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1. INTRODUCTION

1.1 Scope of Study

This assessment was undertaken to examine the current status of, and make strategic
recommendations concerning, the mining and minerals industry cluster in Arizona. It has been
coordinated with a parallel study being undertaken in Sonora by Guillermo Salas, Victor Calles, and
Hector Hinojosa. The assessment includes: metallic nonfuel minerals; industrial minerals; and energy
resources, including uranium, coal, oil and natural gas. It also reviews the current infrastructure that
exists in Arizona, which is necessary for economic development of mineral and energy resources.

The purpose of this report is to present an overview of the geographic, geologic, and
operational status of the currently-developed mineral and energy resources in the State of Arizona,
and to refer the reader to additional sources of information for greater detail on specific resources.
This report consists of a narrative description of background information on the minerals and energy
industry of Arizona including the existing infrastructural-institutional factors that affect those
industries.

The infrastructure subsection explains the transportation (highway and railroad) and utility
(electricity, natural gas, and water) networks in the State. It also contains general information on
milling, smelting, and refining facilities as well as permitting and taxation procedures and policies
with respect to mineral development in Arizona.



1.2 Objectives of Study

The primary goals are to analyze the current status of the mining industry in Arizona and to
identify opportunities and develop strategies for economic development of the mining and minerals
cluster in the Arizona-Sonora region. These will be accomplished through the following steps:

. review briefly the historical development of the mining/minerals industry in Arizona

. analyze the present status of the cluster, including description of types of firms, commodities
produced and processed, and services that are available

. evaluate the potential for further development of the cluster; and identify obstacles to that
development

. make recommendations for consideration by public and private sectors to facilitate

development of the cluster, and to expand markets beyond Arizona and Sonora
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1.3 Economic History of The Minerals Industry in Arizona

Mining has long influenced the history and economy of Arizona. Ranked first nationally in
the value of its nonfuel mineral production for 1996, Arizona has led the nation in the output of
copper for more than 75 years. Since 1961, Arizona has annually produced over one-half of all
domestic copper. Arizona also produces important quantities of molybdenum, perlite, gemstones,
lime, cement, sand and gravel, silver, gypsum, lead, pumice, and gold. The state often ranks among
the top ten producing states for each of these commodities.

Although metals account for nearly 88 percent of the current value of Arizona’s mineral
production, the nonmetals or industrial minerals were the first used. Use of industrial minerals in



Arizona dates back for thousands of years. Many archeological sites in Arizona demonstrate the
prehistoric mining and use of:
. stone and clay for building construction
° obsidian, chert, chalcedony, quartzite and basalt for manufacture of tools such as
projectile points, axes, scrapers, and knives

. turquoise and other colored rocks and minerals for beads and jewelry
o colored clays for fired, nonporous, durable, ceramic pots

. salt for food and curing of hides

d iron and copper minerals for cosmetic use.

A prehistoric salt mine near Camp Verde is one of the oldest underground mines in the
United States. Turquoise artifacts have been found in many archeological sites, and prehistoric
turquoise quarries have been found in the Dragoon Mountains, at the juncture of Canyon Creek and
the Salt River, and at Mineral Park near Kingman. Turquoise was highly valued by the early
inhabitants of the Southwest and Mexico for personal decoration and trade, so search for this gem-
stone occurred throughout a wide area. These mines were operated as much as 1000 years prior to
the first contact by the Spanish explorers in the 1500s.

The Spanish settlers had skills in building with brick and mortar including the construction
of arches that required the use of lime mortar made from clean sand and calcined limestone. They
also utilized deposits of dimension stone, marble, limestone, sand and gravel, gypsum, and clay as
sources of local building materials. They also had the technology for manufacturing glass and
glazes, for which the raw materials, silica sand, feldspar, sodium compounds, and limestone, were
abundant in Arizona.

Exploration for metallic minerals in Arizona began in the 1540s soon after the Spanish
conquest. The first metallic mineral discovery in Arizona was made by the explorer Espejo, who
located a silver deposit in the Verde Valley during an expedition through New Mexico and Arizona
in 1582-83. This was probably the deposit that was eventually worked as the United Verde Mine at
Jerome.

In 1736 The Planchas de Plata deposit was discovered near the location of Arizonac,
southwest of Nogales. This was a rich native silver deposit that stimulated much prospecting in the
general area and eventually lent its name to the Arizona territory and state.

Copper was discovered at Ajo in 1750, but the low percentage of silver and lack of demand
for copper soon led to its abandonment. It was rediscovered 100 years later after Arizona had
become a U.S. Territory.

Between 1772 and 1820, prospectors exploited mainly placer deposits of gold and silver,
with high grade pockets of ore. The copper mine at Ajo, which had first been worked by the
Spaniards, was reopened in 1854. In order to get the ore to a smelter it was packed by mules to the
Colorado River, loaded onto boats, and shipped to Swansea, Wales, where it was sold for $360 per
ton and processed into metal. The entire mineral production of Arizona, prior to 1854 was likely less
than one day's present production.

Shortly after the Gadsdsen Purchase, Arizona received the attention of investors and
prospectors who had followed the 1849 gold rush to California. Among these were Charles D.
Poston and Herman Ehrenberg, miners and promoters. They formed the Sonora Exploring and
Mining Company to rework some of the Spanish and Mexican mines between Tucson and Mexico.
Largely through the efforts of Poston and Ehrenberg, the Arizona Territory was established in 1863.
Although their company was not particularly successful, Poston’s ability to attract writers like J.
Ross Browne focused the nation’s attention on the struggles of miners in Arizona. Poston was
eventually described as “the father of Arizona” for his work in promoting a separate Territory of
Arizona.

While Poston was working south of Tucson, Jacob Snively and several 49ers developed the
gold placers on the lower Gila River in 1854. Soon thereafter they prospected and developed other
mines along the Colorado, Gila, and Hassayampa Rivers in western and central Arizona. Their
success resulted in the founding of mining camps along Weaver and Lynx Creeks and the
Hassayampa River. One of these camps, Prescott, grew rapidly and soon became the capital of the
territory. Henry Wickenburg’s discovery of a thick vein of gold ore at the Vulture Mine in 1863
resulted in one of the richest early gold mines in the territory. The town of Wickenburg was




established on the Hassayampa River where they constructed a mill to treat the rich ores. For a
while all of the roads into the area traveled to and through the new town of Wickenburg.

Because of Arizona’s remoteness and inadequate transportation, silver and gold, especially
placer gold, was the target of mineral exploration. These metals could be mined and recovered by
primitive methods, quickly traded, and easily transported. Although a number of governmental
explorations in Arizona immediately started reporting other minerals such as coal, limestone,
gypsum, copper, lead, and zinc, these could not be developed until better transportation was
available.

At the outbreak of the Civil War, troops protecting miners and settlers were suddenly called
to fight the war in the East. Their marching orders included an order to destroy everything within
100 miles of their path that might support an army. This left the settlers and peaceful tribes of
Native Americans without stored crops or military protection. Travel was hazardous and commerce
essentially stopped. After the war, roads were improved, reliable trade became established, and the
entire state was scoured by prospectors. They soon discovered many of today's great copper
deposits although they were of little economic importance at the time. Some of the important mines
that produced ore during the decade were Tombstone, Tip Top, Peck, McCrackin and Silver King.

When the railroads finally reached Arizona in the 1880s, they brought supplies and reduced
the cost of getting ore and metals to their markets. The silver market collapsed in 1893 when silver
ceased to be used for the monetary standard. Copper and gold became Arizona's dominant
commodities. Although gold continued to play an important part in the development of Arizona’s
mineral resources and several new important gold discoveries were made at Oatman, the King of
Arizona, Total Wreck, Congress, and several others, these were outproduced by gold that was
being recovered from the copper mines. The use of copper to conduct electrical energy, carry
messages, and transfer heat soon made copper an essential product for the industrial and electrical
revolutions.

When Arizona’s first copper mines were developed, the ore was shipped to the Colorado
River by wagon, thence by water to Swansea, Wales. The grade required to support a profit was in
excess of 25 percent. When the first smelters were being erected in Arizona in the late 1870s, the
average grade being mined in the Territory was calculated at 17 percent. With the low-cost freight
brought by the railroads for ores, supplies and equipment, the average grade was close to 5 percent.
Most of the ore in Arizona was mined underground. Raw ore was hauled to a smelter where the ore
was reduced to impure metals. Additional refining was required before the ores could be marketed.
The mining and smelting of the time was labor intensive and most of the important towns in the
territory were mining camps within walking distance of the mines they served. Arizona gained the
position of being the nation’s largest copper producer early in the twentieth century, beating out
Michigan, Montana, and Utah.

By the start of World War I in 1917, several technological advances in copper mining and
copper recovery were setting the stage for the exploitation of the vast low grade copper deposits in
Arizona’s Basin and Range Province. Development of exploration methods and procedures were
allowing miners to accurately “block out” the size and tenor of large reserves of copper in deposits
now recognized as porphyry. Increased sizes of steam shovels and rail haulage equipment allowed
bulk mining of these low grade deposits cheaply and dependably as at the Sacramento Pit in Bisbee
and the New Cornelia mine at Ajo. It was also found that many of the porphyry deposits were
amenable to "block caving,” a method by which large deposits can be mined underground without
extensive drilling and blasting. This method was applied to the copper deposits at Ray, Miami,
Morenci, and elsewhere around the state. Inproved methods of copper recovery, first by vat
leaching of oxide ores as developed at Ajo and the flotation process developed elsewhere, allowed
low grade ores to be reduced by electrowinning or to be concentrated for smelter feed. These
developments provided a great deal of confidence in copper mining and stabilized the industry.
With recognized reserves, predictable production and controllable costs, large amounts of capital
could be mustered for the development of mines. When the war effort was in need of copper in
1917, mining technology was ready to increase production. The result was a drop in the required
profitable grade to 1.5 percent.

