
 Two emerging tight oil plays in Utah have gained significant traction in the past few years, renewing interest in two historically productive basins.  The Utah Geological Survey is conducting a multi-year, U.S.      
Department of Energy-funded study of these two distinct tight oil plays, utilizing newly acquired core and associated data.
 The lacustrine Uteland Butte Member of the Green River Formation records the first major transgression of Eocene Lake Uinta after the deposition of the alluvial Colton Formation in the Uinta Basin.  The main 
horizontal drilling objective, as analyzed in several cores, is a 2- to 7-foot-thick interval of fractured dolomite, with porosities between 14 and 30%, interbedded with organic-rich limestone and shale.  TOC values in 
the adjacent rocks range between 2 and 5%, while Ro values range between 0.7 and 1.1%, indicating the reservoir is most likely self-sourcing. 
 The Cane Creek shale is a transgressive-regressive marine sequence in the lower portion of the Pennsylvanian Paradox Formation, Paradox Basin.   The Cane Creek is tens of feet to nearly 200 feet thick, over- and 
underlain by beds of salt, and divided into A, B, and C intervals (in descending order).  The B interval is the primary hydrocarbon source rock and productive zone, consisting of black organic-rich shale, dolomite, dolo-
mitic siltstone, very fine sandstone, and some anhydrite.  Significant porosity (up to 15%) is found in the dolomitic siltstone and sandstone, but permeability is generally low (roughly 0.1 mD); naturally occurring frac-
tures are necessary for economic production.  The A and C intervals, mostly dolomite and anhydrite, are the seals for the B interval, helping prevent fracture communication with the adjacent salt beds. 
 A refined geological and reservoir characterization study of these two tight oil plays, using newly acquired core and geophysical logs, is currently underway to help delineate play boundaries, guide resource esti-
mates, and inform recovery methods.
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BACKGROUND

 The Uinta Basin is a topographic and structural trough encompassing an area of more than 9300 square miles (14,900 km2) in northeast Utah.  The basin is sharply asymmetric, 
with a steep north flank bounded by the east-west trending Uinta Mountains and a gently dipping south flank.
 The Uinta Basin formed in the Late Cretaceous Maastrichtian time, creating a large area of internal drainage that was filled by ancestral Lake Uinta during the Paleocene and 
Eocene.  Deposition in and around Lake Uinta consisted of open- to marginal-lacustrine sediments that make up the Green River Formation (GRF).  Alluvial red-bed deposits that 
are laterally equivalent to, and intertongue with, the GRF make up the Colton (Wasatch) Formation.  The southern shore of Lake Uinta was often very broad and flat, which allowed 
large transgressive and regressive shifts in the shoreline in response to climatic and tectonic-induced rise and fall of the lake.  The cyclic nature of the GRF deposition in the southwest 
Uinta Basin resulted in numerous stacked deltaic deposits.  Distributary-mouth bars, distributary channels, and nearshore bars are the primary producing sandstone reservoirs in the 
area.  Recently, companies have targeted the thinner carbonate layers, such as the Uteland Butte Member, as horizontal drilling targets.

Project website:  
http://geology.utah.gov/resources/energy/oil-gas/shale-oil
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Uinta Basin Stratigraphy

The stratigraphic nomenclature used to describe the Green 
River Formation in the Uinta Basin is as diverse as the 
rocks themselves.  The nomenclature is based on facies, 
which are often bounded by subtle and interfingering 
relationships that are difficult to carry with confidence and 
great distance within the basin.  Above are just a few of the 
different naming conventions from different researchers. 
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Uinta Basin Geology and Green River Formation

 The Uteland Butte reservoir is the first major transgression of ancient Lake Uinta after deposition of the 
fluvial Colton (Wasatch) Formation.  The Uteland Butte ranges in thickness from less than 60 feet to more than 
200 feet in the southwest Uinta Basin.  The Uteland Butte is equivalent to the first lacustrine phase of Bradley 
(1931), black shale facies of Picard (1955), lower black shale facies of Abbott (1957), basal limestone facies 
of Little (1988) and Colburn and others (1985), the Uteland Butte limestone of Osmond (1992), and the basal 
limestone member of Crouch and others (2000).
 The Uteland Butte consists of limestone, dolostone, calcareous mudstone and siltstone, and rare sand-
stone.  Most of the limestone beds are ostracodal grain-supported or mud-supported  grainstone, packstone, or 
wackestone.  Grainstone is more common near the shallow shoreline of the lake, whereas deeper distal depos-
its are commonly argillaceous limestone.  A cryptocrystalline, dolomitized, compacted wackestone with ostra-
cods has been found near the top of the Uteland Butte in some core.  The dolomite often has more than 20 per-
cent porosity, but is so finely crystalline that the permeability is low (single millidarcy or less).
 The Uteland Butte reservoir was deposited during a rapid and extensive lake-level rise.  The Uteland 
Butte is distinctive in the abundance of carbonate and the lack of sandstone, which could have been caused by 
one or both of the following situations: (1) the rapid lake-level rise caused siliciclastic sediments to be depos-
ited in the proximal alluvial channels, or (2) the main inflow into the lake was far from the southwest Uinta 
Basin area, perhaps flowing into the southern arm of the lake south and west of the San Rafael uplift.  
 The Uteland Butte reservoir is oil productive throughout most of the southwest Uinta Basin.  The Uteland 
Butte was a secondary objective in most vertical wells and was usually perforated along with beds in the 
Castle Peak, lower Douglas Creek, and upper Douglas Creek reservoirs.     
 The cryptocrystalline dolomitic wackestone has only recently been extensively explored.  This bed, 
widely distributed throughout the central and southern Uinta Basin, has become a recent target for extensive 
horizontal drilling, with limited success in the southern part of the basin, but more success in the over-
pressured central basin area.

