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Preface and Acknowledgments

The Forum on the Geology of Industrial Mineralsisan annual
meeting that sponsors the exchange of information on
industrial minerals and rocks. Attendees include industry
personnel, consultants, government employees, and educators.
The meeting provides a platform for presentations on the
geology, production, uses, economics, and marketing of
industrial mineral commodities, and political and
environmental concernswith industrial mineral mining. It also
includes field trips to local or regional industrial mineral
operations and other points of interest. Each year the Forum
isheldinadifferent locality and isgenerally hosted by astate
or provincial geologic survey or by an educational institution.
The Forum wasinitially founded in 1965 by Professor Robert
L. Bates of Ohio State University.

Forum attendees from our fair state have been pestered
for many years with the question, “When are you going to
host a Forum in Nevada?’ At the 36th Forum on the Geol ogy
of Industrial Minerals in Bath, England, the Forum Steering
Committee sequestered the Nevada delegation, threatening
medieval torture unless Nevada recognized its inherent
obligation to host a future Forum. Upon its return home, the
delegation gingerly approached Jon Price, State Geol ogist and
Director of the Nevada Bureau of Mines and Geology
(NBMG), who immediately and delightedly committed
formidable NBMG resources toward the 39th Forum on the
Geology of Industrial Minerals. The Forum washeld May 18—
24,2003, at John Ascuaga s Nugget Hotel and Casino, Sparks,
Nevada. NBMG served as host, along with the Nevada
Division of Minerals and the Nevada Mining Association.

Nevada is a mining state, and we are proud of its past
mining history and the unprecedented gold mining boom of
today (see Fields, this volume). In total dollar value, gold
mining produces nearly twenty times as much as industrial
minerals, however, Nevada has a varied array of productive
industrial mineral deposits (Castor, thisvolume), and some of
the state’sindustrial mineral mines havelongevity recordsthat
surpass those of any of its metal mines. We hope that the
attendees took advantage of the many attractions in Reno,
“Biggest Little City in the World,” along with its sister city
Sparks. In tune with the setting, the theme of the 39th Forum
was “Betting on Industrial Minerals.”

Preparation for the 39th Forum began in 2000 with the
following Organizing Committee: Dennis Bryan (Mactec
Engineering), Alan Coyner and Walt Lombardo (Nevada
Division of Minerals), Cami Prenn (Mine Development
associates), Diane Bryan (Nevada Mining Association), Greg
French (consultant), Bill Pennell (U.S. Borax), Keith Papke
(consultant), Mario Desilets, Larry Garside, Terri Garside,
D.D. LaPointe, Ron Hess, Beth Price, Jon Price, and Steve
Castor (NBMG). In addition, Joe Tingley (NBMG), Ken
Santini (Santini and Associates), Nathan Robison (University
of Nevada), and Deborah Selig (NevadaDivision of Minerals)
joined the crew later to help with field trips.

The 39th Forum was attended by 251 participants from
31 U.S. states, seven countries, and four continents. Of the
attendees, 68% were from industry (including support
companies and consultants), 23% were from state and national

government, and 9% from educational institutions. The Forum
included three days of technical sessionsthat featured 46 talks
and 11 posters. The presentations mainly focused on industrial
mineral deposits, geology, and mining issues in Nevada and
other western states, but talks and posters on worldwide
industrial mineral resources and issues were included. A
session on gemstones and collectable mineralswas particularly
well received.

In addition to the host and co-host organizations, the
Forum would not have been possible without the help of the
sponsorswho are listed on theinside front cover of thisvolume.
In addition, wethank the personnel of many mining companies
that hosted field trip stops.

Field tripstoindustrial mineral deposits are animportant
and traditional part of the Forum on the Geology of Industrial
Minerals, and eight field trips were offered to attendees of the
39th Forum. Two one-day pre-meeting trips provided visitsto
industrial mineral sitesinthe Reno/Sparksarea. Trip 1, led by
the 39th Forum’s co-chairmen, visited Eagle Picher’sdiatomite
mine at Clark Station, Nevada Cement at Fernley, Basalite's
lightweight aggregate operation near Dayton, and Art Wilson
Company’s Adams gypsum mine near Mound House. The
minevisitswerefollowed by ashort stopinthefamousVirginia
City mining camp. Trip 2, led by Keith Papke and Larry
Garside, featured atour of U.S. Gypsum’s Empire Mine and
plant, followed by aravioli lunch at Bruno’s Country Club, a
well-known Nevada eatery, and a visit to Planet-X pottery.
The trip then proceeded around the Smoke Creek Desert (a
very large desert dry lake) to the halloysite mine of Nevada
Cement Co., and returned to Sparks following a route along
the west side of Pyramid Lake.

Four half-day field trips were available on the afternoon
of the second day of technical sessions. Trip 3, led by Dennis
Bryan, visited Reno areaaggregate deposits, including All Lite
Aggregate’s semi-lightweight aggregate quarry at Washington
Hill, Granite Construction’s Lockwood andesite quarry,
RMC’s Wadsworth sand and gravel operation, and Martin
Marietta's diorite quarry near Sparks (see Bryan and others,
this volume). Trip 4, led by D.D. LaPointe and Jon Price,
visited the Celite (World Mineras, Inc.) diatomite plant in
Fernley, then traveled east of Fernley to one of Celite's
diatomite pits (see Houseman, this volume) where Miocene
fish fossils were collected. Trip 5, led by Keith Papke and
Larry Garside, traveled to Pyramid Lake for a presentation on
the history of the lake and the genesis of tufa, followed by a
visit to tufa outcrops. Stops were then made at a deposit of
unconsolidated calcium carbonate previously mined for
poultry feed and soil conditioner, and at the Nevada Cement
clay pit. Field Trip 6, with Nathan Robison as |eader, traveled
into the Sierra Nevada near Truckee, California, to visit
aggregate operations. Thefirst stop was a Teichert Aggregate
pit reclamation project at Donner Lake. Following this, visits
weremadetoaTeichert pitinglacia gravels, aMartin Marietta
cinder mine, and a Granite Construction basalt quarry.

Two three-day post meeting trips were available, one to
industrial mineral deposits in northern Nevada, and one in



southern and central Nevada along a route from Las Vegas to
Sparks. Trip 7, the northern Nevada trip, was led by Keith
Papke and Larry Garside. For the first two days the trip
followed aroute that includes the emigrant trail first used in
1841, thefirst transcontinental railroad, and modern Interstate
80. First day stops were a geothermal vegetable dehydration
plant at Bradys Hot Springs, a perlite deposit near Lovelock
owned by U.S. Gypsum Co., an Eagle-Picher diatomite mine,
and a large zeolite deposit. Overnight accommodations were
at Lovelock. Second day visitswereto the Lone Tree Mine of
Newmont Gold Co. and a barite deposit and mill operated by
M-I Drilling Fluids. The second night was spent in surprisingly
upscale accommodations at Battle Mountain, proclaimed “ The
Armpit of America’ by the Washington Post in 2001, and site
of “Festival in the Pit” sponsored by Old Spice. The last day
included a visit to Austin, a historical 1860s mining camp,
and travel along U.S. Highway 50, labeled “The Loneliest
Road in America’ by Life Magazinein the 1980s. Additional
stops included an 1860s stage and telegraph station, a
viewpoint for a Pony Express station and a large sand dune,
and the Huck salt operation, arenewable playamineral source.

Trip 8, with Ken Santini and Joe Tingley as leaders,
included an early-morning flight to Las Vegas, where the
intrepid attendees boarded a bus for the rest of the trek. The
first day’'s itinerary included the PABCO gypsum operation
east of LasVegasfor tours of the mine and wallboard plant, a
visit to the Chemical Lime pit and plant at Apex, atrip through
the oasis-like Virgin River Valley to the Simplot Silica mine
and plant at Overton, and travel through the scenic Valley of
Fire State Park and back through Las Vegas to overnight
accommodations in downtown Amargosa Valley, Nevada.
Second day visitswereto theIMV clay (Wahl and Papke, this
volume), Badger Mining clinoptilolite, and American Borate
Company operations. Following a presentation at Zabriski
Point, California, by U.S. Borax, Inc. on historical borate
mining (see Carpenter and others, this volume), the trip
continued to Furnace Creek Ranch, then north through Death
Valley, ending theday in historical Tonopah, Nevada. Thethird
day included stops at the Silver Peak, Nevada, lithium brine
operation (Zampirro, this volume), and at the Premier
Chemica magnesite mine at Gabbs during thereturn to Sparks.

Guest activitiesincluded tripsthat were arranged and led
by Diane Bryan and Beth Price. Thefirst was a historical tour
of the Virginia City silver-gold mining camp, now a tourist
destination, led by Becky Purkey who provided anecdotes
about the historical boomtown. The guests then had lunch at
the Governor’s Mansion in Carson City, Nevada's capital,
wherethey met Mrs. Mary Louise Mackay, wife of Comstock
millionaire and Mackay School of Mines namesake (actually
Chautauqua performer Janet Bremer) and viewed the famous
Mackay silver collection. The second day featured a morning
visit to the W.M. Keck Museum of the Mackay School of
Mines hosted by museum administrator Rachel Dolbier, along
with awalking tour of old Reno. On thefinal day of technical
sessions, aday-long trip to the SierraNevadaincluded avisit
tothe Cal NevaResort in Crystal Bay onthe California/Nevada

border on Lake Tahoe, playground of such 1950s and 1960s
celebrities as Frank Sinatra, Marilyn Monroe, and J.F.
Kennedy. L unch and shopping in Truckee and atour of Donner
Lake State Park, made famous by a party of unfortunate
wagon-train emigrants in 1846, completed the trip.

Evening social activitiesincluded adinner cruiseon Lake
Tahoe, a pub night, and the traditional Forum banquet. These
activitieswere arranged by Diane Bryan, Mario Desilets, Terri
Garside, and D.D. LaPointe. The dinner cruise aboard the
Tahoe Queen, atrue paddle wheeler (although diesel powered),
sailed from South Lake Tahoe, Cdlifornia, to Emerald Bay
where a genuine California black bear was sighted near the
lakeshore by sharp-eyed cruisers on the outside deck (we're
not sure how this was arranged—Diane’s not saying). Dinner
was followed by dancing to the music of the Tahoe Queen’s
dance band. The pub night was held at the Great Basin Brewing
Company, purveyors of famous Nevada microbrews such as
Ichthyosaur Pale Ale (named for the Nevada State Fossil and
fondly known as “an Icky”). This brewpub is an example of
geologists applying some of their nongeologic skills; the
owners and the former brew master were trained in geology.
The banquet, arranged by Mario Desilets, was held at the
Nugget and featured Basque food and entertainers, and asilent
auction where participants were able to acquire wine and food
baskets, mineral specimens, and other mineral paraphernalia
at bargain basement prices. More than $3,000 raised by the
auction has been donated to the Bates Scholarship Fund to
support student attendance at future Forums.