After the war the demand and the price of copper dropped dramatically. Many operations
that had been profitable were closed and the miners were laid off. Only those properties that had



developed into low cost producers survived the glut of 1919 and 1920. It took two years for the
industry to recover. The remaining years of the decade were very profitable for most of the
industry.

During the depression of 1929 and the 1930s, many Arizona miners survived by mining
gold. The official U.S. gold price was raised from $20 to $35 in 1935. Another gold rush followed,
and when the Roosevelt administration started loaning money to open and operate gold mines, a
great number of gold mines were restarted. The cyanide method that had been perfected by 1900
was the basis for several new mills being constructed to treat the tailings left by past operations as
well as new ores. The result was that while many copper mines were closing, many gold mines were
opening. People were leaving the cities to become placer miners in the creeks or hard rock miners in
the many underground gold mines. New plants were built for the gold at Oatman, Congress, and
other mining camps around the state.

When the bombing of Pearl Harbor in 1941 plunged the nation into World War 1II, the
nation’s immediate need for military equipment created a great demand for iron, copper, lead, zinc
and other mineral commodities. The federal government supported, through various programs, the
production of copper, lead, and zinc in Arizona. As a result many mines and mills were developed.
Among the mines benefiting from this program were Morenci, Bisbee, Bagdad, Globe Miami, Ray,
Superior, Copper Dome, and Ajo. During the war nearly all of these plants were modernized and
developed with assistance from government, either in the form of financial support or in obtaining
materials through various rationing programs.

The post-war period presented Arizona and the rest of the nation with many challenges and
many opportunities. The rebuilding of Europe and Asia and the development of a transcontinental
highway system called for heavy investments in industry. This was based on strong economic
predictions and the confidence that the country would not immediately slip into a situation similar
to the depression of the 1930s. The assurance for these conditions came from the federal
government, which continued to fund long-term construction contracts. The Cold War started
shortly after World War Il and with it came a military buildup and the development of the
technological equipment that was dependent on metals and mineral products. The demand for
copper and uranium started yet another exploration campaign across the state.

The added activity, especially in open-pit copper mining, brought about a revolution of this
industry in the early 1950s. Several new open-pit copper mines shifted from the traditional rail
haulage to truck haulage. Truck haulage in open-pit mining gave the method added flexibility.
Coupled with a few technological breakthroughs in casting larger truck tires and the development of
larger (9 cubic yard) shovels, the equipment manufacturers were able to achieve a 65 ton carrying
capacity for the mechanical transmissions in the trucks. With trucks, pit walls could be steeper and
the exit ramp grades increased. This reduced the amount of non-paying rock that must be removed
to reach the ore. Ramps could now be built at 8 percent grades rather than the traditional 3.5 to 4
percent for rail haulage systems. These shorter ramps greatly reduced the stripping ratio in some
pits. With the added emphasis on off-highway haulage a new market developed for these heavy
haulers and some manufacturers (K.W. Dart and Euclid for example) started to develop larger and
larger trucks for in-pit ore and waste haulage.

Exploration technology for copper and other metals and minerals also advanced very
quickly in the decade of the 1950s. A greater understanding of the way porphyry copper deposits
were formed and how to recognize them, coupled with a long and successful economic track record
for bringing them into production, created a great market confidence that made them easier to
finance and develop them. Beginning in the early 1950s geophysical prospecting started gaining
recognition as a successful prospecting tool. Although, it still required extensive exploration drilling,
testwork and feasibility to fully explore a deposit and block-out reserves, geophysics helped define
new exploration targets and design intelligent exploration drilling programs. This tremendously
increased the potential for finding deposits.

Rock mechanics, the study of the structural behavior of rock materials, started to become a
serious science. With increasing confidence in this science, mining engineers could design optimum
pit slopes for economics and safety. This allowed better control of the economics of mining
operations and deeper deposits could be mined. The final result of these improvements had a
dramatic effect on the grade of copper that could be mined. The Lavender Pit in Bisbee was



designed based on a 0.76 percent copper average. By 1960 open-pits were being planned for further
development on a 0.50 percent average copper grade. Most of the copper ores being mined at the
time were drilled, blasted, loaded and hauled to a concentrator for upgrading to between 12 and 25
percent copper. Arizona became the undisputed copper capital of the world. Arizona copper miners
were able to export their copper mining technology to the rest of the world.

Oxide copper deposits were not taken seriously by most of the Arizona copper industry.
They were being leached and resulting solutions were merely being run over de-tinned cans to
precipitate a “cement copper” product which was then smelted. Ranchers Exploration and
Development, a small mining company that had its start in New Mexico’s uranium deposits, was
the first to consider oxide copper as an economic opportunity. They, had first used the traditional
iron precipitation launders but became the first company in the U.S. to install the newly developed
solvent extraction electrowin system (SX-EW) in 1961. In this revolutionary process the copper
bearing solutions containing copper and iron as sulfates in an acid solution are mixed with an
organic compound carrying a lixivant to collect the copper sulfates and leave the impurities in the
recycling leach solution. Next the organic compound is mixed with a concentrated solution of
sulfuric acid where the copper sulfate is stripped from the organic compound and the lixivant. Since
the organic compound does not mix with either the leach solution or the stripping sulfuric acid the
copper ends up in a sulfuric acid solution where the copper can be directly electrolitically recovered.
The result is copper metal of a purity that meets or exceeds the needs of the electrical industry. It
can be sold immediately and thereby greatly shortening the amount of time between mining and a
cash payment. Ranchers was highly successful with this process and set an example that was
extensively imitated.

By the late 1960s the mechanical limitation of 65 tons for off-road haulage trucks was
eliminated when General Electric and Unitrig of Oklahoma developed the electric-wheeled vehicle.
These trucks were powered by a large diesel-powered direct-current generator. The electrical power
was then transferred to four direct-current wheel motors and the apparent limitations of the
mechanical transmission was avoided. A fringe benefit occurred in the ability to use the wheel
motors as generators thus creating a opportunity to use this energy as a breaking mechanism for
these very large loads. Freed from the limitations of mechanical transmissions in-pit haulage trucks
increased in size from 75 tons to 90 tons and on to 110 tons before the end of the decade. The next
major technological barrier was the construction of larger tires to carry heavier loads. Larger shovels
proved to be little problem and the limitation was the efficient loading cycle.

Copper mining alone was not the only benefactor of the improvements in mine haulage.
Coal mining was one of the first to take advantage of the rapidly changing technology and started
using larger and larger equipment in its strip mining operations. In northeastern Arizona and
northwestern New Mexico, several very large coal deposits were developed in conjunction with
coal-fired power plants to provide electrical power for most of the Four-Corners states and
eventually to be placed on the nationwide electrical grid. The economic value depends on where the
electricity is sold and for how much.

The environmental effects of mining and ore processing became a major factor in the 1970s.
Several pieces of federal and state legislation aimed at water and air pollution caused the closure of
many smelters, and required changes in copper ore processing. One of the most dramatic changes
was in the practice of smelting sulfide ores. While surplus sulfur was previously simply discharged
to the atmosphere as SO2, legislation and regulation now required complete removal of all sulfur
and many other flue gasses from the smelter emissions to the atmosphere. This required major
changes in the smelting technology. It also produced large amounts of sulfuric acid which became a
major disposal problem. Ranchers Exploration and Development company was a prime example of
an acid consumer and any operator that had any leachable copper was soon considering some kind
of an acid leaching operation. If the operation was large enough to support an SX-EW plant it was
soon incorporated into the mining plan. Some operators who did not have a available supply of
oxide materials (San Manuel for example) had to purchase limestone to neutralize their surplus
sulfuric acid production. This encouraged the exploration for oxide reserves. Some operations, in
which the conversion could not be economically justified, were forced to close.



The 1970s brought an interesting and disrupting change in how copper companies and most
of the minerals industry were organized. Increased fuel prices, beginning in 1973, increased the
profits of petroleum companies, allowing them to buy into other natural resource companies. As a
result, many of the nation's largest copper companies were owned, in whole or part, by major
petroleum companies by the end of the decade. By 1982 over-production had resulted in a
depression in the copper industry. The price of copper dropped to less than $ 0.60 per pound from
highs of over $1.00. Many of Arizona’s larger operations were suspended or had to curtail
production. Strikes plagued the industry resulting in the decertification of many union chapters.
Operators were in a survival mode and cost-cutting was their principal strategy. Inspiration’s Miami
operations were losing $2 million per month, and every month was considered a potential closure
date.

This shake-out did much to improve the industry. Copper mining came out of the 1980s as a
lean, clean and trim industry just as the large surpluses in the producers stock yards had
disappeared and the copper price again exceeded $1.00 per pound. Suddenly in 1989 there was a
profit in copper mining that had not been in the industry for over a decade. The technological
advantages of larger and better equipment had solved the problems of larger trucks, larger tires,
and mechanical transmissions. Haulage trucks could carry 210 tons and more. Shovels were using
47 cubic yard buckets and larger ones were being constructed. Solvent extraction electrowinning
operations were producing over 50 percent of Arizona’s copper and new records were being set for
production at many operations. Where 0.50 percent copper operations were being planned in the
1960s and 70s, today’s operations are operating at 0.35 percent copper and Arizona is producing
more than 1,500,000 tons of copper each year.

In spite of Arizona’s heavy copper production in the past and its current heavy production
Arizona has a larger reserve of copper than it has ever had before, and of its 20 largest known
reserves only 6 are currently in production. While mining was a dangerous occupation at the start of
this century it has developed into one of the safest at the present time. Although perceived as a dirty
smokestack industry it has become one of the most environmentally aware industries in existence
today. At the present time, however, if we continue to use metals and minerals we will have to
break some rocks.