Uteland Butte Member

Simplified north-south schematic cross section of the Uinta 
Basin in Duchesne County showing the northward dip of the 
beds and the relative depths of the major oil fields.  The 
Uteland Butte is the basal member of the Green River Forma-
tion and pinches out to the north, towards the deeper basin 
facies. Modified from Newfield, 2011.
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Well name: 14-1-46 (4301334113)

Operator: Bill Barrett Corp.
Location: T4S, R6W, Sec. 1, Duchesne County, UTM E 541444, UTM N 4445336
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Cored interval: 6647-6669.7, 6672-6707 ft (core shifted up ~7.5 ft to match logs)
Core location: Utah Core Research Center
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XRD

6647.10 (6639.60)

6650.80 (6643.30)

6655.05 (6647.55)
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6699.75 (6692.25)

6702.95 (6695.45)

6706.95 (6699.45)

Gamma Ray (API)
0 150

*core depth (log-corrected depth)*

6647.0-6659.3 (6639.5-6651.8) - Interbedded argillaceous dolostone (dark tan to brown)
and calcareous shale (medium to dark grey).  Mostly planar to wavy laminated with minor
soft-sediment deformation, several near-vertical open and calcite-filled bed-bound (dolostone)
fractures.  Brecciated dolostone bed with ostracods near base (6657.75-6658.8 [6650.25-
6651.30]).

*core depth (log-corrected depth)*

6659.3-6662.0 (6651.8-6654.5) Interbedded calcareous shale (medium to dark grey) and
argillaceous dolostone (dark tan to brown).  Mostly planar to wavy laminated.

6662.0-6662.8 (6654.5-6655.3) - Argillaceous limestone, medium grey, with gastropods and
pelecypods.

6662.8-6666.0 (6655.3-6658.5) - Interbeded argillaceous dolostone and calcareous shale.
Mostly planar to wavy laminated with minor soft-sediment deformation, several near-vertical
open and calcite-filled bed-bound (dolostone) fractures.

6666.0-6668.5 (6658.5-6661.0) - Argillaceous limestone, medium grey, with gastropods and 
pelecypods.  

6668.5-6669.7 (6661.0-6662.2) - Top of “C shale”, calcareous shale, medium grey, thin planar
to wavy laminations.  

6672.0-6678.3 (6664.5-6670.8) - Interbeded argillaceous dolostone and calcareous shale.
Mostly planar to wavy laminated with minor soft-sediment deformation, several near-vertical
open and calcite-filled bed-bound (dolostone) fractures.  Ostracods present at 6674.2 (6666.7).

6678.3-6678.6 (6670.8-6671.1) - Argillaceous limestone, medium grey, with gastropods and 
pelecypods.
6678.6-6680.2 (6671.1-6672.7) - Dark grey calcareous shale, thin planar to wavy laminations,
thin argillaceous dolostone bed near top.
6680.2-6681.2 (6672.7-6673.7) - Tan dolostone with chert nodules and minor ostracods. 
Chert nodules are coated with calcite and pyrite.
6681.2-6683.2 (6673.7-6675.7) - Argillaceous limestone, medium grey, with gastropods and 
pelecypods.

6683.9-6688.9 (6676.4-6681.4) - “PZ-1”, argillaceous dolostone, medium brown.  Abundant
ostracods near top, brecciation near base, chert nodules and styolites throughout.  Small
vertical fractures present, some filled with calcite.

6688.9-6691.9 (6681.4-6684.4) - Argillaceous limestone, medium grey, with gastropods and 
pelecypods.

6691.9-6695.2 (6684.4-6687.7) - “PZ-1`”, interbeded argillaceous dolostone and calcareous
shale.  Mostly planar to wavy laminated with minor soft-sediment deformation, several
near-vertical open and calcite-filled bed-bound (dolostone) fractures.

6695.8-6700.7 (6688.3-6693.2) - Argillaceous limestone, medium grey, with gastropods and 
pelecypods.

6700.7-6703.8 (6693.2-6696.3) - “PZ-2”, argillaceous dolostone, medium brown, with minor
interbedded shale.  Multiple, large verticle fractures with smaller calcite-filled vertical fractures.
Chert nodules present.

6703.8-6705.3 (6696.3-6697.8) - Argillaceous limestone, medium grey, with pelecypods and
minor gastropods.

6705.3-6707.5 (6697.8-6700.0) - Top of “D shale”, calcareous shale, medium grey, thin planar
to wavy laminations. Minor ostracods.  
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Ro (VR) = 0.97%
6656.8 (6649.3)

6683.2-6683.9 (6675.7-6676.4) - Dark grey calcareous shale, thin planar to wavy laminations.
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EXPLANATION

1From Hintze and others, 2000
2From USGS, per. comunication
3From Anderson and Roesink, 2013
4Utah Division of Oil, Gas, and Mining, Dec. 2015
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Bill Barrett 14-1-46 - 6684.4 ft - PZ-1 Dolomite 

Lithology Sample ID Depth 
(ft) Orientation 

As Received 
Bulk Density 

(g/cm3) 

Confining 
Pressure (psi) 

Peak Effective Compressive 
Strength 

(psi) 

Effective Residual 
Compressive Strength 

(psi) 

Young’s 
Modulus  
(106 psi) 

Poisson’s 
Ratio 

tan 
dolomite 

 

BTR1-1 6684.40 Vertical 2.282 1337 19420 9580   
BTR1-6 6684.40 Vertical 2.348 1337 22190 10410 5.390 0.22 
BTR1-2 6684.780 Horizontal 2.140 2741 19740 13240 3.829 0.27 

  
Zone 1 Deformation Index: Ratio of Secant E at Peak to E: 1.15 
Zone 2 Ductility Index: Amount of Plastic or Strain Hardening Strain: 0.009 
Zone 3a: Tang and Kaiser Index (Axial): 0.245 J/tonne 
Zone 3b: Tang and Kaiser Index (Volumetric): 2.87 J/tonne 
Zone 4: Peak to Residual Strength Ratio: 1.86 

Zone 1 Deformation Index: Ratio of Secant E at Peak to E: 1.23 
Zone 2 Ductility Index: Amount of Plastic or Strain Hardening Strain: 0.044 
Zone 3a: Tang and Kaiser Index (Axial): 0.69 J/tonne 
Zone 3b: Tang and Kaiser Index (Volumetric): 3.987 J/tonne 
Zone 4: Peak to Residual Strength Ratio: 1.59 
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BTR1-6, 6684.4 ft, Vertical, As-Received
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Peak Axial Stress Difference = 20,853 psi
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404730 UGS, Bill Barrett 14-1-46
BTR1-2, 6684.70 ft, Horizontal, As-Received