NBMG is pleased to present this proceedings volume for
the 39th Forum. The papers and abstractsin this volume have
been through a peer review and editing process similar to that
used for other NBMG publications (two reviews for content
along with editorial reviews). The reviewers were: George
Austin, James Barker, Anthony Bauer, Dick Berg, Dennis
Bryan, Jim Carr, Steve Castor, John Clatworthy, Al Coyner,
Forrest Cureton, Peggy Dalheim, David Davis, Rich DeLong,
John Dobra, Kelly Downing, Greg Ferdock, Richard Fox, Greg
French, Larry Garside, Ray Harris, Tim Hall, Dan Hausel,
William Hood, Michael Houseman, Matt Joeckel, Blair Jones,
Bob Kellie, Stan Krukowski, Kim Lapakko, Bart Loudagin,
James Mason, Lance Mead, Keith Papke, Don Peel, Bill
Pennell, Jon Price, Randy Rice, 1an Scarr, Dale Siegford, Dan
Thorne, Joe Tingley, Bryce Tripp, Joe Tingley, Peter Vikre,
and AlanWallace. Thefollowing NBM G personnel arethanked
for their hard work during the publication of thisvolume: Dick
Meeuwig (editing), Susan Tingley (illustrations), Jack Hursh
(layout), and Kris Pizarro (illustrations).

Finally, the presenters at the 39th Forum on the Geology
of Industrial Minerals are thanked for their efforts. Authors of
full-length papers presented in this volume are especially
thanked for taking the time to prepare and revise their
manuscripts.

Steve Castor (NBMG)
Dennis Bryan (Mactec Engineering)
Co-chairmen, 39th Forum
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County, Nevada

Closing session, 4:30-4:45PM
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Indiana welcome—40th Forum on
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Anderson, D.M.

Edwards, W.A.D.,
and Budney, H.D.

Callicrate, T.,
and Griffin, L.

Gedikoglu, A.,
Uz, B., and
Kumral, M.

Hegazy, H.A.

Joeckel, R.M.,
Tucker, S.T.,
Clement, B.J.A.,
and Swigart, J.M.

Kohler, J.F., and
White, W.W.

Papke, K.,
and Castor, S.

Peel, D., and
Richards, J.

Uz, B., Bacak, G.,
and Gedikoglu, A.

Wolfe, M.E.

Posters

Carrara Marble and Cement Company
deposits, southern Nye County, Nevada

Sand and gravel resource mapping in
Alberta, Canada

The Lincoln Hill dumortierite deposit,
Rochester district, Pershing County,
Nevada

Turkish magnesite deposits

Crystal growth and formation of
chemical zoning in some Egyptian red-
brown garnets as gemstones, Eastern
Desert, Egypt

The life, death, and resurrection of an
underground diatomite minein
Nebraska

Characteristics of the near-surface brine
resources in the Newfoundland Basin,
Tooele and Box Elder Counties, Utah

New industrial minerals of Nevada map

The application of sustainable
development principlesto the Alberta
aggregates resource sector

Evaluation of granite and pegmatite
occurrences of the Armutlu Peninsula
(Ihsaniye, Karamursel, Kocaeli),
Turkey, as ceramic raw material

Hunting an elusive quarry: Geology
and early stone architecture in Ohio

Field Trip 7 attendees, Eagle-Picher Clark diatomite deposit. D. Bryan photo.



Exhibitors

Rio Tinto - Borax
U.S. Geological Survey
Converse Consultants
Ruen Drilling
Geotemps, Inc.
Northwest Mining Association
Spectral International
Bell Marine Co.
Bureau of Indian Affairs
Industrial Minerals
Mine Development Assoc./Terrasour ce Software
Nevada Mining Association
Anadarko Petroleum Co.
Women’s Mining Coalition
Granite Construction Co.
Mackay School of Mines
Society of Economic Geologists
Nevada Bureau of Mines and Geology
Nevada Division of Minerals
Geological Society of Nevada
Boart/L ongyear-L ang Exploratory Drilling
Prosonic Corporation
Enviroscientists, Inc.
Geological Society of America
California Geological Survey

Field Trip 1 attendees at the Nevada Cement plant,
Fernley, Nevada. D. Bryan photo.

Field Trip 7 attendees at Sand Mountain, Nevada.
H. Budney photo.
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Eagle-Picher Clark diatomite mine tour. D. Bryan photo.

Tertiary sediments at the Nevada Cement mine tour. D. Bryan photo.



Paleoproterozoic Marbles in the Svecofennian Domain, Finland

Timo Ahtola, Jukka Reinikainen, and Hannu Seppénen
Geological Survey of Finland

Introduction

The Geological Survey of Finland (GTK) has carried out
calcite exploration for five years in the Uusimaa Belt,
southwest Finland (fig. 1). The Uusimaa Belt forms a part
of the Svecofennian Domain, and it belongs to an
accretionary arc complex of southern Finland (1.90-1.82
Ma, Korsman and others, 1997). Theaim wasto find calcite

marble deposits suitable for the production of ground
calcium carbonate (GCC) for the paper industry. The main
motive has been the significantly increased domestic use of
paper pigments (fig. 2). The consumption of GCC has
increased steadily throughout the 1990s. In 2002 the
consumption of GCC was 1 Mt (million metric tons) of
which 0.5 Mt was produced in Finland.

- Riphean Jotnian
sedimentary sequences

Svecofennian Domain

] Rapakivi granite intrusions

Proterozoic, Late Svecofennian
- granite and migmatite complexes

Proterozoic, Main Svecofennian

granitoid complexes
Proterozoic Svecofennian
schist belts

Karelian Domain
- Proterozoic granitoid complexes

|:| Proterozoic schist belt

l:l Archean schist (greenstone)
belts

Archean granitoid and
gneiss comple

‘ .\o

al

Kilometers
Geological Survey of Finland

Figure 1. The Svecofennian Domain is a 1.9 Ga metamorphic terrain composed of volcanic-sedimentary schists

and migmatite gneiss belts, intruded by granitoids.
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New Paradigms are Needed in Mining Reclamation and Visual
Resource Management

Belinda F. Arbogast, Physical Scientist
U.S. Geological Survey

Abstract

Historically, surface mining reclamation has been approached
from various considerations: desired land use, regulatory
requirements, and more recent societal values (including
aesthetics, ecosystem diversity, and sustainability). Itistime
to break out of our current thinking regarding landscapesand
mining reclamation. The form of our landscapes continually
changes, yet traditional methods of visual resource
methodology treat landscapes as framed-as if they were a
landscapein static equilibrium. But landscapesare not framed
because we exist in landscapes, not outsidethem. Rather than
treating landscapes as objects, reclamation projects should
recognize them as complex, continually changing, natural
processes, by treating them as integrated systems.

Visual analysis experts argue over fundamental visual
elements. Does aesthetic value revolve around form
(fundamental earth landformsor vegetation), function (such
as hazardous areas, ecological succession) or experience
(withinthe context of cultureor history)? Perhapsacomputer
program can be written to identify “natural design
restoration” and “scenic attractiveness.” The Internet may
become a vehicle for relatively inexpensive and quick
canvassing of public opinion to determine user values in
landscape preference. Visual resource management must
relate landform, biological, and cultural attributesto scenic
beauty in an economical and practical manner that will better
inform the public, mining industry, and planners. Utilizing
an impartial, objective point of view in visual assessment
remains aworthy goal in mining reclamation.

Visual Resource Management
as an Essential Element
of Mining Reclamation

The public and courts are demanding articulate design
choices and objective standards in mining reclamation and
visual landscape assessment. The visual landscape is
considered a resource and perceived negative impacts
generate much controversy in the mine permitting process.
The mining process itself is also an important element to
consider in a visua resource management program. The
selection of data (direct observations) and its analysis
involves more than sound science, it involves social and
political perceptions. According to Klosterman
“Philosophers now recognize that “ social” facts and values
areculturaly defined and can both be defended and criticized
in ways that parallel the “objective” methods of science”
(Klosterman, 2001, p. 10). Yet, subjective decisionsare still
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avarying portion of all human creative processes, whether
scientific hypothesis or design approach (Hanna and
Culpepper, 1998). Many methods in visual resource
management, as they stand now, are more theoretical than
practical and have conflicting definitions (Arbogast, 2002).

The application of aesthetic attributes in resource
management in no way precludes the importance of other
resources (such as vegetation associations, soil types, and
geomorphology). Landscape assessment should include
biological and physical elements as part of scenic
attractiveness, along with public preference, genius loci
(sense of place), and ecosystem diversity. It is the
combination of science and art that is vital for a project’s
success. Eight design approaches to reclaiming mine sites
wereexamined by Arbogast and others (2000). One of these,
the integrated approach, combined science and art in a
human-nature ecosystem.

This author began graduate school in landscape
architecture with a bachelor of science degree in forensic
chemistry having no idea (other than intuition) what was
involved in the design process and planning. Students had
to learn how to articulate their design choices and
substantiate them. One of the earliest essons learned in the
studio was to be able to defend why any line or point was
on adrawing. But what proof did one provide? “To use a
legal analogy: scientists work to meet the standards set for
criminal cases (which must be proven ‘beyond areasonable
doubt’); journalists [or designers|, because of deadline
pressures, more often work at thelevel of civil cases (where
preponderance of evidenceisthe standard of proof)” (Hartz
and Chappell, 1997, p. 14). One could argue we (planners,
industry, or government agencies) don’'t meet that standard
as much as we should in visual resource management.

The Land Use Concept
in Landscape Description

In attempting to deal with surface mining reclamation and
visua resources, three general considerations emerge: 1)
land use, 2) regulation, and 3) aesthetic value. Previously,
land-use decisionswere not based upon visual attributesand
aesthetics because these factors were viewed as “non-
scientific.” That perception by government authorities may
be slowly changing.

Most existing visual assessment methodologies deal
with natural or rural landscapes. Thereisvery littleliterature
concerning visual aestheticsof urban areasyet that iswhere
the majority of people live and where land use conflict
frequently occurs (residential living versus mining versus



agricultural or open space). Although many pitsand quarries
may initially be located outside city limits, with time and
development, population centers encroach on existing mine
sites generating the need for visual resource management in
an urban setting. Population growth, suburban devel opment,
and political self-determination play a role in increased
county government and services. Local governmentsin turn
attempted to deal with the increasing need for mineral
resources and visual impact mitigation in their zoning and
land use regulations. Zoning in the United States dates back
to the 1920sin an attempt to separate industry, commercial,
and residential activity in urban areas. Public safety and
health were the major public values, not aesthetics.

Extremely large mines with long life spans may not
have a defined post-mining land use and can generate great
vocal opposition due to the scale of visual impact. Some
counties address this issue by restricting mineral resource
development from lands defined as 1) wildlife habitat, 2)
agricultural lands, and 3) natural landmarks and natural
areas. Natural areas are landscapes recognized for one or
more unique characteristics of natural beauty, geology, soils,
vegetation, or historical significance. Natural landmarks can
be specified as “* * * prominent landscape features that
distinguish aspecificlocdity * * * and areimportant because
of the views they afford, their value as scenic vistas and
backdrops, and theintrinsic value they hold* * *” (Boulder
County, Colorado, 2000, p. 3). The landscapes may have
additional cultural, ecological, or geological attributes.

