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FOREWORD

The 43" Forum on the Geology of Industrial Minerals was held in Boulder, Colorado at the
Millennium Harvest Hotel from May 20" to May 25", 2007. The Forum was hosted by the
Colorado Geological Survey and assisted by numerous volunteers from private industry, other state
agencies, and the U.S. Geological Survey and Bureau of Indian Affairs. This report presents the
technical papers and abstracts of the posters that were given at the technical meeting from May 21*
to May 23"

The theme of the forum was “Then and Now” and papers were recruited that, in some way,
reflected the changes in the industrial minerals industry from the 15th Forum on The Geology of
Industrial Minerals, which was hosted by the Colorado Geological Survey in 1979. The 34 technical
papers reflected the change in the industrial minerals business and science over the intervening 28
years. An interesting note is that the papers presented at the 15" Forum were mostly from the Rocky
Mountain region. The papers from the 43" Forum were drawn from a wider geographical area,
including Zambia, Ukraine, Guyana, and Suriname. The 13 posters again reflected the wide
interests of industrial minerals including such exciting ideas as in “Earth Materials in Medicine”.

The five field trips visited cement plants, aggregate and dimension stone quarries, clay
deposits, analytical laboratories, and a gypsum quarry and wallboard plant.

Colorado State Geologist and Director of the Colorado Geological Survey, Vince Matthews,
provided substantial support for the Mineral and Energy Resources Section to spend, what turned
out to be, a considerable amount of time organizing and presenting the Forum. Members of the
Colorado Geological Survey Staff on the organizing committee who deserve special thanks are Beth
Widmann, Jim Burnell, and Chris Carroll. Fund raising is an important part of every Forum and
Dave Abbott of Behre Dolbear did a wonderful job of raising enough money to keep the registration
cost below $300. Dave Holmes and Lynne Chastain-Carpenter of the Bureau of Indian Affairs
worked on the technical sessions and poster sessions respectively. Adrian Charters of Aggregate
Industries helped organize field trips. Jim Guilinger and John Keller (consultant Geologist) of
World Industrial Minerals produced an outstanding Meeting Handbook. Bill Langer (Mr.
Aggregate!!) of the U.S. Geological Survey recruited papers and organized the technical sessions.
Tom Newman of Holcim organized the field trips and his wife, Patti Newman, organized the guest
field trips- a very important part of every Forum. Thanks to the Newman Family. Jim Reed of
Rockware provided computer support, a wonderful sense of humor, and helped his fiancée, Dyan
Stratman, with the Silent Auction, which netted over $2,000 to the Bates Scholarship Fund. Paul
Schaur of the Colorado Rock Products Association managed the Forum web site. Bill York-Fiern of
the Colorado Division of Mining, Reclamation, and Safety organized the exibitors space.

Thank you to all the participants, guests, sponsors, and exhibitors for making the 43" Forum
an interesting and entertaining Forum.

James A. Cappa
Chairman, Organizing Committee of the 43 Forum
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Industrial Minerals, a Staple in the Economy of New
Mexico

By Peter Harben', George Austin?, Gretchen Hoffman?, Virginia McLemore?, Margaret
Caledon?, and James Barker?

! Industrial minerals consultant 5251 Eagle Pass Rd. Las Cruces, NM 88011
gwww.peterharben.com, 505-521-3301)

New Mexico Bureau of Geology and Mineral Resources, 801 Leroy Pl Socorro NM
87801, geoinfo.nmt.edu, 505-835-5490) a division of New Mexico Tech.

ABSTRACT

Production of industrial minerals has been and remains important to the rural economy of New
Mexico. Industrial minerals constitute about two-thirds of the almost $600 million generated by
non-fuel mineral production in New Mexico. In 2005, some 235 mines were registered in New
Mexico. This total includes about 40 mineral operations and about 184 active and 11 standby
aggregate operations. New Mexico leads domestic production of potash, perlite, zeolite, and
travertine. It is 2" in humate, 4™ in pumice, 13" in gypsum, and 11" in salt. Other production
includes common and fire clay, scoria, limestone, fly ash, cement, magnetite, silica, and
decorative stone. Statistics for industrial minerals produced in New Mexico from 1950 to 2005
are included.

Intrepid Mining and Mosaic each operate potash mines near Carlsbad in Eddy County.
World Minerals and Dicaperl operate large perlite mines in Rio Arriba and Socorro counties. St.
Cloud Mining operates the Stone House zeolite (clinoptilolite) mine in Sierra County. Travertine
is quarried and fabricated west of Belen in Valencia County by NM Travertine.

Humate from weathered coal is produced from five mines in McKinley and Sandoval
counties. Pumice is produced in the Jemez Mountains region near Sante Fe in Rio Arriba,
Sandoval and Sante Fe counties. Centex operates the White Mesa gypsum mine near Cuba in
Sandoval County to feed wallboard plants in Albuquerque and Bernalillo. Salt is produced from
brine wells and salt pans near Carlsbad in Eddy County.

Grupos Cementos de Chihuahua produces 500,000 short tons per year of cement at the
Tijeras plant east of Albuquerque. Scoria is produced in Dona Ana, Santa Fe, Rio Arriba and
Union counties. Fly ash is produced in the Four Corners area at mine-mouth coal-fired power
generating plants.

Several industrial minerals show potential for production in the state. At least one
company is exploring for garnet. Development of the low-grade nepheline syenite at Wind
Mountain in the Cornudas Mountains (Otero County) is on hold. Cretaceous black sandstone in
the San Juan Basin has drawn interest for titanium, iron, rare-earth elements, and zircon.
Exploration for beryllium in the San Mateo Mountains, [ron Mountain, and Victorio district is
on-going.

INTRODUCTION
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New Mexico, nicknamed the Land of Enchantment, is the 5t largest state at 121, 355 square
miles. Population is small at 1.9 million with 6 percent growth 2000-2005. It is concentrated
along the Rio Grande in Albuquerque (494,000), Las Cruces (83,000), Sante Fe (71,000) the
state capital, and Rio Rancho (67,000). Climate is semi-arid with an average elevation of about
5,700 feet.

Production of industrial minerals (table 1, 2) has been and remains important to the rural
economy of New Mexico. Industrial minerals constitute about two-thirds of the almost $600
million generated by non-fuel mineral production in New Mexico (fig. 1). In 2005, some 235
mines were registered in New Mexico. This total includes about 40 mineral operations and about
184 active and 11 standby aggregate operations. New Mexico leads domestic production of
potash, perlite, zeolite, and travertine. It is 2" in humate, 4™ in pumice, 13" in gypsum, and 11®
in salt. Other production includes common and fire clay, scoria, limestone, fly ash, cement,
magnetite, silica, and decorative stone.

Table 1. New Mexico Summary of Commodity Production, Production Value, Employment, Payroll, Revenue and
Ranking, 2005. Source: New Mexico Mining and Minerals Division, 2007.

Producti Production Reclamat
. Producti on Rank Value$ Employm ion Payroll$ Revenue Generated
Mineral 1 2 3 5 6
on ent Employm $
ent*
State Federal
Coal 29,650,8 1 664,416,94 1,504 111 102,421,0  25,094,1 4,823,26
33 0 67 86 3
Copper 290,607, 3 473,215,36 1,678 80 53,282,12  2,861,40 -
027 3 4 2
Gold 9,764 10 4,342,969 0 0 - 241,828 -
Iron - - - 2 0 - - -
Industrial 2,466,28 200,871,06 600 12 24,365,05 910,418 -
Minerals’ 1 - 3 7
Aggregate  20,014,9 128,730,63 1,161 113 20,986,67 1,863,72 -
S 25
s 87 6 5 4
Magnetite 29,246 - 352,198 0 0 - - -
Molybden  4,069,79 6 103,267,57 275 16 10,820,42 - -
um 0 9 7
Potash® 988,782 1 282,710,83 926 0 57,580,28 2,388,00 2,284,83
3 8 8 7
Silver 203,672 10 1,484,867 1 0 - 6,658 -
Hranium - - 71 67 1,332,000 240,000 -
- $
TOTAL $1,859,392, 6,218 399  $270,787,  $33,606, $7,108,1
448 638 224 00

1
Production for coal, industrial minerals, aggregates, magnetite and potash is reported in short-tons; copper and
molybdenum in pounds; gold and silver in troy ounces.

2
Production rank is based on 2005 production value in relation to other U.S. states. Sources: Metals, potash,
industrial minerals and aggregates, USGS Mineral Resources Program (http://minerals.er.usgs.gov/); Coal,
Department of Energy's Energy Information Administration (www.eia.doe.gov).

Category includes direct and contract employees.
Gold, silver and magnetite are co-products of copper production. Employment and payroll for these commodities

5
are reported in the cooper numbers. Reclamation employment is included in total employment numbers. Payroll is
6

for direct employment and does not include contract employees. State revenue includes royalties and rentals from

12



state trust land mineral leases and severance, resources excise and energy conservation tax revenues.

Federal revenue (fiscal year 2005) includes 50 percent state share of federal royalties.

Sources: State data from New Mexico Taxation and Revenue Department (http://www.state.nm.us/tax/) and the
State Land Office (http://www.nmstatelands.org/).

Federal data from Minerals Management Service (http://www.mms.gov/).

Category includes gypsum, perlite, salt, limestone, calcite, dimension stone, silica flux, clay, humate, scoria,
pumice, mica and zeolites.

8
Category includes base course, caliche, clay and shale, crushed rock, dimension flagstone, fill dirt, gravel,
limestone, red dog, rip-rap, sand, scoria, topsoil and travertine.

9
Production is K20 mill production.

10
Employment and payroll numbers are for permitting, care and maintenance and reclamation activities.
Source: New Mexico Energy, Minerals and Natural Resources Department, Mining and Minerals Division, unless

otherwise noted.

Table 2. Production quantity and amount of industrial minerals 1999-2005 from

New Mexico Mining and Minerals Division, annual reports.

Mineral 2005 2005 2004 2004 2003 2003
Production | Value $ Production Value $ Production | Value $
M! 2,466,281 200,871, 063 2,379,183 168,557,974 2,274,999 153,198,856
Magnetite 29,246 352,198 38,141 455,345 - -
Potash? 988,782 282,710,833 1,069,265 237,819,345 1,064,485 202,166,863
Aggregates | 20,014,987 | 128,730,636 | 34,547,659 103,810,297 | 14,838,772 | 77,848,579
Mineral 2002 2002 2001 2001 2000 2000
Production | Value $ Production Value $ Production | Value $
M! 2,393,754 | 174,603,868 5 561,004 166,705,643 2,925,926 162,402,617
Magnetite - - T - - -
Potash’ 1,014,529 | 189,611,426 12.353.090 191,732,005 1,377,801 215,737,596
Aggregate 15,441,510 | 73,499,682 T 61,115,960 13,752,251 66,810,485
Mineral 1999 1999 1998 1998 1997 1997
Production | Value $ Production Value $ Production | Value $
™' 3,703,430 176,750,513 3,299,061 148,974,895 2,445,951 72,522,308
Magnetite - - o o - -
Potash2 1,342,026 235,202,181 1,330,341 231,079,006 1,639,995 179,916,805
Aggregate 13,404,230 60,677,102 12,285,797 50,182,561 12,504,844 107,851,657

"includes gypsum, perlite, salt, limestone, calcite, dimension stone, silica or silica flux,
clay, humate, scoria, pumice, mica and zeolites
2 includes caliche, clay and shale, crushed rock, flagstone, gravel, limestone, red dog,

sand, scoria, topsoil/dirt, travertine

? production is K,O mill production
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Figure 1. Location of industrial minerals produced in New Mexico. Common industrial minerals not shown are
crushed stone (primarily in the east and west thirds of the state), caliche (southeast), coal clinker (northwest), sand
and gravel (Rio Grande valley), limestone (south of Interstate 40) and decorative stone (north of Interstate 40).

Claim Staking
The Bureau of Land Management (BLM) coordinates mining claims on federal land with the

state of New Mexico and the U.S. Forest Service. The claim staking process is set by the state
and claims are recorded at both the County Seat and the BLM. The BLM administers and
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adjudicates activity on the several types of claims—most are for locatable minerals on lode or
placer claims. Federal lands are often divided in ownership between surface estate and mineral
estate. In recent years the trend has been to include the surface owner more directly in claim
staking. This has made the two estates co-equal. The BLM will not accept claims that do not
include an agreement with the surface owner. When the two parties cannot agree legal action
may be required.

Currently, Congress has imposed a moratorium on mineral patent applications, and the
BLM is not accepting any new patent applications at this time. Five patent applications in New
Mexico were "grandfathered" under the moratorium and are being processed.

New Mexico Rank in Frasier Institute Study

The New Mexico Mining and Minerals Division (2007) analyzed the recent biannual study by
the Fraser Institute, a free market research group in Canada, as follows. “[The study] offers some
evidence about how the mining industry views the attractiveness of New Mexico compared to
other jurisdictions. Mining executives were surveyed concerning both the policy climate and the
mineral potential of various jurisdictions around the world, and their responses were used to
create several indices. On a scale of 0 to 100, New Mexico received a 53 for policy potential and
a 36 for mineral potential. Compared to other states, New Mexico finished sixth highest overall
out of fourteen. States such as Colorado, Montana and Wyoming scored lower than New
Mexico. Perhaps more significantly, nine of the top ten jurisdictions were foreign, while eight of
the bottom ten were U.S. states.”

ADOBE (Austin)

Mud is one of the oldest building materials used by man. Spanish conquest of the New World
spread the use of wooden molds to produce a standard adobe brick. Today, the word “adobe” is
used to describe various earth building materials and techniques, usually referring to sun-dried
adobe brick now used in the U.S., but is also applied to puddled adobe structures, mud-plastered
logs or branches (Jacal or waddle-and-daub), pressed-earth blocks, and rammed-earth walls or
pisé (Austin and Holmes, 2006; Ferm, 1985).

Mud construction has been, and is, used in many countries in many parts of the world. In
the U.S., the Southwest from Texas to California is perhaps the part of the country most
commonly associated with this type of construction. Of the states in this area, New Mexico has
the dominant reputation for adobe use. Indeed, in New Mexico the “Santa Fe” style has made
adobe, not only acceptable, but chic.

Raw Materials

Adobe soil used by present-day New Mexican adobe producers, and probably past adobe
producers as well, is principally from stream deposits, particularly Holocene (Recent) terrace
deposits and older, loosely compacted geologic formations, such as the Santa Fe Group
(Tertiary) located in the Rio Grande valley. Most producers use a sandy loam (50 percent clay
and silt) associated with or derived from the Santa Fe Group. Some producers use a mixture of
materials from the screened fines of aggregate operations in the river valleys combined with
varying amounts of sand to produce the proper mix.

15



Mineralogy

X-ray diffraction analyses of whole-rock samples show the major constituents of New Mexican
adobe soils are quartz and feldspar, with lesser amounts (in order of abundance) of calcite, clay
minerals, and gypsum. The quartz, feldspar, most of the clay minerals, and some calcite are
derived from the mechanical/chemical breakdown of older rocks units. Some clay minerals,
much of the calcite, and all the gypsum is precipitated from evaporating water.

Although smallest in percentage of size fractions in earth construction material from New
Mexico, clay-size particles are the most compositionally variable in commercial adobe soils.
However, the clay mineral groups in this size fraction consist of about equal parts of expandable
clay minerals (smectite and mixed-layer illite/smectite [I/S]), non-expandable clay minerals
(kaolinite, illite, and chlorite), with minor quartz, calcite, and feldspar (Austin, 1990; Smith and
Austin, 1996). The smectite is universally calcium-rich and the I/S is disorganized, randomly
interstratified smectite and illite.

Expandable clay minerals tend to be more “sticky” than nonexpandable varieties and thus
are more effective in binding silt and sand particles together. Expandable clay minerals also form
colloidal suspensions with water and therefore moisture, whether as rainfall or ground water, has
the greatest effect on adobe soils with the largest proportion of smectite and 1/S.

For past and present adobe producers in New Mexico, expandable clay minerals were
sometimes a problem. Cracking of drying adobe brick is due most probably to the somewhat
large proportion of smectite and I/S in adobe soil; soils with higher clay content but lower
smectite and I/S content, will have less tendency to crack. Cracking is extreme on windy days
when the shrinking clay structure is changing rapidly. Drying slowly over many calm days
allows multiple layers of finely crystalline calcite (and some gypsum) to form on a clay-size
scale strengthening the bricks and preventing cracks. The resulting adobe wall can resist
torrential late-summer rains for long periods if the adobe bricks do not contain too much clay
material and is properly cured.

Chemical properties

Soils in the arid New Mexican climate are typically alkaline. Ground water near the Rio Grande
valley is generally hard to extremely hard, containing total dissolved solids (TDS) ranging from
about hundred to several thousand parts per million (Anderholm, 1987). Soluble salts, notably
calcium carbonate and calcium sulfate, precipitate as this water evaporates.

Adobe walls in New Mexico are remarkable durable in this climate. With proper care,
walls hundreds of years old are durable. Great care is taken to keep the wall interiors dry. Walls
in the Native American pueblos are recovered with a “natural plaster” or a yearly basis as part of
“community service” by the inhabitants. The natural plaster has about the same mineral and
chemical composition as the walls themselves but is a slightly finer grained. It is expected to
wash off slowly during the year and to be replaced during the next replastering. The slow
weathering of the plaster apparently is due to calcite and gypsum precipitation from the mixing
water that forms a caliche-like bond between grains as the mud slowly dries.

Leaching tests with EDTA (ethylenedinitrilotetraacetic acid) on 25 commercial New
Mexican adobe soils suggest that commercial soils contain an average of about 90 percent
insoluble and 10 percent soluble material; the latter is dominantly calcite and some gypsum
(Austin, 1990). In that study, the soluble material ranged from 36 weight percent to essentially
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zero. Adobe soils with the smallest amount of soluble material were also the highest in sand and
larger-size particles.

Physical properties

The common statement by New Mexican adobe producers is that their soil mix is usually
one-half sand and one-half “clay” or “fines” (silt and clay), but commercial adobe soils range
from 85 to 99 weight percent nonclay-size particles (Smith and Austin, 1996). The average
grain-size composition was 67 weight percent sand-and-larger, 27 weight percent silt, and six
weight percent clay. The wide variation of particle sizes, particularly in the sand-and-larger-size
and silt-size grains, affects the penetration of paint or stabilizer sprayed or painted on walls.
Adobe walls with high clay- and/or silt-size content would need the largest amount of
preservative. An abundance of clay-size particles in adobe soils causes excessive cracks as
blocks dry in an adobe yard. To combat this, producers add straw and/or additional sand to the
mud mixture.

Large-scale commercial adobe producers use adobe soils with less clay-size material than
do small-scale commercial and non-commercial adobe producers. Some of the former are as low
as about one weight percent clay, whereas many of the latter are between 8 and 15 weight
percent (Smith and Austin, 1996). In part, this is because large-scale commercial adobe
producers use stabilizers that not only protect blocks from rain damage but aid in consolidation
of the drying soil mix as well.

Other properties

Traditionally, materials are evaluated for thermal properties based on measurements known as R-
and U-values. The R-value is an indicator of the ability of a wall to insulate effectively. Adobe
walls have very low R-value because they commonly consist of 10 inch or 14 inch blocks
covered with a thin stucco on the outside and thin gypsum plaster on the inside. What is not
considered, and is of critical importance in the wall of masonry-mass walls such as adobe, is the
heat storage capacity of the wall, which determines the length of time that passes before a steady
state of heat flow is achieved. The higher the heat storage capacity of the wall, the longer period
of time it will take for heat flow to reach a steady state. In real situations, external temperatures,
in particular, are changing constantly, so that a true steady-state condition is rarely achieved.
Because diurnal changes in the arid Southwest are typical 30 to 50°F, the “fly-wheel effect” thus
will keep adobe buildings daytime temperatures cool in the summer and warm in the winter.

Thick massive walls of a typical adobe are well-known sound deadener making these
homes remarkably quiet. Windows in older adobe building are normal small further adding to the
quietness. Newer solar adobe homes take advantage of the many sunny days in arid climates with
large windows but use well-insulated glass to retain much or the sound deadening characteristics
of adobe dwellings.

The identification of radon gas as a health hazard in homes and the low-strength materials
used in adobe homes when they are in seismically-active areas have caused owners to wonder
about the safety of their adobe structures. Radon enters buildings through cracks, particularly
when they are closed and have a negative air pressure as is commonly true during the heating
months in winter, and accumulates in low spots. Although adobe buildings have not been shown
to have significantly more radon than other types of construction, good ventilation and positive
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interior air pressure are the easiest ways to prevent a buildup of the radon (Smith and Austin,
1996).

Seismic activity is very destructive in many parts of the world that use low-strength
masonry walls. Adobe buildings in the U.S. are commonly constructed with one- and two-
stories, and on concrete slab foundations. Designing the slab to resist cracking both during
normal life of the structure and possible earthquakes is prudent in seismic areas. Recent work in
California suggests that a combination of proper slab construction, reinforcing walls with rebar,
the use of wire mesh used both inside and outside the building beneath the plaster and stucco,
interconnected bond beams and roof beams at the top of walls, and buttresses can all serve to
reduce hazards relating to earthquakes (Tibbets, 1986).

Other physical properties that make adobe construction appealing are that homes so
constructed are water resistant, flame retardant, unaffected by termites, and energy efficient. In
addition to the preservation of nighttime cool temperatures in the summer and daytime heat in
the winter, the energy efficiency is due to the sun-dried method of production, rather than using
high heat to produce masonry brick or cement. Wright (1978) stated that it takes over 300 times
more commercial energy to produce a concrete block equal in volume than a sun-dried adobe
block.

Technology

Several varieties and sizes of earthen brick are produced throughout the American Southwest;
these include traditional adobe, semi stabilized and stabilized adobe, New Mexican terrones
(cut-sod brick), quemados (burnt adobe), and machine-pressed-earth block; in addition,
rammed-earth walls are constructed without brick (McHenry, 1984; Smith and Austin, 1996).
The two major types of adobe brick currently produced in New Mexico are the traditional adobe
brick and the semi-stabilized adobe brick.

Traditional (untreated) adobe bricks

Often called untreated or sun-dried adobe brick, traditional adobe is made with soil composed of
sand with some larger particles, and of silt and clay. Straw is sometimes added for strength and
to prevent excessive cracking during drying. The moistened soil mixture commonly is packed
into a brick-like mold, released, and allowed to dry and “cure” for several weeks before use.

Stabilized adobe bricks

Fully stabilized adobe brick is defined by the New Mexico Building Code as water-resistant
adobe made of soil with certain admixtures that limit the brick's seven-day water absorption to
less than four weight percent. A fully stabilized adobe brick usually is made with 6 to 12 weight
percent of asphalt emulsion (California Research Corporation, 1963; Scheuch and Busch, 1988).
Exterior walls constructed with stabilized mud mortar and brick require no additional protection
and can be left exposed without stucco. The production of fully stabilized adobe brick is very
low because most walls are stuccoed with water-resistant plaster, and the additional
waterproofing agent adds extra cost.
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Semi-stabilized adobe bricks

Semi-stabilized adobe brick was developed by major adobe producers in New Mexico and is
classified as a water-resistant brick because of the addition of three to five weight percent of a
stabilizer or water-proofing agent (California Research Corporation, 1963; Scheuch and Busch,
1988). The stabilizer protects the brick from rainstorm damage during the curing process.
Asphalt emulsion is the primary stabilizer because of the ease of use and the low cost, but 5 to 10
weight percent Portland cement produces the same result. Semi-stabilized adobe is made the
same way as traditional adobe, except mixing the stabilizer into the adobe soil prior to packing it
into a form (fig. 2).

- s T T eI S e
Figure 2. Front-end loader charging the hopper of an automatic adobe lay-down machine at the Adobe Factory,
Alcalde, N.M. Once the hopper moves across the 25-space mold filling it, the lay-down machine picks up the mold

and moves it to the next position leaving the adobes to dry.

p——

Pressed-earth blocks

Pressed-earth blocks presently make up a small portion of earth brick used in New Mexico
(Smith and Austin, 1996). The CINVA-Ram hand-operated press was developed by a Chilean
engineer in the 1950s and has been used in New Mexico, but most pressed-earth blocks in the
state are made by gasoline- or diesel-powered machines. Several have been designed and used in
the past in New Mexico to press the adobe soil mixture into a form, minimizing the amount of
time required between forming the block and placing it into the wall. Portland cement or asphalt
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emulsion has been used to partly or fully stabilize pressed-earth blocks. Most producers are
small-volume and/or part-time, or non-commercial.

Rammed-earth walls

Rammed-earth homes commonly have much thicker walls than most other earthen dwellings, up
to 36 inches thick. Wooden or metal concrete-type forms are put in place on stone or concrete
footings and 15- to 20-cm-thick layers of moistened soil are put between the walls of the forms.
Hand or hydraulic tampers are used to pound the soil into the shape of the form, compacting and
reducing the volume of the mixture by 25 to 30 percent (McHenry, 1984; Middleton, 1987).
Once the layers of tamped soil reach the desired height, the forms are removed and the wall is
allowed to dry. Portland cement is the common stabilizer used.

Producers say rammed-earth walls continue to harden, or cure, during the first year after
construction. New Mexico’s two rammed earth producers commonly produce between three and
five rammed-earth homes each year.

Distribution

The American Southwest has long had a love affair with adobe and the landscapes of New
Mexico, Arizona, Texas, and California contain many examples of enduring adobe homes. Old
military forts, churches, and commercial buildings also attest to its popularity. New Mexico, both
historically and todays, is the largest domestic producer and user of adobes. Three to four million
adobe bricks and pressed-earth blocks have been produced in New Mexico each year by 15 to 20
commercial manufacturers (Smith and Austin, 1996).

Today, most builders purchase the adobe bricks from commercial yards located
throughout New Mexico. The adobe-block operation is a labor-intensive but fuel-efficient
seasonal industry with the production of blocks usually limited by the number of frost-free days.
The principal standard-size adobe brick produced and used in New Mexico measures 4 x 10 x 14
inches and weigh approximately 30 pounds (Smith and Austin, 1996).

Economic Factors

Tradition is the most important factor in determining markets for adobe materials. In areas that
have a strong tradition of mud construction, adobe is appealing, even preferred. In other areas
where the population is not familiar with adobe, or worse, considers it beneath them to live in
such buildings, new adobe buildings will not be built and old one will disappear. An example of
the former area is Santa Fe, New Mexico. The “Santa Fe style” of construction is adobe pueblo
and territorial style (Smith and Austin, 1996). Adobe buildings are preferred by many wealthy
landowners, and even contractors who use other types of construction mimic the adobe styles.

Adobe may be made on the construction site, but in recent years it is more likely to be
made in adobe yards and transported to building sites on flat-bed trucks. Although transport to
distant construction sites in uncommon, some producers ship adobes several hundred miles. The
problem is not normally in the availability of the raw material. Acceptable, if not superior, adobe
can be made with most native raw materials, providing a qualified adobe maker is involved. The
reason is the land owner wants an adobe home and contractors in the immediate area have
neither the training nor talent for this type of construction.
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Rammed-earth construction methods require than the walls be made at the building site.
Consequently, the normal method of construction is to use local materials or materials that have
not been transported far.

AGGREGATE (Austin)

Aggregate is defined as: (a) a mass or body of rock particles, mineral grains, or a mixture of
both; (b) any of several hard, inert materials, such as sand, gravel, slag, or crushed stone, used
for mixing with a cementing or bituminous material to form concrete, mortar, or plaster; or used
alone, as in railroad ballast or graded fill (Jackson, 1997).

In New Mexico, sand and gravel from the Rio Grande valley supply for the state’s need
for aggregate. Crushed stone is produced principally along the eastern and western border areas
and to supply specialized needs.

Sand and Gravel

In 2006, construction sand and gravel valued at $7.9 billion was produced by an estimated 3,800
companies from about 6,000 operations in 50 states. It is estimated that about 49 percent of the
1.28 billion tons of construction sand and gravel produced in 2006 was for unspecified uses. Of
the remaining total, about 45 percent was used as concrete aggregates; 22 percent for road base
and coverings and road stabilization; 14 percent as construction fill; 12 percent as asphaltic
concrete aggregates and other bituminous mixtures; two percent for plaster and gunite sands; one
percent for concrete products, such as blocks, bricks, and pipes; and the remaining four percent
for filtration, railroad ballast, roofing granules, snow and ice control, and other miscellaneous
uses (Bolen, 2007).

Recent reports of the U.S. Geological Survey and New Mexico Bureau of Mines/Geology
and Mineral Resources show that nearly every county in New Mexico has produced sand and
gravel at one time or another. However, the major activity is concentrated near the major centers
of population and industrial expansion. Albuquerque in Bernalillo County in central New
Mexico has consistently led the state for many years. This city was followed by Las Cruces in
Dofia Ana County in the south central part of the state, Roswell in Chaves County in the east
central part of New Mexico, Farmington in San Juan County in the northwest, Raton in Colfax
County in northeast, and Carlsbad and Artesia in Eddy County in the southeast.

Sand and gravel deposits of New Mexico are so widespread and abundant that much of
the accompanying map would be covered if all geologic units that contain potential sources of
sand and gravel were shown. Therefore, only the largest, most continuous deposits are included
to demonstrate their distribution. Principal deposits consist of alluvial sand and gravel of
Pleistocene to Recent age that comprise the bed of the Rio Grande and adjacent terraces and
plains. They extend from north of Bernalillo in Sandoval County southward to the Texas and
Mexico borders. Such deposits are particularly widespread in Dofia Ana, Luna, and Sierra
Counties in south-central New Mexico. Similar large deposits are found on the Rio Grande in
Taos County to the north and on the drainage of the Pecos River in Chaves, Eddy, and Lea
Counties to the southeast. Smaller deposits of the same type and pocket-like lenses filling old
channels, known as bolson deposits, are found in the upper reaches of the Pecos River, along the
Canadian River, and their tributaries in the northeastern part of the State.
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Some of sand and gravel deposits are undoubtedly derived from sandstones and
conglomerates of the Ogallala Formation which crops out mainly along the eastern boundary of
the state and of the Santa Fe Group in the north-central part. Similar deposits are also associated
with older Tertiary (Paleocene, Eocene, and Oligocene) and Cretaceous formations that include
the Wasatch, Torrejon, and Puerco Formations and the Ojo Alamo Sandstone in the western part
and the Raton and Galisteo Formations in the eastern part of the state. One of the largest areas of
these formations appear to be of primary importance mainly in San Juan County and especially
near Farmington and Aztec in the northwestern part of the state.

