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Upper Tensleep/Casper Formation stacked dunes at 

Sand Creek near Laramie.

Old oil: sign just off US Hwy 287, showing the way to Oil Springs 

production. Near the oil-saturated Tensleep sandstone at Flat Top Anticline
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Common Risk Segments (CRS) are geological risk elements for petroleum 

exploration or development (commonly reservoir, source and trap) that have 

a definable, quantifiable and geographically mappable distribution. The assessments 

of CRS segments are the product of  judgment by an experienced geologist of the relative 

risk embodied in terms such as “low risk of no charge” versus “high risk of no charge” for 

example. These evaluations are based on understanding the geology of a region. CRS 

evaluations can also be expressed as possibilities for success (POS) as percentages from 

zero to 100, or statistical categories such as P5-P50-P95 for probabilistic estimates. In this 

report we evaluate risk in terms of a common set of geological risk factors perceived to be 

typical of a region (such as the Atlantic Rim).

Concepts and illustrations on this page after Shell Exploration and Production, (2006) Play Based Exploration: A Guide 

for AAPG’s Imperial Barrel Award Participants; and De Jager, J., and Stephen Wright, 2006

(Left) The logic of 

geological risking 

involves the stacking of 

geological risk elements. 

A play exists where 

risked geological factors  

fulfill the requirements 

for the existence of an 

oil field or a productive 

region of a basin.  The 

overlap area in which all 

factors are positive, or 

“low risk” identifies a 

natural sweet spot. 

Play-Based Common Risk Segment Mapping:

Focus of this talk

(Left) The method we used to take a fresh look at the Wyoming Tensleep and Minnelusa 

petroleum systems and CRS high-graded exploration and production opportunities.  We have picked 

proprietary databases of tops and geology, and stacked the key maps as indicated by the red dots. We 

have not explicitly evaluated source rock maturity, instead using indicators of charge such as oil shows 

and production that confirm oil migration into a region. We have not evaluated land and partnership 

frameworks except very generally such as “this is the UP railroad strip, etc.” as these considerations 

apply more at prospect level.

Fryberger, Jones and Johnson 2016



Tensleep/Minnelusa stratigraphy

Permo-Pennsylvanian Rocks of the Northern Rockies

Tensleep in Southeast Wyoming

Leo Sands

Minnelusa PRB

Fryberger, Jones and Johnson 2016
4After McKee et al, 1967

Tensleep schematic cross section Southern Wyoming

BB’
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Subdivisions of the Hartville Formation, SE Wyoming. 

After McKee et al, 1967

Interval A of Paleotectonic maps

Interval B of Paleotectonic maps
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Lower Permian (Wolfcampian) isopachs in Wyoming

Regional unconformities in the Permo-Pennsylvanian 

rocks of Wyoming. After Foster, 1958

A A’

BH

Distribution and thickness of “interval A”, “Wolfcampian” = 

Lower Permian rocks in Wyoming and adjacent areas. After 

McKee, 1967

Laramie

A

A’

SE Wyoming study

PRB

B

B’
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Tensleep Stratigraphy 

Southeast Wyoming

Route of the cross section at right (red 

squares).  Index map shows upper Tensleep 

thickness, Yellow shaded areas have Upper 

Tensleep thicker than 200 feet; Orange areas are 

thinner than 150 feet. Background is Wyoming 

basement map.
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Cross section of the Tensleep Formation in Southeast Wyoming. Section is hung 

(loosely) on the top of the Ervay Member of the Goose Egg Formation

Satanka

Sybille
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Nick Jones 

measuring the 

Upper Tensleep 

section at White 

Rock Canyon

Oil-saturated 

eolian avalanche 

primary strata, 

Upper Tensleep, 

Flat Top Anticline

Above right: Oil Fields with production from Pennsylvanian-Permian rocks are shown in dark blue. Cretaceous 

production (commonly Muddy SS) is shown in dark green. Measured sections are shown as red dots.  

Tensleep outcrop studies in the Laramie and Hanna Basins

Flat Top Anticline

Sand Creek

Paradise Valley

White Rock

Quealy Dome

Laramie



Eolian Permeability variations at laminar (primary strata) scale

Core from eolian strata in Auk Field,  Permian Rotliegend sandstone, 

UK. North Sea.  Brown laminae are oil stained, red and white laminae 

have no oil. After Trewin, Fryberger and Kreutz, 2003

Laminar –scale variability of permeability, 

measured with a minipermeameter. After Weber, 

1987 

Most of the critical flow effects of 

eolian cross bedding and cross strata 

are due to strong differences in 

porosity and permeability between 

individual laminations, as illustrated 

in the two figures here.  The 

isolation of permeable laminae by 

tight laminae will drastically reduce 

sweep efficiency in rocks that, on 

standard logs and core plugs, appear 

quite permeable. These microfabrics 

also create anisotropic sweep 

tendencies in the rocks.