The Jefferson County Mineral Extraction Policy Plan
(Jefferson County, Colorado, 1977) went further and
established a point system (between “0” and “100") for
evaluating mine sites according to their ability to conformto
County goals. Points are awarded for such characteristics as.
visual impact, unique vegetation, wildlife habitat conditions,
archaeological sites, historic sites, significant geologic
features, geologic hazards, and quality of material resource.
Theratingsaren’t used asfinal criteriain approval of mining
cases but rather provide areference point for review.

The Regulatory Concept
in Landscape Description

Visual resource management advanced with the 1960s
ecological movement to quantify land value. Federal laws
ranging from the Surface Mining Control and Reclamation
Act of 1977 (PL. 95-87, 91 Stat. 445) to the Endangered
Species Act and Wilderness Act deal with the aesthetic,
ecological, historical, and economic value of landscapes.
Thus the second consideration for landscape assessment is
rooted in regulation. The National Environmental Policy
Act of 1969 (42 USCE 4321 et seg. in the United States
Code) contains language requiring al practicable meansto
assure aesthetic and culturally pleasing surroundings, but
the methodology of aesthetic resource evaluation is not
specified. A landmark Supreme Court decision was made
in Berman v. Parker, 1954, in which public values were
broadened to include spiritual, physical, monetary, and

aesthetic impact (Smardon and Karp, 1993). According to
Smardon and Karp (1993) there is case law supporting
aesthetics as meaning 1) visual beauty, 2) prevention of
nuisance-type harms, 3) shared human values(i.e., aesthetics
is a resource and interwoven with quality of life), or 4)
environmental harmony (a broader concept that includes
human and nonhuman values).

Most State and Federal considerationsinvolve meeting
regulatory requirements, tend to focus on impact mitigation,
and may require an environmenta impact statement. Asin
most regulations, thereisabalancing act between being too
general and ineffective versus too complex and restrictive.

The Concept of Aesthetics
in Landscape Description

Western industrial society places a preeminent value on
beauty. Just look at the appeal of entertainment and sports
figures, plastic surgery, clothing, and decoration. The
problem isin defining beauty. The public may not be ableto
define scenic landscapes or beauty, but they believe they
know “ugly” when they seeit, and to them any pit or quarry
is ugly and thus a consideration in mine permitting and
reclamation. In the European Union, the term “beauty” is
used to establish a landscape aesthetic and there is more
emphasis on a holistic approach to environmental and
resource management. But the Europeans have not succeeded
indefining “beauty” any better than we have. Attempts have
been made to consider landscapes as works of art and place
them in the context of the human and natural environment.
It has been pointed out that landscapes are not framed works
of art any more than a natural history diorama or botanical
garden is the same thing as the natural landscape.

Immanuel Kant and Georg Hegel were two of the most
important German philosophers of the 18th and 19th
centuries. Kant’s theory of aesthetic value concerns the
notion of beauty, which he treats as applying primarily to
natural objects and secondarily to works of art (Whewell,
2002). Kantian aesthetics focuses on aesthetic experience
(observer or user perception) and on the contemplation of
form (physical). Both perspectives are utilized in visual
assessment studies when surveying public preferences and
in site analysis. Hegel provided a more systematic and
comprehensive aesthetic theory of the modern world
(Shapiro, 2002). His approach to the arts was to understand
them in terms of a meaningful succession of styles, or as
expressions of the worldviews of culture or historical
periods. Hegelian aesthetics emphasize the meaning and
content of works of art (Shapiro, 2002). This philosophy is
apparent in visual assessment methods that examine the
sense of place and the observers' point of view.

TheU.S. Forest Service (1995) “LandscapeAesthetics:
A Handbook for Scenery Management” methodology is
based upon a social and ecosystem paradigm, considered
public oriented, and interdisciplinary. It combines user
analysis (people’s values and expectations), visua or site
analysis, and ecology in a broad approach. This paradigm
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allowsfor changesin the natural landscape and acceptsthe
cultural landscape. The physical, biological, and social
components of ecosystemsareinventoried and analyzed but
professional judgment still comesinto play. TheU.S. Forest
Service hasapremisethat scenic attractivenessisbased upon
human perceptions of beauty in landform, water, and
vegetation. They, as most resource managers, recognize
aesthetic value is not a stand-alone program but is one part
of alarger environmental protection program.

From another federal perspective, the National Park
Service (2001) refers to certain values perceived through
the senses (such as scenic vistas, natural quiet, solitude,
space, a sense of history, sounds of nature, and clear night
skies) as “aesthetic.” These aesthetic values are sometimes
intangible but are to be protected along with tangible
resources (such asanimals, plants, water, geologic features,
historic buildingsand monuments, and archaeol ogical sites).

The Relation of Natural Processes
and Aesthetic Values

Physical scientists say geology and hydrology are vital to
successful mining and reclamation. There are landscape
architects who design landforms from the standpoint of
aestheticsand function, claiming to combineart and science.
Engineers design landforms from the standpoint of ground
conditions, claiming civil engineering is a combination of
science, art, and professional skill vital to project success
(Waltham, 1996). The engineers are interested in ground
subsidence, slope failure, rock strength etc. But a slope
engineered for its own equilibrium angle may not be the
best shape for the landform to fit into its surroundings.

A few geomorphologists and hydrologists have been
involved in reclamation work wherein the goal is to work
with natural processes. Trimble (1997) noted the up-front
project costs of working with natural processes (including
design work) may be greater but construction and
maintenance costs are lowered. Geomorphologic designs
yield agreater variety of slopeaspectsand lengths (providing
greater diversity), long-term stability comparable with
natural land, and greater visual harmony (at least in terms
of blending in with the surrounding “natural” landscape)
(Bugosh, 2002). One example: landscapes having eroded
forms to begin with are proposed to include gullies, cut
banks, and steep slopes in the reclamation plan. This
approach may run contrary to existing reclamation
regulations. How would one implement such aparadigmin
the urban environment? Critics claim no landscapeis truly
sustainable and there are costs/tradeoffs involved
somewhere. Geomorphologic impact assessments are also
affected by a considerable degree of subjectivity with
decision makers and planners still tending to consider the
landscape in a static equilibrium rather than complex
dynamic processes (Marchetti and Rivas, 2000).

Felleman, one of the main experts in visual analysis,
statesthat the shapes of earth landforms are the fundamental
visua elements, especially in mountainous and hilly areas,
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and they influence the parameters used to describethe visual
sight (Brancucci and others, 2002). It is the amorphous
nature of the parametersthat become problematic to define.

Landform replication as atechnique for reclamation of
quarries is relatively new. Key factors in the construction
(by “restoration” blasting) of varied sope sequencesinclude
rock screes, buttresses, and headwalls, which can be
selectively vegetated to replicate natural limestone valley
sides(Gunn and others, 1992). Practically speaking, Walton
and Allington (1994) found landform replication
significantly reduced recoverablereservesat aconfined site
and created problems in accommodating overburden and
waste materials. They also found no guarantee that
satisfactory revegetation will occur or that equivalent levels
of slope stahility can be established.

Another question iswhether reclaimed sitesresembling
“natural” landforms are more beautiful than “scul ptured”
forms (earth art, where ecological valuesare expressedin a
symbolic and visual mode) (Cole and others, 1976). There
are examples where the reclaimed site isin contrast to the
surrounding landscape but is not considered discordant.
Giving people the information behind various design
alternatives and the effect upon the Earth’s environment
builds understanding and may increase support for aproject.

In the process of visual assessment and development,
resource planners try to mitigate the negative impact of
“human built” environments upon the natural landscape
while at the same time protect humans from the natural
landscape. Simultaneously, humans continue to build in
areasthat are known to be hazardous because of the powerful
attraction for convenience, scenic views, esteem, and so on.
How many times have homes been rebuilt along rivers
following aflood? Despite therisk for natural disasters, we
rebuild in floodplains or on unstable slopes, regardless of
nature's power, but still complain of a proposed sand and
gravel pit in the aluvium.

Weignorethe natural change over time and complexity
inwhole systems that are a part of ecosystem aesthetics. In
order for our natural (or built) systemsto be sustainable we
need to give more attention to evolutionary landscape.
Planners and designers (and the public) work at keeping the
landscape static, not wanting it to change, but it inevitably
will change, both from a biological and cultura point of
view. We remove mineral resources at afaster rate than we
appear willing to allow the ecologica healing process to
occur. Wewant “natural landscapes” instantly. Can scientific
attributes or sustainability yield exemplary visual aesthetics?
Trimble (1997) pointsout oneisstill faced with the dilemma
of measuring attributes such as integrity, health, stability,
climax, production level, and so on.

Human beings are very much a part of the biologic
landscape and natural landscapes are an idealized concept.
“In fact there is no single moment in time that we can point
to and say, thisisthe state of nature* * *” (Pollan, 1991, p.
186). If natura excludes anything human-made, when does
an abandoned sand and gravel pit, farmland | eft fallow, logged
forest, or reclaimed quarry as lake become natural? Many



people consider urban street trees, their front yards, botanical
gardens, agricultural fields, and grazing lands as natural.

Jordan’s (1994) paradigm for a healthy relationship
between humans and the natural landscape involves the
ecosystems, an economic relationship with these systems,
our cultural evolution (including physical, mental, emotional,
and spiritual abilities), asense of history, flexibility (because
nature continuesto change), and away to articulate theterms
of that relationship. He gives the example of 1960s national
park restoration-as far as the public is concerned, the
emphasis is on the creation of the “finished” ecosystem
vignette (morelike painting or scul pture) than onthe ecologic
process and relationship. Our environmental preferences
(positive or negative) are “psychological” and reflect our
experience, culture, and history.

Surveysand public meetingsfor determining landscape
preference can aid in planning future mining sites and
alternatives. The Internet has been used as a medium for
landscape preference surveysand one study (Wherrett, 2001)
had aresponse rate comparable with traditional postal mail
surveys. It allowed alarge region and number of respondents
to be examined, was less time consuming to run than
traditional surveys, athough pages can take some time to
load if thereare many graphics, and the popul ation sampling
may be biased.

New computer software and methodologies may help
plannersand industry reclaim and heal the mined landscape
in amore aesthetic, economic, and sustai nable manner with
public input. Geographic information systems and CADD
have already speeded our design and scientific work. Some
researchers have looked at fractal geometry as a way to
approach the complex nature of landscape analysis. Others
are investigating fuzzy logic in which spatial features may
be vague and are expressed with degreesrather than abinary
yes/no classification. Healthy landscapes and the processes
of nature have been compared to “Chaotic” systems
(dissipative, nonlinear feedback systems that are
unpredictable and self-organizing) and exhibit self-similarity
(patterns are repeated, with variations, at an infinite variety
of scales) that is recognized as beautiful in our inherited
sense of aesthetics (Turner, 1994).