In the future this may not be as true. ASARCO and Freeport are one of the first companies
to try true insitu leaching of copper. At the Santa Cruz Joint Venture near Casa Grande these
companies are conducting a pilot plant for a process where acid solutions are being injected into a
deposit well below the surface and any ground water. The solutions are dissolving the copper from
the deposit and returning it to the surface where it is sent to an SX-EW plant. If successful, and
apparently it is working, the plant will produce copper without breaking or dislocating the ore. It is
physically safe and environmentally safe and ASARCO is working on the questions of economic
feasibility. BHP is also getting ready to start a similar operation at their Poston Butte project near
Florence, Arizona.



1.4 Methodology of the Study

The analysis of the current status of the industry in Arizona was done by acquiring technical
information on mineral commodities and production from a variety of governmental and industry
sources, primarily from the Arizona Department of Mines and Mineral Resources, the Arizona
Geological Survey, the U. S. Bureau of Mines, and the U.S. Geological Survey. This has included
reviews of published information, unpublished information in data files, and personal interviews
with geologists and mining engineers. Personal interviews were conducted with some of the
principal players in the industry to assure technical accuracy of the report.

This study was based primarily on published literature, beginning with a review of the
metallic mineral resources of Arizona by Sawyer et al (1992). In it, they discussed and tabulated the
occurrence and production history of 16 mineral commodities that are known to occur in 189
principal mineral deposits. They also compiled site-specific deposit abstracts for 138 of the most
important deposits in Arizona, including the commodities that have been or could be, produced
from the deposits. The Sawyer report is taken as the starting point for this current study, which will
serve as an update of the mineral resources and infrastructure. The infrastructure has been updated
with maps that were provided by agencies in the State of Arizona that have responsibility for
regulating electrical service, natural gas service, transportation, and water resources.

Nonmetallic mineral resources and rock products, coal, oil and gas, and geothermal energy
are also important to the economic development of the Arizona-Sonora region, therefore they are
also discussed in this report. Information on these resources was compiled from publications by the
Arizona Geological Survey; Oil and Gas Conservation Commission, Navajo Nation Minerals
Department, U.S. Geological Survey, U.S. Bureau of Mines, and professional geological societies.

A similar approach was used to assess the status of the infrastructure that is necessary to
support economic development of the industry. Information was provided by the: Arizona
Department of Mines and Mineral Resources (ADMMR); Arizona Department of Transportation
(ADOT); Arizona State Land Department (ASLD); Arizona Corporation Commission (ACC);
Arizona Department of Revenue (ADR), and the trade associations Arizona's Mining Industry Gets
Our Support (AMIGOS) and Arizona Rock Products Association (ARPA). For the sake of brevity,
acronyms are used in the text to identify repeated citations of state agencies and other organizations,
and are defined in the following list:

Arizona Department of Mines and Mineral Resources (ADMMR)

Arizona Department of Transportation (ADOT)

Arizona State Land Department (ASLD)

Arizona Corporation Commission (ACC)

Arizona Department of Revenue (ADR)

Arizona's Mining Industry Gets Our Support (AMIGOS)

Arizona Rock Products Association (ARPA)

Arizona Geological Survey (AGS)

Arizona Oil and Gas Conservation Commission (AOGCC)

Navajo Nation Minerals Department (NNMD)

U.S. Geological Survey (USGS)

U.S. Bureau of Mines (USBM)

A questionnaire was distributed to members of the Technical Advisory Committee
members, who represent the industry, state agencies, and the state universities, in an attempt to
identify: 1) opportunities for development; 2) the major problems that are facing the industry; 3)
environmental concerns. The questionnaire with responses received is included in Appendix 5.4.
Personal and telephone interviews were conducted with these and a variety of other interested
persons to increase awareness of the present status of the industry. From these perspectives, we
present some recommendations for the implementation of a strategy for economic development of
the minerals and mining industry in Arizona.



2. CURRENT STATUS OF THE INDUSTRY IN ARIZONA
2.1 Mineral deposits

2.1.1 Overview

Arizona's mineral industry is highly diversified with 63 companies operating 113 active
mines that produce 24 major metallic and industrial minerals. An additional 78 companies produce
sand and gravel products. The total value of mineral production in Arizona in 1995 was 4.48 billion
dollars, which made the state the leading producer in the United States of non-fuel minerals. The
greatest proportion of this value was in the 1.3 million tons of copper, which was valued at 3.6
billion dollars. Gold and silver are produced primarily as a byproduct of copper, with values of
$23.3 million and $33.1 million respectively in 1995 (figure 1, table 1). Other commodities of which
Arizona is a leading producer of gemstones, molybdenum, silver, perlite, and sand and gravel
(figures 2, 5, and 6; table 2). Coal is second to copper in economic importance of mineral
commodities in Arizona, with a produced value of $300 million in 1996 (figures 7 and 8). Combined
oil and gas production was valued at about $2.5 million in 1996 (figures 9 and 10). These energy
resources are all located on the Navajo and Hopi Indian Reservations in northeastern Arizona
(figures 7 and 9). Large reserves of uranium ore have been located, but there has been no production
since 1991 (figure 4). A major producer has announced plans to resume production of uranium in
the near future, from mines north of the Grand Canyon.

The infrastructure that is required to support the mineral industry is well developed in
Arizona, and maps of facilities and services such as: electrical suppliers (figure 13); electrical lines
(figure 14); gas suppliers (figure 15); gas lines (figure 16); water resources (figures 17, 18, 19, 20);
transportation systems, including rail (figure 21) and highway (figures 22, 23 and 24) ; and land
ownership (figure 25); have been acquired from state and federal agencies and are included in this
report. Industrial and mining equipment, supplies and services are readily available, and access to
the suppliers is facilitated by the AMIGOS Trade Association and the Arizona Rock Products
Association. Forty-two mineral processing facilities that are currently active Arizona (figure 12), are
described in ADMMR Circular 76.

The large size of Arizona’s metal mining industry and the large reserve base of copper ore in
Arizona (table 3) have encouraged the research and development of mining equipment, mining and
processing methods, and related supplies in Arizona. The network of manufacturers, warehouses,
distributors, repair parts inventories, and product support groups for metal mining is extensive and
easily able to supply new mining operations.



Table 1. Mineral Production in Arizona.

Year Copper Gold Silver Other**

short tons value* troy ounces value* troy ounces value* value*
1987 827,908 $1,365,994 57,580 $25,789 3,665,100 $25,666 $155,698
1988 928,939 2,238,875 146,250 64,106 4,886,800 31,974 272,793
1989 990,379 2,593,734 88,991 - 34,047 5,497,650 30,186 223,415
1990 1,078,895 2,657,649 160,750 62,191 5,561,950 26,836 209,689
1991 1,128,828 2,468,255 199,169 72,362 4,758,200 19,212 201,403
1992 1,270,817 2,730,015 213,990 73,818 5,304,750 20,873 189,749
1993 1,277,300 2,339,018 87,159 31,459 6,430,000 27,684 202,043
1994 1,234,000 2,750,000 65,910 25,300 6,325,700 33,700 274,000
1995 1,290,000 3,560,000 61,728 23,900 7,073,000 36,400 331,000
1996/p 1,355,000 2,930,000 67,515 26,300 7,716,000 40,900 274,000

/p indicates preliminary estimate

*Values in thousands of dollars

** Combined value of cement, diatomite, gypsum, iron ore, lead, lime, molybdenum, perlite, pumice,
pyrites, salt, sand & gravel (industrial), stone (dimension), tin, and values indicated by W in Table 2.

Table 2. Industrial Mineral Production in Arizona

Year Clays Gemstones Iron Oxide Sand & Gravel Crushed Stone
tons value* value* tons  value* tons value* tons value*
1987 218,000 $1,905 $3,000 NA NA 38,100,000 $141,300 7,712,000  $33,999
1988 186,000 1,590 3,300 NA NA 32,399,000 123,854 7,400,000 33,000
1989 207,465 2,506 2,821 W W 33,900,000 133,900 6,649,000 28,552
1990 154,501 2,318 2,098 w W 27,915,000 92,166 5,300,000 13,500
1991 212,700 937 3173 20 $22 22,500,000 79,400 7,060,000 32,842
1992 112,434 463 5,416 85 62 33,842,000 123,517 5,500,000 26,300
1993 106,923 451 5,626 85 62 38,600,000 138,300 7,088,000 36,823
1994 108,000 452 3,550 85 62 38,360,000 166,000 5,478,000 25,000
1995 131,000 449 3,230 85 62 44,202,000 210,000 5,520,000 32,600
1996/p 132,000 454 4,010 w W 46,186,000 220,000 6,173,000 33,600

/p indicates preliminary estimate
*Values in thousands of dollars

Sources for Tables 1 & 2: 1985-87-Greeley, 1987; 1988-91- Greeley & Kissinger, 1990, Dupree &
Kissinger, 1991; 1992-94- U.S. Dept. of the Interior, 1994, Phillips, Niemuth & Bain, 1995; 1995- Phillips, Niemuth
& Bain, 1996.