Pc = 2741 psi
Pp = 0 psi

Peak Axial Stress Difference = 16,995 psi
Effective Peak Compressive Strength = 19,736 psi

Bill Barrett 14-1-46 - 6698.3 ft - Argillaceous Limestone 

Lithology Sample ID Depth 
(ft) Orientation 

As Received 
Bulk Density 

(g/cm3) 

Confining 
Pressure (psi) 

Peak Effective Compressive 
Strength 

(psi) 

Effective Residual 
Compressive Strength 

(psi) 

Young’s 
Modulus  
(106 psi) 

Poisson’s 
Ratio 

gray limestone 
BTR3-1 6698.25 Vertical 2.586 1340 23980 13700 4.038 0.14 
BTR3-2 6699.00 Horizontal 2.614 2747 52680 19850 8.657 0.32 

  
Zone 1 Deformation Index: Ratio of Secant E at Peak to E: 1.13 
Zone 2 Ductility Index: Amount of Plastic or Strain Hardening Strain: 0.093 
Zone 3a: Tang and Kaiser Index (Axial): 0.972 J/tonne 
Zone 3b: Tang and Kaiser Index (Volumetric): 1.82 J/tonne 
Zone 4: Peak to Residual Strength Ratio: 1.60 

Zone 1 Deformation Index: Ratio of Secant E at Peak to E: 1.12 
Zone 2 Ductility Index: Amount of Plastic or Strain Hardening Strain: 0 
Zone 3a: Tang and Kaiser Index (Axial): 4.34 
Zone 3b: Tang and Kaiser Index (Volumetric): 12.75 
Zone 4: Peak to Residual Strength Ratio: 2.58 
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Pc = 1340 psi
Pp = 0 psi

Peak Axial Stress Difference = 22,639 psi
Effective Peak Compressive Strength = 23,979 psi
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404730 UGS, Bill Barrett 14-1-46
BTR3-2, 6699.00 ft, Horiztonal, As-Received

Pc = 2747 psi
Pp = 0 psi

Peak Axial Stress Difference = 49,929 psi
Effective Peak Compressive Strength = 52,676 psi

Bill Barrett 14-1-46 - 6706.5 ft - D-shale 

Lithology Sample ID Depth 
(ft) Orientation 

As Received 
Bulk Density 

(g/cm3) 

Confining 
Pressure (psi) 

Peak Effective Compressive 
Strength 

(psi) 

Effective Residual 
Compressive Strength 

(psi) 

Young’s 
Modulus  
(106 psi) 

Poisson’s 
Ratio 

shale 
BTR5-4 6706.50 Vertical 2.487 1341 14450 9190 1.295 0.18 
BTR5-2 6706.65 Horizontal 2.502 2750 17250 13270 3.797 0.26 

  
Zone 1 Deformation Index: Ratio of Secant E at Peak to E: 1.38 
Zone 2 Ductility Index: Amount of Plastic or Strain Hardening Strain: 0.48 
Zone 3a: Tang and Kaiser Index (Axial): 0.205 J/tonne 
Zone 3b: Tang and Kaiser Index (Volumetric): 1.576 J/tonne 
Zone 4: Peak to Residual Strength Ratio: 1.60 

Zone 1 Deformation Index: Ratio of Secant E at Peak to E: 1.22 
Zone 2 Ductility Index: Amount of Plastic or Strain Hardening Strain: 0.083 
Zone 3a: Tang and Kaiser Index (Axial): 0.00527 
Zone 3b: Tang and Kaiser Index (Volumetric): 0.196 
Zone 4: Peak to Residual Strength Ratio: 1.24 
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404730 UGS, Bill Barrett 14-1-46
BTR5-4, 6706.5 ft, Vertical, As-Received

Pc = 1341 psi
Pp = 0 psi

Peak Axial Stress Difference = 13,147 psi
Effective Peak Compressive Strength = 14,448 psi
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404730 UGS, Bill Barrett 14-1-46
BTR5-2, 6706.65 ft, Horizontal, As-Received

Pc = 2750 psi
Pp = 0 psi

Peak Axial Stress Difference = 14,495 psi
Effective Peak Compressive Strength = 17,245 psi

Bill Barrett 14-1-46 - 6703.1 ft - PZ-2 - Tan Dolomite 

Lithology Sample ID Depth 
(ft) Orientation 

As Received 
Bulk Density 

(g/cm3) 

Confining 
Pressure (psi) 

Peak Effective Compressive 
Strength 

(psi) 

Effective Residual 
Compressive Strength 

(psi) 

Young’s 
Modulus  
(106 psi) 

Poisson’s 
Ratio 

tan 
dolomite 

 

BTR4-4 6703.10 Vertical 2.543 1341 23340 14290 6.422 0.28 

BTR4-2 6702.90 Horizontal 2.473 2748 26760 11050 6.223 0.26 

  
Zone 1 Deformation Index: Ratio of Secant E at Peak to E: 1.62 
Zone 2 Ductility Index: Amount of Plastic or Strain Hardening Strain: 0.902 
Zone 3a: Tang and Kaiser Index (Axial): 0.0039 
Zone 3b: Tang and Kaiser Index (Volumetric): 0.0132 
Zone 4: Peak to Residual Strength Ratio: 1.44 

Zone 1 Deformation Index: Ratio of Secant E at Peak to E: 1.06 
Zone 2 Ductility Index: Amount of Plastic or Strain Hardening Strain: N/A 
Zone 3a: Tang and Kaiser Index (Axial): N/A 
Zone 3b: Tang and Kaiser Index (Volumetric): N/A 
Zone 4: Peak to Residual Strength Ratio: 3.17 
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404730 UGS, Bill Barrett 14-1-46
BTR4-4, 6703.1 ft, Vertical, As-Received

Pc = 1341 psi
Pp = 0 psi

Peak Axial Stress Difference = 24,998 psi
Effective Peak Compressive Strength = 26,339 psi
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404730 UGS, Bill Barrett 14-1-46
BTR4-2, 6702.90 ft, Horizontal, As-Received

Pc = 2748 psi
Pp = 0 psi

Peak Axial Stress Difference = 24,007 psi
Effective Peak Compressive Strength = 26,755 psi

GEOMECHANICS
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Thin section micrographs from adjacent Bill 
Barrett core (14-3-45).  Photos and interpretations 
from Core Lab.