Summary

There is a need for Western society to acknowledge that
humans are an integral component of landscapes and to
recognize the difficulty in distinguishing human from natural
landscapes or ugly from beautiful scenes. Natural processes
and human activities spatially interact to produce a
continually changing landform. Traditional considerations
of land use and zoning regulations (including the
specification of landscape features and environmental
impact statements) and scenery management tool sthat treat
landscapes as pieces of art play an important role, but, do
not provide a universally accepted methodology for
assessing the visual impact of mining and reclamation,
especialy inrural or urban areas. Newer visual assessment
paradigms may aid usin appreciating landforms morefully

and to treat landscapes as a complex system rather than a
simple object. Combining site ecology (including the
hydrologic, geologic, and biologic processes), long-term
landscape impact (i.e. ecosystem sustainability and
biodiversity), and public opinion will strengthen visua
resource surveys. It is important to share visual impact
information, landscape alternatives, and mining’s effect upon
the earth up-front with the public to hel p integrate divergent
opinions regarding the mining process.

One can report that 1,598 million tones of stone were
consumed in the United States during the year 2000 (A.F.
Barsotti and D.E. Morse, U.S. Geological Survey, written
commun., 2003). It is a statement of fact that is used for
forecasting resource needs or economic growth but does
not convey the value of the resourcein termsof human lives
or theimpact upon the environment. The more information
we gather on complex systems the more difficult and
confusing it may seem to understand and decide how to be
in aesthetic harmony with the natural world. Thereisstill a
need for standards that meet a higher burden of proof in the
variousdisciplinesundertaking visual resource management.
Enormous effort is al so needed to make an effortless visual
assessment methodology for mining landscapes that is
practical, economical, and objectively valid.
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Figure 2. Consumption of paper pigments in Finland (1990-2002) in thousands of
metric tons. The increasing demand for paper pigment minerals is the main reason
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Table 1. Mineral resources of the marble deposits studied in southern Finland (Sarap&a and others, 2003).

Deposit Resources Depth Ore content ISO-Brightness Stage Owner
<20 um
Norrlammala 7.1 Mt 75 m 78.2% calcite 91.5-92.1% Under evaluation Omya Oy
Calcite marble for open-pit mine
Genbole 5.3 Mt 100 m 87.1% calcite 90.0-91.7% GTK
Calcite marble
Illo 5.8 Mt 80m 77.4% calcite 89.5-95% Open for tender GTK
Calcite marble 9.4 Mt 120 m “
12.9 Mt 160 m “
Jarvenkyla 1.9 Mt 75 m 80.3% calcite 91.2-94.7% Nordkalk Co.
Calcite marble 3.2 Mt 125 m 82.4% calcite
7.7 Mt 300 m “
Kalkkimaki
Calcite marble 2.0 Mt 75 m 81.6% calcite 91.1-92.9% Open for tender GTK
Calc-dolo marble 3.7 Mt 75 m 70.1% carbonate 88.2-90.4% in 2003
Woll-calc marble 2.0 Mt 75 m 14.7% wollastonite,
57.5% calcite
Iso-Sorro Nordkalk Co
Calcite marble 2 Mt 75 m 70% calcite 91.3-92.1%
Dolomite marble 6 Mt 100 m 55% dolomite,
30% calcite
Hyypiamaki 17 Mt 100 m 76% calcite 90.4-94.2% Feasibility studies Omya Oy
Calcite marble or 7.2 Mt 86.7% calcite
Kuovila 39 Mt 125 m 75% calcite Open for tender GTK
Calcite marble or 20.2 Mt 81.8% calcite 90.4-95.9% in 2003
Woll-calc marble 9 Mt 125 m 54% calcite,
15% wollastonite
Hakala 1.3 Mt 125 m 84% calcite 94.5-94.8% Open for tender GTK

Calcite marble

in 2003
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Calcite Exploration in Southwest Finland

During last five years, GTK has located and studied nine
economically interesting calcite marble deposits in
southwest Finland by mapping and drilling (table 1).
Depositsare submitted to the Ministry of Tradeand Industry,
which sellsthe claim rightsto mining companies. Six of the
marble deposits studied have been sold to domestic and
international industrial-mineral enterprises.

Geology of Svecofennian Calcite
Marbles in Finland

Conclusions based on Jukka Reinikainen’s
study (2001)

1. The Svecofennian carbonate rocks are for the most part
calcite marbles; dolomite marbles are fewer and
dolostones are minor. The marbles of the western part of
the Uusimaa Belt (fig. 1) are calcitic in composition,
whereas in the eastern part of the Uusimaa Belt they are
composed of alternating calcite and dolomite marble
layers. Based on evidence from the Virtasalmi district,
the marbles in the Savo Belt are mainly dolomitic in
composition, with afew marbles of calcitic composition.

2. The studied Svecofennian marbles are mostly interbedded
with felsic volcanoclastic rocks and chemically
precipitated cherts. During the precipitation of the
Svecofennian carbonate rocks the volume of terrigenous
clastic material (clay, silt, sand) waslow. Inthe Uusimaa
Belt the primary silicate interlayers of the marbles
originated aschertsand vol caniclastic material. Thelatter
were obviously deposited as ash-cloud tuffs and water-
laid tuffites. Inthe Virtasalmi district the primary silicate
interlayers are composed of cherts; the volume of
volcaniclastic material wasminor. At Norrlammal a, based
on U-Pb determination of zircons from afelsic volcanic
rock, minimum age of the carbonate precipitation is
1.888+11 Ga. The precipitation of carbonates could have
been chemical or organic. Primary organic structures, if
such existed, may have been largely destroyed during
the intense deformation and metamorphism. Thus, the
absence of stromatolite structures in the Svecofennian
marbles in Finland is not a quite unequivocal evidence
of the absence of stromatolitesin the original carbonate
sediments. Anyway, thelack of stromatolite structuresis
compatiblewith the model that most of the Svecofennian
carbonate sedimentsin Finland were deposited in deeper
environments than the Karelian ones. However, the
abundant chert layers suggest that the precipitation of
the carbonate rocks was affected by organic activity.

3. The compositiona layering in the Svecofennian marbles
can be used as an indicator of internal stratigraphy (fig.
3). Itisproposed to have formed at thetime of precipitation
as autochthonous cycles, in which the beds with variable
composition form a characteristic carbonate succession.

Calcite-chert assemblage forms the bottom and dolomite
rock occurs in uppermost part of the succession. The
precipitation of carbonates seems to have taken place
intermittently; it may have ceased for awhile. During the
hiatus the topmost layers were dolomitized more easily
because therewas sufficient timefor seawater to react with
the original calcium carbonate. Intervalsin the carbonate
sedimentation, therefore, probably favor the formation of
dolomite. The middle part of the carbonate succession,
calcite rock, retained the primary composition possibly
dueto itsrapid burial by the following carbonate cycle.

4. The granoblastic texture and regularly low Mn and Sr

contents of the Svecofennian dolomite marbles suggest
that they were dolomitized during or soon after
deposition, by circulating Mg-rich seawater. Asindicated
by the low (13CPDB (-2 to -4%.) and Sr values, thin
dolomite marblelayersat Norrlammal awereformed after
deposition. Minor porous dolostone bodies were
produced at Norrlammala and Nummi-Pusula after
metamorphism along fracture zones in calcite marble.
Very low Sr (below 30 ppm) values and extremely high
Mn (2,000-6,000 ppm) contentsfurther indicate the post-
depositional origin of the dolostones.

. During metamorphism most primary silicatesand agreat

part of dolomite of the studied marbles were consumed
to produce calcite, tremolite, diopside, phlogopite,
forsterite and chondrodite. Most of the calcite of the
calcite-dolomite and dolomite marbles was formed in
metamorphism along with abundant Mg-rich calc-silicate
minerals. The higher the metamorphic gradeinthesilicate-
bearing dolomite marble, the higher the calcite content.
Post-metamorphic dedolomitization occurred along
cleavage planesin dolomite crystals and produced Mg-
poor secondary calcite at Ukonkangas and Rummukka.

6. On the basis of metamorphic mineral assemblagesin the

marbles, peak metamorphic temperatures at 5 kbar
pressure were 620-680°C at Rummukkaand 670-720°C
at Ukonkangas. The mineral paragenesis at Nummi-
Pusula indicates high-grade metamorphic temperature,
725-760°C, which corresponds to a 735°C peak-
temperature estimate based on the calcite-graphite
thermometer. The peak-temperature for metamorphism
is about 650°C at Norrlammala. The calcite-dolomite
thermometer, with exsolutions of dolomite reintegrated
to MgCQ, content in the host calcite, gave temperatures
that are 120-150°C lower than the ones based on the
metamorphic mineral assemblages. Therefore, the
MgCO, content of calcite provides minimum temperature
estimates for peak metamorphism of 615°C at
Norrlammala, 625°C at Nummi-Pusula, 580°C at
Ukonkangas, and 595°C at Rummukka.

. The studied Svecofennian marbles in Finland are

interpreted to have deposited as autochthonous sediments
in quite deep water of basin margin to pelagic
environments (fig. 4). The dolomite rocks are believed
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to haveformed closest to the shoreline, in shall ower water, Reinikainen, J.P, 2001, Petrogenesis of Paleoproterozoic

whereas the chert-interlayered calcite rocks were marbles in the Svecofennian Domain, Finland:
precipitated in the deepest water. The Tutunen calcite- Geological Survey of Finland, Report of Investigations
chert assemblage at Virtasalmi resembles Paleozoic 154. 84 p., 1 app., 2 app. maps.

chalk-chert associations, and may have been deposited Sarapédd, O., Ahtola, T., Reinikainen, J.P, and Seppanen,
originally as apelagic succession. H., 2003, Industrial mineral potential in Finland, in

Autio, S, ed., Geological Survey of Finland, Current
Research 2001-2002: Geological Survey of Finland,
Specia Paper 36, p. 5-12.

8. The Svecofennian carbonate rocks formed originally
rather thin layers, which are now impressively thickened
in many places owing to multistage deformation.
Svecofennian marbles form stratabound deposits that
were significantly purified during metamorphism and
have good potential ashigh-quality raw material for paper
pigment, dimensional stone, and agricultural use.
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Figure 3. Svecofennian carbonate successions from the Uusimaa and Savo Belts. A) Norrlammala, B) Nummi-Pusula,
C) Ukonkangas; D) Rummukka; E) Tutunen; F) Montola. Five cycles of differing composition are from bottom to top:
a) calc-silicate rock and chert; b) chert-rich calcite rock; c) calcite rock, includes generally thin dolomite interlayers;
d) calcite-dolomite rock; e) calcite or dolomite rock. The latter represents possibly the deposition from the shallowest
water, whereas the lowermost cycle, calcite-chert rock, is interpreted to have precipitated in the deepest water
(Reinikainen. 2001).
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Figure4. Schematic model for depositional environments of the studied carbonate rocks. Each of the studied marbles
may have been formed in separated basins, i.e., they are not necessarily linked to each other (Reinikainen, 2001).
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Turmoil in Western United States Perlite Markets in 2002

J.M. Barker, New Mexico Bureau of Geology & Mineral Resources
K.N. Santini, Santini and Associates

Abstract

Theperliteindustry inthe United Statesisundergoing rapid
change, and competition between producersremainsintense.
Total production has retreated from the high of 711,000
metric tonsreached in 1999. Thisisduein large part to the
economic downturn coupled with severe competition from
perliteimported into the eastern and gulf coasts of the U.S.
from Greece, whoseimportsreached arecord 210,000 metric
tons in 2002. Two sales bright spots are evident:
microspheres and horticultural perlite. The highly value-
added microsphere market shows strong growth and is a
significant profit center at prices of $350-500/metric tons,
for most of those in on the largely proprietary furnace
technology. The horticultural perlite market is strong, with
prices reaching $80-85/metric ton, but supplies are limited
due to the wasting of other perlite grades in low demand
unavoidably produced during horticultural perlite
production. These wasted grades, often more than half of
total perlite production, are a cost that may be limited by
producers by reducing horticultural production. Rumors
abounded in 2002 about the sale of most perlite operations
but no transactions were completed; expect one or morein
2003. Several former producing perlite operations were
expected back on line but remained inactive. Many deposits
are known that have never been exploited so long-term
perlite supply isassured. A dow consolidation of theindustry
into a few larger players may be the end result of the state
of flux evident among U.S. perlite producers.

