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Abstract 

 

The Maastrichtian Upper Cretaceous Mesaverde Group has been and continues to be a major, tight-sand gas reservoir in Utah. It consists of over 9,000 

feet of fluvial, coastal plain, braided stream, wave-dominated deltaic, and beach sandstone and siltstone with interbedded transgressive Mancos Shale 

tongues and marine sandstones. Gas production from Mesaverde fields increased from 80 BCFG in 2002 to 287 BCFG in 2012. Produced water increased 

from 2 million bbls in 2002 to 26 million bbls in 2012. The amount of produced water could increase by at least 1 million barrels per year. Handling 

produced water requires a significant investment in treatment and disposal. The cost for treatment and disposal will continue to climb as the water/gas 

ratio increases during prolonged production of the wells. Produced water has been historically evaporated or injected in disposal wells or could be reused 

in enhanced oil recovery, hydraulic fracturing, drilling mud preparation, and oil shale production. Our study focuses on detailed stratigraphic, 

petrophysical, and produced water production data from wells penetrating the Mesaverde Group. Results will include formation and unit tops, lithology, 

thickness, temperature, pressure, and other petrophysical data. Using these data, petrophysical modeling of type logs from the Mesaverde will be used to 

extrapolate potentially available produced water quantity and quality into geologically less well-known areas targeted by future exploration. Water quality 

and quantity associated with existing gas production will be evaluated and used to help understand produced water management and amounts. 

mailto:peternielsen@utah.gov
mailto:rwood@utah.gov


The Mesaverde Group has been and continues to be a heavily explored and produced tight–sand gas reservoir.  The Mesaverde Group is comprised of 
the Price River Formation, Castlegate Sandstone, and Blackhawk Formation of the western and central part of the Unita Basin.  Similar units on the east-
ern side of the Unita Basin are the Tuscher Formation, Farrer Formation, Neslen Formation, Sego Sandstone, and Castlegate Sandstone.  The units con-
sist of regressive fluvial sand and silt, coastal mud and sand, and beach sand deposits with interbedded transgressive Mancos Shale tongues and 
marine sandstones.  The primary targets for gas production are the interbedded fluvial sandstone and siltstone, and shales.  The Castlegate Sandstone is 
also a gas reservoir where it is capped by marine shale.

Well log and core analyses of the Mesaverde sandstones indicate which units are gas producers and which units produce only water and small amounts 
of gas.  Companies spend considerable time and money determining which sandstones should be screened to allow gas entry into the well while not 
screening the sandstones with mostly water.  Gas production, based on production records from the four primary counties in the Unita Basin, has in-
creased from 425 BCFG in 2009 to 471 BCFG in 2012.  Produced water production increased from 94.1 million barrels in 2009 to 101.6 million barrels in 
2012.  The ratio of water/gas production dropped from 0.16 in 2009 to 0.14 in 2012.  This drop in the production ratio suggests a large number of wells 
have been drilled and gone into gas production on the early part of the production decline curve.  As production continues in these wells, more water 
and less gas will be produced in the next several years.  The amount of produced water will steadily increase by at least 1 million barrels per year.

The production and disposal of water from tight-sand gas reservoirs in the Uinta Basin, Utah, affect the economics of gas resource development and 
have recently become a topic of much public debate because produced water is the largest-volume waste stream associated with these unconven-
tional gas plays.  Managing produced water can be a significant cost fraction of the value of the gas extracted, so there is an economic incentive to 
minimize this waste stream, and/or generate revenue from treating and reusing produced water in hydrocarbon production or other applications.  Pro-
duced water could be reused in the following ways: enhanced oil recovery techniques, hydraulic fracturing, underground injection, drilling mud prepa-
ration, and oil shale production. 

Our study focuses on collecting well and petrophysical data from the Cretaceous Mesaverde Group.  This will include determining unit tops, lithology, 
thickness, temperature, and pressure.   The study will compile and/or calculate permeability, porosity, and water saturations and other petrophysical 
properties as needed to understand the potential for water in the sandstones.  Petrophysical modeling of type logs from the Mesaverde Group will be 
used to extrapolate potential water production into geologically, less well known areas for future exploration.  Water quality, associated with gas pro-
duction, will be evaluated and used to determine possible water quality and quantity in future exploration areas.