10
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Table 3. Copper reserve base in Arizona, 1992
[Reserve base is that part of an identified resource that meets specified minimum physical and chemical criteria related to current mining
and production practices, including those for grade, quality, thickness, and depth. The reserve base is the in-place demonstrated (measured
plus indicated) resource from which reserves are estimated. It may encompass those parts of the resources that have a reasonable potential
for becoming economically available within planning horizons beyond those that assume proven technology and current economics. The
reserve base includes those resources that are currently economic (reserves), marginally economic (marginal reserves), and some of those that
are currently subeconomic (subeconomic resources). Definition from "Mineral Facts and Problems" 1985 edition, U.S. Bureau of Mines, Bulletin

675, page 3] _
Deposit Company Mineral Million %Cu Source/comments
Location type tons
Antler Standard Metals Sulfide 5.0 1.95  Annual report & form 10-K, 1987. With 4.13% Zn,
TI7ZN R16W S. 4 Corp. 0.94% Pb, and 1.05 Ag oz/ton. An additional 2.5
million tons reported in 1979 annual report.
Atlas Asarco Inc. Sulfide 5.4 0.64  "Report on the BS&K Project” by Buchella, F.
T11S R8E S. 32 Acid Soluble 4.9 0.37  Sulfide cutoff 0.40%. Acid Soluble cutoff 0.20%.
Sulfide 18.9 0.66  Asarco property adjacent to Atlas.
Acid Soluble 12.1 0.38  Asarco property adjacent to Atlas.
Bagdad Cyprus Copper Sulfide 1231.0 0.37  Cyprus Minerals form 10-K, 1992. Includes proven and
T14N ROW S. 4 Co. probable. With 0.022% Mo.
Buckeye East Asarco Inc. Acid Soluble 20.0 0.65  "Arizona Wilderness 1988", Arizona Mining
T3SR12ES. 26 Association, Report A-23. 40 million possible.
Carlota Cambior USA Inc. Acid Soluble 106.0 0.45  Cambior's Carlota fact sheet August, 1993.
TIN R13ES. 36 Includes Cactus and Eder deposits.
Casa Grande Asarco & Freeport Mixed 352.0 1.00  Getty Oil Co. annual report, 1980. With 0.01%
T6SR5E S. 18 McMoran JV. Mo. Cutoff at 0.5% Cu.
Casa Grande Cyprus Copper Sulfide  41.0 0.71  Porphyry - Noranda annual report, 1984.
(Lakeshore) Co. Sulfide 9.0 1.35  Tactite - Noranda annual report, 1984.
T10S R4E S. 25 Acid Soluble 15.5 0.76  Cyprus Minerals form 10-K, 1992.

Table 3 page 1
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Table 3. Copper reserve base in Arizona, 1992 (continued)

——

Deposit Company Mineral Million  %Cu Source/comments
Location type tons
Chilito Asarco Inc. Mixed 74.7 0.51  Chilito Mines Report. With 0.01% Mo
T4S R15E S. 22 and 0.04 oz/ton Ag.
Christmas Cyprus Copper Sulfide 7.0 0.63  Inspiration Resources form 10-K, 1983. Open pit.
T4S R16E S. 30 Co. Sulfide 20.0 182 Underground.
Cochise Phelps Dodge Acid Soluble 210.0 0.40  Phelps Dodge annual report,1992.
T23S R24ES. 9 Corp.
Copper Basin Phelps Dodge Sulfide 70.0 0.53  Phelps Dodge annual report,1992.
TIBN R3W S.20  Corp. With 0.021% Mo.
Copper Butte Asarco Inc. Acid Soluble 22.0 1.09  "Arizona Wilderness 1988," Arizona Mining
T3S R13E S. 30 Association, Report A-23.
Copper Creek Magma Copper Sulfide 80.0 0.55  Unpublished estimate.
T8SRIBES. 11 Co.
Copper Queen Phelps Dodge Mixed 1.0 5.50  Phelps Dodge prospectus, May 8, 1975.
T23SR24E S. 9 Corp. Underground, contains significant gold resource.
Deposit Company Mineral Million % Cu Source/comments
Location type tons
Dos Pobres Phelps Dodge Sulfide UG 230.0 0.89  Phelps Dodge annual report,1992.
T55 R26E S. 27 Corp. Mixed OP 270.0 0.46  Open pit reserves are recoverable by leaching.
Dragoon Sullivan, James Acid Soluble 25.0 0.50 Unpublished estimate.
T16S R22E S. 25
Dynamite Smith, Addison Mixed 100.0 0.53 Unpublished estimate.
T17S R13E S. 30
Emerald Isle Arimetco Interna- Acid Soluble 1.8 0.72  Arimetco International annual report, 1991.
T23N R18W S. 22 tional Inc.
Table 3
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Table 3. Copper reserve base in Arizona, 1992 (continued)

Deposit Company Mineral Million % Cu Source/comments

Location type tons
Esperanza Cyprus Copper Sulfide 48.0 0.27  Pennzoil form 10-K, 1981. With 0.034% Mo.
T18S R12E S. 16 Co.
Four Metals Duerr & Prochnav Sulfide 14.0 0.7 Personal communication.
T23S R16E S. 29
Gibson Lodestar Minerals Acid Soluble 10.8 0.7 Fletcher, J.B. et al report August, 1984.
TISRI14ES. 21 Inc. Geologic potential.
Helvetia Asarco Inc. Sulfide 362.0 0.61  SME Preprint 92-61 by Anzalone and Brown.
T18S R15E S. 36 Acid Soluble 66.0 0.53  Sulfide includes 0.25 oz/ton Ag and 0.016% Mo.
I-10 Sullivan, James Mixed 100.0 0.52 Unpublished estimate; with 0.02% Mo.
T15S R23E S. 31
Iron Door Unknown Sulfide 63.0 0.38  Spike-E Hills Report. Cutoff at 0.20% Cu.
T13S R25E S. 17
Johnson Arimetco Interna- Acid Soluble 4.0 0.40  Arimetco International annual report,1992.
T155 R22E S. 26 tional Inc. Acid Soluble 12.0 0.23  Burro Chief deposit. Copper Chief deposit.
Kalamazoo Magma Copper Sulfide 17.0 0.72  Magma Copper form 10-K, 1992.
T9SRI16E S. 9 Co. Sulfide 143.0 0.71  Resource below 2950 level of deposit.
Kay Copper Rayrock Mines, Inc.  Sulfide 6.0 220  Northern Mines Handbook 1990-1. With 3% Zn,
T8N, R2E, S. 4 1.6 oz/ton Ag and 0.08 oz/ton Au.
Korn Kob Keystone Minerals Acid Soluble 18.0 0.40  Reported by Keystone Minerals from 1990
T12SR17ES. 14 Inc. drilling by A. F. Budge.
Lone Star Phelps Dodge Acid Soluble 1600.0 0.38  Phelps Dodge annual report,1992.
T6S R27E S. 5 Corp.
Lonesome Pine Corn, Russ Mixed 20.0 0.4 Geologic potential based on partially tested
TISRI4ES. 14 chalcocite/oxide zone.

Table 3 page 3
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Table 3. Copper reserve base in Arizona, 1992 (continued)

Deposit Company Mineral Million % Cu Source/comments
Location type tons

Mame Hope Mining & Acid Soluble 1.4 1.10  Unpublished estimate.

T19S R25E S. 20 Milling Co.

Miami Cyprus Copper Acid Soluble 320.0 0.44  Cyprus Minerals form 10-K, 1992.

TIN R14E S. 25 Co. Includes proven and probable reserves.

Miami Magma Copper Sulfide 6.0 3.14  Newmont Mining annual report, 1985.

East/Miami

TIN R15E S. 19 Co. Sulfide 50.0 1.95  USBM Minerals Yearbook 1973, Area Reports.
Mixed Unquantified. In situ production 10MM Ib.annually.

Miami Tailings =~ Magma Copper Acid Soluble 25.2 0.36  Magma form 10-K, 1992. 54% recovery

TIN R15E S. 30 Co. expected.

Mineral Butte U.S. Government Mixed 14.6 0.42  Withdrawn from mineral entry.

T4SR7ES. 1

Mineral Park Cyprus Copper Acid Soluble 14.4 0.24  Cyprus Minerals form 10-K, 1992.

T23N R17W S.19  Co.

Mission Asarco Inc. Sulfide 564.9 0.67 Asarco annual report, 1992.

T16S R12E S. 31 With 0.14 oz/ton silver.

Morenci Phelps Dodge Sulfide 583.0 0.76  Phelps Dodge annual report, 1992. Milling reserves.

T4S R29E S. 16 (85%) and Acid Soluble 861.2 0.34  Leaching reserves.

Sumitomo (15%) Sulfide 150.0 0.72  Western Copper.

Sulfide 180.0 0.71  Coronado deposit.
Acid Soluble 300.0 0.29  Coronado deposit.

New Cornelia Phelps Dodge Sulfide 160.0 0.56  Phelps Dodge annual report, 1992.

T12S R6W S. 27 Corp.

Oracle Ridge Oracle Ridge Mixed 4.0 2.23  South Atlantic Ventures annual report,1990. With

T11S R16ES. 16 Mining Partners 0.67 oz/ton Ag. Additional 4.4 million tons poss.
Table 3
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Table 3. Copper reserve base in Arizona, 1992 (continued)

Deposit Company Mineral Million % Cu Source/comments
Location type tons
Peach Elgin Asarco Inc. Mixed 46.0 0.58  SME Preprint 92-61 by Anzalone and Brown.
T18SRISES. 15 With 0.3% cutoff. Mineralization is 60% sulfides.
Pinto Valley Magma Copper Sulfide 154.5 0.37 Magma form 10-K, 1992. Milling reserve.
TIN R14ES. 2 Co. Sulfide 445.0 0.12  Dump leach reserve.
Sulfide 146.4 0.42  Magma form 10-K, 1991. Milling resource.
Sulfide 48.8 0.20  Magma form 10-K, 1991. Dump leach resource.
Poston Butte Magma Copper Sulfide 500.0 0.39  Magma "Copper Sense,” August, 1992.
T4SRIES. 33 Co. Acid Soluble 300.0 0.37
Ray Asarco Inc. Sulfide 1120.0 0.63  Asarco annual report, 1992.
T3SRI13ES. 10
Red Mountain Kerr McGee Corp. Sulfide 100.0 0.71  Tucson Daily Citizen, Sept. 23, 1970.
T22S R16E S. 20
Sacaton East Asarco Inc. Sulfide 15.0 1.25  Asarco form 10-K, 1979. Underground.
TSSR5ES. 26
San Juan Clardige, Alf et al Acid Soluble 15.5 0.52  Producers Minerals Corp. Report June, 1975.
T5S R26E S. 35 At 0.35% Cu cutoff.
San Manuel OP  Magma Copper Acid Soluble 22.1 0.44 Magma Copper form 10-K, 1992.
T8S R16E S. 35 Co. Acid Soluble 2.9 0.16  Open pit marginal.
Sulfide 0.3 0.96
San Manuel UG Magma Copper Sulfide 63.0 0.69  Magma Copper form 10-K, 1992.
T8S R16E S. 34 Co. Acid Soluble 196.8 0.35 In-situ. 50% recovery anticipated.
Sulfide 142.0 0.64 Magma Copper form 10-K, 1990. Additional
mineralization in shaft pillar.
Sanchez AZCO Mining Inc. Acid Soluble 168.0 0.34  AZCO report, 1992. Reseve and low grade
T6S R27E S. 25 Acid Soluble 23.0 0.18  suitable for leaching.