Fryberger, Jones and Johnson 2016
6
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An interdune carbonate pond deposit (arrow) 

in the upper part of the measured section, immediately 

below the sabkha shown on the cross section (near 

sample  11, blue colored unit).  In this outcrop the 

carbonate depositing “ponds” was discontinuous 

laterally, extending perhaps 200 m.  Note pinch out 

along bounding surface. Sabkha above (flat bedded 

unit) was more  extensive, as visible in this view. 

Eolian dunes (white) cap the skyline. 

Tensleep Formation: Sand Creek, Albany County, Wyoming

100 Ft

Upper Tensleep 

(Casper)

Lower Tensleep 

(Casper)

Bottom of log

Sonic-GR log of the Upper Tensleep (Casper) in a 

well drilled north of the outcrops. A thick section of 

eolian dunes, very porous and permeable comprises the Upper 

Tensleep above the Lower Tensleep sand and carbonate section. 

In the short distance northward to this well, most of the fluvial 

recycling of Front Range PC rocks, and Fountain Formation has 

vanished. Thus, the Sand Canyon area provides a glimpse into 

how the Tensleep sand sea interacted with the alluvial fans of the 

Fountain Formation.

Champlin 1-19

NESE 19

T15N R75W

fluvial

eolian

Fountain ?

Flow units

Flow units 

less visible

Tensleep Fm.
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UTLP

4000

4100

4400

49-007-20631 

QUINTANA PETROLEUM CORP     

FEDERAL 1  ALLEN LAKE EAST   

2096 FSL AND 1914 FEL ( NW SE )  18  

22 NORTH 78 WEST  

41.877033  -106.215845  

4200

4300
LTLP

Approximate 

range of outcrop 

section 2

110 feet

Sybille

Th
e
 s

a
b

kh
a

 ?

Density-GR log of the Federal 1 Allen 

Lake East oil well that penetrates both 

the Upper and Lower Tensleep at nearby 

Allen Lake East (Tensleep) oil field. The 

sabkha encountered at Flat Top Anticline 

may be present in this well (arrow). 

Upper Tensleep Formation:  Flat Top Anticline, Carbon County north of Medicine Bow, WY

Sabkha perm barrier

Interdune perm barrier

Primary strata perm barriers

(in oil saturated zone)
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Eolian slipface deposits consisting of a mixture of 

avalanche and ripple strata, Unit 1, measured section 1. 

These sandstones are saturated with heavy, live oil. View is 

to the west, cross beds dip south, indicating wind from the 

north.

Upper Tensleep at Flat Top Anticline, Medicine Bow, WY

Primary strata perm barriers

Sabkha perm barrier

Interdune perm barriers

Reservoir flow units: Stacked facies, bedforms and primary strata
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White Rock Canyon, WY, Upper Tensleep

Eolian avalanche and ripple 

primary strata in unit 17. 

Close study of the image 

reveals that 80% of the 

outcrop is ripple strata, 

despite the relatively steep 

dips.  

The Upper Tensleep Sandstone at White Rock Canyon, east side of outcrop.  Our 226 foot (partial) 

measured section began in the Upper Tensleep, which in this area is roughly 400 feet thick, based on 

well control. It was  measured on the  opposite (west) side of this cliff where access was easier. It 

begins about the middle of the Upper Tensleep and continues to the first carbonate in the Phosphoria 

(Goose Egg) Formation. See log this page for comparison. Note the variety of genetic units in terms of 

thickness, shape and crossbedding. This suggests that oil recovery factors from these genetic units 

would be equally diverse, mainly as a function of the arrangement of primary strata in each, as well as 

geometry, lithology, cross-flow between genetic units etc.. Thrust fault zone of deformation shown by 

red heavy red lines on image above, and photograph.
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Upper Tensleep thickness Southeast Wyoming

Tensleep thicker than 

250 feet is shown in 

yellow, thinner than 

150 feet is shown in 

orange. Thick Upper 

Tensleep is associated 

with the Hanna Basin, 

Northern Laramie Basin 

and SE Laramie Basin.  

Thin in the Laramie 

Basin straddles the 

Cheyenne 

(Deformation) Belt, 

shown by heavy dashed 

line.

