics of this part of Wyoming accumulated from 40 years of study and hundreds of 

publications.  We are grateful for his publication.  It is important to note here that Stone 

has no financial interest in this prospect.  When he drew his maps and cross sections, he 

did so without any intent to sell a project with this study, as far as we know. 

 

               

6000

4000

2000

SL

-2000

-4000

Tensleep prospect structure is approximately 2600 ft. Wide on cross section AA‟.

Tensleep horizon (blue) has been added in stratigraphic position for clarity.

A‟A*A

Cross Section A-A*-A‟ by Stone, 2002, Fig. 5-A, page 1422 

Note: colors are added so the reader can better compare to Pinnell‟s Cross Section 1-2.

Location of this cross section is on Stone figures 4&5, and on Pinnell‟s Tensleep Structure map.

FIGURE 9

  



 13 

FIGURE 10: Cross Section 1-2.  By using Stone’s Cross Section A-A’, Beck's geologic 

map (Figure 4), and our recent strike and dip measurements, any geologist can 

approximately create this illustration.  It looks much like Stone’s work and it should 

because it is only just over a mile south of it.  Fault location and orientation as well as 

stratigraphic position of the various formations has already been determined by Stone’s 

work based on well control, surface geology and seismic data interpretation.  Our cross 

section, however, is approximately 1,000 feet lower than Stone’s at the Madison and 

Tensleep horizons (see Stone’s Mississippian Madison structure map, duplicated in this 

report as our Figure 8).  Even though we could place it structurally higher than our 

present interpretation, we prefer this display because: 1. It seems to fit better 

geologically, and 2. We prefer to err on the conservative side of geologic interpretation.  

 The maxim potential oil fill up of the prospect would place an oil-water contact 

approximately 500 feet below the top of the Tensleep.  We further calculate the area of 

maximum oil production from the structure map (Figure 6) to be approximately 485 

acres.  There are several ways potential reserves may be calculated: 

 

     

AREA OF 

CLOSURE,

ACRES

THICKNESS

OF PAY 

AREA OF

PRODUCTION,

ACRES

RECOVERY

FACTOR

(BO/AF)

TOTAL OIL

RECOVERABLE

EMIGRANT GAP PROSPECT

ESTIMATED RECOVERABLE OIL RESERVES

485

485

485

485

350

350

485

485

344

344

263

263

250

175

250

175

150

100

200

200

200

200

200

100

24,250,000

16,975,000

18,187,500

12,731,250

7,875,000

2,625,000

 

 

Most likely reserves for the prospect are between six and twelve million barrels of 

recoverable oil. 
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FIGURE 11: (Located in a separate folder).  Isopach Map, Cloverly (Dakota) 

Formation to Tensleep Sandstone.  Why will oil be trapped in the prospect closure when 

it was not trapped in the structurally higher crestal closure of the main Emigrant Gap 

Anticline (which did have good shows of oil)?  This map will help answer the question.  

(Also review Figure 12 where Little Winkleman Dome field is structurally lower without 

fault separation from the adjacent, much larger but barren anticline. And read Lawson’s 

paper noted in the bibliography). 

Oil in Tensleep Sandstone is almost always generated from Permian age 

Phosphoria Formation phosphatic shales.  In the past, geologists assumed that oil must 

have been generated from only a few miles away and then migrated into Tensleep 

sandstones after Laramide age faulting and folding which consummated 30 to 40 million 

years ago in this area, with the faulting and folding we see at our prospect.  The experts 

of oil migration theory, one of whom is Mr. Donald Stone, no longer accept this.  The 

new concept is that prior to the Laramide Orogeny, perhaps during the Jurassic or early 

Cretaceous (200 to140 million years ago) oil began cooking from Phosphoria Formation 

phosphatic shales where they were deeply buried at or near the “Geologic hingeline” in 

the western part of what is now the state of Wyoming.  This migration occurred prior to 

Sevier age thrusting in the hingeline.  This oil moved into the porous Tensleep sandstones 
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located immediately below the Phosphoria Formation and continued to move up dip 

sturcturally, or generally speaking, to the east.  During this geologic time, a structure map 

of Wyoming would have appeared almost unstructured, displaying a very gradual, 

regional western dip component (in other words, nearly flat, but a little higher on the 

east).  There were very few faults and the anticlines present exhibited low relief, and 

were much mort subtle than the striking but much later Laramide structures we see today.  