Table 3
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Table 3. Copper reserve base in Arizona, 1992 (continued)

Deposit Company Mineral Million % Cu Source/comments

Location type tons
Santa Cruz Asarco & Freeport Acid Soluble 800.0 0.43 U.S. Bureau of Mines data, 1985.
T6S R4E S. 13 McMoran
Sheep Mtn. Orcana Resources Sulfide 39.0 1.27  "Preliminary economic evaluation ..." by Watts
T8N RIW S. 15 Ltd. Griffis and McOuat, 1992. Supergene only.
Sierrita Cyprus Copper Sulfide 980.6 0.29  With 0.032% Mo. Cyprus Minerals form 10-K,
T18S R12E S. 7 Co. 1992. Reserve includes Twin Buttes deposit.
Silver Bell Asarco Inc. Sulfide 101.0 0.47 Asarco annual report, 1992.
TI2SR8E S. 11
Squaw Peak Squaw Peak Sulfide 20.0 0.36 Roe, Robert R., 1976 report.
TI13N R5E S. 29 Copper Co.
Superior Magma Copper Sulfide 1.3 4,97  Magma Copper form 10-K,1992. Current reserve.
T1SR12ES. 35 Co. Sulfide 2.6 5.70 Form 10-K,1991. Additional uneconomic tonnage.
Stray Elephant  Heinrichs GEO Mixed 2.0 0.6 Reported by James Loughry.
T4N R20W S. 31 Exploraton Co. Additional 5M tons of 0.5% possible.
Strong & Harris =~ AZCO Mining Inc. Mixed 60.0 0.60  Unpublished estimate with 0.70 Zn.
T155R22E S. 13
Swansea Mixed 5.5 0.81 Wilkins, J., 1990, private report.
T10N R15W S. 32
Turquoise Santa Fe Pacific Acid Soluble 15.0 0.50  Santa Fe property synopsis 1992. With
T19S R25E S. 17 Mining Inc. Mixed 1.0 3.10  0.05o0z/ton Au. Underground.
Two Peaks Dugan Production Sulfide 32.0 0.28  U.S. Geological Survey Professional Paper
T19S R19E S. 20 1300, page 128.
United Verde Phelps Dodge Sulfide 21.0 0.52  U.S. Geological Survey Bulletin 1857D. With 6.6% Zn.
T16N R2E S. 22 Corp. 0.61 oz/ton Ag and 0.02 oz/ton Au.
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Table 3. Copper reserve base in Arizona, 1992 (continued)

Deposit Company Mineral Million % Cu Source/comments
Location type tons
Van Dyke Arimetco Interna- Acid Soluble 100.0 0.53  Arimetco International annual report, 1992.
TIN R15E S. 30 tional Inc.
Vekol hills Tohono O'odham Sulfide 105.0 0.56 Vekol Hills Project EIS, U.S. Interior Dept. 1988.
T10SR3ES. 4 Tribe With 0.014% Mo, 16 million tons acid soluble.
Ventura Cyprus Copper Sulfide 6.0 0.26  Iso Mines Ltd. annual report, 1965. With 0.28%
T23S R15ES. 1 Co. MoS2, 6 million additional tons possible.
White Mesa Mesa Mining Acid Soluble 25.0 0.25  Unpublished geologic estimate.
T38N RIE S. 29 Additional tonnage likely.
Zonia Arimetco Interna- Acid Soluble 30.0 0.38  Arimetco International annual report, 1992.
T11IN R4W S. 12 tional Inc.
Total copper reserve base in Arizona,1992
Sulfide 8,107.7 0.53  contains 43.034 million tons of copper
Acid Soluble 5,348.6 0.39  contains 20.790 million tons of copper
Mixed 1,050.8 0.68  contains 7.193 million tons of copper
Total 14,507.1 0.49 contains 71.017 million tons of copper

Table 3
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Table 3. Copper reserve base in Arizona, 1992 (concluded)

Company
Arimetco International
Arimetco International
Arimetco International
Arimetco International
Asarco & Freeport
Asarco & Freeport
Asarco Inc.

Asarco Inc.
Asarco Inc.
Asarco Inc.

Asarco Inc.
Asarco Inc.
Asarco Inc.
Asarco Inc.
Asarco Inc.
Asarco Inc.

AZCO Mining Inc.
AZCO Mining Inc.
Cambior USA Inc.
Challinor, John
Claridge, Alf, et al
Com, Russ

Cyprus Copper
Cyprus Copper
Cyprus Copper
Cyprus Copper
Cyprus Copper
Cyprus Copper
Cyprus Copper
Cyprus Copper
Duerr & Prochnav
Dugan Production
Heinrichs GEO
Hope Mining

Company index to copper reserve base in Arizona, 1992

Deposit
Emerald Isle
Johnson
Van Dyke
Zonia
Casa Grande
Santa Cruz
Atlas
Buckeye East
Chilito
Copper Butte
Helvetia
Mission
Peach Elgin
Ray
Sacaton East
Silver Bell
Sanchez
Strong & Harris
Carlota
Swansea
San Juan
Lonesome Pine
Bagdad
Casa Grande
Christmas
Esperanza
Miami
Mineral Park
Sierrita
Ventura
Four Metals
Two Peaks
Stray Elephant
Mame

Table 3
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Company
Kerr McGee Corp.
Keystone Minerals
Lodestar Minerals

Magma Copper
Magma Copper
Magma Copper
Magma Copper
Magma Copper
Magma Copper
Magma Copper
Magma Copper
Magma Copper
Mesa Mining

Oracle Ridge

Orcana Resources

Phelps Dodge
Phelps Dodge
Phelps Dodge
Phelps Dodge
Phelps Dodge
Phelps Dodge
Phelps Dodge
Phelps Dodge
Rayrock Mines
Santa Fe Pacific
Smith, Addison
Squaw Peak

Standard Metals

Sullivan, James
Sullivan, James

Tohono O'odham

U.S. Government
Unknown

page 8

Deposit
Red Mountain
Korn Kob
Gibson
Copper Creek
Kalamazoo
Miami East
Miami Tailings
Pinto Valley
Poston Butte
San Manuel OP
San Manuel UG
Superior
White Mesa
Oracle Ridge
Sheep Min.
Cochise
Copper Basin
Copper Queen
Dos Pobres
Lone Star
Morenci
New Cornelia
United Verde
Kay Copper
Turquoise
Dynamite
Squaw Peak
Antler
Dragoon
1-10
Vekol hills
Mineral Butte
Iron Door
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Mineral Production in Arizona (1996)
~(Values in $ x 1000)

Other 281,774 Coal 300, 000
Silver 40,900

Gold 26,300
Sand & Gravel 220,000

Crushed Stone 33,600

Copper 2,930,000
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Sand & Gravel 220,000

Industrial Mineral Production in Arizona (1996)
(Values in $ x 1000)

Gemstones 4,010
Industrial Sand 3,310 Crushed Stone 33,600
Clay 454

Estimated Other
Nonmetallic Mineral
Production 200,000

Z 2an31]
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2.1.2 Metallic Minerals

The occurrence and production history of 16 metallic and non metallic minerals was
discussed in considerable detail by Sawyer et al (1992). Production statistics were compiled annually
by the U.S. Bureau of Mines until 1996. In 1996 some of the Bureau of Mines responsibility for mineral
data was transferred to the U.S. Geological Survey. The U.S. Geological Survey maintains the
computerized Mineral Resource Data System (MRDS) in the Tucson office. This MRDS data base is
available on CD ROM from the U.S. Geological Survey, Denver. A former U.S. Bureau of Mines’
computerized Minerals Availability System / Minerals Industry Location System (MAS/MILS)
database contains some similar information, but with greater emphasis on economic factors. It is
available on CD ROM from Superintendent of Documents, P.O. Box 371954, Pittsburg, PA 1520-7954.

The Arizona Department of Mines and Mineral Resources maintains an AZMILS
computerized database of mines, prospects, quarries, and processing mills and plants. The database
includes primary names, alternate names, pertinent topographic map name, location by both latitude
and longitude and by legal description, current status, pertinent commodities, and a reference
bibliography for each of over 10,400 locations in Arizona. The data in this series was initially
compiled from a study in cooperation with the U.S. Bureau of Mines to create the MAS/MILS data
for Arizona. It is updated on a continuous basis by the Arizona Department of Mines and Mineral
Resources.
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Figure 3. Distribution of mineral occurrences in Arizona
(from ADMMR, June 25, 1997)
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The 16 mineral commodities described in the Sawyer report were chosen because of their
significance to the economy, critical and/or strategic nature, and environmental effects. The
commodities are aluminum, asbestos, barite, columbium, tantalum, copper, fluorspar, gold, iron,
lead, manganese, mercury, molybdenum, silver, tungsten, and zinc. Many other metallic mineral
commodities are known in the State, but did not meet the criteria for that report.