Crushed Stone

In 2006, the crushed stone industry was valued at $13.1 billion and their products was produced
by 1,200 companies operating 3,200 quarries, 85 underground mines, and 190 sale/distribution
yards in all 50 states. Of the total crushed stone produced in 2006, about 70 percent was
limestone and dolomite; 16 percent, granite; 8 percent, traprock; and the remaining 6 percent was
shared, in descending order of tonnage, by sandstone and quartzite, miscellaneous stone, marble,
volcanic cinder and scoria, calcareous marl, shell, and slate. It is estimated that of the 1.69 billion
tons of crushed stone consumed in 2006, 32 percent was for unspecified uses, and 18 percent was
estimated for non-respondents to U.S. Geological Survey canvasses. Of the remaining 850
million tons reported by use, 85 percent was used as construction aggregates, mostly for highway
and road construction and maintenance; 13 percent for chemical and metallurgical uses,
including cement and lime manufacture; one percent for agricultural uses; and two percent for
special and miscellaneous uses and products (Willett, 2007).

Crushed and broken stone are obtained from a variety of igneous and sedimentary rocks
in New Mexico, but the largest volume is produced from limestone. Desirable qualities for use as
crushed and broken stone include strength, durability, and ease of quarrying and processing. The
rock should crush to firm, roughly equidimensional granules, with minimum amounts of dust and
powder. Bonding quality is important in rock to be used as aggregate. Limestone ordinarily
makes ideal concrete aggregate, and basalt, and limestone generally adhere to bitumen better
than granite or sandstone, although any of these rocks may serve as aggregate. Rock which is to
be used as railroad ballast, should be hard, durable, and crush to sharp-edged particles. Stone to
be used for decorative purposes is selected chiefly on the basis of attractive appearance, but
strength and durability are also important.

Where sand and gravel is not available, particularly on the eastern plains, caliche is the
only source of larger size material is crushed for use as in the base course in highway
construction. Many counties maintain there own pits supplying base course. Along the relatively
heavily populated Rio Grande valley, sand and gravel pits are the principal source of aggregate.
A few quarries for special needs exist in this area, as the quarries supplying the cement east of
Albuquerque and the cinder pits producing scoria in Dofia Ana County in south central New
Mexico. Scoria also comes from cinder pits west of Santa Fe and in Union County in northeast
New Mexico. Railroad ballast from a Precambian quartzite is produced in Torrance County at
the Pedernal quarry of Western Rock Products. Large-diameter crushed rock is produced from an
andesite at the Vado quarry in Dofia Ana County south of Las Cruces for use in rock walls.
Limestone is quarried at the Tinaja pit in the Zuni Uplift of Cibola County in west central New
Mexico for use in concrete. Crushed limestone is produced at the Chino Limestone quarry for
use in copper production.
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CEMENT (McLemore)

Cement commonly refers to hydraulic cement, especially Portland cement. Hydraulic cements
are those that have the property of hardening under water and are the chief binding agents for
concrete and masonry. Portland cement was patented by Joseph Aspdin of Leeds, England, in
1824, and today, it is the predominant variety of hydraulic cement. The name "Portland" was
chosen because the set cement resembled a building stone quarried from the Isle of Portland off
the southern coast of England. Most of the cement produced in the U.S. is Portland cement;
masonry cement is used for stucco and mortar.

Portland cement concrete is a principal construction material. New Mexico produces
seven different types of cement at a total estimated capacity of 500,000 short tons/year of cement
from the Tijeras cement plant operated by Grupos Cementos de Chihuahua (GCC) near
Albuquerque to markets in New Mexico and southern Colorado. The cement shortage of 2005 is
mostly over, but the price of cement remains at 2005 prices, $130 per cubic yard, as compared to
2004 when cement was $45 per cubic yard (Trenkle, October 2006). The Tijeras cement plant
was commissioned in 1959 and GCC took over operations in 1994. The main ingredient in
cement is limestone (Madera Limestone) mined at Tijeras with additional varying quantities of
iron, sandstone/shale, alumina, and gypsum (locally obtained from throughout New Mexico).
There is no cement production in El Paso, but Cementos de Chihuahua has two plants in the
Juarez area supplying cement to the El Paso market. The older Juarez plant is capable of
producing about 500,000 metric tons annually. The newer Samalayuca plant is rated at 1.2
million metric tons. Cementos de Chihuahua also is the parent company of Rio Grande Portland
Cement. Southdown, Inc. operates a cement plant at Odessa, Texas, about 250 mi east of El
Paso, which has a rating of approximately 750,000 metric tons. These four cement plants
produce almost all the cement needed in the New Mexico-west Texas area.

CLAY (Austin)

The term clay is somewhat ambiguous unless specifically defined, because it is used in three
ways: as a diverse group of fine-grained minerals, as a rock term, and as a particle size term. As
it is used here, it is a fine-grained, natural, earthy, argillaceous material; the particle size of clays
is very fine and is generally considered to be about 2 um or less; and the minerals are hydrous
silicates composed mainly of silica, alumina, and water. Several of these minerals also contain
appreciable quantities of magnesium, iron, alkalis, and alkaline earths. Many definitions state
that a clay is plastic when wet. Most clay materials do have this property, but not all (Harvey and
Murray, 2006).

In 2006, clay and shale production was reported in 42 states. About 220 companies
operated approximately 800 clay pits or quarries. In 2006, domestic producers estimated that
sales or use will be 41.3 million metric tons valued at $1.62 billion, excluding palygorskite-type
fuller’s earth. Major uses for specific clays were estimated to be as follows: for ball clay, 40
percent floor and wall tile, 31 percent sanitaryware, and 29 percent other uses; for bentonite, 26
percent absorbents 23 percent foundry sand bond, 22 percent drilling mud, 13 percent iron ore
pelletizing, and 16 percent other uses; for common clay, 61 percent brick, 16 percent lightweight
aggregate, 15 percent cement, and 8 percent other uses; for fire clay, 46 percent refractories and
54 percent heavy clay products; for fuller’s earth, 86 percent absorbent uses and 14 percent other
uses; and for kaolin, 61 percent paper and 39 percent other uses (Virta, 2007).
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Clay materials have been used for building construction in New Mexico for many
centuries, for Indians were making crudely shaped adobe blocks prior to the arrival of the first
Spanish settlers. Adobe was the most common building material for many years and is still used
in new construction, particularly in north-central part of the state. The extensive use of sun-dried
adobe prevented the expansion of New Mexico’s brick and tile industry at the same rate as in
other states. Also, none of the very valuable clays that can be sold at distant markets have been
mined on a large scale in the state.

The clay materials now produced commercially or consumed locally are miscellaneous
clays used in the manufacture of brick and portland cement; loam and soil used for adobe; fire
clay used in low- and moderate-heat-duty refractory products; and pottery clay. Minor quantities
of miscellaneous clays are occasionally produced for use in drilling mud. Bentonite has been
produced in the State, but the only bentonite plant operating in 2007 is near Belen in central part
of the state and it processes Ca-bentonite mined in Arizona. Virtually all the “meerschaum”
mined in the U.S. came from two districts in Grant County prior to World War I, and there has
been no recent production.

The suitability of clays in New Mexico for various uses depends on physical properties
that are controlled by the mineral and chemical composition of the clay. The common clay
minerals in New Mexico include kaolinite, calcium montmorillonite, illite, halloysite, sepiolite,
chlorite, and mixed-layer clay minerals. All clays contain nonclay mineral impurities. Quartz,
cristobalite, tridymite, feldspar, titanium minerals, carbonate minerals, and mica are common in
many clays and gypsum and organic matter are abundant in others. The value of clays for most
uses varies directly with the purity of the clay mineral present; however, for some products
nonclay minerals or organic matter having certain properties are important. Physical properties
of clays, one or more of which make them suitable for different uses, include plasticity, bonding
strength, color, vitrification range, deformation with drying and firing, resistance to high
temperatures, gelation, wall-building properties, viscosity of slurries, swelling capacity, ion-
exchange capacity, and absorbent properties (Patterson and Holmes, 1965).

Bentonite

Bentonite is a clay material that has altered from volcanic ash or tuff and it is ordinarily
composed chiefly of montmorillonite. One kind of bentonite known as Wyoming or sodium type
has very high-swelling capacity, extremely fine particle size, and other properties that make it
valuable for use in well-drilling mud; as a bonding material for foundry sands and in pelletizing
fine-grained iron ores, where high dry strengths are required; and as a relatively impervious
lining for reservoirs, irrigation ditches, and stock tanks. A second kind of bentonite called
calcium bentonite, southern type, or non-swelling is mineralogically similar to the Wyoming
type but has different physical properties. Non-swelling bentonites are ordinarily not as efficient
in drilling muds as the Wyoming type but they are more suitable for bonding materials requiring
high-green strength, for catalysts in refining petroleum, bleaching clays, for cat litter, as a
desiccant, and other purposes. The United Desiccants plant near Belen uses Ca-bentonite from
Arizona to produce desiccant clays.

A deposit with properties similar to the Arizona clay has been identified in New Mexico,
but the bed, while fairly widespread is only about 0.5 m thick and is located on the Santa Ana
Pueblo land (Austin, 1994). Bentonite occurs in most counties in New Mexico, but has been
mined only on a small scale at a few localities and none are mined at present.
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Kaolin and Refractory Clays

Kaolin and refractory clays are a group of clays having related mineralogy and chemical
composition. These clays are classified according to uses, as: (1) kaolin or china clays, (2) ball
clays, (3) halloysites, and (4) fire clays. Large quantities of fire clay and kaolin and smaller
quantities of halloysite and ball clay are used in making refractory products. Both ball clay and
kaolin are used in making tableware, whiteware, and other ceramic products. Both halloysite and
kaolin are used as catalysts in refining petroleum. Kaolins are used in adhesives, medicines,
cosmetics, fillers, chemicals, and many other purposes and because of their content of Al,Os,
39.50 percent in theoretically pure form, kaolins are commonly considered as a possible source
of alumina. Clays that may be classified as kaolin, halloysite, and fire clay occur in New Mexico,
but ball clay has not been discovered in the state. No halloysite deposit has been exploited
(Patterson and Holmes, 1965).

The kaolin and refractory clays in New Mexico occur under various geologic conditions
and have been used principally as fire clay and as mixtures with common clay and shale in
making brick and tile. No deposits have been exploited recently; however, some operations have
tried to start in the 20" century. Deposits, part of which are composed of chiefly kaolin and part
montmorillonite and nonclay mineral impurities, have altered from volcanic rock along Copperas
Creek in northern Grant County in southwestern New Mexico. These deposits were briefly
mined to supply brick plant at Silver City with a raw material for making light-colored face
brick.

Large deposits consisting of a mixture of highly crystalline kaolinite and cristobalite
occur in hydrothermally altered tuffs and other volcanic rocks along the continental divide about
14 miles west of Winston, Sierra County. Parts of this deposit consist of rather uniform light-
colored clay, but much of it contains appreciable vein quartz or other forms of silica and only
partially altered volcanic rock. A few metric tons of clay from this deposit were used
experimentally in making ceramic tile, and were explored in some detail and evaluations for use
as paper coater are being made by private interests: however, the presence of considerable
amounts of cristobalite and tridymite make this deposits unsuitable for this use (Isik and others,
1994).

Kaolin clay occurs in sedimentary beds at the top of the Morrison Formation of Jurassic
age and in the basal part of the overlying Dakota Sandstone of Cretaceous age at many places in
northwestern New Mexico. The best exposures of this clay are on Mesa Corral and Mesa del
Camino, near the highest part of north-facing Mesa Alta, Rio Arriba County. At this locality
bedded kaolin on an old erosion surface at the top of the Morrison Formation has been partly
reworked and both kaolin clay chips and kaolin cement are present in the overlying Dakota
Sandstone. A sample of this clay tested is superduty refractory clay, and a sample of the
sandstone cemented with kaolin from the overlying Dakota Sandstone is a high-duty refractory
material (Patterson and Holmes, 1965).

Fire clays, commonly associated with coal beds, occur in sedimentary formations of
Cretaceous age in several counties. The largest production of these clays has been in the Gallup
region, McKinley County, where thick beds of plastic, moderately thick beds of semiplastic, and
thin seams of flint clay occur in the Mesaverde Group. These deposits were worked as early as
1898. The highest production was in 1907 when 27,000 metric tons of fire-clay mortar, raw fire
clay, and fire brick were shipped (Patterson and Holmes, 1965). Clay production in the Gallup
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coal field has been negligible in recent years, because the best grade clays are not thick and can
only be mined by underground methods.

Small-scale production of fire clay from strata of Cretaceous and Paleocene age has been
reported at a number of localities, and a few undeveloped deposits occur at scattered localities.
Clays and shales in the Dakota Sandstone have been used for refractories at Ancho, Lincoln
County (Van Sant, unpublished report; Austin, 1993), and at Las Vegas, San Miguel County
(Van Sant, unpublished report). Shales and clays in the Vermejo and Raton Formations were
used many years ago in making coke ovens at Dawson, Colfax County, and are, therefore,
probably at least low-grade refractory clays. Some of the clay in the Mesaverde Group mined for
brick in the Carthage coal field, Socorro County (Talmage and Wootton, 1937), may have been
suitable for low-heat-duty fire brick (Van Sant, unpublished report).

Miscellaneous Clays and Shales

Common clays and shales used in making brick and tile and for other purposes have been mined
at a number of places in New Mexico. Plants using these materials have operated at various
times since 1900 at most centers of population, including Albuquerque, Santa Fe, Gallup, Aztec,
Farmington, Flora Vista, Fruitland, Ship Rock, La Luz, Las Vegas, Socorro, San Antonio, Silver
City, and others (Talmage and Wootton, 1937). Most of the plants supplied local markets and
closed after such demands were satisfied. The only brick plants in operation in the spring of 2007
are those of the Kinney Brick Co. in Albuquerque and the American Eagle Brick Company in
New Mexico just west of El Paso, Texas. The pit of the Kinney Brick plant is in the Pine Shadow
Member of the Wild Cow Formation, Madera Group of Upper Pennsylvanian age. The American
Eagle Brick pit consists of marine shales and siltstone of Lower Cretaceous age. Miscellaneous
clays of Pennsylvanian age are used in making portland cement at Tijeras, east of Albuquerque.
Clays and shales for miscellaneous uses have been mined from several types of rocks,
including altered volcanic rock and sedimentary formations ranging from shale of Devonian age
to flood-plain alluvium of Recent age. The Devonian Percha Shale west of Silver City was mined
to mix with clays from Copperas Creek to obtain colored brick. Clays and shales have been
mined recently east of Mesquite, Dofia Ana County, to supply brick plants in El Paso, Texas; and
they were formerly mined northeast of Santa Fe to supply the State Penitentiary plant. Clays and
shales in the Mancos Shale and Mesaverde Group of Cretaceous age were mined for brick at a
number of places in northwestern New Mexico, including the former plant at Gallup; similar
materials mined in the old Carthage coal field were used in the plant at Socorro; and clays and
shale of Cretaceous age have been used for brick on a small scale in northeastern New Mexico.
Red gypsiferous highly plastic clays of probable Tertiary age were dug near Monument, Lea
County, and used for drilling mud in the Hobbs oil field, and small tonnages of organic shales in
the Blanco pit, Chaves County, are also used in drilling mud. Alluvial clays of Recent age were
formerly used for low-quality brick at Albuquerque and Socorro (Patterson and Holmes, 1965).

Pottery Clay
Plastic clays have been used on a small scale in making pottery, chiefly Indian wares and art

pottery objects. One material used was a dark shale interbedded with limestone of Pennsylvanian
age (Talmage and Wootton, 1937). This shale becomes plastic when ground and pugged, and
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fires nearly white. It was formerly used in making art pottery of Mexican design at the La Luz
pottery works, Otero County.

Plastic clays suitable for Indian wares are dug locally near Gamerco, McKinley County,
and near Espafiola, Rio Arriba County. A deposit of plastic pottery clay, which probably is
kaolin altered from volcanic rock, in secs. 2 and 11, T. 23 N., R. 2 E., northwest of Santa Fe,
formerly supply local ceramic needs (Patterson and Holmes, 1965).

Meerschaum

Meerschaum (sepiolite), Mgs(Si1;2030) (OH)4 (OH,)4 * NH,O, is a tough clay material so
lightweight that dry meerschaum (German word for sea foam) will float on water. Meerschaum
can be carved and shaped and has been used for nearly 200 years in making pipes and other
articles for smokers, and small quantities have been used for a number of other purposes,
including an absorbent for nitroglycerine.

“Meerschaum” was discovered along Sapillo Creek, Grant County, New Mexico, in
1875. An estimated 2 million pounds of meerschaum had been shipped before World War I from
the meerschaum mining district, on Sapillo Creek approximately 34 miles north of Silver City,
and from the Juniper district, along Bear Creek 12 miles northwest of Silver City. Production of
meerschaum ceased shortly before World War I, and the only recent meerschaum operation,
other than by mineral collectors, was in 1943, when approximately 1,000 pounds was shipped for
experimental purposes in an attempt to find improved materials for insulators in radios (Patterson
and Holmes, 1965). However, recent X-ray diffraction analysis indicates that the “meerschaum”
consists of palygorskite, Mgs (SigO20) (OH), (OH»)4 * 4H,0, rather than sepiolite.

FLY ASH (HOFFMAN)

Pozzolans by definition are siliceous or siliceous and aluminous materials that in themselves
possess little or no cementitous value but will, in a finely divided form and in the presence of
moisture, chemically react with calcium hydroxide in cement at ordinary temperatures to form
compounds possessing cementitious properties. Fly ash from coal combustion has pozzolanic
properties that make it saleable as a mineral additive to concrete.

During the coal combustion process to produce electricity, the non-combustible material
in coal becomes molten and either remains in the combustion chamber as slag, drops to the
bottom of the combustion chamber as bottom ash, and the lighter particulate matter is carried out
of the chamber in the flue gasses, as fly ash. This molten material moves upward with the flue
gas, cooling rapidly with the air movement giving 60 percent of the particles a spherical shape.
Electrostatic precipitators (ESPs) or mechanical precipitators such as bag houses or cyclones,
capture the fly ash from the flue gas. ESPs have a 99+ percent efficiency in capturing fly ash and
are the most common anti-pollution devise used by generating stations. The ratio of bottom to fly
ash is dependent on the burner and boiler types with fly ash percentage varying from 65 percent-
85 percent. Fly ash consists mainly of Si0,, Al,O3 and Fe,Os. The chemical makeup of the fly
ash is dependent on the type of coal and the amount of unburned carbon (loss on ignition)
remaining in the fly ash is dependent on the combustion process. The type of flue gas
desulfurization method can affect the characteristics of the fly ash. Placement of a dry scrubber
system in line before the fly ash is captured coats the fly ash with the desulfurization byproducts
(CaO + CaS0y) and cannot be used as a pozzolan.
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Three major coal-fired generating stations in New Mexico sell a portion of the produced
fly ash to Salt Rivers Minerals Group (SRMG) formerly Phoenix Cement in Scottsdale, Arizona.
The characteristics that make fly ash saleable are its pozzolanic properties that can offset the
amount of cement required for concrete. Other characteristics fly ash imparts to concrete are
increased durability, lower heat of hydration, ease of pour, lower permeability, and strength and
durability over time. Fly ash from all three generating stations is Class F fly ash, indicating a
minimum of 70 percent SiO,+Al,03+Fe,O3; composition (American Society for Testing
Materials, 2003).

Not all the fly ash captured meets the specifications as a pozzolan. Size is an important
factor and the coarser material (>44um) is not suitable as a pozzolanic material. To meet ASTM
C618 (American Society for Testing Materials, 2003) specifications, no more than 34 percent or
the fly ash can be retained on a 45um (325-mesh) sieve. To ensure the consistency of the fly ash
SRMG has classifiers at the Four Corners and San Juan generating stations that control the size
characteristics of their product. They also do continual testing of the fly ash coming from the
different generating units to ensure consistency in the percent LOI (loss on ignition), fineness,
and color of the fly ash.

Table 3 shows the amount of fly ash sold and disposed in thousands of short tons for all
three generating stations. The offsite disposal for both the San Juan and Four Corners generating
stations is fly ash returned to the adjacent coal mines, San Juan and Navajo, for use in
stabilization and reclamation (Dale Diulus, SMRG, 2007 personal communication). Over half of
the fly ash sold from both San Juan and Four Corners is trucked to a rail loadout facility near
Gallup, a distance of about 100 miles. The remaining fly ash from these plants near Farmington,
New Mexico is trucked to the job site or silos near population centers. SRMG has storage
facilities in California, Arizona, New Mexico, and Colorado (Salt River Materials Group, 2006).
Escalante fly ash can be shipped by rail, the power plant is along a spur to the main line of
Burlington Northern- Santa Fe railroad, or trucked via Interstate 40.

Table 3. Fly Ash produced and sold from New Mexico generating stations for 2005.
Data from DOE-EIA form 767 (Department of Energy, 2005). Reported in thousands of short tons.

Category Escalante San Juan Four Corners  Totals
Total produced 186.8 1054 1548.6 2789.4
Landfill

Ponds 461.7 461.7
Onsite

use/storage 96.2

Offsite disposal 823 789.3 1612.3
Sold 90.6 231 297.6 619.2
percent sold 48.5 21.9 19.2 22.2

Primary use of New Mexico fly ash is in concrete and road construction. Over 50,000
tons of fly ash from the San Juan generating station was used in construction of State Highway
550 from Bloomfield to Bernallilo, New Mexico completed in November 2001 (Public Service
Company of New Mexico, May 2002). The New Mexico Department of Transportation requires
20 percent minimum Class F fly ash when using aggregates that is reactive or potentially reactive
to prevent alkali-silica reaction (New Mexico State Highway and Transportation Department,
1999). Alkali-silica reaction is a common problem in the southwest because of the predominance
of reactive material in aggregate, such as opal, chalcedony, or siliceous shales. ASR occurs when
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silicate minerals react with alkali metal ions (Na,O and K,0) in Portland cement paste to from
gel. With moisture, the gel swells, causing expansion and cracking of the concrete around
individual aggregate (Hoffman, 2000).

SRMG also markets the hollow, glassy sphere portion of the fly ash called cenospheres.
Cenospheres are lightweight, have a high compressive strength, and high melting point. These
glassy spheres have many uses as fillers in paint, plastics, and industrial putty, as well as
acoustical insulation.

GYPSUM (McLemore)

Gypsum is a soft mineral (hardness of 1.5-2) with the formula CaSO4-2H,0, and is typically
formed in sedimentary environments. Gypsum is used primarily in the manufacture wallboard
for homes, offices, and commercial buildings; other uses include the manufacture of Portland
cement, plaster-of-Paris, and as a soil conditioner.

Eagle Materials operates the White Mesa mine near Cuba and two wallboard plants
(Albuquerque and Bernalillo). The annual gypsum wallboard capacity at the Albuquerque plant
is 430 million square feet and at the Bernalillo plant 495 million square feet, The mine has an
estimate reserves of more than 48 million tons that should last mare than 50 years (Eagle
Materials, 2006) Other smaller gypsum mines are operated in Sandoval and Dofia Ana County.
The Castile Formation is an extensive occurrence of gypsum in the Delaware Basin of west
Texas and southeastern New Mexico.

HUMATE (Hoffman)

Humates, as a lithologic term, include oxidized coals and lignites, organic-rich mudstones and
claystones and some sandstone that have concentrations of humic substances, such as the
Jackpile Sandstone found in the Grants uranium belt. In New Mexico, oxidized coals and organic
rich mudstones and claystones are mined for their humic materials. Humates are often used as a
soil additive, although they are also used in drilling mud for increased circulation. They are most
beneficial on sandy soils lacking in clay material. The humic and fulvic acids in the humate are
organic colloids and act like clays to help retain water and nutrients in the root zone of the soil.
Humate lowers the pH of alkaline soil, increasing the plant nutrient availability and stimulating
growth of microorganisms (Hoffman and others, 1995)( fig. 3).
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Figure 3. Formation of organic acids from lignin and coal.

Source: Hoffman, G. K., Verploegh, J.,

and Barker, J. M., 1996.

Humate-bearing rocks are mined using front-end loaders that place the material in
stockpiles for processing at the mill. The humate is crushed, screened, and shipped in bulk, or
bag in super sacks to commercial users. Some companies run the humate through an extraction
process to produce a humic-rich liquid. Most humate is sold to commercial farms and applied to
fields at a rate of 448 to 672 kilogram/hectare , depending on the pH of the soil (Shomaker and
Hiss, 1974). Bagged humate or a humic liquid is also sold at local nurseries for home gardening.
Transporting humate is generally by truck, but rail is used for some shipments.

There are six operators in northwest New Mexico currently producing humate (table 4).
Markets for New Mexico humate include all 50 states, plus Central America, the Caribbean and
Taiwan (B. Reid, personal communication). Humate production in New Mexico for 2005 was
29,797 short tons and sales of 24,050 short tons. Total value of sales was $2,436,687, averaging
$101/short ton (Susan Lucas Kamat, Mining and Minerals Division, Energy, Minerals and
Natural Resources, 2007, personal communication).

Table 4. New Mexico Humate Producers. Data from Susan Lucas Kamat, Mining and Minerals Division, Energy,

Minerals, and Natural Resources.
Company

Mine Name, Location (County)

Mill, Location (County)

Menefee Mining, Dallas TX
Mesa Verde Resources, Placitas,
NM

Morningstar Corp., Farmington,
NM

Rammsco, Inc. Katy, TX
U-Mate International, Inc.
Scottsdale, AZ

Horizon Ag-Product, Modesto,
CA

Star Lake, Menefee — McKinley
Pueblo Alto, and Star Lake-
McKinley

Morningstar — McKinley

Eagle Mesa — Sandoval
U-Mate- McKinley

San Luis- Sandoval

Menefee — Sandoval
Mesa Verde — Sandoval

Morningstar — San Juan
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MAGNETITE (McLemore)

Iron ore as magnetite is shipped from the magnetite tailings at Phelps Dodge’s Cobre mine in
Grant County and is used by cement plants to increase the strength of their cement. The Smokey
mine in the Capitan Mountains, Lincoln County has produced magnetite-hematite from contact-
metasomatic deposits for the cement plant

PERLITE (Barker)

The perlite industry in the U.S. continued to undergo rapid change and increased competition in
2006 as it did in 2005. This affected New Mexico producers in several ways. World Minerals
acquired Basin Perlite in Milford, Utah and itself was acquired by IMERY'S in 2005. Basin was
subsequently permanently closed in 2006. The Dicaperl operation at No Agua, New Mexico was
also placed on standby as was the Dicaperl microspheres plant at Antonito, Colorado. Dicaperl
produces microspheres at the former Noble plants in Nevada and Oklahoma. Total U.S.
production in 2006 was 457,000 metric tons, continuing the decline seen nationally and in New
Mexico over the last few years (table 5 and 6). Perlite imports to the eastern and Gulf coasts of
the U.S. from Greece by S&B reached 275,000 metric tons in 2006. This market remains well
protected by high rail rates from western U.S. perlite plants. Minor amounts of perlite exported
to Canada and to the Pacific Rim partially offset imports. Since 2002, domestic apparent
consumption has dropped about 12 percent mainly due to lower demand for perlite used in
construction-related materials (Bolen, 2007).

Table 5. U.S. perlite production and imports (1000 metric tons).

Parameter 2001 | 2002 | 2003 | 2004 | 2005 | 2006°
Production 588 | 521 | 493 | 508 | 508 | 457
Imports 175 | 224 | 245 | 238 | 196 | 275
Exports “43) | 42) | 3D | 37 | 32) | (32)
US Consumption 720 | 703 | 701 709 | 672 700

¢ Estimated Source: Bolen, 2007

Table 6. Estimated 2006 production of processed perlite sold by the three largest producers in the U.S.

Perlite Production® | Production® | Percent

Operation 1000 st 1000 metric | of Total
tons

Harborlite

No Agua, NM 185 168 37

Harborlite

Superior, AZ 45 41 9

Harborlite

Milford, UT 6 > !

Dicaperl

Socorro, NM 152 138 30
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Dicaperl
No Agua, NM 0 0 0
Cornerstone,
Lakeview, OR 100 ol 20
Other perlite
USA 16 14 3
U.S Total 503 457 100
¢ estimated T calculated and rounded from estimated

The average price of perlite in the U.S. rose to $42.72 per metric ton in 2006. End use
distribution principally for expanded perlite including microspheres was construction 61 percent
(down from 62 percent), horticultural aggregate 14 percent, fillers 11 percent, filter aids 7.5
percent (up from 7 percent), and other 6.5 percent (Bolen, 2007). Crude perlite was produced by
seven companies operating nine mines in seven western states. The two bright spots for crude
perlite sales remain either very coarse grades for horticultural perlite (hort) or very fine grades
for perlite microspheres. Filter aids increased slightly. Perlite was expanded at 62 plants in 31
states (Bolen, 2007).

The hort market continues to experience limited supply and high prices. The highly
value-added microspheres market continues to grow. Microspheres are functional fillers used
mainly in joint-compound for wallboard installation. In addition, microspheres are utilized in
numerous other uses including textured coatings, cultured marble and plastics. Product
development of microspheres continues to meet consumer demand for ever-lower density. List
prices (Santini and Barker, 2006) for microspheres depend upon packaging and whether they are
uncoated or coated (with silane or silicone) and range from $0.20-$0.30 per pound or $0.44-0.66
per kg ($400-600 per short ton or $440—660 per metric ton).

Microspheres production for the world in 2006 was by five firms, all in the U.S.:
Silbrico, Dicaperl (Grefco), Harborlite (World Minerals; Basin), Therm-O-Rock We and Therm-
O-Rock East. Only Harborlite and Dicaperl have a captive source of perlite. Perlite mining is
currently active at Socorro (Dicaperl) and No Agua Peaks (Harborlite).

Dicaperl

Dicaperl, a division of Grefco, operated two mines in New Mexico until the EI Grande mine at
No Agua Peaks was placed on standby in 2006. The Socorro operation currently is one of two
operating mines in New Mexico.

Socorro

The Socorro deposit is granular perlite, with no obsidian, in a 7 Ma old, high-potassium, high-
silica rhyolite. Mining is by auger scrapers feeding a conveyor belt to the drying and screening
plant. The Dicaperl Socorro mine and screening plant is in sec. 27 T. 3 S., R. 1 W. and employs
30 people including manager Tim Hall. The mine is adjacent to the plant and occupies 70 to 90
acres on patented claims. The Socorro mine was one of the first perlite mines in the U.S. when it
opened in 1949. It was closed from 1959 to 1975, but a drill-hole intercepted over 600 ft of
perlite showing it to have very large reserves. The operation produces about 5-6 railcars per
week or about 150,000 short tons/year, mainly in fine grades for microspheres or coarse grades
for hort.
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About 98 percent of the crude is moved from the Socorro facilities to customers by rail,
primarily in 100 short tons bottom-dump railcars. Some is moved in PD railcars needed for
pneumatic unloading of finer sizes. About two percent of crude perlite is trucked to customers
requiring perlite in 50 Ib sacks or 1 m’ super sacks. Dicaperl expansion plants are in Lafayette,
Louisiana, and Jackson, Mississippi, and take about 10-15 percent of the total crude perlite
production. Customers for the Socorro perlite are in Alabama, Arizona, California, Colorado,
Florida, Georgia, Illinois, Indiana, lowa, Kentucky, Michigan, New Mexico, Oklahoma,
Pennsylvania, Tennessee, Texas, and Wisconsin. About 10 percent of the product is exported to
foreign countries, principally Canada, with a small amount to Mexico. About 60 percent of the
Socorro Dicaperl output goes for ceiling tile. Most of the remainder is used by the horticulture
market and a minor amount goes into filter aids, wallboard, and pipe insulation.

