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SUMMARY AND CONCLUSIONS

The mineral resource occurrence and development potential of the Moab Planning Area (MPA)
was assessed using the system outlined in Bureau of Land Management Manual 3031 (see section
5). Mineral resource development in the MPA during the next 15 years are estimated to have a
cumulative disturbance of about 11,407 acres, or less than half of one percent of the total land
area within the MPA. The conclusions regarding the individual mineral resources identified
within the MPA are summarized as follows:

QOil and Gas

There is a high potential with a high level of certainty (D) for oil and gas occurrence within the
MPA in those areas identified as oil and gas plays by the U.S. Geological Survey, all of which
have had historical oil and gas production. There is a low potential with a C level of certainty for
oil and gas occurrence within the Uncompahgre uplift area and the area around the La Sal
Mountains, both of which are in the eastern portion of the MPA. Over the next 15 years, oil and
gas development potential in the MPA is considered high for all areas except the geologically
unfavorable Uncompahgre uplift and La Sal Mountain areas, and the areas closed to mineral
development by laws, regulations, or executive orders, which are rated as low development
potential. A Reasonably Foreseeable Development scenario has been developed which predicts
9450 acres of cumulative new disturbance expected from future oil and gas exploration and
development activity in the MPA; some of these areas will be reclaimed within the same 15-year
period. This disturbance will be the result of 2000 linear miles of new geophysical exploration
and 390 new oil and gas wells completed during the next 15 years.

Coal-Bed Methane

The occurrence potential for coal-bed methane is high (H/D) in the Upper Cretaceous Neslen
Formation of the Mesaverde Group of the Sego coal field where the total net coal in the formation
is greater than eight feet thick, moderate (M/C) where the net coal thickness is four to eight feet
thick, and low (L/C) where the coal is less than four feet thick in the north portion of the MPA.
The development potential for coal-bed methane of the northeastern portion of the Sego coal
field, outside the Wilderness Study Areas, is considered high over the next 15 years. Low
development potential is assigned to the portion of the Sego coal field covered by thin coal and
WSASs, and to the La Sal coal field, where the Dakota coals are thin, under shallow cover, and
low in rank. In the next 15 years, future coal-bed methane development activity is expected to
entail 15 new test wells with a cumulative disturbance of 225 acres.

Coal

The occurrence potential for coal is high (H/D) for the Upper Cretaceous Neslen Formation of the
Mesaverde Group of the Sego coal field in the northern portion of the MPA, and in the Dakota
Sandstone of the La Sal coal field in the southeastern portion of the MPA. Development potential
of the Neslen coals is considered low over the next 15 years due to the presence of WSAs and
conflicts with existing oil and gas developments, while development potential of the La Sal coal
field is considered low because the coal is thin and of poor quality. No future coal development
activity or disturbance is expected during the next 15 years.



Potash and Salt

The occurrence potential for potash and salt deposits in the Paradox Formation in the MPA is
considered high (H/D) within the three existing KPLAs and in the Seven Mille and Ten Mile
areas where preference right leases exist, and moderate (M/C) elsewhere in the Paradox Basin,
except for an area around the La Sal Mountain, which is rated low (L/C). However, with the
exception of high development potential for the continued operations in the State-owned area
around the existing Moab Salt Company mine, the development potential of these two resources
is considered moderate in the remaining KPLAs and the Seven Mile and Ten Mile preference
right leases, and low elsewhere in the MPA over the next 15 years. Potash developments during
the next 15 years are expected to entail the drilling of up to 10 new exploration wells in the Ten
Mile area, which would disturb about 50 acres.

Uranium-Vanadium

There is a high potential (H/D) for the occurrence of uranium and vanadium deposits in historical
mining areas, and moderate (M/C) along exposures of known host formations outside the
established mining areas. Uranium and vanadium prices have reached high enough levels to
revive mining of these commaodities in the Paradox Basin portion of the MPA. With the current
price of uranium reaching $24.00 per pound, uranium development potential during the next 15
years is rated as high for the La Sal and Lisbon Valley mining areas, particularly at some of the
existing deposits that have mining permits from the Utah Division of Qil, Gas and Mining. The
remaining uranium-vanadium mining districts are rated moderate for development potential,
while the host formations of mineralization outside the mining areas have low development
potential. New uranium-vanadium related developments during the next 15 years are expected to
total 150 acres of cumulative disturbance.

Copper

The potential for the occurrence of copper in the MPA is rated as high (H/D) at the sites of
historical known deposits, and moderate (M/C) where favorable host formations crop out
elsewhere in the MPA. There is high development potential in the next 15 years for the known
copper deposit at Constellation Copper’s Lisbon Valley mine and in the Dakota-Burro Canyon-
Cedar Mountain trend along the northern flank of the Lisbon Valley anticline, as well as an area
of the Morrison Formation along the southwest flank of the Salt Valley anticline to the northwest
of Arches National Park. The rest of the MPA is rated as low for copper development potential.
In the next 15 years, copper development activity is expected to disturb 1103 acres in the Lisbon
Valley area and 20 acres along the Salt Valley anticline.

Placer Gold

There is a high (H/D) potential for occurrence of placer gold in alluvial deposits along identified
rivers in the MPA, and the glacial deposits of the La Sal Mountains. There is low development
potential for alluvial and glacial placer gold deposits in the MPA over the next 15 years for two
reasons: 1) because the deposits are small and not economic, and 2) the recent administrative
withdrawals covering the river drainages that prevent the location of new mining claims along the
affected river corridors for the next 50 years. No new surface disturbance in the MPA is expected
from placer gold mining in the next 15 years.



Limestone

There is a high (H/D) potential for occurrence of limestone deposits in the planning area. There
is a high development potential for limestone over the next 15 years for the area of Hermosa
Group exposures in the Lisbon Valley portion of the MPA, while all other exposures of the
Hermosa Group are rated as moderate, except for small areas of low development potential within
Arches National Park. Total cumulative surface disturbance from limestone development in the
next 15 years is expected to be nine acres, all on State land.

Sand and Gravel

There is a high potential (H/D) for the occurrence of deposits of sand and gravel in the planning
area at known sand and gravel sites, while other Quaternary deposits mapped in the MPA are
rated moderate (M/C) for occurrence potential. Continued development of these deposits over the
next 15 years is considered likely. High development potential is assigned to Quaternary deposits
within 3 miles of a paved road. Moderate development potential occurs for deposits more than 3
miles from a paved road, except for administratively withdrawn areas, which have low
development potential. During the next 15 years, new sand and gravel developments in the MPA
are estimated to cumulatively disturb 360 acres.

Building Stone

The occurrence potential for materials suitable for supplying building stone is considered high
H/D) at known building stone sites, and moderate (M/C) elsewhere in the MPA where favorable
host units are exposed. The development potential for these known building stone sites is
considered high over the next 15 years, moderate elsewhere in the MPA where favorable host
units are exposed, except in areas that have been administratively withdrawn and have low
development potential. Building stone developments in the MPA during the next 15 years are
expected to disturb no more than five acres.

Travertine

There is a high potential (H/D) for the occurrence of travertine deposits at known sites in an area
south of the town of Green River, and moderate (M/C) occurrence potential in the area
surrounding the known deposits. A high potential exists for continued, but limited, development
of this resource at the known sites over the next 15 years. This continued development is
estimated to disturb six more acres in the MPA during the 15-year planning horizon.

Humate

High occurrence potential (H/D) for humate deposits in the Dakota Sandstone exists at two
specific sites within the MPA,; elsewhere the exposures of the Dakota Sandstone are rated as
moderate (M/C) for humate occurrence potential. The development potential of this resource is
considered high over the next 15 years for just one known site near Westwater in the eastern part
of the MPA. Total cumulative disturbance for humate development in the MPA is estimated to
be about 17 acres during the next 15 years.



Clay

There is a high potential (H/D) for the occurrence of clay deposits at known sites in the Morrison
Formation. A moderate (M/C) occurrence potential for clay is assigned to Morrison Formation
exposures outside the known deposits. Development potential is considered high only at the
existing clay pits in the MPA, especially the Spanish Valley mine, where there are sufficient
reserves for the next 15 years. Elsewhere in the MPA, development potential for clay deposits in
the Morrison Formation is considered moderate, except for small areas of low development
potential within Arches National Park. During the next 15 years, total new disturbance at existing
clay pits is expected to involve seven acres.



1. INTRODUCTION

1.1 Purpose and Scope

The purpose of this mineral potential report is to assess and document the mineral resource
occurrence and development potential within the Moab Planning Area (MPA). This assessment
and the information provided in this report are based upon published data and other information
provided by the U.S. Bureau of Land Management’s Utah State Office and Moab Field Office,
Utah state agencies, and industry. No field studies were conducted. Identified mineral resources
are classified according to the system of the BLM found in BLM Manuals 3031 and 3060.

This report provides an intermediate level of detail for mineral assessment as prescribed in BLM
Manual 3031 for planning documents. Mineral information in this report will be used in the
preparation of the Moab Field Office Resource Management Plan and associated Environmental
Impact Statement required by the Federal Land Policy and Management Act and the National
Environmental Policy Act. Mineral resource occurrence ratings provided in this report are for all
lands within the MPA regardless of the land ownership. This report is not a decision document
and does not present specific recommendations on the management of mineral resources.

The Energy Policy Conservation Act (EPCA) study is based on the USGS estimation of
undiscovered, technically recoverable resources, Energy Information Administration (EIA)
reserve calculations, and an estimate of restrictions or impediments to the development of those
resources and reserves (U.S. Departments of Interior, Agriculture, and Energy, 2003). Although
the main purpose of the EPCA report is to classify the availability of land for leasing and leasing
stipulations, resources are also evaluated. The calculation of resources is primarily mathematical
and the estimates are provided on a basin-wide scale, which cross state boundaries and are of
limited use on a more local, planning area scale. Within the planning area, evaluating the USGS
oil and gas plays and the individual field-scale information provides a better basis for determining
oil and gas potential than trying to extrapolate local conditions from the broader EPCA report.

1.2 Lands Involved and Record Data

The Moab Planning Area is located in southeastern Utah and encompasses all of Grand County
and the northern portion of San Juan County (Map 1). The boundaries of the MPA consist of the
Book Cliffs to the north, the Utah-Colorado state line to the east, Harts Point and Lisbon Valley
to the south, and the Green River to the west. Major waterways in the MPA include the
Colorado, Dolores, and Green Rivers.

Land ownership and administration in the MPA are shown in Map 1. There are approximately
2,454,891 acres of land within the MPA, of which approximately 1,852,885 acres of public land
is administered by the BLM. The Vernal Field Office (BLM) administers all resources for
approximately 33,331 acres of public lands along the top of the Book Cliffs in the northern
portion of the MPA (Map 1). The Moab Field Office administers the remaining 1,819,554 acres
of BLM administered land in the MPA.

The MPA encompasses lands where federal minerals underlie surface that is not administered by
the BLM. These lands include the following:



- Manti-La Sal National Forest (NF) totaling approximately 141,241 acres.
- Split-estate lands with private or state surface, totaling approximately 31,839 acres.

BLM minerals management policy falls into three categories: leasable, locatable, and salable.
Leasable minerals (oil and gas, coal, potash, and salt) are subject to disposal under the authority
of the Mineral Leasing Act of 1920, as amended by lease or exploration license/permit. A
classification for leasable minerals, such as a Known Recoverable Coal Resource Area (KRCRA)
or a Known Potash Leasing Area (KPLA), defines an area where a potentially valuable deposit
has been identified and where competitive leasing is required. Map 2 shows existing leases and
lands designated for leasing in the MPA. Locatable minerals (uranium, vanadium, and copper)
are subject to mining claim location under the amended authority of the Mining Law of 1872.
Map 3 shows the existing mining claims within the MPA. Salable minerals are subject to
disposal under the authority of the Materials Act of 1947, as amended by contract sale or free use
permit. Community pits are designated on known deposits of salable minerals for the purpose of
ensuring a supply of material by providing a superior right over subsequent claims or entries of
the lands. Map 4 shows the existing areas of salable mineral disposals within the MPA.

2. DESCRIPTION OF GEOLOGY

The geologic history of the MPA involves a complex interplay of tectonics, sedimentation,
volcanism, and erosion extending from the Precambrian Era to the present, with the current
landscape developed during uplift and erosion during the past 5 million years. Figure 1, a
correlation chart for rocks of the Paradox Basin and vicinity, displays the periods of deposition
and non-deposition in the planning area and the corresponding units present at the surface or in
the subsurface. This chart also illustrates how the units can change facies laterally and how the
nomenclature changes from northeast to southwest across the area. The geologic map for the
MPA (Map 5) shows the outcrop areas of some of these rock formations. All formations are not
persistent across the whole MPA. While the structural and stratigraphic histories of the MPA are
linked, it is possible to separate each element of the geologic history for the sake of discussion.
The first part of this section of the report reviews the pertinent stratigraphy in the MPA, followed
by a discussion of the structural history of the area. These discussions note host formations for
solid mineral resources in the MPA, as well as petroleum reservoirs, source rocks, and seals.

2.1 Stratigraphy

Stratigraphic units from the Precambrian through the Quaternary occur in the MPA (Figure 1).
Rocks of Ordovician and Silurian age may or may not have been deposited in the planning area,
but subsequent erosion has removed them from the stratigraphic record. Strata of Devonian,
Mississippian, Pennsylvanian, Jurassic, and Cretaceous age contain important petroleum deposits
in the MPA. The Pennsylvanian-age strata include thick deposits of bedded salt, including
potash. Triassic and Jurassic-age strata contain significant uranium deposits. Thick coal and
carbonaceous shale deposits, some suitable for coal or humate mining and coalbed methane, are
found in Late Cretaceous-age strata. Quaternary alluvial deposits provide attractive sources of
sand and gravel, and have historically been mined on a small scale for placer gold along the
Colorado River. Various stratigraphic units are potential sources of stone (crushed, building, or
ornamental), travertine, humate, sand and gravel, or clay; so almost every stratigraphic unit
present in the MPA has value for some economic commodity. Descriptions of each stratigraphic
unit and its important contained energy and mineral commodities are provided in the following
sections from oldest to youngest unit.
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has been identified and where competitive leasing is required. Map 2 shows existing leases and
lands designated for leasing in the MPA. Locatable minerals (uranium, vanadium, and copper)
are subject to mining claim location under the amended authority of the Mining Law of 1872.
Map 3 shows the existing mining claims within the MPA. Salable minerals are subject to
disposal under the authority of the Materials Act of 1947, as amended by contract sale or free use
permit. Community pits are designated on known deposits of salable minerals for the purpose of
ensuring a supply of material by providing a superior right over subsequent claims or entries of
the lands. Map 4 shows the existing areas of salable mineral disposals within the MPA.

2. DESCRIPTION OF GEOLOGY

The geologic history of the MPA involves a complex interplay of tectonics, sedimentation,
volcanism, and erosion extending from the Precambrian Era to the present, with the current
landscape developed during uplift and erosion during the past 5 million years. Figure 1, a
correlation chart for rocks of the Paradox Basin and vicinity, displays the periods of deposition
and non-deposition in the planning area and the corresponding units present at the surface or in
the subsurface. This chart also illustrates how the units can change facies laterally and how the
nomenclature changes from northeast to southwest across the area. The geologic map for the
MPA (Map 5) shows the outcrop areas of some of these rock formations. All formations are not
persistent across the whole MPA. While the structural and stratigraphic histories of the MPA are
linked, it is possible to separate each element of the geologic history for the sake of discussion.
The first part of this section of the report reviews the pertinent stratigraphy in the MPA, followed
by a discussion of the structural history of the area. These discussions note host formations for
solid mineral resources in the MPA, as well as petroleum reservoirs, source rocks, and seals.

2.1 Stratigraphy

Stratigraphic units from the Precambrian through the Quaternary occur in the MPA (Figure 1).
Rocks of Ordovician and Silurian age may or may not have been deposited in the planning area,
but subsequent erosion has removed them from the stratigraphic record. Strata of Devonian,
Mississippian, Pennsylvanian, Jurassic, and Cretaceous age contain important petroleum deposits
in the MPA. The Pennsylvanian-age strata include thick deposits of bedded salt, including
potash. Triassic and Jurassic-age strata contain significant uranium deposits. Thick coal and
carbonaceous shale deposits, some suitable for coal or humate mining and coalbed methane, are
found in Late Cretaceous-age strata. Quaternary alluvial deposits provide attractive sources of
sand and gravel, and have historically been mined on a small scale for placer gold along the
Colorado River. Various stratigraphic units are potential sources of stone (crushed, building, or
ornamental), travertine, humate, sand and gravel, or clay; so almost every stratigraphic unit
present in the MPA has value for some economic commodity. Descriptions of each stratigraphic
unit and its important contained energy and mineral commodities are provided in the following
sections from oldest to youngest unit.
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Figure 1. Correlation chart of geologic strata for the Paradox Basin and vicinity (modified from
Molenaar, 1987).



2.1.1 Precambrian

Precambrian rocks exposed in the northeast portion of the MPA include metamorphic gneisses
intruded by mafic and ultramafic rocks, diorites, and pegmatites. Precambrian rocks of
approximately 1.7 billion years, intruded by 1.4 billion-year-old igneous rocks, are exposed in the
core of the Uncompahgre Plateau (Dickerson and others, 1988; Willis and others, 1996). In
general, these igneous and metamorphic rocks (map symbol PCm on Map 5) hold no potential for
petroleum reservoirs or source rocks.

In terms of solid minerals, the Precambrian rocks of the MPA locally contain small polymetallic
vein deposits containing gold, silver, copper, fluorite, barite, lead, and tungsten; none have been
commercially mined to date. These polymetallic veins are usually associated with faults or
fissures.

2.1.2 Cambrian

The Early to Middle Cambrian Ignacio Quartzite is the oldest stratigraphic unit in the MPA, but is
only known from the subsurface. It is age-equivalent with the Tapeats Sandstone found further
south in San Juan County. This 100- to 300-foot thick unit is composed of tightly cemented
quartz sand, which is not favorable as a petroleum reservoir. Conformably overlying the Ignacio
Quartzite is the 100- to 200-foot-thick Middle Cambrian Bright Angel Shale. The youngest
Cambrian-aged unit in the MPA is the Lynch Dolomite, which ranges in thickness from 800 to
1000 feet. It conformably overlies the Bright Angel Shale, and is itself overlain by a significant
unconformity. Neither the Lynch Dolomite nor the Bright Angel Shale is exposed within the
MPA (Map 5). Hintze (1988) notes that an eastward-transgressing seaway deposited the
Cambrian strata of the MPA over a broad subtidal platform that deepened to the west.

2.1.3 Ordovician and Silurian

The unconformity at the top of the Middle Cambrian Lynch Dolomite marks the beginning of a
hiatus of more than 100 million years in the stratigraphic record within the MPA. Rocks of
Ordovician and Silurian age may or may not have been deposited in the planning area, but any
that were have been removed from the stratigraphic record by subsequent erosion.

2.1.4 Devonian

The earliest Devonian strata present in the planning area record the transgression of a seaway
during the Late Devonian. There are no Devonian exposures in the MPA; these strata are strictly
known from the subsurface. The Aneth Formation, known from farther south in San Juan County,
is not known to occur in the MPA. The Devonian strata thicken westward, away from the
Uncompahgre highland in the east-central part of the MPA. The 25- to 100-foot-thick
McCracken Sandstone Member of the Elbert Formation is the oldest Upper Devonian unit, and
the deepest significant petroleum reservoir unit in the MPA. It was probably deposited as
transgressive sand lenses on a relatively stable continental shelf. Sea level fluctuations produced
coarsening- and thickening-upward sequences of fine- to medium-grained siliciclastics. The
resulting dolomitic sandstones and sandy dolomites are productive facies at the Lisbon field,
which is located in the southern portion of the MPA (Baars, 2003). The siliciclastic units contain



the best porosities and tend to be the reservoir flow units, while the overlying dolomitic
mudstones act as flow barriers and baffles (Cole and Moore, 1996). The McCracken siliciclastics
are conformably overlain by interbedded thin platy dolomite and greenish shale of the 100- to
200-foot-thick upper member of the Elbert Formation. Dark brown, massive, marine Ouray
Limestone, ranging in thickness from 0 to 100 feet, gradationally overlies the Elbert Formation in
the MPA (Baars, 2003).

2.1.5 Mississippian

In the subsurface, the Devonian Ouray Limestone is unconformably overlain by the Mississippian
Leadville Limestone, which is correlative with the Redwall Limestone identified in exposures
farther south in the Grand Canyon (Hintze, 1988). Deposited on a shallow carbonate shelf under
open marine conditions, the Leadville Limestone is thickest in the northwestern part of the
Paradox Basin in southern Grand County. In general, the Leadville consists of a lower massive
dolomite that is usually porous, and an upper massive limestone that has locally been dolomitized
(Baars, 2003). At Lisbon field, petroleum reservoirs are developed in porous dolomites of the
lower member and dolomitized, crinoidal carbonate muds of the upper members. The
Mississippian Leadville Limestone is the most prolific Pre-Pennsylvanian reservoir in the MPA
(Chidsey and others, 2004). Permeability within all the Leadville reservoirs is enhanced by
tectonic and solution-collapse fractures. Extensive subaerial exposure created a major
unconformity at the top of the Leadville Limestone prior to the deposition of overlying
Pennsylvanian strata.

2.1.6 Pennsylvanian

The Pennsylvanian Paradox Basin underlies a large portion of the MPA. Pennsylvanian
sediments of the Molas Formation and the Pinkerton Trail, Paradox, and the Honaker Trail
Formations of the Hermosa Group filled accommodation space created by the rapidly subsiding
Paradox Basin. The sediments of the Hermosa Group are the oldest Paleozoic rocks exposed in
the planning area, and are particularly thick in the southeastern MPA along the northeast margin
of the basin near the former Uncompahgre highlands. The maximum original depositional
thickness of the carbonates, black shales, and evaporites of the Paradox Formation of the
Hermosa Group was probably about 8000 feet, but in areas where salt diapirs have developed,
their thickness now reaches up to 14,000 feet (Hintze, 1988). The Paradox Formation of the
Hermosa Group contains major carbonate reservoirs, shale source and reservoir rocks, and
evaporites that formed lateral and top reservoir seals. The Ismay and Desert Creek zones of the
Paradox Formation have produced, and continue to produce, the majority of oil and gas in
southeastern Utah (Chidsey and others, 1996, 2004). The Pennsylvanian sediments also host
halite, potash, and chemical-quality limestone deposits in the MPA.

The oldest Pennsylvanian unit in the MPA is the Molas Formation, which consists of an
intermittent, thin (0- to 100-foot-thick) erosional regolith on the underlying Leadville Limestone.
This unit was deposited during the west-to-east initial transgression of the Pennsylvanian sea.

The basal member of the overlying Hermosa Group is the Pinkerton Trail Formation, which
conformably rests on the Molas Formation carbonates. The Pinkerton Trail is a 0- to 300-foot-
thick suite of normal to restricted marine sediments (including limestones, dolomites, sandstones,



siltstones, shales, and anhydrites) that were deposited on the relatively stable continental shelf in
the Paradox Basin (Hintze, 1988; Doelling, 1996).

Conformably overlying the Pinkerton Trail is the middle member of the Hermosa Group, the
Paradox Formation, which records dramatically increased subsidence and deposition within the
Paradox Basin. Thousands of feet of Paradox Formation black shales and evaporites accumulated
in the deeper portions of the Paradox Basin, while shallower areas around the basin perimeter
were the sites of carbonate shelf sedimentation. Basin geometry and subsidence controlled the
complex horizontal and vertical lithologic and facies distributions. Shallow shelf depositional
facies for both the Paradox Ismay and Desert Creek zones are complex laterally, and the vertical
succession created through Pennsylvanian time resulted in multiple stacked carbonate reservoirs.
Deeper in the Paradox Basin, repeated middle Pennsylvanian sea-level fluctuations allowed black
shale intervals, such as the Gothic, Chimney Rock, and Cane Creek, to be deposited during
highstands when inflows of organic and detrital materials were highest and salinities were lowest.
Some of these shale units are self-sourcing reservoirs for petroleum. When marine influx into the
basin decreased in response to dropping sea levels, salinities increased, sometimes to the point
where the brines became supersaturated, and the deposition of anhydrite, halite, and potash salts
resulted. Twenty-nine evaporite cycles (numbered from top to bottom) have been identified in
the Paradox Basin, and each is comprised of a halite (sodium chloride) unit that may or may not
have an accompanying potash-bearing unit (Hite, 1960, 1968, 1978). Major potash units are
associated with cycles 5, 6, 9, 13, 16, 18, 19, 21, and 24. Commercial halite and potash deposits
are currently being exploited in the MPA (Ritzma and Doelling, 1969; Baars, 1973; Dames and
Moore, 1978; Patterson, 1989; and Gloyn and others, 1995).