Current Activity of Major Arizona Copper Producers

Copper mining represented about 88 percent of Arizona's nonfuel mineral value in 1996.
The producer cathode price averaged $1.08 per pound, significantly lower than the 1995 average of
$1.38. Record output of 2.7 billion pounds, gave the copper industry good operating earnings. The
price at this time (June 24, 1997) is $1.13 per pound.

Arimetco Incorporated

Arimetco produces cathode copper from the Johnson Camp mine and holds additional reserves at
their Van Dyke, Zonia, and Emerald Isle copper properties. Arimetco has recently filed for
reorganization under Chapter 11 of the U.S. Bankruptcy Code.

Johnson Camp, located 65 miles east of Tucson, produced 6.3 million pounds of copper in
1995, up from 5.6 million pounds in 1994, as crushing of ore was implemented to improve leaching.
Reserves at Johnson Camp's producing Burro Pit are estimated at 10 million tons, while the
undeveloped Copper Chief orebody contains reserves estimated at 17.8 million tons. Mining of new
ore has ceased as of June 1997, but leaching of heaped ore and recovery of copper continues.

The Emerald Isle open-pit mine and solution extraction/electrowinning (SX-EW) plant
located near Kingman has been on care and maintenance, but may reopen in 1997. Ore reserves are
estimated at 0.87 million tons of 0.57 percent copper.

Asarco Incorporated

Asarco's Arizona operations consist of the Hayden copper smelter, two major open-pit
mines, Mission and Ray, and a dump leaching/cementation operation at the Silver Bell mine. The
mines' production was 556 million pounds of copper in 1995.

Mission complex, 18 miles south of Tucson, consists of two pits, Mission and the smaller,
but separate, San Xavier North. Sulfide ore is treated at two mills, Mission and South. They have the
capacity to process 63,000 tons of ore daily, resulting in an annual capacity of 124,000 tons of copper
in concentrates. Mission produced 228 million pounds of copper in 1995.

In 1994 Asarco began developing a 5-million-ton underground deposit located 400 feet lower
and outside of the open-pit limits at Mission. Access to the orebody is through declines driven from
the base level of the Mission pit. The underground operation will add about 28 million pounds of
copper per year.

The Ray mine, the second largest in Arizona, produced 329 million pounds in 1995. It
consists of an open-pit mine, dump and heap leach operations, a 40,000-ton-per-year SX-EW plant at
Ray, and two mills - a concentrator at Hayden and a 30,000 ton per day concentrator at Ray. The
Ray mine is in an elite group of a few deposits in the U.S. with reserves in excess of 1 billion tons.
The Hayden smelter consists of an INCO flash furnace rated at 720,000 tons of charge per year for
an estimated production of 175,000 tons of blister copper. A surplus of concentrates at the Hayden
smelter has Ray reducing concentrate output from October, 1996 through March, 1997.

Asarco's Silver Bell mine continues to produce copper by dump leach precipitation while
construction of a new $70 million SX-EW plant is underway. The project is being developed with
Mitsui and Co. Ltd. as a 25 percent partner. Production is expected to commence in mid- to late 1997
with a capacity of 18,000 tons of refined cathode copper annually. Oxide ore for the project will
come from a new area of the property known as Silver Bell North that contains nearly 200 million
tons of reserves.
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Asarco, along with joint venture partner Freeport McMoran Copper and Gold, continues the
in-situ leach research project at the Santa Cruz property in cooperation with the U.S. Bureau of
Reclamation who took over this function from the eliminated Bureau of Mines. In early 1996,
construction of the test well site and SX-EW recovery plant was finished and injection of sulfuric
acid into the undisturbed copper-bearing formation begun. This technology, if successful, has the
potential of extracting copper from deep deposits with very little impact on the environment.

BHP Copper

Magma Copper was acquired by Broken Hill Proprietary Company Ltd. (BHP) of Australia
effective January, 1996. The merger made the BHP Copper the second largest copper producer in the
world with 9 percent of mine production. San Manuel and Pinto Valley are the company's two
active mining divisions in Arizona. The Magma mine at Superior closed in June of 1996. It produced
38 million pounds of copper in 1995. BHP has begun engineering and permitting for an in-situ leach
SX-EW for the Poston Butte deposit.

San Manuel is the largest underground mining operation in the United States and one of the
largest underground copper mines in the world. The San Manuel Division consists of a block-caving
underground copper mine, a 62,000 ton per day concentrator, heap leach, in-situ leach, SX-EW plant,
a 1,300,000 ton per-year smelter with a 3,000 ton per-day acid plant and a 345,000 ton per-year
electrolytic refinery, and a 180,000 ton per-year rod plant. It produced 282 million pounds of copper
in 1995. Heap leach SX-EW production declined dramatically from 98 million pounds in 1994 to 48
million pounds in 1995 as no ore has been placed on the heap since the January, 1995 depletion of
the open-pit.

Development of, and production from, the Lower Kalamazoo ore body at San Manuel is
continuing. Its estimated ore reserves of 2.1 billion pounds of contained copper will add a number of
years to the San Manuel underground mine. Production is being phased in with the depletion of the
San Manuel orebody over the period from 1997 through 1999.

Magma's San Manuel smelter accounts for about 25 percent of U.S. copper smelting
capacity. The Outokumpu flash smelting furnace is the largest single furnace smelter in the industry
and a 20 percent expansion of its capacity was completed in March, 1994.

The Pinto Valley division includes the Pinto Valley mine and the Miami in-situ and Miami
No. 2 tailings leach operations. The Pinto Valley mine consists of an open-pit mine, a 63,000 ton per-
day concentrator, dump leach and 8,000 ton per-year SX-EW plant. Miami's leach operations recover
copper from in-situ leaching of the old Miami mine block cave area and by hydraulic mining and
leaching of the old Miami tailings. The resulting pregnant leach solutions are processed through
Miami's 10,000 ton per-year SX-EW plant. Pinto Valley produced 189 million pounds of copper, and
the two Miami leach units 23 million pounds in 1995.

Cambior U.S.A.

Construction of the Carlota mine of Carlota Copper Company, a subsidiary of Cambior
U.S.A., continues to be delayed by the permitting process. Permits from the U.S. Forest Service had
not been received as of June, 1997. Completion of the Final Environmental Impact Statement from
the Tonto National Forest had been expected in late 1996 and permitting to have been completed so
that construction could begin in early 1997. A media advertising campaign against issuing permits
for the mine’s development has recently begun by organizations opposed to mining. The property
consists of four oxide ore bodies, Charlotte, Cactus, and North and South Elder. Mineable reserves
total 96 million tons grading 0.44 percent copper. Production is planned at a rate of 30,000 tons of
copper per year for the first ten years via open-pit mining, heap leaching, and SX-EW.

Cyprus Climax Metals Company

Cyprus is Arizona's second largest producer of copper and the world's largest producer of
molybdenum. Copper totals for 1995 were 621 million pounds of copper.

24



Cyprus Climax Minerals Company maintains corporate headquarters in Tempe, Arizona
and operates five copper mines in the State: Bagdad, Tohono, Miami, Mineral Park, and Sierrita.

The Sierrita property consists of three open-pit copper-molybdenum mines, a 110,000 ton
per-day concentrator, two molybdenum roasting plants, a ferromolybdenum plant, a rhenium plant,
a dump leaching operation, and an SX-EW plant. More than three quarters of Cyprus' molybdenum
concentrate from Thompson Creek (Idaho), Bagdad, and Sierrita is processed at Sierrita through
roasters to produce molybdenum oxide and ferromolybdenum. Sierrita is recognized as one of the
most efficient mines in the world as it operates with the lowest average copper grade, 0.27 percent,
of any milling operation. Sierrita contains proven and probable reserves to last 20 years at its present
mining rate of almost 50 million tons per year.

The Bagdad operation consists of an open-pit copper-molybdenum mine, an 85,000 ton per
day concentrator, a dump leach operation, and a SX-EW plant. In 1995 Bagdad produced 31 million
pounds, or 15 percent of its total copper production, as electrowon copper cathode. Cyprus reported
in 1995 that Bagdad has over a billion ton proven and probable ore reserve of 0.38 percent copper
and 0.021 percent molybdenum.

Cyprus' Tohono operations consists of an SX-EW plant fed by a newly developed test open-
pit and heap leach. In 1995 Tohono produced 34 million pounds of copper, an increase of over 10
million pounds. Cyprus mined 8.4 million tons in 1995 despite reporting only 12 million tons of
reserves. A 600 million ton resource could become reserves if heap leaching operations continue to
be successful.

The Miami mine consists of an open-pit copper mine, an SX-EW plant, a 650,000 ton per-
year capacity smelter, an acid plant, a 380 million-pound electrolytic refinery, and a 135,000 ton per-
year rod plant. Miami produced 129 million pounds of copper in 1995 and has increased the
capacity of its SX-EW plant to increase production in 1995. The investments in the smelter and
refinery at Miami have made Cyprus more efficient and self sufficient in domestic copper smelting
and refining.

At the Mineral Park open-pit copper-molybdenum mine in Mohave County, Cyprus
converted the in-place leach and precipitate operation to an SX-EW operation capable of producing
6 to 8 million pounds of copper per year. Production resumed in November 1994, and during 1995
produced over 3 million pounds of copper. A letter of intent has been signed to sell the operation.
The final sale is dependent on the buyers confirmation of the operation and the deposit's value.