El Grande mine

The El Grande mine at No Agua Peaks was a single flow altered to granular perlite with
considerable obsidian in sec. 15, T. 29 N., R. 9 E. on the southwest flank of the four No Agua
Peaks. The No Agua Peaks are composed of late Tertiary extrusive rhyolitic rocks dated at 4.2
Ma (Whitson, 1982). Mining was primarily by ripping and scrapping. The mine fed a sizing
plant whose output was trucked to Antonito, Colorado, for further shipping (nationwide) or
expansion.

The Dicaperl Antonito plant shipped 35-40 railcars per week of processed perlite and
~6,350 metric tons per year of expanded perlite (shipped only by truck) before going on
intermittent status in the early 2000s. Total annual production from the operation was about
200,000 metric tons per year. The Antonito plant had three vertical furnaces (one 18 inch and
two 28 inch in diameter).

Dicaperl shipped about 20 percent of their crude product to company-owned Chemrock
Corp. plants in Florida, Indiana, Maine, and Tennessee. About 80 percent of the product went to
outside customers in Florida, Idaho, Illinois, Indiana, Maine, Massachusetts, Missouri, North
Carolina, Ohio, Oregon, Pennsylvania, Tennessee, Texas, and Wisconsin. About 50 to 60 railcars
of crude perlite were shipped from Antonito each week.

The Antonito facility included two vertical expanders of 18.5 inch and 30 inch diameter.
Expanded perlite was bagged and shipped to California, Colorado, Connecticut, Idaho, Kansas,
Montana, New Mexico, New York, North Carolina, Oregon, Texas, Washington, Canada
(Ontario), and Mexico. The expanded perlite was shipped mainly by truck in 25, 20, and 18-20 b
paper bags (2-ply, Kraft). One railcar of expanded perlite was shipped from Antonito each week.

About 50 percent of Dicaperl perlite was used in acoustical ceiling tile, 32 percent as
block fill and other aggregates, 10 percent as horticultural perlite, and about 8 percent as filter
aid.

Harborlite

The Harborlite No Agua deposit, a series of flows is more geologically complex than the
adjacent Dicaperl single flow to the west. Production comes from the South and West Hills
(about 50 percent each) and all of the West Hill production comes from the A pit. Area |
northeast of the plant is slowly being developed. Output from the Antonito, Colorado sizing plant
is from 50 to 55 railcars of sized crude per week, but only about one PD car per month. Total
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yearly production is up from about 250,000 short tons. Plants in California, Florida, Illinois,
Mississippi, Pennsylvania, Minnesota, Texas, Virginia, and Indiana plants now use Harborlite
No Agua perlite. About 49 percent goes into acoustical tile, 49 percent into fesco (roof board),
one percent into silica flux for foundries, and one percent into horticulture.

The perlite is both granular and pumiceous, although some denser material similar to
classical perlite is at the core of the hills. In general, a lateral progression from denser perlite, to
granular to pumiceous exists from South Hill southward. Some fine-grained, gray-to-clear
obsidian is present in the "classical" and granular perlite, but the pumiceous perlite contains
virtually none. Perlite is ripped 70-80 percent of the time (West Hill is all ripped; South Hill has
some blasting), except for the hardest classical perlite. Blasting accounts for 20 to 30 percent,
using ANFO.

Sized crude perlite is shipped by company bottom-dump trucks 24 mi from the No Agua
screening plant to the rail-loading facilities at Antonito, CO. Perlite is loaded into bottom-dump
or PD 100 short tons railcars at the rate of about 30 bottom-dump and 1-2 PD railcars per week.
Less than 5 percent of the ore is shipped by truck, mostly to local or small markets or those
lacking rail service.

Former Producers and Exploration Targets

Past production of perlite occurred at Brushy Mountain, Grants, and Leitendorf Hills.
Exploration for perlite continues in New Mexico and other western states. In New Mexico,
exploration targets include Wallace Ranch, McDonald Ranch, and Schwartz in southwestern
New Mexico. The entire southwestern portion of New Mexico is a good exploration target.

Former producers

The three former perlite producers in New Mexico are: Silbrico, U.S. Gypsum and Silbrico.

Silbrico. The Brushy Mountain perlite deposit is ~10 miles east-southeast of No Agua
Peaks. It consists of a pumiceous perlite that was most recently mined by Silbrico in the early
1980s. It was initially an underground mine that was completed as an open pit. The age, origin,
and character of the perlite was similar to those of the No Agua deposits, but the large amount of
fine waste at the mine and the long haul to Antonito made the operation unprofitable.

U.S. Gypsum. The U.S. Gypsum (USG) mine was north of Grants in a rhyolitic dome
consisting of concentric envelopes of perlite and obsidian (Barker and others, 1989). Potassium-
argon dates on the obsidian and perlite indicate that the perlite is 3.3 = 0.3 Ma old (Bassett and
others, 1963). The friable, well-fractured perlite was mined using front-end loaders and was
trucked eight miles to a processing plant (recently demolished and the site reclaimed) adjacent to
rail in Grants. Production was about one car of crude perlite per week (<10,000 short tons/year)
through the 1990s. Output was for captive uses in USG ceiling tile and plaster. Perlite was
shipped from the Grants crushing plant primarily to USG plants in Indiana, New York, Ohio, and
Texas, where it is expanded and used in Thermofill plaster.

Leitendorf Hills. Massive brownish-red to dark-green perlite/pitchstone crops out at
the Leitendorf Hills (Weber, 1965) as irregular lenses and seams of glass (water content ranges
from 2 to over 5 weight percent) and alteration products in a rhyolite dome (McLemore and
Elston, 2000). The deposit is eight miles south-southwest of Lordsburg. The deposit crops out for
~3.2 km, is up to 0.8 km wide and 150 m thick, and has an estimated volume of ~23 million m’



(Flege, 1959). Expanded aggregate was produced briefly in the early 1950s but the variable
perlite was impractical to mine. Recent expansion tests at the New Mexico Bureau of Geology
on samples from the old loading tipple were about 25 Ibs/ft’. Three quarries in the southern part
of the Lordsburg district produced 5,000 metric tons of expanded aggregate in 1952—1954. The
stony rhyolite gangue and variability in the deposits made them uneconomic (Flege, 1959).

Selected exploration targets

The Wallace Ranch deposit (Scharkan, 1992) is about 15 miles southwest of Riverside at Pine
Canyon and just west of Bald Knoll in sec. 19, T. 16 S., R. 18 W. via NM-180 and 16 miles of
dirt road. It is a gray, banded, granular perlite breccia, 15 to 60 ft thick, under black classical
perlite, from 6 to 10 ft thick. Water content of the perlite is from 1.73 to 2.00 weight percent and
expanded density ranges from 2.4 to 11.9 Ibs/ft’. The resource appears to be large but the long
haul to rail, partly unpaved, makes development difficult (Austin and Barker, 1998).

The McDonald Ranch perlite deposits crop out along Burro Cienega ~20 miles south of
Silver City in T. 22 S., R.15 W. and T. 22 S., R. 14 W. (Scharkan, 1992). Weber (1965) reports
that the main body has a tabular form up to 30 m thick. Water content in the perlite is 1.73 to
5.78 weight percent. Expanded density is 2.5 to 3.5 lbs/ft’. Development began in the late 1970s
and early 1980s and picked up again in the late 1990s. Excessive variability in the quality of the
classical perlite and the long truck haul to the Southern Pacific railroad at Gage, New Mexico
make development difficult. The outcrop extends ~1.5 km along strike. It is black glass, with
clear feldspar or altered white phenocrysts, and is ~2—75 m thick including lenses (Austin and
Barker, 1998).

The Schwartz perlite deposit (Scharkan, 1992) is east of Schwartz and 15 miles north of
City of Rocks State Park. It is southwest of Tom Brown Canyon about 1.1 miles west of NM-61
insec. 34, T. 18 S.,, R. 10 W. and sec. 3, T. 19 S., R.10 W. The perlite outcrop extends about one
mile along strike and consists of black glass with clear feldspar or altered white phenocrysts and
varies from 6 to 250 ft thick including lenses. Water content is about 3 to 4 weight percent and
expanded density ranges from 5.95 to 11.03 Ibs/ft’. The total resource is unclear and the
variability of the perlite makes development difficult (Austin and Barker, 1998).

POTASH (Harben)

Potassium is the third most widely used fertilizer nutrient after nitrogen and phosphorus and this
use accounts for more than 90 percent of total potash consumption supplied as potassium-bearing
minerals, ores, and processed products. The most common form is potash, potassium chloride or
KClI, or more correctly muriate of potash (MOP), with a minimum analysis of 60 percent K,O
and differentiated by grain size as granular, coarse, standard, and soluble. Most fertilizer-grade
MOP is colored pink to red due to iron oxide and clay content and contains 60—-60.5 percent K,O
with 2.0-3.0 percent NaCl and other impurities; refined grades (62.0 percent K,O and higher
with a maximum of 1.0 percent NaCl) are white and are used primarily for industrial applications
plus soluble fertilizer solutions and suspensions. The mineral langbeinite, a double sulfate of
magnesium and potassium, K;SO422MgSQOy, a.k.a. sulfate of potash magnesia (SOPM) or KMS,
is used as a specialty fertilizer and an animal feed additive. Theoretically, this natural source of
SOPM contains 22 percent K,O and 18 percent MgO and is produced commercially in New
Mexico and Ukraine (Harben, 2002; Prud’homme and Krukowski, 2006).

35



The potash industry is regarded as an oligopoly with just 14 countries producing a
product essential for all agriculture and more than three quarters of world output produced by
Canada, Russia, Belarus, and Germany (Harben, 2002). In the U.S., a relatively modest producer
with 4 percent of the world output and a net import reliance of 80 percent, New Mexico is the
leading producer. Commercial production of almost 1 million tons of K,O valued at some $280
million (Kostick, 2007) is centered on the Carlsbad mining district of Eddy and Lea counties in
the southeastern part of the state where the Salado Formation in the Permian Delaware Basin
contains sylvite, langbeinite, and lesser quantities of various sulfate minerals in a dozen potash
horizons spread over an area of about 5,000 km? (Barker and Austin, 1999). Based on sylvite
(KCI) and langbeinite (K,SO42MgS0Oy), the estimated potash reserves exceed 553 million tons.
Based on freight cost advantages from the major sources in Saskatchewan, Canada, potash from
New Mexico supplies product to companies in Texas, Oklahoma, Kansas, and Nebraska.

Production in the state is controlled by two companies — Mosaic and Intrepid. The
Mosaic Company, formed in October 2004 through the combination of IMC Global and the Crop
Nutrition division of Cargill, operates one facility in New Mexico with an annual recent
production of about 1.5 million metric tons of MOP (based on sylvinite) and potassium
magnesium sulfate (based on langbeinite). The associated 180,000 metric tons/year sulfate of
potash (SOP) facility was sold to Great Salt Lake Minerals (GSLM) and subsequently closed.
IMC then sold its potash/salt operations at the Great Salt Lake in Utah to GSLM's parent
Compass Minerals.

In March 2004, Denver-based Intrepid Mining purchased the bankrupt Mississippi
Chemical potash holdings in New Mexico for approximately $27 million. These facilities, now
operated by Intrepid Carlsbad, comprise the West Facility and the East Facility plus a granular
compaction plant, the North Facility, near the East and West Facilities (the former Eddy Potash
operation remains closed). Intrepid uses flotation to produce red potash and hot-leach
crystallization to produce higher-purity white potash. Refined product from the West Facility, a
mine (800-1,100 feet deep) and refinery originally built by U.S. Potash in 1929 is transported to
the North Facility compaction plant where the vast majority is converted to granular form and
sold to agricultural fertilizer dealers and distributors. A portion of the production from the West
Facility is sold directly as a standard grade product. Most of the red and approximately half of
the white standard potash is converted to a granular product, which is used as a direct application
fertilizer and in bulk blending of agricultural products. The balance of the white product is
consumed in the specialty and industrial markets.

With the improved market for potassium products, the Intrepid East Facility was
redesigned (improved recovery boosted the output to 370,000 metric tons of which 240,000
metric tons is converted to granular potash) and returned to a 24/7 schedule. All of the refined
potash produced through hot leach crystallization at the East Facility is a standard form of white
MOP (62 percent) and is marketed as Magna-K®, a high potassium-magnesium-sulfur specialty
fertilizer based on langbeinite and used on chloride-sensitive crops such as citrus fruits (Harben
and Barker, 2006).

PUMICE AND PUMICITE (Austin)

Pumice and pumicite are pyroclastic materials produced by the rapid expansion of dissolved
gases in a viscous siliceous magma generally ranging from rhyolite to dacite composition.
Pumiceous materials are inert to most chemicals and are composed primarily of SiO,.
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Williamson and Burgin (1960) reported that the SiO; content of 92 pumice and pumicite samples
ranged from 54 to 77.6 weight percent with a median of 71.3 weight percent. This group of
pyroclasts is distinctive because they are glassy and consist of a cellular structure composed of
numerous thin-walled vesicles. Pumicite originates when dissolved gases in the viscous magma
produce a froth or a large quantity of bubbles in a short period of time followed by rapid rupture
of the vesicles. If fewer bubbles develop in the magma, and the glass vesicle walls are allowed to
solidify rapidly enough to prevent collapse, then pumice will form.

Vesicles can range in size from less than 0.01 mm to over 20 mm but commonly range
from 0.1 to 0.6 mm in diameter with equidimensional to highly elongate shape. Pumice has a
white streak and a Mohs hardness of 6.0. The fracture is irregular, and the tenacity is generally
brittle. Pumice usually has a silky luster whereas pumicite is more earthy (Hoffer, 1994). Pumice
and pumicite are usually light colored, commonly light gray to white, but shades of light buff,
brown, and pink are common. The density of the unexpanded glassy materials is about 2.5 g/cm’
but, because of their cellular structure, the apparent density is generally less than 1.0 g/cm”.
Apparent density measurements of more than 250 pumice samples (Hoffer, 1989) show a range
from 0.35 to 1.20 g/cm’ with an average of 0.70 g/cm’. Block pumice has commonly been used
to refer to lump pumice; however, the term block has been defined legally as a pumice fragment
possessing one dimension equal to or exceeding 50.8 mm (Federal Register, 1990).

Fragments of quartz, feldspar, hornblende, biotite, augite, and magnetite are commonly
found as phenocrysts in pumice and pumicite. Generally, these minerals are most abundant in
pumice with high apparent density.

All glasses are amorphous and are therefore unstable in nature over geologic time if in
the presence of water. Pumice and pumicite are susceptible to alteration by chemical weathering
at the earth’s surface. Weathering of the pumice will devitrify the glass, form clay materials, and
destroy the physical properties that make the pumice useful as an aggregate and abrasive.
Therefore, fresh, unaltered pumice and pumicite are generally restricted to strata of late-Tertiary
to Quaternary age or to older strata that has escaped alteration. Such areas occur in the western
U.S. and include the active volcanoes of the Cascade Mountains in northern California, Oregon,
and Washington. In addition, numerous deposits have been produced from siliceous calderas and
volcanic dome complexes in California, Nevada, Arizona, New Mexico, and Idaho. New Mexico
has ranked in the top five states in the production of pumiceous materials in the U.S. since 1980.
Kansas has produced pumicite in relatively small amounts for many years.

U.S. pumice and pumicite production in 2006 of 1.58 metric tons was valued at about $50
million. In 2006, it came from 16 producers at 17 mines in 7 states. It was mined in Arizona,
Oregon, Idaho, California, New Mexico, Nevada, and Kansas, in decreasing order of production.
A survey of 58 deposits in the western U.S. shows that more than 30 percent contain no pumice
fragments coarser than 19 mm. (Founie, 2007). The average percent of fragments sized greater
than 19 mm for all of the deposits is 7.3 percent (Hoffer, 1994). The principal domestic uses of
pumiceous materials include concrete admixtures and aggregates, building block, abrasives,
laundry use, and landscaping. In 2006, about 82 percent of the production building blocks; 11
percent for horticulture; 3 percent for abrasives; 2 percent for concrete mixtures and aggregate;
and 2 percent for concrete, landscaping, stone-washed laundries, and other applications (Founie,
2007).

New Mexico Pumice Deposits
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The principal pumiceous deposits in New Mexico occur within the volcanic units related to the
resurgent Valles caldera in the Jemez Mountains in north-central New Mexico (fig. 4). In the
1990s, production for four companies was 1,900 m*/day from two Plinian ash-fall units: (1) the
0.17 Ma El Cajete Pumice of the Valles Rhyolite and (2) the 1.45 Ma Guaje Pumice Bed, within
the Otowi Member of the Bandelier Tuff in Santa Fe, Sandoval, Rio Arriba, and Los Alamos
counties (Hoffer,1994). Copar Pumice Company operates the El Cajete mine in sec. 5, T. 18 N.,
R. 4 E. and produces both locatable and saleable pumice (D. M. Bland, personal communication,
March 28, 2007). In 2004, three other active mines were operated by Copar Pumice Company,
Inc., CR Minerals Company, and Utility Block Company (Presley, 2006). All produced from the
Guaje Pumice Bed. The Guaje Canyon Mine of Copar Pumice is in sec. 31, T. 20 N., R. 7 E., the
Rocky Mountain Mine of CR Minerals is in sec. 33, T. 21 N., R. 7 E., and U.S. Forest Service
Mine of Utility Block is in sec. 3, T. 17 N., R.3 E. According to the U.S. Geological Survey,
these companies were operating in 2006 (A. Founie, personal communication, March 27, 2007).
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Figure 4. An index map showing the major pumiceous deposits and occurrences in New Mexico (after Hoffer,
1994). Numbered deposits are located and described in Tables 10 and 11 of Hoffer (1994).
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Figure 5. Decorative medium-to-large stone, for use as accents, on display in a New Mexico stone yard (after Austin
and others, 2006).

L

Physical properties of the New Mexico pumiceous materials indicate they are suitable for
use in concrete aggregate, in Portland-pozzolan cements, and as abrasives. The coarse-particle
pumice of the El Cajete Pumice is the most promising for laundry use. The laundry industry
utilizes only coarse pumice ranging from 19 to 76 mm in diameter; fragments smaller than 19
mm would disintegrate completely before the completion of the 15- to 50-minute washing cycle.
The proportion of coarse pumice in a typical pumiceous deposit is generally less than 10 percent.

SALT (McLemore)

Underground deposits of halite and sylvite are mined for the potash, and the salt is discharged
during potash processing as a brine to tailing ponds and left to evaporate. Over the years, many
feet of salt have accumulated. United Salt Corp. acquired the solar evaporation salt plant near
Carlsbad in 1962 (United Salt Corporation, 2007). The salt is harvested on a 2,600 acre salt lake
after the sun has evaporated the water from the brine. The salt is then carefully washed three
times before it is packaged into a variety of solar salt products. Originally, the salt at Carlsbad
was sold as deicing salt for roads. Today, the salt is used in water conditioning, agricultural feed
products, chemical feed stocks, for swimming pool chlorine generation and numerous other
industrial applications

SCORIA (Austin)

Scoria is a cellular, dark-colored volcanic rock of basic composition (commonly basalt or
basaltic andesite). In industrial usage, scoria is also known as volcanic cinders. In addition to
compositional differences, scoria differs from pumice in its darker color, higher density, coarser
vesicles, more crystalline texture, and generally higher strength. Uses include natural lightweight
concrete aggregate, road surfacing aggregate, and railroad ballast. As a constituent of lightweight
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concrete, scoria characteristically provides less weight reduction accompanied by higher strength
than pumice (Williams, 1965). Cinder for these purposes must meet the same specifications as
any other aggregate material, including abrasion resistance, immersion disintegration, and
aggregate degradation. Cinders that qualify have a higher density than those used for lightweight
concrete. The friable, fragmental nature of cinder deposits results in much lower production costs
than from nonvesicular rock that must be crushed (Presley, 2006)

Scoria or volcanic cinder is formed when gases, especially water vapor, expand during a
volcanic eruption. Scoria piles up around the vent, producing the scoria cone. The classic deposit
is cone shaped with beds farther from the vent dipping outward and beds near the vent dipping
inward. The actual shape of the deposit is determined by a number of factors, including wind
direction and speed, vent shape, and lava viscosity.

Chemical analyses of samples collected at regular intervals from the vent zone to the
perimeter zone show a progressive decrease in the ferric-to-total-iron ratio moving away from
the vent. Ferric iron constitutes about 95 percent of the total iron in the vent zone and decreases
to only 5 percent at the perimeter of the cone. No significant changes in other major element
chemistries are observed.

Heat at the vent is postulated as the cause for oxidation. When black scoria samples were
heated to 400°C in a muffle furnace, sample color began to change progressively after only one
hour. Samples develop iridescent blue and green surface coatings after about 24 hours of heating;
these samples resemble scoria found at intermediate distances from the vent. After about four
days of heating, the color of the samples stabilizes at weak red or dark reddish brown. Tests run
at 700°C showed the same color progression, but the colors stabilize at dark reddish brown after
eight hours rather than the 84 hours required at 400°C. No color changes are noted in samples
heated at temperatures lower than 400°C for a period of two weeks. In short, by heating scoria
for variable amounts of lime, the vent-centered color pattern of a scoria cone can be duplicated.
The typical pattern observed is dark-reddish-brown scoria in the vent zone, where maximum heat
exposure occurs, brownish to dark-gray scoria at intermediate distances from the vent, and very
dark gray to black scoria in perimeter zones, where volcanic ejecta are well insulated from the
vent. As the demand for dark-reddish-brown scoria for landscaping aggregate expands, the value
of being able to predict color variation in a particular deposit becomes more important (Osburn,
1982).

All U.S. scoria production comes from the western states plus North Dakota and Texas.
In 2005, New Mexico contributed approximately 11 percent of U.S. production of about 2,960
metric tons annually (Willett, 2006). New Mexico’s scoria resources are estimated to be 245
million m®, near major roads and railroads. Scoria deposits, found in widely separated parts of
New Mexico, are mostly associated with cinder cones of Quaternary age. Resources are
exceedingly large.

Scoria blocks are an excellent building material, especially for institutions. Blocks made from
scoria have greater structural strength than those made from pumice, mainly because of thicker
cell walls in the rock. In addition, scoria blocks are sawable, nailable, vermin-proof, fireproof,
have good insulating properties and are difficult to vandalize (Schmidt, 1957).

Noteworthy variations in form occur in many of New Mexico’s scoria cones. Strong
winds during the eruption produce reduced deposition on the windward side of the cone; the
resultant lopsided form is common in the cones of the Potrillo volcanic field in south-central
New Mexico. Twin Mountain in northeast New Mexico erupted from a fissure vent to form an
elongate cone. Both sorting and grain size of the tephra reflect the sedimentary nature of the
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deposit. All volcanic ejecta emanate from a point source, the vent. Tephra in the vent are the
largest and most poorly sorted in the deposit. Agglutinate also occurs in the vent area. In
contrast, at the perimeter of the cone, scoria from each eruptive pulse is well sorted and graded.
The average grain size is small, with the exception of an occasional block or bomb (Osburn,
1982).

The popularity of scoria as decorative stone in the desert landscaping industry is largely
due to low maintenance and water requirements. The most common sizes of scoria used in
landscaping are %:-inch- and 1%:-inch clasts and large decorative blocks and bombs. Landscaping
aggregate requires careful size and color control and thus commands much higher prices than
scoria used for cinder block.

Cinders arc also used to sand highways to improve traction on icy surfaces. Cinders are
typically crushed and screened to sizes from about -16 to +4 mm. Coarser particles can damage
vehicle windshields, and finer particles can retain moisture and freeze in stockpiles or during
transit.

Scoria blocks are also used as building stones. Uniformity of color is of importance in
landscaping and decorative uses. Scoria lapilli are also used as an absorbent bed in gas cooking
grills.

The large number of scoria or cinder cones in New Mexico and the relative ease of scoria
mining make scoria an attractive source of lightweight aggregate. The majority of New Mexico’s
scoria output is used to make concrete to produce strong, lightweight cinder blocks. The second
most important market for New Mexico scoria is as decorative stone used in desert landscaping
and roofing material. Both of these uses require more control of color and size than the aggregate
used for block manufacture; these controls create a higher price for landscaping and roofing
scoria. Dense lava-flow materials that are waste products in the lightweight-aggregate industries
are used for ballast and erosion control.

SILICA (McLemore, Barker)

Current mining of quartz/silica in southwest New Mexico is for decorative stone and railroad
ballast. No silica flux is produced as of 2007.

Silica flux was produced from several quarries in Grant County for the Phelps Dodge
mill. A silica flux mine also operated in the Little Hatchet Mountains near the Hidalgo smelter at
Playas, but it closed when the Playas smelter closed in 1999. A silica flux mine in Luna County
at Goat Ridge also has operated in the past, but is now closed.

STONE, DECORATIVE (Austin)

No classification can completely eliminate overlap between dimension stone, aggregate, and
decorative stone because most stone is multi-purpose. Many used for decorative purposes are not
produced specifically for that end use. Rock otherwise considered waste in dimension stone or
aggregate quarries can be decorative stone coproducts. Many uses require a compromise between
decorative and structural qualities (Bowles, M., 1992, written communication).

In 2006, the crushed stone industry, which includes aggregates, was valued at $13.1
billion and their products were produced by 1,200 companies operating 3,200 quarries, 85
underground mines, and 190 sale/distribution yards in all 50 states. Of the total crushed stone
produced in 2006, about 70 percent was limestone and dolomite; 16 percent, granite; 8 percent,
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traprock; and the remaining 6 percent was shared, in descending order of tonnage, by sandstone
and quartzite, miscellaneous stone, marble, volcanic cinder and scoria, calcareous marl, shell,
and slate. It is estimated that of the 1.69 billion tons of crushed stone consumed in 2006, 32
percent was for unspecified uses, and 18 percent was estimated for nonrespondents to the U.S.
Geological Survey canvasses. Of the remaining 850 million tons reported by use, 85 percent was
used as construction aggregates, mostly for highway and road construction and maintenance; 13
percent for chemical and metallurgical uses, including cement and lime manufacture; 1 percent
for agricultural uses; and 2 percent for special and miscellaneous uses and products (Willett,
2007).

Decorative stone, including ornamental stone, is more broadly defined here as any stone
used primarily for its color, texture, and general appearance. It is not used primarily for its
strength or durability, such as construction stone, or in specific sizes, such as dimension stone.
The decorative stone industry uses a much wider range of stone types compared to stone that is
dimensioned. Decorative stone usually serves some structural purpose, but is not load-bearing to
any great extent. Weak or costly stones serve in decorative, not structural, applications (Austin
and others, 2006).

Rough Stone

Rough stone is used as it is found in nature with very limited processing such as minor hand
shaping, edge fitting, and size or quality sorting (Perath, 1., 1992, written communication). This
stone type is often marketed locally in relatively small tonnages and includes fieldstone and
flagstone. The primary end uses of rough stone are landscaping, edging, paving, or large
individual stone landscape or interior accents (fig. 5).

Fieldstone

Fieldstone is picked up or pried out of the ground (gleaned) without extensive quarrying and
includes garden or large landscaping boulders (Austin and others, 1990; Hansen, 1969). Boulders
and cobbles may be split or roughly trimmed for use in rubble walls and veneers, both interior
and exterior. Popular fieldstone rock types include sandstone, basalt, limestone, gneiss, schist,
quartzite, and granite, but many others are suitable. Much fieldstone is collected by individuals
or small companies because the industry is labor intensive and markets are small. The stone may
be sold locally in small quantities from the back of vehicles (Austin and others, 1990). Fieldstone
includes many rock types, sizes, and shapes with the only common denominator that it must be
set by hand and be durable (Power, W.R., 1992, written communication). In New Mexico, it is
used for many similar uses including walls, wall facings, foundations and, in some cases,
complete buildings. Fieldstone is picked or pried off the ground without extensive quarrying.
Fieldstone includes moss-covered sandstone, cobbles and boulders of basalt, limestone, gneiss,
schist and granite. The most productive fieldstone operations in northern New Mexico are near
Las Vegas, Ribera, San Miguel, and Tecolote where extensive deposits of Triassic and Permian
flagstone and moss-covered sandstone occur. The majority of stoneyards and landscapers in
northern New Mexico have stockpiles of fieldstone, garden or landscaping rock that have been
obtained locally. Fieldstone production in New Mexico is difficult to estimate, but is large in
value and tonnage.

Moss rock. Moss rock is fieldstone partially covered by algae, mosses, lichens, and
fungi that give the rock an aged and variegated patina (Austin and others, 1990). The plants are
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supported by moisture and nutrients in the stone. Moss rock is used for landscaping, walls, and
fireplaces. Although almost any durable rock can be a moss rock, most are slabby or rounded
sandstone and limestone. Moss rock, a popular sandstone, is found throughout the flagstone areas
where it occurs as loose fieldstone on surface outcrops. Moss rock is also collected near Cuba,
New Mexico. It usually is partially covered with plant growth that gives the rock an aged patina.
Moss rock is used for landscaping, retaining walls and fireplaces.

Flagstone

Flagstone or flagging consist of thin irregular slabs used for paving, walkways, and wall veneers.
Random-shaped flagging is produced widely in the U.S. Suitable stone breaks very easily in one
direction producing flags. Any fissile stone can be used, but sandstone (bedding planes) and slate
(cleavage surfaces) are best. Sandstone flags up to 0.5 m* can be split to a thickness of 3 cm or
less. Flagstone slabs 3 to 10 cm thick are used for walkways in high-traffic areas and must be
resistant to abrasion. If used in walkways, these thin slabs must be set on a very firm base.
Thicker flags of sandstone or granite may be used in walls or set on edge as curbing.

Although flagstone can be produced in New Mexico from sedimentary rocks like
sandstones, limestone and dolostones, most sandstone used by the building industry is quarried
near Las Vegas, Ribera, San Miguel, Anton Chico, and El Rito. The flagstone and dimension
stone here are of Permian and Triassic-age. They easily split into smooth flagging of 3- to
5-cm-thick slabs and blocks of various sizes in colors varying from white to brown to red. The
Anton Chico quarries are noted for their white-to-buff sandstone. The Abiqui-El Rito quarries
produce flagging that is primarily buff to brown. Flagstones of various reds are widely produced
in the Ribera, San Miguel, Las Vegas, and Tecolote areas. Flagstone rubble and moss rock from
local quarries and fieldstone sites are hauled to nearby major cities and sold to contractors and
the general public directly from pickup and flatbed trucks.