Faults

Quealy Dome Oil Field
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Oil shows in Upper Tensleep Southeast Wyoming

Green areas on this map 

enclose regions with oil or 

gas shows in the Upper 

Tensleep, based on 

Wyoming Oil and Gas 

Commission records of 

production, drill stem tests 

and some limited core and 

sample data. This map also 

shows major faults in red

from the state geological 

map, and structure contours 

subsea on the top  of the 

Upper Tensleep. There are 

distinct, structurally-defined 

shows in Wertz, Atlantic 

Rim, Baggs, Medicine Bow 

and Quealy Dome regions.

Quealy Dome Oil Field
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Tensleep reservoir common 

risk segment (CRS) map 

(quality) based on porosity 

and permeability of Upper 

Tensleep sandstones.

Contours show net/gross in 

Upper Tensleep, with net cutoff 

at 65 ms/ft (10% porosity), thus 

this is a conservative map. The 

map does not consider fracture-

dependent production or 

exploration opportunities.  

Green, Low risk; Blue 

moderate risk; purple, high risk.  

Regional faults shown as red 

lines, State of Wyoming 

basement map as background.

Upper Tensleep Reservoir risk (quality) Southeast Wyoming

Hanna Basin

Atlantic Rim

Quealy Dome

Wertz

Quealy Dome Oil Field
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Areas of best shows 

are shown by green 

polygons that enclose 

producing oil fields and 

oil shows from state 

records (posted on map). 

Areas of lower risk are 

drawn to extend along 

structural or 

stratigraphic trends.

Upper Tensleep Charge Risk Southeast Wyoming

Quealy Dome Oil Field
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Contours show subsea top 

Upper Tensleep. Green 

shading is low risk; blue 

shading is moderate risk; 

purple shading is high risk. 

Regional faults shown by red 

lines, background is Wyoming 

Basement map. This map is 

based on distribution of known 

producing structures at 

Tensleep level, and structural 

setting. In Southeast Wyoming, 

there do not appear to be 

stratigraphic traps above intra-

formational (reservoir 

heterogeneity) level in the 

Upper Tensleep in this region.

Tensleep trap (structural) risk map Southeast Wyoming

Quealy Dome Oil Field
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Green areas show regions 

of best chance to find new 

production (lowest risk).  

Blue areas show moderate 

risk. Orange hachured 

areas show high risk areas, 

mainly regions such as the 

Hanna Basin with tight 

rock, or areas with 

insufficient evidence for 

robust structural traps such 

as the west side of the 

Laramie Mountains. State 

of Wyoming basement map 

as background. Red 

outlines show Tensleep oil 

fields.

Upper Tensleep Common Risk Segment map Southeast Wyoming 

High Risk 

Quealy Dome Oil Field
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Trade seismic data in the 

SE Wyoming region.  

Black lines show 2D data, 

red polygons show 3D 

surveys.  These data are 

superimposed on the 

combined CRS map for the 

region based on this study 

(see maps this page).  Map 

in background is Wyoming 

Basement map. Seismic 

data courtesy of SEI 

Seismic Exchange data 

brokers in Houston and 

Denver.

Availability of trade seismic data Southeast Wyoming 

Quealy Dome
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The Quealy Dome low-risk region is 

characterized by numerous free oil shows 

on drill stem tests. There is Tensleep 

production at Quealy Dome, Herrick and 

Little Laramie oil fields. The structuration -

as visible on the Wyoming Geological Survey 

basement map, and on subsurface contours 

(based wells) - is complex. Undrilled 

anticlinal closures, overthrusts and fault traps 

may remain. The complexity noted by Stone 

(1995) is impressive, and one wonders if 

older seismic data has imaged this complexity 

properly. 
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The Big Medicine Bow Low Risk area is 

characterized by both production and shows 

including the oil-saturated Tensleep outcrop at 

Flat Top Anticline.  The area is defined by these 

factors as well as the structural ridge that separates 

it from the Hanna Basin to the west and a “pothole” 

basin to the southeast (see structural contours on 

map).  Tensleep production is from Big Medicine 

Bow, Pass Creek and East Allen Lake oil fields on 

anticlines related to nearby faults.  There are two 

sets of faults in the region – those that extend NW 

to SE in response to reverse thrusting from the 

Snowy Range, and others of more complexity 

related to basin boundaries and lateral components 

(near Flat top) of Snowy Range thrusts. The nearly 

orthogonal relationships of the anticlines in the area 

attests to the structural complexity of this region 

with very good shows and production.  
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The Espy-Atlantic Rim low risk region 

encompasses the Atlantic Rim Tensleep 

production and shows. Tensleep oil fields 

include Espy, Hatfield, Rim and Sugar Creek .  

