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PREFACE

Arizona’s population has increased tremendously since 1945 and is projected to continue this
trend well into the 21st century. Demands on land, water, mineral, and energy resources have risen
accordingly. Energy resources are important to Arizona for several reasons. Every person depends
on reliable sources of energy to fill the needs of daily life, from driving to work to cooking dinner
to reading the newspaper by lamp light. Revenues generated by the sale of energy benefit the State’s
economy. Energy production provides employment for many persons, including those in planning,
exploration, mining, processing, transportation, reclamation, and management. The sale of needed
equipment and supplies also stimulates employment and economic growth.

This publication describes Arizona’s renewable and nonrenewable energy resources. Renewable
resources result from present-day conditions at the surface of the Earth and are generated, used, and
regenerated on a human time scale. Nonrenewable resources were formed by natural geologic
processes millions or even hundreds of millions of years ago. These processes created the geologic
foundation of this region and its contained mineral and energy resources, without regard for modern
political boundaries. Some of the energy used by Arizonans is obtained from sourcesin state. Arizona
does, however, have energy ‘‘roots’’ thatextend beneath other statesand nations. The energy * ‘roots’’
of some states and nations, in turn, extend beneath Arizona.

The Arizona Geological Survey (AZGS) is a primary source of geologic information and data,
derived from scientific investigations, about the geologic framework, mineral and energy resources,
natural hazards, and natural limitations to the use of Arizona’s land and resources. AZGS staff
members provide data and assistance to help government agencies, industry, and the interested public
make informed land- and resource-management decisions.

This is the first in a series thatthe AZGS established to address geologic conceptsand perspectives
in a “‘down-to-earth’’ manner, that is, through the use of relatively few technical terms. This report
and the accompanying map are the result of a cooperative project between the AZGS and the Energy
Office of the Arizona Department of Commerce.

Larry D. Fellows

Director and State Geologist
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GEOLOGY

The most important uranium ore mineral is uraninite
(UQ,). Uranium, which is present in small concentrations in
most rocks, is easily dissolved by oxygen-rich water, such as
rain water. When water containing dissolved uranium en-
counters conditions that reduce the availability of oxygen,
uraninite is precipitated from the solution.

Although there are many types of uranium deposits in
Arizona, two have been, and will probably continue to be, the
mostimportant: sandstone-hosted deposits and breccia-pipe
deposits. Both of these are present exclusively in rockson the
Colorado Plateau.

Sandstone-hosted deposits, common in the northeastern
part of the Colorado Plateau (Plate 1), are contained in
sandstones and conglomerates that fill ancient stream chan-
nels cut into the underlying rock. The orebodies are com-
monly long, narrow, and nearly horizontal, conforming to the
patterns of the original stream channels. The uranium itself
is commonly associated with carbonaceous material, the
remains of ancient plants that were buried and preserved in
the stream sediments. These uranium deposits formed from
ground water, derived from rain and snow, that leached the
element from common uranium-bearing rocks; locally abun-
dant volcanic ash was probably the major source of the
uranium. The ground water then flowed preferentially
through the buried stream channels because of the high
permeability of the stream sandsand gravels. (Permeability
is a measure of the ease with which fluids move through a
material.) Much ofthe oxygen wasremoved as the migrating
ground water reacted with the carbonaceous (plant) material.
This chemical change (lower oxygen content) in the water
caused the dissolved uranium to be deposited as uraninite.

As aresult of similar processes, vanadium is also present
in sandstone-hosted deposits. It has beenrecovered from the
uranium ores and has significantly added to their value.

Breccia-pipe deposits in the western part of the Colo-
rado Plateau (Plate 1) differ from the sandstone-hosted
deposits in form, mineralogy, and host rocks, but probably
resulted from similar chemical processes. As their name
implies, these deposits are hosted by nearly vertical cylindri-
cal bodies (pipes) composed of broken and recemented rock
(breccia). The breccia pipes were formed as limestone
caverns collapsed and were filled by the overlying rocks. In
some cases, this process of collapse migrated upward through
thousands of feet of overlying rock to form vertical breccia
pipes a few hundred feet in diameter and thousands of feet
““tall”” within the flat-lying sedimentary rocks of the Colo-
rado Plateau (Figure 6).

Like the ancient stream channels of the sandstone-hosted
deposits, the breccia pipes provided a highly permeable route
for the flow of uranium-bearing fluids. Unlike sandstone-
hosted deposits, however, the breccia-pipe deposits were
formed by moderately hot (200°F to 300° F) water that moved
upward through the pipes. The ultimate source of uranium
and the pathsthat the hot (hydrothermal) solutions followed
before they entered the pipes are not known. The uranium

minerals in breccia-pipe deposits are usually accompanied
by iron- and copper-sulfide minerals, which were deposited
in the breccias before the uranium. The sulfide minerals in
the breccia pipes, like the organic materials in the sandstone-
hosted deposits, may have reduced the concentration of
oxygen in the solutions and caused the deposition of uranin-
ite. Significanturanium depositsare also present inthe Basin
and Range Province and Transition Zone of Arizona. More
than 99 percent of the State’s uranium production, however,
has come from the Colorado Plateau and the deposit types
described above.

PRODUCTION HISTORY

The history of uranium production in Arizona is rather
short, because until the middle of the 20th century, uses for
uranium were limited. Uranium was known to be present in
the sedimentary rocks ofthe Colorado Plateau in the late 19th
century, and minor production occurred in the 1920’s. Major
production, however, began with the formation of the U.S.
Atomic Energy Commission and its initiation of a uranium
procurement program in 1947, Between 1947 and 1970,
when the buying program was discontinued, approximately
18 million pounds of uranium oxide were produced from
Arizona mines. The guaranteed, government-set prices
made exploration for and development of uranium reserves
profitable in the 1950’s and 1960’s.