Aggregate
Uncrushed stone

Natural aggregate is lightly processed, usually by washing or screening, yielding products
suitable for decorative use. Fragments can be either rounded or angular and must be durable.
Many types of decorative stone can be used for rock lawns or area covers in virtually unlimited
colors. Typically, local materials are used which limits choice but lowers cost. The aggregate is
placed on UV-resistant black, impermeable or semipermeable polyethylene (4 mil) covering a
prepared surface treated with weed killer. A wide variety of sizes are used at an application rate
of at least 50 kg/m? that varies depending on aggregate size. Some special categories of
uncrushed stone are described below.

River rock. A distinctive attribute of river rock is the water-rounded pebbles, cobbles,
and boulders, commonly used as an area cover. White to gray is typically specified, but other
colors are available. River rock most commonly is granite or gneiss, but any durable rock may be
used. In Pennsylvania, white to buff vein quartz is a popular river rock for landscaping
(Berkheiser, S.W., Jr., 1991, written communication).

Scoria and cinder. Scoria or volcanic cinder is a lightweight, vesicular equivalent of
basalt or other basic volcanic rocks. It is used primarily for desert landscaping in the
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southwestern U.S. and is less common elsewhere, but is available in most parts of the country.
Scoria is sold as either red to brown or black to gray varieties, but both are otherwise similar.
Reddish hues are more popular, and hence, more valuable than other hues (Osburn, 1980). Color
differences of cinder is a result of the presence (red) or absence (black) of oxygen during
volcanic eruption and emplacement. In northern New Mexico, Tertiary and Quaternary basaltic
rocks are exposed for hundreds of square miles near Grants, Albuquerque, Santa Fe, Espafiola,
and Taos where large quantities of basaltic stone have been produced. Great volumes of basalt
and scoria are in volcanic terrains east and west of the Sangre de Cristo Mountains. Major
outcrops are at Caja del Rio, Black Mesa, West Mesa and the Taos Plateau. The majority of
basalt is on federal land, so permits for removal must be obtained. South-central New Mexico
south of Las Cruces contains a number of cinder cones that supply the building and landscaping
industries (Austin and others, 1998). The area produces both red and black, fine-to-coarse-size
cinder, heavy, brown-and-black, coarse-to-fine cinders, and coarse-to-fine charcoal-to-russet
cinder. One company reports more than 50 percent goes outside New Mexico, mostly states to
the east. Only about 10 percent is sold for local consumption.

Scoria is a lighter weight, less dense, vesicular equivalent of basalt. It is used mainly in
cinder blocks and for landscaping. Other uses are as dimension stone, lava rock in barbecues and
anti-skid material on icy highways.

Basalt, fine-grained, hard, tough, dense and durable rock, is produced from volcanic
terrains principally in northeast New Mexico near the Rio Grande in the center of the state. It is
well suited for use as aggregate, dimension stone, railroad ballast and riprap. At present near Las
Cruces basalt is mainly obtained from the many State Highway Department pits where the rock
is quarried and sized for road aggregate. The proximity of basalt to major cities in the south
allows use of rough and rounded basalt in walls and wall facings, and in landscaping.

Fused Argillaceous Rock. Natural fires in New Mexico lignite produce fused
interbedded claystone and sandstone locally called “red dog.” This material is used in the same
manner as volcanic cinder, most commonly as road-building material in coal mines.

Crushed stone

Crushed stone is the most common decorative aggregate and can be produced from virtually any
pleasing stone. It is broken mechanically and usually screened prior to use; larger sizes are often
called rubble. Harris (1991) uses the term “decorative aggregate” to describe crushed and sized
stone used for landscaping such as area cover, rock lawns, walkways, and borders around plants
or gardens. Exposed aggregate, dash, and terrazzo (all defined below) are included by us under
crushed stone, although they are used with a binder such as cement.

Rubble. Rubble consists of large rough stone or blocks produced in quarrying, often as
waste, used for retaining walls, seawalls, bridgework, and landscaping. Only landscaping rubble
is considered decorative stone because it is used primarily because of color, texture, or general
appearance. In New Mexico, large boulders of pegmatite are used as landscaping pieces (Austin
and others, 1990). In New Mexico, property walls composed of rubble are relatively common,
particularly in southern New Mexico near the Vado stone quarry south of Las Cruces.

Smaller rubble is popular as wall facing in homes and commercial buildings. The primary
purpose is aesthetic--it replaces brick or other veneer--but ease of installation, weather resistance,
lightweight, and ability to bond well with mortar are also important. Rubble may be set in
random patterns from about 0.05 to 4 m* of exposed rock. Low-density rock, such as pumice, has



several advantages. Shipping costs are lower, setting is easier for the stonemason, and few if any
anchors are required to tie the stone veneer to the wall (Power, 1983).

Exposed aggregate. Exposed aggregate is one of the most common methods to use
crushed stone. Stith (1970) found the most important properties to be color, hardness, soundness,
absorption, shape, size distribution, and impurities.

Many colors and shapes are possible making exposed aggregate compatible with almost
any architectural scheme. Color should be uniform and permanent because it is the main criterion
used by architects. Observation of weathered and fractured outcrops of the proposed aggregate
can be very useful in determining how the stone will react (Cutcliffe and Dunn, 1967). Spalling
and other forms of physical deterioration should be noted. The color should vary only slightly, if
at all, between weathered and fresh outcrops. Variations in color, based upon exposure to
sunlight or weather, should be noted to minimize color differences across the sides of a structure
(Cutcliffe and Dunn, 1967). Color segregation of stone by quarry procedures, blasting,
stockpiling, blending, batching, and due to weathering or lithology should be avoided (Cutcliffe
and Dunn, 1967).

The ability to cast exposed aggregate in complex shapes and with background coloring
(dash) of cement give the architect great freedom. Aggregate, mixed with white or gray cement
in a 2:1 ratio, can be precast into panels, or cast in place in walls and floors or walkways, with
the aggregate dispersed or concentrated in the facing layer (Stith, 1970). The aggregate is
exposed by subjecting the surface of the aggregate/cement mixture to sand blasting, bush
hammering, wire brushing, or acid washing (Cutcliffe and Dunn, 1967) and it is finally sealed.

Dash. Dash, either coarse (for texture) or fine (for color), is added to exposed aggregate,
stucco or concrete for texture or color. Sand dash is added to stucco for color and a small-scale
exposed aggregate surface. Very fine dash is added to concrete or cement as a permanent
pigment instead of more expensive mineral pigments which may react with the cement
compounds. Non-reactive dash material, which is well mixed, avoids blotchiness or shade
variation common with artificial or mineral pigments and may be used in conjunction with
stucco dash or exposed aggregate. No dash is currently produced in New Mexico.

Terrazzo. Produced by the Romans over 1,500 years ago, terrazzo floors provide
quality, at low original and maintenance cost, and very long life. Terrazzo, a mixture of sized,
crushed stone, and cement, offers variety in color and design. This mixture is poured into a
prepared floor area and after hardening, ground smooth, sealed, and often polished (Reed, 1978).
The stone aggregate has low porosity and low absorption. The portion of the terrazzo that needs
protection is the portland cement matrix, which is porous and absorbs stains. The primary
application of terrazzo is in high traffic, public areas, and buildings. Relatively soft stone, usually
limestone, dolostone, or marble is preferred, but granite is also used. Quality control is
paramount during quarrying, so that color can be matched through repeated batching, and during
processing, so quality, color continuity, and freedom from impurities are assured. The Terrazzo
Tile and Marble Association of Canada recommends a thin-gauge epoxy or polyacrylate for
sealing. Most terrazzo in New Mexico is present in large government and commercial buildings
in larger cities.

STONE, DIMENSION (Austin)

Dimension stone consists of blocks, slabs, or sheets of stone which are either sawed or chipped
to specific dimensions for structural, ornamental, or monumental uses. In the past, dimension
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stone was used extensively as building blocks to support the full weight of the structure. More
recently, however, supporting structures have been mainly of steel or reinforced concrete, and
stone is used chiefly as a decorative veneer. Some dimension stone is used in constructing ashlar
masonry walls, and also for decorative purposes as ornamental stone, including panels for
interior and exterior walls, window sills, mantels, and tops for furniture and lavatories. There is
also a continuing demand for dimension stone for use as monuments in cemeteries (Lindvall,
1965).

Dimension stone can be developed from a variety of rock types including sandstone,
limestone, marble, travertine, quartzite, granite, basalt, and related igneous rocks. The type of
rock is commonly not as important as is the color, durability, texture, and freedom from flaws.
Deposits of rock should be large enough to develop a sizable quarry, and thickness of overburden
should not be excessive.

In 2006, approximately 1.5 million tons of dimension stone, valued at $275 million, was
sold or used in the U.S. Dimension stone was produced by 100 companies, operating 136
quarries, in 35 states. Approximately 38 percent, by tonnage, of dimension stone sold or used
was limestone, followed by granite (27 percent), marble (14 percent), sandstone (13 percent),
miscellaneous stone (7 percent), and slate (1 percent). By value, the leading sales or uses were
for granite (39 percent), followed by limestone (35 percent), sandstone (9 percent), marble (7
percent), miscellaneous stone (6 percent), and slate (4 percent). Rough block represented 64
percent of the tonnage and 54 percent of the value of all the dimension stone sold or used by
domestic producers, including exports. The leading uses and distribution of rough block, by
tonnage, were in flagging, exports, and unlisted and unspecified applications (36 percent) and
construction (34 percent). Dressed stone mainly was sold for flagging (27 percent), curbing (24
percent), and ashlars and partially squared pieces (17 percent), by tonnage (Dolley, 2007).

New Mexico Dimension Stone

In 2007, only commercial marble (travertine) was produced as dimension stone. New
Mexico Travertine (NMT) of Belen, New Mexico, produces travertine from quarries on Mesa
Aparejo (secs. 12 and 13, T. 5 N., R. 3 W.). These quarries were operated intermittently prior to
NMT operations along with several others along the Comanche thrust between the Sierra
Ladrones and New Mexico Highway 6 (NM-6). Cooper (1964) conservatively estimated that the
NMT quarries contained reserves of about 45 million ft* of associated types of
commercial-quality travertine and altered limestone. Travertine of all types underlies about 1,140
acres and may total about 200 million short tons in place (Barker, 1988).

Commercial marble is any crystalline rocks composed predominantly of calcite,
dolomite, or serpentine that is capable of taking a polish ( Meade and Austin, 2006). Marble is
probably the oldest term used for dimension stone. In ancient Rome, the root word for marble—
marmore—was used for all hard stones that could be polished. The same practice is followed in
Italy today where the term “marble” is used for all hard stone that will take a polish, including
granite. The practice is not followed in the U.S., where commercial marble encompasses true
marble in the geologic sense as well as many crystalline limestones, travertines, and serpentine,
but not other lithologies.

Travertine is widespread in New Mexico (Kottlowski, 1965; Barker and others, 1996).
Other large occurrences near the NMT quarries are west of Sierra Ladrones (Barker, 1983) and at
Mesa del Oro (Jicha, 1956, 1958). About 50 discrete deposits are reported in the literature
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(Barker, 1986, 1988) with many additional unreported occurrences in the extensive limestone
terrains of southeastern New Mexico. Most deposits are associated with the extensional Rio
Grande rift or on the Jemez volcanic zone that intersects it. The extensional volcanic terrane in
the Basin and Range province of southwestern New Mexico also has numerous deposits.

New Mexico Travertine

NMT is one of three dimension-stone operations producing travertine in the U.S.; the other two
are in Idaho and Montana. NMT quarries stone from extensive, well-bedded, laminar lenses of
travertine just east of Mesa Lucero in the eastern foothills of Mesa Aparejo. The quarries are
about 25 miles west of Belen in on BLM and private lands.

General geology of Mesa Aparejo. Limestone of the Pennsylvanian Madera
Formation in the subsurface to the west is probably the primary source rock for the calcium-rich,
CO,-charged water that formed the Quaternary travertine at the edge of Mesa Aparejo. The
lower 800 ft of the Madera Formation are well exposed just west of the NMT travertine quarries
(Kelley and Wood, 1946; Cooper, 1964) and probably represent the Gray Mesa Member of the
Madera (Kues, Lucas, and Ingersoll, 1982). The large northeast-trending Comanche fault mostly
west of the travertine was mapped as a normal fault dipping 70° east by Cooper (1964). The fault
and associated minor faults acted and continue to influence circulation of CO,-charged ground
water and spring water. At Mesa Aparejo, travertine was deposited as extensive, thick, laminar
lenses. Just north of the mesa (secs. 35 and 36, T. 6 N., R. 3 W.), travertine presently being
deposited from springs illustrates one way older and larger deposits may have formed.

The varieties of travertine at Mesa Aparejo are distinguished by color and structure, but
the mineralogy and origin are fundamentally the same for each. Bedding is commonly laminated
with characteristic serrations probably representing the forward surface of a micro-terraced
rimstone dam which impounds a pool of spring water that deposits limestone. Concretionary
masses of various dimensions are largely due to algal activity. Rod-like structures, frequently
upright and clustered in tufts or masses, may be in part algal or bacterial when microscopic, but
most likely represent deposition around grass, stems, or branches. Holes within travertine may
result from rapid accumulation over tufted or dimpled surfaces, gas bubbles encrusted by
travertine, or voids produced by primary deposition of soluble salts later removed by dissolution.
Shrub-like forms, composed of upward-radiating bacterial clumps in CaCOj; (Chafetz and Folk,
1984), are locally abundant.

The highly variable color of the Mesa Aparejo travertine is a result of impurities (fig.6).
Pink and red are probably primary and are due to inclusion in the travertine of red iron oxide
from nearby Permian sandstone, siltstone, and shale. Yellow and brown are secondary and were
produced close to the surface by percolating oxidizing waters during case hardening and
weathering of the travertine.
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Figure 6. Scheherazade quarry at New Mexico Travertine quarries west of Belen, New Mexico. Diamond-
impregnated belt saw in operation cutting 1%2-inch channel as deep as 10 ft. Wire saw is “pulling the floor” on block
previously cut by belt saw. Photograph courtesy of Rocky Mountain Stone.

Onyx is translucent calcium carbonate in which layers parallel the surfaces of infilled
voids or laminae, and is intimately associated with travertine. Most onyx, now calcite, was
deposited originally as aragonite, a metastable higher-temperature form of calcium carbonate.
Local coarse-grained aragonite is associated with spring orifices mainly in the Apache Golden
Vein portions of the Gray Mesa Member of the Madera Formation. Because aragonite is more
soluble than the calcite, advanced dissolution forms soft crumbly zones and large voids later
filled with clay or mud (Cooper, 1964).

Commercial varieties of NMT travertine. NMT produces commercial varieties of
stone including Sunset Lite (creamy-white travertine), Scheherazade (pale-cream to pink
travertine with onyx; ), Navajo Gold (yellow to brown travertine with minor onyx and lilac- or
pinkish-gray sections), Vista Grande (dark reddish-brown to cream travertine with onyx), Desert
Gold (yellow-gold with abundant onyx), and Apache Golden Vein (altered stylolitic yellow to
reddish-gray limestone). Production of several sub-varieties is possible by cutting different
directions in relation to bedding of the travertines. A “vein cut” cross cuts bedding; a “fleuri cut”
parallels bedding. In 2007, Navajo Gold is NMT's premier light-colored commercial stone. NMT
ships about 100 short tons of travertine per month. This amounts to about 15 percent the
operation’s total business. The rest is finished stone from blocks purchased from other quarries.
In the spring of 2007, NMT’s chief market area was Florida. In the past it has been Chicago
and/or Los Angles (T. J. Lardner, personal communication, March 27, 2007).

By varieties, the order of 2007 sales is (1) Navajo Gold (produced as fleuri cut only), (2)
Scheherazade (vein cut only; but fleuri cut for split-face ashlar), (3) Apache Golden Vein (vein
cut in slabs only), (4) Desert Gold (both vein and fleuri cut; slabs only), (5) Vista Grande (fleuri
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cut only), and (6) Sunset Lite (both vein and fleuri cut, and also as random broken material). The
six varieties of travertine mined by NMT vary in detail within a given layer but are laterally
consistent for hundreds of feet. Several additional varieties of travertine have been identified in
the Mesa Aparejo area but have not been quarried. Such a wide variety of types within one
travertine deposit is very unusual (T. J. Lardner, personal communication, March 27, 2007).

Dimension stone is produced by cutting, fabricating, or selecting stone for specific shapes
or sizes. It has become popular in rubble walls, fireplaces, patio floors, and as flagstones,
especially where decorative accents and special architectural effects are desired (Austin and
Barker, 1990). In addition to stabs, New Mexico Travertine markets ashlar, rubble, and crushed
stone. The ashlar and rubble are most commonly used in walls. Crushed stone is used for
landscaping. In this way, very little of NMT’s travertine is waste.

Rocky Mountain Stone Company (RMS) markets stone for NMT in New Mexico.
Finished travertine is displayed at the RMS stoneyard in Albuquerque. Some travertine is
shipped to sculptors for carving or to marble shops and dealers primarily for distribution to
furniture manufacturers. RMS aggressively markets their products in many parts of the U.S. and
has sold large quantities of stone in such distant states as New Jersey and Washington. RMS
travertine products are now beginning to penetrate international stone markets as well.

New Mexico Dimension Stone Produced in the Past

Most parts of New Mexico contain deposits of marketable stone, and small quantities of stone
have been produced from many of these deposits. Quarries from which stone for highway
construction has been obtained are for the most part not located on this map, due to the transient
nature of most of these operations.

Dimension stone was produced at the Gallinas mine, northeast of Las Vegas in San
Miguel County, which marketed monumental and ornamental granite in northeastern New
Mexico. Also near Las Vegas, the Mavalo mine produced flagstone. A quarry in Marble Canyon
about three miles east of Alamogordo in Otero County in south-central parts of the state that
contained a 30-foot-thick bed produced marble for a variety of uses. A cream-colored sandstone
(Glorieta Sandstone) was quarried near Lamy in Santa Fe County in north-central New Mexico
and has been used in the construction of some public buildings in Santa Fe. Dark-red, gray, and
brown sandstones from quarries west of Las Vegas have been used in buildings at New Mexico
Highlands University. Other quarries in various parts of the State have produced small quantities
of stone for local use.

ZEOLITE (Barker)

Zeolites are aluminosilicates, composed of a three-dimensional crystal lattice with loosely bound
cations, able to hydrate and dehydrate without altering their crystal structure (Holmes, 1994).
Zeolites have fixed pore sizes and active sites in the crystal lattice. The main commercial uses
for zeolites is exchanging ions, absorbing gases, vapors and liquids, acting as molecular-scale
sieves (Breck, 1974), and catalyzing reactions. About 48 natural zeolites and 100 synthetic
zeolites exist (Eyde and Holmes, 2006). Clinoptilolite (clino), the main commercial natural
zeolite, is in geologically young volcanic ash altered by alkaline groundwater in the western U.S.
Synthetic zeolites are used in small tonnages for molecular sieves and catalysts. Zeolite
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production in the U.S., is on the order of 50,000 short tons per year from Arizona, California,
Idaho, New Mexico, Nevada, Oregon, and Texas (Eyde and Holmes, 2006).

This paper draws heavily from Bowie and Barker (1986), Bowie and others (1987),
White and others (1996), Austin and Bowman (2002), Bowman (2003), Freeman (2003) and
Barker and others (2004).

Clinoptilolite Uses

The physical, chemical and mineralogical characteristics of clino yield many commercial
applications. While adoption of zeolite technology has been slow in the U.S. compared to other
regions of the world, continued testing and research has shown a wide range of uses.

The clino produced by SCM and others is used, horticulture and soil amendments, water
treatment, floor dry, aquariums, aquaculture and pond filtration, air and liquid filters, pollution
control media, and industrial fillers. It is used in animal hygiene and animal feed at confined
animal feeding operations (CAFOs) and for CAFO odor control. Zeolites are inert, non-toxic
substances federally classified as generally regarded as safe (GRAS) in most applications. They
are exempt from most regulations and reporting when used in accordance with good agricultural
practice and when they comprise less than 2 percent in animal feed products (40 CFR, Part
180.1001 and elsewhere).

Other applications for natural zeolites include paper and paint fillers, thermal storage,
natural gas purification, ground water and sewage effluent treatment, and removal of ammonia,
heavy metals and radioactive ions from industrial and municipal effluents.

Clino is used to remove cations from solutions. Surface modified zeolite (SMZ) is a
sorbent for removal of anions and neutral organics from water. Specific clino applications are
control of chemical pollution in groundwater, removal of organic compounds from oil field
waters, and elimination of pathogens from sewage effluent. Combining the sorption capabilities
of SMZ with chemical or biological transformations can yield complete removal of toxic
materials from contaminated water.

St. Cloud Mining

St. Cloud Mining (SCM) accounts for about 60 percent of domestic production zeolite from a
clinoptilolite (clino) deposit in south-central New Mexico. The clino deposit currently mined by
SCM is about four miles south of Winston in south central New Mexico, (Bowie and others,
1987). The major physical and chemical specifications of SCM clino are in Table 7. The mineral
content by weight is 74 percent clino with varying amounts of quartz, feldspar, and clay but no
fibrous minerals. The SMZ operation is in sections 2—3, 10-11, 14-15,22, T. 12 S.,R. 8 W. It is
at the southern end of the Winston graben in altered volcanic ash about 29 Ma (MclIntosh and
others, 1991). Sales in 2006 for SCM clino were about 31,500 short tons distributed as follows:

e Animal hygiene 25 percent
e Animal feed 23

e Horticulture 17

e Water treatment 15

e Floor dry 13

e Aquarium 4
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Air filtration
Filters
Odor control

2
1
<1

Table 7. Various physical and chemical properties of St Cloud clinoptilolite in both English and metric units
(modified from White and others, 1996).

Parameter Value
Acid stability 0-7 (pH)
Alkali stability 7-13 (pH)

Bulk density (solid, dried)

Bulk density (aggregate, dried)
4x6 mesh
4x14 mesh
14x40 mesh

Cation exchange capacity (CEC)

Color
Crushing strength

Hardness
Molecular ratio
Other

pH (natural)

Pore size (diameter)
Pore volume
Resistivity

Specific gravity
Surface area
Swelling index
Thermal stability

1393 kg/m’ (87 Ibs/ft’)

849-913 kg/m’ (53—57 Ibs/ft’)
865-929 kg/m’ (54-58 Ibs/ft’)
993-1057 kg/m® (62—66 Ibs/ft’)
1.0-2.2 meq/gm

(1.2 typical)

White

85 optical reflectance

69 kg/cm® (2500 Ibs/in®)

3.5-4.0 Mohs scale
4.9 (Si/Al)
Negligible solubility
Non-slaking
Free-flowing
Readily mixable

8.0 (approx.)

40 A

15 percent

9000 (approx.) ohms/cm
2224

40 m*/gm

Nil

650°C (1202°F)

Approximately 35 percent of all SCM clino products are bulk sales, with the remaining 65
percent of products packaged. SCM clino prices vary depending on particle sizing, packaging,
quantity and quality-control requirements and range from $0.02 to $0.20 per 1b ($40-$400 per st)
for standard products. The majority of sales are to manufacturers rather than the final end-user.
SCM ships clino products throughout the U.S. as well as to customers in Canada, Mexico, and
overseas. Other zeolite deposits in New Mexico include Buckhorn Foster Canyon and others
(Bowie and others, 1987).

SCM mines commercial clino at the surface mostly in the fall and winter when it is dry.
SCM employs about 25 at the mine and plant. Unconsolidated sand and gravel (a co-product)
above the clino is removed using a bulldozer, front-end loader and trucks. The upper surface of
the clino is blown clean using compressed air. The bed is then drilled, gently blasted, and the
clino is loaded and transported about 1.2 miles to the SCM mill. The clino is crushed, dried, and
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screened to various sizes and packaging as specified by customers. No other beneficiation or
treatment of the clino occurs prior to sale.

Since 1996, the entire SCM production goes directly to its customers by truck, except for
some of the product going overseas. This latter material is place in containers at the plant for rail
shipment and then trucked to El Paso, Texas, where it is loaded onto flatbed rail cars. The SCM
operation is not as remote as it first seems. It is close to [-25 and New Mexico is a backhaul state
for trucks (more is trucked in than trucked out). Thus, trucks are the exclusive transport method
since the mid-1990s.

SCM has five separate bagging and three bulk bag lines. They produce standard, private
label and custom packaging (bags, boxes, plastic or paper) in one pound to one ton sizes with
stitched, heat seal or valve closures in a wide range of options. On-site warehouses, for packaged
products, have a storage capacity of 2,000 tons and incorporate four loading docks that can serve
either van trailers or flatbeds. Drive-under bulk truck loadout is also available. Bulk packaging in
approximately 1-ton and other supersacks or directly loaded in any bulk truck or rail car
configuration including top loading or pneumatic carriers (Austin and Bowman, 2002).

POSSIBLE PRODUCERS

Garnet (McLemore, Barker)

Garnets are a group of silicate minerals common to skarns and igneous rocks and are the general
name for a group of complex silicate minerals with similar crystalline structures and diverse
chemical compositions. The general chemical formula is A3B2(Si04)3;, where A can be calcium,
magnesium, ferrous iron, or manganese and B can be aluminum, chromium, ferric iron, or rarely,
titanium. Angular fractures, high hardness, and an ability to be recycled characterize industrial
garnet. The complex mineralogy of garnet determines its utility for a variety of uses, including
water filtration, waterjet cutting, abrasive, in sand blasting media, and water filtration.

Garnet deposits must be large enough to sustain production for 10-20 years, contain the
right type and size of garnet for the end-user, be easily and inexpensively processed, and be close
to markets and/or transportation routes. The U.S. produces approximately one-third of the
world’s production of garnets; in 1996, six companies produced 68,200 tons of crude garnet from
mines in the U.S. (Balazik, 1997).

Although garnet has not been produced in New Mexico in 1998-2000, at least one
company is reported to be exploring for garnet in 2007. Garnet exploration in recent years has
mainly centered on two areas. The San Pedro mine south of Taos, and the Orogrande area south
of Alamogordo.

The San Pedro mine, which reportedly has 3.5 million tons of garnet reserves available
for underground mining, was acquired by Canadian interests in the early 1990s. Local opposition
to the project forced delays that eventually led, along with status problems, to failure to acquire a
Sante Fe county permit.

Large reserves of garnet crops out on claims just west of Orogrande in Otero County
(Lueth, 1996). These deposits were drilled and sampled in the late 1990s to early 2000s, but no
significant development occurred.

Garnet typically is found in skarn deposits in southern and central New Mexico and in
some areas, garnet is a major constituent of waste rock piles remaining after recovery of metals
(Lueth, 1996). For example, approximately 149,000 short tons of 20—36 percent garnet are
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estimated to occur in four tailings piles at Hanover (Cetin and others, 1996). Average values for
crude garnet concentrates ranged from approximately $55 to $120 per ton in 1999 (Olson, 2000).

Beryllium (McLemore)

Only one beryllium mineral, bertrandite, is currently mined in the U.S.; bertrandite contains less
than one percent Be. Beryl also has been mined in the U.S. in the past and contains
approximately 4 percent Be. Brush Wellman Inc., Cleveland, OH, mines bertrandite at Spor
Mountain near Delta, Utah. Recent exploration for beryllium in New Mexico has occurred at
Iron Mountain, Sierra County and in the southern San Mateo Mountains in Sierra and Socorro
counties where bertrandite is found in contact-metasomatic deposits in recrystallized limestones
and veins in volcanic rocks. Results of exploration are unknown. Bertrandite also is found in
veins in the Taylor district north of Iron Mountain in Alamosa Canyon area in Socorro County.
Exploration permits have been denied by New Mexico Mines and Minerals Department partly
because the ore is found along structures that also control hot and cold springs feeding the
Alamosa Canyon.

Heavy Sands (McLemore)

Heavy mineral, beach-placer sandstone deposits are concentrations of heavy minerals that
formed on beaches or in longshore bars in a marginal-marine environment (Houston and
Murphy, 1970, 1977). These deposits in New Mexico are found in Cretaceous rocks, mostly in
the San Juan Basin and are small (<3 ft thick), low tonnage, and low grade. Many beach-placer
sandstone deposits contain local high concentrations of Th, REE (rare earth elements), Zr, Ti,
Nb, Ta, U, and Fe. Detrital heavy minerals comprise approximately 50-60 percent of the
sandstones and typically consist of titanite, zircon, magnetite, ilmenite, monazite, apatite, and
allanite, among others. They rarely exceed for more than several hundred feet in length, are only
tens of feet wide, and 3-5 ft thick. However, collectively, the known deposits in the San Juan
Basin contain 4,741,200 tons of ore containing 12.8 percent TiO», 2.1 percent Zr, 15.5 percent Fe
and less than 0.10 percent ThO, (Dow and Batty, 1961). Minor exploration has recently occurred
for these deposits mostly for Ti, but the small size and difficulty in recovering economic
minerals will continue to discourage development of these deposits in the future.

Nepheline Syenite (McLemore)

Nepheline syenite is a light-colored, medium- to coarse-grained holocrystalline, silica-deficient
feldspathic plutonic igneous rock largely made up of nepheline, sodium feldspar (albite), alkali
feldspar (orthoclase, miocrocline) but no quartz. Nepheline syenites are essentially syenites that
are undersaturated in silica.

The Addwest Minerals Wind Mountain nepheline syenite project in southern Otero
County is for sale. The nepheline syenite was to be used for a constituent in amber-colored
beverage containers, ceramics, and flat glass (McLemore and Guilinger, 1996; McLemore and
others, 1996). The nepheline syenite contains high iron compared to other commercial sources of
nepheline syenite, but, when the Wind Mountain nepheline syenite is crushed and passed through
a specialized rare-earth magnet, the resulting nonmagnetic product is similar in composition to
Grade B product specified by Unimin Canada Ltd. The magnetic fraction can be sold as millite,
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an iron-rich additive required for controlling the color of glass. Several other consumers have
tested the nepheline syenite and found it suitable for use in ceramics, fiberglass, and flatglass.
The lack of free silica as quartz also enables use of the Wind Mountain nepheline syenite as a
silica-free abrasive. Interesting textural variations in the main mass of the syenite, wisps of finer
grained material waving through the rock, also make it an attractive building stone. Mining will
be by underground, room and pillar methods. An adit was started in early 1995. Processing will
involve crushing, grinding, magnetic separation, and screening. At full production, Wind Mountain
is expected to process 3,000 short tons per day or 700,000 short tons per year. Current proven,
probable, and inferred reserves total 200 million short tons for a mine life of more than 100 years.