Extensive study of Ismay and Desert Creek cores from the Paradox Basin of San Juan County
resulted in the development of a depositional facies scheme that may apply to the Paradox
Formation in the MPA. Seven depositional facies were identified in the upper Ismay zone: 1)
phylloid-algal mounds, 2) bryozoan mounds, 3) anhydrite salinas, 4) middle shelf environments,
5) inner shelf/tidal flat areas, 6) open marine regions, and 7) quartz dune sands; while four
depositional facies have been recognized in the lower Desert Creek: 1) phylloid-algal mounds, 2)
proto-mounds/collapse breccias, 3) middle shelf, and 4) open marine (Eby and others, 2003).
Except for the upper Ismay anhydrite salinas, all the other facies can be considered as potential
reservoirs, if they have sufficient porosity, permeability, and extent. By far, the most productive
reservoir facies are the algal and bryozoan mound build-ups in both the upper Ismay and lower
Desert Creek.

Conformably overlying the Paradox Formation is the Honaker Trail Formation of the Hermosa
Group. The Honaker Trail Formation varies in thickness from approximately 1500 to 4000 feet
(Hintze, 1988; Doelling, 1996). Deposition of Honaker Trail limestones signaled the end of the
cyclic, evaporitic sequences, and the influx of normal marine waters into the Paradox Basin. The
basin filled first with carbonates, and finally with coarse clastics shed from the Uncompahgre
Uplift. The lower two-thirds of the formation consists of gray limestone interbedded with black
shale with thin anhydrite beds (Hite, 1978). Gray fossiliferous limestone, with interbeds of red-
brown to brown sandstone and gray, green, and red shale, comprise the upper one-third of the
formation. Some of the carbonates within the Honaker Trail Formation consist of high-calcium
limestones that have potential for use in cement and pollution abatement devices at coal-fired
power generating plants.
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2.1.7 Permian

The non-marine Permian Cutler Group sediments conformably overlie the marine Upper
Pennsylvanian Honaker Trail Formation, and represent another retreat of the sea from the MPA.
The basal Cutler unit, the Elephant Canyon Formation, straddles the Pennsylvanian-Permian
boundary and consists of marine limestone, shale and sandstone like the underlying Honaker Trail
Formation (Baars, 2003). The Elephant Canyon is the equivalent of the Halgaito Formation
found farther south in San Juan County. Within the MPA, the Cutler Group is generally not
subdivided into formations, but farther south in San Juan County the Cutler is divided into the
Halgaito Formation, Cedar Mesa Sandstone, Organ Rock Shale, and White Rim Sandstone in
ascending stratigraphic order (Hintze, 1988; Doelling, 1996). The undivided Cutler Group of the
MPA is composed of fluvial, fluvial-deltaic, and eolian sands (Barrs, 2003). The Permian Period
represents the final non-marine clastic filling of the Paradox Basin in response to the rapid rise of
the Uncompahgre Uplift. Up to 8000 feet of coarse clastics were shed southwestward over thick
Pennsylvanian sequence of carbonates, evaporites, and shales. The clastic wedges comprising the
Cutler Group (mapping unit P1 on Map 5) preserve the depositional geometries associated with
alluvial fans, fan aprons, meandering and braided channels, tidal flats, and eolian deposits (Cole
and Moore, 1996).

The Cutler Group varies from 0 to 8000 feet thick in the northern Paradox Basin, with the thickest
portion of the arkosic wedge being in the southeastern part of the MPA. Lithologies comprising
the assemblage include continental deposits of maroon, purple, and yellow conglomerate and
conglomeratic sandstone interbedded with brown, red, and purple siltstone. Some light-brown
sandstone occurs among the maroon and purple units in the upper portion of the Cutler, while
some thin gray limestone and chert lenses are found in the basal portion. The upper contact of the
Cutler Group is characterized by a subtle angular unconformity (Lekas and Dahl, 1956).

Lower Cutler Group sandstones have been productive for petroleum at Andy’s Mesa field in
Colorado from structural traps adjacent to faulted salt anticlines (Cole and Moore, 1996), while
sandstones in the upper part of the Cutler Group host small uranium-vanadium deposits (Weir and
others, 1961).

2.1.8 Triassic

Lower Triassic strata of the Moenkopi Formation unconformably overlie Upper Permian strata in
the MPA (Hintze, 1988). The Moenkopi Formation (mapping unit Trl on Map 5) consists of
chocolate-colored, silty, micaceous shales with interbedded sandstones and limestones that were
deposited in a range of fluvial, deltaic, and near-shore coastal environments. The Moenkopi
averages 600 feet thick, and ranges from 0 to 800 feet thick in the MPA (Molenaar, 1987; Baars,
2003). Confusion exists over the exact age and stratigraphic relations of the basal part of the
Moenkopi, the Hoskinnini Member, which consists of red, sandy siltstones and mudstones
(Baars, 2003). In the area around Moab, the Hoskinnini Member is not recognized and the
Moenkopi has been divided into the Tenderfoot, Ali Baba, Sewemup, and Pariott Members in
ascending order (Molenaar, 1987). To the northwest in the area near Green River, the Moenkopi
is divided into the Black Dragon, Sinbad Limestone, Torrey, and Moody Canyon Members in
ascending order. The Moenkopi thins to the northeast across the MPA and is not present in the
northeast part of the planning area (Hintze, 1988). The upper contact of the Moenkopi is
truncated by an unconformity representing Middle Triassic time.
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The 100- to 600-foot-thick Upper Triassic Chinle Formation unconformably overlies the Lower
Triassic Moenkopi Formation. The depositional regime of the Chinle Formation ranged from
fluvial, to floodplain, to lacustrine continental environments (Woodward-Clyde, 1982). This
formation (mapping unit Tr2 on Map 5) consists of slope-forming sandstone, conglomerate, and
mudstone in pastel shades of red, brown, purple, and green-gray (Baars, 2003). Within the MPA,
the Chinle is generally not divided into members. Farther south in San Juan County, the Chinle
thickens and has been divided into the Shinarump Conglomerate, Monitor Butte, Moss Back,
Petrified Forest, Owl Rock, and Church Rock Members. The basal Chinle unit in the MPA is
probably equivalent to the Moss Back Member, and is comprised of stream channel sandstone
and conglomerate (Baars, 2003). The Chinle Formation is host to a large number of uranium
deposits that have sustained small to medium-sized mining operations in the past (Wood, 1968;
Gloyn and others, 1995). The uranium deposits are commonly found in point bar deposits in
association with carbonaceous plant debris (Elevatorski, 1978; Baars, 2003).

2.1.9 Jurassic

Jurassic sedimentary rocks in the MPA unconformably overlie the Triassic Chinle Formation, and
were deposited in varied continental environments ranging from eolian (massive sandstone), to
fluvial (interbedded sandstone, shale and siltstone), to lacustrine (freshwater limestones). These
sediments comprise the Glen Canyon Group, San Rafael Group, and Morrison Formation.

Glen Canyon Group

The Jurassic Glen Canyon Group (mapping unit Jg on Map 5) consists of the Wingate Sandstone,
Kayenta Formation, and Navajo Sandstone in ascending stratigraphic order. The Wingate
Sandstone consists of massive gray-orange to red-brown eolian cross-bedded sandstone. The
cliff-forming Wingate lies unconformably above the soft slopes of the Chinle Formation and
varies in thickness from approximately 150 to 450 feet thick (Hintze, 1988; Doelling, 1996).
Over salt-bulged structures such as the Cane Creek anticline, the Wingate thins to less than 100
feet thick (Baars, 2003).

The Kayenta Formation varies from 140 to 300 feet thick (Hintze, 1988; Doelling, 1996). It is
fluvial sandstone composed of purplish ledges of thin-bedded siltstone to cross-bedded sandstone
that display classic fluvial cut and fill structures (Baars, 2003). Both the upper and lower contacts
of the Kayenta Formation are conformable. This formation is a favored source for local building
stone.

The uppermost part of the Lower Jurassic Glen Canyon Group is the Navajo Sandstone, which
ranges from 0 to 500 feet thick (Hintze, 1988; Doelling, 1996). It consists of white to yellow,
fine- to medium-grained, quartzose sandstone displaying spectacular, large-scale cross-bedding
typical of eolian deposits (Baars, 2003). Thin (1- to 10-feet-thick), isolated beds and lenses of
high-calcium limestone (+95% calcium carbonate) that may contain blue chert are also locally
present in the Navajo. Although its petroleum reservoir characteristics are excellent within the
MPA, the Navajo Sandstone only has one producing field to date, Blaze Canyon (Chidsey and
others, 2004).
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San Rafael Group

The Middle Jurassic San Rafael Group (mapping unit J1 on Map 5) unconformably overlies the
Lower Jurassic Glen Canyon Group. The San Rafael Group includes the Carmel Formation,
Entrada Sandstone, and the Wanakah and Curtis Formations. The terminology of the San Rafael
Group rocks is the subject of considerable controversy and reinterpretation; we generally follow
the scheme presented by the Molenaar (1987) and Doelling (2003). The Carmel Formation, at the
base of the San Rafael Group, is represented in the MPA solely by the Dewey Bridge Member,
which consists of a 70- to 200-foot-thick sandy tidal-flat deposit that thins to the east (Doelling,
2003). Earlier work by geologists with the U.S. Geological Survey (O’Sullivan, 1980, 1981a,
1981b, 1984; O’Sullivan and Pierce, 1983; and O’Sullivan and Pipiringos, 1983) considered the
Dewey Bridge Member as the basal member of the Entrada Sandstone.

Overlying the Dewey Bridge Member of the Carmel Formation is the 150- to 350-foot-thick Slick
Rock Member of the Entrada Sandstone, which is composed of reddish-brown or orange,
massive, well-indurated, very fine to fine-grained sandstone; parts of the member are cross-
stratified (eolian) and other parts are planar bedded (Doelling, 2003). In the northeast portion of
the MPA, the Entrada Sandstone is the primary gas reservoir at Westwater field, a secondary gas
reservoir at Bar-X, Bryson Canyon, Cisco Dome, San Arroyo, and Stateline fields, and a source
of carbon dioxide and helium at the Harley Dome field (Chidsey and others, 2004). The Entrada
Sandstone also hosts copper-silver mineralization that is associated with fractures and faults along
the flanks of the Salt VValley and Paradox Valley salt anticlines in the MPA (Gloyn and others,
1995).

Unconformably overlying the Entrada Sandstone is either the Curtis or the Wanakah Formation.
The Curtis Formation is present in the portion of MPA essentially to the west of the Colorado
River. In the Moab area and the western part of Grand County, the Curtis Formation is present as
the 50- to 180-foot thick Moab Member, which consists of pale-orange to light-gray, fine- to
medium-grained, calcareous, massive, cliff-forming sandstone (Willis and others, 1996; Doelling,
2003). Earlier U.S. Geological Survey workers considered the Moab Member to be the upper
member of the Entrada Sandstone rather than part of the Curtis Formation (O’Sullivan, 1980,
1981a, 1981h, 1984; O’Sullivan and Pierce, 1983; and O’Sullivan and Pipiringos, 1983). The
Wanakah Formation, a lateral equivalent of the Curtis, only occurs in the far southeastern, San
Juan County part of the MPA, and thickens to the south (Hintze, 1988). Both the Moab Tongue
of the Curtis and the Wanakah Formations are absent in the northeast part of the MPA. In most
areas of the MPA, the Curtis is overlain by 1 to 24 feet of Summerville Formation, which is
composed of thin- to medium-interbeds of brown sandstone and reddish sandy siltstone with
gypsum veinlets (Doelling, 2001, 2003). This unit thickens to the west of the MPA, but is too
thin to be mapped separately within the planning area.

Morrison Formation

The Jurassic Morrison Formation (mapping unit J2 on Map 5) unconformably overlies the San
Rafael Group. In the western part of the MPA the Morrison rests on the Summerville or the
Moab Member of the Curtis, while in the eastern part of the MPA, erosion places it on the Slick
Rock Member of the Entrada Sandstone. Within the MPA the Morrison is divided into three
members, the Tidwell, Salt Wash, and Brushy Basin Members in ascending order (Doelling,
2003). In the northeast part of the MPA the Morrison Formation is the primary gas reservoir at
Cisco Townsite-Cisco Wash, Diamond Ridge, Gravel Pile, and Westwater fields, a secondary gas
reservoir at Agate, Bar-X, Bryson Canyon, Cisco Dome, Cisco Springs, Danish Wash, Sage, San
Arroyo, Sieber Nose, and Stateline fields, and carbon dioxide-helium reservoir at Harley Dome
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field (Chidsey and others, 2004). Additionally, the Morrison Formation is host to uranium
deposits that have been extensively mined in the past (Gloyn and others, 1995).

The basal Tidwell Member of the Morrison Formation consists mainly of varicolored beds of red,
maroon, lavender, or gray siltstone and a few discontinuous beds of gray limestone that are most
common at the base and top of the unit (Doelling, 2003). This unit ranges from 25 to 50 feet
thick and is generally too thin to map separately.

The 130- to 350-foot-thick Salt Wash Member conformably overlies the Tidwell and consists of
interbedded brown, lenticular, fluvial sandstone and red mudstone with a thin gray limestone at
its base (Hintze, 1988; Doelling, 1996). The Salt Wash is the most prolific uranium-producing
horizon in the Morrison Formation; numerous small to large uranium deposits are found in
channel sandstones, particularly in the upper part of the member (Wood, 1968; Woodward-Clyde,
1982; Gloyn and others, 1995).

The youngest member of the Morrison Formation is the Brushy Basin, which consists of 75%
variegated, gray, green, lavender, and maroon, bentonitic mudstone and 25% brown, sandstone
and conglomerate, which is more predominant in the upper part (Hintze, 1988; Doelling, 1996,
2003). This 250- to 450-foot-thick unit is a productive hydrocarbon reservoir in the subsurface of
the northern part of the MPA. The bentonite is derived from voluminous amounts of volcanic ash
that was deposited on a broad floodplain traversed by north and northwesterly flowing paleo-
streams (Turner-Peterson and others, 1986). Dinosaur bone and petrified wood are locally found
at surface exposures of this member. Some bentonite deposits in the Morrison have been mined
for use in engineering applications. The upper contact of the Brushy Basin is a subtle
unconformity.

2.1.10 Cretaceous

The Cretaceous Period represents a renewed marine transgression into the MPA (Hintze, 1988).
The Cretaceous sedimentary strata in the MPA are the Cedar Mountain Formation, Dakota
Sandstone, Mancos Shale, and Mesaverde Group. Progradational wedges composed of sandstone,
siltstone, conglomerate, mudstone, and coal were shed from mountain ranges to the west and
interfinger with marine shale and minor limestone deposited in the Cretaceous Western Interior
seaway that invaded eastern Utah. Various Cretaceous formations host productive petroleum
reservoirs, minable coal and humate deposits, and sedimentary copper deposits in the MPA.

Cedar Mountain Formation and Dakota Sandstone

The Cedar Mountain and Burro Canyon Formations and the Dakota Sandstone are mapped
together as unit K1 on Map 5. The Cedar Mountain is the basal Cretaceous unit in the area
around the southern edge of the Uinta Basin, and it varies from 80 to 250 feet thick (Hintze, 1988;
Doelling, 1996). It is lithologically similar to the underlying Brushy Basin Member of the
Morrison, but the two are separated by a subtle unconformity. The Buckhorn Conglomerate
Member of the Cedar Mountain Formation is thin to absent in the southern part of the MPA and
thickens to the north and east (Morris and others, 2003). The Buckhorn Conglomerate consists of
brown and gray fluvial sandstone and conglomerate and generally makes up the lower half of the
Cedar Mountain, while thin beds of dense gray limestone and variegated green and purple
mudstone comprise its upper half. The Burro Canyon Formation, an equivalent to the Cedar
Mountain, has been recognized as the basal Cretaceous unit above the Morrison Formation in the
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area to the east of the Colorado River and in outcrops surrounding the La Sal Mountains; this
terminology has been carried in from the Grand Junction, Colorado area (Hintze, 1988; Doelling,
2001). The Cedar Mountain Formation is a major producing gas reservoir in the northeastern part
of the MPA, in combination with the underlying Entrada Sandstone and Morrison Formation, and
the overlying Dakota Sandstone (Chidsey and others, 2004). The Cedar Mountain-Burro Canyon
interval is also the principal host to undeveloped commercial-sized fault and manto-controlled
copper deposits in the Lisbon Valley area (Gloyn and others, 1995; Hahn and Thorson, 2002).

The Dakota Sandstone unconformably overlies the Cedar Mountain Formation, and varies from 0
to 200 feet thick (Hintze, 1988; Doelling, 1996). The Dakota consists of brown and yellow
fluvial sandstone and conglomerate, interbedded green, gray, and black mudstones, and locally
some thin coal. Doelling (1972a) reports that the coal in the La Sal coal field is generally less
than 3 feet thick and has high ash (>20%) and sulfur (>2%) contents. Economically, the Dakota
Sandstone is a widespread reservoir for oil and gas, locally contains accumulations of helium and
carbon dioxide, is a secondary but important host to commercial-sized fault and manto-controlled
copper deposits, and may also locally contain deposits suitable for humate and building stone
(Gloyn and others, 1995; Hahn and Thorson, 2002).

Mancos Shale

A thick interval of marine Mancos Shale overlies the Dakota Sandstone; this unit gradually thins
from over 4000 feet thick on the eastern side of the MPA to about 3500 feet thick in western
Grand County (Hintze, 1988). The Mancos Shale (mapping unit K2 in Map 5) consists of gray,
thin-bedded, fissile shale that is locally fossiliferous, or interbedded with offshore bar or turbiditic
sandstones and sandy siltstones. This widespread marine sequence produces oil at several fields
in the MPA (Chidsey and others, 2004).

Mesaverde Group

Overlying and interfingering with the Mancos Shale is the Mesaverde Group (mapping unit K3 in
Map 5), which is comprised of the Castlegate Sandstone, Sego Sandstone, Neslen Formation, and
Farrer Formation (see Figure 1). These units, and the Tertiary strata above them, only occur in the
northern part of the MPA within the Uinta Basin.

The basal part of the Mesaverde Group is the marginal marine Castlegate Sandstone, which
reflects an eastward thinning pulse of sediment that was shed off the highlands to the west into
the Cretaceous seaway. The Castlegate ranges in thickness from 300 feet on the western side of
the MPA to nothing on the eastern side of the MPA. The Castlegate Sandstone is conformably
overlain by the Buck Tongue of the Mancos Shale, a transgressive wedge of open marine shale
within the Mesaverde Group.

The Sego Sandstone interfingers with and conformably overlies the Buck Tongue, and represents
the final retreat of the Cretaceous Western Interior seaway from eastern Utah. The Sego consists
of yellow to gray, fine-grained, coarsening-upward sandstone, which averages about 130 feet
thick and was deposited in tidal and nearshore marine environments.

The 175- to 670-foot-thick Neslen Formation conformably overlies the Sego Sandstone and
consists of mudstone, siltstone, sandstone and coal that were deposited in lower to upper coastal-
plain environments (Francyzk and others, 1990). The lower part of the Neslen Formation
contains the four primary coal zones of the Sego coal field, specifically the Palisade, Ballard,
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Chesterfield, and Carbonera coal zones in ascending order (Doelling, 1972b). The coal zones of
the Sego coal field are exposed along the eastern Book Cliffs starting from about 6 miles east of
the Green River to the northeast corner of Grand County.

Conformably above the Neslen in the northern MPA is the 430- to 1180-foot-thick Farrer
Formation, the uppermost part of the Mesaverde Group (Hintze, 1988). The only Cretaceous,
non-Mesaverde Group unit in the MPA is the 230- to 650-foot-thick Tuscher Formation, which
sits conformably on the Farrer (Hintze, 1988). The Farrer and Tuscher Formations both consist
of varying amounts of light to dark brown channel sandstone, gray-green to brown overbank
mudstone and siltstone, which were deposited in upper coastal plain environments (Doelling,
1972b, 2001). The Tuscher is distinguished from the Farrer because it contains a greater number
and thickness of stacked, sheet-like sandstone bodies (Franczyk and others, 1990). In the
northeastern part of the MPA, Mesaverde Group reservoirs are productive at two gas fields,
Bryson Canyon and Westwater (Chidsey and others, 2004).

2.1.11 Tertiary

Tertiary sedimentary strata in the MPA consist of the Tertiary-Cretaceous North Horn Formation
(mapping unit TK on Map 5), Paleocene-Eocene Wasatch Formation (mapping unit T1),
Paleocene-Eocene Green River Formation (mapping unit T2), and the Pliocene (?) Castle Valley
Conglomerate (mapping unit T5), in ascending stratigraphic order. Oligocene laccolithic
intrusions (mapping unit Ti) are also found in the MPA in the La Sal Mountains east of Moab
(Hintze and others, 2000; Doelling, 2001).

The 0- to 100-foot-thick North Horn Formation only exists in the far northwestern corner of the
MPA (Map 5), and is an eastward thinning wedge of gray, calcareous, silty shale and yellow-
gray, fine-grained sandstone that was deposited in a fluvial to lacustrine environment (Hintze,
1988). The North Horn Formation is separated from the overlying Wasatch Formation by an
unconformity.

The 1000- to 1600-foot-thick Wasatch Formation consists of alluvial fan, high mudflat, lower
delta plain and palludal deposits that accumulated around the margins of paleo-lake “Uinta” that
occupied the rough location of the current Uinta Basin (Chidsey and Laine, 1992).
Lithologically, the non-marine Wasatch Formation deposits range from fine-grained siltstones to
coarse conglomerates shed from Laramide orogenic uplifts surrounding paleo-lake Uinta. The
Wasatch Formation strata grade laterally into the marginal- to open-lacustrine deposits of the
contemporaneous Green River Formation, which filled the central, deeper portion of the basin.
The Green River Formation is composed of channel sandstones and overbank mudstones of the
fluvial-deltaic, marginal lacustrine environment, along with organic-rich, lacustrine shale and
mud supported carbonates of the open-lacustrine environment (Chidsey and Laine, 1992).
Petroleum reservoirs are found in both the Wasatch and Green River Formations in numerous
fields in the Vernal Field Office area to the north. These two Paleocene-Eocene sedimentary
formations may become future exploration targets, but they do not produce hydrocarbons in the
MPA at present.

The La Sal Mountains are cored with laccolithic intrusions of diorite, porphyritic trachyte, and
rhyolite (unit Ti, Map 5). The intrusives are reported to be Oligocene in age (Doelling, 2001). A
thick alluvial fan deposit of Pliocene (?) age is preserved to the northwest of the northernmost
intrusive of the La Sal Mountains. This yellow-brown, light-brown, or light-gray deposit of
conglomerate, sandstone and siltstone that was derived from the adjacent mountain, and is up to
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1000 feet thick, has been named the Castle Valley Conglomerate (map unit T5 of Hintze and
others, 2001, Map 5), or the Geyser Creek Fanglomerate (Doelling, 2001).

2.1.12 Quaternary

Various unconsolidated Quaternary deposits are present in the MPA including alluvium and
colluvium (mapping unit Qa), older alluvial deposits (mapping unit Qao), eolian deposits
(mapping unit Qe), glacial deposits (mapping unit Qg), and landslides (mapping unit QIs).
Within the MPA, the larger river channels and their associated high-level terrace deposits contain
sand and gravel that has been used to supply road metal and aggregate to a variety of local road
building and construction projects. Small placer gold deposits have been found and exploited in
the gravels of the Colorado, Dolores, and Green Rivers, and some tributaries.

2.2 Geologic History

Granitic and metamorphic rocks from the Proterozoic Eon (late Precambrian), between 1.8 and
1.5 billion years ago, are the earliest record of geology of the MPA. The record from this time
period is sketchy because these rocks are only exposed at the surface in a small area in east-
central Grand County and their full nature and extent throughout the MPA is only known from a
few deep drill holes that penetrate them. This ancient basement terrain is believed to underlie the
entire MPA, and it was cut by a number of northwest trending faults and lineaments that were
periodically reactivated throughout the remaining geologic history of the area. For about the last
billion years of the Precambrian, there is no record of deposition in the MPA until the Middle
Cambrian about 510 million years ago (Hintze, 1988).

The early and middle parts of the Paleozoic Era record a time when southeast Utah was a stable
continental shelf. Throughout the early and middle Paleozoic, vertical movement occurred along
basement-involved faults in the Paradox Basin region of the MPA. Early fault displacements
were minor, although the vertical movement did influence local facies depositional patterns;
however, reactivation of these faults during the Pennsylvanian through the Triassic produced
more significant movement. From the Cambrian through the Mississippian, southeast Utah
experienced periodic inundations of the shelf from a deeper sea to the west, with intervening
interludes of subaerial exposure and erosion when the sea retreated. The first inundation began
during the Middle Cambrian epoch, when the sea transgressed eastward across Utah and
deposited the Ignacio Quartzite across most, if not all, of the MPA. Continued Cambrian
deposition records the slight deepening of the sea, and the development of the open marine Bright
Angel Shale and Lynch Dolomite. Near the end of the Cambrian period, about 500 million years
ago, the sea retreated from the MPA and a major unconformity developed on the surface of the
Upper Cambrian marine strata (Hintze, 1988). A major period of non-deposition or erosion
occurred in the MPA through all of the Ordovician, Silurian, and the first half of the Devonian
periods, a span of about 110 million years.