Index map of the Uinta Basin with wells, cross section lines, and 
outcrop locations.

Braided Stream - Castlegate Sandstone analog (after Howell
and Flint, 2005).
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Stratigraphy of the Mesaverde Group in the Uinta Basin (modified from White and others, 2008).
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Mesaverde Group Outcrop Overview Regional Correlation of the Mesaverde Group

Deposition of the Castlegate Sand-
stone in a braided stream, lower 
coastal plain, and marginal marine 
environment.

Deposition of the Neslen Formation 
in a coastal plain environment.

Deposition of the Farrer and Tuscher 
Formations in an alluvial plain 
environment.

Paleogeography of the eastern Uinta Basin during the late Campanian - Late Cretaceous 
(modified from Fouch and others, 1992).

Lower Farrer Formation in Sego Canyon. The Farrer Formation contains significantly more sandstone
than the underlying Neslen Formation. Both formations were deposited in eastward-flowing straight 
and sinuous river systems across a coastal plain (Cole and others, 2008).

Buck Tongue of the Mancos Shale - lower Sego Sandstone contact in  Sego Canyon. The Buck Tongue 
consists of interbedded, gray sandstone, siltstone, and mudstone (Franczyk and others, 1990).

Buck Tongue of the Mancos Shale, Sego Sandstone, Neslen Formation with Thompson 
Canyon Sandstone, and Farrer Formation in Sego Canyon.

Mancos Shale, Desert Member of the Blackhawk Formation, and lower Castlegate 
Sandstone at the mouth of Thompson Canyon. The Desert Member comprises 
sandstone, mudstone, carbonaceous shale, and some coal. 

Price River Formation in Price Canyon. The formation consists of poorly sorted siltstone 
and sandstone deposited within a meandering fluvial system (Hettinger and 
Kirschbaum, 2002).

The Tuscher Formation is recognizable by multi-story sand bodies overlying the Farrer Formation.  
The Tuscher Formation was deposited within a fluvial environment (Cole and others, 2008).
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Sego Sandstone - Neslen Formation contact in Sego Canyon. The Sego Sandstone thickens to the east 
and then thins in western Colorado; it contains stacked cross-bedded sandstone packages with 
parallel laminations in the uppermost package. The contact with the Neslen Formation is conformable
and sharp (Francyzk and others, 1990). The Neslen Formation includes carbonaceous mudstone, 
sandstone, coal, and channelized sandstone beds which increase toward the top (Cole and others, 2008).

Lower Castlegate Sandstone, Buck Tongue of the Mancos Shale, Sego Sandstone, Neslen 
Formation, and Farrer Formation in Tusher Canyon.

Castlegate Ss

Buck Tongue

Sego Ss
Neslen Fm

Farrer Fm

Type section of the Castlegate Sandstone overlying the Blackhawk Formation in Price 
Canyon.  The lower Castlegate is composed of massive sandstones deposited in a braided, 
sand-rich stream environment while the upper Castlegate contains interbedded mudstone 
and sandstone from a meandering stream (Hettinger and Kirschbaum, 2002). The unit is 
thickest in the west and thins to the east.
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Summary

PANEL I

" Outcrop analog

Well penetrating the Mesaverde

Explanation

U
TA

H

INDIANOLA UNIT 1 SKYLINE FEDERAL 1 SOLDIER CREEK 4-28 WILKIN RIDGE STATE 12-32-10-17 RAINBOW UNIT 1 EVACUATION CREEK 23-2-1