Introduction

Commercial perliteis high-silica (71-75% SiO,) volcanic
glass that is usually perlite (2-5% water) but may include
obsidian ((2% water) and pitchstone (>5% water). These
glasses contain enough water from hydration during
weathering to expand into rock foam particles when flash
heated in a controlled process in special furnaces. Perlitic
volcanic glasses occur within volcanic domes, lava flows,
and welded ash-flows. Perliteisusually geologically young
(<60 million years) because glassy volcanicrocksarereadily
altered by weathering.

Current Market

Total domestic perlite production in 2002 was 548,000
metric tons compared to 711,000 metric tons (all-time high)
in 1999 (table 1). Perlite production by end-use was
construction 67%, horticultural 12%, filteraid 8%, fillers
8%, other 5%. The filteraid market is declining, the

horticultural market is growing, and construction end-use
salesremain steady. Filler markets are growing and include
perlite microspheres—a trendy, value-added product.

Decline in domestic perlite production was caused by
the downturn in the economy over the last three years and
competition from imports. Imports reached arecord 210,000
metric tons in 2002. Imports are aimost exclusively from
Greece with minor tonnages from Mexico. Silver & Baryte
imports perlite from Milos Island, a tidewater deposit, by
maritime shipments to the Eastern and Gulf coasts of the
U.S. at coststhat are far below the cost of rail from western
U.S. perlite producers. These imports are shipped into the
St. Lawrence (Canada), Baltimore (Maryland), Brunswick
(Georgia), and Mobile (Alabama) areas. The latter site
represents a recent step closer to western perlite producers
that may peel off more of their eastern contracts. It is not
hard to imagine pushing a perlite-laden ship through the
Panama Canal to the west coast of the U.S. The main
deterrent to this scenario isthelarge number of low-volume
perlite end users scattered throughout the region.
Distribution of shiploads after delivery to Los Angeles or
other ports would be costly, therefore, western producers
are protected...so far.

Perlite Microspheres
and Horticultural Perlite

Two sales bright spots are perlite microspheres and
horticultural perlite. The horticultural market is strong but
supplies are limited so prices reached about $80-85/metric
tonfor horticultural-grade processed ore. Thehighly value-
added microsphere market shows strong growth and interest.
Microspheres are a profit center for most of the producers
that have thislargely proprietary (but we suspect relatively
simple) technology at $350-500/metric ton. Don’t expect
the producersto help you get into the microsphere market,
but buying afurnace from Silbrico or Incon would not hurt.

Horticultural-grade perlite production yields other
perlite grades as well. These unavoidably produced non-
horticulture grades are partly unsaleable due to weak
demand. They often comprise more than 50% of total perlite
production. They are eventually sent to waste at acost when
available storageisfilled. Thus, horticultural production has
been limited by producers, to minimize these losses, by
balancing horticultural profits with the costs of excessive
waste of some processed perlite grades. For example, the
Dicaperl NoAguaoperationin New Mexicoisonareduced
production schedule. Theresult of al thisisthat customers
are on allocation, and several projects to bring more
horticultural to market are underway.
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Divestiture

Rumors abounded in 2002 about the sale of most perlite
operations. Some due diligence was performed, but no
transactions were completed. Expect some divestiture(s) in
2003. We expect Dicaperl to stay out of the market, World
Industries to buy, and Basin and/or Cornerstone to sell.

Development Continues

The Frenier deposit in British Columbia may reopen and a
permit was granted to BBF Resources with horticultural
production proposed for 2004. The severe transport
constraints that sunk Frenier last time still exist; limiting
haulage to horticultural-grade perlite only may overcome
this. Exploration was active at the perlite deposit on the
Gaspé Peninsula of Quebec by at least two groups. Gaspé
would bewell placed on the east coast if it can be devel oped
but the perlite is not yet of proven marketability.

Productionin Mexico from two mines, down from four,
reached more than 80,000 metric tonsin 2001 and perhaps
90,000 metric ton in 2002 (Armando Allatore, Fideicomiso
De Fomento Minero, Monterrey, NL, Mexico, verbal
commun., 2003). This represents a rapid increase over the
last few years. The closure of two marginal minesrepresents
a strengthening of the Mexican perlite industry.

Former domestic operations expected back online, such
asMalad City inldaho, remained inactive. TheU.S. Gypsum
operation at Grants, New Mexico, which has been on the
market for several years, isbeing decommissioned. Therail-
siding lease expired in January. The plant at the rail siding
will be demolished after asbestos removal and burial at the
mine, which will be lightly reclaimed, bermed, and gated.

Long-term domestic supply is assured because many
undevel oped perlite depositsare known in New Mexico and
other western states. Minor exploration activity for

22

horticultural continues in New Mexico. Exploration and
perhaps development of deposits for horticultural-grade
perliteisramping up in the Black Rock Desert of Utah. Ana
Steffen (University of New Mexico) is studying perlite and
obsidian expansion by forest firesin northern New Mexico-
apotential exploration tool.

Turmoil or ... What to do?

The perlite market in the western U.S. is undergoing rapid
change and increased competition. Western perlite producers
are beginning to be oriented westward rather than eastward
because in general markets are opening to the west
(including the Pecific Rim) and are closing to the east.

Silver & Baryte projectsare underway inAsiafor local
use and for export. So perlite may be imported directly to
theU.S. west coast from Asiaor perhaps Greece. Thiswould
increase perlite-industry turmoil by further constraining
western U.S. producers. Fewer domestic players may be
the end result of the current turmoil among U.S. perlite
producers.

Table 1. U.S. perlite production, imports, exports, and
consumption in thousands of metric tons from 1998 to
2002. Perlite data, compiled by Wallace Bolen of the U.S.
Geological Survey, are available at http://
minerals.usgs.gov/minerals/ and include production
statistics 1946—2000 (by Carl DiFrancesco and Wallace
Bolen) for the domestic industry since startup. Data for
2002 are estimated. Parenthetical data are subtracted.

1998 1999 2000 2001 2002

Production 685 711 672 588 548
Imports 150 144 180 175 210
Exports (42) (47) (43) (43) (45)
Consumption 793 808 809 720 713




Probable Bedrock Source of Sapphires in Alluvial Deposits
North of Butte, Montana

Richard B. Berg, Industrial Minerals Geologist
Montana Bureau of Mines and Geology
Montana Tech of The University of Montana

Abstract

Alluvial sapphire deposits north of Butte were studied in an
effort to determine the bedrock sources of the more than 55
tons of sapphires recovered from alluvial deposits in
southwestern Montana. These deposits north of Butte along
the South Fork of Dry Cottonwood Creek and along L owland
Creek are surrounded by the Eocene Lowland Creek Vol canics
that range in composition from rhyolite to dacite. Volcanic
rock adhering to three sapphires from the Dry Cottonwood
Creek deposit is similar in mineralogy to lava flows in the
Lowland Creek Volcanics. | attribute surface etching of
sapphires from these deposits to partial resorption during
transport in a magma undersaturated in AlLO,. Preservation
of delicate projectionsand general lack of prominent abrasion
features imply a short distance of fluvial transport. These
observations indicate that the Lowland Creek Volcanics are
the most likely bedrock source of these sapphires.

Lack of discovery of the bedrock sapphire source can
be attributed in part to the dense forest and lack of bedrock
outcrops, particularly at the head of the Dry Cottonwood
Creek drainage. Rarity of adhering rock on these sapphires
may indicatethat they werederived from afriableor altered
bedrock source that is not well exposed. Another possible
explanation is that sapphires occur in the bedrock in very
low concentration and have been significantly concentrated
by fluvial action to form a mineable deposit. Crude
estimates of the quantity of sapphires in the Dry
Cottonwood Creek deposit and volume of vol canic bedrock
eroded from the head of this drainage indicate a bedrock
concentration of sapphires of only one carat in over 400
cubic yards of rock.

Introduction

Sapphireswerefirst discovered in Montanain 1865 by gold
miners working gravel deposits along the Missouri River
northeast of Helena. Within the next 30 years gold miners
discovered three other major sapphire deposits. At Yogo
Creek sapphireswerefirst discovered in placer depositsand
subsequently traced back to their bedrock source, aTertiary
monchiquite dike (fig. 1). This dike yielded 18.2 million
carats (3.96 short tons) of uncut sapphires that are famous
for their generally uniform blue color (Mychaluk, 1995).
The Yogo deposit is the only Montana deposit where
sapphires are mined from bedrock; all others are placer
deposits where sapphires are recovered from alluvium.

Sapphires have been mined from alluvia deposits in
three general areas: ancient river terracesor barsasthey are
called, along a 22-mile stretch of the Missouri River
northeast of Helena, the South Fork of Dry Cottonwood
Creek and L owland Creek north of Butte, and thelarge Rock
Creek (Gem Mountain) district west of Philipsburg (figs. 1
and 2). Cumulative production from the Missouri River
depositsisestimated to exceed 100,000 oz, possibly asmuch
as 500,000 oz (3 to 15 tons) (Clabaugh, 1952). Production
from the Dry Cottonwood Creek deposit is substantially less
than this, probably lessthan 6,000 oz and the L owland Creek
deposit has produced even less.

The largest concentration of sapphiresin Montanais
in the Rock Creek district where sapphires have been
recovered from at least six gulches that radiate from low
mountains north and west of Rock Creek and occupy an
area of approximately 25 square miles. During a 10-year
period between 1906 and 1923, 41.8 tons of sapphireswere
shipped from the Rock Creek district (Emmett and Douthit,
1993). | estimate that production of sapphires since 1923
bringstotal productionto at least 50 tonswith an additional
5.5 tons of proven reservesin part of thisdistrict (Emmett
and Douthit, 1993). Total estimated production of
sapphires from all alluvial deposits in southwestern
Montana certainly exceeds 55 tons with an unknown
quantity of sapphires remaining. Most production from
M ontanadeposits preceded 1943 when synthetic sapphires
replaced natural sapphires for watch and instrument
bearings. Sapphires are now mined commercially at the
Yogo deposit by Yogo Creek Mining (Freeman, 2002,
2003) and there are operations along the Missouri River
and in the Rock Creek district (Gem Mountain) where
individuals can sieve gravel for sapphires.