No Devonian strata are exposed in the MPA, but during the Late Devonian a shallow sea once
again transgressed across eastern Utah. This sea was deepest to the west and lapped against the
ancestral Uncompahgre highland in the east-central part of the MPA. Within the MPA, the
pattern of Devonian marine deposition is similar to that laid down in the Cambrian, which started
with transgressive clastic sediments and followed with marine shale and finally carbonates
reflecting a progressive deepening of the sea. The basal McCracken Sandstone of the Elbert
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Formation records the nearshore environment of the transgressing Devonian sea. Minor
reactivation of basement faults during the Late Devonian created paleohighs on which offshore
sand bars of the McCracken Sandstone Member formed, which later proved to be excellent
petroleum reservoirs. Following deposition of the McCracken siliciclastic strata, the sea
deepened and deposited the marine shales and thin platy dolomites of the upper member of the
Elbert Formation. Finally, massive, brown, marine limestone of the Ouray Limestone capped the
Devonian succession before the sea withdrew again from the MPA (Hintze, 1988). There was a
brief hiatus of about a few million years at the end of the Devonian and into the Early
Mississippian before marine deposition resumed across the stable shelf of southeast Utah.

Early and middle Mississippian time in the MPA records another more rapid marine incursion
across the stable shelf with the deposition of the open marine carbonate rocks of the Leadville
Limestone. Continued basement fault rejuvenations during the Mississippian were responsible
for providing the topographic highs on which Leadville crinoidal bioherms were established. The
Mississippian marine incursion was followed by a more significant period of subaerial exposure,
perhaps 10 to 15 million years, and a pronounced unconformity is developed on the top of the
Leadville Limestone (Hintze, 1988). Evidence for this extensive subaerial exposure is preserved
as karst features, breccias, and paleosols in the overlying Pennsylvanian Molas Formation.

The Pennsylvanian Period marks a distinct change in the setting of the MPA from a stable
continental shelf to an area with active uplift of the Uncompahgre highland and the associated
development of the rapidly subsiding Paradox Basin along the southwest margin of that uplift.
The Paradox Basin, which dominates the southern half of the MPA, is a northwest-southeast-
trending, oval-shaped, asymmetrical basin that is approximately 180 miles long and 100 miles
wide (Merrell, 1979). Northwest-trending zones of previous fracturing and weakness in the
Precambrian basement controlled the location of faults bounding the Uncompahgre Uplift, as well
as other salt-induced structures that developed within the Paradox Basin (Doelling and others,
1988). The northeasternmost, basin-bounding Uncompahgre fault has the greatest amount of
displacement and differs from most other major faults in the Paradox Basin by having the down
dropped block on the southwest side of the fault. Doelling and others (1988) report faults within
the Paradox Basin die out upward in the Paradox Formation salt beds according to seismic data.
The MPA includes the deeper, more complex portion of the Paradox Basin, termed the “fold and
fault belt” portion, as opposed to the stable shelf part (Blanding sub-basin) that occurs within the
Monticello planning area to the south. The Pennsylvanian period saw the deposition of 4000 to
5000 feet of open-marine shale and restricted-sea bedded salt and anhydrite deposits in the MPA
portion of the Paradox Basin. Outside the basin, no deposition occurred across the rising
Uncompahgre Uplift, and less than 1000 feet of marine strata were deposited in the rest of the
MPA (Hintze, 1988).

The rapid uplift of the Uncompahgre Plateau resulted in the erosion that eventually exposed
progressively older Paleozoic and Precambrian rocks. Erosion and leveling of the Uncompahgre
Uplift during the Permian Period caused a wedge of Cutler Group clastic sediments reaching up
to 8000 feet thick to be shed to the southwest onto the thick underlying evaporites and shales and
filling the deep trough of the Paradox Basin. The rapid loading of Permian clastics created
elevated heat and pressure in the underlying evaporites and caused them to flow ductilely to the
west, away from the area of maximum Permian sediment loading. The moving salt encountered
northwest-southeast-trending fault blocks that were reactivated during Pennsylvanian and
Permian time and these fault blocks acted as buttresses that forced the salt to flow upward into the
overlying sediments. The ever-thickening wedge of Permian Cutler clastics also elevated the
thermal maturity of the organic shales in the underlying Paradox Formation to the point optimal
for petroleum maturation and expulsion (Nuccio and Condon, 1996). In places, some of the
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uplifted blocks within the basin juxtaposed the Pennsylvanian source rocks against porous older
Paleozoic units. The salt anticlines within the Paradox fold and fault belt (Map 5) provide
structural traps for hydrocarbons, as well as the site of potentially economic near-surface salt and
potash accumulations. The Permian Period ended with the withdrawal of the sea, and the
development of a broad regional unconformity throughout the area (Hintze, 1988).

During the Triassic, the MPA returned to a relatively stable shelf area that was occupied by
extensive tidal flats or lower coastal plain environments that reflect the interplay of marine and
non-marine conditions. Up to 800 feet of Lower Triassic Moenkopi Formation deposits spread
across the MPA and the beveled Uncompahgre highlands, and the slower rate of depositional
loading allowed the salt flowage in the subsurface to slow and finally cease (Doelling and others,
1988). A hiatus of perhaps 10 million years separates the Lower and Upper Triassic deposits in
the MPA, and marks the change from marine influenced to the totally non-marine deposition of
the Late Triassic. The 300- to 600-foot-thick Upper Triassic Chinle sediments were deposited in
an enclosed continental basin by alternating fluvial and lacustrine depositional systems (Hintze,
1988). Another regional unconformity separates the Upper Triassic strata from the overlying
Jurassic strata, but this one was of short duration.

The Jurassic period is characterized by continued relatively slow sedimentation in a desert-like
continental environment with regional or local unconformities commonly separating the various
units. During the early part of the Jurassic, the Glen Canyon Group, a 400- to 900-foot-thick
accumulation of predominantly eolian, fluvial and some local lacustrine strata, was deposited
across the MPA. An erosional unconformity separates the Lower Jurassic Glen Canyon Group
from the overlying Middle Jurassic San Rafael Group. The San Rafael Group also consists of an
accumulation of predominantly eolian, fluvial and some local lacustrine deposits that
cumulatively range in thickness from 200 to 600 feet (Doelling and others, 1988; Hintze, 1988).
Another unconformity separates the Middle Jurassic San Rafael Group from the Upper Jurassic
Morrison Formation. The Morrison reflects a change to less arid conditions and consists of
fluvial channels and overbank mudstones deposited in a gently sloping flood plain environment.
Volcanism was active during the Late Jurassic outside the MPA, and it is reflected in the fact that
many of the Morrison mudstones are composed of bentonitic clays deposited as volcanic ash
(Doelling and others, 1988). A local Jurassic unconformity separates the Morrison Formation in
some places from the overlying Lower Cretaceous strata.

The 100- to 250-foot-thick Lower Cretaceous Cedar Mountain Formation is very similar
lithologically to the underlying Morrison Formation, and reflects continued shallow flood plain
depositional conditions before the Cretaceous sea transgressed across the area from the southeast.
A regional unconformity separates Lower and Upper Cretaceous strata in the MPA. The Late
Cretaceous epoch saw thrusting and mountain building of the Sevier Orogeny occur in western
Utah, while eastern Utah, including the MPA, became part of the western margin of a foreland
basin that stretched from the Gulf of Mexico to Alaska. This foreland basin was the site of the
Cretaceous Western Interior seaway, and sediments were shed from the mountains eastward into
the MPA. The Late Cretaceous Dakota consists of 50 to 200 feet of conglomeratic fluvial
channel sandstones, gray to black carbonaceous honmarine shales and minor coal that was
deposited in the sinking foreland basin in advance of the transgressing Mancos Sea which
inundated the area thereafter (Doelling and others, 1988). Episodes of Sevier mountain building
to the west are represented in the foreland basin as minor and major wedges of sediment that
prograded into the basin and interfingered with deeper water marine shales. More sediment
pulses occurred closer to the mountain front to the west of the MPA; therefore, the 4000-foot-
thick Mancos Shale is particularly thick and less interrupted by major clastic members in the
planning area. However, two clastic wedges are preserved in the Mancos in the northern portion
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of the MPA. The first is the Castlegate Sandstone, which is overlain by the Buck Tongue of the
Mancos, and the second consists of the Sego Sandstone and the Neslen and Farrer Formations
that collectively record the final filling of the foreland basin in the MPA and the last retreat of the
Mancos Sea (Doelling and others, 1988; Hintze, 1988). Following retreat of the Cretaceous
seaway, deposition continued in the MPA with the Tuscher Formation, an accumulation of up to
650 feet of stacked, sheet-like sandstone bodies deposited in upper coastal plain environments
(Franczyk and others, 1990).

The Laramide Orogeny began near the end of the Late Cretaceous and continued into the early
Tertiary and affected eastern Utah by compressional tectonism, which involved uplift of pre-
existing structures, such as the Uinta Mountains and the Uncompahgre Plateau, and the
development of intervening basins, such as the Uinta Basin in the MPA (Hintze, 1988). The Late
Cretaceous-early Tertiary North Horn Formation rests unconformably on earlier Cretaceous
strata, and reflects the onset of the Laramide Orogeny. The North Horn consists of fluvial to
lacustrine deposits that were laid down the initial part of the Uinta Basin in the northwest corner
of the MPA (Hintze, 1988). Filling of the Uinta Basin within the MPA continued with deposition
of the Wasatch and Green River Formations, which represent alluvial fan, high mudflat, lower-
delta-plain and open-lacustrine deposits. The rapidly subsiding Uinta Basin preserved various
organic-rich shale beds in the deeper central portion, and the Mahogany oil-shale bed is one of
the most extensive and best marker beds in the basin according to Hintze (1988). The Laramide
Orogeny and filling of the Uinta Basin culminated at the end of the Eocene epoch with the
deposition of the Uinta and Duchesne River Formations, neither of which are preserved in the
MPA.

In the Paradox Basin region of the southern part of the MPA, the pre-existing lineament and fault
systems may have acted as buttresses, deflecting the lateral Laramide compressional forces
(Baars and Stevenson, 1981). In the northern Paradox Basin region, the Laramide Orogeny
formed synclines between the salt anticlines and accentuated the diapiric salt anticlines, and
rejuvenated movement along older basement faults that often bounded the salt anticlines
(Doelling and others, 1988).

Beginning in the Miocene, the compressional forces of the Laramide Orogeny ceases and the
entire Colorado Plateau began regional uplift and tilting towards the north. During the Miocene
epoch, the Uncompahgre Plateau, a local northeast tilted fault block, was forcefully intruded by
laccoliths. The emplacement of these laccoliths was forceful and arched the overlying
sedimentary sequences resulting in the formation of mantled domes, which were later breached
by erosion to expose their igneous cores in the current La Sal Mountains. Uplift of the region
was first accompanied by non-deposition and later by erosion and canyon incision; maximum
uplift probably occurred between 10 and 5 million years ago (Hintze, 1988). Erosion has been
particularly rapid in the past 5 million years (Pliocene to recent) when the large rivers of the
MPA, including the Colorado, San Juan, and Dolores Rivers, incised deeply into the uplifted
Colorado Plateau region to create the characteristic canyons of southeast Utah. Thousands of feet
of Paleozoic, Mesozoic, and early Tertiary sedimentary rocks were eroded, locally exposing
Precambrian bedrock (Hintze, 1988). When erosion had exposed, or nearly exposed, the salt in
the cores of the salt anticlines, groundwater was able to dissolve the salt cores, leading to solution
collapse along the anticlinal axes. The removal of salt beneath the crests of the anticlines created
large, elongate, oval-shaped, northwest-trending valleys, which include Castle, Fisher, Lisbon,
Moab, Paradox, Salt, Sinbad, and Spanish Valleys (Doelling and others, 1988). During the recent
process of canyon incision, older alluvial deposits have locally been preserved on higher terraces,
landslide deposits have formed where less competent formations have been exposed along canyon
walls, wind-blown deposits have developed locally, the La Sal Mountains have been glaciated
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and retained sedimentary evidence of that episode, and alluvial deposits have been deposited and
reworked along the bottoms of the river drainages in the MPA (Hintze, 1988).

3. DESCRIPTION OF ENERGY AND MINERAL RESOURCES

This section of the report describes and analyzes those fluid and solid mineral resources found in
the MPA that are likely to see continued or new development in the next 15 years. Although
geologic host formations for certain other mineral resources exist in the MPA, their known
occurrences in the planning area are limited to small deposits of low-grade material, and they are
not included for discussion and detailed analysis in this report. For example, the Mahogany Oil
Shale Zone of the Parachute Creek Member of the Green River Formation, an oil shale horizon
that extends into the northern Grand County, is relatively thin and lean in the MPA and is not
likely to be developed in the next 15 years. Likewise, although tar sand deposits are known to
occur in northern Grand County, these deposits are highly oxidized from near-surface exposure
and as a result are more difficult to extract and utilize. Prospecting prior to 1950 found small,
subeconomic lode gold deposits in Tertiary intrusives in the La Sal Mountains on the Manti La
Sal National Forest (Mutschler and others, 1997). Small deposits of manganese mineralization
have been reported from some sandstone beds in the upper part of the Salt Wash Member of the
Morrison Formation, but the small extent and low grade of the mineralization has prompted only
minor prospecting (Baker and others, 1952). Minor occurrences of thin gypsum beds have been
reported from the Moenkopi Formation in the MPA and the evaporite facies of the Paradox
Formation have numerous gypsum or anhydrite beds, but these beds are unfortunately commonly
badly faulted, fracture, and mixed with other lithologies in the Paradox Basin fold and fault belt
such that large accumulation of relatively pure gypsum are difficult to identify (Withington,
1964). Although petrified wood and agate occur in the MPA, the continued, small-scale, casual
collection of these resources from the surface by individuals is not considered to cause any
significant surface disturbance in the MPA. These various resources are not considered as an
issue for future planning purposes because they have had minimal or no interest in their
development in the past, and are not expected to have any new interest in the next 15 years.
Accordingly, detailed discussions of oil shale, tar sands, lode gold, manganese, gypsum, and
collectable rocks and minerals (petrified wood and agate) are omitted from further discussion in
this report.

Descriptions of the important fluid and solid mineral resources found in the MPA include
discussions of the characteristics of the mineral deposits; summaries of the exploration,
development, and production of each mineral deposit in the MPA,; classification of the potential
and certainty for occurrence of each mineral throughout the planning area; and determination of
the development potential of each mineral resource over the next 15 years. In order to avoid
confusion, readers should note that the figures accompanying the discussion of mineral deposits
at the beginning of this section also include information on the occurrence potential that is
discussed at the end of this section.

21



and retained sedimentary evidence of that episode, and alluvial deposits have been deposited and
reworked along the bottoms of the river drainages in the MPA (Hintze, 1988).

3. DESCRIPTION OF ENERGY AND MINERAL RESOURCES

This section of the report describes and analyzes those fluid and solid mineral resources found in
the MPA that are likely to see continued or new development in the next 15 years. Although
geologic host formations for certain other mineral resources exist in the MPA, their known
occurrences in the planning area are limited to small deposits of low-grade material, and they are
not included for discussion and detailed analysis in this report. For example, the Mahogany Oil
Shale Zone of the Parachute Creek Member of the Green River Formation, an oil shale horizon
that extends into the northern Grand County, is relatively thin and lean in the MPA and is not
likely to be developed in the next 15 years. Likewise, although tar sand deposits are known to
occur in northern Grand County, these deposits are highly oxidized from near-surface exposure
and as a result are more difficult to extract and utilize. Prospecting prior to 1950 found small,
subeconomic lode gold deposits in Tertiary intrusives in the La Sal Mountains on the Manti La
Sal National Forest (Mutschler and others, 1997). Small deposits of manganese mineralization
have been reported from some sandstone beds in the upper part of the Salt Wash Member of the
Morrison Formation, but the small extent and low grade of the mineralization has prompted only
minor prospecting (Baker and others, 1952). Minor occurrences of thin gypsum beds have been
reported from the Moenkopi Formation in the MPA and the evaporite facies of the Paradox
Formation have numerous gypsum or anhydrite beds, but these beds are unfortunately commonly
badly faulted, fracture, and mixed with other lithologies in the Paradox Basin fold and fault belt
such that large accumulation of relatively pure gypsum are difficult to identify (Withington,
1964). Although petrified wood and agate occur in the MPA, the continued, small-scale, casual
collection of these resources from the surface by individuals is not considered to cause any
significant surface disturbance in the MPA. These various resources are not considered as an
issue for future planning purposes because they have had minimal or no interest in their
development in the past, and are not expected to have any new interest in the next 15 years.
Accordingly, detailed discussions of oil shale, tar sands, lode gold, manganese, gypsum, and
collectable rocks and minerals (petrified wood and agate) are omitted from further discussion in
this report.

Descriptions of the important fluid and solid mineral resources found in the MPA include
discussions of the characteristics of the mineral deposits; summaries of the exploration,
development, and production of each mineral deposit in the MPA,; classification of the potential
and certainty for occurrence of each mineral throughout the planning area; and determination of
the development potential of each mineral resource over the next 15 years. In order to avoid
confusion, readers should note that the figures accompanying the discussion of mineral deposits
at the beginning of this section also include information on the occurrence potential that is
discussed at the end of this section.

21



3.1 Leasable Minerals

3.1.1 Oil and Gas

As described in the 1995 National Assessment of United States Oil and Gas Resources (Gautier
and others, 1996), the U.S. Geological Survey (USGS) has delineated a number of oil and gas
plays in the Uinta-Piceance and Paradox Basins, which fall within the northeast portion and
southern parts of the MPA, respectively. The 1995 assessment represents the latest delineation of
oil and gas plays in the Paradox Basins performed by the USGS (Schenk, personal
communication; Nuccio, personal communication). In 2003, the USGS published results of a
more recent assessment of the petroleum systems of the Uinta-Piceance Basins that was
conducted pursuant to the Energy Policy and Conservation Act (EPCA). However, this study
used the total petroleum system concept as opposed to the play concept to assess the oil and gas
resources in this province (USGS, 2003). No similar assessment has been conducted for the
Paradox Basin. The applicable play and total petroleum system descriptions for the Uinta-
Piceance Basin both provide similar summary descriptions of the geologic properties responsible
for oil and gas accumulation in the northern portion of the MPA. Therefore, to maintain
consistency in describing oil and gas resources throughout the MPA, the 1995 oil and gas plays
described for the Uinta-Piceance and Paradox Basins are referenced in this report.

Paradox Basin

Three USGS plays of the Paradox Basin Province occur in the MPA, the Buried Fault Block Play
(USGS Play 2101), the Fractured Interbed Play (USGS Play 2103), and the Salt Anticline Flank
Play (USGS Play 2105). Each of these plays has producing oil and gas fields from its individual
reservoirs in the MPA (Morgan, 1993; Gautier and others, 1996; Huffman, 1996).

Map 6a shows the extent of the Buried Fault Block Play (USGS Play 2101) in the MPA, and
those oil and gas fields that produce from the reservoirs in this play. Development of the
Devonian and Mississippian carbonate and clastic reservoirs occurred before salt deposition and
flowage began. Basement faulting associated with Pennsylvanian salt movement caused the
juxtaposition of black, organic-rich Pennsylvanian source-rock shales against the porous
Devonian and Mississippian strata, primarily the McCracken Sandstone Member of the Elbert
Formation and the Leadville Limestone respectively. Hydrocarbons were able to migrate across
those normal faults into the adjacent carbonate and clastic reservoirs. The seals for these traps are
the Pennsylvanian Paradox Formation evaporites that overlie the reservoirs or are in fault contact
with them. The largest of the six oil and gas accumulations in this play is the Lisbon field, which
has produced approximately 43 million barrels of oil and 250 billion cubic feet of gas.

Despite the fact that all the elements are present in the area to create economic hydrocarbon
accumulations (reservoir quality, traps, seals, source rocks, thermal maturity, and migration
history), the complex tectonic history of the Paradox Basin has altered most of these elements in
some manner or another in various locations. For example, late-stage, diagenetic fluids have
occluded porosity, traps have been breached by regional uplifts, seal integrity has been destroyed
by Laramide fault movement, the thermal maturity of some source rocks has passed through the
hydrocarbon window due to deep burial, and the process of hydrocarbon migration is poorly
understood. This complexity in reservoir development may explain the scarce number of Buried
Fault Block Play fields discovered to date in this area.
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The organic-rich, black, dolomitic Pennsylvanian shales and mudstones of the Fractured Interbed
Play (USGS Play 2103, Map 7a) contain total organic carbon contents of up to 20 percent
(average of 1 to 5 percent in most cases), and are both the source rocks and the reservoir rocks in
this play in the MPA. The Cane Creek Shale reservoirs, many of which have been developed
with horizontal drilling, produce from naturally fractured reservoirs in this play. The Bartlett Flat
field is one such example (Gautier and others, 1996). Additionally, there are other organic-rich
shales in the Pennsylvanian Paradox Formation, notably the Chimney Rock, Gothic, and
Hovenweep Shales, which may provide additional drilling targets for hydrocarbon accumulations
in this play. The presence of abundant fractures within the Paradox Formation clastic or
carbonate interbeds is essential for successful production from this play. The intensity of fracture
is greatest where the reservoir beds are associated with folds and faults in the play.

The Salt Anticline Flank Play (USGS Play 2105, Map 8a) is focused along the flanks of the
northwest-trending salt anticlines typical of the greater Paradox Fold and Fault Belt. Salt diapirs
or pillows of Paradox Formation salts formed after overburden loading by the Cutler Group
clastic strata caused those salts to flow to the west until they were forced upward into overlying
sediments by northwest-trending horst blocks. The overlying sediments, which include the
carbonate and clastic reservoirs in the upper part of the Hermosa Group and Cutler Group, were
arched upward into anticlinal structures. Organic-rich, black, dolomitic shales of the lower
Hermosa Group are the source rocks. The oil from the source rocks migrated to the reservoirs
either through direct contact of the two groups of strata or via extensive fractures along the
anticlines, which provided conduits from the source rocks to the reservoirs.

However, this play has been confirmed with the discovery and subsequent development wells
targeting the Honaker Trail Formation of the Hermosa Group at the Big Indian (north/south?)
field in northeast San Juan County, Utah, and sands of the Cutler Group on the flanks of salt
diapirs in southwestern Colorado. Interpreted seismic data suggests that the Cutler is trapped
against similar salt diapirs in southeastern Utah. A number of Cutler Group sandstone zones
trapped against a salt diapir in the Paradox Basin of Utah were reported by Burlington Resources
to have gas shows.

Uinta Piceance Basin

Three Uinta-Piceance Basin Province plays delineated by the USGS (Gautier and others, 1996)
occur in the northern portion of the MPA, the Cretaceous Conventional Play (USGS Play 2003),
the Cretaceous Dakota to Jurassic Play (USGS Play 2004) and the hypothetical Sego Coal Bed
Methane Play (USGS Play 2051), which is discussed in the following section of this report on
coal-bed methane.

The Cretaceous Dakota to Triassic Play (Map 9a) has been modified from the one defined by
Gautier and others (1996), and now includes new reservoirs defined in the 2003 USGS
reassessment of the Uinta Basin petroleum systems (Johnson, 2003). The play reservoirs have
now been expanded to include Lower Jurassic and Triassic sandstones not included in the 1995
assessment. The play is predominantly for gas accumulations in conventional reservoirs,
although many of the sandstones in this play could be classified as tight, or possessing low
permeability (Gautier and others, 1996). However, oil is also present, particularly in the
Morrison Formation (Johnson, 2003). The Cretaceous sandstone reservoirs of this play vary from
lenticular fluvial ones in the Dakota Sandstone and Cedar Mountain Formation, to more
continuous marine influenced ones in the Dakota Sandstone. The Jurassic sandstone reservoirs of
this play range from discontinuous fluvial ones in the Morrison Formation, to blanket-type, eolian
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ones in the Entrada, Wingate and Navajo Sandstones. The Triassic sandstone reservoirs are
generally discontinuous fluvial ones. Analysis of oil and gas from some of the fields in this play
indicates sources from the Permian Phosphoria Formation (table 1; Johnson, 2003), coaly and
carbonaceous shale beds in the Dakota interval, and organic-rich shale beds in the overlying
Mancos could also have been source beds. Hydrocarbons from the Phosphoria were probably
generated in Late Triassic through Jurassic time (Johnson, 2003). Cretaceous source rocks would
have generated hydrocarbons in early Tertiary time, and some may have remigrated into younger
Tertiary structures (Gautier and others, 1996). The producing fields in this play are mostly
structurally controlled, some with stratigraphic modifications. The accumulations are present in
anticlinal structures associated with either the Douglas Creek arch or the Uncompahgre uplift
(Johnson, 2003). At present, the Blaze Canyon field located in the west-central portion of the
MPA is unique in that it is the sole field identified in the Jurassic Navajo Sandstone. The Blaze
Canyon field was discovered in 1974 after surface and subsurface mapping, combined with
seismic information, defined a structural trap in a heavily block-faulted area. Recent interest in
deeper gas targets in the Uinta Basin may find additional fields in the Navajo. Some fields in this
play, such as Harley Dome, are known to produce significant amounts of nitrogen and carbon

dioxide (CO,).

The Cretaceous Conventional Play (USGS Play 2003) includes sandstone reservoirs in the
Mancos Shale, and the Mesaverde Group strata in the northern part of the MPA (Map 10a).
Source beds for these reservoirs are the carbonaceous and coaly strata within the same two
stratigraphic units that generated hydrocarbons during maximum burial at the end of the early
Tertiary. Most petroleum accumulations found in this play occur in traps that are stratigraphic, or
combination stratigraphic-structural, in nature (Gautier and others, 1996).