Phelps Dodge Corporation

Phelps Dodge Corporation, with headquarters in Phoenix, is the nation's largest copper
producer and the world’s largest producer of SX-EW cathode copper. Its mining division, Phelps
Dodge Mining Company, produces about one-third of the US’s mined copper at its properties in
southeastern Arizona and southwestern New Mexico. The company broke all production and
financial records in 1995. In Arizona, Phelps Dodge operates the Morenci mine complex in Greenlee
County and the Copper Queen in Bisbee, and holds significant undeveloped copper resources
throughout the state. Phelps Dodge owns an 85 percent interest in the Morenci mine; the remaining
15 percent is owned by Sumitomo Metal Mining Company, Ltd. The mine employs approximately
2,700 people.

Morenci is the largest copper producer in North America and the third largest copper mine
in the world. In 1996, Morenci produced a record 1.02 billion pounds of copper from 297.7 million
tons of ore. This copper production is 25 percent more than the record set in 1994. For the first time
ever, copper recovered by leaching SX-EW exceeded that from flotation concentrates. The Morenci
operation consists of the Morenci, Metcalf, Northwest Extension, and the Southside Expansion
open-pit copper mines, and the 9/10 stockpile, the 75,000-ton-per-day Morenci concentrator with a
molybdenum circuit, the 60,000-ton-per-day Metcalf concentrator, four leach stockpile systems with
SX plants, the new Southside EW plant with a 130 million pound capacity, and, at a capacity of 370
million pounds annually, the world's largest EW plant. Morenci's milling and leaching reserves total
over 1.5 billion tons.

The Coronado deposit hosts 480 million tons of sulfide and oxide ores. The nearby Western
Copper deposit is estimated to contain 530 million tons of milling material at a grade of 0.55 percent
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copper, and 500 million tons of leach material at a grade of 0.31 percent copper. In 1994-95, a large
resource of leachable material called Garfield, containing one billion tons grading 0.27 percent
copper, was outlined north of the Metcalf mine. It is anticipated that continued drilling will result in
a doubling of this resource.

The company's Copper Queen mine consists of a small dump leaching and precipitation
operation at the depleted Lavender pit. No decision has been made as to when to bring the adjacent
Cochise deposit, containing 210 million tons of 0.4 percent leach material, to production.

Phelps Dodge has a district office in Safford where evaluation and permitting of the Lone
Star, Dos Pobres, and San Juan deposits continues. In late 1995, the Sanchez deposit was acquired
from AZCO Mining. This increases the company's open-pit, leachable copper resources in the
district to nearly 2.4 billion tons. Dos Pobres also contains 330 million tons of sulfide reserves. Work
is underway on an EIS to facilitate development in the district.

Phelps Dodge has recently announced plans to reopen the New Cornelia mine at Ajo that
was closed in the early 1980’s. It will spend approximately $238 million to update and reopen the
mine. Plans include the construction of a new concentrator and employment of approximately 380
workers. During the last couple years the obsolete recovery plant and smelter have been dismantled
and scrapped. The copper resource there is 160 million tons grading 0.56 percent copper. When the
mine reaches planned full production it will add 135 million pounds of copper to Arizona’s annual
total. The precious metal content of copper ore in the New Cornelia deposit is one of the highest in
Arizona’s bulk low grade copper deposits. Approximately 25,000 tr. ounces of gold will be added to
Arizona’s annual byproduct gold production

Phelps Dodge and Cominco announced a joint venture agreement for the United Verde
massive sulfide deposit at Jerome. The property contains a 21-million-ton resource at 6.6 percent
zinc, plus copper and precious metals. This deposit is believed to contain the second largest
undeveloped zinc reserve and the largest zinc reserve that can be developed in the United States.

Table 4. 1995 Copper Mine Production

Mine/Company Production (Ibs) Percent of Total
Morenci/Phelps Dodge 874,523,599 335
Ray/ Asarco Inc. 329,106,694 12.6
San Manuel/BHP Copper 282,971,000 10.8
Sierrita/Cyprus Copper Co. 240,214,000 9:2
Mission/ Asarco Inc. 227,762,115 8.7
Bagdad/Cyprus Copper Co. 214,931,000 8.2
Pinto Valley/BHP Copper 188,930,171 7.2
Miami/Cyprus Copper Co. 129,046,000 4.9
All others 125,840,837 49
Total 2,609,986,416

Gold Production in Arizona

Gold production in Arizona over the last 30 years has fluctuated considerably. Byproduct
production from copper mining has constituted at least 50 percent of the gold recovered in Arizona,
sometimes as high as 99 percent. Current reported production is relatively low because of lack of
data from one producer and the closing of Cyprus-Amax's Copperstone operations in 1993.
Byproduct production from copper mines has not kept pace with increases in copper production
due to the inability of leaching processes to recover precious metals and semi-precious metals
contained in the ores. The start-up of the New Cornelia mine at Ajo will add about 25,000 ounces to
Arizona’s annual gold production.

Addwest Minerals Inc. was sold by Addington Resources in December, 1995, to a group of
private investors. The company continues to operate the Gold Road mine and mill at Oatman. The
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Gold Road mine, which is the only producing primary gold mine in Arizona, produced 40,000 oz of
gold in 1995. Due to statistical data-handling difficulties, this production is not included in the totals
for Arizona’s production.

BEMA Gold, doing business in Arizona as Yarnell Mining Company, continued permitting
efforts for its Yarnell deposit that contains 7.3 million tons of 0.037 oz per-ton Au. The planned
open-pit heap leach hopes to receive the final EIS in September, 1997 and to begin construction
immediately thereafter.

Gold continues to be produced as a by-product of the copper industry in Arizona. In 1995,
the major copper mines produced approximately 50,000 ounces of gold from the following mines:
San Manuel, Magma, Morenci, Ray, Mission, Sierrita, Pinto Valley, and Oracle Ridge. Both the
Magma and the Oracle Ridge mines have since closed. There is no basis to the long-standing rumor
that sufficient amounts of gold and silver are recovered from copper mining “to pay the costs and
have all the copper be profit”.

Nevada Pacific has obtained permits for an open-pit, heap leach, gold mine operation at the
Cyclopic Mine in Mohave County at the rate of 750,000 tons of ore per year. The company is
awaiting the completion of financing arrangements to begin construction.

Royal Oak has been exploring a deep portion of the Copperstone ore body. They have
announced completion of a second phase drilling program and budgeted $250,000 for drilling in
1997 with the objective of outlining 1,000,000 ounces of gold in mineable reserves. Currently the
property contains a resource of approximately 500,000 ounces.

Gold and the platinum group metals have a very high unit value (greater than $100 per troy
ounce) compared to base metals (about $1.00 per pound) and many of the industrial minerals (as
little as $3.00 per short ton). High unit values, along with the fact that ores containing as little as one
part per million (ppm) may have economic potential, allow these metals to be subject to many kinds
of questionable promotional schemes. Claims of the economic presence of these metals in rocks that
cannot be verified by standard industry practice or that require secret metallurgical processes for
recovery are suspect.

Other Metals

Molybdenum is recovered as a byproduct or coproduct at some copper mines. When it
occurs in economically recoverable quantities, the molybdenum mineral molybdenite, can be
recovered by selective flotation during the copper ore concentration process.

Zinc and lead minerals are contained in the flotation concentrates from at least one copper
mine. These metals are recovered from the waste dusts generated in the process of smelting the
copper concentrate.

Very small quantities of tellurium, selenium, palladium, and platinum are recovered from
impurities released during the electrolytic refining of anode copper produced at copper smelters.

2.1.3 Metallic Fuel Minerals (uranium)
Economic History

Carnotite was discovered in Monument Valley in 1911 and in the Carrizo Mountains in
1918. The first production of uranium in Arizona was a small ore shipment in 1920 from the Carrizo
Mountains. The vanadium content of the carnotite ores became important in the early 1940s for use
by the steel industry in the manufacture of armaments. From 1942-46 mines in Monument Valley
and the Carrizo Mountains produced 15,070 tons of vanadium ore from which 64,000 pounds of
uranium oxide were recovered. Stimulated by the uranium procurement program of the Atomic
Energy Commission, which began in 1947, exploration for and development of uranium mines in
Arizona boomed and by 1955 most of the presently-known surface and subsurface deposits had
been discovered. Production peaked in 1958 when 257,756 tons of ore, averaging 0.32 percent U3Og,

and containing 18,000,886 pounds of U3Og and 42,186,661 pounds of vanadium oxide (V7Os) was
produced. Production continued into 1969. There was no uranium mining in Arizona in the early
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1970s but exploration increased in 1975, and a major discovery in Yavapai County was announced in
1977 in the immediate area of the Anderson mine, but has yet to be developed. Nearly 1,000 tons of
ore were mined in Gila, Navajo and Pima counties. In 1980, uranium began to be recovered as a by-
product from copper leach solutions at Anamax’s Twin Buttes operation in Pima County, which
produced about 200,000 pounds of U3Og by 1985 when the operation closed down.

The Grand Canyon region became the focus of uranium exploration in 1980 when Energy
Fuels Nuclear began production from breccia pipe deposits. From 1980 to 1991, the company mined
more than 13,000,000 pounds of uranium at an average grade of 0.65 percent U30g. The high grade
of the breccia pipe deposits has made them attractive exploration targets and will continue to be of
interest to the industry in the future.

Occurrence

Numerous occurrences of uranium are known throughout Arizona, with past production
primarily from Triassic and Jurassic strata and in breccia pipe deposits in Permian strata on the
Colorado Plateau (figure 4). Arizona produced approximately 32 million pounds of uranium oxide
(U3Og ) between 1947 and 1987, approximately three percent of the total United States production.

Domestic uranium production began to decline in 1980, while the production from Arizona
increased, with the result that Arizona and New Mexico became the leading uranium-producing
states between 1984 and 1988. As indicated in table 5, uranium ore has been mined from several
rock units, all of which still offer potential for future production.