Oil migrated through Tensleep Sandstone with residual pockets occurring at these old, 

low relief, anticlinal structures.  Then, 100+ million years later, the Laramide Orogeny 

kicked in, faulting and folding in zones of basement weakness.  These more prominent 

anticlines created the more pronounced hydrocarbon traps we drill today.  If one of these 

old, pre-Laramide, low relief, oil filled anticlines were at the same location where a 

Laramide anticline formed 100+ million years later, a wonderful oil field would have 

been created like nearby South Casper Creek, or Lost Soldier, or one of the many other 

examples of fields which produce large volumes of oil from Tensleep Sandstone.  On the 

other hand, if a Laramide structure formed where there was no previously oil filled older 

structure, no commercial oil would be in the Tensleep, but oil may be in shallower 

formations due to other geologic factors like nearby Bates Creek, Schrader Flats, or Iron 

Creek anticlines (see Appendix 9 and 10).  And, if a large Laramide structure formed 

with the old, pre-Laramide structure on its flank, then the larger structure may contain no 

oil while the smaller one may contain large volumes of oil like Little Winkleman Dome 

Field which has produced 55,000,000 barrels of oil, from Tensleep, adjacent to the much 

larger, but non-Tensleep productive, Sage Creek Anticline (see Figure 12), or our little 

prospect structure adjacent to the much larger Emigrant Gap Anticline.  Note: Please do 

not confuse the non-productive Sage Creek Anticline adjacent to Little Winkleman Dome 

Field with an oil productive anticline by the same name in the Big Horn Basin. 

This isopach map demonstrates thickness variability of the interval from Tensleep 

Sandstone to Cloverly (Dakota equivalent).  Where it is thick, a swale or syncline was 

present during that specific interval of geologic time.  Synclines, as structural lows, 

accumulate greater sediment thickness.  When oil migrated through Tensleep sandstones 

during the major oil migration phase, no oil would have stopped in a syncline.  On the 

contrary, where this interval was thin, less sediment was deposited where an anticline 

was present.  Most of the area of the map is represented by gradual, regional changes in 

thickness and demonstrates neither anticlinal nor synclinal proclivities. Because oil may 

have migrated sometime during the deposition of this interval, an anticlinal structure 

(shown by an isopach thin) represents a locale of probable early oil accumulation.  The 

trick is to find one of these oil accumulation sites with a younger Laramide anticline 

superimposed on top of it.  You have surmised correctly that our prospect fits these 

criteria.  There is a gradual, regional thickening of the isopach interval from the northeast 

to the southwest.  Note, however, the marked, counter regional thinning in the wells just 

north of our prospect and at the Casper Creek field area.  We believe this thinning clearly 

demonstrates two of these older, anticlinal structures described above.   

It is possible that the Casper Mountain Wrench Fault Zone created an offset of 

this old structure. The other portion would be somewhere southeast of the prospect and 

on the opposite side of the Casper Mountain fault zone.  Using geologically biased 

contouring and with absolutely no well or surface control, we are able to force fit the 

other, southern portion of this feature to be west of the site of the of the Casper Mountain 
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anticline centered at Section 7, T32N R79W.  We acknowledge this to be a BIG stretch 

since in Stone’s paper he broached the subject and could justify only up to 2800 feet of 

left-lateral offset with limited data, while, if we are correct, the offset may be as much as 

a mile.  Such reasoning points to the possibility, though remote, that the now breached 

Casper Mountain Anticline may have been near a large, ancient, pre-Casper Mountain 

uplift oil field prior to being exposed by erosion.  There is economic significance here: 

We believe other similar prospects of large Tensleep oil accumulations exist, yet 

undiscovered, elsewhere in this region and in the Rocky Mountain area in general.  Using 

similar geologic techniques, we believe we may be able to find them.  We also know 

most other geologists we talk to at geologic conventions and prospect fairs are not using 

similar exploration criteria; otherwise our prospect would have already been drilled. 

Some faulting exists in the wells used for this study.  We have attempted a 

correction of the faulted interval near our prospect.  We made note of it where such 

faulting exists, uncorrected, elsewhere (see the legend of Figure 11 for clarification). 

 

FIGURE 12: Comparison of Emigrant Gap-Prospect Anticline to Sage Creek-

Winkleman Dome Anticline.  The similarities between Emigrant Gap Prospect- Emigrant 

Gap main anticline and Winkleman Dome-Sage Creek Anticline are striking. They have 

similar geometries, depths, structural offsets, sizes and surface geologic expressions. It is 

interesting to note their greatest differences: one is that Winkleman Dome is 2,000 feet 

structurally lower than the much larger Sage Creek Anticline, while we map our Prospect 

anticline to be 1,000 feet structurally lower than the much larger Emigrant Gap main 

structure. Another difference is that Little Winkleman Dome has produced 55 million 

barrels of oil from Tensleep Sandstones, while our prospect has not yet been drilled. 