Table 1. Selected oil or gas fields from the Dakota-Triassic Play, their source rocks, and their reservoir rocks

(modified from Johnson, 2003).

FIELD SOURCE ROCKS RESERVOIR ROCKS
Greater Cisco Cluster

Agate Phosphoria Morrison

Cisco Dome Unknown Paleozoic Morrison

Cisco Springs
Phosphoria/Cretaceous Dakota
Unknown Paleozoic Cedar Mountain
Phosphoria Morrison

Cisco Townsite Phosphoria Mancos

Seiber Nose Phosphoria Morrison
Grassy Trail Creek Cluster

Blaze Canyon Unknown Paleozoic Navajo

Grassy Trail Creek* (not in play area) Unknown Paleozoic Moenkopi
San Arroyo Cluster

Bar X Suspected unknown Paleozoic Entrada

San Arroyo Suspected unknown Paleozoic Entrada
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3.1.2 Coal-Bed Methane

The Uinta Basin Sego Coal-Bed Methane Play (USGS 2051, Gautier and others, 1996)
encompasses the Sego coal field in the north portion of the MPA (Map 11a) and is hypothetical
since there has been no production from these coals to date. Only a few coal-bed methane wells
have been drilled in this play through 2004, and the play is mostly untested. The coal beds of the
Neslen Formation are both the source and the reservoir for potential natural gas accumulations.
According to vitrinite reflectance information (Nuccio and others, 1992), the Neslen coals are
only marginally mature in the MPA. Calculation of the coal-bed methane potential for the Neslen
Formation coals has been performed by the Utah Geological Survey (UGS) by estimating coal
gas content from some late 1970s desorption data as well as coal sorption capacity data. The gas
content of the coal beds in the Sego coal field is estimated to range from 50 to 300 standard cubic
feet per ton (scf/ton). Figuring that 100,000 acres of the northern portion of the MPA are
underlain by Neslen Formation coal from 1000 to 5000 feet deep, and the average net coal
thickness for this area is 12.5 feet, then the total coal resource would be 2.25 billion tons (with
1800 tons per acre foot). Using the gas content range listed above, the Neslen coals could contain
a coal-bed methane resource ranging from 0.11 to 0.68 Tcf of gas in place in the MPA portion of
the Sego Play. The USGS (Gautier and others, 1996) also provided coal-bed gas data for the
Sego play by looking at gas reserves and drilling success ratios for untested 160-acre cells in the
play. They estimated that 80% of the untested cells would prove to be successful gas producers
and also that the estimated ultimate recoverable gas reserves per cell would range from 0.16 Bcf
to 1.2 Bcf for a 95% confidence interval. Applying the USGS success rate and gas reserve range
to the same 100,000-acre area analyzed by the UGS means that there would be 625 cells in the
MPA Sego play area, 500 of them (80%) would be successful producers, and the estimated
ultimate recoverable gas reserves from the 500 successful wells would range from 0.08 to 0.6 Tcf,
or very similar to the UGS estimate.

3.1.3 Coal

Along the Book Cliffs to the east of the Green River in what is known as the Sego coal field (Map
12a), coal beds in the Neslen Formation of the Upper Cretaceous Mesaverde Group are exposed
along the cliffs cut by canyons. These coal beds generally extend at least ten miles down dip into
the subsurface of the Uinta Basin. The Cretaceous strata are generally undisturbed by faulting,
and dip gently, from 1 to 7 degrees, to the north-northwest into the Uinta Basin and away from
the Uncompahgre Uplift. Four coal zones have been identified in the Neslen Formation,
specifically the Palisade, Ballard, Chesterfield, and Carbonera coal zones in ascending
stratigraphic order (Doelling, 1972b). The average thickness of the Neslen Formation is about
350 feet, and the total net thickness of all coal beds it contains ranges from 0 to 24 feet, and
averages about 12.5 feet. Individual coal beds range in thickness from 0 to 13 feet, and the
thickest and most extensive coal beds occur in the Carbonera zone in the far northeastern part of
the MPA. In 1978, the BLM and USGS collaborated to established the Thompson Known
Recoverable Coal Resource Area (KRCRA) covering about 41,325 acres in parts of T. 20 S., R.
19,20,and 21 E.,and T. 21 S., R. 19 and 20 E. (Map 2). The criteria for defining the KRCRA
were: 1) lands underlain by coal having a minimum thickness of 4 feet without significant
partings; 2) geologic data suggests that the coal of minable thickness probably extends at least 3
miles from the measurement points along the outcrop; 3) only lands that meet criteria 1 and 2
above and are under less than 3000 feet of cover are included in the KRCRA; and 4) the coal beds
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can be extracted by conventional surface or underground mining methods. More recent analysis
by the UGS of oil and gas well logs penetrating the Neslen Formation indicates that the
Thompson KRCRA only covers the southwestern one-thirds of the actual recoverable coal-
bearing lands of the Sego coal field within the MPA (Map 12a). Doelling (1972b) estimated that
there are 294 million short tons of coal in the Sego field in beds greater than 4 feet thick and with
less than 3000 feet of cover, but his resource estimate is mainly limited to the coal in the
Thompson KRCRA, and only includes about 8 million tons of hypothetical coal resources farther
to the northeast along the Book Cliffs in the MPA.

Map 12a shows the distribution of the total net thickness of all the coal beds across the Sego coal
field in the MPA, and that the thickest accumulation of coal tends to be close to the outcrop.
Table 2 lists the average and range of 65 coal analyses from Neslen coals for those samples with
less than 30% ash. On average, the as-received quality of the high volatile C bituminous Neslen
coals has the following quality characteristics: moisture 6.6%; volatile matter 34.9%, fixed
carbon 45.4%, ash 12.9%, sulfur 0.7% and heat content 11,379 Btu/Ib.

Table 2. Number of samples, average, and range of as-received basis Neslen Formation
coal-quality analyses for samples with <30% ash.

Analytical Parameter | Number of Samples Average* Range*
Moisture 65 6.6 3.5-20.0
Ash 65 12.9 2.6-29.5
Volatile Matter 65 34.9 28.7-42.0
Fixed Carbon 65 45.4 34.6-52.4
Total Sulfur 65 0.7 04-25
Btu/lb (as received) 60 11,379 8,905 - 12,919
Btu/lb (mmmf) 53 13,674 12,830 - 14,210

*in weight percent except for Btu/lb; Btu/lb(mmmf) = moist, mineral matter free basis

The La Sal coal field occurs in the southeast portion of the MPA (Map 12a). Here, coal beds less
than three feet thick occur in the upturned strata of the 0- to 120-foot-thick Dakota Sandstone
around the laccolithic centers of the La Sal Mountains. In addition to being thin, the coal is also
high in ash and sulfur content and thus not attractive for mining (Doelling, 1972a; Gloyn and
others, 1995). No thick coal resources have been delineated for the La Sal coal field (Doelling,
1972a), and therefore a KRCRA has not been defined for this coal field.

3.1.4 Potash and Salt

Within the Paradox Basin portion of the MPA, potash (potassium-bearing) deposits, comprised
primarily of sylvite (potassium chloride) and carnallite (hydrated potassium magnesium chloride),
and salt (sodium chloride) are found in the Pennsylvanian Paradox Formation. These minerals do
not occur together everywhere within the Paradox Basin. Within the saline Paradox Formation
facies, the area of potash mineralization is limited to the deeper part of the basin, an area totaling
approximately 2800 square miles (Dames and Moore, 1978). Both sylvite and carnallite occur in

26



varying proportions throughout most potash deposits, but sylvite, with a higher weight percent of
potassium, is dominant in those horizons under economic consideration (Hite, 1959; Dames and
Moore, 1978; Gloyn and others, 1995). The original non-deformed evaporite sequence ranged
from 0 to 8000 feet thick, progressing from the Paradox Basin’s margins to its depositional
center. Diapiric structures have locally created sections of salt up to 14,000 feet thick, but such
flowage has often destroyed the continuity of the potash-bearing layers (Hite, 1964). Most of the
interest in potash and salt deposits in the Paradox Basin has been concentrated in the fold and
fault belt. On the northeastern side of the Paradox Basin, anticlines such as the Moab and Salt
Valley bring potash beds to the surface, but within these strongly folded diapiric structures the
potash beds are so complexly faulted, folded, and contorted within the thickened salt section that
their continuity is destroyed (Hite, 1960; Ritzma and Doelling, 1969). Non-diapiric salt anticlines
in the fold and fault belt are more attractive targets for potash deposits because they are
characterized by structurally thickened salt cores where continuous potash beds are relatively
close to the surface. The more simple or non-diapiric anticlinal structures occur towards the
western portion of the Paradox Basin. Simple structures show relatively little movement of the
salt except where small drag folds have been encountered. These small folds are confined within
the individual halite beds and do not disrupt the potash horizon continuity. The only production
of potash and by-product salt in the Paradox Basin (Moab Salt Company) has occurred on one of
these simple structures (Cane Creek anticline). In addition to the commercial deposits found in
the Cane Creek area, other potentially valuable deposits are known to occur in the Paradox Basin.
These include the Lisbon Valley area, the Seven Mile area, the Gibson Dome area, and the Ten
Mile area. In 1960, the U.S. Geological Survey classified the Lisbon Valley area, the Seven Mile
area, and the Cane Creek area as Known Potash Leasing Areas (KPLAS), or areas where
potentially valuable deposits of potash are known to exist (Map 13a). There also appears to be
sufficient resource data to define the Gibson Dome and Ten Mile areas as KPLAs.

Map 13a shows the salt facies have the same extent as the major potash deposits (Dames and
Moore, 1978; Merrell, 1979; Gloyn and others, 1995). This sequence occurs in the southeastern
portion of the MPA. As described in the geology section above, 29 evaporite cycles containing
potassium chloride salts have been identified in the Paradox Formation. Potash is one of the last
salts to precipitate during brine formation, and if present, is generally found near the top of each
evaporite cycle. Potash is known to be present in 18 of the saline cycles, but only 11 of these
layers contain potentially commercial deposits (Hite, 1964; Dames and Moore, 1978).
Undeformed potash-bearing intervals average 20 feet in thickness, but can range up to 100 feet
thick. The thickness of the intervals varies in proportion to the thickness of the accompanying
halite and anhydrite beds. Using a cutoff grade of 14% KO, Patterson (1989) estimates that
known resources of K,O comprise 254 million tons, while inferred resources are estimated at 161
million tons. The recovery of salt in the MPA is exclusively as a by-product of the solution
mining of potash.

3.2 Locatable Minerals

3.2.1 Uranium-Vanadium

An important locatable commodity in the MPA is sediment-hosted uranium. It is usually found
intimately associated with vanadium, and sometimes copper, because of these elements mutual
chemical affinities. The deposits are dominantly of the tabular roll-front type (Adler and Sharp,
1967; Fisher and Julliand, 1986). Hosts of the uranium-vanadium resource include the Moss
Back Member of the Triassic Chinle Formation and the Salt Wash Member of the Jurassic
Morrison Formation (Map 14a).
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The Moss Back Member of the Triassic Chinle Formation comprises a thick, basal, fluvial
lenticular unit consisting of coarse-grained sandstone interbedded with mudstone and pebble
conglomerates, as well as podiform zones of carbonized vegetal trash. Uranium deposits within
the Moss Back Member are usually small, 5000 tons or less in size, and comprise tabular bodies
elongated parallel to the trend of the paleochannel host that are incised into the underlying
Moenkopi Formation (Chenoweth, 1996). The ore mineralization is localized by the zones of
carbonaceous material and is largely oxidized, although remnant uraninite and minor copper
and/or vanadium are present. The Moss Back Member is absent from the general area of the
Uncompahgre Uplift and therefore not prospective over all of the MPA (Merrell, 1979; Dickerson
and others, 1988; Goydas, 1990; Doelling, 1995, 1996; Chenoweth, 1996; Willis and others,
1996).

The Salt Wash Member of the Jurassic Morrison Formation generally tends to host uranium
deposits having larger reserves and higher grades, and that are more closely clustered than those
occurring in other formations (Johnson and Thordarson, 1959; Chenoweth, 1981). In the Polar
Mesa mining area, deposits occur in a massive, cross-bedded, yellow-gray to brown sandstone.
This sandstone ranges from 9 to 66 feet thick and is located 20 to 30 feet below the Salt Wash-
Brushy Basin contact (Goydas, 1990). Tabular, flat, or stratified ore bodies are 3 to 6 feet thick;
their localization and size is controlled by lithology, bedding, and the lateral continuity of the
channel sandstone host. In the Thompson mining area, lens-shaped sandstone hosts range from 5
feet wide and 15 feet long to more than 200 feet wide and 1400 feet long. The average ore body
is 3 feet thick, but they may be up to 16 feet thick. The principal ore mineral is carnotite, with
grades ranging from a few tenths of a percent for both U;0g and V,Os to about 5% U;Og and 15%
V,0s (Utah Geological Society, 1954).

All of the uranium-bearing strata were deposited in river-fed swampy continental environments
where plant life was common. Although the Chinle and Morrison Formations are predominantly
composed of shale (low-energy muds), it is the sandstone and conglomerate units (high energy
fluvial channel deposits) in each that host the uranium-vanadium mineralization. Uraniferous
fluids, migrating predominantly through the higher permeability sandstones, precipitated uranium
minerals when they encountered various types of reductants within the sandstone units (Nash and
others, 1981). These uranium precipitators consisted largely of reducing, intra-formational waters
and organic debris that sometimes included tree logs and branches (Johnson and Thordarson,
1959).

In addition to the above Mesozoic deposits, the late Paleozoic Cedar Mesa Sandstone of the
Permian Cutler Group contains some minor uranium-vanadium deposits, and some of these have
had historical mining production in the MPA. However, mineralization in the Cutler has been
attributed to migration from the Chinle, in limited areas such as Lisbon Valley. In the Lisbon
Valley mining area, the Moenkopi Formation is absent and the Chinle Formation lies
unconformably on the Cutler Group as a result of the growth of the Lisbon Salt Anticline during
the Early Triassic.

Past production was from the following sequences:

e The Salt Wash Member of the Jurassic Morrison Formation (Map 14a) was the host of
deposits in the Buckhorn Mesa-Scharf Mesa, Dewey, Yellow Cat, Klondike Ridge-
Courthouse Wash, Ten Mile Canyon, Polar Mesa-Beaver Mesa, Wilson Mesa, Brumley
Ridge, Upper Cane Creek, Browns Hole, La Sal Creek, and La Sal mining areas (Merrell,
1979; Chenoweth, 1996; Sprinkel, 1999; Gloyn, unpublished report 2004).
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e The Moss Back Member of the Triassic Chinle Formation (Map 14a) was the host of
deposits in the Mineral Canyon, Seven Mile Canyon, Inter-River, Lower Cane Creek, and
Lisbon Valley mining areas (Chenoweth, 1996; Sprinkel, 1999; Gloyn, unpublished
report 2004).

e The Permian Cutler Group was also the host of some deposits in the Lisbon Valley
mining area (Chenoweth, 1996; Sprinkel, 1999; Gloyn, unpublished report 2004).

Regionally, remaining recoverable reserves are estimated at 4.2 million tons of ore in the Four
Corners Region. Approximately 57% of these reserves are hosted in the Morrison, 39% in the
Chinle Formation, and 4% in the Cutler Group (Johnson and Thordarson, 1959; Gloyn and others,
1995).

3.2.2 Copper

Starting in the late 1960s and continuing through 1995, a series of drilling programs in the
vicinity of historical abandoned mines in the Lisbon Valley area culminated in the delineation of
several, commercial-sized, sandstone-hosted, copper deposits in the Cretaceous Dakota Sandstone
and Burro Canyon Formation (Map 15a). As described by Gloyn and others (1995) and Hahn
and Thorson (2002), the three deposits are the Centennial, Sentinel, and GTO ore bodies.
Localization of these Lisbon Valley-type fault and manto-hosted copper deposits in permeable
sandstone units is related to strands of the Lisbon Fault that splay out of the plunging southeast
end of the Lisbon Valley salt anticline. Each ore body originally exhibited an upper, 40- to 150-
foot-thick copper oxide zone, and a lower zone where copper sulfides are the dominant ore
minerals. Mineralization also occurs as lenses and nodules along fractures, around organic
matter, or replacing calcareous nodules and concretions. Minor amounts of copper-iron sulfide
minerals are found at the fringes of the deposits, that in turn give way distally to anomalous lead
and zinc values. Factors controlling the thickness and grade of the individual ore bodies include
host rock permeability, proximity to feeder structure, and the amount of available reductant in the
respective host rocks.

The Centennial ore body is found in the Burro Canyon Formation, primarily in Bed 15 of the
formation. This ore body is approximately 4500 feet long, 1200 feet wide, and 300 feet thick. It
contains three individual ore layers that vary from 40 to 150 feet thick and dip toward the Lisbon
Valley fault. Ore includes both oxidized and primary copper minerals. The grade decreases
away from the fault, but averages 0.515% copper.

The Sentinel ore body is also found in Bed 15 of the Burro Canyon Formation. This ore body is
approximately 3000 feet long, 1000 feet wide, and 40 to 100 feet thick. Ore is comprised almost
exclusively of copper-oxide minerals, although associated primary copper-sulfide mineralization
exists that is currently uneconomic to develop because of the depth of attendant overburden. The
average grade is 0.285% copper. This lower tenor may be related to the deposit’s 1500 feet
distance from the Lisbon Valley fault.

The GTO ore body is found in Beds 11 and 13 of the Dakota Sandstone. It is over 3500 feet long

and approximately 500 feet wide and 50 feet thick. The oxidized portion of the deposit was
largely removed by past mining, leaving only copper sulfide mineralization as the present
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reserves. The average grade is 0.74% copper. This higher tenor is probably attributable to the
deposit’s location immediately adjacent to a splay of the Lisbon Valley fault.

The Lisbon Valley-type mineralization, as it is called, may be related to warm, very saline
copper-bearing brines derived from the Cutler redbed facies and whose upward migration was
affected by reductants (pyrite, coal, organic debris, and hydrocarbon accumulations) in the
Dakota Sandstone and Burro Canyon hosts and trapped by the impermeable overlying Mancos
Shale (Morrison and Parry, 1986). Alternatively, hydrocarbons or hydrogen sulfide associated
with oil and gas fields could have mobilized copper-bearing fluids derived from redbeds (Gloyn
and others, 1995).

Within the MPA, strata-bound, red-bed copper mineralization is also associated with channel
sandstone uranium deposits found primarily in the Triassic Chinle Formation, and with other
deposits also found in the Jurassic Morrison Formation, and the Pennsylvanian Hermosa Group
(McFaul, 2000). These copper occurrences consist of disseminated copper and copper-iron
sulfide minerals, and their associated near-surface oxidation products. Although no firm copper
production records area available for the red-bed copper deposits, Roberts (1964) indicates that
some mines in the Moab area may have produced less than 1000 tons of copper from the Chinle
Formation. Similar, small, low-grade copper mineralization is associated with Chinle Formation
uranium deposits in the Inter-River, Lower Cane Creek, and Lisbon Valley Mining areas (Map
14a — Uranium potential map). The greatest potential for economic red-bed copper deposits
appears to occur in the northwestern part of the Klondike Ridge-Courthouse Wash mining area
(Map 15a) on the southwest flank of the Salt Valley anticline where mineralization is found in the
upper thick sandstones of the Salt Wash Member of the Morrison Formation (Doelling and
others, 1988). Doelling and others (1988) provide sketchy details of what they call a
“significant” heap leach copper attempt in section 6, T. 23 S., R. 20 E. Merrill (1979) gives no
specific location, but describes an early 1970s heap-leach copper operation on the southwest flank
of the Salt Valley anticline that blocked out 8 to 10 million tons of low-grade copper ore and
supposedly mined about 21,000 tons of ore before it was shut down because of inefficiencies. In
November 2004, Phil Gramlich applied to the BLM for permission to drill 10 reverse-circulation
exploration holes on the Charlie number 2 claim in sections 1 and 12 of T. 23 S., R. 19 E., again
on the southwest flank of the Salt Valley anticline, to delineate a roll-front type copper sulfide ore
body that he states was identified 20 years ago in the Salt Wash Member of the Morrison
Formation (Brent Northrup, BLM, personal communication, 2005). The exact grade and tonnage
of the mineralization remains in question, but various sources indicate that a deposit approaching
economic concentration and size may be present in this area.

3.2.3 Placer Gold

Placer gold in the MPA occurs primarily along the Colorado from the mouth of the Dolores River
downstream to Moab and a few other places along these two rivers; the placer gold sites
identified in the MPA are shown in Map 16a. Placer gold was worked almost continuously along
the Colorado River from the late 1800s until 1942, and sporadically thereafter (Johnson, 1973).
The native metal occurs in alluvial bars and has been found in high-level terraces as much as 200
feet above the present Colorado River. The gold is commonly distributed uniformly throughout
the gravels rather than concentrated along the bedrock contact, but it may occur in slightly higher
concentrations on the upstream end of bars and higher terraces (Butler and others, 1920;
Chatman, 1987). It occurs as diminutive thin flakes averaging less than 0.1 millimeter; flakes
0.05 millimeters in diameter are not uncommon (Butler and others, 1920). Due to the fine flaky
mode of the gold and difficulty in its recovery, most operations have not been commercially
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successful (Butler and others, 1920; Utah Geological and Mineralogical Survey, 1966; Johnson,
1973; Chatman, 1987). The gold grades of historical placer operations range from 0.03 to 0.05
ounces per cubic yard (Gloyn and others, 1995). The source of the gold is uncertain; some may
have come from the La Sal lode deposits, but other possible sources are the Mesozoic
sedimentary strata exposed in the area, particularly the Chinle and Moenkopi Formations, which
are known to contain gold (Utah Geological and Mineralogical Survey, 1966; Johnson, 1973).

A secondary set of gold placers occurs west and north of the La Sal Mountains at Miners Basin,
and Wilson and Bald Mesas in glacial deposits up to 50 feet thick (Johnson, 1973). The gold is
disseminated through the gravels and occurs as small wires and fine flakes. The source of the
gold here is the fissure deposits of the La Sal Mountains, where the gold occurs in pyrite in quartz
veins; free gold develops where the pyrite is oxidized. Thus, the most highly weathered glacial
gravels offer higher concentrations of gold (Johnson, 1973). These deposits were discovered in
1907 and worked periodically until 1948.

3.2.4 Limestone

Marine limestones in the Pennsylvanian Honaker Trail Formation of the Hermosa Group have
been shown to contain limited amounts of relatively high-quality limestone (Gloyn and others,
1995). In the MPA (Map 17a), high-calcium limestone (95% calcium carbonate) occurs at Cotter
Corporation’s Lisbon Valley quarry (Papoose Mine) (Reed, 1996). A 12- to 15-foot-thick
limestone bed crops out along the southwest flank of the Lisbon Valley anticline, and has
virtually no cover except a thin soil and juniper-pinion trees. This good quality, readily minable
deposit has about 6 million tons of reserves on State land and an additional 3 million tons on
adjacent Federal land (Reed, 1996).

3.3 Salable Minerals

3.3.1 Sand and Gravel

Sand and gravel deposits in the MPA consist of unconsolidated Quaternary sediments, and
important deposits occur along the major river courses and as pediments, and alluvial fill and fans
surrounding the La Sal Mountains (Map 18a). Sand and gravel along the Colorado, Dolores, and
Green Rivers occurs as alluvial bars and terraces. The alluvium consists of moderately to well-
sorted sand and gravel. The gravel fraction is comprised of metamorphic and igneous rock
fragments transported from upstream sources. The hardness of these rock fragments means it is
high-quality material suitable for most uses including concrete aggregate. The sand and gravel
deposits surrounding the La Sal Mountains occur as pediments, and alluvial fill and fans. The
gravel clasts in these deposits are composed of diorite and quartz diorite derived from the La Sal
Mountains intrusive complex. These deposits also can be suitable for a wide range of uses
including concrete aggregate.

Less important sources of sand and gravel include eolian sands derived from the Entrada
Sandstone and the Glen Canyon Group, alluvium (not derived from the La Sal Mountains) along
tributaries to the major rivers, and glacial moraines. Gravel in these deposits is a lower quality
because it is often poorly sorted.
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3.3.2 Building Stone

Sandstone appropriate for use as a high-quality building stone should have the following
attributes: be well-cemented, have uniform thin bedding; have few joints or fractures to provide
large slabs; and have attractive color, texture, and color banding (Gloyn and others, 1995). Such
sandstone is usually referred to as flagstone or dimension stone. In the MPA (Map 19a), such
stone can be found in the Triassic Moenkopi and Chinle Formations, and the Jurassic Kayenta
and Morrison Formations (Merrell, 1979; Atwood and Doelling, 1982). The Kayenta Formation,
which naturally fractures into useable-sized blocks, appears to be the most favorable source for
building stone. In addition to the formations listed above, the Cretaceous Dakota Sandstone may
also be a source of building stone in the MPA. South of the MPA near Blanding, numerous small
building stone quarries have been developed in the Cretaceous Dakota Sandstone there.