The region may extend southward along the 

Sierra Madre structural nose – the Browning 1-

13 in T14N R91W Upper Tensleep produced 

570 BO and no water, a good show (green circle 

on map). Regional contours hint that there may 

in fact be better porosity with depth along the 

west flank of the Atlantic Rim. One drawback 

hampering exploration in this area is that the 

Tensleep tends to tighter than in other areas. 

Nevertheless, shows and production indicate 

good oil charge into the area if new structural 

closures can be found.
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The Lost Soldier-Wertz area is 

notable for those two very large 

Tensleep (+Madison) fields, as well 

as a few smaller ones. It is an 

interesting question whether there 

might be any significant 

undiscovered Tensleep accumulations 

in an area that has been so intensively 

explored. Probably this area, which is 

low risk, awaits the “new idea in an 

old area” concept.  It might be worth 

a look at older seismic to make sure 

that processing and acquisition 

parameters are up to date, and that no 

prospective thrust faults have been 

overlooked. 
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Recovery Terminology
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Recovery status of Tensleep Fields in SE Wyoming.  

Mahoney Dome

Injecting water  

Sherard

No recent oil 

production

Wertz

Injecting 

natural gas 

and water

Lost Soldier

Injecting natural 

gas and water 

Hatfield

Injecting water  

Espy

Injecting 

water  

Sugar Creek

No recent oil 

production

Pass Creek

Primary 

recovery

Big Medicine 

Bow

Primary 

recovery

Allen Lake East

Injecting water

Quealy 

Dome

Injecting 

water  

Herrick

Injecting 

water  

Little 

Laramie

Injecting 

water

Green shaded areas indicate regions of oil shows.  Background: Basement map of Wyoming.
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Wilson 6 Quealy Dome has

Avalanche and ripple primary 

eolian strata in all zones.

Quealy Dome Oil Field
Have eolian genetic units and primary strata reduced 

recovery factor, and is there bypassed oil as a result?

Tensleep producing 

area

Permeability md 0400

Porosity % 040

Oil SAT %0 100

10% por

100 Md perm
60% sat

5350

5380

5384.9
5391.4

64

70

84

91

Core

Image courtesy of WGA, Casper

Image courtesy of WGA, Casper



WERTZ 46 

Facies
Sandsheet

Interdune Sabkha

Marine
Eolian Dune

An Upper Tensleep genetic unit was left 

unperforated, despite high oil saturation. 

Oil may have been swept by an adjacent 

injection-producer well, or not displaced. 

Unit appears stratigraphically isolated 

from perforated unit below  

Perforations

Fryberger, Jones and Johnson 2016
20

6400

50

6500

50

50

6600

Eolian avalanche 

and ripple primary 

strata, note the 

white laminations 

with little or no oil.

6400

6500

6600

6400

Faint eolian primary strata in oil 

saturated core are visible in this image 

core from Wertz 46.

6700

10% por



Lower and Upper Tensleep stratigraphy is evident in the Petrel static model created by Matt Johnson at Wertz Oil Field. Complex flow units above the level 

of primary strata exist in the Upper Tensleep, as marked. The Lower Tensleep is far more difficult to produce because there are more genetic units (flow units) 

divided by impermeable rock, and more effects of primary strata break up the reservoir into many compartments. This is both a problem, and an opportunity for 

IOR/IOR planning.

Petrel static model showing Lower and Upper Tensleep at Wertz Oil Field

Upper Tensleep

Lower Tensleep

Amsden

21Fryberger, Jones and Johnson 2016

Small 

flow 

unit

Flow unit within Upper Tensleep (dashed outline)
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Structural concepts in the Laramie-Hanna Basins

Figures after Stone, 1995

Quealy Dome

Basement faults of the Laramie Basin and mylonite zones of the Cheyenne belt in the 

Medicine Bow Mountains. (area shown as “Figure 2” on map at left).  RLF= Reservoir Lake 

fault; LLF = Lewis Lake Fault; NMZ = Northern Mylonite Zone; CMZ = Central mylonite 

zone; SMZ = Southern Mylonite Zone (former name for the Cheyenne belt); SQF = South 

Quealy fault; NQF = North Quealy fault; JLF = James Lake fault; PC with pattern = Pre-

Cambrian outcrop (undiff). Dotted rectangle is mapped are in Figures 5 and 6, PP’ , QQ’ and 

RR’ are structural cross section locations in Stone, not used in this talk.