A note of clarification: The original name of the Winkleman Dome Field was 

given to be “Little Winkleman Dome” when discovered in 1917, possibly because the 

adjacent, oil barren Sage Creek Anticline was so big. We like the term “Little” when 

referring to Winkleman Dome because this small structure has produced a total of 

94,253,968 barrels of oil. 
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APPENDIX 1: Emigrant Gap Anticline Prospect Photos.  The photo of Emigrant 

Gap Prospect proposed location was taken from Highway 220.  Our proposed location is 

easy to access, and fairly flat.  There are also several easy access locations on the south 

side of the highway.  However, part of the prospect is under Highway 220 and will 

probably require some horizontal development drilling.  Fortunately, great strides have 

been made in horizontal drilling over the last few years.  Furthermore, Tensleep 

Sandstone has recently been described as an excellent candidate for the horizontal drill 

bit in several papers (Appendix 17 and 18). 

Alcova Anticline, photographed here at the Tensleep horizon, is about the same 

size closure as our prospect anticline in cross section.  This is a fabulous exposure 

allowing examination of the ancient sand dunes including cross stratifications ranging 

from 5 to 30 degrees dip with sand grains being blown from the northwest to the 

southeast.  Fractures of various angles, but with a strong vertical component, are present 

at the apex of the structure and will be present at our prospect.  These fractures will 

significantly enhance permeability at our prospect allowing oil to be produced more 

rapidly and more efficiently.  This outcrop is a must visit for geologists or anyone who 

wants to better understand the nature of Tensleep Sandstone in Laramide anticlines.  It 
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may be visited either from the water or on foot.  The water is a much easier means to visit 

the outcrop, so take a boat, not a hike. 

Proposed Location

Alcova anticline, 24 miles

southwest of Emigrant Gap

Prospect. This area has the 

best exposure of Tensleep 

Sandstone in the region:

300+ feet thick, dune and 

beach sands; excellent 

porosity and permeability.

Because of anticlinal folding,

the apex of the anticline has 

significant vertical fractures.

Proposed location: ne/sw/sw, Section 6, T32N, R80W, Natrona County, Wy.

Emigrant Gap Anticline Prospect Photos; Pioneer Oil & Gas
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APPENDIX 1

 

APPENDIX 2: (In pocket of brochure). Fremont Canyon Tensleep surface 

section, Section 9, T23N, R83W, by Allen and Tenney, 1986.  This measured section of 

Tensleep Sandstone is one of the best-exposed Tensleep outcrops in the Rocky Mountain 

area.  It is located five miles southwest of Alcova Anticline mentioned above. 

 

APPENDIX 3: Porosity (Sonic) Log, Tensleep Sandstone.  This well was drilled 

in 1965 and is located 2.5 miles north of our prospect.  Porosity is greater than 10% in 

223 feet of sandstone and would be net pay thickness in our prospect if this were the well 

log from our prospect well.  A nine foot core cut in the uppermost part of the Tensleep 

Sandstone encountered sand with porosity over 20% (where the log indicated 17-18%), 

up to 2100 millidarcies of permeability and over 8% of pore space filled with oil.  
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Considering the very high porosity and permeability, it is surprising any oil at all was left 

in the core.   See Appendix 4 for the best available core description.  
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APPENDIX 4: Oil Shows, Tensleep Sandstone, in Wells Adjacent to Emigrant 

Gap Prospect.  Most Tensleep penetrations near our prospect were drilled over forty years 

ago.  Detailed sample descriptions are hard to find for these old wells.  There are a few.  

Those with oil shows are listed.  The most important one is the Amerada Petroleum well 

in Section 19, T33N, R80W.  This well cut a core near the top of the Tensleep Sandstone 

and measured 8.9% oil saturation in sandstone with 22% porosity and 2183 millidarcies 

of permeability.  There must have originally been higher oil saturation in this core since 

the porosity and permeability are so high.  Similar age Minnelusa sandstones in the 

Powder River Basin sometime have lower oil saturations in cores from highly porous and 

permeable, 100% oil saturated zones.  See Tensleep Structure map, Figures 7 & 12, for 

location of wells with shows.  Based on the oil shows so near our prospect, oil certainly 

has accumulated near here in the past, a good indication that a large accumulation may be 

close…Within 2.5 miles? 