3.3.3 Travertine

Travertine (calcium carbonate) is formed where hot, calcium-rich water flows to the surface at
springs and cools to the point where the water’s capacity to hold calcium is reduced. The water
precipitates the calcium, often forming fracture fillings or a porous mound of banded calcium
carbonate. The travertine can be mined and sold as an ornamental stone. Travertine deposits are
not extensive in the MPA, but occur intermittently as vein filling along faults in a 50- to 100-
square-mile area near the Green River that extends south from the town of Green River. In the
MPA, travertine of the geyserite variety is known to occur along faults where thermal springs
precipitated the calcium carbonate (Map 20a).

3.3.4 Humate

Humate is derived from plant debris associated with carbonaceous shales or coals that were
deposited in a swampy, continental environment. They contain salts or esters of humic acid that
form from the decay and weathering of carbonaceous material. Their most desirable feature is
their humic acid content, which is used to enhance soil productivity (Jackson, 1983). Other lesser
uses of humate include neutralization of acid wastewater through the formation of insoluble
humic acids, and the removal of heavy metals by chelation or precipitation in insoluble humate.
In the MPA, humate deposits are found along the outcrop of the Cretaceous Dakota Sandstone,
which contains a 4- to 30-foot thick interval of carbonaceous shale and shaly coal. This humate
interval has been explored at two locations in the east-central portion of the MPA (Map 21a).

Jackson (1983) reports that one humate deposit occurs as a 20- to 30-foot-thick carbonaceous and
coaly shale zone in the middle to lower portions of the Cretaceous Dakota Sandstone near the
middle of T. 19 S., R. 25 E., to the southeast of Harley Dome. Ellis and Hopeck (1985) have
traced the favorable carbonaceous shale zone in this area for a distance of about 15 miles along
the outcrop of the Dakota Sandstone. Limited sampling showed the humate to be comprised of
shale, clay, and shaly coal that contain 45 to 50% total organics and 25% total humic acids. At
least 1.12 million tons of humate-bearing material is present over a 250-acre tract at this location.
Seal (2002) only generally describes the second humate deposit as being located approximately
three miles southeast of Crescent Junction. No details on the size and grade are reported for this
deposit, which occurs on land belonging to the Utah School and Institutional Trust Lands
Administration (SITLA). A notice posted by SITLA on February 12, 2003, with the Governor’s
Office of Planning and Budget reported that a humic shale mining and processing operation was
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proposed on their lands in the NE1/4 section 14, T. 22 S., R. 19 E., which is southeast of Crescent
Junction.

3.3.5 Clay

Clay deposits are widespread in the MPA, but have been little used or tested. The Triassic-age
Moenkopi Formation, Chinle Formation, the Jurassic-age Morrison Formation, and the
Cretaceous-age Dakota Sandstone and Mancos Shale all contain deposits suitable for common
clay. According to Merrell (1979), bentonite clay occurs in the upper Chinle, the Monitor Butte
Member of the Chinle, and the Brushy Basin Member of the Morrison. In the MPA (Map 22a),
the upper portion of the Brushy Basin Member of the Jurassic Morrison Formation is largely
comprised of clay derived from altered volcanic ash. Samples from this unit in the Lisbon Valley
have a bentonite content exceeding 90% (Gloyn and others, 1995). Bentonite and bentonitic
clays swell when saturated with water and can be used as a natural sealant for reservoirs, stock
ponds, ditches, and landfills. The Grand County Water Conservancy District has periodically
mined bentonitic clay from the Brushy Basin at the Spanish Valley pit in northernmost San Juan
County (Gloyn and others, 1995).

4. MINERAL EXPLORATION, DEVELOPMENT AND PRODUCTION

4.1 Leasable Minerals

4.1.1 Oil and Gas

The MPA has had a long history of oil and gas exploration dating back to 1891 when the
Bamberger & Millis 1, one the earliest wells in Utah, was drilled in section 15, T. 21 S., R. 16 E.
Records from the Utah Division of Qil, Gas and Mining (UDOGM, 2004) indicate that
approximately 2027 petroleum wells (Map 23) have been drilled in the MPA from 1891 through
2004, of which 292 are currently producing, 265 are inactive but capable of producing, 7 are
injection wells, and 1470 are plugged and abandoned (some of which may have been producers at
one time). Dividing the 2027 wells by the 114 years covering the exploration history of the area
provides an estimate of about 18 wells drilled per year for the MPA. Recent drilling activity
appears to have occurred at a much slower rate than in the past. Grand County, which comprises
much of the MPA, is a reasonable proxy for examining the recent drilling history of the planning
area. Records from the Utah Division of Qil, Gas and Mining (UDOGM, 2004) for the period
from 1991 through 2004 indicate that drilling activity in the MPA has ranged from 0 to 12 wells
drilled per year and averaged about 5 wells per year. Breaking down the 5 wells per year by
drilling result, shows that on average 1 of those wells was an oil well, 2 were gas wells, and 1 was
plugged and abandoned as a dry hole. Four petroleum fields were discovered in the MPA from
1991 through 1993, and during this period the there was an average of 8 wells drilled per year,
while in the ensuing non-discovery period from 1994 through 2004, the average number of wells
drilled per year dropped to only 4 (UDOGM, 2004).

All but one of the 34 of the historical and active oil and gas fields throughout the MPA are shown
in Map 24. The Greater Cisco is the oldest field in the MPA, with a discovery date of 1925. A
couple other fields near the Greater Cisco field were also discovered in the 1928, but only one
field was discovered from 1929 through 1954. Many of the larger fields in the planning area,
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including Lisbon field, were discovered in the 10-year period between 1955 and 1964, when 15
of the 34 fields in the MPA were located. Development activity in the MPA was rather quiet
from 1965 through 1974 and only one new oil field was discovered during this period. The
period from 1975 through 1984 saw modest development activity with a total of 6 new fields
discovered. The 10-year period from 1985 through 1994 was another relatively active period for
oil and gas development in the MPA, and 11 more fields were discovered, mostly during the last
five years. From 1995 to through 2004, no new fields were discovered in the MPA, although
some limited exploration has continued. Lisbon field, which straddles the Moab and Monticello
planning area boundary, is the only large field (50 to 100 million barrels of oil and 0.5 to 1 Tcf of
gas) in the MPA. Within the MPA, the average size of an oil field would be classified as tiny (0.1
to 1 million barrels), and the average gas field would be classified as very small (0.01 to 0.1 Tcf).
Disregarding the large Lisbon field and the Greater Cisco field, which is the combination of a
number of smaller fields, an average producing field in the MPA consists of 10 wells.

Table 3 presents the cumulative production data for the 34 oil and gas fields within the MPA,
which include 20 active fields, 10 inactive fields, and 4 abandoned fields (UDOGM, 2004).
There were 564 active wells in the 20 active and 10 inactive fields according to records published
for December 2003 (UDOGM, 2004). The Gold Bar field, which is shown on the oil and gas
field map (Map 24), was abandoned so long ago that its production is not reflected in recent
UDOGM production books or table 3. Table 3 also does not include the production from one
small, unnamed wildcat oil field, which is lumped together with all other fields named wildcat in
UDOGM records. Regardless of these omissions, the cumulative oil and gas production amounts
listed in table 3 indicate that the MPA has been a significant petroleum producing region that has
accounted for over 14 % of the total gas, and over 4% of the total oil, produced in Utah.

As shown in Map 24, the production of oil and gas in the MPA has generally occurred in several
distinct regions of the planning area: 1) the southern part of the MPA that covers a portion of the
Paradox fold and fault belt of the Paradox Basin, and encompasses the Salt Wash, Big Flat-Hatch
Point, and Lisbon Valley areas; 2) the northern part of the MPA within the Uinta Basin region
that encompasses predominantly gas fields, that includes the Greater Cisco, Book Cliffs, and
Roan Cliffs areas; and 3) the central area of the MPA that includes the Blaze Canyon oil field,
and encompasses an area termed the Eastern Paradox area of the Paradox Fold and Fault belt.

Key aspects of the oil and gas fields from the three distinct producing areas in the MPA are
discussed below to highlight the characteristics and history of resource development in the MPA.
These include first discoveries, drilling and completion techniques, and technologies used for
exploration and discovery of the oil and gas resources in the areas. Drilling and exploration
activities in these three distinct producing areas over the past 15 years are also discussed,
followed by drilling and exploration activities in the remaining area of the MPA.
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Table 3. Moab Planning Area oil and gas field statistics as of December 31, 2003.

) USGS Field _ ) Discovery Active Cumu_lative Cumulative Cumulative
Field Name Play Type Producing Formation  Status Year  Wells Oil  Natural Gas  Water
Number Production Production Production
Bar X 2003  Gas Morrison Active 1948 40 1,943 45,498,423 4,622
Big Flat 2101 Oil  Leadville-Cane Creek Active 1955 3 843,581 790,210 122,124
Big Flat West 2103 NA Paradox Inactive 1993 1 0 0 0
Big Indian (north) 2101  Gas Leadville Inactive 1961 1 194 1,995,461 36,122
Big Indian (south) 2105  Gas Honaker Trail Inactive 1958 1 178,160 26,420,267 98,446
Blaze Canyon 2003 Oil Navajo Inactive 1976 2 36,672 4,470 141,442
Book Cliffs 2003  Gas Dakota Inactive 1957 2 0 438,418 0
Bryson Canyon 2003/04 Gas  Dakota, Mesaverde Active 1928 40 6,563 23,062,513 2,659
Bushy 2003  Qil Mancos-Dakota Active 1977 2 38,528 3,507 13,189
Dark Canyon 2003  Gas Dakota Active 1988 2 0 767,003 16
Diamond Ridge 2003  Gas Dakota-Cedar Mtn ~ Abandoned 1960 0 0 466,479 0
East Canyon 2003  Gas Dakota-Morrison Active 1960 14 7,206 2,928,022 1,576,143
Greater Cisco 2003  Gas Cedar Mtn Active 1925 260 1,902,111 24,564,425 276,172
Hatch Point 2101 Oil Leadville Inactive 1993 1 4,607 10,731 259
Hell Roaring 2103  Oil Paradox Active 1992 1 536,743 497,672 32,744
Kane Creek 2103  Gas Paradox Abandoned 1925 0 1,887 25,000 NA
Left Hand Canyon 2003 Qil Entrada Active 1972 2 96,640 557,839 144,461
Lion Mesa 2103 Oil Ismay Inactive 1984 3 1,624 0 8
Lisbon* 2101  Gas Leadville-McCracken Active 1961 23 51,076,593 761,560,184 49,512,009
Little Valley 2101  Gas Leadville Inactive 1959 1 137,848 17,311,939 742,951
Long Canyon 2103  Qil Paradox Active 1962 1 1,114,079 1,164,983 451,157
Mancos Flat 2003 Qil Mancos Inactive 1981 1 16,733 0 53
Middle Canyon 2003  Gas Dakota Active 1988 3 247 1,512,016 0
Park Road 2103  Qil Paradox Active 1991 1 301,233 288,611 22,023
Pear Park 2003  Gas Dakota-Cedar Mtn Active 1963 1 0 325,603 0
Salt Wash 2101 OQil Leadville Active 1961 8 1,555,787 11,746,434 6,022,091
San Arroyo 2003  Gas Dakota Active 1962 103 181,351 151,472,679 16,662
Shafer Canyon 2103 Qil Paradox Abandoned 1963 0 67,554 63,805 1,408
South Pine Ridge 2105  Gas Hernosa Group? Active 1981 1 7,194 682,395 174
Stateline 2003  Gas Dakota Active 1928 16 10,472 12,887,318 3,639
Ten Mile 2103 Qil Paradox Inactive 1990 1 962 0 599
Westwater 2003/04 Gas  Dakota, Mesaverde Active 1957 27 617,478 36,300,009 299,665
Wilson Canyon 2103  Gas Paradox Active 1955 2 111,248 1,954,793 10,334
Winter Camp 2003  Gas Dakota Abandoned 1982 0 0 13,673 70
Totals 564 58,855,238 1,125,314,882 59,531,242

*Partially located in the Monticello Planning Area to the south
Source: modified from Utah Division of Oil, Gas and Mining (2004), oil and water production in barrels, gas production in Mcf

Salt Wash-Big Flat-Hatch Point-Lisbon Valley Areas

Salt Wash Area

The one active field in the Salt Wash area has production primarily from Mississippian reservoirs
of the Buried Fault Block Play (USGS Play 2101), and minor production from the Pennsylvanian
Paradox Formation strata of the Fractured Interbed Play (USGS Play 2103). The Salt Wash field
discovery well was drilled to the Cambrian to test all possible reservoirs in the area. Salt Wash
field was discovered in 1961 using vertical drilling techniques to test a structure defined by a
seismic survey. There are currently 8 active wells in the field. The reservoir is vertically
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fractured Leadville Limestone and the trap is an unfaulted, east-west trending anticline (Morgan,
1993). Production mechanisms include gas cap expansion and water drive. Cumulative
production from Salt Wash field through the end of December 2003 is 1,555,787 barrels of oil
and 11,746,434 thousand cubic feet (Mcf) of gas.  During the past 15 years, a total of three
wells have been drilled in sections 5and 9, T. 23 S., R. 18 E., of the Salt Wash area, and all of
these wells have been plugged and reclaimed (McClure, personal communication). In addition to
these three wells, a new application for a permit to drill (APD) has been filed for a well sited in
section 9, T. 23 S., R. 17 E., but the issuing of the permit for this well is awaiting further
environmental analysis. The only other exploration activity in the Salt Wash area within the past
15 years was Reliable Exploration’s 1993 seismic survey involving 3 linear miles of data
collection in section 13, T. 23 S., R. 16 E., and sections 8, 9, 17, and 18, T. 23S., R. 17 E.
(McClure, BLM, personal communication.).

Big Flat-Hatch Point Area

The Big Flat-Hatch Point area encompasses eleven oil and gas fields that produce from reservoirs
from both the Buried Fault Block (USGS Play 2101) and the Fractured Interbed (USGS Play
2103) Plays. Oil and gas shows have also been noted from the Moenkopi Formation, the Cedar
Mesa Sandstone of the Cutler Group, the Honaker Trail Formation, the Ismay and Desert Creek
zones of the Paradox Formation, the Pinkerton Trail Formation, and the upper section of the
Elbert Formation (Jackson, 2000).

Oil and gas were first discovered in this area of the MPA in 1925 at the Kane Creek field with the
drilling of the Midwest Exploration and Utah Southern No. 1 Shafer well. This well reached an
initial total depth of 2028 feet in the Paradox Formation, and was later deepened to 4986 feet,
revealing additional oil and gas shows. Five other wells were drilled in the vicinity of Kane
Creek field from 1928 to 1958, with cumulative production of 1887 barrels of oil and 25,000 Mcf
of gas (Morgan and others, 1991). Although initial production was not impressive, the
identification of potentially productive Paradox Formation reservoirs of the Fractured Interbed
Play at shallow intervals provided attractive petroleum targets for years to come. Eight additional
oil and gas fields have been discovered in the Big Flat-Hatch Point area, which have produced
from the Fractured Interbed Play (USGS Play 2103). These fields are the Big Flat West, Gold
Bar, Hell Roaring, Lion Mesa, Long Canyon, Park Road, Shafer Canyon, and Ten Mile fields
(Chidsey and others, 2004).

The Long Canyon field was discovered using seismic techniques to delineate an anticlinal
structure at depth. An anticlinal structural trap at the Leadville Limestone horizon was drilled in
1962, and both the Leadville and the deeper Devonian McCracken Sandstone Member of the
Elbert Formation reservoirs of the Buried Fault Block Play (USGS Play 2101) were drill stem
tested. A small amount of inert gas was recovered from the Leadville, whereas the McCracken
tested oil and water. However, the well was successfully completed in the Cane Creek zone of
the Paradox Formation as the first one producing from this Fractured Interbed Play (USGS Play
2103) reservoir. Cumulative production from this solution-gas-drive field is 1,114,079 barrels of
oil and 1,164,983 Mcf of gas through December 2003.

The Shafer Canyon field was discovered in 1963 using surface and subsurface geologic mapping.
Although the discovery well was drilled to the Cambrian to test all the possible reservoirs,
production was eventually established in Fractured Interbed Play (USGS Play 2103) reservoirs of
the Cane Creek zone of the Paradox Formation. This field is located in the syncline separating
Shafer Dome to the south from the Big Flat-Cane Creek anticlines to the north; the production
mechanism is solution-gas drive. Cumulative production from this now abandoned field is 67,554
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barrels of oil and 63,805 Mcf of gas. The lower productivity of this field compared to that of the
Long Canyon field, suggests that a synclinal location provides less fracturing in the Cane Creek
than at fields located on the crests or flanks of anticlines. The inactive Lion Mesa and Ten Mile
fields are two additional discoveries in fractured interbed reservoirs that were found in 1984 and
1990, respectively. Neither of these two fields has produced significant quantities of petroleum.

Oil and gas at Park Road field was discovered in 1991 with a horizontal well in the Cane Creek
clastic reservoirs of the Fractured Interbed Play (USGS Play 2103). The field has one active well
tapping a faulted anticlinal trap that has produced 310,233 barrels of oil and 288,611 Mcf of gas
through the end of 2003. Another successful horizontal well drilled into the Cane Creek clastic
zone resulted in the 1992 discovery of the Hell Roaring field. This single-well field, completed in
over-pressured shale and dolomitic siltstone reservoirs of the Fractured Interbed Play, has
produced 536,743 barrels of oil and 497,672 Mcf of gas through the end of 2003. The most
recently discovered field in the area tapping Fractured Interbed Play reservoirs is the Big Flat
West field, which was discovered in 1993; this inactive field has had no production.

The Big Flat field was discovered in 1955 using seismic techniques to define an anticline at the
Mississippian Leadville Limestone horizon. Big Flat field produced the first commercial
quantities of oil from the Buried Fault Block reservoirs of the Mississippian Leadville Limestone
in Utah and the Paradox Basin. Following depletion of economic quantities of petroleum from
the Leadville reservoirs in 1977, a successful well re-completion in the stratigraphically higher
Cane Creek shale zone of the Paradox Formation produced economic oil and some gas and
verified earlier drilling shows that had been noted for the shallower reservoirs of the Fractured
Interbed Play. As of December 2003, cumulative production from the field is reported as 843,581
barrels of oil and 790,210 Mcf of gas; small volumes of hydrogen sulfide and carbon dioxide are
also associated with the hydrocarbon production. Additional production from the Big Flat area
has been reported from the Barker Creek and Akah zones of the Paradox Formation, the Ouray
Formation, and the McCracken Sandstone Member of the Elbert Formations. There are currently
3 producing wells in the field. The Hatch Point field, discovered in 1993, is the second field
tapping reservoirs in the Buried Fault Block Play in the Big Flat-Hatch Point area. This one-well
field, inactive in 2003, has had little oil and gas production since its discovery.

Four seismic exploration programs have been completed in the Big Flat-Hatch Point area over the
past 15 years (Map 25). Western Geophysical completed two programs that were approved in
1992: 1) a 3-dimensional (3-D), 9-square miles vibroseis program in sections 18-21 and 28-30, T.
25S., R. 18 E., and 2) a 2-dimensional (2-D) vibroseis program consisting of three lines over 11
linear miles in sections 17-28 and 33-35, T. 25 S., R. 19 E. Reliable Exploration completed a 2-
D, truck-mounted shothole program consisting of 7 lines over 21.5 linear miles that was also
approved in 1992. This program encompassed sections 2-5, 8-11, 14-18, and 22, T. 25 S., R. 18
E.; sections 26, 35,and 36, T. 25 S., R. 19 E.; sections 31 and 32, T. 25 S., R. 20 E.; and sections
2,11, 14,17,18,and 20-29, T. 26 S., R. 19 E. Most recently, Veritas DGC Land completed a 3-
D, 36-square miles vibroseis program encompassing sections 20-29 and 33-36, T. 25 S.,, R. 19 E;
sections 19 and 28-33, T. 25 S., R. 20 E.; sections 1-4, 11-14, and 24-25, T. 26 S., R. 19 E.; and
sections 3-10, 15-22, and 28-30, T. 26 S., R. 20 E. Approval for this program was granted in
2001 (McClure, BLM, personal communication).

Lisbon Valley Area

Petroleum production for the Lisbon Valley area comes mainly from one active (Lisbon) and two
inactive (Big Indian [north] and Little Valley) fields tapping Buried Fault Block Play (USGS Play
2101) reservoirs consisting of the Devonian McCracken Sandstone Member of the Elbert
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Formation, and the Mississippian Leadville Limestone. Minor production has also been recorded
(table 3) for Pennsylvanian Paradox Formation reservoirs of the Fractured Interbed Play (USGS
Play 2103) at the Wilson Canyon field, as well as from Pennsylvanian Honaker Trail Formation
reservoirs of the Salt Anticline Flank Play (USGS Play 2105) at the Pine Ridge South and Big
Indian (south) fields.

The three fields tapping the Buried Fault Block Play (USGS Play 2101) reservoirs were all
discovered between 1958 and 1961. The inactive Little Valley and Big Indian (north) fields were
discovered in 1959 and 1961, respectively. Both consist of shut-in, one-well fields that have
produced from the Leadville Limestone. The active Lisbon field was discovered in 1961, with
the initial completion in the Devonian McCracken Sandstone Member of the Elbert Formation at
587 barrels of oil per day (Parker, 1981). Later testing in the shallower Mississippian Leadville
Limestone resulted in the discovery of a large oil and gas accumulation, which has ultimately
resulted in approximately 90% of the oil produced from the Lisbon field. Cumulative production
through the end of 2003 for the Lisbon field is 51,076,593 barrels of oil and 761,560,184 Mcf of
gas. Both the McCracken and Leadville reservoirs contain high concentrations of hydrogen
sulfide (H,S), as well as nitrogen, carbon dioxide, sulfur, and helium. The Lisbon field consists
of two separate anticlinal structures, one shallow with surface expression and a deeper one that
contained hydrocarbons in both the McCracken Sandstone and Leadville Limestone reservoirs. A
combination of subsurface geologic mapping and seismic was employed to identify the deeper
structure, which turned out to be a faulted anticline where the folding and faulting occurred
separately, causing the structural crests of these two reservoirs to be out of alignment. In the
Lisbon field, oil and gas shows have also been recorded in the Paradox and Hermosa intervals,
but no economic production has occurred from these shallower reservoirs.

The one field tapping reservoirs of the Fractured Interbed Play (USGS Play 2103) is the active
Wilson Canyon field, which was discovered in 1955. The Wilson Canyon field produces mainly
gas and some associated oil, and the two wells in this field have cumulatively produced 1,954,793
Mcf of gas and 111,248 barrels of oil through the end of 2003.

Two fields in the Lisbon Valley area have produced from the Salt Flank Anticline Play (2105),
the Big Indian (south) and South Pine Ridge fields, which were discovered in 1958 and 1981,
respectively. The South Pine Ridge field is considered a Salt Flank Anticline play field here even
though the DOGM lists the producing formation in this one-well field as the Ismay-Desert Creek;
the field lies outside the Porous Carbonate play area and it is likely that the producing beds may
have been misidentified and are really from the upper Hermosa Group. Production from the
South Pine Ridge field through the end of 2003 has been 7194 barrels of oil and 682,395 Mcf of
gas. The Big Indian (south) produces gas from one well tapping reservoir beds believed to be in
the Honaker Trail Formation of the Hermosa Group. This gas field has produced 178,160 barrels
of oil and 26,420,267 Mcf of gas as of the end of 2003 (UDOGM, 2004).

Over the past 15 years, four seismic exploration programs were completed in the Lisbon Valley
area over the past 15 years (Map 25). Northern Geophysical completed a 2-D, truck-mounted,
shothole program (approved in 1992) covering 25 linear miles in sections 11-13, 24, and 25, T. 29
S., R. 23 E.; sections 7, 18-21, 27-29, and 33-35, T. 29 S.,R. 24 E.; section 1, T.30 S., R. 23 E.;
and sections 3-5, 10, 11, 13, 14, and 24, T. 30 S., R. 24 E. Western Geophysical completed a 3-
D, 5-square-miles vibroseis program (approved in 1996) encompassing section 11-14 and 24, T.
29 S., R. 23 E.; and sections 7, 8, 17-20, 29, and 30, T. 29 S., R. 24 E. Western Geophysical also
completed a buggy and heli-portable drill, 2-D shothole program (approved in 2000) covering 8
linear miles in the MPA (12 linear miles in Colorado) in sections 3, 4, 10, 14-16, 20-22, and 28,
T.30S., R. 26 E. The fourth program, approved in 2002, was a 3-D vibroseis program
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completed by Dawson Geophysical Company. This program encompassed 37 square miles
within sections 14-16 and 20-36, T. 29 S., R. 24 E.; sections 29-33, T. 29 S., R. 25 E.; sections 1-
4and 10-13,T. 30 S., R. 24 E.; and sections 4-8, 17, and 18, T. 30 S., R. 25 E. (McClure, BLM,
personal communication). In addition to seismic exploration during this period, four new wells
were drilled in the Lisbon Valley area and eventually abandoned as dry holes; no new producing
wells were completed. These four wells include the UNOCAL Coyote Unit No. 1 in section 32,
T.29S.,R. 24 E.; the UNOCAL C-810-1 in section 10, T 30 S, R 24 E; the Tom Brown C-9101
in section 10, T. 30 S., R. 24 E.; and the Conley P. Smith Foster Federal 19-13 in section 19, T.
30S., R. 24 E. (McClure, BLM, personal communication).