Table 5: Uranium production in Arizona, 1947-1991

Host Rock Tons of Ore % U3Og Pounds U3Og
Toreva Formation 16,781 0.17 55,730
Morrison Formation 810,999 0.24 3,852,021
Chinle Formation 1,607,336 0.24 9,657,931
Breccia Pipes 1,497,006 0.50 20,575,144
Miocene sediments 10,759 0.16 33,593
Dripping Spring Quartzite 25,671 0.22 115,305
Other 2,288 0.15 6,707
Total (mined ore) 3,970,840 0.43 34,246,271
By-product production (est.) 1,100,000
Total U production 35,346,271

(Source: Wenrich et al, 1989, ADMMR)
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Figure 4: Uranium occurrences in Arizona
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2.1.4 Industrial Minerals
Introduction

Industrial minerals are mineral commodities other than the metals. Ores of metals are mined
and processed to produce refined metals. All other mined ores, minerals, and inorganic earth
substances are industrial minerals. The division between the two commodity groups appears
simple, but there are some points best explained by example. The metals gold, silver, copper, lead,
zinc, iron, chrome, beryllium, etc. are recovered from metal ores. The industrial minerals, often
referred to as nonmetallic mineral commodities, include sand, aggregate, quartz, feldspar, fluorite,
clays, gemstones, salt, barite, etc. They are recovered from mining and processing industrial mineral
ores and rocks. Some examples are not as straightforward. Mining zinc ore, a metal, processing it to
produce zinc metal is metal mining. Mining the same zinc ore, processing it to produce white zinc
oxide pigment and pharmaceuticals is industrial mineral mining. The zinc ore example is applicable
to other ores as well. Iron ore for iron versus iron ore for ochre pigments; beryl ore for beryllium
metal versus beryl ore for beryllia ceramics; and copper ore for copper metal versus copper ore for
copper sulfate livestock feed additives are additional examples.

Arizona per capita consumption of basic nonmetallic materials is approximately 12 tons per
year. These mineral commodities are used to build infrastructure (homes, schools, roads, etc.), to
support society, and to aid in the disposal of waste. Arizona continues to be one of the fastest
growing states in population. An increasing population requires more than the average quantity of
industrial mineral materials to provide for that population’s needs. As incremental growth is
supported on an ever increasing base, the incremental demand for many forms of infrastructure
decreases and thus does the per capita consumption of industrial minerals. Although the expanding
population of Arizona will require an ever increasing supply of industrial minerals, the rate of
production growth of many industrial mineral commodities may decrease.

The value of nonfuel-mineral production in Arizona in 1996 exceeded $3.53 billion , about 88
percent of which was derived from metal ore production and about 12 percent from industrial
minerals. The value of the industrial mineral component of this production is estimated at about
$435 million. This amount would rank Arizona between 15th and 20th by value in the United States.
In terms of all nonfuel mineral production in Arizona, the value of sand and gravel is second only to
copper. Within the nonmetallic mineral group itself, sand and gravel, cement, and lime made up
more than 86 percent of the dollar value in 1996. The remaining $61 million is attributed mainly to
crushed stone, gypsum, calcium carbonate, dimension stone, perlite, clays, salt, zeolites, cinders,
pumice, iron oxide pigment, diatomite, and gemstones. The locations of the principal mineral
producers and commodities in Arizona during 1997 are shown in figure 5.

Industrial mineral commodities exported from Arizona range from basic raw materials,
such as industrial sands, clays, zeolites, pyrites, lime, calcium carbonate, diatomite, iron oxides,
perlite, and dimension stone, to fabricated or processed materials, such as vitrified sewer pipe and
salt and ingredients in manufactured products such as calcium carbonate and copper in insulated
electric wire, gypsum and perlite in horticultural planting mixes, and calcium carbonate and salt in
pet foods.
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Figure 5. Locations of principal mineral producers and commodities in Arizona, 1997
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Figure 6. Production history of nonmetallic minerals in Arizona, 1895-1997
(modified from Peirce, 1988)

Markets and Market Stability

Production of industrial minerals is much more sensitive to market factors than production
of metals. Quantity, location, variety, and quality are parameters of significance. Further, the
duration and continuity of production of an industrial mineral mine in Arizona is dependent on
markets, ore deposits, mine management, and governmental regulation. The continuity, or
discontinuity, in the production of several nonmetallic-mineral commodities is shown in figure 6.

Most industrial mineral commodities are sold as bulk commodities and priced in dollars per
ton whereas most metallic mineral commodities are sold and priced in dollars per pound or troy
ounce. The industrial minerals are thus often considered to have a high place value as opposed to a
high unit value. In general, high place value minerals and mineral deposits are only valuable when
produced very close to their consuming markets. However, this consideration varies extensively.
Some examples will be helpful in explaining this characteristic

Concrete ingredients are a good example to explain the variation in place value versus unit
value considerations. Concrete may be made up of about 85 percent aggregate, about 15 percent
Portland cement, and a small amount of admixtures. Aggregate is the main component of concrete
and has a very small unit value, ($4.00 - $6.00 per ton). Aggregate cannot economically withstand
much transportation cost and thus the source must be very close to where the concrete is mixed.
Commodity sources that must be close to their point of use are said to have high place value.
Portland cement makes up only 15 percent of concrete, has a higher unit value, ($50.00 - $70.00 per
ton), thus can with stand some transportation cost, but is generally still manufactured within 100 -
200 miles of where it will be used. Admixtures form a very small part of the concrete mix, but are
very important in adjusting parameters of the final set concrete. Admixtures have a very high unit
value ($750.00 - $3500.00 per ton) and can withstand the cost of global transportation.

A related example is the manufacture of Portland cement made from limestone, quartz, high
alumina clay, iron ore, and gypsum. Limestone makes up the largest portion of the feed to a cement
plant. Availability of a nearby, large limestone deposit amenable to cement manufacture is one of
the most important considerations in locating a cement plant. Additionally, if given the choice of
more than one limestone deposit, the cement plant will most likely be located near the deposit that
allows the plant to be closest to the market area for the cement.
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An example of production longevity is the special bentonite clay that occurs in southern
Apache County in the Plateau Province of northeastern Arizona. The raw clay is stripped of its
overburden and shipped out of state for processing into desiccants, thickeners, and other industrial
uses.

Arizona Industrial Minerals, Arizona Department of Mines and Mineral Resources Mineral
Report MR-1, (1987) by Ken A. Phillips contains extensive listings of industrial mineral occurrences
in Arizona. Gem stones, aggregates, and dimension stone are excluded from that report.

Locations of Raw Materials and Processing Plants

Most nonmetallic minerals and rocks undergo some type of processing, somewhere. In
certain cases the processing is done close to the deposit and in others the raw materials are
delivered to plants either in or out of Arizona. Processing techniques for industrial minerals that are
produced in Arizona, are discussed by Phillips (1996) in ADMMR Circular 65.

Industrial Mineral Commodities
Sand and Gravel (Construction Aggregates)

Sand and gravel are the most common and most important industrial rock products used.
They exceed in total tonnage, the production and use of any other rock material in the United States.
The annual tonnage used in Arizona outranks that of any other mineral resource. The value of
Arizona sand and gravel production ranks below only copper and coal. In 1996, Arizona produced
46,190,000 short tons of construction sand and gravel worth $220 million at an average mine value of
$5.25 per ton. The urban centers of Maricopa and Pima Counties were the largest producers and
consumers of construction sand and gravel. Arizona ranks among the top five states in sand and
gravel production.

The value of sand and gravel varies, and commercial competition in Arizona is strong.
Contrary to the normal economic trend, prices generally are lower in times of high demand since
many small producers only operate during such periods and thus provide increased competition in
the available markets.

A factor in Arizona's high rank is the State's relative abundance of natural aggregate
available from alluvium deposits. In many states a large portion of construction aggregates are
produced from quarried hard rock deposits. Costs to produce and the selling price of aggregate
obtained from quarried hard rock deposits are about 33 percent higher than that from sand and
gravel deposits.

There are four major steps to sand and gravel mining: 1) site acquisition and clearing; 2)
open-pit mining, sometimes under water in flooded pits; 3) processing, consisting of crushing,
screening, washing, and blending materials, and; 4) site reclamation.

Sand and gravel consist of unconsolidated detritus ranging from the finest powdery silt and
clay to large boulders. In normal commercial usage sand is commonly classified as "granular
particles almost entirely passing the No. 4 (4.76 millimeter or approximately 3/ 16-inch) sieve but
predominantly retained on the No. 200 (0.074 millimeter or 74 micron) sieve." Gravel is “granular
material predominantly retained on the No. 4 sieve" (Am. Soc. Testing Materials, 1967, pt. 10, p. 83).
Material over 2 inches in diameter is usually crushed to a smaller size. Stone that is crushed and
pulverized is not normally called sand and gravel, but is used in nearly all of the same applications.
Aggregate is a term commonly used for sand, gravel, and crushed and broken stone, particularly
when mixed with cement, lime, or bituminous material to make concrete, mortar, or asphaltic
concrete.

Sand and gravel particles may be angular to rounded, and elongated to spherical in shape,
depending on the characteristics of the parent materials and the amount of disintegration and
abrasion that has taken place in their formation. The sand grains and rock particles may consist of
one or more minerals but crystalline quartz, one of the most common minerals, usually
predominates and is the most desirable constituent. Other common minerals in sand and gravel are
feldspar and mica. The presence of more than minor amounts of silt and clay or other soft, friable,




unsound, and chemically active materials such as mica, kaolinized feldspar, amorphous silica,
carbonaceous matter, iron oxides, and salts normally are undesirable. The specifications for sand
and gravel for construction use have become increasingly strict in recent years and careful field
checks and laboratory testing often are required to determine the suitability of a deposit for
exploitation. Industrial sand is sand used for specialized purposes other than constr<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>