Alunite (McLemore)

Alunite is a potential source of aluminum and has been mined in several places in the world for
its aluminum content (Hall, 1978; Hall and Bauer, 1983). Nearly all of the aluminum used in the
U.S. comes from 38 foreign sources, primarily from bauxite deposits (U.S. Bureau of Mines,
1992). During World War 1, alunite was used as a source of potassium fertilizer. In the 1960s,
the Soviet Union produced alunite for its aluminum content; potassium sulfate and sulfuric acid
were recovered as by products (Hall and Bauer, 1983). Alunite is one end member of a series of
sulfates that occur in several geologic environments, all of which require base leaching of the
host rock by acidic fluids. Minerals of the alunite group have the general composition AB;
(SO3), (OH)3 where A is typically K+, Na+, Pb++, NH4+, or Ag+ and B is typically Al+3 or
Fe+3 (Brophy, and others,1962). Nine of the more common species are (Brophy and others,
1962; Altaner and others, 1988):

° Alunite—KAI;3(SO4)2(OH)e
Natroalunite—NaAl;(SO4)>(OH);
Ammonioalunite—NH4AI3(SO4)2(OH)g
Jarosite—KFe3(SO4)2(OH)g
Natrojarosite—NaFe3(SO4)2(OH)g
Ammoniojarosite—NH4Fe3(SO4)2(OH)s
Argentojarosite—AgFe;(SO4)2(OH)e

° Plumbojarosite—PbFes(SO4)2(OH)s
Solid solution between the species is common.
Alunite is found in five areas in New Mexico:

o Old Hadley district volcanic epithermal vein deposits (McLemore and others,
1996)

o Alum Mountain

o Steeple Rock

° Vicks Peak, San Mateo Mountains

o Chino porphyry copper deposit
Alunite typically occurs with a variety of minerals including quartz, kaolinite, jarosite,
pyrophyllite, and iron oxides. Pure alunite deposits are not found in New Mexico. However,
local zones contain as much as 30 percent alunite in the Alum Mountain and Steeple Rock
districts (Hall, 1978).Age determinations of alunite suggest two periods of formation: alunite
associated with volcanic-epithermal veins is between 28 and 33 Ma (McLemore, 1996); alunite
associated with supergene alteration of porphyry copper deposits is 46.5, 39.5, 25.4, 16-19, and



8.4 Ma (Cook, 1993; McLemore, 1996; S. S. Cook, personal communication, October 1994).
The latter period suggests at least five supergene events.

APPENDIX (Caledon)

1950-2006 IM Production data (partial data, draft) for New Mexico. See attached files.
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Appendix to New Mexico paper—Tables of Mineral Commodity Production

MINERALS OVERVIEW

Table 1. Estimated New Mexico industrial-mineral production 2000 to 2009 converted to metric tons for

consistency (unless otherwise noted).

Industrial Mineral Units>* 2009 | 2008 | 2007 | 2006 2005 2004 2003 2002 2001 2000
Adobe ‘000 brick W W W
$
Barite 10° mt
10°$
Carbon dioxide 10° cu ft.
10°$
Cement 10% mt w w w W w
10°$
Clay 10° mt 34 36 33 35 34
(kaolin, fire clay®) | 10° $ 177 209 175 205 256
Diatomite mt
$
Feldspar It
$
Fluorspar 10° mt
10°$
Garnet mt
$
Gemstones® mt W W W W W
10°$ 20 20 19 33 27
Gypsum 10° mt W W W W W
(and anhydrite) | 10° $
Helium 10° cu ft. W w w W w
10°$
Humate 10° mt 27 19 16 23 18 10
(“peat’) | 10°$ 2,437 | 2,254 | 1,246 | 2,189 | 1,631 | 565
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Industrial Mineral Units® 2009 | 2008 | 2007 | 2006 2005 2004 2003 2002 2001 2000
Iron minerals mt
$
Lime 10° mt w W w w w
10°$
Magnesium mt
$
Manganiferous ore 10° mt
(5% to 35%) | 10° $
Manganese conc. 10° mt
(35% or more) | 10°$
Mica mt
(sheet) | $
Mica mt W W W w W
(scrap) | $
Pegmatite minerals® mt
$
Perlite 10° mt w W w w w
10°$
Potash 10° mt 897 970 966 920 894 1,378
K?0 equivalent 10°$ 283 238 202 189 192 216
Pumice 10° mt w w w W w
(pumicite) | 10° $
Rare earth minerals mt
$
Salt, common 10° mt W W W W W
(halite) | 10° $
Sand & gravel 10° mt 14 13 13 11 13
10°$ 90 65 63 55 67
Scoria 10° mt 441 475 323 424 456 304
(volcanic cinders) | 10° $ 7630 | 7,853 | 5659 | 5736 | 6,009 | 4,873
Sillimanite minerals mt
$
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Industrial Mineral Units* 2009 | 2008 | 2007 | 2006 | 2005 2004 2003 2002 2001 2000
Silica mt w
(silicasand) | $
Stone (carvable) mt
$
Stone (crushed) 10° mt 3,430 | 3,730 | 3,680 | 4,230 | 3,690
10°$ 24 26 23 26 22
Stone (dimension) 10° mt 57 57 20 36 W
10°$ 2,430 2,590 1,370 1,320 W
Stone (decorative) mt
$
Stone (undifferentiated) mt
$
Sulfur mt W w W W w
(all forms) | $
Zeolite 10° mt 29 28 21 15 14 14 15
(clinoptilolite) | $ w w w w W W W
Withheld | ‘000 $
Total | ‘000 $
IM Total Value | ‘000 $

1 Reported as gemstones by USBM/USGS but are actually semi-precious stones often omitted from industrial mineral classifications. *106 *
2 Includes beryl (Be), lepidolite (Li), and spodumene (Li); feldspar listed separately because not all is from pegmatites.
3 Units of the original data as reported.

4 Data converted as follows: mt = st/1.1023113; mt = 0.90718474*st

5 Commodity produced but data are not available (W) or
data may be withheld by USGS/USBM or not reported. Data are withheld to assure confidentiality when producers are

few.
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Table 2. Estimated New Mexico industrial-mineral production 1990 to 1999 converted to metric tons for
consistency (unless otherwise noted).

Industrial Mineral Units>* 1999 1998 1997 1996 1995 1994 1993 1992 | 1991 | 1990
Adobe ‘000 brick
$
Barite 10° mt
10°$
Carbon dioxide 10° cu ft.
10°$
Cement 10° mt W w W W W W W w w
10°$ w W w W W W w W w
Clay 10° mt W 33 41 32 127 33 28 28
(kaolin, fire clay®) | 10° $ W 173 129 165 274 79 74 74
Diatomite mt
$
Feldspar It
$
Fluorspar 10° mt
10°$
Garnet mt
$
Gemstones® mt NA NA NA NA NA NA NA NA NA NA
10° $ 13 W W 54 22 14 10 34 100 225
Gypsum 10° mt W W W W W W W W w
(and anhydrite) | 10° $ W W W W W W W W W
Helium 10° cu ft. w w
10°$ W W
Humate mt
(“peat”) | $
Iron minerals mt
$
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Industrial Mineral Units® 1999 1998 1997 1996 1995 1994 1993 1992 | 1991 | 1990
Lime 10° mt
10°$
Magnesium mt
$
Manganese conc. 10° mt
(35% or more) | 10°$
Manganiferous ore 10° mt
(5% to 35%) | 10° $
Mica mt w w w
(scrap) | $ w W W
Pegmatite minerals? mt
$
Perlite 10° mt W W W W W W W W W 501
10°$ w w w w w w w w W 13
Potash 10° mt 1,217 1,207 2,450 2,430 2,330 1,436 | 1,469 | 1,451
K?0 equivalent 10°$ 235 231 240 225 209 257 251 246
Pumice 10° mt W W 102 W W w W
(pumicite) | 10° $ w W 527 w w w w
Rare earth minerals mt NA
$ NA
Salt, common 10° mt w w w w W w W w W
(halite) | 10° $ w W w w w w w W W
Sand & gravel 10° mt 11 11 9 10 10 10 8 9
10°$ 53 53 47 49 51 46 36 40
Scoria 10° mt 272 328
(volcanic cinders) | 10° $ 4,028 | 3,341
Sillimanite minerals mt
$
Silica mt
(silicasand) | $
Stone (carvable) mt
$
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Industrial Mineral Units® 1999 1998 1997 1996 1995 1994 1993 1992 | 1991 | 1990
Stone (crushed) 10° mt 3,710 4,940 2,920 3,480 3,660 2,722 | 2,541 | 2,177
10°$ 22 21 16 19 19 14 13 13
Stone (dimension) 10° mt 18 W W W W w W w W W
10°$ 2,320 W W W W W W W W W
Stone (decorative) mt
$
Sulfur mt
(all forms) | $
Zeolite mt 14,431 | 12,787 | 13,620 | 13,114 | 18,847 | 18,979 | 12,686 | 4,359 | 1,677
(clinoptilolite) | $
Withheld | ‘000 $
Total | ‘000 $
IM Total Value | ‘000 $

1 Reported as gemstones by USBM/USGS but are actually semi-precious stones often omitted from industrial mineral classifications. *106 *

2 Includes beryl (Be), lepidolite (Li), and spodumene (Li); feldspar listed separately because not all is from pegmatites.

3 Units of the original data as reported.

4 Data converted as follows: mt = st/1.1023114

5 Commodity produced but are data not available (NA) due to withheld by USGS/USBM or not reported.
Data are withheld to assure confidentiality when producers are few.
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Table 3. Estimated New Mexico industrial-mineral production 1980 to 1989 converted to metric tons for
consistency (unless otherwise noted).

Industrial Mineral Units>* 1989 1988P 1987 1986 1985 1984 1983 1982 1981 1980
Adobe ‘000 brick
$
Barite 10° mt w
10°$ w
Beryllium 10° mt
10°$
Carbon dioxide 10° cu ft. w W W
10°$ W w w
Cement 10° mt W W w w W W w w w w
10°$ w w W w w w w w w w
Clay 10° mt 31 29 46 54 54 61 45 54 58 54
(kaolin, fire clay®) | 10°$ 94 83 141 170 161 143 115 112 119 114
Diatomite mt
$
Feldspar It
$
Fluorspar mt
$
Garnet mt
$
Gemstones® mt NA NA NA NA NA NA NA NA NA NA
10° $ 279 200 200 200 200 200 200 200 200 150
Gypsum 10° mt W W W W 318 288 153 180 151 165
(and anhydrite) | 10°$ w w W w 1570 | 1,622 | 1,016 887 2,256 | 1,688
Helium 10° cu ft. W W W W W W W W W W
10°$ w w W w w w w w w W
Humate mt 1814
(“peat”) | $ 40

Minerals Overview (p. 7)

68



Industrial Mineral Units®* 1989 1988P 1987 1986 1985 1984 1983 1982 1981 1980
Iron minerals mt
$
Lime 10° mt 15 W w W
10° $ w w w w
Magnesium mt
$
Manganese conc. 10° mt
(35% or more) | 10°$
Manganiferous ore 10° mt 12 32
(5% to 35%) | 10° $ w w
Mica mt W W W W w W W W W W
(scrap) | $ w wW w w W wW w w wW w
Pegmatite minerals? mt
$
Industrial
Mineral Units3,4 1989 1988P 1987 1986 1985 1984 1983 1982 1981 1980
Perlite 10° mt 487 415 396 393 390 377 357 370 444 489
10° $ 13 14 14 14 15 14 13 13 15 14
Potash 10° mt 1,365 1,271 1,323 987 1,120 | 1,418 | 1,278 | 1,497 | 1,601 | 1,869
K?0 equivalent 10°$ 243 214 174 133 156 204 175 205 261 289
Pumice 10° mt 77 76 79 231 138 120 100 88 84 76
(pumicite) | 10°$ 795 852 991 2,370 | 1,214 | 1,269 | 1,070 809 919 814
Rare earth minerals mt
$
Salt, common 10° mt w w w w W W w w w w
(halite) | 10° $ w w W w w w w W w W
Sand & gravel 10° mt 11 8 8 8 8 8 6 5 6 6
10°$ 45 31 31 26 23 22 20 18 20 18
Scoria mt
(volcanic cinders) | $
Sillimanite minerals mt
$
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Industrial Mineral

Units®*

1989

1988P

1987

1986

1985

1984

1983

1982

1981 1980

Silica
(silica sand)

mt

Stone (carvable)

mt

Stone (crushed)

10° mt
10°$

2,526

3,175
14

4,085
16

3,538
15

3,303
15

4,264
17

4,291
15

2,540
14

3,776 | 2,341
12 9

Stone (dimension)

10° mt
10°$

220

20
626

20
626

20
378

18
277

18
185

16
141

16
138

24 16
173 91

Stone (decorative)

mt
$

Sulfur
(all forms)

mt
$

Zeolite
(clinoptilolite)

mt
$

Withheld
Total
IM Total Value

‘000 $
‘000 $
‘000 $

1 Reported as gemstones by USBM/USGS but are actually semi-precious stones often omitted from industrial mineral classifications. *106 *
2 Includes beryl (Be), lepidolite (Li), and spodumene (Li); feldspar listed separately because not all is from pegmatites.
3 Units of the original data as reported.

4 Data converted as follows: mt = st/1.1023114

5 Commodity produced but are data not available (NA) due to withheld by USGS/USBM or not reported.

Data are withheld to assure confidentiality when producers are few.
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Table 4. Estimated New Mexico industrial-mineral production 1970 to 1979 converted to metric tons for
consistency (unless otherwise noted).

Industrial Mineral Units®* 1979 | 1978P | 1977 | 1976 | 1975 | 1974 | 1973 | 1972 | 1971 | 1970
Adobe ‘000 brick
$
Barite 10° mt W
10° $ W
Beryllium 10% mt
10° $
Carbon dioxide 10° cu ft. W W W 857 569 W W W W W
10% $ W W W 80 60 W W W W W
Cement 10° mt W W W W W W W W W W
10 $ W W W W W W W W W W
Clay 10° mt 67 59 63 51 40 50 80 59 69 61
(kaolin, fire clay®) | 10®$ 124 108 113 116 61 317 169 108 114 91
Diatomite 10° mt
10 $
Feldspar It
$
Fluorspar mt W W W W W W
$ W W W W W W
Garnet mt
$
Gemstones® mt NA NA NA NA NA NA NA NA NA NA
10° $ 180 180 170 210 200 200 70 68 65 60
Gypsum 10° mt 228 239 165 W w 142 231 w W W
(and anhydrite) | 10° $ 3,244 | 2,649 | 1,227 W W 532 | 1,220 W W W
Helium 10° cu ft. W W W w W w ?
10% $ W W W W W W ?
Humate mt 1,814 | 1,814 | 1,814 3,629 | 2,722 | 1,814 | 907 363
(“peat’) | $ 40 60 55 111 50 46 W 7
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Industrial Mineral Units® 1979 | 1978P | 1977 1976 | 1975 | 1974 | 1973 | 1972 1971 | 1970
Iron minerals mt
$
Lime 10° mt W w w W w 53 40 25 32 34
10° $ w wW w W w 1,679 793 w W wW
Magnesium mt
$
Manganese conc. 10° mt 3,833
(35% or more) | 10° $ W
Manganiferous ore 10° mt 30 33 26 41 45 43 29 25 26 42
(5% to 35%) | 10°$ w W w w w w wW w W wW
Mica 10% mt 15 15 13 w w 11 9 13 w w
(scrap) | 10°$ W W W W W 60 82 W W W
Pegmatite minerals? mt
$
Perlite 10° mt 533 523 473 436 389 435 434 432 350 347
10°$ 15 13 10 8 6 6 5 6 5 4
Potash 10° mt 2,005 1,943 | 1,891 | 1,890 | 1,587 | 1,907 | 1,967 | 2,083 | 2,078 | 2,168
K’0 equivalent | 10° $ 229 184 170 165 151 129 92 87 87 86
Pumice 10° mt 547 572 415 441 360 427 308 282 260 184
(pumicite) | 10°$ 3,550 | 2,706 | 1,835 | 1,560 | 1,280 | 1,466 | 1,001 809 601 442
Rare earth minerals mt
$
Salt, common 10° mt W 163 W W 133 151 w W 132 W
(halite) | 10° $ w 1,617 w w 1,048 wW w wW 1,130 wW
Sand & gravel 10° mt 6 7 8 7 6 7 10 7 8 10
10°$ 18 18 18 17 14 11 16 9 8 11
Scoria mt
(volcanic cinders) | $
Sillimanite minerals mt
$
Silica mt
(silicasand) | $

72

Minerals Overview (p. 11)



Industrial Mineral Units®* 1979 | 1978P | 1977 1976 1975 1974 1973 1972 1971 1970

Stone (carvable) mt

Stone (crushed) 10° mt 2,349 2,212 1,769 | 1,743 3,203 2,643 | 2,812
10 $ 6,743 | 6,157 | 4,786 | 4,289 8,359 5,337 | 4,030

Stone (dimension) 10% mt 18 16 15 13 w W W
10° $ 117 115 106 105 w w W

Stone (decorative) mt

Stone (undifferentiated) 10° mt 1,993 2,567 | 2,511
10°$ 4,683 5,894 | 5,499

Sulfur mt
(all forms) | $

Zeolite mt
(clinoptilolite) | $

Withheld | ‘000 $
Total | ‘000 $
IM Total Value | ‘000 $

1 Reported as gemstones by USBM/USGS but are actually semi-precious stones often omitted from industrial mineral classifications. *106 *
2 Includes beryl (Be), lepidolite (Li), and spodumene (Li); feldspar listed separately because not all is from pegmatites.
3 Units of the original data as reported.
4 Data converted as follows: mt = st/1.1023114
5 Commodity produced but are data not available (NA) due to withheld by USGS/USBM or not reported.
Data are withheld to assure confidentiality when producers are few.
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Table 5. Estimated New Mexico industrial-mineral production 1960 to 1969 converted to metric tons for
consistency (unless otherwise noted).

Industrial Mineral Units>* 1969 1968 1967 1966 1965 1964 1963 1962 1961 1960
Adobe ‘000 brick
$
Barite 10° mt 181 W 544 229 544 446
10°$ 2 w 6 4 10 10
Beryllium 10° mt W W 31 22
10°$ w w 19 12
Carbon dioxide 10° cu ft. 902 749 772 796 834 816 854 827 243 230
10°$ 69 52 57 58 62 61 63 74 24 W
Cement 10° mt W W w W W W w w W W
10°$ w w W w w w w w w w
Clay 10° mt 64 60 42 W 54 94 W 47 61 51
(kaolin, fire clay®) | 10°$ 89 89 74 W 101 167 140 156 165 132
Diatomite 10° mt
10°$
Feldspar It W 98
$ W W
Fluorspar 10° mt w w W 124
10°$ w W w 3
Garnet mt
$
Gemstones® mt NA NA NA NA NA NA W W W W
10°$ 60 59 60 45 45 45 45 45 46 40
Gypsum 10° mt 128 132 141 132 W W 162 137 95 50
(and anhydrite) | 10° $ 526 549 588 545 W w 656 564 386 193
Helium 10° cu ft. ? 39 71 96 81 82 80 27 42 43
10°$ 1,355 | 2,492 | 3,357 | 2,821 | 2,958 | 2,787 958 762 684
Humate mt 363 405
(“peat”) | $ 7 4
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Industrial Mineral Units®* 1969 1968 1967 1966 1965 1964 1963 1962 1961 1960
Iron minerals mt
$
Lime 10° mt 34 24 15 31 30 23 24 26 23 33
10°$ w 377 243 472 465 352 377 403 350 496
Magnesium mt
$
Manganese conc. mt 4,404 | 6,104 w W 5,114 | 5,256 | 4,864 W
(35% or more) | 10° $ 131 w W w 156 149 137 W
Manganiferous ore 10% mt 45 46 45 43 45 42 37 W w W
(5% to 35%) | 10°$ 340 379 348 324 328 300 W W W W
Mica mt W W w W 3,867 | 6,280 W 5,199 | 1,633 213
(scrap) | 10°$ w wW w w 45 105 w 140 52 7
Mica Ibs w W W
(sheet) | 10°$ w w w
Pegmatite minerals? mt
$
Perlite 10° mt 361 332 314 311 300 260 235 234 223 218
10°$ 4,493 | 3,706 | 3,424 | 3,423 | 2,905 | 2,568 | 2,212 | 2,143 | 2,159 | 2,119
Potash 10° mt 2,111 | 2,077 | 2,615 | 2,679 | 2,584 | 2,427 | 2,398 | 2,003 | 2,289 | 2,214
K?0 equivalent | 10° $ 62 63 91 109 118 105 101 85 96 83
Pumice 10° mt 205 220 200 222 239 236 292 279 308 331
(pumicite) | 10° $ 415 527 639 787 915 760 850 741 879 827
Rare earth minerals mt
$
Salt, common 10° mt w w 74 60 58 56 49 39 30 35
(halite) | 10° $ w w 1,036 716 572 559 472 334 284 331
Sand & gravel 10° mt 8 11 13 14 11 8 7 6 11 7
10°$ 10 12 14 13 12 10 13 8 10 7
Scoria mt
(volcanic cinders) | $
Sillimanite minerals mt
$
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Industrial Mineral Units®* 1969 1968 1967 1966 1965 1964 1963 1962 1961 1960

Silica mt
(silicasand) | $

Stone (carvable) mt

Stone (crushed) 10° mt
10°$

Stone (dimension) 10° mt
10° $

Stone (decorative) mt

Stone (undifferentiated) 10° mt 2,564 | 2,019 | 1,262 | 2,406 | 1,734 | 2,504 | 2,276 | 1,818 | 1,681 | 1,158
10° $ 3,286 | 3,527 | 2,403 | 4,056 | 3,020 | 4,244 | 4,236 | 2,782 | 2,206 | 1,692

Sulfur mt
(all forms) | $

Zeolite mt
(clinoptilolite) | $

Withheld | ‘000 $
Total | ‘000 $
IM Total Value | ‘000 $

1 Reported as gemstones by USBM/USGS but are actually semi-precious stones often omitted from industrial mineral classifications. *106 *
2 Includes beryl (Be), lepidolite (Li), and spodumene (Li); feldspar listed separately because not all is from pegmatites.
3 Units of the original data as reported.
4 Data converted as follows: mt = st/1.1023114
5 Commodity produced but are data not available (NA) due to withheld by USGS/USBM or not reported.
Data are withheld to assure confidentiality when producers are few.
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Table 6. Estimated New Mexico industrial-mineral production 1950 to 1959 converted to metric tons for
consistency (unless otherwise noted).

Industrial Mineral Units®* 1959 1958 | 1957 | 1956 | 1955 | 1954 | 1953 | 1952 | 1951 | 1950
Adobe ‘000 brick
$
Barite 10° mt 290 w 4,029 | 3,682 | W w w w w w
10° $ 6 W 98 81 W W W W W W
Beryllium 10° mt 10 24 26 28 96 106 81 92 128 w
10 $ 6 16 15 W 56 44 52 29 47 W
Carbon dioxide 10° cu ft. w w w w w W W W w 68
10 $ W W W W W W W W W 27
Cement 10° mt W
10° $ W
Clay 10° mt 41 36 30 36 41 43 45 52 69 57
(kaolin, fire clay®) | 10°$ 77 73 83 95 109 83 104 149 149 78
Diatomite 10° mt w W W
10°$ W W W
Feldspar It
10°$
Fluorspar 10° mt 181 W 8 10 15 22 18
10 $ 7 W W W 823 1,163 742
Garnet mt
$
Gemstones® mt W W W W W W W W W W
10 $ 39 28 30 30 25 W W W W W
Gypsum mt 805
(and anhydrite) | $ 2,661
Helium 10° cu ft. 17 30 69 76 54 42 11
10% $ 264 502 1,189 | 1,350 | 946 735 150
Humate mt
(“peat”) | $
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Industrial Mineral Units®* 1959 1958 1957 | 1956 | 1955 | 1954 | 1953 | 1952 1951 1950
Iron minerals mt 29,220 13
$ NA NA
Lime 10° mt 15 19 22 28
10 $ 209 260 290 373
Magnesium mt
$
Manganese conc. 10° mt 25 26 23 20 1 2 0.2 1
(35% or more) 10 $ 2,248 2,333 2,114 | 1,835 W 157 W W
Manganiferous ore 10° mt w 39 35 37 19 w 48 72 67
(5% to 35%) 10 $ W 152 139 W 82 W W W W
Mica mt 191 714 1,222 696 76
(scrap) | 10°$ 7 24 47 22 2
Mica Ibs 247 1,791 2,134 | 6,247 | 9,431 | 2,054 W
(sheet) | 10° $ 2 18 16 53 65 14 W
Pegmatite minerals? mt
$
Perlite 10° mt 218 183 170 152 134 101 77 W W W
10° $ 2,121 1,790 1,568 | 1,271 | 1,091 886 662 W W W
Potash 10° mt 1,986 1,794 1,887 | 1,812 | 1,670 | 1,571 | 1,409 | 1,280 1,105 973
K’O equivalent | 10°$ 74 69 77 75 70 64 58 46 37 32
Pumice 10° mt 447 460 291 265 357 330 480 197 223 319
(pumicite) 10° $ 1,023 959 756 667 780 1,060 760 755 884 1,110
Rare earth minerals mt
$
Salt, common 10° mt 33 28 48 52 45 46 56 W W W
(halite) 10°$ 322 275 429 501 597 333 216 W W W
Sand & gravel 10° mt 11,304 11,979 | 7,249 | 5493 | 4,134 | 5,914 | 1,285 451 980 851
10° $ 13,332 11,413 | 7,803 | 5,776 | 6,005 | 8,341 | 1,239 500 1,088 923
Scoria mt
(volcanic cinders) $
Sillimanite minerals mt
$
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Industrial Mineral Units®* 1959 1958 1957 1956 1955 1954 1953 1952 1951 1950

Silica mt
(silicasand) | $

Stone (carvable) mt

Stone (crushed) 10° mt
10°$

Stone (dimension) 10° mt
10°$

Stone (decorative) mt

Stone (undifferentiated) 10° mt 418 1,569 1,223 | 1,150 | 1,427 700 567 288 928 331
10° $ 542 1,507 1,618 | 1,272 | 1,547 | 714 511 192 592 244

Sulfur mt W W
(all forms) | $ w w

£=
=

Zeolite mt
(clinoptilolite) | $

Withheld | ‘000 $
Total | ‘000 $
IM Total Value | ‘000 $

1 Reported as gemstones by USBM/USGS but are actually semi-precious stones often omitted from industrial mineral classifications. *106 *
2 Includes beryl (Be), lepidolite (Li), and spodumene (Li); feldspar listed separately because not all is from pegmatites.

3 Units of the original data as reported.

4 Data converted as follows: mt = st/1.1023114

5 Commodity produced but are data not available (NA) due to withheld by USGS/USBM or not reported.
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INDIVIDUAL MINERALS

Table 1. Adobe production by year in metric tons (mt), short tons (st) and total value in
dollars. Bold=reported,; italics=calculated. W=Produced, but specific data not available or
information withheld.

Adobe
Year 10°mt | 10°st | 10°$ | Sources Remarks

2010 USGS

9 USGS

8 USGS

7 USGS

6 USGS

5 USGS

4 W W W USGS

3 W W W USGS

2 W W W USGS

1 USGS

2000 USGS

99 USGS

98 USGS

97 USGS

96 USGS

95 USGS
94 BOM
93 BOM
92 BOM
91 BOM
1990 BOM
89 BOM
88 BOM
87 BOM
86 BOM
85 BOM
84 BOM
83 BOM
82 BOM
81 BOM
1980 BOM
79 BOM
78 BOM
77 BOM
76 BOM
75 BOM
74 BOM
73 BOM
72 BOM
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Adobe

Year 10°mt | 10°st | 10°$ | Sources Remarks
71 BOM
1970 BOM
69 BOM
68 BOM
67 BOM
66 BOM
65 BOM
64 BOM
63 BOM
62 BOM
61 BOM
1960 BOM
59 BOM
58 BOM
57 BOM
56 BOM
55 BOM
54 BOM
53 BOM
52 BOM
51 BOM
1950 BOM
Total

81
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Table 2. Barite production by year in metric tons (mt), short tons (st) and total value in
dollars. Bold=reported,; italics=calculated. W=Produced, but specific data not available or
information withheld.

Barite
Year 10°mt | 10°st | 10°$ | Sources Remarks

2010 USGS

9 USGS

8 USGS

7 USGS

6 USGS

5 USGS

4 USGS

3 USGS

2 USGS

1 USGS

2000 USGS

99 USGS

98 USGS

97 USGS

96 USGS

95 USGS
94 BOM
93 BOM
92 BOM
91 BOM
1990 BOM
89 BOM
88 BOM
87 BOM
86 BOM
85 BOM
84 BOM
83 BOM
82 BOM
81 BOM
1980 W W w BOM
79 W w w BOM
78 BOM
77 BOM
76 BOM
75 BOM
74 BOM
73 BOM
72 BOM
71 BOM

82

Individual Minerals (p. 3)



Barite

Year 10°mt | 10°st | 10°$ | Sources Remarks
1970 BOM
69 BOM
68 BOM
67 BOM
66 BOM
65 181 200 2 BOM
64 W W W BOM
63 544 600 6 BOM
62 229 252 4 BOM
61 544 600 10 BOM
1960 446 492 10 BOM
59 290 320 6 BOM
58 W w BOM
57 4,029 4,441 98 BOM
56 3,682 4,059 81 BOM
55 W W w BOM
54 W W W BOM
53 W W w BOM
52 W W W BOM
51 W W w BOM
1950 W W W BOM
Total

83
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Table 3. Beryllium production by year in metric tons (mt), short tons (st) and total value
in dollars. Bold=reported; italics=calculated. W=Produced, but specific data not available
or information withheld.

Berryllium
Year mt st 10°$ Sources Remarks
2010 USGS
9 USGS
8 USGS
7 USGS
6 USGS
5 USGS
4 USGS
3 USGS
2 USGS
1 USGS
2000 USGS
99 USGS
98 USGS
97 USGS
96 USGS
95 USGS
94 BOM
93 BOM
92 BOM
91 BOM
1990 BOM
89 BOM
88 BOM
87 BOM
86 BOM
85 BOM
84 BOM
83 BOM
82 BOM
81 BOM
1980 BOM
79 BOM
78 BOM
77 BOM
76 BOM
75 BOM
74 BOM
73 BOM
72 BOM
71 BOM
1970 BOM
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Berryllium

Year mt st 10°$ Sources Remarks
69 W W W BOM
68 W W W BOM
67 BOM
66 BOM
65 BOM
64 BOM
63 BOM
62 31 34 19 BOM
61 22 24 12 BOM
1960 BOM
59 10 11 6 BOM
58 24 27 16 BOM
57 26 29 15 BOM
56 28 31 W BOM
*55 96 106 56,420 BOM
*54 | 106 117 43,771 BOM
*53 81 89 52,014 BOM
*52 92 101 29,185 BOM
*51 | 128 141 47,008 BOM
1950 W W W BOM
Total
*$ notin
thousands
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Table 4. Carbon dioxide production by year in metric cubic feet (MCF), and total value
in dollars. Bold=reported; italics=calculated. W=Produced, but specific data not
available or information withheld.