During that period, sandstone-hosted deposits produced
the most uranium, the majority of which was used by the
Federal government for nuclear research and weapons pro-
duction. These generally shallow deposits were mined either
by open pitsorhorizontal tunnels that followed the old stream
channels. During this time (1956 to 1965), the Rare Metals
Mill, which processed the uranium-vanadium ores, operated
near Tuba City.

During the 1970’s, after the government buying program
was discontinued and before the domestic nuclear-generat-
ing industry had developed significantly, little uranium was
produced in Arizona. Since then, nuclear power has contin-
ued to increase in importance worldwide, but large uranium
discoveries outside the United States and slower-than-
expected growthin the U.S. nuclear power industry have kept
uranium prices low and the domestic industry weak. Ura-
nium production, which declined in the Nation through most
of the 1980’s, continues to fall.

Even though the U.S. uranium industry is depressed,
Arizona’s breccia-pipe uranium industry is healthy, owing to
the high ore grades. Asofearly 1991, Arizona ranks first in
the Nation in uranium production. Before the late 1970’s,
only one breccia-pipe-hosted deposit in the State had been
mined for uranium. Since then, several pipes have been
developed and mined, and more are expected to be discov-
ered and developed (Figure 7). More than 13 million pounds
of uranium oxide were produced from breccia-pipe deposits
from 1980 to 1988. This represents more than two-thirds of
Arizona’s total production during the boom years of 1947 to






























ARIZONA STATE AGENCIES
WITH ENERGY-MANAGEMENT
RESPONSIBILITIES

The Arizona Geological Survey (AZGS) conducts geological investigations and provides informa-
tion and assistance on Arizona's geological framework, mineral and energy resources, and geologic
hazards and limitations. AsofJuly 1, 1991 the Oil and Gas Conservation Commission was merged
with the AZGS. With this merger, the AZGS has the responsibility of regulating the drilling,
development, and production of 0il, gas, helium, and geothermal resources, as well asthe underground
storage of oil and gas.

The Energy Office of the Arizona Department of Commerce has statutory responsibilities for
administering Federal and State energy programs, solar-energy programs, and oil-overcharge-
restitution-funded programs. The Arizona Energy Office carries out these responsibilities through
four programs: (1) Energy Conservation focuses on energy efficiency in buildings, energy education,
and low-income weatherization; (2) Community Energy addresses energy-related air-quality issues,
transportation energy efficiency, energy-related economic development, and local-government
energy efficiency; (3) Solar Energy promotes the use of solar and other renewable-energy resources
through educational, promotional, and demonstrational activities; and (4) Energy Planning and Policy
encompasses the Arizona Energy Data System, State energy-policy support, program evaluation,
economic and environmental impact assessment, and management-assistance functions.

The Arizona Corporation Commission, Utilities Division, is partly responsible for regulating
utilities within the State. Among its duties are least-cost planning, which helps provide the lowest
utilities costs by recommending policies based on projected demand, conservation, and demographic
and engineering considerations. The Utilities Division isalsoresponsible forregulating utilities rates
and local natural-gas distribution pipelines. It has the authority to approve power-line siting permits.

The Salt River Project (SRP) operates four hydroelectric dams onthe Salt River, as well astwo dams
on the Verde River and anetwork of canals in the Phoenix area. Asa quasi-governmental agency and
the second largest public utility in Arizona, SRP distributes water from its projects and power from
the hydroelectric generating stations and other sources.

The Arizona State Land Department has the responsibility of managing Arizona State Trust lands,
which total approximately 9.7 million acres. Energy-related responsibilities are in the hands of the
Nonrenewable Resources and Minerals Section, which issues prospecting permits and mineral, oil
and gas, coal, and geothermal leases.

The Arizona Power Authority has the responsibility of marketing and distributing hydroelectric
power from Hoover Dam to individual customers, most of which are irrigation and electrical districts.




FEDERAL AGENCIES WITH
ENERGY-MANAGEMENT
RESPONSIBILITIES

The U.S. Bureau of Land Management (BLM) directs the mining-law program, making Federal lands
available for prospecting, exploration, and locating mining claims for valuable minerals, including
uranium. The BLM issues patents to the owners of mining claims when valuable deposits have been
discovered. Until patenting, the BLM manages mining operations to prevent unnecessary degradation
of surface resources. The BLM also leases Federal lands for development of oil and gasresources and
issues all Federal drilling permits. Although Native American tribes lease their own mineral rights,
the BLM approves mining and exploration plans, inspects lease operations, and verifies production for

royalty purposes.

The Western Area Power Administration, a division of the U.S. Department of Energy, administers
the operation, including power generation, of the dams on the Colorado River and other Federal
hydroelectric projects in the western United States. The Western Area Power Administration also
handles all aspects of the marketing and distribution of hydropower from these Federal projects.

The U.S. Forest Service has authority over national forests. It overseesmineral claimsand prospecting
activities and approves all drilling, exploration, and mining activities that impact the surface resources
of the national forests.

The U.S. Bureau of Reclamation constructs dams, canals, and other water projects. The agency
operates some hydroelectric generating stations, such as those at Glen Canyon and Hoover Dams, and
retains ultimate authority over most hydroelectric stations that it built, but does not operate.

The Nuclear Regulatory Commission, a division of the U.S. Department of Energy, regulates
theproduction, handling, and disposal ofall radioactive materials. Thisincludes the mining and milling
of uranium, disposal or storage of mine waste and mill tailings, manufacture and transport of nuclear
fuels, and operation of nuclear power plants.