Hydrogen sulfide (H,S) and helium have also been produced from the Lisbon Field. In the mid-
1990s, the previous operator of the Lisbon gas plant, UNOCAL, installed a sulfur extraction unit
on the H,S waste stream, and a helium extraction unit that allowed this inert gas to be recovered
and marketed. Molten sulfur was marketed from the Lisbon plant until the spring of 2003 when
the current gas plant operator, Tom Brown, Inc. (TBI), received approval to re-inject sulfur
underground because a saturated sulfur market made the sulfur extraction operation uneconomic.
Starting in May 2003, TBI began injecting H,S waste gas back into the Leadville reservoir. The
deactivated sulfur extraction unit will be sold when operations are complete (Jones, personal
communication).

Greater Cisco and Book Cliffs Areas

Greater Cisco Area

The Greater Cisco and Book Cliffs areas produce predominantly gas and some associated oil
from various Jurassic through Cretaceous-age reservoirs of the Dakota-Triassic (USGS Play
2003) and Cretaceous Conventional (USGS Play 2004) plays. The Dakota-Triassic play has
been modified from the Dakota-Jurassic one originally delineated in the 1995 National
Assessment (Gautier and others, 1996) based on subsequent USGS oil and gas assessment study
of the Uinta-Piceance Province which identified it as part of the Phosphoria petroleum system
(Johnson, 2003). Johnson’s (2003) later assessment study determined a source for much of the
oil and gas in the play and expanded the possible reservoirs from the Dakota-Jurassic to include
reservoirs as old as Triassic in the Uinta Basin of Utah.

The Greater Cisco field (Map 24) consists of a number of individual fields discovered in the first
half of the twentieth century that were eventually combined to form one big field. Production
from the Greater Cisco field began in 1925 with the discovery of gas in the Morrison Formation,
the Cedar Mountain Formation, and the Dakota Sandstone reservoirs of the Dakota-Triassic Play
(USGS Play 2003) at the Cisco Dome field. The Greater Cisco field has grown through
combination with subsequent similar discoveries at the Agate, Cisco Dome, Cisco Springs, Cisco
Townsite, Danish Wash, Gravel Pile, Harley Dome, Sage, and Seiber Nose fields (Northrup,
2000). Most of these fields consist of traps with both a structural and stratigraphic component
where lenticular fluvial sandstones of the Dakota, Cedar Mountain, and Morrison are draped over
anticlinal structures.  As of the end of 2003, there were 260 active wells in the Greater Cisco
field, and cumulative production of 1,902,111 barrels of oil and 24,564,425 Mcf of gas.

Book Cliffs Area

Within the Book Cliffs area, 15 oil and gas fields produce primarily from the Dakota Sandstone,
or various combinations of that reservoir with reservoirs in the Mancos Shale, Cedar Mountain
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Formation, Morrison Formation, or the Entrada Sandstone. The earliest Dakota Sandstone gas
field is Bryson Canyon field, which was discovered in 1928. Cumulative production from this
field is reported as 225,997,748 Mcf of gas and 6363 barrels of oil. Production from the
Morrison Formation was established in 1948 with the discovery of the Bar-X field. The field
continues to produce from 38 wells, and has a total cumulative production of 44,620,745 Mcf of
gas and 1923 barrels of oil. The huge San Arroyo field, discovered in 1962, has produced
149,455,879 Mcf of gas and 180,985 barrels of oil from all of the reservoirs identified above.
Recent analyses by the USGS of the oils sampled from this field indicate multiple sources,
including geochemical signatures of Upper Cretaceous Mancos Shale source beds, Upper Jurassic
to Lower Cretaceous source beds, and Pennsylvanian Phosphoria source beds (Johnson, 2003).
Tests of the more recently identified, deeper, Lower Jurassic through Triassic reservoirs of the
Book Cliffs and Greater Cisco areas are relatively sparse and the potential of these reservoirs
remains to be fully tested. Guided by 3-D seismic data, recent successful gas completions in
these deeper reservoirs by Wind River Resources at the Flat Rock field on Uintah and Ouray
Indian Reservation lands immediately north of the MPA have stimulated new interest in the
potential of this play (Eckels and others, 2005).

The Book Cliffs area also produces from low-permeability, marginal-marine to fluvial sandstone
reservoirs of the Cretaceous Conventional Play (USGS Play 2004). Some gas production from
the Mesaverde Group sandstone reservoirs of this play has come from the Bryson Canyon and
Westwater fields, and additional potential may exist in the deeper, northwestern portion of Book
Cliffs area.

Eastern Paradox Area

The Eastern Paradox area has seen somewhat limited exploration and development activity and
there are only two fields producing in this area as of the end of 2003 (DOGM, 2004). Southwest
Energy discovered the inactive Blaze Canyon oil field in 1974 in reservoirs of the Navajo
Sandstone of the Dakota-Triassic Play (USGS Play 2003). A second inactive well in the field
produced small quantities of oil and gas from the Salt Wash Member of the Morrison Formation.
Cumulative production in the two wells in the field is reported as 36,672 barrels of oil and 4470
Mcf of gas through the end of 2003. A wildcat field well (currently shut-in) was completed in
early 2003 by Solaris Exploration Corporation section 32, T. 21 S., R. 19 E., near Crescent
Junction. The well tested reservoirs in the Glen Canyon Group and produced 198 barrels of oil
before being shut-in; the producing formation is listed as the Navajo Sandstone by DOGM
(2004).

4.1.2 Coal-Bed Methane

Doelling (1972b) reported on the coal thickness of the Neslen Formation coals and showed there
are beds of minable thickness and at attractive depths in the Sego coal field; more recent
unpublished work at the UGS has provided information on the total net coal in the Neslen
Formation that is shown on Map 12a. Doelling and others (1979) provided desorption data for 25
coal samples and indicated that gas content values ranged from O to 48 cubic feet of gas per ton,
which indicates that some of the coals are moderately gassy. Doelling and others (1979) note that
all of the samples were collected from depths of less than 1000 feet, and most of them were from
less than 500, suggesting that the shallow nature of the surface samples may have caused them to
leak gas to the surface. Examination of the coal quality of the near-surface samples (UGS
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unpublished data) shows that the coals could hold 280 to 380 cubic feet of gas per ton and thus,

are undersaturated near the surface. If coal beds that are fully saturated with gas exist at greater
depths, they could be attractive targets for coal-bed gas development. There have been no wells
specifically drilled to test the coal-bed gas potential of the MPA to date.

4.1.3 Coal

Coal in beds greater than four feet thick and at depths of less than 2000 feet occur in the Sego
coal field (Map 12a), and there has been limited production in the MPA beginning as early as
1898 (Doelling, 1972b). Almost 2.7 million tons of coal has been produced from the Sego coal
field, primarily between 1912 and 1954 to serve the railroad, and with most of the production
coming from one mine. The remaining small mines, situated at scattered points along the length
of the Sego coal field, have produced only minor amounts of coal, primarily for ranch use
(Doelling and others, 1979). There are no active coal mines in the MPA, but the relatively low
sulfur and ash contents of the coal, and the close proximity of the Sego coal field to the Union
Pacific-Southern Pacific railroad line makes the coal here attractive for mining at some time in
the future.

4.1.4 Potash and Salt

Potash deposits in the Paradox Basin were initially discovered during the exploration for oil and
gas between 1924 and 1944. Based on these initial discoveries, further potash exploration
concentrated in Cane Creek, Seven Mile, and Lisbon Valley and contributed to the classification
of these Known Potash Leasing Areas in 1960 (Hite, 1960).

Moab Salt LLC’s Cane Creek Mine is the sole producer of potash and salt in the Paradox Basin
(see Map 13a). The initial mine-mill complex had a design capacity of 600,000 short tons of
muriate of potash (95% potassium chloride per year) (Dames and Moore, 1978). Initial potash
extraction, from the time of the mine’s commissioning in 1964 through 1969, was by
conventional, large-scale, room and pillar underground workings; however, economic and mining
problems related to explosive gas pockets, high temperatures, and a contorted ore zone resulted in
the total conversion to in-situ solution mining between 1970 and 1972. The solution mining
process is efficient only because of the many soluble surfaces exposed by the extensive network
of past room and pillar workings, and perhaps explains why no other solution mining has been
attempted elsewhere in the Paradox Basin. This solution mining operation is located on both
private and state lands on the crest of the Cane Creek Anticline in an area of non-diapiric salt
flow. Almost all production has been from a 12-foot-thick zone of Salt Cycle #5 of the
Pennsylvanian Paradox Formation, which occurs at a depth of 2800 feet and yields a fluid
averaging 25.5% potassium oxide; other cycles have been tested, but all contain lower potash
content. The solution mining process consists of pumping saline solution out of the intentionally
flooded mine into large solar evaporation ponds on the surface where sylvite, carnallite, and halite
are precipitated. The solid products are subsequently beneficiated by flotation to separate the
sylvite from the halite. Production in 2000 was approximately 60,000 tons of potash per year
with a by-product of 210,000 tons of halite per year. Production at this mine is expected to
continue for the foreseeable future.
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Buttes Resources drilled seven exploratory holes for potash deposits in the Ten Mile area in 1978.
This exploration effort included an evaluation of establishing a solution mining operation for the
potash at a depth of 6000 feet (BLM records, 2005), but the concept was not economic at the time
and was not pursued. There are currently four inactive leases and 13 prospecting permit
applications in the MPA (Swanke, BLM, personal communication).

4.2 Locatable Minerals

4.2.1 Uranium-Vanadium

Although uranium deposits in the MPA have been mined for over 90 years, first for their radium
content and then for their vanadium co-product, it was the “Uranium Boom” beginning in the late
1940s that lead to large-scale extraction of mineral in the early 1950s (Chenoweth, 1996).
Exploration drilling was still being conducted as late as the 1970s to decipher the configuration of
existing deposits and delineating new discoveries. Some mines in the Inter-River mining area did
not close until 1987-1988 (Chenoweth, 1996; BLM files, 2005). The last mines closed due to
declining economics brought on by socio-political factors, international oversupply, and
competition from lower cost producers.

Sediment-hosted uranium deposits of the classic sandstone roll-front type are common in the
MPA (Map 14a). The greatest amount of production has occurred from the Salt Wash Member of
the Jurassic Morrison Formation and the Moss Back Member of the Triassic Chinle Formation.
Lesser production has occurred from the Permian Cutler Group. Mines developed in the Chinle
Formation produced 92% of the ore between the early 1950s and the mid 1960s. However, by the
mid 1970s, production from the Morrison Formation overtook and slightly exceeded that of the
Chinle ($500 million vs. $600 million, respectively). Table 4 provides a summary of historical
mining production in the MPA. There is currently no exploration, development, or production of
sediment-hosted uranium in the MPA.

The MPA has been divided into seven districts (not shown) and eighteen mining areas (Map 13a).
The mining districts (and mining areas) are the Gateway (Buckhorn Mesa-Scharf Mesa, and Polar
Mesa mining areas), Inter-River (Inter-River, Mineral Canyon, and Seven Mile Canyon mining
areas), La Sal (Las Sal and La Sal Creek mining areas), Lisbon Valley, Moab East (Browns Hole,
Brumley Ridge, Upper Cane Creek, and Wilson Mesa mining areas), Moab West (Indian Creek,
Lockhart Canyon, and Lower Cane Creek mining areas), and Thompson (Dewey, Klondike
Ridge-Courthouse Wash, Ten Mile Canyon, and Yellow Cat mining areas). Developments in
each district are summarized below.

Gateway District

All of the important uranium-vanadium deposits of the Gateway district occur in the Salt Wash
Member of the Morrison Formation, with minor deposits in the Brushy Basin Member of the
Morrison and in the basal part of the Chinle Formation. Dips of the ore-containing strata are
commonly no more than 4 degrees. Individual ore deposits are 100 to 5700 tons in size, but may
cluster together in areas to form minable deposits up to 10,000 tons in size. The deposits are
tabular to amoeboid, with a long axis trend in a northeast direction. Most of the mineralization is
found in channel sandstone bodies in association with carbonized plant matter and green
mudstone lenses. The ratio of vanadium to uranium in oxidized ore averages 4:1 and ranges from
3:1to 7:1. Typical ore grades mined ran 0.25 to 0.35% uranium oxide and 0.85 to 1.85%
vanadium oxide. Past production removed about 210,000 tons of ore, and currently identified
reserves are estimated at about 55,000 tons (Doelling, 1974).
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Table 4. Historical uranium grade and production in the Moab Planning Area by mining district. *

Mining District Number of | Average Ore Aggregate
Properties | Grade (% U30g) | Production
(million tons)

Gateway (Polar Mesa) | Unknown | 0.32 (1.28 V,05) 0.21
Inter-River’ 31 0.30(1.20 V,05) 0.49
La Sal 17 0.22(1.06 V,05) 1.24
Lisbon Valley’ 57 0.30 (0.34 V,05) 17.78
Moab East 5+ 0.28(1.52 V,05) 0.10
Moab West 18 0.20(0.10 V,05) 0.07
Thompson* 93 0.20 (1.13 V,05) 0.15

Notes:

1. All information from Chenoweth (1996), unless otherwise noted.

2. (Elevatorski, 1978; BLM files and records).

3. Also known as Big Indian Wash mining area (Gloyn and others, 1995).
4. (Chenoweth, 1989).

Inter-River District

The Inter-River District, covering the Mineral Canyon, Inter-River, and Seven Mile Canyon
subareas, has primary uranium-vanadium mineralization in the Moss Back Member of the
Triassic Chinle Formation, and lesser mineralization in the Permian Cutler Group and Triassic
Moenkopi Formation. The mineral deposits of this area can be divided into two groups: 1)
bedded mineralization not associated with faults and a uranium-vanadium ratio of 4:1; and 2)
faulted deposits with mineralization in adjacent brecciated rock and a uranium-vanadium ratio of
2:1. The Cutler deposits are found in gray parts of otherwise red lenses of arkose, have
associated calcium carbonate and copper mineralization, and many are associated with
intraformational folds. The Moss Back Member deposits occur in the lower part of the Chinle
where conglomeratic sandstone channels cut into the underlying Moenkopi Formation. Uranium-
vanadium-copper mineralization alters the color of the channels from reds to gray or green and
extends a few feet into the underlying Moenkopi Formation. These deposits also have a high
content of calcium carbonate. The deposits in the Moss Back have provided about 95% of the ore
mined (Doelling, 1974)

La Sal District

The La Sal District, comprised of the La Sal and La Sal Creek mining areas, has been a
significant uranium and vanadium producing area in Utah and the MPA. Major production in the
area began in 1954 and continued through the late 1980s. The ore is found in a 12-mile-long, east
trending channel sandstone belt in the Salt Wash Member of the Morrison Formation that extends
east from just south of La Sal Junction. A collapse feature that occurs along a salt anticline
separates the La Sal area on the west from the La Sal Creek area on the east. Uranium-vanadium
deposits in these two areas occur as both tabular and roll-front type ore bodies. The tabular ore
bodies occur throughout the district, but abundant roll type deposits apparently are concentrated
in the central part of the area around the La Sal-Snowball mines. Underground workings indicate
that individual ore pods are 20 to 350 feet wide, 1 to 13 feet thick, and 50 to 1200 feet long;
several pods may cluster into areas 1500 to 2000 feet wide and up to 5000 feet long. The
vanadium to uranium ratio of the ore is about 4 or 5:1, with an average ore grade of 1.46%
vanadium oxide and 0.32% uranium oxide. Past production for the two areas is estimated at 1.24
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million tons of ore. Major deposits in the La Sal area from west to east include the Sunset,
Rattlesnake, UCC-Hecla, Redd Block, La Sal, Mike, Snowball, Pandora, and East Pandora.
There has been only limited mining on the Hecla deposit, and the Redd Block and East Pandora
deposits are undeveloped. The La Sal area has known reserves of nearly | million tons of ore at
an average grade of 0.22% U;0g and 1.06% V,0s, as well as the potential for the discovery of
additional uranium and vanadium reserves. Conversely, the La Sal Creek area has only minor
reserves remaining, and most of the obvious targets have been summarily tested with negative
results (Doelling, 1974).

Lisbon Valley District

The Lisbon Valley, or Big Indian, District is located on the southwest flank of the Lisbon Valley
anticline in northeastern San Juan County. The district covers an area about 17 miles long and 3
to 5 miles wide, but most of the uranium was produced from an arcuate belt only 1 mile wide
(Chenoweth, 1989). The Lisbon Valley district is Utah’s largest uranium district. Between 1948
and 1988, when the Lisbon mine and mill ceased operation, the district produced about 13 million
pounds of uranium oxide (Chenoweth, 1996). Based on assays by the Atomic Energy
Commission, grades for annual production ranged from 0.15 to 0.47% for uranium oxide (average
grade of 0.30%), and 0.10 to 1.10% for vanadium oxide (average grade of 0.34%, Chenoweth,
1996). However, only minor amounts of vanadium were recovered because the Moab mill only
added a vanadium circuit in 1967, and the Lisbon mill only began operating in 1972.

Most of the ore mined between 1955 and 1971 was processed at the Moab mill of Atlas Minerals.
Ore mined between 1972 and 1984 was processed at the Moab mill and also at the Lisbon mill of
Rio Algom, a mine mouth mill. The Moab mill shut down in March 1984, but the Lisbon mill
continued operating until 1988 when it was closed. Major uranium deposits in the Lisbon Valley
district occur in two stratigraphic units; the “lower member” of the Upper Triassic Chinle
Formation (originally thought to be equivalent to the Moss Back Member) and the lower Permian
Cutler Formation. About 92% of the past production has been from the Triassic Chinle
Formation and only 8% from the underlying Permian Cutler Formation. Over much of the
district, the Triassic Moenkopi Formation is absent, and the Chinle unconformably overlies the
Cutler Formation (Chenoweth, 1996).

The Chinle-hosted deposits are irregular, amoeba-shaped masses, generally concordant with
bedding in gray, poorly sorted calcareous arkosic mudstone with interbedded mudstone, siltstone
and lime pebble conglomerate. The Chinle-hosted deposits are confined to a fairly narrow belt
approximately 1 mile wide and are concentrated in a 6-mile-long northwestern area with large
coalesced deposits and a five-mile-long southeastern area of scattered deposits. The northern
cluster has produced over 40 million pounds of uranium and the southern cluster has produced
over 23 million pounds of uranium. Only 4.5 million pounds was produced in the area between
these two clusters (Chenoweth, 1996). There is limited remaining potential for Chinle-hosted
uranium deposits in the district because the remaining reserves are generally low grade and deep.
The favorable belt on the southwest side of the Lisbon anticline has been extensively drilled both
to the north and south and downdip to the southwest with discouraging results.

The Cutler-hosted deposits occur within fluvial sequences consisting of alternating beds and
lenses of pink, orange and buff mudstone, calcareous siltstone and arkosic sandstone. The ore-
deposit host units are well sorted, fine to medium grained sandstone as thick as 50 feet. The
uranium-bearing sandstones contain less calcite, more clay and are slightly coarser grained than
the non-ore bearing sandstone. Carbonaceous material does not seem to be important. The
Cutler-hosted deposits are generally within 6 feet of the unconformity at the top of the Cutler,
although some ore has been found 40 to 100 feet below the unconformity. Most of the ore-
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bearing Cutler is bleached with the thickness of bleaching related to the thickness of permeable
units. Ore thickness ranges from 2 to 9 feet thick with grades of 0.10 to over 5.00% U;Og and the
thicker and higher-grade portions within sandstone channels (Chenoweth, 1996). Good
remaining potential exists for Cutler-hosted deposits; the known reserves of about 100,000 tons
are high grade, contain by-product uranium, are not restricted to a narrow belt, and further
favorable areas remain to be tested. Areas of the Cutler with good potential exist all along the
southwestern side of the Lisbon anticline, although mining depths could economically limit the
down-dip potential, and the geologic potential is limited if the Moenkopi Formation develops
between the Chinle and the Cutler Formations.

Moab East District

The Moab East District includes the ore deposits of the Salt Wash Member of the Morrison
Formation, which have accounted for the majority of the production from this area. Most of the
deposits occur in the upper part of the Salt Wash in one or two sandstone horizons; the thicker
sandstone horizons tend to have the largest ore deposits. The northeast-trending, lenticular, ore
deposits are associated with carbonaceous plant debris and commonly measure 5 feet thick and
wide, and 200 feet long; some are coalesced to form larger ore bodies. The vanadium to uranium
ratio of the ore averages 5.3:1 and ranges from 4:1 to 7:1. The mined ore generally averaged
0.28% uranium oxide and 1.52% vanadium oxide. Past production from this district is estimated
to be between 80,000 and 100,000 tons, and the most productive part was the Upper Cane Creek
area. Reliable remaining reserves in the district are probably no more than 20,000 tons of ore
(Doelling, 1974).

Moab West District

The Moab West District includes the uranium-copper mineralization found in the upper part of
the Permian Cutler Group and the basal Moss Back Member of the Triassic Chinle Formation.
Mineralization in these two units is generally small, spotty, and low grade, and some may be
associated with faulting along salt anticlines in the area. Processing the ores is complicated by
their associated copper mineralization and high lime content. Production for the Lower Cane
Creek and Indian Canyon areas was about 71,000 tons and had a ratio of vanadium to uranium of
1:2, with a vanadium oxide content of 0.10% and a uranium oxide content of 0.20%. No
significant reserves are known from this district (Chenoweth, 1996).

Thompson District

The Thompson District covers an area of about 200 square miles along much of the north flank of
the Salt Valley anticline in north-central Grand County. This district adjoins the Gateway District
on the east and the Green River District on the west. Small uranium-vanadium ore bodies are
found where the thickest lenticular channel sandstone bodies in the Salt Wash Member of the
Morrison Formation contain carbonaceous plant debris. Individual ore deposits are up to 5 feet
wide, 12 feet thick, and 200 feet long, and vary from tabular to C- and S-shaped roll-front type
bodies. Some ore deposits are simply mineralized logs and a surrounding aureole of lower grade
ore. The vanadium to uranium ratio is estimated at about 5.5:1, with 1.13% vanadium oxide and
0.2% uranium oxide. Past production removed about 135,000 tons of ore. Remaining reserves
are estimated to be less than 50,000 tons (Doelling, 1974; Thamm and others, 1981).

4.2.2 Copper

Copper prospecting and mining in the MPA began in the 1890s with the production of high-grade
copper-oxide ores, primarily from the Big Indian and Blackbird Mines in the Lisbon Valley area
(Hahn and Thorson, 2002). These historical mines, producing from vein-type deposits, were
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responsible for the bulk of the copper produced in the MPA. Approximately 155,000 tons of ore
with an average grade of 1.5% copper were extracted from these mining operations up through
1960 (Gloyn and others, 1995).

Numerous exploration programs from the 1960s to 1995 have resulted in the delineation of
commercial copper reserves in the Lisbon Valley area. The companies that progressively
expanded the exploration database that culminated in the delineation and permitting of minable
reserves included Cleveland Cliffs; Keystone Mining; Centennial Development Company;
Noranda Exploration, Inc.; Kelmine Corporation; MLP Associates; Sindor, Inc.; Kennecott
Exploration, Inc.; St Mary’s Minerals; and the Summo Corporation. The Summo Corporation
was prepared to mine the deposits beginning in 1997 (referred to as the Lisbon Valley Copper
Project). However, subsequent litigation and a drop in copper prices delayed development of the
mine-mill complex. The Constellation Copper Corporation (formerly Summo Corporation),
through its wholly owned subsidiary, Lisbon Valley Mining Company, currently controls the
property. The project is comprised of a total of 7460 acres, with approximately 5940 acres in 268
unpatented claims, 960 acres in three state leases, and 560 acres in fee ownership of private land.
The operator is currently constructing a mill, purchasing mining equipment, and proceeding
towards full production at the mine by early 2006 (Constellation Copper website at
www.summominerals.com/news.html). The mine will remove ore from three pits, the
Centennial, Sentinel, and GTO, that are sites of fault and manto-controlled copper deposits that
are clustered near the southeast-plunging end of the Lisbon Valley salt anticline (Hahn and
Thorson, 2002)

Combined reserves in the three deposits is 46.5 million tons grading 0.43% copper using open pit
mining methods and a stripping ratio of 2.36:1 (Roberts and Schaefer, 1996). Recovery of copper
will be through the heap-leach, solvent-extraction, electro-winning process that will produce 34
million pounds of copper annually for a minimum of eight years. The company is conducting
more exploration to try to identify additional copper reserves to extend the life of the mine at least
two to nine more years.

Except for the copper occurrences in the Morrison Formation on the southwest flank of the Salt
Valley anticline, most red-bed hosted copper occurrences in the MPA have attracted little
company interest because they are generally too small and low grade to be commercially mined.
Several small abandoned copper and copper-silver mines on the southwest flank of the Salt
Valley anticline were worked intermittently from the early 1900s through the 1930s. The ore-
bearing horizon is primarily in the Salt Wash Member of the Morrison Formation, but some
copper mineralization is also found in the Brushy Basin Member. One important mine, the
Hoosier, is located on a fault in section 5, T. 23 S., R 21 E., Grand County, Utah. This mine is
reported to have produced 100,000 ounces of silver from ore with 8 percent copper; the ore was
shipped to smelters by truck. The silver values were high enough to pay for mining and shipping.
The mine reportedly also produced $200,000 in copper (Merrell, 1979).