Rel
Depth(ft)
-2700

-2500

-2300

-2100

-1900

-1700

-1500

-1300

-1100

-900

-700

-500

-300

-100

100

Rel
Depth(ft)
-2700

-2500

-2300

-2100

-1900

-1700

-1500

-1300

-1100

-900

-700

-500

-300

-100

100

WEST EAST

4304930012
T11S R5E S27

UTAH CO
UT

4304930003
T11S R7E S10

UTAH CO
UT

4300730851
T12S R12E S28

CARBON CO
UT

4301332447
T10S R17E S32
DUCHESNE CO

UT

4304715805
T11S R24E S8
UINTAH CO

UT

4304715675
T12S R25E S2
UINTAH CO

UT

PRICE RIVER FORMATION

BLUECASTLE SANDSTO
NE M

EM
BER

M
IDDLE CASTLEGATE SANDSTO

NE M
EM

BER

LO
W

ER CASTLEGATE SANDSTO
NE

BUCK TONGUE

SEGO SANDSTONE

NESLEN FORMATION

FARRER FORMATION

TUSCHER FORMATION

BASE OF CASTLEGATE SANDSTONE

21 km 47.5 km 46 km 70.5 km 16 km

Gamma Ray
60 API

Gamma Ray
60 API

Gamma Ray
60 API

Gamma Ray
60 API

Gamma Ray
60 API

Gamma Ray
60 API

 

Rel
Depth(ft)
-2700

-2500

-2300

-2100

-1900

-1700

-1500

-1300

-1100

-900

-700

-500

-300

-100

100

Rel
Depth(ft)
-2700

-2500

-2300

-2100

-1900

-1700

-1500

-1300

-1100

-900

-700

-500

-300

-100

100

NORTH SOUTH
YELLOWSTONE RIVER 1 UTE TRIBAL KMV 1-28 WILKIN RIDGE STATE 12-32-10-17 PETERS POINT UNIT FE 15-6D-13-17 WOLF FLAT 14C-29-15-19 RATTLESNAKE CANYON 2-12

4301330047
T1N R4W S17

DUCHESNE CO
UT

4301332368
T4S R3W S28

DUCHESNE CO
UT

4301332447
T10S R17E S32
DUCHESNE CO

UT

4300731261
T13S R17E S6
CARBON CO

UT

4304737541
T15S R19E S29

UINTAH CO
UT

4301930809
T19S R19E S2

GRAND CO
UT

PRICE RIVER FORMATION

BLUECASTLE SANDSTONE MEMBER

MIDDLE CASTLEGATE SANDSTONE MEMBER

LOWER CASTLEGATE SANDSTONE

BASE OF CASTLEGATE SANDSTONE

TUSCHER FORMATION

FARRER FORMATION

NESLEN FORMATION

SEGO SANDSTONE

BUCK TONGUE

Gamma Ray
60 API

Gamma Ray
60 API

Gamma Ray
60 API

Gamma Ray
60 API

43.5 km 28 km 20 km 34 km 33 km

Sonic Log Neutron Density

SOUTHNORTH

Sections hung on the base of the Castlegate Sandstone.

EASTWEST

Tuscher Fm

Farrer Fm



Structure & Reservoir Thickness

Mesaverde Group Structural Top Mesaverde Group Isopach

References

Acknowledgments
Funding for this research is provided, in part, by the Research Partnership to Secure Energy for America (RPSEA), Sugar 
Land, Texas: Small Producer Program, for the Utah Geological Survey (UGS) project titled “Basin-Scale Produced Water 
Management Tools and Options – GIS-Based Models and Statistical Analysis of Shale Gas/Tight Sand Reservoirs and 
Their Produced Water Streams, Uinta Basin, Utah,” contract number 11123-08. 
We would like to acknowledge Stefan Kirby, Taylor Boden, and Nikki Simon of the UGS for their contributions to this 
poster.

Anderson, P.B., 2005, Mesaverde gas of southeastern Uinta Basin: Utah Geological Survey Open-File Report 460, 42 p.
 

Cole, R., White, H., and Kirschbaum, M., 2008, Stops 1-4 through 1-10, Thompson Canyon-Sego Canyon: in Longman, M.W., and 
Morgan, C.D., editors, Hydrocarbon systems and production in the Uinta Basin, Utah:  Rocky Mountain Association of Geologists and 
Utah Geological Association Publication 37, p. 417-437. 
 