 

            

OIL SHOWS, TENSLEEP SANDSTONE

in wells adjacent to 

Emigrant Gap Prospect 

Amerada Petroleum Corp. #1 UAS GAP SW/NE Section 19, T33N, R80W

Located 2.5 miles north of our prospect.

Tensleep @ 2303

Lysite Ventures #23-1 Govt.,  NE/NW/NE Section  23, T33N, R81W.

Located 2.5 miles northwest of our prospect.

Tensleep @ 1956‟.

Shows: Core #1.

At base of log submitted to state of Wyoming: DST 2020-2051: rec 330 „ mud-cut water with

dark brown live oil ??? cut, sli shows, live brn oil in last 179‟.

No sample description available.

Shows. 1960-1965: Sandstone, clear quartz grains, medium to coarse grained, angular 

to sub-rounded, porous and friable, few pieces with brown oil stain, weak fluorescence 

and good cut.

1965-1980: Sandstone, as above, brown oil stain more common, fair fluorescence and

good cut.  Sample had faint petroleum odor.  Lost circulation while drilling at 1983.

1985-2000: Sandstone, white to light gray, medium to fine grained, slightly calcareous, 

no visible porosity, soft, fair cut from pieces which are speckled with black asphalt-looking

speck.

2000-2005: Sandstone, white, dolomitic, as above, yellow fluorescence with no cut.

Aztec Oil & Gas Company #1 Government-Roush, NE/NW/SE Section 23,

T33N, R81W

Located 2 miles northwest of our prospect.

Tensleep @ 1810‟

EFFECTIVE

POROSITY

PERCENT

DEPTH, FEET

HORIZONTAL

PERMEABILITY,

MILLICARCIES

% PORE SPACE

RESIDUAL OIL 

% PORE SPACE

 TOTAL WATER

2307-08  22.0 2183 8.6 90.9

2309-10 21.2 1220 8.9 66.1

2311-12 18.2 856 3.5 86.7

2314-15 13.3 109 TRACE 88.6

APPENDIX 4
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APPENDIX 5: Dakota structure map of Winkleman Dome and Sage Creek 

Anticline after Pomco Map, W/2 Wind River Basin.  This is the original version of the 

map we have duplicated in Figure 12 so the reader can examine the original structure 

map and the prospect map at the same scale and in the same format. 

 

   

DAKOTA STRUCTURE MAP

WINKLEMAN DOME AND SAGE CREEK ANTICLINE

After Pomco Map, W ½ Wind River Basin

 
 

 

APPENDIX 6: Topographic Map.  The topographic map of the prospect area 

demonstrates ease of access to the drill site as well as other possible locations.  Highway 

220 will be a problem for development wells, but not an insurmountable one.  Several 
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studies have been recently conducted exploring the benefits of horizontal development 

wells in the porous, permeable Tensleep Sandstone (see Appendix 17 & 18). 
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APPENDIX 7: Laramie Range overthrust geology similar to Casper Mountain at 

Emigrant Gap Prospect.  The geometry of the Laramie Range Thrust, as shown here in 

Gries’ drawing, will be the same as the geometry of the Casper Mountain Thrust at our 

prospect.  The fault dips at a fairly flat 45 degrees to the south.  Is it possible for an oil 

field to be partially hidden under an overthrust fault block?  Yes indeed! 
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APPENDIX 8: Emigrant Gap Prospect, estimated recoverable reserves.  Tensleep 

oil reserves in anticlines have great variability.  Some great fields have 110 feet of 

closure, 210 foot oil column (Lawson and Smith) and tens of millions of barrels of 

recoverable oil reserves.  Other structures exceed 1,000 feet of closure and have only 

minor shows.  What’s a geologist to do?  Make isopach maps of prospect areas in an 

attempt to determine when the structure first formed.  If the anticline has closure now and 

exhibits a good probability of having had pre-Laramide, anticlinal closure, it has a good 

chance of being a great oil field (see explanations above in Figures 11 and 12). 

Assuming our prospect has only 350 acres of closure, less than the 485 acres of 

closure we have mapped, and that it will be filled only to 75% of capacity (net productive 

area of 263 acres) and have a very conservative 150 feet of pay (a nearby log 

demonstrates 223 feet of pay, see Figure Appendix 3), potential recoverable reserves are 
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a very respectable 7,875,000 barrels of oil.  Several other possible scenarios represent a 

broad spectrum for consideration and contemplation. 
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APPENDIX 9: Adjacent Production, Emigrant Gap Prospect.  Eight fields are 

located within a few miles of our prospect with production from many different horizons.  