MONTANA
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Figure 1. Principal sapphire deposits in Montana.
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In spite of this large quantity of sapphires recovered
fromaluvia depositsin southwestern Montana, the bedrock
sources have ot been recogni zed. Prospectors have searched
unsuccessfully for abedrock sourcefor morethan 100 years.
With no specific evidence individual s have suggested that
these alluvial sapphireswerederived from dikes, diatremes,
and contact metamorphic aureoles. In her extensive study
of sapphires, Garland (2002) suggested the possihility that
thealluvia sapphiresin southwestern Montanawere derived
from metamorphic rocks adjacent to the Bitterroot |obe of
the Idaho batholith that are exposed in the Bitterroot Range
25 miles west of the Rock Creek district (also Garland and
Gorton, 2002). Berg and Dahy (2002) speculated that
sapphireswere transported from adeep metamorphic source
rock to the surface by Tertiary magmatism.

| investigated the sapphire deposits north of Butte (South
Fork of Dry Cottonwood Creek and Lowland Creek) in an
effort to determine the source of sapphiresin these aluvial
deposits. | selected these deposits because of their small areal
extent. Sapphires are concentrated along a 1.5-mile stretch
of the South Fork of Dry Cottonwood Creek and along the
lower 3.3 miles of Lowland Creek (figs. 3 and 4).

The complex geologic history of erosion and redeposition
of sapphires concentrated in the Rock Creek district as well
asthelargeareal extent of thisand the Missouri River deposits
eliminated these deposits from consideration for detailed
study. These sapphire deposits will be described in a report
on Montana sapphires now in preparation to be published by
the Montana Bureau of Mines and Geology.

Methods

Most of the sapphiresthat | studied from the deposits north
of Butte were provided by individuals who either mined or
bought them. | screened gravel from several tributaries to
Lowland Creek, but no sapphires were found. Likewise |
tested gravels from several localitiesin the Whiskey Gulch
drainage (fig. 2), also with negative results.

In addition to sapphires from deposits north of Buitte, |
examined more than 2,500 sapphiresfrom all major Montana
alluvial deposits in transmitted light under a binocular
microscopeto identify thosewith mineral inclusions, adhering
rock, and surface features. | examined surfaces of selected
sapphires in more detail by scanning electron microscopy
(SEM) at the Image and Chemical Analysis Laboratory at
Montana State University, using a Jeol scanning electron
microscope. Specimens were rinsed in acetone and blown
with nitrogen to remove dust before coating with Au and Pd.
Nancy Equall performed al the analyses and took all the
photographs. Thin sections were made of sapphires with
adhering rock or mineral inclusions. Discussion of the
mineralogy of inclusionsis beyond the scope of this paper.

Geology

Sapphire deposits north of Butte along the South Fork of
Dry Cottonwood Creek and L owland Creek are surrounded
by the Eocene Lowland Creek Volcanics. (fig. 2). The
estimated composite stratigraphic thickness of this
sequence of volcanic rocks is nearly 6,000 feet and the
extent of the original volcanic field is estimated to exceed

Elkhorn Mountains Volcanics
(Cretaceous)

Deer Lodge[™]

TURS —46

T
113

Figure 2. Sapphire deposits and occurrences in southwestern Montana. Geology simplified

from Lewis (1998).
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800 square miles (Smedes, 1962; Smedes and Thomas,
1965). Smedes (1962) described the Lowland Creek
Volcanicsas quartz latite. Derkey and Bartholomew (1988)
intheir detailed map of the Ramsay quadranglewest of Butte
described a compositional range from rhyolite to dacite for
these volcanic rocks. This complex sequence includes
welded tuffs and other pyroclastic rocks, lava, and breccia
that contains both volcanic clasts and clasts of granitic rock

R8W

derived from the underlying Cretaceous Boulder bathalith.
The Lowland Creek Volcanics have been divided into five
mappable units (Smedes and others, 1962; Smedes, 1968).
The welded tuff unit and a lava unit are the major units
exposed along the South Fork of Dry Cottonwood Creek
and along Lowland Creek. Remnants of the very large
Cretaceous Elkhorn Mountains Vol canics field are exposed
in the area northeast and northwest of Butte (fig. 2).

Tlu Upper Lava Unit
Tlw Welded Tuff Unit

Kg Granodiorite of the Boulder Batholith (Cretaceous)

N
Sapphire Deposit  Tiw w%% E
o Tiw S
Kg
T5N
o2
Tiw Tlu
~_ (T
Lowland Creek Volcanics (Eocene) 1 Mile
1 Km

Base map from Orofino Mountain and Lockhart
Meadows 7.5' USGS quadrangle maps
Contour interval 40 feet.

Figure 3. Bedrock geologic map of the South Fork of Dry Cottonwood Creek showing extent of sapphires and
distribution of Lowland Creek Volcanics. Locality 1 is meadow where sapphires were recovered. Locality 2 is
approximate location of spring where sapphires were found (Clabaugh, 1952). The calculation of the bedrock eroded
to yield the sapphires in this deposit was based on the volume of bedrock from locality 3 to the head of the drainage.

Bedrock geology modified after Smedes (1968).

Figure 4. The upper part of the South Fork of Dry Cottonwood Creek
drainage. View is to the south with the meadow (locality 1 in figure 3) in the
middle foreground.
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Sapphire Deposits

Sapphires were commercially mined from deposits on the
South Fork of Dry Cottonwood Creek between 1907 and 1911
and morerecently from 1995 into 1998. They have been found
in mineable concentration along a 1.5-mile stretch of the
South Fork, but not along the North Fork of Dry Cottonwood
Creek or other unnamed tributaries. Sapphires have a so been
recovered from a small meadow near the head of the South
Fork (locality 1, fig. 3). Clabaugh (1952) reported panning
sapphires at the highest spring on the South Fork of Dry
Cottonwood Creek at an elevation of 6,950 feet, only 450
feet below the highest point on the ridge at the head of this
drainage, and less than 1,000 feet from this drainage divide
(inferred site locality 2, fig, 3). At thetime of writing | have
not been successful in finding this spring. Garland (2002)
provided excellent detailed information obtained by trenching
on the distribution and grade of the sapphire deposits along
the South Fork of Dry Cottonwood Creek.

Sapphireswere a so recovered during placer mining for
gold aong the lower 3.3 miles of Lowland Creek(fig. 2). In
addition to these deposits along Dry Cottonwood and
Lowland Creeks, sapphires have been found near the mouth
of BrownsGulch and onelarge (1.3 g) sapphirewasrecovered
near the mouth of Whiskey Gulch (fig. 2). There are also
several unconfirmed reports of sapphires having been found
northwest of Butte in severd tributaries to Browns Gulch.

Sapphires
Shapes and Surfaces

Sapphires from the South Fork of Dry Cottonwood Creek
and from Lowland Creek are indistinguishable; they are
similar in color, shape, surface features, and mineral
inclusions suggesting that they had a similar history and
were derived from asimilar source rock. They differ from
those recovered from the Missouri River and Rock Creek
depositsin all of these characteristics except color, inwhich
they resemblethe Missouri River sapphiresbut not the more
deeply colored Rock Creek sapphires. Colors of sapphires
from Dry Cottonwood Creek and L owland Creek rangefrom
very pae blue to very pale green to colorless and rarely
pink to purple pink.

Shapes of sapphires from Dry Cottonwood Creek and
Lowland Creek include irregular forms, slightly rounded
hexagonal prisms, hexagonal tablets, and small, nearly
spherical forms (fig. 5).

Surfaces of many sapphires, particularly those with
somewhat rounded form, have a frosted appearance.
Grooves, devel oped where surfacesintersect either basal or
rhombohedral parting planes, are the most characteristic
feature of sapphiresfrom the deposits north of Butte (fig. 6).

Such grooves are rare on sapphires from the Rock
Creek district or from the Missouri River deposits. A few
sapphires from the deposits north of Butte have glassy
conchoidal fractures that cut cleanly across the specimen,
wherethey fractured either in the trommel during recovery,
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Figure 5. Sapphires from Dry Cottonwood Creek
selected to show variety of shapes and surfaces typical
of sapphires from this locality. Forms shown are
hexagonal tablets, hexagonal prisms, irregular smooth
surfaces, fractured grain, and small, almost spherical
grains, many with straight grooves. Scaleis in millimeters.

11BN =55

Figure 6. Scanning electron micrograph of sapphire from
Dry Cottonwood Creek showing development of grooves.

or morelikely, during fluvial transport. Even those sapphires
that appear unabraded are seen to have small conchoidal
fractures or small chips when examined by optical
microscopy or SEM. Glassy conchoidal fractures contrast
sharply with the frosted surfaces seen on most of these
sapphires (figs. 7A and 7B).

In addition to grooves, the most distinctive feature of
sapphires from the deposits north of Butte are irregular
projections, usually on the basal pinacoid (fig.8). The
external forms of these projections appear randomly
oriented, but the projections are in optical continuity (i.e.
the same crystallographic orientation) with the sapphire
crystal. Projections are also found on some of the small,
almost spherical sapphires. Preservation of these projections
indicates limited abrasion in the fluvial environment that
suggests short distance of transport.
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Figure 7A. Scanning electron micrograph of sapphire
from Dry Cottonwood Creek showing older frosted
surface and smooth conchoidal fracture.
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Figure 7B. Enlargement of part of figure 7A showing in
detail the difference between the frosted surface and
the conchoidal fracture.
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Figure 8. Scanning electron micrograph of sapphire
from Dry Cottonwood Creek showing projections on
basal surface.

The smallest sapphires (2 mm) recovered from these
deposits are almost spherical (fig. 9A). An enlarged image
of the surface of one of them shows small trihedral
depressions but no indication of abrasion (fig. 9B). By
comparison a stream - worn corundum pebble from Alder
Gulch shows an entirely different surface characterized by
many small sharp fractures (fig. 10). Purplish gray corundum
and rarely rubies, but no sapphires, are found in dredge
tailings remaining from gold mining along Alder Gulch 55
miles southwest of Butte.

| compared the surface features of aluvial sapphires
with those of a sapphire recovered from the trachybasalt
sill at French Bar aong the Missouri River (fig. 11A). This
sill near Canyon Ferry Dam on the Missouri River contains
sparse small, pale colored sapphires (Berg, 2002; Berg and
Dahy, 2002). Careful removal of surrounding igneous rock
from this sapphire reveals that it is somewhat rounded and
has surface pits and irregularities similar to those seen on
sapphiresfromthealluvia depositsnorth of Butte (fig. 11B).

Figure 9A. Scanning electron micrograph of almost
spherical sapphire from Dry Cottonwood Creek.

Figure 9B. Enlargement of the surface of the sapphire
shown in figure 9A showing small trihedral depressions.
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Figure 10. Scanning electron micrograph of surface of
stream-worn corundum pebble from Alder Gulch showing
microfractures developed during stream transport.

Figure 11A. Scanning electron micrograph showing
pitted surface of sapphire partly exposed by removal of
surrounding rock. Specimen is from trachybasalt sill
exposed at French Bar near Helena (Berg and Dahy, 2002).