Fouch, T.D., Nuccio, V.F. Osmond, J.C., MacMillan, L., Cashion, W.B., and Wandrey, C.J., 1992, Oil and gas in uppermost Cretaceous and 
Tertiary rock, Uinta Basin, Utah, in Fouch, T.D, Nuccio, V.F., and Chidsey, T.C., Jr., editors, Hydrocarbon and mineral resources of the 
Uinta Basin, Utah and Colorado: Utah Geological Association Publication 20, p. 9-48.
 

Francyzk, K.J., Pitman, J.K., and Nichols, D.J., 1990, Sedimentology, mineralogy, palynology, and depositional history of some upper-
most Cretaceous and lowermost Tertiary rocks along the Utah Book and Roan Cliffs east of the Green River: U.S. Geological Survey Bul-
letin 1787-N, 27 p.
 

Hettinger, R.D., and Kirschbaum, M.A., 2002, Stratigraphy of the Upper Cretaceous Mancos Shale (upper part) and Mesaverde Group in 
the southern part of the Uinta and Piceance Basins, Utah and Colorado: U.S. Geological Survey Investigative Report I-2764, 21 p.
 

Howell, J., and Flint, A., 2005, Tectonic setting, stratigraphy and sedimentology of the Book Cliffs, in Coe, A.L., editor, The sedimentary 
record of sea-level change, New York, The Open University and Cambridge University Press, p. 156. 
 
 

White, H., Cole, R., Stancel, S., Lee, C., and MacMillan, L., 2008, “Window” outcrop analogues for Greater Natural Buttes field, Uinta Basin 
Utah, in Longman, M.W., and Morgan, C.D., editors, Hydrocarbon systems and production in the Uinta Basin, Utah:  Rocky Mountain 
Association of Geologists and Utah Geological Association Publication 37, p. 209-236.

Disclaimer
Although this product represents the work of professional scientists, the Utah Department of Natural Resources, Utah Geological 
Survey, makes no warranty, expressed or implied, regarding its suitability or a particular use. The Utah Department of Natural Re-
sources, Utah Geological Survey, shall not be liable under any circumstances for any direct, indirect, special, incidental, or consequen-
tial damages with respect to claims by users of this product.

Thickness – 1000 to 3000 ft
Drill Depths to Base – 0 to 12,000 ft
Depositional Environments – marginal marine to fluvial, sand-rich braided stream, upper    
 coastal plain, and alluvial-plain deposits at top
Lithology – sandstone, siltstone/mudstone, shale, coal
Reservoir Geometry – stacked, lenticular channels with limited lateral extent
Trapping Mechanisms – stratigraphic conventional (lateral change in porosity and/or per-   
 meability due to local change in depositional environment) and basin centered; anticlinal
Source Rocks – Cretaceous coal and shale
Outcrop Analog – Book Cliffs, Utah

Current Major Operators – Anadarko Petroleum Corp., QEP Resources, EOG Resources, XTO     
 Energy Inc., Rosewood Resources Inc., Enduring Resources LLC, Gasco Production Co., En-  
 ervest Operating LLC, Koch Exploration Co.
Number of Active Fields/Wells – 24 fields/5747 wells
Recent Monthly Production (March 1, 2014) –  23.4 BCFG, 2,473,912 BW
Cumulative Production (as of March 1, 2014) – 3.59 TCFG, 197,022,041 BW
Production often co-mingled with the Tertiary Wasatch Formation

General Mesaverde Group Characteristics & Production
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Methane – 94 to 94.9%
Ethane – 3.4 to 3.8% 
Propane – 0.8 to 1.0% 
CO

2
 – 0.18%

Heating Value – 1066 to 1179 Btu

Spacing – 10 to 40 acres
Net Pay – individual sand bodies up to 30 ft
Porosity – 2 to 18%
Permeability (from core) – generally less than 0.1 mD; some zones 4 to 30 mD
Water Saturation – 15 to 35%
Water Resistivity – 0.160 ohm-m @ 68°F, 25,000 TDS
BHT – 140 to 210°F
Type of Drive – gas pressure depletion
Completion Technique – multi-stage hydraulic fracturing

Gas Characteristics (Natural Buttes)

Reservoir Data (Natural Buttes)

Greater Natural Buttes field (largest field)

Production from the Mesaverde Group

Oil and gas fields in the Uinta Basin. Greater Natural Buttes field is the largest field that produces from the 
Mesaverde Group. Fields with diagonal lines produce in part from the Mesaverde Group.