The big winner, though, is Tensleep Sandstone because it is highly porous and permeable 

and can have a very thick pay zone.  In a nearby well (see Appendix 3), the Tensleep has 

223 feet of porosity greater than 10% in a 300 foot section, or, in other words, 74% of the 

entire Tensleep horizon’s 300+ feet of sandstone is pay zone.  Our fairly small 485 

possible acres of closure would have the same reserve potential as a structure with 20 feet 

of potential pay and 5400 acres of a structural closure.  This explains why the Tensleep 

has been such a popular drill objective.  Further evidence of the strength of the Tensleep 

as a world-class producer is South Casper Creek Field.  The primary producing south 

closure has a productive area approximately the same size as our prospect closure.  This 

little anomaly has yielded 64% of all the oil produced in the eight fields near our 
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prospect.  Lakota, and Sundance are secondary objectives for our proposed well.  We 

anticipate Tensleep oil gravity to be somewhere in the API range of 18 to 25 degrees. 

 

                  

ADJACENT PRODUCTION, EMIGRANT GAP ANTICLINE PROSPECT

Field Name Disc. Date Drill Depth Formation Oil Produced Oil Gravity Water Produced Field: Cum. Oil Field: Cum. Oil

to Tensleep 2002, BBLS 2002, BBLS All Zones, 2002 All Zones, Lifetime

Bates Creek 1954 Frontier-4 397 36 60

3,850 397 70,910

Casper Creek 1919 2,500 Tensleep 137,554 20 13,016,981

South 137,554 17,067,997

Government 1956 Cody 21,810 40 1,093

Bridge Muddy 1,146 40 60

Steel 0 40 0

NDE 22,956 1,975,404

Iron Creek 1917 Frontier 12 ND 225

Lakota 300 ND 15,600

Muddy 1,542 ND 30,800

Muddy-La. ND 94,850

3,900 141,475 297,220

Oil Mountain 1945 2,550 Tensleep 8,347 15 88,442

8,347 208,697

Poison Spider 1917 Cody 0 41 33

Crow Mtn. 18,826 20 207,110

Muddy 363 22 0

Sundance 15,988 22 221,349

2,140 Tensleep 1,245 14 121,650

36,442 4,337,634

Schrader Flats 1961 Muddy 0

Sundance 911 37 8,800

4,485 911 2,057,343

Tipps 1963 Cody 412 40 0

Lakota 2,072 40 90

6,536 2,484 351,924

Total Oil 350,566 26,367,129

EMIGRANT GAP ANTICLINE PROSPECT Pioneer Oil and Gas APPENDIX 9

Natrona County, Wyoming 1206 W. So. Jordan Parkway, Unit B

Primary Objective: Tensleep Sandstone South Jordan, UT 84095

Drill Depth to top of Tensleep: 2500 feet 801-566-3000 pioneer@piol.com

 

 

 

 

 

APPENDIX 10-19 

 
APPENDIX 10-16: Page 28 and following, also available from the Wyoming Oil and Gas 

Commission website of field maps of seven oil fields near our prospect.  We have also 

included a detailed report of Casper Creek, South Field from a recent AAPG publication. 

 10. Bates Creek field 

 11. Casper Creek South field 

 11a. South Casper Creek Field: A Study in Reservoir Heterogeneity, Scott L. 

Montgomery, AAPG Bulletin, V. 80, No. 8 (August 1996), PP. 1161-1176 

 12. Government Bridge and Tipps fields 
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 13. Iron Creek field 

 14. Oil Mountain field 

 15. Poison Spider field 

 16. Schrader Flats field 

APPENDIX 17-18: Horizontal Tensleep drilling articles (abstracts) from AAPG’s 

database 

 17. Outcrop based 3-D modeling of the Tensleep Sandstone at Alkalai Creek, 

Bighorn Basin, Wyoming,  Bozkurt N. Ciftci, et al, AAPG Bulletin, V. 85 (2001), No. 13 

(Supplement) 

 18. Structural and Stratigraphic Compartments Determined from Horizontal 

Drilling in an Aeolian Reservoir, Tensleep Sandstone, Wyoming, Neil F. Hurley, et al, 

AAPG Bulletin, V. 85, No. 13. (Supplement). 

APPENDIX 19: Morphology of the Casper Mountain uplift and related, subsidiary 

structures, central Wyoming: Implications for Laramide kinematics, dynamics, and 

crustal inheritance, by Donald S. Stone, AAPG Bulletin, V. 86, No. 8 (August 2002) PP 

l1417-1440 
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