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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 ñlow risk of no chargeò versus ñhigh risk of no chargeò 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 AAPGôs 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 

ñlow riskò 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 systemsand 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 ñthis is the UP railroad strip, etc.ò 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

BBõ
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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

H
a
r
t
v
i
l
l
e
 
ñ
F
o
r
m
a
t
i
o
n
ò

Lower Permian (Wolfcampian) isopachs in Wyoming

Regional unconformities in the Permo-Pennsylvanian 

rocks of Wyoming. After Foster, 1958

A Aô

BH

Distribution and thickness of ñinterval Aò, ñWolfcampianò = 

Lower Permian rocks in Wyoming and adjacent areas. After 

McKee, 1967

Laramie

A

Aô

SE Wyoming study

PRB

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

A Aô



Fryberger, Jones and Johnson 2016 7

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 ïscale 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 ñpondsò 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.

Champlin1-19

NESE 19

T15N R75W

fluvial

eolian

Fountain ?

Flow units

Flow units 

less visible

Tensleep Fm.
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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.