Buck Tongue Isopach Middle Castlegate and Neslen/Sego IsopachLower Castlegate Sandstone Isopach Bluecastle Member of the Castlegate Sandstone Isopach

LEFT - Cumulative water production in 
fields producing from the Mesaverde 
Group. Note: the fields may also pro-
duce from additional formations, and 
produced water values are not divided 
by lithologic unit. 

Over-, under-, and normal-pressure observations from drill-stem tests within the Mesaverde Group. LEFT - Contours show 
the predicted saline hydrostatic pressure in the middle Mesaverde. RIGHT - Contours show predicted fresh water hydro-
static pressure in the middle Mesaverde.
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PANEL II

13 individual units
Wells – 5020
Recent monthly production (March 1, 2014) – 20.9 BCFG, 2,360,882 BW
Cumulative production (March 1, 2014) – 3.1 TCFG, 177,065,821 BW
Estimated ultimate recovery per well for co-mingled Wasatch-Mesaverde – 1.4 to 6 BCFG
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RIGHT - Stiff diagrams of produced 
water in the Mesaverde Group. The 
formation waters near the southern 
outcrops of the Uinta Basin are relatively 
fresh, while deeper waters are NaCl type 
brines. (Generated by Stefan Kirby; data from the 
Utah Division of Oil, Gas, & Mining database)

Final shut-in pressure (FSIP) values within a 
25% envelope as reported in drill-stem tests.

Price River Formation (West) - Tuscher & Farrer 
Formations (East) Combined Isopach

Contour Range: -5500 to 8500 feet
Contour Interval: 2000 feet
Tops data from Anderson, 2005 and Hettinger and Kirschbaum, 2002

Contour Range: 750 to 3750 feet
Contour Interval: 250 feet
Tops data from Anderson, 2005 and Hettinger and Kirschbaum, 2002

Contour Range: 100 to 1000 feet
Contour Interval: 100 feet
Tops data from Anderson, 2005 and Hettinger and Kirschbaum, 2002

Contour Range: 0 to 500 feet
Contour Interval: 50 feet
Tops data from Anderson, 2005 and Hettinger and Kirschbaum, 2002

Contour Range: 0 to 700 feet
Contour Interval: 50 Feet
Tops data from Anderson, 2005 and Hettinger and Kirschbaum, 2002

Contour Range:  400 to 1700 feet
Contour Interval: 100 feet
Tops data from Anderson, 2005 and Hettinger and Kirschbaum, 2002

Contour Range: 0 to 1000 feet
Contour Interval: 50 feet
Tops data from Anderson, 2005 and Hettinger and Kirschbaum, 2002

The southern outcrops plunge north, northwest at approxi-
mately 3 degrees.  The contours show the synclinal structure 
along the northern part of the basin.  The deepest portion is 
approximately -7500 feet msl.

The group thickness varies from 1000 feet in the north and 
south and thickens to 3000 feet in the depositional center in 
the middle of the basin.  The center of the basin trends west 
to east.

The lower Castlegate Sandstone thickness shows a thinning 
trend from over 800 feet in the southwest to pinching out on 
the eastern side of the basin near the Utah/ Colorado border.

The transgressive shale thins from over 400 feet on the east to 
nothing near the middle of the basin.  The thickness trends 
show the paleotopography at the time of the marine incur-
sion.

The combined group thickness from 200 feet thick in the west 
as the middle Castlegate or mudstone member to over 800 
feet thick as combined Neslen Formation and Sego Sandstone. 

The upper sandstone member is thickest in the northwest and 
pinches out in the east.  The depositional trend changes from 
the southeast and east to northeast.

The combined group has several thick depositional centers in 
the southwest, northwest, and east central portions of the 
basin.  
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