Figure 11B. Enlargement of part of the sapphire shown
in figure 11A, showing irregular surface.
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Adhering Rock

Rock found adhering to alluvial sapphiresisanimportant
clue in the search for bedrock sources. Because of the
irregular surfaces of many of these sapphiresand limited
evidence of abrasion, | expected that small remnants of
rock would commonly be preserved. However, thisisnot
the case; preserved matrix rock isexceedingly rare. | have
seenonly six aluvial sapphires, threefrom the Rock Creek
district and three from Dry Cottonwood Creek, with
adhering rock.

Determination of adhering rock composition is
questionable because of the small amount of rock
remaining, usually less than 3 mm? in thin section.
However examination in thin section shows that all
adhering rock is volcanic. The adhering rock of one
specimen from Dry Cottonwood Creek contains K-spar
and biotite phenocrysts in a matrix composed mainly of
plagioclase microlitesand is possibly rhyodacite (fig. 12).
Another specimen from the same area contains
plagioclase, biotite, and quartz phenocrysts in a
groundmass of plagioclase microlites; this rock is
probabably in the rhyodacite compositional field. A third
specimen from the Dry Cottonwood Creek contains
altered hornblende(?) phenocrysts in a fine-grained
groundmass of plagioclase microlites, Mineralogy of this
specimen is similar to that of porphyritic dacite in the
Lowland Creek Volcanics described by Derkey and
Bartholomew (1988). Aside from the caution that these
are only inferred compositions based on very small rock
fragments, this rock may not be typical of the source
bedrock. It islikely that the preserved rock is atypically
durable and that sapphires with no adhering rock were
derived from a less durable rock that was completely
removed during weathering or stream action.

Figure 12. Photomicrograph with crossed polars of thin
section of a sapphire from Dry Cottonwood Creek with
adhering volcanic rock in which a K-spar and biotite
phenocrysts are surrounded by a groundmass with
abundant plagioclase microlites.



Associated Garnets

The abundance of garnets with sapphires in both the Dry
Cottonwood Creek and Lowland Creek deposits may have
abearing on the sources of these sapphires. Garnetsin these
deposits are much more abundant in the heavy mineral
assemblage than sapphires. They are 5.5 times (by weight)
more abundant than sapphiresrecovered by screening gravel
in asmall meadow near the head of the South Fork of Dry
Cottonwood Creek (locality 1, fig. 3). Garnets are
predominately orange red, pale pink, and less commonly
bright red. One sapphire from Dry Cottonwood Creek
containstwo pale pink included garnets, and alarge (1.3 g)
sapphire from the mouth of Whiskey Gulch (fig. 2) contains
four small garnets, also pale pink.

Both pale pink and orange-red garnets are locally
abundant in the upper lava unit of the Lowland Creek
Vol canics exposed along Lowland Creek and also exposed
near the head of the South Fork of Dry Cottonwood Creek.
They are generally smaller than 3 mm and are surrounded
by athin rim of biotite, generally with radial orientation. |
interpret the surrounding bictite to be a reaction rim that
indicates that these garnets are xenocrysts, derived from a
metamorphic rock largely assimilated by magma.

Discussion

Distribution of sapphires, exposed bedrock, rock adhering
to the sapphires, and surface features all suggest that
sapphiresinthe Dry Cottonwood Creek and L owland Creek
deposits were derived from the Eocene Lowland Creek
Volcanics. Significant concentrations of sapphires in this
area north of Butte are restricted to the South Fork of Dry
Cottonwood Creek and the lower part of Lowland Creek.
Rock adhering to three sapphiresfrom the Dry Cottonwood
deposit is similar in composition to that in the Lowland
Creek Volcanicsthat surround this drainage basin. The most
reasonable explanation for grooves and frosted surfaces of
the sapphiresisthat sapphireswere partly resorbed whilein
a magma undersaturated in Al,O,, a magma from which
corundum could not crystallize and with which corundum
would be in disequilibrium. Preservation of delicate
projections on some sapphires indicates short transport
distance in the fluvial environment.

If these interpretations are correct, it is surprising that
the bedrock source of this large quantity of sapphires has
not been recognized in at least one of these alluvial deposits
in southwestern Montana. As pointed out previously, the Dry
Cottonwood deposit was selected for detail ed study because
thisdepositisof small areal extent and in arestricted drainage
basin. Experienced prospectors are persistent and observant
and would be expected to have found the source of the
sapphiresin thisdeposit. However, there are several possible
explanations for the bedrock source remaining elusive.

1. Denseforest and lack of outcrops at the head of the
drainage of the South Fork of Dry Cottonwood Creek
(fig. 4).

2. The Sapphires weathered out of apoorly lithified or
friable rock such as volcanic ash that is simply not
exposed.

3. Hydrothermal alteration or deep weathering has
caused the source rock to be easily eroded and thus
not exposed.

4. Sapphiresare sparsely distributed in the source rock
and have been extensively concentrated in the deposit
along the South Fork of Dry Cottonwood Creek.
Because of alow concentration in the volcanic rock
that contains abundant quartz phenocrysts easily
confused with small sapphires, sapphires have not
been recognized.

In an effort to evaluate the last possibility, | made an
estimate of the concentration of sapphiresin bedrock eroded
from the head of the south Fork of Dry Cottonwood Creek
necessary to yield the sapphires in this deposit. Clabaugh
(1952, p. 54) estimated that the Dry Cottonwood Creek
deposit had “ * * * yielded several thousand ounces of
industrial sapphires and a few thousand carats of gem
materials during the periods of active mining, 1907-1908
and 1910-1911." | arbitrarily assumed that more recent
mining and unmined sapphires increase this estimate ten
times to 30,000 oz (4.2 million carats) and also that the
volcanic rocks were the only source of sapphires in this
deposit; specifically the volume of volcanic rock that has
been eroded from the head of the drainage of the South Fork
of Dry Cottonwood Creek above locality 3, figure 3.
Furthermore, | assumed that sapphires are uniformly
distributed within these volcanic rocks. Thisassumptionin
this first approximation is probably invalid because
xenocrystic garnets that presumably were derived from a
source similar to the ultimate source of sapphires are not
uniformly distributed in thisvol canic rock. However, based
on these assumptions, the concentration of sapphiresin this
volcanic rock isextremely low; 480 cubic yards of bedrock
would yield only one carat of sapphire. A spherical, one
carat sapphireisabout 5 mmindiameter. If thetotal quantity
of sapphiresinitially in this deposit is 100 times that mined
in the early years of production, the concentration would
still be only 48 cubic yards of bedrock per carat.
Concentration of sapphiresin gravel along the South Fork
of Dry Cottonwood Creek locally reaches 30 g (150 carats)
per bank cubic yard (Garland, 2002). Because of the
chemical and physical durability of the mineral corundum,
this concentration seems possible. Geologic processes can
be very efficient in milling and concentrating durable
minerals such as corundum.
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Conclusions

Sapphire-bearing rock included in rhyalitic to dacitic magma
was partly assimilated to yield the morerefractory minerals,
garnet and sapphire (fig. 13).

Between the incorporation of sapphire-bearing rock in
this magma and its extrusion to form the Lowland Creek
Volcanics, sapphires were partly resorbed by this magma
undersaturated inAlLO,. Thesmall, almost spherical sapphires
may be the last remnants of sapphires that were almost
completely dissolved; other sapphires may have been
completely dissolved. Extended weathering of these volcanic
rocksyielded sapphiresthat were then concentrated by fluvial
processes to produce mineable deposits in Lowland Creek
andin the South Fork of Dry Cottonwood Creek. The Missouri
River and Rock Creek sapphire deposits may also have been
derived from Tertiary volcanic rocks by similar processes.

Weathering
and
Stream Transport Liberation
and

Concentration

Older Rocks

Magmatic
Transport
Source

Figure 13. Diagram depicting probable evolution of
alluvial sapphires in deposits north of Butte.
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Environmental Regulations and Their Effects
on Industrial Minerals

Jonathan M. Brown

Abstract

Although few will argue the benefits that prudent cost-
effectiveregulations provide to society, the economic growth
in this country is being shackled by the unchecked
proliferation of regulations. Everyone in business knows
this, but few recognize the enormity of the cost that
businesses, especially those involved with the devel opment
of our country’s natural resources, are incurring.

Under the Congressional Review Act of 1996, Congress
has the authority to repeal any and all regulations that it
deems counterproductive and of little benefit to society.
Furthermore, housed within the Office of Management and
Budget, which is part of the Executive Office of the
President, is the Office of Information and Regulatory
Affairs (OIRA). This office’s primary responsibility is to
review regulations and recommend to Congress those that
should be repealed. Nevertheless, the number of times
Congress has done so is astonishingly few.

Because Congress is supposed to vote the will of the
people, perhaps affected industries need to reassess the
effectiveness of their outreach programs and focus on how
they caninfluencethewill of the peopleand in turnitseffect
on Congress and the Administration.

Would a grassroots effort that supports and
complements our traditional legislative approach provide a
more immediate result in stemming the seemingly
unstoppable tide of regulations? Is the American public
aware of the added costs this plethora of red tape adds to
the quality of life they currently enjoy, and are they willing
to take action once informed?

This paper provides some sobering statistics on the
growth of regulations and suggests an actionable approach
that might help turn thistide.

Introduction

In spite of the passage of well-intended legislation, such as
the Unfunded Mandates Reform Act of 1995, the Small
Business Regulatory Enforcement Fairness Act, and the
Congressional Review Act, Congress hasdonelittleto stem
the ever-rising tide of regulations.

Asfar back as 1971 Richard Nixon and | ater both Gerald
Ford and Jimmy Carter used the Office of Management and
Budget to try to regain control of the regulatory process.
Yet, it was Ronald Regan in 1981 who established the

The Nevada Bureau of Mines and Geology takes
no position on the opinions expressed in this paper.

modern structure for the review of regulations by requiring
agenciesto prepare acost-benefit analyses of their proposed
regulations (Gattuso, 2002a). These analyses were then
reviewed by the Office of Information and Regulatory
Affairs and if approved moved forward unless appealed at
the Cabinet level.

Nevertheless, much of the regulation proliferation
problem appears to lie in the fact that Congress employs
only a handful of people to monitor the federal regulatory
activities of morethan 50 federal agencies employing more
than 126,000 workers (Antonelli, 1998). Although required
by statuteto provide cost-benefit analysesfor each proposed
regulation, most of these analysesresult in abroad rangein
values. For instance, benefitsfor rulesadopted between 1995
and 2002 ranged from $81 to $121 hillion, arange of some
50%. This broad variance clearly decreases the usefulness
of the final results (Gattuso, 2002a). Further adding to the
problem is the fact that Congress must rely on the
information provided to it by the very agenciesthat aretrying
to get regulations instituted, agencies that over the years
seem to have been taken over by staff who are preservation
minded and are often at odds with language in the enabling
legislation and charter of their own agencies. Sincethey are
protected from dismissal by civil service regulations, these
bureaucrats are not easily accountable for their actions.
Therefore, it isnowonder that in just thethree years (1996—
1998) since the General Accounting Office started tracking
final rulesissued by federal agencies, not asingleregulation,
out of 8,675 reviewed, was rejected (Antonelli, 1998).