Core and data provided by Bill Barrett Corporation
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 Two emerging tight oil plays in Utah have gained significant traction in the past few years, renewing interest in two historically productive basins.  The Utah Geological Survey is conducting a multi-year, U.S.      
Department of Energy-funded study of these two distinct tight oil plays, utilizing newly acquired core and associated data.
 The lacustrine Uteland Butte Member of the Green River Formation records the first major transgression of Eocene Lake Uinta after the deposition of the alluvial Colton Formation in the Uinta Basin.  The main 
horizontal drilling objective, as analyzed in several cores, is a 2- to 7-foot-thick interval of fractured dolomite, with porosities between 14 and 30%, interbedded with organic-rich limestone and shale.  TOC values in 
the adjacent rocks range between 2 and 5%, while Ro values range between 0.7 and 1.1%, indicating the reservoir is most likely self-sourcing. 
 The Cane Creek shale is a transgressive-regressive marine sequence in the lower portion of the Pennsylvanian Paradox Formation, Paradox Basin.   The Cane Creek is tens of feet to nearly 200 feet thick, over- and 
underlain by beds of salt, and divided into A, B, and C intervals (in descending order).  The B interval is the primary hydrocarbon source rock and productive zone, consisting of black organic-rich shale, dolomite, dolo-
mitic siltstone, very fine sandstone, and some anhydrite.  Significant porosity (up to 15%) is found in the dolomitic siltstone and sandstone, but permeability is generally low (roughly 0.1 mD); naturally occurring frac-
tures are necessary for economic production.  The A and C intervals, mostly dolomite and anhydrite, are the seals for the B interval, helping prevent fracture communication with the adjacent salt beds. 
 A refined geological and reservoir characterization study of these two tight oil plays, using newly acquired core and geophysical logs, is currently underway to help delineate play boundaries, guide resource esti-
mates, and inform recovery methods.

ABSTRACT Project funded by: U.S. Department of 
Energy - National Energy Technology 

Laboratory and Utah Geological Survey

Michael D. Vanden Berg, Craig D. Morgan, and Thomas C. Chidsey, Jr.     Utah Geological Survey, Salt Lake City, Utah

Analyzing Core from Two Emerging Tight Oil Plays in Utah: The Uteland Butte Member of the Green River 
Formation in the Uinta Basin and the Cane Creek Shale within the Paradox Formation in the Paradox Basin

BACKGROUND

 The Moab area is part of the Pennsylvanian-aged Paradox Basin.  About 307 million years ago, the region was a highly restricted marine bay.  Sea level rose and fell during 
global greenhouse (interglacial) and icehouse (glacial) periods, respectively.  Low sea level resulted in evaporation of sea water and extensive, thick deposits of halite as well as minor 
amounts of potassium and magnesium salts.  High sea level resulted in deposition of carbonates and siltstones interbedded with thin, organic-rich shales (collectively referred to as 
shale) such as the Cane Creek shale.  A shale and overlying thick salt bed is considered a depositional cycle.  In the Moab area there are as many as 29 cycles in the Paradox Formation; 
the Cane Creek shale is in cycle 21, with the cycles numbered from the top of the Paradox down.  The thin, organic-rich shale beds in the Cane Creek are the source of the oil produced 
from the unit’s adjacent fractured siltstones and carbonates.

Project website:  
http://geology.utah.gov/resources/energy/oil-gas/shale-oil

CANE CREEK PRODUCTION AND CHARACTERIZATION
Paradox Basin Geology and Paradox Formation

CANE CREEK SHALE, PARADOX FORMATION

GEOCHEMISTRY

 Over the past decade, the Moab area of the Paradox Basin has seen a large increase in drilling and subsequent oil produc-
tion.  The first oil discovery in the area occurred in the 1920s from the 300-million-year-old (Pennsylvanian aged) Paradox 
Formation.  Drilling equipment and building materials were loaded onto barges and floated down the Colorado River to where 
the first discovery was drilled on the axis of the Cane Creek anticline near the current site of the Moab potash mine. While 
drilling, the well first blew out at a depth of 2028 feet and the rig was destroyed by the resulting fire.  Several additional wells 
were drilled on the anticline but only a minor amount of oil was produced.  Later, the equipment was floated farther down the 
river to Shafer dome, where drilling resulted in a dry hole.
 In 1957, drilling at Big Flat, near present-day Dead Horse Point State Park, resulted in the discovery of oil in the Missis-
sippian Redwall Limestone.  This was the first discovery of oil from Mississippian-aged rocks in Utah.  Ultimately, three oil 
wells and four dry holes were drilled in the Big Flat field, which was abandoned in 1971 after producing more than 83,000 
barrels of oil (BO).
 In the early 1960s, the Shafer Canyon, Bartlett Flat, and Long Canyon fields were discovered.  The Shafer Canyon field 
consisted of two wells, one on each side of Dead Horse Point State Park, which produced from the Cane Creek shale.  The 
wells were plugged and abandoned in 1969 after producing over 67,000 BO, mostly from one well.  Bartlett Flat (Big Flat 5 
well) and Long Canyon (Long Canyon 1 well) fields (both one-well fields) also produced from the Cane Creek shale.  The 
casing collapsed in the Big Flat 5 well and the field was abandoned after producing 39,000 BO.  The Long Canyon well was 
the most successful well in the area drilled during the 1960s.  The well has produced more than 1 million BO and is still pro-
ducing.  Lion Mesa field was discovered in 1980, but has only produced a minor amount of oil from the Cane Creek shale.
 Exploration continued in the Moab area, but significant success did not occur until Columbia Gas Development Corpora-
tion formed the Cane Creek Federal unit in 1991 and drilled a horizontal well (1-27) in the Cane Creek shale in the abandoned 
Bartlett Flat field.  This was the first long-reach horizontal well drilled in Utah.  Drilling horizontally in the Cane Creek shale 
allows wells to penetrate 1000+ feet of reservoir rock, versus 10 to 30 feet in a vertical well, and greatly increases the prob-
ability of encountering natural fractures essential to economic production.  Columbia drilled six horizontal wells that are still 
producing and are now operated by Fidelity Exploration & Production Company.  The six wells drilled by Columbia have pro-
duced more than 1.4 million BO.  
 Fidelity Exploration & Production Company took ownership of the Cane Creek unit in 2007 and began drilling addi-
tional wells.  Fidelity has drilled 17 horizontal wells in the unit, many of which have horizontal legs exceeding 5000 feet in 
length.  Total production from the Cane Creek unit as of September 1, 2014 exceeds 2.9 million BO, with 91,836 BO produced 
during the month of August 2014.  Many of the wells have multiple horizontal laterals and some drill pads contain two wells, 
which reduces the surface footprint of development.  Drilling and completion costs are typically $8 to $14 million per well 
and the best wells are expected to ultimately produce about 1.7 million BO.