Precambrian geology along the Cheyenne belt (heavy black line) in southeast Wyoming 

(modified after Johnson et al., 1984). The two rectangles outline map areas shown in 

figure on this and next page. The Cheyenne belt is a suture zone separating the Wyoming 

Archean province on the north from the Colorado Proterozoic province on the south. 



Dune types

depend upon wind direction

Barchanoid – 1 wind direction 

Linear – 2  main wind Directions

Star – 3 main wind Directions

Modern Analogues: 

Eolian dune type and 

formative wind regime 

create complex, but 

distinctive patterns of 

primary strata with eolian 

rocks.

Fryberger, Jones and Johnson 2016
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Modern and Ancient analogues: 
Basic Dune Types vary in geometry and abundance of ripple and avalanche primary strata; which affect reservoir performance.

After Fryberger, 1979

Yellow Avalanche strata best 

reservoir

Orange: Ripple strata, poor 

reservoir
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Modern and Ancient analogues for eolian reservoirs

Preferred flow direction and permeability at small (laminar) scale in 

avalanche and ripple strata.  These are predicted from minipermeameter 

measurements in Jurassic Entrada Sandstone. Red arrows are proportional in 

length to directional permeability along primary strata. After Chandler, et al 

1989

Avalanche strata

Ripple strata

Permeability variations from Page Sandstone outcrops in Northern Arizona.  

There is about one order of magnitude difference in permeability between  

“interdune” and “grain flow (avalanche)” deposits in the outcrop. Contrast 

tends to be greater in the subsurface! After Chandler, et al 1989

Page Sandstone 

outcrop at Page, 

Arizona, viewed by 

geologists on a 

Shell Field trip.



POROSITY DISTRIBUTION

.01 %

.12 %

Oil flow through eolian ripple strata: A Model
By Zahn Wang and Matt Johnson
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PERMEABILITY 
DISTRIBUTION

.0001 MD

100 MD
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Saturation oil 100%

Saturation oil 0%

Saturation oil 50%

A Digital model of oil flow through eolian ripple strata

Fryberger, Jones and Johnson 2016 27

46 Wertz NESESW 1 26N 90W 6607.5

Eolian ripple strata on a reversing dune in the 

Killpecker dune field, Wyoming

By Zahn Wang and Matt Johnson
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Conclusions:  Stratigraphy

• The Tensleep and Casper Formations comprise the same rocks in SE 

Wyoming.

• The Tensleep Formation in SE Wyoming can be divided into an eolian 

Upper Tensleep member and a carbonate-rich paralic and eolian Lower 

Tensleep Member.  

• The Upper Tensleep is mainly Permian, the Lower Tensleep is 

Carboniferous.  Lithological change between Upper and Lower Tensleep 

was probably driven by increasing aridity from Upper Carboniferous time 

into Permian times. We did not find a disconformity between the two 

members.

• The Fountain Formation commonly intercalates with the Lower Tensleep, 

close to older uplifts such as the Front Range.

• Oil Production in Southeast Wyoming Tensleep is mainly from the Upper 

Tensleep in anticlinal structural traps.

• Shallow marine carbonates intercalate with the Upper Tensleep (Permian) 

along the Laramie Range.

Eolian cross bedding at Flat Top anticline near Medicine Bow, WY
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Conclusions:  Petroleum Exploration and Production

• Common Risk Segment maps of SE Wyoming Tensleep oil shows, structure and  reservoir 

quality has identified four regions near existing production that may have opportunities for 

further exploration using improvements in exploration technology.

• Oil production in SE Wyoming occurs in a variety of stages from primary through tertiary 

(EOR), as well as various states of IOR (mechanical upgrades).  There may be development 

opportunities in some existing fields using a combination of modern EOR/IOR techniques 

and new seismic data.

• The State of Wyoming well database is a valuable asset, but is not usable for exploration 

work without revision of tops.  We used this trove to create a revised database of tops and 

other data that updates older (historical) tops in the State of Wyoming database, using 

modern stratigraphic concepts and the ESRI ArcGIS platform.  

• Much oil in the Tensleep may be trapped in microscopic stratigraphic traps created by 

primary eolian strata, and in complex flow units derived from the stacking small dunes or 

eolian facies groups of dune, interdune, sand sheet and sabkha.  

• It may be possible to calculate recovery factors for oil trapped in primary strata, and 

devise ways to produce it. 
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