Carbon
Dioxide
Year 10°® MCF 10° $ Sources | Remarks
2010 USGS
9 USGS
8 USGS
7 USGS
6 USGS
5 USGS
4 USGS
3 USGS
2 USGS
1 USGS
2000 USGS
99 USGS
98 USGS
97 USGS
96 USGS
95 USGS
94 BOM
93 BOM
92 BOM
91 BOM
1990 BOM
89 BOM
88 BOM
87 BOM
86 BOM
85 BOM
84 BOM
83 BOM
82 W W BOM
81 W w BOM
1980 W w BOM
79 W w BOM
78 W W BOM
77 W w BOM
76 856,548 80 BOM
75 569,352 60 BOM
74 W w BOM
73 W W BOM
72 W w BOM
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Carbon

Dioxide
Year 10° MCF 10°$ Sources Remarks
71 W W BOM
1970 W W BOM
69 902,186 69 BOM
68 749,364 52 BOM
67 771,516 57 BOM
66 795,885 58 BOM
65 833,819 62 BOM
64 816,168 61 BOM
63 854,339 63 BOM
62 826,810 74 BOM
61 242,903 24 BOM
1960 230,115 W BOM
59 W W BOM
58 W W BOM
57 W W BOM
56 W W BOM
55 W W BOM
54 W W BOM
53 W W BOM
52 W W BOM
51 W W BOM
1950 68,000 27 BOM
Total

87
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Table 5. Cement production by year in metric tons (mt), short tons (st) and total value in
dollars. Bold=reported,; italics=calculated. W=Produced, but specific data not available or

information withheld.

Cement
Year 10°mt | 10°st | 10°$ | Sources Remarks

2010 USGS

9 USGS

8 USGS

7 USGS

6 USGS

5 USGS

4 w W W USGS

3 W W W USGS

2 W W W USGS

1 w W W USGS

2000 w W W USGS

99 w W W USGS

98 W W W USGS

97 W W W USGS

96 W W W USGS

95 w W W USGS
94 w W W BOM
93 W W W BOM
92 W W W BOM
91 W W W BOM
1990 w W W BOM
89 W W W BOM
88 W W W BOM
87 W W W BOM
86 W W W BOM
85 w W W BOM
84 w W W BOM
83 W W W BOM
82 W W W BOM
81 w W W BOM
1980 w W W BOM
79 w W W BOM
78 W W W BOM
77 W W W BOM
76 w W W BOM
75 w W W BOM
74 w W W BOM
73 W W W BOM
72 w W W BOM
71 w W W BOM
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Cement

Year 10°mt | 10°st | 10°$ | Sources Remarks
1970 w W W BOM
69 W W W BOM
68 W W W BOM
67 W W W BOM
66 w W W BOM
65 W W W BOM
64 W W W BOM
63 W W W BOM
62 W W W BOM
61 w W W BOM
1960 W W W BOM
59 W W W BOM
58 BOM
57 BOM
56 BOM
55 BOM
54 BOM
53 BOM
52 BOM
51 BOM
1950 BOM
Total

89

Individual Minerals (p. 10)



Table 6. Clay production by year in metric tons (mt), short tons (st) and total value in
dollars. Bold=reported,; italics=calculated. W=Produced, but specific data not available or
information withheld.

Clay
Year | 10°mt | 10°st 10° $ Sources | Remarks
2010 USGS
9 USGS
8 USGS
7 USGS
6 USGS
5 USGS
4 34 31 177 USGS
3 36 33 209 USGS
2 33 36 175 USGS
1 35 39 205 USGS
2000 34 37 256 USGS
99 W W W USGS
98 33 36 173 USGS
97 41 45 129 USGS
96 32 35 165 USGS
95 127 140 274 USGS
94 BOM
93 BOM
*92 | 32,645 | 35,985 79 BOM
*Q1 | 27,794 | 30,638 74 BOM
*1990 | 27,994 | 30,858 74 BOM
*89 | 31,012 | 34,185 94 BOM
*88 | 28,555 | 31,477 83 BOM
*87 | 46,491 | 51,248 141 BOM
86 54 60 170 BOM
85 54 60 161 BOM
84 61 67 143 BOM
83 45 50 115 BOM
82 54 60 112 BOM
81 58 64 119 BOM
1980 54 60 114 BOM
79 67 74 124 BOM
78 59 65 108 BOM
77 63 69 113 BOM
76 51 56 116 BOM
75 40 44 61 BOM
74 50 55 317 BOM
73 80 88 169 BOM
72 59 65 108 BOM
71 69 76 114 BOM
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Clay

Year | 10°mt | 10°st 10°$ Sources | Remarks
1970 61 67 91 BOM
69 64 70 89 BOM
68 60 66 89 BOM
67 42 46 74 BOM
66 W W W BOM
65 54 60 101 BOM
64 94 104 167 BOM
63 W W 140 BOM
62 47 52 156 BOM
61 61 67 165 BOM
1960 51 56 132 BOM
59 41 45 77 BOM
58 36 40 73 BOM
57 30 33 83 BOM
56 36 40 95 BOM
*»*55 | 41,142 | 45,351 | 108,582 | BOM
*54 | 43,392 | 47,832 83,085 BOM
*53 | 44,533 | 49,089 | 103,931 | BOM
**52 | 52,316 | 57,668 | 107,633 | BOM
**5] | 68,631 | 75,653 | 148,876 | BOM
1950 57 63 78 BOM
Total
*mt and st not in
thousands

** yalues not in thousands
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Table 7. Diatomite production by year in metric tons (mt), short tons (st) and total value
in dollars. Bold=reported; italics=calculated. W=Produced, but specific data not available
or information withheld.

Diatomite
Year 10°mt | 10°st | 10°$ | Sources Remarks

2010 USGS

9 USGS

8 USGS

7 USGS

6 USGS

5 USGS

4 USGS

3 USGS

2 USGS

1 USGS

2000 USGS

99 USGS

98 USGS

97 USGS

96 USGS

95 USGS
94 BOM
93 BOM
92 BOM
91 BOM
1990 BOM
89 BOM
88 BOM
87 BOM
86 BOM
85 BOM
84 BOM
83 BOM
82 BOM
81 BOM
1980 BOM
79 BOM
78 BOM
77 BOM
76 BOM
75 BOM
74 BOM
73 BOM
72 BOM

92
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Diatomite

Year 10°mt | 10%st | 10°$ | Sources Remarks
71 BOM
1970 BOM
69 BOM
68 BOM
67 BOM
66 BOM
65 BOM
64 BOM
63 BOM
62 BOM
61 BOM
1960 BOM
59 BOM
58 BOM
57 BOM
56 BOM
55 W W W BOM
54 W W W BOM
53 W w W BOM
52 BOM
51 BOM
1950 BOM
Total

93
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Table 8. Feldspar production by year in long tons (It) and total value in dollars.
Bold=reported; italics=calculated. W=Produced, but specific data not available or
information withheld.

Feldspar
Year It | 10°$ Sources Remarks

2010 USGS

9 USGS

8 USGS

7 USGS

6 USGS

5 USGS

4 USGS

3 USGS

2 USGS

1 USGS

2000 USGS

99 USGS

98 USGS

97 USGS

96 USGS

95 USGS
94 BOM
93 BOM
92 BOM
91 BOM
1990 BOM
89 BOM
88 BOM
87 BOM
86 BOM
85 BOM
84 BOM
83 BOM
82 BOM
81 BOM
1980 BOM
79 BOM
78 BOM
77 BOM
76 BOM
75 BOM
74 BOM
73 BOM
72 BOM
71 BOM
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Feldspar

Year It | 10°$ Sources Remarks
1970 BOM
69 | W W BOM
68 | 98 W BOM
67 BOM
66 BOM
65 BOM
64 BOM
63 BOM
62 BOM
61 BOM
1960 BOM
59 BOM
58 BOM
57 BOM
56 BOM
55 BOM
54 BOM
53 BOM
52 BOM
51 BOM
1950 BOM
Total

95
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Table 9. Fluorospar production by year in metric tons (mt), short tons (st) and total value
in dollars. Bold=reported; italics=calculated. W=Produced, but specific data not available

or information withheld.

Fluorospar
Year mt st $ Sources | Remarks

2010 USGS

9 USGS

8 USGS

7 USGS

6 USGS

5 USGS

4 USGS

3 USGS

2 USGS

1 USGS

2000 USGS

99 USGS

98 USGS

97 USGS

96 USGS

95 USGS
94 BOM
93 BOM
92 BOM
91 BOM
1990 BOM
89 BOM
88 BOM
87 BOM
86 BOM
85 BOM
84 BOM
83 BOM
82 BOM
81 BOM
1980 BOM
79 BOM
78 BOM
77 W W W BOM
76 BOM
75 W W W BOM
74 W W W BOM
73 BOM
72 W W W BOM
71 W W W BOM

96

Individual Minerals (p. 17)



Fluorospar
Year mt st $ Sources | Remarks
1970 W W W BOM
69 W W W BOM
68 W W W BOM
67 W W W BOM
66 BOM
65 BOM
64 | 124,284 | 137,000 3,000 BOM
63 BOM
62 BOM
61 BOM
1960 BOM
59 | 181,437 | 200,000 7,000 BOM
58 BOM
57 BOM
56 BOM
55 W W W BOM
54 | 8,052 8,876 W BOM
53| 10,786 | 11,890 W BOM
52| 14,917 | 16,443 823,320 | BOM
51| 22,137 | 24,402 | 1,163,098 | BOM
1950 | 18,176 | 20,036 742,000 | BOM
Total

97

Individual Minerals (p. 18)



Table 10. Garnet production by year in metric tons (mt), short tons (st) and total value in
dollars. Bold=reported,; italics=calculated. W=Produced, but specific data not available or
information withheld.

Garnet
Year 10°mt | 10°st | 10°$ | Sources Remarks

2010 USGS

9 USGS

8 USGS

7 USGS

6 USGS

5 USGS

4 USGS

3 USGS

2 USGS

1 USGS

2000 USGS

99 USGS

98 USGS

97 USGS

96 USGS

95 USGS
94 BOM
93 BOM
92 BOM
91 BOM
1990 BOM
89 BOM
88 BOM
87 BOM
86 BOM
85 BOM
84 BOM
83 BOM
82 BOM
81 BOM
1980 BOM
79 BOM
78 BOM
77 BOM
76 BOM
75 BOM
74 BOM
73 BOM
72 BOM
71 BOM
1970 BOM
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Garnet

Year 10°mt | 10°st | 10°$ | Sources Remarks
69 BOM
68 BOM
67 BOM
66 BOM
65 BOM
64 BOM
63 BOM
62 BOM
61 BOM

1960 BOM
59 BOM
58 BOM
57 BOM
56 BOM
55 BOM
54 BOM
53 BOM
52 BOM
51 BOM

1950 BOM

Total

99
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Table 11. Gemstones production by year in metric tons (mt), short tons (st) and total
value in dollars. Bold=reported; italics=calculated. W=Produced, but specific data not
available or information withheld.

Gemstones
Year 10°mt | 10%st | 10°$ | Sources Remarks

2010 USGS
9 USGS

8 USGS

7 USGS

6 USGS

5 USGS

4 W W 20 USGS

3 W W 20 USGS

2 W w 19 USGS

1 W w 33 USGS
2000 W W 27 USGS
99 W W 13 USGS
98 W W 11 USGS
97 W w 54 USGS
96 W w 54 USGS
95 W W 22 USGS
94 BOM
93 BOM
92 W w 34 BOM
91 W w 100 BOM
1990 W W 225 BOM
89 W W 279 BOM
88 W w 200 BOM
87 W w 200 BOM
86 W w 200 BOM
85 W W 200 BOM
84 W W 200 BOM
83 W w 200 BOM
82 W w 200 BOM
81 W w 200 BOM
1980 W W 150 BOM
79 W W 180 BOM
78 W w 180 BOM
77 W w 170 BOM
76 W W 210 BOM
75 W W 200 BOM
74 W W 200 BOM
73 W w 70 BOM
72 W w 68 BOM
71 W W 65 BOM
1970 W W 60 BOM
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Gemstones

Year 10°mt | 10%st | 10°$ | Sources Remarks
69 W w 60 BOM
68 W W 59 BOM
67 W W 60 BOM
66 W W 45 BOM
65 W w 45 BOM
64 W w 45 BOM
63 W W 45 BOM
62 W W 45 BOM
61 W W 46 BOM

1960 W w 40 BOM
59 W w 39 BOM
58 W W 28 BOM
57 W W 30 BOM
56 W w 30 BOM
55 W w 25 BOM
54 W w W BOM
53 W W W BOM
52 W W W BOM
51 W w W BOM

1950 W W W BOM

Total

101
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Table 12. Gypsum production by year in metric tons (mt), short tons (st) and total value
in dollars. Bold=reported; italics=calculated. W=Produced, but specific data not available
or information withheld.

Gypsum
Year 10°mt | 10°st | 10°$ | Sources Remarks

2010 USGS

9 USGS

8 USGS

7 USGS

6 USGS

5 USGS

4 W W W USGS

3 W W W USGS

2 W W W USGS

1 W W W USGS

2000 W W W USGS

99 W W W USGS

98 W W W USGS

97 W W W USGS

96 W W W USGS

95 W W W USGS
94 W W W BOM
93 W W W BOM
92 W W W BOM
91 W W W BOM
1990 W W W BOM
89 W W W BOM
88 W W W BOM
87 W W W BOM
86 W W W BOM
85 318 350 1,570 | BOM
84 288 318 1,622 | BOM
83 153 169 1,016 | BOM
82 180 198 887 BOM
81 151 166 2,256 | BOM
1980 165 182 1,688 | BOM
79 228 251 3,244 | BOM
78 239 263 2,649 | BOM
77 165 182 1,227 | BOM
76 W W W BOM
75 W W W BOM
74 142 157 532 BOM
73 231 255 1,220 | BOM
72 W W W BOM
71 W W W BOM
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Gypsum

Year 10°mt | 10°st | 10°$ | Sources Remarks
1970 W W W BOM
69 128 141 526 BOM
68 132 146 549 BOM
67 141 155 588 BOM
66 132 146 545 BOM
65 W W W BOM
64 W W W BOM
63 162 179 656 BOM
62 137 151 564 BOM
61 95 105 386 BOM
1960 50 55 193 BOM
59 BOM
58 BOM
57 BOM
56 BOM
55 BOM
54* 805 887 2,661 | BOM
53 BOM
52 BOM
51 BOM
1950 BOM
Total

* Values not in thousands
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Table 13. Helium production by year in cubic feet (CF) and total value in dollars.
Bold=reported; italics=calculated. W=Produced, but specific data not available or

information withheld.

Helium
Year 10° CF 10° $ Sources Remarks

2010 USGS

9 USGS

8 USGS

7 USGS

6 USGS

5 USGS

4 W W USGS

3 W W USGS

2 W W USGS

1 W W USGS

2000 W W USGS

99 USGS

98 USGS

97 USGS

96 USGS

95 USGS
94 BOM
93 BOM
92 BOM
91 W W BOM
1990 W W BOM
89 W W BOM
88 W W BOM
87 W W BOM
86 W W BOM
85 W W BOM
84 W W BOM
83 W W BOM
82 W W BOM
81 W W BOM
1980 W W BOM
79 BOM
78 W W BOM
77 W W BOM
76 W W BOM
75 W W BOM
74 BOM
73 BOM
72 W W BOM
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Helium

Year 10° CF 10° $ Sources Remarks
71 W W BOM
1970 ? ? BOM
69 ? ? BOM
68 39,100 1,355 BOM
67 71,200 2,492 BOM
66 95,900 3,357 BOM
65 80,583 2,821 BOM
64 82,105 2,958 BOM
63 79,624 2,787 BOM
62 27,377 958 BOM
61 42,224 762 BOM
1960 43,494 684 BOM
59 16,903 264 BOM
58 29,793 502 BOM
57 69,336 1,189 BOM
56 76,072 1,350 BOM
55** 53,721 946,447 | BOM
54* | 41,754,600 735,183 | BOM
53* | 11,158,000 150,127 | BOM
52 BOM
51 BOM
1950 BOM

Total

* Value not in thousands

** $ not in thousands
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Table 14. Humate production by year in metric tons (mt), short tons (st) and total value
in dollars. Bold=reported; italics=calculated. W=Produced, but specific data not available
or information withheld.

Humate
Year mt st 10°$ Sources Remarks
2010
9
8
7
6
5| 27,032 29,797 | 2,437 | EMNRD-MMD
4| 18,643 20,550 | 2,254 | EMNRD-MMD
3| 15,641 17,241 | 1,246 | EMNRD-MMD
2| 22,781 25,111 | 2,189 | EMNRD-MMD
1| 17,532 19,325 | 1,631 | EMNRD-MMD
2000 | 10,251 11,300 565 EMNRD-MMD
99 USGS
98 USGS
97 USGS
96 USGS
95 USGS
94 BOM
93 BOM
92 BOM
91 BOM
1990 BOM
89 BOM
88 BOM
87 BOM
86 BOM
85 BOM
84 BOM
83 BOM
82 BOM
81 BOM
1980 | 1,814 2,000 40 BOM
79| 1,814 2,000 40 BOM
78 | 1,814 2,000 60 BOM
77| 1,814 2,000 55 BOM
76 BOM
75 BOM
74 | 3,629 4,000 111 | BOM
73| 2,722 3,000 50 BOM
72| 1,814 2,000 46 BOM
71 907 1,000 W BOM
1970 363 400 7 BOM
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Humate

Year mt st 10°$ Sources Remarks
69 363 400 4 BOM
68 405 446 4 BOM
67 BOM
66 BOM
65 BOM
64 BOM
63 BOM
62 BOM
61 BOM

1960 BOM
59 BOM
58 BOM
57 BOM
56 BOM
55 BOM
54 BOM
53 BOM
52 BOM
51 BOM

1950 BOM

Total
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Table 15. Iron minerals production by year in metric tons (mt), short tons (st) and total
value in dollars. Bold=reported; italics=calculated. W=Produced, but specific data not

available or information withheld.

Iron

Minerals
Year 10% mt 10° st 10° $ Sources Remarks

2010 USGS

9 USGS

8 USGS

7 USGS

6 USGS

5 USGS

4 USGS

3 USGS

2 USGS

1 USGS

2000 USGS

99 USGS

98 USGS

97 USGS

96 USGS

95 USGS
94 BOM
93 BOM
92 BOM
91 BOM
1990 BOM
89 BOM
88 BOM
87 BOM
86 BOM
85 BOM
84 BOM
83 BOM
82 BOM
81 BOM
1980 BOM
79 BOM
78 BOM
77 BOM
76 BOM
75 BOM
74 BOM
73 BOM
72 BOM
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Iron
Minerals

Year 10° mt 10° st 10°$ Sources Remarks
71 BOM
1970 BOM
69 BOM
68 BOM
67 BOM
66 BOM
65 BOM
64 BOM
63 BOM
62 BOM
61 BOM
1960 BOM
59 BOM
58 BOM
57 BOM
56 BOM
55 BOM
54 BOM
53 BOM
52 BOM
51 BOM
1950 BOM
Total

109
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Table 16. Lime production by year in metric tons (mt), short tons (st) and total value in
dollars. Bold=reported,; italics=calculated. W=Produced, but specific data not available or
information withheld.

Lime
Year | 10°mt | 10°st 10° $ Sources | Remarks
2010 USGS
9 USGS
8 USGS
7 USGS
6 USGS
5 USGS
4 w w W USGS
3 W w W USGS
2 W W W USGS
1 w w W USGS
2000 W w W USGS
99 USGS
98 USGS
97 USGS
96 USGS
95 USGS
94 BOM
93 BOM
92 BOM
91 BOM
1990 BOM
89 BOM
88 BOM
87 BOM
86 BOM
85 BOM
84 BOM
83 15 17 W BOM
82 W W W BOM
81 W W W BOM
1980 w w W BOM
79 w w W BOM
78 W W W BOM
77 W W W BOM
76 w w W BOM
75 w w W BOM
74 53 58 1,679 BOM
73 40 44 793 BOM
72 25 28 W BOM
71 32 35 W BOM
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Lime

Year | 10°mt | 10°%st 10°$ Sources | Remarks
1970 34 37 W BOM
69 34 37 W BOM
68 24 27 377 BOM
67 15 17 243 BOM
66 31 34 472 BOM
65 30 33 465 BOM
64 23 25 352 BOM
63 24 27 377 BOM
62 26 29 403 BOM
61 23 25 350 BOM
1960 33 36 496 BOM
59 15 16 209 BOM
58 19 21 260 BOM
57 22 24 290 BOM
*56 | 27,915 | 30,771 372,641 | BOM
55 BOM
54 BOM
53 BOM
52 BOM
51 BOM
1950 BOM
Total

* Values not in thousands
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Table 17. Magnesium production by year in metric tons (mt), short tons (st) and total
value in dollars. Bold=reported; italics=calculated. W=Produced, but specific data not

available or information withheld.

Magnesium
Year 10° mt 10° st 10°$ Sources Remarks

2010 USGS

9 USGS

8 USGS

7 USGS

6 USGS

5 USGS

4 USGS

3 USGS

2 USGS

1 USGS

2000 USGS

99 USGS

98 USGS

97 USGS

96 USGS

95 USGS
94 BOM
93 BOM
92 BOM
91 BOM
1990 BOM
89 BOM
88 BOM
87 BOM
86 BOM
85 BOM
84 BOM
83 BOM
82 BOM
81 BOM
1980 BOM
79 BOM
78 BOM
77 BOM
76 BOM
75 BOM
74 BOM
73 BOM
72 BOM
71 BOM
1970 BOM
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Magnesium

Year 10° mt 10° st 10°$ Sources Remarks
69 BOM
68 BOM
67 BOM
66 BOM
65 BOM
64 BOM
63 BOM
62 BOM
61 BOM

1960 BOM
59 BOM
58 BOM
57 BOM
56 BOM
55 BOM
54 BOM
53 BOM
52 BOM
51 BOM

1950 BOM

Total

113

Individual Minerals (p. 34)



Table 18. Magniferous ore (5%-35%) production by year in metric tons (mt), short tons
(st) and total value in dollars. Bold=reported,; italics=calculated. W=Produced, but
specific data not available or information withheld.

Magniferous
Ore

Year mt st 10° $ Sources Remarks

2010 USGS

9 USGS

8 USGS

7 USGS

6 USGS

5 USGS

4 USGS

3 USGS

2 USGS

1 USGS

2000 USGS

99 USGS

98 USGS

97 USGS

96 USGS

95 USGS
94 BOM
93 BOM
92 BOM
91 BOM
1990 BOM
89 BOM
88 BOM
87 BOM
86 BOM
85 BOM
84 BOM
83 BOM
82 BOM
81 11,558 12,741 W BOM
1980 31,931 35,198 W BOM
79 30,075 33,152 W BOM
78 33,061 36,443 W BOM
77 26,417 29,120 W BOM
76 41,152 45,362 W BOM
75 45,337 49,976 W BOM
74 42,953 47,348 W BOM
73 29,106 32,084 W BOM
72 25,253 27,837 W BOM
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Magniferous
Ore

Year mt st 10°$ Sources Remarks
71 25,846 28,490 W BOM
1970 | 41,881 46,166 W BOM
69 | 44,584 49,146 340 BOM
68 | 45,977 50,681 379 BOM
67 | 44,745 49,323 348 BOM
66 | 43,173 47,590 324 BOM
65 | 45,441 50,090 328 BOM
64 | 42,327 46,657 300 BOM
63 37,325 41,144 W BOM
62 W W W BOM
61 W W W BOM
1960 W W W BOM
59 BOM
58 W W W BOM
57 38,587 42,535 152 BOM
56 35,182 38,782 139 BOM
55| 36,578 40,320 W BOM
*54 18,639 20,546 82,184 BOM
53 W W W BOM
52 | 48,021 52,934 W BOM
51 72,433 79,844 W BOM
1950 67,447 74,348 W BOM
Total

* $ not in thousands
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Table 19. Manganese conc (35% or more) production by year in metric tons (mt), short
tons (st) and total value in dollars. Bold=reported; italics=calculated. W=Produced, but

specific data not available or information withheld.

Manganese
conc
Year mt st 10° $ Sources Remarks
2010 USGS
9 USGS
8 USGS
7 USGS
6 USGS
5 USGS
4 USGS
3 USGS
2 USGS
1 USGS
2000 USGS
99 USGS
98 USGS
97 USGS
96 USGS
95 USGS
94 BOM
93 BOM
92 BOM
91 BOM
1990 BOM
89 BOM
88 BOM
87 BOM
86 BOM
85 BOM
84 BOM
83 BOM
82 BOM
81 BOM
1980 BOM
79 BOM
78 BOM
77 BOM
76 BOM
75 BOM
74 BOM
73 BOM
72 BOM
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Manganese
conc

Year mt st 10°$ Sources Remarks
71 BOM
1970 3,833 4,225 W BOM
69 4,404 4,855 131 BOM
68 6,104 6,729 W BOM
67 W W W BOM
66 W W W BOM
65 5,114 5,637 156 BOM
64 5,256 5,794 149 BOM
63 4,864 5,362 137 BOM
62 W W W BOM
61 BOM
1960 BOM
59 24,973 27,528 2,248 BOM
58 26,187 28,866 2,333 BOM
57 23,096 25,459 2,114 BOM
56 19,969 22,012 1,835 BOM
55 1,261 1,390 W BOM
54 BOM
53 BOM
*52 2,141 2,360 156,745 BOM
51 205 226 W BOM
1950 1,197 1,320 W BOM
Total

* $ not in thousands
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Table 20. Mica (sheet) production by year in pounds (lbs) and total value in dollars.
Bold=reported; italics=calculated. W=Produced, but specific data not available or

information withheld.

Mica
(Sheet)
Year lbs 10° $ Sources Remarks
2010 USGS
9 USGS
8 USGS
7 USGS
6 USGS
5 USGS
4 USGS
3 USGS
2 USGS
1 USGS
2000 USGS
99 USGS
98 USGS
97 USGS
96 USGS
95 USGS
94 BOM
93 BOM
92 BOM
91 BOM
1990 BOM
89 BOM
88 BOM
87 BOM
86 BOM
85 BOM
84 BOM
83 BOM
82 BOM
81 BOM
1980 BOM
79 BOM
78 BOM
77 BOM
76 BOM
75 BOM
74 BOM
73 BOM
72 BOM
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Mica
(Sheet)
Year Ibs 10°$ Sources Remarks
71 BOM
1970 BOM
69 BOM
68 BOM
67 BOM
66 BOM
65 BOM
64 BOM
63 W W BOM
62 W W BOM
61 BOM
1960 W wW BOM
59 247 2 BOM
58 | 1,791 18 BOM
57 | 2,134 16 BOM
56 | 6,247 53 BOM
*55 | 9,431 64,930 | BOM
*54 | 2,054 13,845 | BOM
53 BOM
52 BOM
51 BOM
1950 W W BOM
Total
*$ not in
thousands

119

Individual Minerals (p. 40)



Table 21. Mica (scrap) production by year in metric tons (mt), short tons (st) and total
value in dollars. Bold=reported; italics=calculated. W=Produced, but specific data not
available or information withheld.

Mica
(scrap)
Year mt st 10° $ Sources Remarks
2010 USGS
9 USGS
8 USGS
7 USGS
6 USGS
5 USGS
4 W W W USGS
3 W W W USGS
2 W W W USGS
1 W W W USGS
2000 W W W USGS
99 USGS
98 W W W USGS
97 W W W USGS
96 W W W USGS
95 W W W USGS
94 W W W BOM
93 W W W BOM
92 W W W BOM
91 W W W BOM
1990 W W W BOM
89 W W W BOM
88 W W W BOM
87 W W W BOM
86 W W W BOM
85 W W W BOM
84 W W W BOM
83 W W W BOM
82 W W W BOM
81 W W W BOM
1980 W W W BOM
79 15,422 17,000 W BOM
78 14,515 16,000 W BOM
77 12,701 14,000 W BOM
76 W W W BOM
75 W W W BOM
74 10,886 12,000 60 BOM
73 9,072 10,000 82 BOM
72 12,701 14,000 W BOM
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Mica
(scrap)
Year mt st 10° $ Sources Remarks
71 W W W BOM
1970 W W W BOM
69 W W W BOM
68 W W W BOM
67 W W W BOM
66 W W W BOM
65 3,867 4,263 45 BOM
64 6,280 6,922 105 BOM
63 W W W BOM
62 5,199 5,731 140 BOM
61 1,633 1,800 52 BOM
1960 213 235 7 BOM
59 191 210 7 BOM
58 714 787 24 BOM
57 1,222 1,347 47 BOM
*56 696 767 22,213 | BOM
*55 76 84 2,475 BOM
54 BOM
53 BOM
52 BOM
51 BOM
1950 BOM
Total
*$ not in
thousands
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Table 22. Pegmatite production by year in metric tons (mt), short tons (st) and total value
in dollars. Bold=reported; italics=calculated. W=Produced, but specific data not available
or information withheld.

Pegmatite
Year 10°mt | 10°st | 10°$ | Sources Remarks

2010 USGS

9 USGS

8 USGS

7 USGS

6 USGS

5 USGS

4 USGS

3 USGS

2 USGS

1 USGS

2000 USGS

99 USGS

98 USGS

97 USGS

96 USGS

95 USGS
94 BOM
93 BOM
92 BOM
91 BOM
1990 BOM
89 BOM
88 BOM
87 BOM
86 BOM
85 BOM
84 BOM
83 BOM
82 BOM
81 BOM
1980 BOM
79 BOM
78 BOM
77 BOM
76 BOM
75 BOM
74 BOM
73 BOM
72 BOM
71 BOM
1970 BOM
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Pegmatite

Year 10°mt | 10%st | 10°$ | Sources Remarks
69 BOM
68 BOM
67 BOM
66 BOM
65 BOM
64 BOM
63 BOM
62 BOM
61 BOM

1960 BOM
59 BOM
58 BOM
57 BOM
56 BOM
55 BOM
54 BOM
53 BOM
52 BOM
51 BOM

1950 BOM

Total
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Table 23. Perlite production by year in metric tons (mt), short tons (st) and total value in
dollars. Bold=reported,; italics=calculated. W=Produced, but specific data not available or
information withheld.