In the early 1970s, a copper leaching operation was attempted on disseminated copper ore of the
Salt Wash Member of the Morrison Formation found on the southwest flank of the Salt Valley
anticline. Doelling and others (1988) report that an attempt at a “significant” heap-leach copper
operation occurred on the southwest flank of the Salt Valley anticline in section 6, T. 23 S., R. 20
E. About 21,000 tons of ore were extracted before operational inefficiencies led the mine to shut
down. Exploration drilling has reportedly blocked out 8 to 10 million tons of low-grade copper
ore in this area (Merrell, 1979).
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Phil Gramlich submitted a new drilling proposal to the BLM by in November 2004 for parts of
sections 1 and 12 of T. 23 S., R. 19 E. of the Salt Valley anticline area. The proposal involves 10
reverse circulation holes no deeper than 400 feet deep on the Charlie number 2 claim. If the
results of the drilling are favorable, then additional drilling is anticipated on adjacent claims. No
plans were submitted for an open-pit copper test mine or a test in-situ leaching operation, but
favorable drilling results could lead to these additional activities in the next 15 years. A small test
open-pit mine or a test in-situ leaching facility would not be expected to exceed 10 to 20 acres of
surface disturbance.

Dane (1935) reports another copper area occurs west of the Sevenmile fault where the Moab
Tongue of the Entrada Formation is mineralized. There are several small abandoned copper
mines and an old copper mill in Mill Canyon along the Sevenmile fault zone. An unreported, but
supposedly large tonnage of low-grade copper has been drilled out in this area and may comprise
a potentially valuable resource for the future (Merrell, 1979). No new interest has been expressed
in this area.

Roberts (1964) also indicates that mines in the Moab area may have produced less than 1000 tons
of copper from uranium-copper deposits in the Triassic Chinle Formation. However, no firm
copper production figures are available for these mines.

4.2.3 Placer Gold

Since 1894, placer gold mining and prospecting has taken place at numerous locations along the
Colorado River extending from Westwater Canyon downstream to Gold Bar Canyon, which is
located about 5 miles west of Moab (Map 16a). Placer operations have also occurred along the
Dolores River. Generally, the gold was extremely difficult to recovery due to its fine size (Butler
and others, 1920). Small operations regularly worked the gold placers until 1942 (Johnson, 1973;
Merrell, 1979), and some small seasonal operations continued until 1998. Since 1998, activity
has essentially ceased in the MPA. After over 100 years of effort, only about 1500 ounces of
gold has been produced from gravels of the Colorado River and other streams in Grand County
(Johnson, 1973; Shubat and others, 1991).

The placers located farthest north along the Colorado River were near the Westwater railroad
work camp. This location was worked for placer gold as early as 1894. Although the Hattie E.
Gold Company produced gold with a value of $2150 during one three-month period in 1897,
production was generally not considered profitable (Firmage, 1996). In the 1970s, some attempts
were made in this same area to work a terrace on the east side of the Colorado River with sluice
boxes. The Pussycat mining claim group, located at the head of Westwater Canyon, reportedly
recovered some gold from placer operations from 1984 to 1998 (BLM records and files), and
sampling on a narrow alluvial terrace on the east side of the Colorado River delineated 5000
cubic yards of placer gold with an average value of $1.80 per cubic yard (Chatman, 1987).
Sampling in this vicinity also recovered gold from the Sophie T mining claim group, located at
Big Hole along the Colorado River, and at the Anderson mining claim group, located near the
confluence of Dry Gulch and the Colorado River (Dickerson and others, 1988).

Gold placers were also located along the Colorado River near the town of Dewey. The Hamlin
Bar, located near the town of Dewey, was worked periodically between 1906 and 1928 (Johnson,
1973; Shubat and others, 1991). Auriferous gravels located on the south bank of the Colorado
River near the town of Dewey were also worked during a period of high gold prices in the 1980s,
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one of the larger recent placer operations. Placer gold operations also occurred in the 1980s on
the Dolores River in two locations. One was on private lands near the confluence of the Dolores
and Colorado Rivers, and some other gold production occurred at a placer site on the inside
meander of the Dolores River approximately six miles upstream from the Dewey Bridge area
(BLM records, 1985). Another gold placer site was located along the Colorado River
immediately north of the Boulden Ranch (BLM records, 2005).

Placer gold has also been recovered from glacial and alluvial gravels mantling mesa tops on the
flanks of North La Sal Mountain. An estimated 500 ounces of placer gold was produced in the
area from around 1907 through 1948 (Johnson, 1973). The placer gold is derived from fissure
quartz veins containing auriferous pyrite and is disseminated in the gravels as small, non-water
worn flakes and wires. The placers vary from thin layers to zones up to 50 feet thick and are
located southwest of North La Sal Mountain, south of Castle Valley, and in Miners Basin and
Placer Creek. Pre-Wisconsin glacial gravels on Wilson and Bald Mesas exhibit higher
concentrations of placer gold because deep weathering has liberated the gold from the pyrite and
quartz gangue (Johnson, 1973; Merrell, 1979; Shubat and others, 1991). Workings on Wilson
Mesa have been the most productive.

Some other placer gold sites located in the MPA include:
e the Gold Bar Placer, located on the Colorado River in section 5, T. 26 S.,, R. 21 E.;
e an unnamed site on the Colorado Riverin T.25S., R. 22 E.;

e an unnamed site, located on the Colorado River near the town of Richardson in section 16
or20,T.24S.,R.23E;

e an unnamed site, located near Hittle Bottom on the Colorado River in section 35, T. 23
S.,R.23E.;

e asite on the Colorado River located near the mouth of the Dolores River in sections 9
and 16, T.23S.,R. 24 E;;

e and a site active in the 1980’s on the Dolores Riverin T. 23 S., R. 25 E.

4.2.4 Limestone

High calcium limestone is rare in the MPA because there are limited exposures of Paleozoic
carbonate units. Limestone exploration and production has been limited to the southern portion
of the MPA (Map 17a), where the Pennsylvanian Honaker Trail Formation crops out. Cotter
Corporation’s Papoose Mine is located on State land at the north end of Lisbon Valley (section
36, T. 29 S., R. 24 E.), and this open-pit mine involves drilling, blasting, and then removing the
rock with a front-end loader to a jaw crusher. The product goes over a ¥2-inch screen to remove
fines, and then it is stacked for delivery (Gloyn and others, 1995; Reed, 1996). The quarry
produces between 20,000 and 30,000 tons of limestone per year for use as scrubber limestone for
a coal-fired power plant located in Nucla, Colorado. Between 1994 and 2003, this operation has
produced approximately 550,000 tons of limestone (UDOGM, 2004). One other small permitted,
but inactive, limestone quarry occurs in the Lisbon Valley area. Records from UDOGM (2004)
for the Lilim Claims quarry in section 1, T. 30 S., R. 24 E., list Chris Shumway as the operator.
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4.3 Salable Minerals

4.3.1 Sand and Gravel

Sand and gravel development is largely driven by the need to find suitable material for public
works projects including local and state road projects and community development. Because
sand, gravel, and other construction aggregates are generally the lowest priced of all mineral
products, transportation costs from the pit to the point of use are a large part of the cost to
consumers. As such, it is imperative that sand and gravel sources be located as close as possible
to the point of use and major roadways to keep costs to a minimum. For this reason, the sand and
gravel operations are widely dispersed across Utah and the MPA. They are commonly found
aligned along roadways and near population centers. A review of LR 2000 records indicates
there have been 57 BLM authorizations within the MPA for a total of 900,000 cubic yards of sand
and gravel. Approximately 200,000 cubic yards of sand/gravel have reportedly been produced
from BLM authorized areas in the MPA since 1982 (BLM, 2005). The approximate locations of
sand/gravel authorization sites in the MPA are shown in Map 13. The main producers are the
Utah Department of Transportation and the Grand County Highway Department.

4.3.2 Building Stone

Approximately 700 tons of building stone (dimension, flagstone, decorative stone and rock) have
reportedly been produced from BLM authorized activities in the MPA since 1982 (BLM, 2005;
Swanke, personal communication). The host formations for the produced materials were
predominantly the Jurassic Kayenta and Morrison Formations, and the Triassic Moenkopi and
Chinle Formations (Map 19a). Most of the disposal of building stone consists of small sales (5
tons or less) to individuals in the local area for personal use. The small sales involve collecting
stone off the surface by hand. A review of LR 2000 records indicates there were 106 small sales
of building stone between 1989 and 2004.

4.3.3 Travertine

There have been only some small-scale attempts to produce travertine, which occurs as fault-
related old geyser deposits (Map 20a) south of Green River, Utah. Since 1988, approximately
160 tons of travertine has been produced at quarries in the MPA (BLM, 2005). Deloy Shumway
operates a small travertine quarry (less than 5 acres of disturbance) located in section 25, T. 22 S.,
R. 16 E., which is named the Travertine #8 & 9. A second small travertine quarry, the Judy #1, is
operated by Richard Bedier in section 35, T. 21 S, R. 16 E. (Bon and Wakefield, 2002a,b).

4.3.4 Humate

There is no commercial humate production in the MPA; however, limited mapping and sampling
have identified potentially minable humate deposits near Harley Dome located in T. 19 S., R. 25
E. (see Map 21a). BLM records (2005) also indicate there have been two proposed operations
involving this deposit since 1988, but no development activity has ever occurred. The shallow
cover over these humate deposits make them readily surface minable, and the close proximity of
the humate deposits to the UP-SP railroad and Interstate 70 provides suitable transport to markets,
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although any potential markets are probably distant. The repeated interest in the humate deposits
near Harley Dome indicates that mining could take place here in the next 15 years.

4.3.5 Clay

The Grand County Conservancy District has operated the Spanish Valley Pit (section 18, T. 27 S,
R. 23 E.), which is located in the MPA in northernmost San Juan County. Reported production
includes 400 cubic yards of bentonitic clay in 1989, and 1872 cubic yards of the same material in
1992. The host is presumed to be the Morrison Formation (Gloyn and others, 1995). Since 1989,
approximately 4250 cubic yards of clay have also been reportedly produced in the MPA under
two separate BLM authorizations (BLM, 2005). The source of these clays is also presumed to be
the Morrison (Map 22a).

5. POTENTIAL FOR OCCURRENCE AND DEVELOPMENT OF ENERGY MINERAL
RESOURCES

The mineral resource potential of the Moab Planning Area is classified using the system outlined
in Bureau of Land Management Manual 3031. Under this system, mineral occurrence potential
ratings are strictly based on the geologic likelihood of the mineral to be present in the area and do
not address the economic feasibility of development of the resource. These ratings address the
accumulation of mineral resources and certainty of data as follows:

Level of Potential Ratings:

0. The geologic environment, the inferred geologic processes, and the lack of
mineral occurrences do not indicate potential for the accumulation of mineral
resources.

L. The geologic environment and the inferred geologic processes indicate low

potential of accumulation of mineral resources.

M. The geologic environment, the inferred geologic processes, and the reported
mineral occurrences or valid geochemical/geophysical anomaly, and the known
mines or deposits indicate moderate potential for accumulation of mineral
resources.

H. The geologic environment, the inferred geologic processes, and the reported
mineral occurrences or valid geochemical/geophysical anomaly, and the known
mines or deposits indicate high potential for accumulation of mineral resources.
The known mines and deposits do not have to be within the area that is being
classified, but have to be within the same type of geologic environment.

ND. Mineral potential not determined due to lack of useful data.

50



although any potential markets are probably distant. The repeated interest in the humate deposits
near Harley Dome indicates that mining could take place here in the next 15 years.

4.3.5 Clay

The Grand County Conservancy District has operated the Spanish Valley Pit (section 18, T. 27 S,
R. 23 E.), which is located in the MPA in northernmost San Juan County. Reported production
includes 400 cubic yards of bentonitic clay in 1989, and 1872 cubic yards of the same material in
1992. The host is presumed to be the Morrison Formation (Gloyn and others, 1995). Since 1989,
approximately 4250 cubic yards of clay have also been reportedly produced in the MPA under
two separate BLM authorizations (BLM, 2005). The source of these clays is also presumed to be
the Morrison (Map 22a).

5. POTENTIAL FOR OCCURRENCE AND DEVELOPMENT OF ENERGY MINERAL
RESOURCES

The mineral resource potential of the Moab Planning Area is classified using the system outlined
in Bureau of Land Management Manual 3031. Under this system, mineral occurrence potential
ratings are strictly based on the geologic likelihood of the mineral to be present in the area and do
not address the economic feasibility of development of the resource. These ratings address the
accumulation of mineral resources and certainty of data as follows:

Level of Potential Ratings:

0. The geologic environment, the inferred geologic processes, and the lack of
mineral occurrences do not indicate potential for the accumulation of mineral
resources.

L. The geologic environment and the inferred geologic processes indicate low

potential of accumulation of mineral resources.

M. The geologic environment, the inferred geologic processes, and the reported
mineral occurrences or valid geochemical/geophysical anomaly, and the known
mines or deposits indicate moderate potential for accumulation of mineral
resources.

H. The geologic environment, the inferred geologic processes, and the reported
mineral occurrences or valid geochemical/geophysical anomaly, and the known
mines or deposits indicate high potential for accumulation of mineral resources.
The known mines and deposits do not have to be within the area that is being
classified, but have to be within the same type of geologic environment.

ND. Mineral potential not determined due to lack of useful data.

50



Level of Certainty Ratings:

A. The available data are insufficient and/or cannot be considered as direct or
indirect evidence to support or refute the possible existence of mineral resources
within the respective area.

B. The available data provide indirect evidence to support or refute the possible
existence of mineral resources.

C. The available data provide direct evidence but are quantitatively minimal to
support or refute the possible existence of mineral resources.

D. The available data provide abundant direct and indirect evidence to support or
refute the possible existence of mineral resources.

The potential for development (high, moderate, or low) of each mineral resource in the MPA is
projected for the 15-year life of the Resource Management Plan. The likelihood for development
is based on review of available literature on mineral developments and markets, communication
with industry experts and government officials familiar with the specific resources and activities
in the area, and considerations such as mineral occurrence potential, historical development, and
commodity price, supply, demand, and other market factors. Future development predictions are
based on the assumption that all potentially productive areas are open under standard lease terms
and conditions. The projected development may be directly affected by planning decisions that
restrict or preclude mineral exploration and/or development activity. Areas closed to mineral
development by laws, regulations, or executive orders are not included in the development
potential. This would include National Parks (Arches), Wilderness Study Areas, and Wilderness
Areas. The occurrence and development potentials for each mineral resource in the planning area
are described in the following sections.

5.1 Leasable Minerals

5.1.1 Oil and Gas

The potential for occurrence of hydrocarbon resources in the MPA is based on the previously
discussed geology of the area, as well as the historical exploration and production activities.
Maps 6a, 7a, 8a, 9a, and 10a portray the oil and gas occurrence potential for each individual play
in the MPA.

There are three plays in the southern Paradox Basin portion of the MPA that all have the same
extent, the Buried Fault Block Play, the Fractured Interbed Play, and the Salt Flank Anticline
Play, but each has progressively younger reservoirs, respectively. Each play has been shown to
have high development potential from the establishment of commercial production of petroleum.
The Buried Fault Block Play has four active and three inactive fields, the Fractured Interbed Play
has six active, three inactive, and three abandoned fields, and the Salt Flank Anticline Play has
one active and one inactive field. In addition to covering the same area, each of these plays has
similar occurrence potential. They each have low occurrence potential with a certainty level of C
for geologic reasons in the La Sal Mountains where there are intrusive igneous rocks that likely
destroyed any hydrocarbons present. In all other areas of each play they are rated as having high
occurrence potential for oil and gas resources with a certainty level of D, as shown on Maps 6a,
7a, and 8a.
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There are also two conventional oil and gas plays in the northern Uinta Basin portion of the MPA
that have proven production potential, the Dakota-Triassic Play (2003) and the Cretaceous
Conventional Play (2004). The Dakota-Triassic Play has the most prolific reservoirs with 11
active fields, 3 inactive fields, and 2 abandoned fields within the play. Most of these fields were
found in the eastern Greater Cisco and Book Cliffs areas of the play, but recent seismic and
drilling work by Wind River Resources (Eckels and others, 2005) immediately to the north of the
Roan Cliffs area indicates that the Dakota-Triassic Play is productive in that area also. The
southwestern part of this play overlaps with the plays of the Paradox Basin mentioned above,
providing extra deeper targets in that part of the Dakota-Triassic Play. The Cretaceous
Conventional Play has been less productive than the Dakota-Triassic Play and has only had some
limited production from parts of the Bryson Canyon and Westwater fields in the Book Cliffs area
(Chidsey and others, 2004). Recent increased interest in gas exploration resulting from higher
natural gas prices may stimulate additional exploration interest in the Cretaceous Conventional
Play across the MPA. Since both of these plays have a proven productive history within the
MPA, the areas covered by these plays have been rated as having high occurrence potential (H),
with D level of certainty (Maps 9a and 10a).

Growth in the demand for energy will drive future development of petroleum in the MPA. The
forecast for energy needs in the next 15 years will require adequate supplies of hydrocarbons and
other energy sources. The Energy Information Administration (EIA) of the U.S. Department of
Energy (EIA, 2005) predicts that U.S. natural gas consumption, if unrestricted, could grow from
about 23 Tcf in 2005 to about 28 Tcf in 2020, and this demand growth will stimulate exploration
and development of petroleum in the MPA. The EIA (2005) also predicts that increased demand
for natural gas will also result in higher prices that will also encourage exploration and
development activities in the MPA. Improvements in oil and gas exploration and development
technology, as well as improved understanding of the MPA’s petroleum systems will further
promote future oil and gas activity in the planning area. Since petroleum production from the
MPA has generally been declining over the past 15 years, the existing petroleum pipeline and
processing facilities in the planning area should be adequate to handle a modest increase in
production, unless a new development occurs in an area where there was little past development
activity.

The potential for future oil and gas exploration and development in the MPA over the next 15
years, is based on an analysis of historical development patterns, consultation with petroleum
companies actively studying fields and plays in the MPA, discussions with state and federal
agency personnel familiar with activities in the area, and examination of predictions for future
petroleum demand and prices. Based on analysis of these factors, most the area within the five
USGS-defined conventional petroleum plays in the MPA have been rated as high (H) for oil and
gas exploration and development for the next 15 years. Areas with low (L) geologic development
potential for oil and gas are the Uncompahgre uplift, where Precambrian rocks are exposed at the
surface, and the La Sal Mountains, where the exposed igneous intrusives are poor reservoirs and
would have destroyed petroleum in the vicinity during emplacement. The other areas in the MPA
given a low (L) development potential are those areas administratively closed to mineral leasing
and disposal, such as National Parks, Wilderness Areas, and Wilderness Study Areas (WSAS).
Maps 6b, 7b, 8b, 9b, and 10b show the development potential of the individual conventional oil
and gas plays, and Maps 26 is a composite development potential map prepared by combining
development potential for the individual plays and portraying the highest development potential
present in any area.
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5.1.2 Coal-Bed Methane

The hypothetical Uinta Basin Sego coal-bed methane play (USGS 2051) has been subdivided into
various levels of occurrence potential. As previously discussed, coal beds in the Sego coal field
are known to contain methane, although their specific methane contents are not known. The area
where the total net coal in the Neslen Formation is greater than eight feet thick (Map 11a) is rated
high (H) for coal-bed methane occurrence potential with a rating of C for certainty; the part of the
play with four to eight feet of net coal is rated moderate (M) for coal-bed methane occurrence
potential with a C certainty rating; and the part of the play with less than four feet of net coal is
rated low (L) for coal-bed methane occurrence potential with a C certainty rating. All of the
Neslen Formation coal deposits defined in the MPA occur at depths between 1000 and 5000 feet,
which are favorable for coal-bed gas development. Some of the Neslen coal deposits prospective
for coal-bed methane development also occur in an area of existing oil and gas development,
which provides nearby pipeline infrastructure to transport any coal-bed gas found.

CDX Rockies, LLC, a small independent petroleum company, has conducted recent coal coring
and desorption tests in the Sego play in the deeper coal beds in Uintah County to the north of the
MPA.. Although specific methane content data has not been released, desorption test results were
reported to be encouraging (CDX, personal communication). These encouraging gas-desorption
tests from deeper coal beds in the Sego Play, the expansion of new technologies that allow gas
production from coals in a wide variety of structural, stratigraphic, and compositional settings,
and a strong gas market generally suggest that coalbed methane development is likely in this area
over the next 15 years. Much of the western two thirds of the coal-bed methane play area is
overlain by WSAs, which will preclude future leasing and development there (Map 11b). The
northwest part of the play with thin coal (less than four feet thick) was also rated as low (L) for
coal-bed methane development potential. The northeast part of the play is rated as high (H) for
development potential because there are thick coal deposits present and existing oil and gas
infrastructure present. This area could see the drilling of at least three, five-spot coal-bed
methane tests, for a total of 15 new wells in the next 15 years. Moderate (M) development
potential was assigned to areas either with only 4 to 8 feet of net coal in the Neslen Formation
outside the WSASs, or small areas between the WSAs that had thicker coal.

5.1.3 Coal

As shown in Map 12a, the area where the Cretaceous Mesaverde Group is exposed in the Sego
coal field has been rated as high (H) for coal occurrence potential with D rating for certainty. As
previously discussed, some of these coals occur as a beds of minable thickness and at minable
depths in the MPA, and their quality is reasonably good compared to the quality of the coals in
the Book Cliffs and Wasatch Plateau fields of central Utah. The Neslen coal deposits also occur
close to road and rail transport, which would be helpful with marketing the coal. Some of the
Neslen coal deposits are overlain by WSAs that would prohibit exploration and development of
the underlying coal. In addition, some of the attractive coal deposits in the northeast part of the
MPA occur outside the established KRCRA and in the same area as active oil and gas
development, which means that future coal development will first require expansion of the
Thompson KRCRA for leasing, and then these areas must further await plugging and
abandonment of existing oil and gas production facilities that would conflict with coal mining in
that area. Because of the presence of WSAs and potential conflicts with existing oil and gas
developments, the coal deposits of the MPA are rated as having low (L) development potential
for the next 15 years (map 12b).
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The La Sal coal field also occurs in the southeast part of the MPA (map 12a). The La Sal coal
field area has not been designated a KRCRA because the coal beds are thin and generally of
inferior quality compared to coal currently produced in Utah. While the La Sal coal field is rated
high (H) for the occurrence potential of coal with a certainty rating of D, the development
potential for this field (Map 12b) is rated as low (L) because there is little likelihood that coal
from this field will be developed in the next 15 years due to the thin beds and poor quality of the
coal deposits.

5.1.4 Potash and Salt

Potash and salt deposits in the MPA are hosted by the Pennsylvanian Paradox Formation in a
thick series of cyclic evaporates. These potash deposits underlie a 2800-square-mile area in the
deeper northeastern half of the Paradox Basin. Salt by itself is not considered economic to mine
in the MPA because abundant, less expensive sources are available elsewhere. As shown on Map
13a, three Known Potash Leasing Areas (KPLAS) and two areas of preference right leases exist in
the MPA. These five areas of known potentially economic potash deposits have been classified
high (H) for occurrence potential for potash and salt with a D for certainty. One area around the
La Sal Mountains igneous intrusive has been rated as low (L) occurrence potential with a C for
certainty. The remainder of the Paradox Basin area has been rated as moderate (M) occurrence
potential for potash and salt with a C for certainty.

The Moab Salt Company’s Cane Creek Mine, the sole producer of potash and byproduct salt in
the region, is located within the Cane Creek KPLA. This mine is located on the crest of the Cane
Creek anticline within the Paradox Basin fold and fault belt and extracts the minerals through
solution processes from a non-diapiric salt layer structure. Production of potash and salt is
expected to continue at the Cane Creek Mine, but mine operations have been confined to State
land, where sufficient reserves are reported to meet the demand for the next 15 years. These
mining operations are not anticipated to expand onto adjacent Federal land within the Cane Creek
KPLA (Map 13b). Therefore, the State land within the Cane Creek KPLA has a high
development potential.

The Lisbon Valley potash deposits are classified as a KPLA. In the 1960s underground mining
operations were planned. However, the complex folding of the potash beds stopped the
exploration program at the time (Merrell, 1979). This diapiric salt structure consists of complex
folding and faulting, which preclude or complicate the application of underground and solution
mining techniques (Dames and Moore, 1978). In addition there are development complications
due to the distance of the area to a railroad and availability of water. Therefore, the development
potential of the potash and salt resources within the Lisbon Valley KPLA is rated as moderate
over the next 15 years (Map 13b).