Cane Creek Shale Drilling History
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Cane Creek 26-3 - Burial History

7412.2 ft (7408.2 ft) - Dolomitic argillaceous siltstone
10.3% porosity, 0.027 md perm.

dolo

pyrite

microfracture

7414.2 ft (7410.2 ft) - Dolomitic argillaceous siltstone w/ mottled anhydrite
0.7% porosity

anhydrite dolo

quartz

7424.9 ft (7420.9 ft) - Argillaceous, very fine grained sandstone
6.0% porosity, 0.004 md perm. - porosity is lost due to calcite and dolomitic
cements, as well as quartz overgrowths

calcite

quartz

quartz
overgrowth

7429.1 ft (7425.1 ft) - Argillaceous, very fine grained sandstone
12.4% porosity, 0.11 md perm.

7437.1 ft (7433.1 ft) - Argillaceous, very fine grained sandstone
10.8% porosity, 0.03 md perm.

mica

7392.2 ft (7388.2 ft) - Anhydrite and dolomitic packstone
0.9% porosity, 0.0009 md perm.

anhydrite

ooid
peloids

7401.4 ft (7397.4 ft) - Dolostone with anhydrite-filled fracture
1.2% porosity, 0.0011 md perm.

anhydrite

7406.0 ft (7402.0 ft) - Organic-rich limestone w/ wavy microbial laminations
5.5% porosity, 0.402 md perm.
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 Fluid inclusion and petrographic studies were conducted on 
samples from three wells: Cane Creek 26-3, Cisco State 36-13, and 
Remington 21-1H.  The primary objectives were to: 1) characterize the 
temperatures and salinities of the fluids responsible for mineral deposi-
tion; and 2) determine the relative timing of oil migration with respect to 
the deposition of the vein filling minerals. Both oil and aqueous inclu-
sions were observed in the samples.

Preliminary conclusions:
 1.  Fluid inclusions were trapped in fracture filling dolomite,         
  anhydrite, and halite. Anhydrite and dolomite were                
  precipitated before halite.
 2.  Oil migration occurred during and after vein formation. During  
  vein formation, aqueous and oil inclusions were trapped      
  contemporaneously in dolomite and halite.  Healed fractures  
  in dolomite containing oil inclusions suggest oil migration   
  continued after vein formation. 
 3.  The presence of aqueous inclusions containing only liquid       
  suggests that mineral deposition and later fracturing occurred  
  at temperatures of <50oC. The inclusions were subsequently  
  thermally re-equilibrated as the rocks were progressively   
  buried and heated. 
 4.  Oil migration and vein formation must have occurred at           
  relatively shallow depths. Low- to moderate-thermal             
  gradients (<~25oC/km) would imply that mineral deposition  
  occurred at depths of less than approximately 2 km. 
 5.  The majority of the aqueous inclusions contain liquid with a      
  salinity of approximately 30 wt% NaCl + CaCl2 equivalent.  
  These high salinities suggest interactions with evaporites.
 6.  Fluorescence colors of the oil inclusions indicate they have a   
  moderate API gravity of approximately 35o. 

FLUID INCLUSION ANALYSIS

CC 26-3, 7420 ft. Secondary light-
brown, oil-bearing inclusions in dolo-
mite. Left: Two-phase oil-inclusions 
containing oil and a gas bubble, plane 
polarized light. Right: ultraviolet light. 
Field of view is 0.3 mm.

CC 26-3, 7420 ft. Halite bearing 
aqueous inclusions. Top left: large 
cubic halite crystal is visible near 
the top of the central inclusion (red 
arrow). Right: Inclusion after 
halite dissolution at 132oC. Field 
of view is 0.05 mm.

CC 26-3, 7439.3 ft. Two-phase fluid inclusion 
in halite. Field of view is 0.3 mm, plane polar-
ized light.

*Analyses performed by Dr. Joe Moore, Energy & Geoscience Institute, University of Utah*
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 The Cane Creek shale is a difficult oil reservoir to develop.  In the Big Flat area, about 3500 feet of inter-
bedded sandstone, shale, and limestone overlie the Paradox Formation.  From the top of the Paradox to the 
Cane Creek, there is about 3500 to 4000 feet of salt with thin, interbedded shale beds.  Under the pressure and 
temperature of deep burial, salt will often flow, like squeezing a tube of toothpaste.  Salt flow can ruin a well 
by collapsing the well casing and plugging well perforations and tubing.
 Mapping seismic data can identify faults and structural highs at the Cane Creek shale horizon.  These 
deep structures are often the drilling targets, but identifying where good, reservoir-quality, porous beds and 
natural fractures occur is much more difficult.  On the surface the formations are generally flat-lying to gently 
inclined, but the salt deposits of the Paradox Formation are often highly deformed.  Movement of thousands of 
feet of salt from one location to another formed large salt anticlines; when the salt pushed through or intruded 
into overlying formations it created salt diapirs.  Moab-Spanish Valley, Castle Valley, and Salt Valley in Arches 
National Park are all examples of large diapiric salt anticlines.  The Big Flat area sits atop the Cane