Perlite
Year 10°mt | 10°st 10° $ Sources | Remarks

2010 USGS

9 USGS

8 USGS

7 USGS

6 USGS

5 USGS

4 W w W USGS

3 W W w USGS

2 W W W USGS

1 W W W USGS

2000 W w W USGS

99 W w W USGS

98 W W w USGS

97 W W W USGS

96 W W W USGS

95 W w W USGS
94 BOM
93 BOM
92 W W W BOM
91 W W W BOM
1990 501 552 13,181 BOM
89 487 537 13,080 BOM
88 415 458 14,294 BOM
87 396 437 13,611 BOM
86 393 433 13,727 BOM
85 390 430 14,896 BOM
84 377 416 14,115 BOM
83 357 394 13,297 BOM
82 370 408 13,355 BOM
81 444 489 14,983 BOM
1980 489 539 14,404 BOM
79 533 588 14,874 BOM
78 523 576 12,510 BOM
77 473 521 9,543 BOM
76 436 481 8,403 BOM
75 389 429 6,400 BOM
74 435 480 6,306 BOM
73 434 478 5,024 BOM
72 432 476 5,698 BOM
71 350 386 4,559 BOM
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Perlite
Year 10°mt | 10°st 10°$ Sources | Remarks
*1970 | 346,958 | 382,456 4,321 BOM
*69 | 361,048 | 397,987 4,493 BOM
*68 | 331,559 | 365,481 3,706 BOM
*67 | 314,418 | 346,586 3,424 BOM
*66 | 311,467 | 343,334 3,423 BOM
*65 | 300,288 | 331,011 2,905 BOM
*64 | 259,753 | 286,329 2,568 BOM
*63 | 235,063 | 259,113 2,212 BOM
*62 | 234,202 | 258,164 2,143 BOM
*61 | 222,854 | 245,654 2,159 BOM
*1960 | 218,262 | 240,593 2,119 BOM
*59 | 218,307 | 240,642 2,121 BOM
*58 | 183,293 | 202,046 1,790 BOM
*57 | 169,878 | 187,259 1,568 BOM
*56 | 152,139 | 167,705 1,271 BOM
**55 | 134,086 | 147,805 | 1,091,250 | BOM
*»*54 | 100,734 | 111,040 885,824 BOM
*»*53 | 77,012 84,891 661,698 BOM
52 W W W BOM
51 W W w BOM
1950 W W W BOM
Total

* mt and st not in thousands
** All values not in
thousands
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Table 24. Potash production by year in metric tons (mt), short tons (st) and total value in
dollars. Bold=reported,; italics=calculated. W=Produced, but specific data not available or

information withheld.

Potash
Year 10° mt 10° st 10°$ Sources | Remarks
2010 EMNRD
9 EMNRD
8 EMNRD
7 EMNRD
6 EMNRD
5 897 989 282,711 EMNRD
4 970 1,069 237,819 EMNRD
3 966 1,065 202,167 EMNRD
2 920 1,014 188,611 EMNRD
1 894 985 191,732 EMNRD
2000 1,378 1,519 215,738 EMNRD
99 1,217 1,342 235,000 USGS
98 1,207 1,330 231,000 USGS
97 2,450 2,701 240,000 USGS
96 2,430 2,679 225,000 USGS
95 2,330 2,568 209,000 USGS
94 BOM
93 BOM
92 1,436 1,583 256,620 BOM
91 1,469 1,619 250,900 BOM
1990 1,451 1,599 245,571 BOM
89 1,365 1,505 242,619 BOM
88 1,271 1,401 213,800 BOM
87 1,323 1,458 174,200 BOM
86 987 1,088 132,900 BOM
85 1,120 1,235 156,000 BOM
84 1,418 1,563 204,100 BOM
83 1,278 1,409 174,700 BOM
82 1,497 1,650 204,600 BOM
81 1,601 1,765 261,200 BOM
1980 1,869 2,060 289,011 BOM
79 2,005 2,210 228,776 BOM
78 1,943 2,142 183,554 BOM
77 1,891 2,084 169,616 BOM
76 1,890 2,083 165,354 BOM
75 1,587 1,749 150,622 BOM
74 1,907 2,102 128,588 BOM
73 1,967 2,168 91,996 BOM
72 2,083 2,296 91,115 BOM
71 2,078 2,291 86,689 BOM
1970 2,168 2,390 85,877 BOM
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Potash
Year 10° mt 10° st 10°$ Sources | Remarks
69 2,111 2,327 62,034 BOM
68 2,077 2,289 63,406 BOM
67 2,615 2,883 91,098 BOM
66 2,679 2,953 108,653 BOM
65 2,584 2,848 117,771 BOM
64 2,427 2,675 104,861 BOM
63 2,398 2,643 101,458 BOM
62 2,003 2,208 85,124 BOM
61 2,289 2,523 96,380 BOM
1960 2,214 2,440 82,645 BOM
59 1,986 2,189 74,117 BOM
58 1,794 1,978 69,106 BOM
57 1,887 2,080 77,197 BOM
56 1,812 1,997 75,122 BOM
55* | 1,670,238 | 1,841,122 | 769640740 | BOM
54* | 1,571,462 | 1,732,240 | 64,366,641 | BOM
53* | 1,408,704 | 1,552,831 | 58,076,435 | BOM
52* | 1,280,151 | 1,411,125 | 46,385,452 | BOM
51* | 1,104,603 | 1,217,617 | 37,209,740 | BOM
1950** | 973,157 | 1,072,722 31,944 BOM
Total

* Values not in thousands
** mt and st not in thousands
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Table 25. Pumice production by year in metric tons (mt), short tons (st) and total value in
dollars. Bold=reported,; italics=calculated. W=Produced, but specific data not available or
information withheld.

Pumice
Year 10°mt | 10°st 10°$ Sources | Remarks

2010 USGS

9 USGS

8 USGS

7 USGS

6 USGS

5 USGS

4 W W W USGS

3 W W W USGS

2 W W W USGS

1 W w W USGS

2000 W W W USGS

99 W W W USGS

98 W W W USGS

97 W W W USGS

96 102 112 527 USGS

95 W W W USGS
94 BOM
93 BOM
92 W W W BOM
91 W W W BOM
1990 W W W BOM
89 77 85 795 BOM
*»*88 | 76,204 84,001 852 BOM
87 79 87 991 BOM
86 231 255 2,370 BOM
85 138 152 1,114 BOM
84 120 132 1,269 BOM
83 100 110 1,070 BOM
82 88 97 809 BOM
81 84 93 919 BOM
1980 76 84 814 BOM
79 547 603 3,550 BOM
78 572 631 2,706 BOM
77 415 457 1,835 BOM
76 441 486 1,560 BOM
75 360 397 1,280 BOM
74 427 471 1,466 BOM
73 308 339 1,001 BOM
72 282 311 809 BOM
71 260 287 601 BOM
1970 184 203 442 BOM
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Pumice

Year 10°mt | 10°st 10°$ Sources | Remarks
69 205 226 415 BOM
68 220 243 527 BOM
67 200 220 639 BOM
66 222 245 787 BOM
65 239 264 915 BOM
64 236 260 760 BOM
63 292 322 850 BOM
62 279 308 741 BOM
61 308 339 879 BOM
1960 331 365 827 BOM
59 447 493 1,023 BOM
58 460 507 959 BOM
57 291 321 756 BOM
56* | 265,197 | 292,330 667,146 BOM
55* | 357,065 | 393,597 780,339 BOM
54* | 330,148 | 363,926 | 1,060,096 | BOM
53* | 479,582 | 528,649 | 759,840 | BOM
52* | 197,296 | 217,482 755,139 BOM
51* | 222,772 | 245,564 | 884,311 BOM
1950** | 319,004 | 351,642 1,110 BOM

Total

* Values not in thousands
** mt and st not in thousands
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Table 26. Rare earth minerals production by year in metric tons (mt), short tons (st) and
total value in dollars. Bold=reported; italics=calculated. W=Produced, but specific data

not available or information withheld.

Rare
Earth
Minerals
Year 10°mt | 10°st | 10°$ | Sources Remarks
2010 USGS
9 USGS
8 USGS
7 USGS
6 USGS
5 USGS
4 USGS
3 USGS
2 USGS
1 USGS
2000 USGS
99 USGS
98 USGS
97 USGS
96 USGS
95 USGS
94 BOM
93 BOM
92 BOM
91 BOM
1990 BOM
89 BOM
88 BOM
87 BOM
86 BOM
85 BOM
84 BOM
83 BOM
82 BOM
81 BOM
1980 BOM
79 BOM
78 BOM
77 BOM
76 BOM
75 BOM
74 BOM
73 BOM
72 BOM
71 BOM
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Rare

Earth
Minerals
Year 10°mt | 10°st | 10°$ | Sources Remarks
1970 BOM
69 BOM
68 BOM
67 BOM
66 BOM
65 BOM
64 BOM
63 BOM
62 BOM
61 BOM
1960 BOM
59 BOM
58 BOM
57 BOM
56 BOM
55 BOM
54 BOM
53 BOM
52 BOM
51 BOM
1950 BOM
Total

131

Individual Minerals (p. 52)



Table 27. Salt production by year in metric tons (mt), short tons (st) and total value in
dollars. Bold=reported,; italics=calculated. W=Produced, but specific data not available or
information withheld.

Salt
Year | 10°mt | 10°st 10°$ Sources | Remarks
2010 USGS
9 USGS
8 USGS
7 USGS
6 USGS
5 USGS
4 W W W USGS
3 W W W USGS
2 W W W USGS
1 W W w USGS
2000 W W W USGS
99 USGS
98 W W w USGS
97 W W W USGS
96 W W w USGS
95 W W W USGS
94 BOM
93 BOM
92 W W W BOM
91 W W w BOM
1990 W W W BOM
89 W W w BOM
88 W W W BOM
87 W W W BOM
86 W W w BOM
85 W W W BOM
84 W W W BOM
83 W W W BOM
82 W W w BOM
81 W W w BOM
1980 W W W BOM
79 W W W BOM
78 163 180 1,617 BOM
77 W W w BOM
76 W W W BOM
75 133 147 1,048 BOM
74 151 167 W BOM
73 W W W BOM
72 W W w BOM
71 132 146 1,130 BOM
1970 W W W BOM
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Salt

Year | 10°mt | 10°st 10°$ Sources | Remarks
69 W W w BOM
68 W W W BOM
67 74 82 1,036 BOM
66 60 66 716 BOM
65 58 64 572 BOM
64 56 62 559 BOM
63 49 54 472 BOM
62 39 43 334 BOM
61 30 33 284 BOM

1960 35 39 331 BOM
59 33 36 322 BOM
58 28 31 275 BOM
57 48 53 429 BOM
56 52 57 501 BOM

*55 | 45,122 | 49,738 | 596,780 BOM
*54 | 45,966 | 50,669 | 333,255 BOM
*53 | 56,324 | 62,087 | 216,364 BOM
52 W W w BOM
51 W W W BOM
1950 W W W BOM
Total

* Values not in
thousands
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Table 28. Sand and gravel production by year in metric tons (mt), short tons (st) and
total value in dollars. Bold=reported; italics=calculated. W=Produced, but specific data
not available or information withheld.

Sand
&
Gravel
Year 10° mt 10° st 10°$ Sources | Remarks
2010 USGS
9 USGS
8 USGS
7 USGS
6 USGS
5 USGS
4 13,600 14,991 89,500 USGS
3 13,300 14,661 65,300 USGS
2 12,800 14,110 62,600 USGS
1 10,600 11,685 54,500 USGS
2000 13,400 14,771 66,800 USGS
99 10,600 11,685 53,000 USGS
98 11,100 12,236 53,300 USGS
97 9,390 10,351 46,600 USGS
96 9,880 10,891 48,500 USGS
95 10,400 11,464 50,700 USGS
94 BOM
93 BOM
92 10,170 11,210 46,176 BOM
91 8,346 9,200 35,900 BOM
1990 9,354 10,311 39,631 BOM
89 10,705 11,800 45,400 BOM
88 7,971 8,787 31,367 BOM
87 7,802 8,600 31,000 BOM
86 7,685 8,471 25,862 BOM
85 7,620 8,400 22,800 BOM
84 7,587 8,363 22,389 BOM
83 6,350 7,000 20,000 BOM
82 5,095 5,616 17,670 BOM
81 5,893 6,496 19,780 BOM
1980 6,396 7,050 17,676 BOM
79 6,478 7,141 18,245 BOM
78 7,474 8,239 17,850 BOM
77 7,805 8,604 17,685 BOM
76 6,987 7,702 16,671 BOM
75 5,643 6,220 13,798 BOM
74 6,725 7,413 10,605 BOM
73 9,653 10,641 15,753 BOM
72 6,895 7,600 8,553 BOM
71 8,046 8,869 7,975 BOM
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Sand

&
Gravel
Year 10° mt 10° st 10°$ Sources | Remarks
1970 9,676 10,666 10,516 BOM
69 7,778 8,574 10,422 BOM
68 11,124 12,262 12,396 BOM
67 13,310 14,672 14,336 BOM
66 14,064 15,503 13,029 BOM
65 10,671 11,763 12,130 BOM
64 7,966 8,781 10,160 BOM
63 7,622 8,402 12,843 BOM
62 6,250 6,889 8,021 BOM
61 11,361 12,523 10,049 BOM
1960 6,730 7,419 7,459 BOM
59 11,304 12,460 13,332 BOM
58 11,979 13,205 11,413 BOM
57 7,249 7,991 7,803 BOM
56 5,493 6,055 5,776 BOM
*55 | 4,133,539 | 4,556,447 | 6,004,554 | BOM
*54 | 5,914,244 | 6,519,339 | 8,340,251 | BOM
*53 | 1,284,918 | 1,416,380 | 1,238,979 | BOM
*52 | 450,799 496,921 499,589 BOM
*51 | 979,992 1,080,256 | 1,087,857 | BOM
1950 851 938 923 BOM
Total

* Values not in thousands
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Table 29. Scoria production by year in metric tons (mt), short tons (st) and total value in
dollars. Bold=reported,; italics=calculated. W=Produced, but specific data not available or
information withheld.

Scoria
Year 10°mt | 10°st | 10°$ | Sources Remarks

2010 EMNRD

9 EMNRD

8 EMNRD

7 EMNRD

6 EMNRD

5 441 486 7,630 EMNRD

4 475 524 7,853 EMNRD

3 323 356 5,659 EMNRD

2 424 467 5,736 EMNRD

1 456 502 6,009 EMNRD

2000 304 335 4,873 EMNRD

99 272 4,028 EMNRD

98 328 3,341 EMNRD
97 USGS
96 USGS
95 USGS
94 BOM
93 BOM
92 BOM
91 BOM
1990 BOM
89 BOM
88 BOM
87 BOM
86 BOM
85 BOM
84 BOM
83 BOM
82 BOM
81 BOM
1980 BOM
79 BOM
78 BOM
77 BOM
76 BOM
75 BOM
74 BOM
73 BOM
72 BOM
71 BOM
1970 BOM
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Scoria

Year 10°mt | 10°st | 10°$ | Sources Remarks
69 BOM
68 BOM
67 BOM
66 BOM
65 BOM
64 BOM
63 BOM
62 BOM
61 BOM

1960 BOM
59 BOM
58 BOM
57 BOM
56 BOM
55 BOM
54 BOM
53 BOM
52 BOM
51 BOM

1950 BOM

Total
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Table 30. Sillimanite production by year in metric tons (mt), short tons (st) and total
value in dollars. Bold=reported; italics=calculated. W=Produced, but specific data not
available or information withheld.

Sillimanite
Year 10°mt | 10°st | 10°$ | Sources Remarks

2010 USGS

9 USGS

8 USGS

7 USGS

6 USGS

5 USGS

4 USGS

3 USGS

2 USGS

1 USGS

2000 USGS

99 USGS

98 USGS

97 USGS

96 USGS

95 USGS
94 BOM
93 BOM
92 BOM
91 BOM
1990 BOM
89 BOM
88 BOM
87 BOM
86 BOM
85 BOM
84 BOM
83 BOM
82 BOM
81 BOM
1980 BOM
79 BOM
78 BOM
77 BOM
76 BOM
75 BOM
74 BOM
73 BOM
72 BOM
71 BOM
1970 BOM
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Sillimanite

Year 10°mt | 10°st | 10°$ | Sources Remarks
69 BOM
68 BOM
67 BOM
66 BOM
65 BOM
64 BOM
63 BOM
62 BOM
61 BOM

1960 BOM
59 BOM
58 BOM
57 BOM
56 BOM
55 BOM
54 BOM
53 BOM
52 BOM
51 BOM

1950 BOM

Total
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Table 31. Silica production by year in metric tons (mt), short tons (st) and total value in
dollars. Bold=reported,; italics=calculated. W=Produced, but specific data not available or
information withheld.

Silica
Year | 10°mt | 10%st | 10°$ | Sources Remarks

2010 USGS

9 USGS

8 USGS

7 USGS

6 USGS

5 USGS

4 USGS

3 USGS

2 USGS

1 W W W USGS

2000 USGS

99 USGS

98 USGS

97 USGS

96 USGS

95 USGS
94 BOM
93 BOM
92 BOM
91 BOM
1990 BOM
89 BOM
88 BOM
87 BOM
86 BOM
85 BOM
84 BOM
83 BOM
82 BOM
81 BOM
1980 BOM
79 BOM
78 BOM
77 BOM
76 BOM
75 BOM
74 BOM
73 BOM
72 BOM
71 BOM

140

Individual Minerals (p. 61)



Silica

Year | 10°mt | 10°st | 10°$ | Sources Remarks
1970 BOM
69 BOM
68 BOM
67 BOM
66 BOM
65 BOM
64 BOM
63 BOM
62 BOM
61 BOM
1960 BOM
59 BOM
58 BOM
57 BOM
56 BOM
55 BOM
54 BOM
53 BOM
52 BOM
51 BOM
1950 BOM
Total
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Table 32. Stone (carvable) production by year in metric tons (mt), short tons (st) and
total value in dollars. Bold=reported; italics=calculated. W=Produced, but specific data

not available or information withheld.

Stone
(carvable)
Year 10°mt | 10°st | 10°$ | Sources Remarks
2010 USGS
9 USGS
8 USGS
7 USGS
6 USGS
5 USGS
4 USGS
3 USGS
2 USGS
1 USGS
2000 USGS
99 USGS
98 USGS
97 USGS
96 USGS
95 USGS
94 BOM
93 BOM
92 BOM
91 BOM
1990 BOM
89 BOM
88 BOM
87 BOM
86 BOM
85 BOM
84 BOM
83 BOM
82 BOM
81 BOM
1980 BOM
79 BOM
78 BOM
77 BOM
76 BOM
75 BOM
74 BOM
73 BOM
72 BOM
71 BOM
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Stone

(carvable)
Year 10°mt | 10°st | 10°$ | Sources Remarks
1970 BOM
69 BOM
68 BOM
67 BOM
66 BOM
65 BOM
64 BOM
63 BOM
62 BOM
61 BOM
1960 BOM
59 BOM
58 BOM
57 BOM
56 BOM
55 BOM
54 BOM
53 BOM
52 BOM
51 BOM
1950 BOM
Total
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Table 33. Stone (crushed) production by year in metric tons (mt), short tons (st) and total
value in dollars. Bold=reported; italics=calculated. W=Produced, but specific data not
available or information withheld.

Stone
(crushed)
Year 10°mt | 10°st | 10°$ | Sources | Remarks
2010 USGS
9 USGS
8 USGS
7 USGS
6 USGS
5 USGS
4| 3,430 3,781 | 24,400 | USGS
3 3,730 4,112 26,000 | USGS
2 3,680 4,057 23,300 | USGS
1 4,230 4,663 26,100 | USGS
2000 | 3,690 4,068 22,400 | USGS
99 | 3,710 4,090 | 22,200 | USGS
98 | 4,700 5,181 28,200 | USGS
97 2,920 3,219 15,700 | USGS
96 | 3,480 3,836 18,800 | USGS
95| 3,660 4,034 18,800 | USGS
94 BOM
93 BOM
92 2,722 3,000 14,400 | BOM
91 2,541 2,801 13,089 | BOM
1990 | 2,177 2,400 | 12,800 | BOM
89 2,526 2,784 11,672 | BOM
88 3,175 3,500 13,900 | BOM
87 4,085 4,503 15,919 | BOM
86 | 3,538 3,900 | 15,300 | BOM
85| 3,303 3,641 15,232 | BOM
84 | 4,264 4,700 17,000 | BOM
83| 4,291 4,730 15,118 | BOM
82 2,540 2,800 13,700 | BOM
81 3,776 4,162 12,485 | BOM
1980 | 2,341 2,581 9,473 BOM
79 2,349 2,589 6,743 BOM
78 2,212 2,438 6,157 BOM
77 1,769 1,950 4,786 BOM
76 1,743 1,921 4,289 BOM
75 BOM
74 3,203 3,531 8,359 BOM
73 BOM
72 BOM
71 2,643 2,913 5,337 BOM
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Stone

(crushed)
Year 10°mt | 10°st | 10°$ | Sources | Remarks
1970 2,812 3,100 4,030 BOM
69 BOM
68 BOM
67 BOM
66 BOM
65 BOM
64 BOM
63 BOM
62 BOM
61 BOM
1960 BOM
59 BOM
58 BOM
57 BOM
56 BOM
55* BOM
54* BOM
53* BOM
52* BOM
51* BOM
1950 BOM
Total
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Table 34. Stone (dimension) production by year in metric tons (mt), short tons (st) and
total value in dollars. Bold=reported; italics=calculated. W=Produced, but specific data
not available or information withheld.

Stone
(dimension)
Year 10°mt | 10°st | 10°$ | Sources Remarks
2010 USGS
9 USGS
8 USGS
7 USGS
6 USGS
5 USGS
4 57 63 2,430 | USGS
3 57 63 2,590 | USGS
2 20 22 1,370 | USGS
1 36 40 1,320 | USGS
2000 W w w USGS
99 18 20 2,320 | USGS
98 W w W USGS
97 W w W USGS
96 W W w USGS
95 W W w USGS
94 W W W BOM
93 W w W BOM
92 W w W BOM
91 W w w BOM
1990 W W W BOM
89 W W W BOM
88* | 19,861 21,893 626 BOM
87* | 19,861 21,893 626 BOM
86* | 19,609 21,615 378 BOM
85 18 20 277 BOM
84 18 20 185 BOM
83 16 18 141 BOM
82 16 18 138 BOM
81 24 26 173 BOM
1980 16 18 91 BOM
79 18 20 117 BOM
78 16 18 115 BOM
77 15 17 106 BOM
76 13 14 105 BOM
*75 BOM
74 W w w BOM
*73 BOM
*72 BOM
71 W w w BOM
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Stone

(dimension)
Year 10°mt | 10°st | 10°$ | Sources | Remarks
1970 W w W BOM
69 BOM
68 BOM
67 BOM
66 BOM
65 BOM
64 BOM
63 BOM
62 BOM
61 BOM
1960 BOM
59 BOM
58 BOM
57 BOM
56 BOM
55 BOM
54 BOM
53 BOM
52 BOM
51 BOM
1950 BOM
Total

* Values combined with crushed under Stone undifferentiated
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Table 35. Stone (decorative) production by year in metric tons (mt), short tons (st) and
total value in dollars. Bold=reported; italics=calculated. W=Produced, but specific data
not available or information withheld.

Stone
(decorative)

Year 10°mt | 10°st | 10°$ | Sources Remarks

2010 USGS

9 USGS

8 USGS

7 USGS

6 USGS

5 USGS

4 USGS

3 USGS

2 USGS

1 USGS

2000 USGS

99 USGS

98 USGS

97 USGS

96 USGS

95 USGS
94 BOM
93 BOM
92 BOM
91 BOM
1990 BOM
89 BOM
88 BOM
87 BOM
86 BOM
85 BOM
84 BOM
83 BOM
82 BOM
81 BOM
1980 BOM
79 BOM
78 BOM
77 BOM
76 BOM
75 BOM
74 BOM
73 BOM
72 BOM
71 BOM
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Stone
(decorative)

Year 10°mt | 10°st | 10°$ | Sources Remarks
1970 BOM
69 BOM
68 BOM
67 BOM
66 BOM
65 BOM
64 BOM
63 BOM
62 BOM
61 BOM
1960 BOM
59 BOM
58 BOM
57 BOM
56 BOM
55 BOM
54 BOM
53 BOM
52 BOM
51 BOM
1950 BOM
Total
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Table 36. Stone (undifferentiated) production by year in metric tons (mt), short tons (st)
and total value in dollars. Bold=reported,; italics=calculated. W=Produced, but specific
data not available or information withheld.

Stone
(undifferentiated)
Year 10° mt 10° st 10°$ | Sources | Remarks
2010 USGS
9 USGS
8 USGS
7 USGS
6 USGS
5 USGS
4 USGS
3 USGS
2 USGS
1 USGS
2000 USGS
99 USGS
98 USGS
97 USGS
96 USGS
95 USGS
94 BOM
93 BOM
92 BOM
91 BOM
1990 BOM
89 BOM
88 BOM
87 BOM
86 BOM
85 BOM
84 BOM
83 BOM
82 BOM
81 BOM
1980 BOM
79 BOM
78 BOM
77 BOM
76 BOM
75 1,993 2,197 4,683 BOM
74 BOM
73 2,567 2,830 5,894 BOM
72 2,511 2,768 5,499 BOM
71 BOM
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Stone
(undifferentiated)

Year 10° mt 10° st 10°$ | Sources | Remarks
1970 BOM
69 2,564 2,826 3,286 BOM
68 2,019 2,226 3,527 BOM
67 1,262 1,391 2,403 BOM
66 2,406 2,652 4,056 BOM
65 1,734 1,911 3,020 BOM
64 2,504 2,760 4,244 BOM
63 2,276 2,509 4,236 BOM
62 1,818 2,004 2,782 BOM
61 1,681 1,853 2,206 BOM
1960 1,158 1,277 1,692 BOM
59 418 461 542 BOM
58 1,569 1,730 1,507 BOM
57 1,223 1,348 1,618 BOM
56 1,150 1,268 1,272 BOM
*55 | 1,427,402 | 1,573,441 | 1,546,665 BOM
*54 | 700,011 771,630 714,037 BOM
*53 | 566,562 624,528 510,713 BOM
*52 | 288,389 317,894 191,642 BOM
*51 | 927,960 1,022,901 | 592,179 BOM
1950 331 365 244 BOM
Total

* Values not in thousands
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Table 37. Sulfur production by year in metric tons (mt), short tons (st) and total value in
dollars. Bold=reported,; italics=calculated. W=Produced, but specific data not available or
information withheld.

Sulfur
Year 10°mt | 10%st | 10°$ | Sources Remarks

2010 USGS

9 USGS

8 USGS

7 USGS

6 USGS

5 USGS

4 W W W USGS

3 W W W USGS

2 w w W USGS

1 w w W USGS

2000 W W W USGS

99 USGS

98 USGS

97 USGS

96 USGS

95 USGS
94 BOM
93 BOM
92 BOM
91 BOM
1990 BOM
89 BOM
88 BOM
87 BOM
86 BOM
85 BOM
84 BOM
83 BOM
82 BOM
81 BOM
1980 BOM
79 BOM
78 BOM
77 BOM
76 BOM
75 BOM
74 BOM
73 BOM
72 BOM
71 BOM
1970 BOM
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Sulfur

Year 10°mt | 10%st | 10°$ | Sources Remarks
69 BOM
68 BOM
67 BOM
66 BOM
65 BOM
64 BOM
63 BOM
62 BOM
61 BOM

1960 BOM
59 BOM
58 BOM
57 BOM
56 w w W BOM
55 w w W BOM
54 w w W BOM
53 W W W BOM
52 BOM
51 BOM

1950 BOM

Total
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Table 38. Zeolite production by year in metric tons (mt), short tons (st) and total value in
dollars. Bold=reported,; italics=calculated. W=Produced, but specific data not available or
information withheld.

Zeolite
Year mt st 10°$ | Sources Remarks
2010
9
8
7
6 | 28,595 | 31,520 W Producer(s)
5| 27,638 | 30,465 W Producer(s)
4| 21,389 | 23,577 W Producer(s)
3| 15,474 | 17,057 W Producer(s)
2| 14,273 | 15,733 W Producer(s)
1| 14,471 | 15,951 W Producer(s)
2000 | 14,898 | 16,422 W Producer(s)
99 | 14,432 | 15,908 W Producer(s)
98 | 12,787 | 14,095 W Producer(s)
97 | 13,620 | 15,013 W Producer(s)
96 | 13,114 | 14,456 W Producer(s)
95 | 18,847 | 20,775 W Producer(s)
94 | 18,979 | 20,921 W Producer(s)
93 | 12,686 | 13,984 W Producer(s)
92 | 4,359 4,805 W Producer(s)
91| 1,676 1,848 W Producer(s)
1990 BOM
89 BOM
88 BOM
87 BOM
86 BOM
85 BOM
84 BOM
83 BOM
82 BOM
81 BOM
1980 BOM
79 BOM
78 BOM
77 BOM
76 BOM
75 BOM
74 BOM
73 BOM
72 BOM
71 BOM
1970 BOM
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Zeolite

Year mt st 10°$ Sources Remarks
69 BOM
68 BOM
67 BOM
66 BOM
65 BOM
64 BOM
63 BOM
62 BOM
61 BOM

1960 BOM
59 BOM
58 BOM
57 BOM
56 BOM
55 BOM
54 BOM
53 BOM
52 BOM
51 BOM

1950 BOM

Total
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Montana’s Industrial Minerals

By Richard B. Berg and Robin McCulloch

Montana Bureau of Mines and Geology, Montana Tech of the University of Montana,
1300 W. Park St., Butte, MT 59701

dberg@mtech.edu, (406) 496-4172

ABSTRACT

Industrial minerals production in Montana is severely limited by the distance to major markets,
but despite this handicap certain segments of the industry are thriving by serving local markets or
because the commodity has sufficient value to support greater shipping costs. Montana continues
to be the leading talc-producing state measured both in value and quantity of talc produced. At
present, talc is mined in three open pits, all in southwestern Montana where high-purity talc was
formed by hydrothermal replacement of Archean marble.

Major markets for Montana talc include pitch control in the manufacture of paper and the
manufacture of ceramic substrates for catalytic converters used in cars and trucks. The one
known chlorite deposit in Montana has been mined out; however, there is potential for discovery
of other chlorite deposits in the Archean rocks of southwestern Montana. Limestone is quarried
for two cement plants and also for two lime plants. These quarries are all in the Mississippian
Madison Group that is the major source of high-calcium limestone. Garnets derived from
Archean gneisses and schists are concentrated in several alluvial deposits in southwestern
Montana. They are mined from a deposit in the Virginia City area where these garnets are
processed for the sand blast, water jet, and filter-bed media markets. Also, a recently permitted
garnet operation in the Dillon area will produce water jet-cutting media from garnetiferous
tailings of a former tungsten mill.

Scenic areas in northwestern and southwestern Montana have experienced significant
growth that has led to an increase in aggregate consumption. Just east of Butte a fine-grained
igneous rock is quarried for ballast. The highly fragmented decorative stone industry in Montana
has grown significantly in recent years with a large production of metasedimentary rock quarried
from the Belt Supergroup. Production is from many small quarries in northwestern Montana and
is destined for both local and out-of-state markets. Cretaceous sandstone (some classed as field
stone and some as moss rock) is quarried in central Montana. River rock is picked both in
southwestern Montana and in northwestern Montana. Recently, interest has been shown in
Montana’s barite deposits that form veins in the Belt Supergroup of western Montana. There is
also renewed interest in bentonite deposits in the central and eastern parts of the state where
these beds occur in Cretaceous formations. Undeveloped industrial mineral deposits in Montana
include white marble, clinoptilolite, silica sand, gypsum, and vermiculite.