The Seven Mile area is also classified as a KPLA, and additionally is an area with preference
right leases for potash. The lands within the KPLA were leased at one time for potash (Merrell,
1979). The degree of structural disturbance for the Seven Mile anticline is believed to be on the
same scale as Lisbon Valley. These conditions would complicate the application of underground
and solution mining techniques. Also, the Seven Mile anticline is believed to have suffered a
high degree of salt dissolution, which has resulted in the removal of some potash layers (Hite,
1960). Therefore, development potential of the potash and salt resources within the Seven Mile
KPLA and preference right leases is rated as moderate over the next 15 years (Map 13b).
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Buttes Resources Company currently holds 4 preference right leases for potash in the Ten Mile
area (Map 13a). In 1984, they expressed interest in developing potash resources in the area based
on exploratory drilling conducted in 1978. This data indicates the presence of a thick potash
deposit at a depth of about 6000 feet. The deposit is within a simple salt structure where layers
are less contorted and more predictable. In addition, the property is near to water and rail
transportation. Recently, another company has expressed interest in acquiring the Buttes property
and proposing a smaller scale solution mining operation. While these factors are favorable for the
development of potash by solution mining methods, the development potential of the Ten Mile
area is rated as moderate over the next 15 years (Map 13b).

Competition from lower cost producers with large resource bases in New Mexico, the
Saskatchewan Province of Canada, and Utah’s Great Salt Lake are a significant deterrent that has
prevented the exploitation of the undeveloped known potash resources of the MPA. Strong
competition from other producers and the slow growth of demand for potash and salt in the U.S.
both indicate that the existing Moab Salt operations should be able to adequately meet potential
demand for these commodities from the MPA in the next 15 years. Butte Resources indicates
that a modest amount of exploration and possibly a pilot test of solution mining could also occur
in the Ten Mile area. Therefore, only a portion of the Cane Creek KPLA on State land is rated as
high (H) for development potential in the MPA. The remaining KPLAs and preference right
leases of the MPA are rated as moderate (M) for development potential, and the elsewhere in the
Paradox Basin the potash development potential is rated as low (L, see Map 13b).

5.2 Locatable Minerals

5.2.1 Uranium-Vanadium

Historical uranium mining has taken place over much of the southern half of the MPA.
Production was primarily from the following stratigraphic units in decreasing order:

e Salt Wash Member of the Jurassic Morrison Formation;
e Moss Back Member of the Triassic Chinle Formation;
e Permian Cutler Group.

The potential for occurrence and certainty ratings for the uranium commodity are shown in Map
14a. Areas of historical mining are rated as high (H) occurrence potential with a D for certainty.
Outside these known mining areas, the areal extent of the Jurassic Morrison and Triassic Chinle
Formations has been classified as moderate (M) occurrence potential with a C for certainty for
uranium and vanadium. As previously discussed, mineralization in the Cutler has been attributed
to migration from the Chinle, in limited areas, such as Lisbon Valley mining area, where the
Cutler sits right below the Chinle, and the Moenkopi is absent. Outside this known area,
mineralization in the Cutler is not expected.

After about 50 years of development activity, the last uranium mines and mills in the MPA closed
in 1990 due to declining commodity prices. The local mine closures were part of a national and
international trend of declining uranium demand and prices in that began in the 1980s. The drop
in uranium demand and prices was due to a number of factors including excess international
inventories, competition from higher grade, readily accessible Canadian and Australian uranium
deposits, low-cost domestic extraction by solution mining, and the recovery of uranium as a by-
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product of other commaodities. Vanadium, an important by-product or co-product of uranium in
the MPA, also had an accompanying decline in the demand and price.

The Energy Information Administration (1999) estimated that a price of $20.00 to $30.00 per
pound would probably be required to revive uranium production from existing reserves in the
Paradox Basin, while a price of $30.00 to $40.00 per pound would be necessary to stimulate new
exploration and development. Changes in world energy markets and prices in 2004 and 2005
have caused prices for energy commaodities, including uranium, to rise dramatically. Spot prices
for U304 as of the end of April 2005 have been reported at $24.00 per pound (Ux Consulting
Company, 2005). Thus, uranium prices have recently reached the level that could encourage
some new production from existing reserves in the MPA. Vanadium prices have also recently
increased significantly. Consequently, the development of the uranium-vanadium resource in the
MPA over the next 15 years is considered likely. Two past mining areas, the La Sal and Lisbon
Valley areas, have been rated as high (H) for development potential in the next 15 years because
there are established land holdings with significant minable reserves of uranium and vanadium
there (Map 14b). The remaining mining areas have been rated as moderate (M) for development
potential, and the uranium host formations outside the past mining areas, have been rated as low
(L) for development potential.

5.2.2 Copper

Copper occurrence potential and certainty ratings for host formations in the MPA are shown in
Map 15a. These formation hosts and their classifications are discussed below.

Lisbon Valley-type Fault and Manto-hosted Copper

The Dakota Sandstone-Burro Canyon stratigraphic interval (overlain by the Mancos Shale)
contains proven copper deposits. Additionally, there may be potential for copper deposits in two
additional stratigraphic intervals, the Entrada Sandstone-Navajo Sandstone (overlain by the
Morrison Formation), and the Wingate Sandstone (overlain by the Kayenta Formation). These
latter two intervals contain smaller copper deposits and/or lesser copper mineralization. The most
prospective areas for copper deposits are sites where the known host units overlie deeper
evaporite facies, such as the Paradox Formation or Cutler Group, and they are cut by major faults
that would serve as conduits for mineralizing fluids.

The sites of copper occurrence in the Burro Canyon Formation and Dakota Sandstone along the
Lisbon fault in the Lisbon Valley mining area have been classified as high (H) for occurrence
potential with a high (D) degree of certainty because of the known economic manto-type deposits
of the Centennial, Sentinel, and GTO ore bodies (Map 15a). Although, there may be potential for
similar type deposits outside the Lisbon Valley mining area, the current lack of information does
not allow similar areas of high occurrence potential to be delineated in the MPA. Therefore,
outside the known sites of copper occurrence, the Burro Canyon and Dakota Sandstone hosts are
rated moderate (M) for occurrence potential with a C level of certainty.

Copper prices have risen in 2004 to favorable levels above $1.00 per pound, and construction at
the Lisbon Valley mine site has begun with copper production anticipated to start in late 2005.
Since the currently defined copper reserves at the Centennial, Sentinel, and GTO copper deposits
are only expected to last for about 8 years, exploration for similar manto-type deposits along the
Lisbon fault and their development is considered likely during the next 15 years. Thus, the
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Dakota Sandstone-Burro Canyon outcrop trend along the Lisbon fault in the Lisbon Valley
mining area is rated high (H) for development potential (Map 15b).

Redbed-type, Sediment-hosted Copper

As previously discussed, host formations of disseminated copper deposits in the MPA include the
Triassic Chinle Formation, the Jurassic Morrison Formation, and the Pennsylvanian Hermosa
Group. As shown on Map 15a, occurrences of these types of copper deposits are also commonly
associated with uranium deposits in the MPA. Accordingly, based on available information, there
is a high (H) occurrence potential with a high degree (D) of certainty of redbed-type disseminated
copper deposits in the Triassic Chinle Formation in the Inter—River and Cane Creek uranium
mining areas; the Jurassic Morrison Formation in the Moab and Klondike Wash-Courthouse
Wash mining areas; and by the Pennsylvanian Hermosa Group and Jurassic Morrison Formation
in the Lisbon Valley mining area. However, there has been little or no copper production from
these deposits, either as a primary product or as a byproduct of uranium mining. Because of the
generally small size and low grade of these copper deposits, future exploration and mining is
considered likely only in the Morrison Formation deposits along the southwest flank of the Salt
Valley anticline of the Klondike Wash-Courthouse Wash mining area. Other than this area,
which is rated as high (H) for development potential, the remaining sediment-hosted, red-bed,
copper-uranium deposits of the MPA are rated low (L) for development potential (Map 15b).

5.2.3 Placer Gold

The alluvial deposits along the Colorado and Dolores Rivers of the MPA where placer gold sites
have been found (Map 16a) have been classified as high (H) for occurrence potential with D
certainty level since there has been gold produced at some of these locations. The placer gold
deposits found in glacial deposits in the La Sal Mountains are also classified as high (H) for
occurrence potential with D certainty level since there has been gold produced at some of these
locations.

As previously discussed, because these placer deposits are generally small and the gold in them is
the fine flaky type that is difficult and expensive to recover, most past operations have not been
commercially successful (Butler and others, 1920; Utah Geological and Mineralogical Survey,
1966; Johnson, 1973; Chatman, 1987). It should also be noted that the Secretary of Interior
recently approved the Three Rivers Withdrawal covering lands within the MPA in September
2004 (see figure 2). This 50-year withdrawal, along with a previous withdrawal along the
Westwater Canyon segment of the Colorado River, prevents the location of new mining claims
along the affected river corridors, but does not preclude mining on claims that existed prior to the
withdrawal. Therefore, only the mining claims existing along the river corridors at the time of the
withdrawal are available for any future development during the life of the plan. Consequently,
the development potential for placer gold in the MPA (Map 16b) over the next 15 years is rated as
low (L) because the deposits are small and uneconomic, and most of the area is closed for
development for the life of the plan. The glacial gold deposits around the La Sal Mountains are
also small and uneconomic and are rated as low (L) over the next 15 years.
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Figure 2. Location of the recent Three Rivers Withdrawal area and the existing Westwater

Canyon withdrawal in the MPA (from BLM website at http://www.ut.blm.gov/3rivers/map.htm,
March 2005).
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5.2.4 Limestone

Limestone occurs in the Pennsylvanian Honaker Trail Formation, and there is currently one
existing operation in the MPA that produces high calcium limestone from this unit. The Cotter
Corporation’s Lisbon Valley quarry is expected to continue operations on State land during the
next 15 years with reserves estimated at about 6 million tons. Based on the current production
rate of about 25,000 tons per year, it is unlikely that the operation will need to expand onto
adjacent Federal land in the foreseeable future. The identified Honaker Trail limestone deposits in
the Lisbon Valley area of the MPA have been rated as high (H) potential for the occurrence of
limestone with D level of certainty (Map 17a). Elsewhere in the MPA, the Honaker Trail
Formation exposures are characterized as moderate (M) occurrence potential with C level of
certainty for the occurrence of limestone. The development of limestone in the MPA over the
next 15 years is rated as high (H) for the Lisbon Valley deposits (Map 17b). All other areas of
Honaker Trail exposures in the MPA are rated as moderate (M) development potential (Map
17b). One area within Arches National Park is rated as low (L) for development potential.

5.3 Salable Minerals

5.3.1 Sand and Gravel

Sand and gravel deposits are associated with Quaternary sediments (Map 18a). All these deposits
are rated as high (H) for occurrence potential with a C level of certainty for sand and gravel; the
specific known sand and gravel sites located on the map are elevated to D level of certainty for
occurrence potential.

One of the major uses of sand and gravel is for road maintenance, and most past production has
occurred in close proximity to the existing roads in the MPA. It is anticipated that sand and
gravel will continue to be needed for future road and other construction projects in the MPA, and
that future production will tend to come from suitable deposits within three miles of existing
roads. Therefore, those sand and gravel deposits that lie within three miles of existing roads, but
outside Arches National Park and the WSAs, have been rated as having high (H) development
potential; the areas within Arches and the WSAs have been rated low (L) development potential,
and the remaining areas have been rated moderate (M) development potential (Map 18b).

5.3.2 Building Stone

Prospective sources of building stone occur where there are attractively colored or banded, well-
cemented, uniformly bedded sandstones that will break into large slabs. Such sandstone is known
to occur in the MPA in the Triassic Moenkopi and Chinle Formations, the Jurassic Kayenta and
Morrison Formations, and the Cretaceous Dakota Sandstone (Map 19a). Known sites of building
stone production in the MPA are rated as high (H) for occurrence potential with a D level for
certainty. Elsewhere in the MPA, the outcrop areas for the formations mentioned above have
been classified as moderate (M) for occurrence potential with a C level for certainty for building
stone (Map 19a). In order to meet the demand from the growing communities in the area, a
single large-scale building stone operation is likely to develop over the next 15 years at, or in the
vicinity, of one of the known sites of building stone production. Small sales (<5 tons) of building
stone are likely to continue anywhere the favorable formations for building stone are present.
They involve surface collection of stone by hand and result in negligible surface disturbance.
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Thus, the development potential is rated as high for the known building stone sites in the MPA,
and is rated as moderate elsewhere where favorable formations for building stone occur outside of
Arches National Park and existing WSAs (Map 19b). Within Arches National Park and the
WSAS, the development potential is rated as low (L).

5.3.3 Travertine

Travertine occurs in the MPA along faults in areas near and to the south of the town of Green
River. Known travertine sites in this area are characterized as high (H) occurrence potential with
D certainty level (Map 20a). Elsewhere the area of faulting near and to the south of the town of
Green River is given a moderate (M) occurrence potential with a C level of certainty for
travertine. Though past production has been limited, small-scale exploration and development of
travertine is expected to continue within the MPA during the next 15 years. The known sites of
travertine are rated as high (H) for development potential, and the remainder of the identified
travertine area is rated as moderate (M) development potential (Map 20b).

5.3.4 Humate

Humate has been reported to occur in a four- to six-foot-thick shaly zone of the Cretaceous
Dakota Formation that has been recognized at two locations in the MPA. These locations include
a 250-acre site estimated to contain at least 1.12 million tons of humate-bearing material located
near Harley Dome in T. 19 S., R. 25 E., and a humate deposit of unknown size and grade located
approximately three miles southeast of Crescent Junction. Based on the recognition of humate
resources in these areas, there is a high (H) occurrence potential with D certainty (Map 21a).
Elsewhere in the MPA, the Cretaceous Dakota Sandstone exposures have been classified as
moderate (M) occurrence potential with C certainty for humate resources.

Records indicate that two humate operations have been proposed for the deposit near Harley
Dome since 1988. An operation was proposed in 1988 involving 100 to 500 tons of humate to be
used as a planting medium for raising fruit trees. Another operation was proposed in 1988
involving 1,000,000 tons of humate to be transported to Texas to be used as a soil additive for
agricultural purposes. There are no records that any activity was ever conducted. Based on this
interest, some limited development of humate in the Harley Dome area is likely in the next 15
years. The known sites near Crescent Junction and Harley Dome are rated high (H) for
development potential, and most of the rest of the Dakota Sandstone outcrop areas are rated as
moderate (M) for development potential (Map 21b). One small outcrop area of the Dakota
Sandstone within Arches National Park is rated low (L) for development potential.

5.3.5 Clay

The upper portion of the Brushy Basin Member of the Morrison Formation is largely composed
of clay derived from altered volcanic ash (Map 22a). Given the available information, known
clay sites in the MPA have been classified as high (H) for occurrence potential with a D level of
certainty. Elsewhere the formation has been classified as moderate (M) potential and C certainty
for the occurrence of bentonite in the MPA (Figure 22a). Based on past use, it is likely that there
will be continued development of the clay resource in the MPA for engineering applications such
as reservoirs, oil and gas reserve pits, and livestock ponds, particularly around those general areas
where there has been previous production. The known clay pit areas are classified as having high

60



(H) development potential, and most of the rest of the Morrison Formation exposures are rated as
having moderate (M) development potential, and a few small areas within the boundaries of
Arches National Park are rated low (L) for development potential (Map 22b).

6. REASONABLY FORESEEABLE DEVELOPMENT

This section presents the projected development scenarios for those resources in the MPA that are
considered likely to be developed over the next 15 years. These resources include the leasable
commodities of oil and gas, coal bed methane, coal, and potash and salt; the locatable minerals of
uranium and vanadium, copper, placer gold, and limestone; and the saleable commodities of sand
and gravel, building stone, travertine, humate, and clay.

6.1 Leasable Minerals

6.1.1 Oil and Gas

The Reasonably Foreseeable Development Scenario (RFD) projects the level of oil and gas
activity that can reasonably be expected to occur during the next 15 years in the MPA. All lands
(Federal, State of Utah, Indian, and Private) are included in the projection following guidance in
BLM Handbook H-1624-1 and Instruction Memorandum No. 2004-089. The baseline projection
assumes that all potentially productive areas are open for leasing under standard lease terms and
conditions except those areas designated as closed to leasing by law, regulation or executive
order. The largest blocks of excluded lands include Wilderness Study Areas (355,606 acres) and
Arches National Park (76,397 acres). The baseline oil and gas RFD for the MPA is summarized
as follows:

» Existing surface disturbance for 577 wells and infrastructure is about 8500 acres. This
amounts to about 15 acres of surface disturbance per well.

* Future surface disturbance over the next 15 years for a projected 390 wells and
infrastructure amounts to about 5850 acres. During this period, 53 wells would be
successfully reclaimed making the net surface disturbance (not including current
disturbance) about 5055 acres.

* Future surface disturbance over the next 15 years for geophysical exploration (2000
linear miles) amounts to about 3600 acres. Reclamation would be successful over the
scope of 10 years.
A separate RFD report specifically for oil and gas discusses this development scenario and
associated disturbances in more detail.

6.1.2 Coal-bed Methane

Limited coal-bed methane development is expected to occur in the far northeastern corner of the
MPA where there is high development potential. Future coal-bed methane exploration over the
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next 15 years is expected to entail testing at three 5-spot well clusters, or 15 new wells with a
cumulative surface disturbance of about 225 acres.

6.1.3 Coal

No new coal development is expected in the MPA during the next 15 years so no new surface
disturbance is anticipated.

6.1.4 Potash and Salt

Potash and salt production in the MPA will continue on State land at the Moab Salt Company’s
Cane Creek Mine. The reserves currently under lease from the State of Utah are sufficient to
supply continuing operation at current levels beyond the current planning horizon of 15 years.
Thus, future development at this operation is not expected to extend onto adjacent Federal land.

Buttes Resources Company currently holds four preference right leases and 13 prospecting permit
applications for potash in the Ten Mile area. Recently, another company has expressed interest in
acquiring the Buttes Resources Company’s property and proposing a small-scale solution mining
operation in the Ten Mile Area. It is not expected that market conditions will change during the
next 15 years to encourage limited development of potash and byproduct salt in the Ten Mile
area. While development is unlikely, further exploration drilling might be possible, perhaps the
drilling of 5 to 10 new holes. Each hole would have an average total surface disturbance of five
acres for well pad and road. If exploration and further testing for potash is successful and if
markets expand, then large-scale development could occur. However, this large scale
development is not considered likely in the next 15 years due to long lead time involved with
planning, permitting, construction, and completing such a project. Total potential disturbance
from a new drilling project during the next 15 years is estimated to be about 50 acres at a
maximum.

6.2 Locatable Minerals

6.2.1 Uranium-Vanadium

The U.S. Energy Information Administration (1999) estimated that a price of $20.00 to $30.00
per pound would probably be required to revive uranium production from existing reserves in the
Paradox Basin, and as of the end of April 2005, the Ux Consulting Company (2005) was
reporting the spot price of uranium had reached $24 per pound. Based on the current high price,
continued upward price pressure, and market demand, it is anticipated that some of the existing
uranium mining properties with proven reserves in the Lisbon and La Sal mining areas will
resume production in the next 15 years. Since vanadium has also seen a significant price increase
and it is associated with uranium mineralization, it also is likely to be produced. There is
rudimentary existing infrastructure in place at permitted, but inactive, uranium mines, roads, and
at the White Mesa mill, which is currently in operating condition. There would be some need for
road maintenance and mine infrastructure improvements; however, most of the activity will occur
in previously disturbed areas within historical mining districts. Some exploration and
development drilling may occur in proximity of existing mines to define the extent of known
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deposits. New surface disturbance from this activity is estimated to average 10 acres per year for
a total of 150 acres over the life of the plan.

6.2.2 Copper

The Lisbon Valley Copper Project, involving the Centennial, Sentinel, and GTO copper deposits,
has been approved, initial operations have commenced, and copper production is scheduled to
begin in late 2005. The project includes development of three open pits to access copper ore,
three waste dumps, crushing facilities, a 266 acre pad to leach the ore, a processing plant and
ponds to recover the ore, construction of a 10.8-mile power line to the project site, and associated
support facilities (Figure 3). The total disturbance area would be 1103 acres; the project would
be located on a combination of Federal, State, and private lands. Mining and processing would
occur for a 10-year period, with reclamation taking an additional 5 years to complete (BLM Final
Environmental Impact Statement for the Lisbon Valley Copper Project, 1997). Mining could also
involve another pit at the Flying Diamond target area located 4 miles southeast of the Lisbon
Valley project site (Constellation Copper May 5, 2005 press release,
http://www.summominerals.com/press)

A recently submitted drilling plan for the Salt Valley anticline area initially proposes 10 holes on
single claim area covering parts of sections 1 and 12 of T. 23 S., R. 19 E. (Brent Northrup, BLM,
personal communication, 2005). If the results of the drilling are favorable, then additional
drilling may be necessary, and a small open-pit copper test mine, or an in-situ leach operation,
could be anticipated. The drilling and additional open-pit mining or in-situ leaching facilities are
not expected to exceed 20 acres of surface disturbance.
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Figure 3. Diagrammatic map showing the location of the Lisbon Valley Copper pits and facilities
as provided on the Constellation Copper website (March 2005).
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6.2.3 Placer Gold

No development of any placer gold deposits is expected in the MPA in the next 15 years.

6.2.4 Limestone

Limestone production is projected to continue at Cotter Corporation’s Lisbon Valley quarry
(Papoose Mine), which is located on State land in the southern part of the MPA (Map 17a).
Based on the size of the existing reserves and current production rates, any future exploration and
development of limestone in the MPA is anticipated to remain on State land in this area for the
next 15 years. Therefore, no new surface disturbance is expected on federal lands in the MPA;
cumulative new surface disturbance on State lands is estimated at nine acres during the next 15
years.

6.3 Salable Minerals

6.3.1 Sand and Gravel

Development of sand and gravel deposits is anticipated to occur over the next 15 years, primarily
in proximity to transportation corridors in the MPA and communities where these commodities
will be used for maintenance and building purposes. Map 18a shows those areas where historical
sand and gravel production has occurred in the MPA, and it is projected that these areas will
continue to see most of the new production over the next 15 years. A review of LR2000 found
that over the last 15 years there has been a permitted volume of about 900,000 cubic yards from
57 authorizations (BLM, 2005). Assuming future sand and gravel requirements will follow
historical usage patterns, it is anticipated that there will be about four new permits granted per
year for the next 15 years for a total of 60 new sand and gravel permits in the MPA. Each permit
area would involve about 15,000 cubic yards of material for an annual average of 60,000 cubic
yards, and a 15-year volume of another 900,000 cubic yards. For the RFD, surface disturbance is
estimated at about six acres for each permitted authorization for mining and access. This would
amount to 24 acres of surface disturbance per year, and a total of 360 acres of new surface
disturbance over the life of the plan for future sand and gravel activities.

6.3.2 Building Stone

A review of LR 2000 (BLM, 2005) indicates there have been 106 small sales of building stone
since 1989 for a total of about 700 tons. Based on this historical number of small sales, it is
projected that approximately 105 small sales will be granted in the MPA during the next 15 years
for a total of about 700 tons. Smaller sales can occur anywhere the favorable formations for
building stone are present. They involve surface collection of stone by hand and do not result in
any surface disturbance.
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Map 19a shows where historical building stone production has occurred in the MPA, and it is
projected that those areas are the most likely to see new production over the next 15 years. No
permits for any large scale building stone operations have been authorized in the recent past.
However, the demand for building stone is expected to increase over the next 15 years with the
growing communities in the area. Therefore, it is reasonable to anticipate development of one
large-scale building stone operation in the next 15 years. This operation would involve a quarry
operation utilizing drilling, breaking, loading, and hauling activities comprising a total surface
disturbance of five to 10 acres. Production at the site is estimated to range from 5000 to 10,000
tons per year for 5 years.

6.3.3 Travertine

Since 1982, there have been issued four authorizations for travertine exploration/production in an
area near the town of Green River with one reported producing quarry (BLM, 2005). Based on
this past activity and the limited nature of the travertine deposits, it is anticipated future travertine
mining during the next 15 years will consist mainly of continued operations at the existing
travertine sites in the MPA. A typical travertine operation has involved surface mining methods,
including blasting, loading, and hauling, which have created surface disturbance of about three
acres. Over the next 15 years, new surface disturbance at the two existing travertine sites in the
MPA is expected to entail six acres.

6.3.4 Humate

Exploration and development of humate is projected to occur in one of the two areas with
identified deposits located near Harley Dome and Crescent Junction, respectively (Map 21a). As
previously discussed, some limited mapping and surface sampling exploration has occurred over
the past 15 years in the area of the identified deposit near Harley Dome. Based on the greater
interest expressed in the Harley Dome deposit, this deposit is the one most likely to see some
limited future development. The deposit is located near the surface and development activities
would entail exploration trenches or test pits and possibly some small-scale open pit mining.
Mining would include excavation with dozers, loading with a front-end loader, and hauling with
trucks. Total surface disturbance is expected to involve about two acres for exploration and up to
15 acres for production.

6.3.5 Clay

A review of the LR 2000 information (BLM, 2005) indicates that since 1989, exploration and
production of clay in the MPA has occurred from two separate authorizations totaling 16,500
cubic yards. This averages about one authorization for every 7.5 years over the past 15 years.
Based on this average, it is projected that approximately two new authorizations will be granted
in the MPA for exploration and disposal of clay at existing sites over the next 15 years. Map 22a
shows those areas where historical production has occurred, and it is projected that these areas
will likely continue to see the new production over the next 15 years. A typical clay operation
consists of surface mining with a front-end loader and a truck for haulage. New surface
disturbance for each clay authorization is estimated to range from one to five acres, and would
total about seven acres for both of the two new clay authorizations.
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