Cane Creek Shale Reservoir Characterization

Creek anticline, which is the result of more subdued salt movement.  The movement of salt formed a broad, 
gentle anticline but did not penetrate the overlying formations.  Additionally, smaller-scale deformation within 
the individual Paradox salt cycles often resulted in folding the Cane Creek shale into “wavy folds.”  These folds 
typically have an amplitude of several feet to tens of feet and are spaced hundreds of feet apart.  This smaller-
scale folding can make it very difficult to keep the drill bit within the Cane Creek reservoir when drilling a hori-
zontal lateral several thousand feet long.
 Naturally occurring open fractures in the Cane Creek shale are important permeability pathways for oil 
to move from the formation into the well bore.  Core from the Cane Creek contains many types of fractures; 
some are thin with limited length and are filled with anhydrite, calcite, or clay, and some are wider and filled 
with halite.  Open fractures tend to be near vertical but are confined to individual brittle sandstone or carbonate 
beds.  An important part of predicting where oil-productive fractures might exist involves understanding when 
both the filled and open fractures formed, what forces caused the fracturing, and what fluid flow conditions 
resulted in mineral-filled fractures versus open fractures.  Another key exploration element is understanding 
the timing of oil generation. Were the mineral filled-fractures sealed before or after oil was generated and were 
the open fractures formed before or during the time of peak oil generation?  We are using organic-matter matu-
rity data and burial history studies to determine when, and at what temperature, oil was generated.  Also, fluid 
inclusions found in the fracture-fill minerals are being used to help determine at what temperature, and there-
fore what time during burial, minerals formed in the fractures.   As minerals form within a fracture, microscopic 
bubbles of liquid and gas can become trapped within the crystal structure.  Heating and cooling of the bubbles 
reveals the composition of the fluids, gases, and the temperature at which they formed.  When in geologic 
history the fractures formed can be determined by comparing temperature data generated from a burial history 
curve to the fluid inclusion temperatures.  Burial history curves also help us determine when oil was generated 
within the Cane Creek.

BBLS OIL BBLS WATER MCF GAS

BIG FLAT
FIDELITY E&P COMPANY
CANE CREEK UNIT 12-1
#43-019-50009-00-00   NESW 12-T26S-R19E

CUM GAS = 337662
CUM WATER = 44613

CUM OIL = 809733
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Long Canyon 1 (vertical well)
Cane Creek discovery well
Drilled 1962
Cumulative oil = 1.125 million bbls

Cane Creek 26-3
Completed Oct 2012
Cumulative oil = 295,000 bbls

Kane Springs 27-1
First horizontal well
Completed April 1991
Cumulative oil = 518,000 bbls
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This graph illustrates the hortizontal drilling difficulty in the gently folded
Cane Creek reservoir, Cane Creek 26-3.

Cane Creek anticline, near Moab, UT

GEOMECHANICS
Fidelity Cane Creek 26-3 - 7413.0 ft - Shale

Lithology Sample ID Depth 
(ft) Orientation 

As Received 
Bulk Density 

(g/cm3) 

Confining 
Pressure (psi) 

Peak Effective Compressive 
Strength 

(psi) 

Effective Residual 
Compressive Strength 

(psi) 

Young’s 
Modulus  
(106 psi) 

Poisson’s 
Ratio 

shale 
FDY3-1 7413.00 Vertical 2.041 3855 11,586 (Y) - 0.706 0.23 

FDY3-2 7413.05 Horizontal 2.009 4040 11,716 (Y)1 
14,254 

 
- 1.128 0.25 

  
Zone 1 Deformation Index: Ratio of Secant E at Peak to E: 5.05 
Zone 2 Ductility Index: Amount of Plastic or Strain Hardening Strain: 0.994 
Zone 3a: Tang and Kaiser Index (Axial): 5.08 x 10-8 
Zone 3b: Tang and Kaiser Index (Volumetric): 1.88 x 10-4 
Zone 4: Peak to Residual Strength Ratio: 1.00 

Zone 1 Deformation Index: Ratio of Secant E at Peak to E: 8.98 
Zone 2 Ductility Index: Amount of Plastic or Strain Hardening Strain: 1 
Zone 3a: Tang and Kaiser Index (Axial): 0 
Zone 3b: Tang and Kaiser Index (Volumetric): 0.0077 
Zone 4: Peak to Residual Strength Ratio:1.02 

1 (Y) denotes axial yield
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Fidelity Cane Creek 26-3 - 7417.8 ft - Shale 

Lithology Sample ID Depth 
(ft) Orientation 

As Received 
Bulk Density 

(g/cm3) 

Confining 
Pressure (psi) 

Peak Effective Compressive 
Strength 

(psi) 

Effective Residual 
Compressive Strength 

(psi) 

Young’s 
Modulus  
(106 psi) 

Poisson’s 
Ratio 

shale 
FDY2-1 7417.75 Vertical 2.407 3857 18,534 14,557 1.119 0.24 
FDY2-2 7417.85 Horizontal 2.406 4043 20,699 15,143 2.074 0.30 

  
Zone 1 Deformation Index: Ratio of Secant E at Peak to E: 1.82 
Zone 2 Ductility Index: Amount of Plastic or Strain Hardening Strain: 0.737 
Zone 3a: Tang and Kaiser Index (Axial): 0.427 J/tonne 
Zone 3b: Tang and Kaiser Index (Volumetric): 1.42 J/tonne 
Zone 4: Peak to Residual Strength Ratio: 1.34 

Zone 1 Deformation Index: Ratio of Secant E at Peak to E: 1.77 
Zone 2 Ductility Index: Amount of Plastic or Strain Hardening Strain: 0.198 
Zone 3a: Tang and Kaiser Index (Axial): 0.518 
Zone 3b: Tang and Kaiser Index (Volumetric): 0.812 
Zone 4: Peak to Residual Strength Ratio:1.46 
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404730 UGS, CC 26-3
FDY2-1, 7417.75 ft, Vertical, As-Received