INTRODUCTION

Because of the diversity of Montana’s geology, there are a variety of nonmetallic mineral
resources in the state. However, in common with several other western states, lack of local
markets and transportation cost has hindered the development of some of these resources such as
glass sand and quartz for silicon carbide manufacture. Others, such as talc and some decorative
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stone, have overcome this disadvantage because the value of these materials enables their pricing
to accommodate transport to West Coast, or even in the case of talc, to some foreign markets.

In this paper, we attempt to accomplish the following.

1. Present the status of industrial mineral development and production in Montana.

2. Provide information on the geologic setting and geologic controls on the distribution of

the industrial minerals discussed.

3. Provide our assessment of the potential for discovery of new deposits of selected

industrial minerals.

We have not attempted to include all the industrial minerals that are known to occur in
Montana or even all of those that have been produced. Rather our discussion is limited to those
that are either now being produced or that have identifiable potential for future production. For a
more nearly complete listing of industrial minerals in Montana see United States Geological
Survey and Montana Bureau of Mines and Geology (1963) or for a more recent, but less
exhaustive list see Berg (1990).

BARITE

Because essentially all of the barite that has been mined in Montana was used as a weighting
agent in drilling mud, production has generally been controlled by the needs of the oil and gas
industry. Barite was mined for this market from 1951 until 1966 and again in 1976 with
continued production into the 1990’s. There is no current production, but with increased demand
by the oil and gas industry there is renewed interest in these deposits.

Although there are many barite occurrences in western Montana, only those in meta-
sedimentary rocks of the Proterozoic Belt Supergroup have been mined (Berg, 1988). Barite
veins in these rocks are generally steeply dipping and of high purity; quartz and fragments of the
wall rock are the major impurities. The greatest concentration of mineable barite veins is in the
Elk Creek — Coloma area 30 miles east of Missoula (fig. 1) which is also responsible for most of
the historic production. In this district, veins are situated in quartzite of the Belt Supergroup
close to the contact with a Cretaceous granitic pluton. Barite has been mined in seven open cuts
and one underground mine, the Elk Creek mine, which is responsible for most of the production
from this district. The barite vein in the Elk Creek mine is reported to range up to 27 ft thick
with an average thickness of 12 ft. Barite mined in the period from 1976 into the 1980s from
these veins required only pulverizing in a roller mill before being sold for use as a weighting
agent in drilling mud. The Elk Creek — Coloma district seems to offer the greatest possibility for
the development and discovery of additional mineable reserves.
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1. Blk Craak — Coloma district
O Gypsum .
2. Shoamakar mina
3. Raynesford gypsum deposils
4, Uima gypsum deaposits
O duarz
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5. Snow Whila quarmy
7. Quadrant Formation
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9. Bk Gulch daposit
10. Pony dapaosit
11. Hamilton dapaosit

Figure 1. Barite, gypsum, quarnz, and vermiculie deposits, See descriptions in fext under respective headings.
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BENTONITE

Bentonite has been mined from the marine Cretaceous formations of central and eastern Montana
for all of the major markets including pet litter, drilling mud, engineering applications, taconite
pelletizing, and bonding for foundry molding sand. Extreme southeastern Montana, on the flank
of the Black Hills uplift, has been the source of most bentonite production in Montana where
both American Colloid and Bentonite Performance Minerals now mine bentonite (fig. 2).
Additionally, Wyo — Ben mines bentonite from the Mowry Shale in Carbon County and
American Colloid also mines bentonite in this area. Significant quantities of bentonite have been
mined from the Bearpaw Shale in the Vananda area, south of Malta and south of Glasgow.

Substantial deposits of bentonite in the Bearpaw Shale underlie much of north central
Montana. The two bentonite beds that have been mined in the Vananda area are approximately
three ft thick and are separated by 7 to 11 ft of shale (Berg, 1970). A general overview of
bentonite deposits in Montana is provided by Berg (1969); detailed information on the deposits
in extreme southeastern Montana can be found in Knechtel and Patterson (1962) and similar
information on the deposits in the Hardin district southeast of Billings is in Knechtel and
Patterson (1956). Wolfbauer (1977, 1978) provides information on exchangeable cations in
bentonite from the vicinity of the Fort Peck Reservoir in northeastern Montana.

Bentonite also occurs in nonmarine Tertiary beds of the intermontane valleys of
southwestern Montana (fig. 2). However these beds are less continuous than the marine
Cretaceous beds, and in some instances contain a larger non-clay detrital fraction that makes
them unsuitable for the markets available to the Cretaceous bentonites. They have been mined
for local use such as sealing ponds and ditches.
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Figure 1. Bentonite deposits that have been mined or are being mined. Base map from Berg, 1969,

161



CHLORITE

Magnesian chlorite was mined at the Antler Mine, located 25 miles southeast of Butte, from
1976 until 1999 when the ore body was mined out (fig. 3); the mine has now been reclaimed.
Approximately 250,000 short tons of hand-sorted chlorite from this deposit were processed by
Cyprus Industrial Minerals and then by Luzenac America, Inc. for the paint and ceramics
markets (Berg and Crouse, 2001). Subparallel chlorite veins from less than 10 ft to almost 30 ft
wide were mined in an open pit. Chlorite veins were formed by introduction of magnesium-
bearing hydrothermal solutions that essentially completely replaced Precambrian
quartzofeldspathic gneiss to produce a high-purity deposit. Associated chlorite and talc deposits
in southwestern Montana show that where magnesian-bearing hydrothermal fluids encountered
marble, talc was formed; where they encountered an aluminous rock such as quartzofeldspathic
gneiss, chlorite was formed. According to this interpretation, both talc and chlorite deposits are
Proterozoic and are co-genetic.

Chloritic alteration of Precambrian gneiss occurs along faults in the Ruby Range adjacent
to the Sweetwater Basin in southwestern Montana and also in the Rochester area south of the
Antler mine (Berg, 1992 and 1996), but neither occurrence is economic. Exploration by talc
producers and the Montana Bureau of Mines and Geology has failed to find another mineable
chlorite deposit in southwestern Montana, but potential for future discoveries is regarded as
reasonably good.
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Figure 3. Chlorite, tale, and zeolite mines, mills, deposits, and ocourrences.
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GARNET

Garnet resources occur in Archean gneisses, garnet-rich contact metamorphic rocks, and placer
deposits derived from these sources. Bucket-line gold dredges processed gravels from Alder and
Brown gulches near the beginning of the twentieth century (fig. 4). Resulting dredge tailings of
a few million yards contain 6 to 7 percent almandine garnet. Alluvial deposits along streams
flowing into the Ruby River in the same general area contain as much as 50 percent garnet
locally. Testing has revealed resources of a few million cubic yards in the few drainages tested.
Currently, Ruby Valley Garnet mines and processes garnet from an alluvial deposit in this same
area for the water-jet-cutting and filter-bed markets. Also in this area, Barton Gulch contains
coarse garnets in Tertiary placer deposits (lower end) while placers in the upper end of the
drainage contain small garnets derived from the Archean gneiss. Gold placer tests have
indicated potential garnet resources in the soils and placer gravels of Harris and Californian
creeks on the west flank of the Tobacco Root Mountains where garnets are derived from both
Archean gneisses and skarns (fig. 4). The Sweetwater drainage in the headwaters of the Ruby
River contains alluvial garnet resources that have been documented by a number of exploration
programs.

Southwest of Butte, tungsten mines that operated in skarn deposits near Browns Lake
(fig.4) have yielded several million tons of tailings that are 85 percent garnet. Fortuitously, these
tailings were ground to the size needed for water-jet-cutting media, and plans are underway to
process these tailings to recover both garnet and tungsten. Lode deposit resources from this
skarn deposit can be projected to be in excess of 25 million tons of garnet-tungsten ore. The
placer potential of the area is untested.

Because of the great extent of the garnet-rich Archean gneiss in southwestern Montana
there are significantly more untested potential alluvial and lode deposits than those that have
been tested. Van Gosen and others (1998) provide additional information on the garnet potential
of southwestern Montana.
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GEMSTONES

Sapphires

Montana is well known in gemstone circles for its sapphire deposits, particularly the blue
sapphires from the Yogo deposit in central Montana about 40 miles southwest of Lewistown (fig.
5). At this deposit sapphires have been mined from an altered lamprophyre dike in addition to
accompanying placer deposits. Yogo Creek Mining discontinued mining in 2005 because the
dike rock that they encountered was too hard to effectively recover sapphires economically.
However, within the past year mining sapphires in this underground mine has been resumed by
other individuals on a smaller scale. If the ownership of the Yogo district were consolidated, it is
possible that further mineable reserves of these sapphires could be developed. Because of the
natural uniformly blue color of sapphires from the Yogo deposit and their general lack of
inclusions, these sapphires command a premium in the gemstone market. Additional
lamprophyre dikes are known in central Montana, and it is very unlikely that most of them have
been evaluated for sapphires. A well-planned exploration program in this area might lead to the
discovery of another source of blue sa%phires.

During the early part of the 20" century, sapphires were mined from alluvial deposits in
southwestern Montana mainly for watch and instrument bearings, with only minor gemstone use.
At least 45 short tons of sapphires have been mined from these alluvial deposits. With the
introduction of synthetic sapphire, this market for natural sapphires was eliminated and sapphires
were produced only for the gemstone market. Because most of these sapphires are of pale color,
the gemstone market was quite limited until the advent of heat treating. Color of most of these
sapphires can be enhanced by heating under carefully controlled conditions.

Alluvial sapphires have been produced from terraces along the Missouri River east of
Helena (Clabaugh, 1952), alluvium along the South Fork of Dry Cottonwood Creek northwest of
Butte (Berg, in press), and from very large alluvial deposits in the Rock Creek (Gem Mountain)
district 55 miles northwest of Butte (Clabaugh, 1952) (fig 5). It is thought that
Tertiary volcanic rocks were the bedrock source for these sapphires. More than 20 purported
occurrences of sapphires are found in southwestern Montana, most of which have received little
or no evaluation.
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Diamonds

Mafic alkalic igneous rocks are found throughout central Montana, including some with
kimberlitic affinities. One of these is a true kimberlite that is situated near Grass Range, a small
settlement in central Montana (fig. 5). This kimberlite pipe, the Homestead kimberlite, yielded a
micro-diamond 0.14 by 0.16 by 0.32 mm (Ellsworth, 2000). This is the only verified occurrence
of a diamond in a kimberlite in Montana.

An intriguing find of a 14-carat yellow, gem-quality diamond was made along a gravel
road in the Craig area south of Great Falls. It was reported that an investigation of the gravel
used in surfacing this road failed to find any additional diamonds. A large area of central and
eastern Montana is underlain by the Archean Wyoming Province that is generally considered
conducive to the presence of diamondiferous kimberlites.

Semiprecious Gemstones

Agate, locally known as Montana moss agate, is found in the gravel along the Yellowstone River
from Billings downstream eastward. The most prized specimens of this agate contain black
manganese minerals that produce attractive patterns when the agate is slabbed and polished.
Smoky quartz and amethyst are collected from pegmatites in granite in the Butte area.

GYPSUM

Underground mining of gypsum beds in the Jurassic Ellis Group at the Shoemaker Mine nine
miles southeast of Lewistown (fig. 1) was begun in 1916 (Perry, 1949). In 1928, U.S. Gypsum
bought the mine and in 1936 constructed a wallboard plant next to the mine. Production of
wallboard continued until 1987, when the mine and plant were closed primarily because of the
high cost of underground mining and cost of shipping wallboard to markets outside of Montana.

Farther to the west, gypsum was formerly mined from beds in the Mississippian Kibbey
Formation about six miles southeast of Great Falls in the Raynesford area. This gypsum was
sold to the Montana cement producers during the 1990s, but is not now being mined.

Several gypsum deposits have been described in the Mississippian Big Snowy Group
south of Dillon near Lima (Johns, 1980) (fig.1). There has been only very limited mining of
these deposits.

LIMESTONE

The state contains extensive limestone deposits of varying purity. The majority of the industrial
production has focused on two geologic units. Historic production of burnt lime has consistently
been from the Mississippian Mission Canyon Formation of the Madison Group, in which purity
typically exceeds 98 percent CaCO;, Graymont Western U.S. quarries the Mission Canyon
Formation for production of lime at their Indian Creek plant (fig. 6). Montana Limestone
Company also quarries limestone from the Mission Canyon Formation at their Warren Quarry
for lime manufacture at the Frannie Lime Plant just across the border in Wyoming. Holcim’s
cement plant at Trident produces from the Lodgepole Formation of the Madison Group (Chelini,
1965) and the Ash Grove Cement West’s plant at Montana City also uses limestone quarried
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from the Madison Group. The cement plants have production capacity for processing about 1
million tons of limestone per year (McCulloch, 2001). Former quarry sites that have not seen
industrial activity for more than 50 years have railroad access and offer potential for
development. Although the limestone resource is potentially extensive, the distance to markets
is the deterrent to increased production.
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QUARTZ

Two quartz deposits in Montana have been mined for metallurgical use during the 1960s and
early 1970s. The larger of these is situated about 23 miles north of Butte near the small town of
Basin and occurs as a quartz plug in granitic rock of the Boulder batholith (fig. 7) (Chelini 1966).
About 400,000 short tons were reported to have been produced from this deposit between 1962
and 1974 (Burlington Northern, 1972). Quartz was also mined from the Snow White deposit
about 30 miles northwest of Butte. This deposit is a quartzite of either Paleozoic or Precambrian
age. Quartz from both of these deposits was shipped to plants in Washington but transportation
costs have prevented the development of other high-purity quartz deposits in western Montana.
Quartz deposits also occur in the Belt Supergroup northwest of Missoula (Burlington Northern,
1972). Most of these have not been evaluated by drilling.

Quartzose sandstone of the Pennsylvian-age Quadrant Formation in southwestern
Montana has been investigated as a possible source of glass sand. As with quartz for
metallurgical markets, transportation costs have prevented its development.
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SAND AND GRAVEL

Sand and gravel deposits are generally extensive throughout the state, but because of differing
source rocks, localized sorting, and concentration, the deposits have unpredictable values beyond
local use (Knechtel and others, 1948). Those deposits that are derived from quartzite of the Belt
Supergroup or silicified igneous rocks may be suitable for concrete aggregate. However, gravel
deposits that contain argillite from the Belt Supergroup or Tertiary volcanics, may be suitable
only for low-grade fill material. In northeastern Montana, north of the Missouri River, there are
well-sorted gravels located above any modern flood plain. Some of these gravels are cemented
with calcite; most are composed of quartzite clasts. There are also some outwash deposits from
the continental glaciers that advanced into Montana. These contain igneous and metamorphic
rock clasts and are not as well sorted nor are they of as good quality as the other deposits. The
rest of the state contains gravel that is locally derived, but the degree of sorting is dependent on
the deposit and the quality and use is dependent on the source area and its lithology.

Within the area of the Proterozoic Belt Supergroup of western Montana gravels tend to be
dominated by quartzite and igneous clasts and are suitable for most construction needs. Detailed
testing is necessary to determine gravels that meet the criteria for structural concrete. Most of
the major river systems contain quality gravels within the fluvial valley; and in some areas there
are substantial resources in the alluvial fan deposits along the margins. Most western Montana
cities have more than adequate gravel resources to meet their demand. Prices are consistently
too low to justify transporting gravel much more than a few miles.

STONE

Crushed Stone

Because of the extensive deposits of sand and gravel, crushed stone use is limited to railroad
ballast. Meridian Aggregates Company mined railroad ballast from two quarries, the Essex
quarry and the McQuarrie Stone quarry, both in Belt Supergroup quartzites adjacent to the
Burlington Santa Fe Railroad, with average production of 200,000 to 250,000 tons per year (fig.
8) (McCulloch, 1994). After legislation regarding health hazards of crystalline silica, insurance
companies for the railroad were reluctant to provide coverage for workers operating in dust
containing crystalline silica. The production from these quarries was replaced by Conda Mining
Company at Pipestone (located east of Butte) where production of fine-grained diorite has been
increasing from 200,000 short tons per year (McCulloch, 2001).
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Decorative Stone

In common with many states, the stone industry of Montana has changed dramatically within the
last 70 years or so from an industry dominated by granite quarries in the Butte and Helena areas
that produced dimension stone to an industry that produces a variety of decorative stone. These
include Montana “slate” and related metasedimentary stones, field stone, moss rock, and river
rock of various lithologies. This is a highly fragmented industry with many small producers,
particularly in northwestern Montana, supplying a limited number of stone yards. Because of the
diversity of these stone products and their desirability in construction, much of this stone is
shipped to major market areas such as the West Coast. In addition, some of the very expensive
houses that are now being built in Montana are using substantial quantities of local stone,
principally sandstone.

Belt Supergroup Stone

The older formations in the Belt Supergroup produce high-quality stone products for the building
industry (fig. 8). The Pritchard Formation produces a number of products. The thinly bedded
argillites are often separated by pyrite along some bedding planes. Because the pyrite is quite
soluble during weathering, thin (1— to 2—inch) sheets of gray rock with orange, yellow, brown,
and/or red surfaces can be easily separated. At some localities, sheets 3 feet by 4 feet are
commonly quarried and even 6— to 10—foot sheets can be removed. Most deposits have abundant
pieces in the 18-inch by 24-inch sizes. The market demand for facing stone has facilitated
shipping as far as to Denver and Seattle. These stones are typically used indoors or in protected
areas because they may further split during freeze-thaw conditions.

Where the beds are thicker, it is common to see polygonal stones from talus slopes sorted
for sale. These “stackers” are commonly used in pillar supports, walls, and fireplace facing. The
color ranges from gray-green to red-orange and thicknesses range from 3 inches to three feet.
Quarrying from outcrop is facilitated by bedding that dips into the valley. Some of this stone is
now being tumbled in trommels to develop a rounded form that seems to have a growing market.
The Burke Formation at some localities yields a blue-gray quartzite in thin 1— to 2— inch beds.
The locations of these deposits are most commonly found along the lower Flathead and Clark
Fork Rivers in northwestern Montana and in the Libby to Kalispell area. Stone with slightly
different textures and colors is produced from beds in the Belt Supergoup north of Helena.

The stone resource of the Belt Supergoup is large, but the availability is limited by access
from existing roads and permitting from the land management agencies. Many of the argillite
deposits have been depleted and many of the most accessible talus slopes have been hand picked.
On Forest Service land these rocks are discretionary sales by the agency regardless of the value.
Favorable strike and dip of the bedding with respect to topography and existing roads should be
high on the prospecting priorities.

Landscape Boulders
For a number of years there has been a brisk demand for large boulders for landscaping. The

Boulder batholith in the Butte — Helena area has supplied a large number of spherical to rounded
gray multi-ton granite boulders. Gray, green, tan, and banded boulders up to several feet thick
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have been quarried from the thicker beds in the metasedimentary rocks of the Belt Supergroup.
Mud cracks and ripple marks on bedding surfaces add to the attractiveness of this stone. Permian
quartzites and shales have provided beautiful orange, red, and yellow boulders.

River Rock

Rounded cobbles are collected all over the western portion of the state for masonry uses. The
most common collection areas are old placer workings and dredge tailings from past gold
mining. At these localities the most marketable (about football-sized) rocks are washed and
stacked. No permits are required to remove rocks from those sites. In southwestern Montana the
placers contain both brightly and variably colored rocks that are derived from a variety of
igneous sources and black and white-ribboned gneiss. The river rock business is comprised of
small operators who collect and load stone onto pallets that are sold to stone yards. Much of the
product ends up in west coast markets. There are far more resources than there are producers.

Field Stone

Field stone is quarried from Cretaceous sandstones in central Montana where is it either pried
from outcrops or simply picked up from the fields, as the name implies. Lichen-encrusted stone
(moss rock) is highly marketable.

Travertine

Travertine has been quarried since 1932 in the Gardiner area just north of Yellowstone National
Park (fig. 8). These quarries are currently inactive and some are being reclaimed. A travertine
deposit in central Montana about 12 miles north of Lewistown is six square miles in area (Berg,
1974). A smaller travertine deposit that covers at least two square miles is situated along the
Idaho — Montana border. The Idaho portion of this deposit has been quarried for dimension
stone by an Idaho producer.

Marble

Most of the commercial the marble deposits were formed by contact metamophism. The
resulting deposits range from white to black with various other color combinations sporadically
occurring. Early 20" century quarrying activities left a number of inactive quarry sites.
Seasonal production occurs east of Missoula in the Garnet Mountains where blocks of the Silver
Hill Formation are slabbed to produce countertops and tiles (fig. 8). The potential for successful
quarrying appears to be limited because extensive deformation of the geologic units throughout
western Montana resulted in multiple fractures and joint sets that limit the potential for large
slabs. Marble deposits in Montana have been investigated as a source of crushed white marble
for landscape rock and pulverized marble or ground calcium carbonate (GCC) for use as a
functional filler. Although distant from markets, marble in southwestern Montana is a potential
resource for these markets.

TALC
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Montana leads the U.S. in both value and volume of talc produced. Rio Tinto Minerals mines
talc at the Yellowstone Mine south of Ennis and Barretts Minerals, Inc. mines talc at the
Treasure and Regal mines in the Dillon area (fig. 3). Talc mined in Montana has high purity and
brightness values (GEB) generally in the 80s but also into the low 90s for some talc.

Markets for this talc include paper, paint, plastics, rubber, and specialty applications.
Sierra Talc Company pioneered the use of talc in paper manufacture for pitch control in the
1950s. After several changes of ownership the talc mines formerly owned by the Sierra Talc
Company, including the Yellowstone Mine, are now owned by Rio Tinto Minerals. Talc from
the Yellowstone Mine is particularly well suited for pitch control because of its natural
microcrystalline grain size. Talc is also used in paint formulations where it not only contributes
desirable properties in the application of paint, but can also be substituted in part for extremely
expensive TiO;. In recent years, plastics have been a growth market for talc in general where talc
is used as a functional filler because it increases the rigidity and improves other physical
properties of polypropylene. The auto industry is a major consumer of plastics that incorporate
talc as well as other functional fillers. Some talc used in these applications is surface modified
with a chemical coating to improve the adhesion between the talc particle and resin.

The ceramic substrate for catalytic converters has become an important market for talc produced
by Barretts Minerals from their Montana deposits. Essentially all of the ceramic substrates
manufactured in the U. S. and Japan use Barretts’ talc blended with kaolin; when fired the
resulting ceramic has a low coefficient of thermal expansion.

Rio Tinto Minerals processes their Montana talc at two mills; one located at Three Forks
and the other at the Sappington railroad siding and known as the Sappington Mill west of Three
Forks (fig. 3). Barretts Minerals processes their talc at the Barretts mill situated south of Dillon.
Talc ore from all mines is manually and mechanically sorted, pulverized in roller mills, hammer
mills, and even in fluid energy mills to produce the very fine products. Barretts Minerals
employs a ball mill followed by froth flotation in processing some of their talc ore. There can be
significant variation in the physical and chemical properties of talc even from one deposit. This
is both a blessing and a curse. Talc from a single deposit can satisfy the requirements of
different markets, but this variation requires careful sorting, testing, and quality control. Talc
deposits are by no means simple.

All of the talc deposits that have been mined in southwestern Montana occur in dolomitic
marble of the Archean Wyoming Province (Berg, 1979). These hydrothermal deposits formed
during a Proterozic retrograde event that followed the peak metamorphism of these rocks. A
study in the Ruby Range (location of the Treasure and Regal mines) showed that silicon and
magnesium were introduced by hydrothermal fluids and that calcium was removed to form talc
(Anderson and others, 1990). Analyses of fluid inclusions in quartz associated with talc near the
Yellowstone mine indicate a temperature of formation that ranged from 190° to 250° C and a
pressure that corresponds to a depth of 3.5— to 14—km (Gammons and Matt, 2002). There is
undoubtedly significant variation in the conditions of talc formation for the many different
occurrences in southwestern Montana. Gammons and Matt (2002) hypothesize that the talc-
forming solutions were related to Proterozoic rifting during formation of the Belt basin.

There are many occurrences of talc in southwestern Montana, some of which have been
evaluated by drilling. Potential for additional mineable deposits exists, but the substantial
amount of exploration for talc deposits in this part of Montana, makes it unlikely that large talc
deposits such as those now being mined have been overlooked.
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TITANIUM

Titanium occurs in two deposit types in Montana, paleoplacer and placer, both located east of the
Continental Divide. Titaniferous magnetite deposits are found within the sandstones of the
Cretaceous Virgelle and Horsethief Formations that form erosion-resistant cap rock on a series of
buttes along the foothills of the eastern margin of the Rocky Mountains in north-central Montana
(fig. 7). Cumulatively, they represent a resource of hundreds of millions of tons of ore.
Lenticular titaniferous beds range in thickness from 2 to 20 ft and the larger deposits may contain
from 2 to 51 million short tons of resources. The overburden over these deposits is generally less
than 10 ft. Of the deposits tested, the titanium mineral is predominantly titaniferous magnetite
with TiO;, grades of 7-10 percent (Burlington Northern, 1970). West of the Continental Divide,
placer deposits derived from intrusive rocks of the Idaho and Boulder batholiths have the best
potential of all of the deposits sampled by the U.S. Bureau of Mines (Holt, 1964). The most
significant of these is in the Trail Creek drainage near the Idaho border in southwestern Montana
(fig. 7), where sampling revealed 18.1 to 71.8 percent ilmenite in the black sand concentrates.
The host placers contained 0.8 to 9.6 Ib of ilmenite per cubic yard.

VERMICULITE

A major source of vermiculite in the U.S. for many years was the Libby deposit in northwestern
Montana (fig. 1). Vermiculite at this large deposit formed by the alteration of biotitite that is
associated with an assemblage of alkalic igneous rocks. Mining of this deposit began in 1925
and continued until 1990 when mining ceased (Perry, 1948). Since closure the mill has been
dismantled and the mine reclaimed. A declining market for insulation was cited as one reason
for closure of the mine. However a major factor was undoubtedly the presence of asbestiform
amphiboles in the ore. Shortly after closure legal actions were initiated in connection with health
issues related to asbestiform minerals.

The Elk Gulch vermiculite deposit situated 65 miles south of Butte (fig. 1) has
intermittently produced small quantities of vermiculite from biotite schist that has weathered to
produce vermiculite (Berg, 1995). This biotite schist was formed at the contact between
ultramafic bodies and the inclosing gneiss in this assemblage of Archean metamorphic rocks.
Plans to develop this vermiculite deposit continue. Two other vermiculite deposits in
southwestern Montana have had some drilling done on then. These are the Pony deposit and the
Hamilton deposit from which there has been minor production (fig.1).

ZEOLITE

The common zeolite clinoptilolite occurs in both Tertiary and Cretaceous tuffaceous rocks in the
intermontane basins of southwestern Montana (Berg and Cox, 2001). Clinoptilolite occurs at
many localities, but typically in low concentration and zeolitization does not appear to be
extensive. The largest recognized deposit is along Grasshopper Creek about 60 miles south of
Butte where clinoptilolite is the dominant zeolite with lesser mordenite (fig. 3). The combined
zeolite content (mordenite and clinoptilolite) in two areas along Grasshopper Creek was
estimated to be approximately 70 percent with the remainder smectite, lithic fragments, quartz,
glass, K feldspar, and calcite.
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Based on a reconnaissance survey of tuffaceous rocks, it appears that Montana does not
have the zeolite resources of many of the other western states.
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ABSTRACT

Colorado has a variety of economically important industrial mineral deposits ranging from sand
and gravel to diamonds. In 2006, the total value of industrial mineral and construction material
production in Colorado was $593 million.

Well over half of Colorado’s industrial mineral production value comes from the sale of
aggregate. Much of Colorado’s aggregate is derived from alluvial sand and gravel deposits;
however, crushed stone derived from Precambrian igneous and metamorphic rocks, Paleozoic to
Mesozoic sedimentary rocks, and Tertiary volcanic rocks are important aggregate resources.
Alluvial and eolian sands are quarried in the Colorado Springs area for industrial sand purposes.
Dimension and decorative stone are quarried from several locations, which include various rock
types: granite, red sandstone, alabaster, volcanic rocks, and the famous Yule Marble.

Limestone and shale from Cretaceous-age formations is mined in three localities along
the densely populated Front Range for cement production. Nahcolite (sodium bicarbonate) is
mined by an in situ solution process in the Piceance Basin of northwestern Colorado. Clay
mined in Colorado is used mostly for the manufacture of bricks and tile and is derived from
Cretaceous age formations. Gypsum is quarried from Pennsylvanian age evaporite deposits near
the town of Gypsum in central Colorado and the Permian Lykins Formation in the Front Range.

High quality aquamarines are still being found in Colorado; however the Sweet Home
rhodochrosite mine and the Kelsey Lake diamond mine are both shut down. Exploration for
diamonds is continuing within the State Line kimberlite district.

INTRODUCTION

Industrial minerals and construction materials form an important part of the Colorado mineral
and energy industry and have done so since the gold rush days starting in 1859. Fire clays were
being mined in the early 1860s in the Golden area to manufacture ceramic products for use in the
gold and silver camps of the Central City district (U.S. Geological Survey, 1964). Less valuable
clays were used to make bricks. Sand and gravel, limestone, and possibly crushed stone were
being used in the Front Range area as construction materials for buildings and roads. In South
Park, south of the town of Fairplay, Park County, Native Americans acquired salt from a series
of cold saline springs. In 1861, European pioneers “discovered” this site and began commercial
production of salt. Native Americans also “mined” the multi-colored clays of the Dawson
Formation in the area around Calhan west of Colorado Springs to make clay vessels and
ceremonial body paint.

Through the intervening years these not-so-glamorous minerals have played an important
and indispensable role in the development of the modern Colorado economy. The value of
industrial minerals and construction materials in Colorado has increased substantially in recent
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years, and in 2006, the value of Colorado’s industrial mineral production reached an all time
high of $593 million, up 3 percent from the 2005 value of $577 million (fig. 1).
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Figure 1. Value of Colorado industrial mineral and construction material production, 1998-2006.

CONSTRUCTION MATERIALS

Sand and Gravel

Sand and gravel deposits are unconsolidated deposits of sand- and gravel-sized material formed
by the physical degradation of bedrock units by the agents of weathering. In Colorado, these
agents include freeze-thaw cycles, stream abrasion, and wind erosion. Young sand and gravel
deposits are found along most modern stream and river courses; older deposits are found in
elevated or high—level terrace deposits left by ancient streams. The quality of sand and gravel
deposits is determined by the soundness of the rock and mineral fragments and the grain size
distribution. Igneous and metamorphic rock source areas generally provide hard, competent (or
sound) clasts that maintain a wide size distribution. Sedimentary terrains generally produce
softer, less-competent clasts that readily erode into smaller clasts with a smaller clast size
distribution. In the modern streams draining Colorado’s mountains, grain size decreases with
increasing distances from the mountains; hence better sand and gravel deposits are found close to
the many mountain ranges (fig. 2).
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