Pc = 3857 psi
Pp = 0 psi

Peak Axial Stress Difference = 14,677 psi
Effective Peak Compressive Strength = 18,534 psi
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404730 UGS, CC 26-3
FDY2-2, 7417.85 ft, Horizontal, As-Received

Pc = 4043 psi
Pp = 0 psi

Peak Axial Stress Difference = 16,656 psi
Effective Peak Compressive Strength = 20,699 psi

Fidelity Cane Creek 26-3 - 7464.3 ft - Shale 

Lithology Sample ID Depth 
(ft) Orientation 

As Received 
Bulk Density 

(g/cm3) 

Confining 
Pressure (psi) 

Peak Effective Compressive 
Strength 

(psi) 

Effective Residual 
Compressive Strength 

(psi) 

Young’s 
Modulus  
(106 psi) 

Poisson’s 
Ratio 

shale FDY1-2 1 7464.30 Horizontal 2.310 4068 17,700 14,498 1.571 0.22 

 

 

Zone 1 Deformation Index: Ratio of Secant E at Peak to E: 2.32 
Zone 2 Ductility Index: Amount of Plastic or Strain Hardening Strain: 0.403 
Zone 3a: Tang and Kaiser Index (Axial): 0.0078 J/tonne 
Zone 3b: Tang and Kaiser Index (Volumetric): 0.152 J/tonne 
Zone 4: Peak to Residual Strength Ratio: 1.23 

 

1 FDY1-2 – No additional shale material remains for a matching horizontal sample, from this backup shale depth interval.
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404730 UGS, CC 26-3
FDY1-2, 7464.30 ft, Horizontal, As-Received

Pc = 4068 psi
Pp = 0 psi

Peak Axial Stress Difference = 13,632 psi
Effective Peak Compressive Strength = 17,700 psi

Fidelity Cane Creek 26-3 - 7464.5 ft - Dolomitic Sandstone

Lithology Sample ID Depth 
(ft) Orientation 

As Received 
Bulk Density 

(g/cm3) 

Confining 
Pressure (psi) 

Peak Effective Compressive 
Strength 

(psi) 

Effective Residual 
Compressive Strength 

(psi) 

Young’s 
Modulus  
(106 psi) 

Poisson’s 
Ratio 

silty dolomite 
FDY1-1 1 7464.50 Vertical 2.617 3882 36,702 16,682 3.276 0.23 
FDY1-4 7464.50 Vertical 2.611 3881 35,955 16,935 3.620 0.18 

  
Zone 1 Deformation Index: Ratio of Secant E at Peak to E: 1.58 
Zone 2 Ductility Index: Amount of Plastic or Strain Hardening Strain: 0.133 
Zone 3a: Tang and Kaiser Index (Axial): 8.49 J/tonne 
Zone 3b: Tang and Kaiser Index (Volumetric): 14.58 J/tonne 
Zone 4: Peak to Residual Strength Ratio: 2.38 

Zone 1 Deformation Index: Ratio of Secant E at Peak to E: 1.66 
Zone 2 Ductility Index: Amount of Plastic or Strain Hardening Strain: 0.385 
Zone 3a: Tang and Kaiser Index (Axial): 1.798 
Zone 3b: Tang and Kaiser Index (Volumetric): 66.1 
Zone 4: Peak to Residual Strength Ratio:2.46 

1 FDY1-1 – No additional silty dolomite material for a matching horizontal sample.  Sample FDY1-4 tested as accident, originally marked with an incorrect depth.
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404730 UGS, CC 26-3
FDY1-1, 7464.5 ft, Vertical, As-Received

Pc = 3882 psi
Pp = 0 psi

Peak Axial Stress Difference = 32,820 psi
Effective Peak Compressive Strength = 36,702 psi
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404730 UGS, CC 26-3
FDY1-4, 7464.30 ft, Vertical, As-Received

Pc = 3881 psi
Pp = 0 psi

Peak Axial Stress Difference = 32,074 psi
Effective Peak Compressive Strength = 35,955 psi

Thanks to Fidelity Exploration and Production
Company for sharing their core and data.

National Park boundary

Production Curve

7388.5 to 7389.5 ft (7384.5-7385.5 ft) - Siltstone, dolomitic, light brown to tan, transitional contact with underlying anhydite 
unit, horizontal laminations throughout most of the unit, some distortions with vuggy porosity, most of the unit has pin-point 
porosity. One salt filled fracture in upper 0.3 ft. Fracture has upward growth in width.
7389.5 to 7392.6 ft (7385.5-7388.6 ft)- Dolomite mudstone with abundant anhydrite, some pin-point porosity within the 
dolomite.
7392.6 to 7395.6 ft (7388.6-7391.6 ft) - Limestone, gray to dark gray, some interlaminated black shale and minor siltstone. 
Upper contact gradational, base is sharp. Some distorted laminations possibly algal, some black organics and rare pryrite. 
Some near-vertical closed fractures.
7395.6 to 7398.1 ft (7391.6-7394.1 ft)- Dolomite to limestone, abundant anhydrite. In the dolomite there are some thin 
vertical fractures and some wider fractures with porosity and crystal growth within the fracture.
7398.1 to 7401.2 ft (7394.1-7397.2 ft)- Limestone, gray to dark gray with some interlaminated black limy shale. Upper 0.6 ft 
very finely laminated, most of unit massive and bioturbated, lower half of unit has numerous vertical to near-vertical fractures, 
some with halite filling.

7388.0 to 7388.5 ft (7384.0-7384.5 ft) - Shale to shaly limestone, black, wide salt filled fracture, near base, smaller thin clay-
filled fractures that deform the bedding slightly upward. Strong petroliferous odor.

7401.2 to 7405.5 ft (7397.2-7401.5 ft) - Mudstone, dolomitic, with abundant anhydrite. Upper portion nodular, lower portion 
more laminated.
7405.5 to 7405.9 ft (7401.5-7401.9 ft) - No core "preserved 1".
7405.9 to 7407.1 ft (7401.9-7403.1 ft) - Shale, dark gray to black, laminated, some possible algal in upper portion of unit, 
strong petroleum odor.

7407.7 to 7408.8 ft (7403.7-7404.8 ft) - Mudstone, dolomitic, with abundant anhydrite.
7408.8 to 7410.4 ft (7404.8-7406.4 ft) - Dolomite dark gray becoming more limestone towards base, some pin-point porosity, 
vertical fracture with halite.
7410.4 to 7412.9 ft (7406.4-7408.9 ft) - Limestone, shale, dark gray, some black shale.
7412.9 to 7413.6 ft (7408.9-7409.6 ft) - Mudstone, limestone, and shale, somewhat oil saturated at 7412.5 to 7413.0 ft. Near 
vertical fracture from 7411.9 to 7412.5 ft (7407.9-7408.5 ft) with internal crystals.  
7413.6 to 7413.7 ft (7409.6-7409.7 ft)- Dolomite, brecciated with limestone clasts, slickensides on top of unit.
7413.7 to 7415.0 ft (7409.7-7411.0 ft) - Dolomite with abundant anhydrite, some thin vertical fractures in the dolomite. 
7415.0 to 7416.2 ft (7411.0-7412.2 ft) - Siltstone, dolomitic, large 45 degree halite-filled fracture vertical.
7416.2 to 7419.9 ft (7412.2-7415.9 ft) - Shale to siltstone, dolomitic, some black possibly organic rich shale. Petrographic 
report by Core Lab reports some calcite filled fractures, some anhydrite filled fractures, and some dolomitic peloids. 
7419.9 to 7421.0 ft (7415.9-7417.0 ft) - Siltstone, dolomitic, light gray, bioturbated. Some pin-point porosity. Wide salt-filled 
fracture subvertical 7420.0 to 7421.0 ft (7416.0-7417.0 ft), some minor anhydrite beds in same interval.
7421.0 to 7425.0 ft (7417.0-7421.0 ft) - Shale, dolomitic and interbedded dolomitic siltstone, and some minor shale, siltstone 
with extensive vertical fractures. Some wide halite-filled fractures with internal crystals, near base of unit.  Some bitumen in 
the fractures from 7422.0 to 7423.0 ft (7418.0-7419.0 ft) bioturbated grading downward to wavy laminations and possibly 
calcite-filled fracture.
7425.0 to 7445.25 ft (7421.0-7441.25 ft) - Siltstone to very fine grained sandstone, dolomitic, light gray to light brown, mottled, 
bioturbated, a few hairline fractures. Black shale from 7430.3 to 7430.6 ft (7426.3-7426.6 ft); black silty shale from 7431.6 to 
7431.8 ft (7427.6-7427.8 ft);  very fine grained sandstone with wavy low-angle laminations from 7437.0 to 7437.7 ft (7433.0-
7433.7 ft); black shale from 7437.7 to 7438.0 ft (7433.7-7434.0 ft); siltsone in large broken pieces possibly natural fractures 
with no fill material or coring induced fracture from 7442.0 to 7444.0 ft (7438.0-7440.0 ft); and very fine grained sandstone, 
bioturbated, some subhorizontal laminations, wavy, minor rip ups near base of unit from 7444.0 to 7445.3 ft (7440.0-7441.3 ft).

7445.25 to 7446.3 ft (7441.25-7442.3 ft) - Shale, black, with interbedded dolomite.
7446.3 to 7450.7 ft (7442.3-7446.7 ft) - Dolomite with abundant anhydrite.

7450.7 to 7451.4 ft (7446.7-7447.4 ft) - Siltstone, dolomitic, light to dark gray, fine horizontal laminations.
7451.4 to 7451.6 ft (7447.4-7447.6 ft) - Siltstone with anhdrite nodules.
7451.6 to 7451.8 ft (7447.6-7447.8 ft) - Shale, black.
7451.8 to 7457.8 ft (7447.8-7453.8 ft)- Sandstone, very fine grained to siltstone, light to dark gray, very slightly calcareous in 
upper half increasing in lower half, bioturbated, bottom 0.7 ft of unit finely laminated. 7454.7 to 7455.2 ft (7450.7-7451.2 ft) 
thin vertical fracture terminates top and bottom within core. Core lab reported halite filled.  
7457.8 to 7458.2 ft (7453.8-7454.2 ft) - Dolomite with abundant anhydrite.

7458.2 to 7458.4 ft (7454.2-7454.4 ft) - Shale, black.
7458.4 to 7459.6 ft (7454.4-7455.6 ft) - Shale, black, laminated slightly calcareous, anhydrite rip ups at base of unit.
7459.6 to 7464.3 ft (7455.6-7460.3 ft) - Dolomite with abundant anhydrite, massive grading to nodular near base of unit. 

7464.3 to 7465.0 ft (7460.3-7461.0 ft) - Shale, black, finely laminated grading to very fine grained sandstone and siltstone near 
base of unit.
7465.0 to 7467.5 ft (7461-7463.5 ft) - Anhydrite, massive becoming laminated near base.
7467.5 to 7469.7 ft (7463.5-7465.7 ft) - Sandstone, very fine grained to siltstone, light to dark gray, very slightly calcareous, 
sandstone generally massive some horizontal bleds that are possibly bioturbation. At 7467.5 to 7468.2 ft (7463.5-7464.2 ft) 
wide (1 cm), vertical halite-filled fracture begins in core and terminates upward into laminated anhydrite; from 
7468.2 to 7469.1 ft (7464.2-7465.1 ft), a thin sub horizontal fracture extends out of plane of core.
7469.7 to 7470.0 ft (7465.7-7466.0 ft) - Shale, black.
7470.0 to 7470.9 ft (7466.0-7466.9 ft) - Dolomite to dolomitic siltstone. Vertical to near-vertical halite filled fracture upward 
termination at internal boundary and base terminates into underlying anhydrite.
7470.9 to 7474.0 ft (7466.9-7470.0 ft) - Anhdrite, massive.

7407.1 to 7407.7 ft (7403.1-7403.7 ft) - No core "preserved 2".
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