Making matters worse is the fact that OIRA is part of
the Office of Management and Budget that in turn is part of
the Executive Office of the President. Therefore, it is not
surprising to see, as shown in table 1, the rise and fall of
OIRA's aggressiveness towards regul atory review depends
on what political party controls the Presidency.

Table 1. Number of rules returned per year to agencies
for further work; data from Gattuso (2002a)

Years 1981-1992  1993-1997  1998-2000  2001-2002
President  Republican Democrat Democrat Republican
Number 31 20 0 20

[tisinteresting to notethat the 20 rulesreturned between
July 2001 to March 2002 were more than during the entire
previous administration. Nevertheless, the system is not
flawless because political pressures can be, and often are,
brought to bear in order to bypass or overrule the review
process. The effect of thisimperfect review process can be
seen in many different ways, but oneisby the growthinthe
number of Federal Register pages over the years as shown
in table 2, even though such growth may not be wholly
dependent on regulation proliferation.
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Table 2. Number of pages in the Federal Register,
data from Crews (2002)

Year Number of Pages
1992 57003
1993 61166
1994 64914
1995 62645
1996 64591
1997 64549
1998 68571
1999 71161
2000 74258
2001 64431

Although the overall increase during this time period
was 13%, a closer inspection of these numbersindicates an
increase of 21.4% in pages during the two-term Democratic
Clinton Presidency. The number would most likely have
been much higher had it not been for aninflux of Republican
congressional reformers in 1995 that kept pressuring the
President by keeping awatchful eye onthe number of pages
inthe Federal Register. The partial shutdown of the federal
government that same year also helped reduce the
promulgation of new regulations. The graphic effect of
which party controls the Presidency and Congress on the
number of new regulations can be seen in figure 1.
Accompanying this tide of new regulations is a
corresponding growth in the size of government needed to
administer and enforce these rules.
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Figure 1. Growth in federal regulations on the basis of
pages in the Federal Register, from Covington (2002).
Data from 1966 to 2000 are more detailed than those
from 1940 to 1966.
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Implications

More important than the number of new trees that have to
be sacrificed to print this tide of new pages in the Federal
Register are the impacts on society from this plethora of
promulgated regulations. Chief among theseisthe economic
impact.

According to the Cato Institute, regulatory costs for
2001, including paperwork costs, have been estimated at
$854 billion (Crews, 2002). Figure 2 shows another way to
think about the magnitude of regulatory costsin the United
States by comparing it to the 2000 gross domestic product
(GDP) of Canada and Mexico. Figure 3 shows that
regulatory cost rivaled al corporate pre-tax profitsin 2000.

Regulatory costs are primarily a tax on corporations
that eventually are passed on to individuals through price
increases. Therefore, it isno wonder that the $854 billion
of regulatory cost, a figure that is about the same as the
entire federal discretionary budget for 2001, translated to
about $2,500 per American (Gattuso, 20024). Details of how
hidden regulatory costs in 1998 (the last year for which
information isavailable) ate up 18% of the annual after-tax
income of a median two-earner family (Crews, 2002) can
be seeninfigure 4.

The growth in regulations has aso caused an increase
in the outlay of federal money to administer and enforce
these regulations. Since 1992 this outlay has increased by
28.2% and in 2001 stood at $21 billion. When added to the
cost of regulations, it is easy to see in figure 5 that there
appears to be a second “off the books’ budgetary expense
that isapproximately 47% of thetotal Federal outlay of funds.
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Figure2. U.S.regulatory costs compared with Mexico’s
and Canada’s GDP (from Crews, 2002). Sources: W. Mark
Crain and Thomas D. Hopkins, “ The Impact of
Regulatory Costs on Small Firms,” report prepared for
Small Business Administration, Office of Advocacy, RFP
no. SBAHQ-00-R-0027, October 2001, www.sba.gov/
advo/research/rs207tot.pdf. GDP figures for Canada and
Mexico are from U.S. Census Bureau, Statistical Abstract
of the United States: 2001, Table 1340, p. 841,
www.census.gobv/prod2002pubs/Olstatab/intistat.pdf .
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Impacts on the Mining Industry

Figures 6 through 8 show the dramatic impact that the
flood of regulations has had on various parameters that
record the vitality of the mining industry. Mining claim
decline is a case in point. Although declines in meta
pricesand inthe general state of theworld economy have
had a negative effect on the number of claims recorded
(fig. 6) and held (fig. 7), theimposition of annual holding
feesin 1993 by the federal government was clearly the
most important factor. Mining claims recorded fell from
nearly 150,000 in 1989 to less than 20,000 in 2001, and
claims held declined from 1,010,003 in 1992 to 207,757
in 2001 (fig. 7).

Declining exploration spending in the U.S. (fig. 8) is
another measure of the health of the domestic mining
industry. Although economic decline since 1998 is certainly
afactor inthisdecline, overseas competition for exploration
funding is aso important. Increased regulatory burdens on
mining in the U.S. have caused some companies to curtail
U.S. exploration programsin favor of overseas ventures.

According to the Bureau of Labor Statistics,
government civilian employment hasrisen 13.8% since 1991
while mining employment has dropped 23.7% during the
same period. Government employment is now greater than
the combined total of manufacturing and mining.
Furthermore, compensation of government employeesgrew
by 47.4% from 1991 to 2001, while compensation for mining
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Figure 6. Declineinrecorded mining claims, 1989 through 2001.
Data are from the U.S. Bureau of Land Management.
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employees only grew by less than half, 20.4%. Average
annual increasesin compensation rateswere 4.3 and 1.85%
respectively, which is slightly better than inflation for
government employees, and much worsefor thosein mining.

As long as Congress is not held accountable for this
ever-rising tide of costly regulations, the wealth building
mechanisms of society will continue to erode, and
government’s share of the nations total employment will
grow. Oncefederal regulationsare enacted, itisthe common
practice of most states and many local governmentsto adopt
these federal regulations by reference into their
administrative programs, thereby duplicating them. This
duplication of regulations causes mirror-like duplicationin
program staffs. Unchecked, this growth in government
employment, especially at the state and local level, will
generate additional increasesin regulatory feesto help pay
for these new employees.

Many examples exist of fee-based regulatory programs
that are not subject to the check and balance system of the
legidlative budgetary process. Thetimehascometo change
the system that fosters this duplication and in some cases
triplication of federal regulations, and curb the growth of
government.

Possible Solutions

Ask our Congressional representativesto do the following:

o Take the Office of Information and Regulatory Affairs
(OIRA) out of the Executive Office of the President and
make it a stand-alone organization, like the General
Accounting Office, reporting to Congress.

 Improve the cost-benefit analysis capabilities of
OIRA and stop depending on the information
provided by regulatory agencies.

* Require explicit consideration of the employment
effects of al new regulations (Laffer, 1993).
» As proposed by Gattuso (2002b), require annual
reporting by agency of:
* Number of major and minor rules proposed or
promulgated
» How many were supported by analyses.

» How many had quantified and/or monetized
costs and benefits.

» Towhat extent did each adhere to Office of
Management and Budget guidelinesfor analyses

* Provide an annua summary of the number of
regulations reviewed, the number accepted, and the
reasoning behind it.

* Publish the annual cost of regulations, including
enforcement, on individuals and businesses

» Adopt thefollowing tablefor cost analysisreporting:

Proposed Breakdown of “Economically Significant” Rules

Category 1 > $100 million < $500 million
Category 2 > $500 million < $1 billion
Category 3 > $1 billion

Category 4 > $5 billion

Category 5 > $10 billion

» Demand that Congress reject any and al
regulationsit deems counterproductive and of little
benefit to society.

* Reduce the number of regulatory rule writersin
those regulatory agencies writing the greatest
number of regulations having low cost-benefits
analyses.

Finally, the addition of a grassroots effort would help
to supplement the mining industry’s traditional lobbying
effort by developing active constituents willing to support
legislators regarding regulatory reform. At the state level
such a grassroots program would facilitate the reform of
the*metoo” duplication of regulationsand staffs at the state
and local levels of government.
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Present-Day Features Related to the Deposition of Trona
at Owens Lake, California, and a Comparison
with the Trona Deposits of the Green River Basin

Neil Brown, Anadarko Petroleum
Paul Lamos, U.S. Borax
lain Scarr, Rio Tinto Exploration

Introduction

The history of the Owens L ake trona deposit has been well
documented, starting with studies conducted before the
inflow to thelakewas diverted and thelake desiccated. Upon
the decision to divert the Owens River into the LosAngeles
Aqueduct, Hoyt Gale was dispatched in 1912 by the U.S.
Geologica Survey (Gale, 1917) to measure the composition
of the water of Owens Lake and determine the content of
the various salts in that brine. Following diversion of the
inflow, the sequence of mineralization was observed and
documented, aswereflooding eventsin 1938—39 and 1968—
69 and the subsequent mineral redeposition. Alderman
(1983) reported on drilling through a large portion of the
post-1968 deposit, and cal culated the tonnage of saltsinthe
salt body and contained brine. His findings that some salts
were depleted in comparison to the original brine, while
others actually increased, came as quite a surprise, but
apparently can be explained by several mechanisms, the
most important being loss of some of the heavier brine
derivatives by seepage into the pre-lake sediments.

The entire history of the of the extensive Owens Lake
trona deposit seen today (except for the relatively
insignificant shorelines cruststhat existed prior to 1912) took
place in modern times. The sequence of events leading to
the present-day depositsare known, have been documented,
and areindeed represented in the beds exposed by mining at
the U.S. Borax Inc. Owens Lake operation. In essence,
OwensLake wasacontrolled experiment demonstrating the
events resulting in the deposition of a trona body, and
displaying clearly the features associated with those events.

This paper explores the similarities and dissimilarities
between the modern deposit of Owens Lake and the older
tronadepositsin the Green River basinin\Wyoming, opening
for discussion and further research the conclusions to be
drawn concerning the genesis of the Wyoming deposits.

Features of the Owens Lake Deposit

Significant events in the deposition of the Owens L ake salt
body are reflected in the textures and features visible in a
vertical section of the upper 4 feet of the deposits as exposed
by modern-day mining (fig.1).

The pre-1938 strata, as measured in the central portion
of the trona deposit today being mined by U.S. Borax Inc.,
consistsof asequence of alternately banded pale-tan to white
and tan to dark brown trona (fig. 2), containing alternating
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crystalline and massive, “ice cream” trona. Similar to the
features described by Boni and Atkinson (1998) for bed 17
inthe Green River basin, thedark colorsareduetoinsoluble
algal remnants. Cyclic banding of the Owens Lake tronais
the result of seasonal changes during the 3 yearsit took for
Owens Lake to become completely desiccated, and for all
of the trona to be deposited. A layer of burkeite and an
overlying mixed salt and detrital insoluble layer represent
the final stages of deposition. The burkeiteis often easy to
distinguish at Owens Lake by its pink color, imparted by
hal obacteria, microorganismsthat that thrivein very saline
environments. The mixed salts and insoluble sediment layer
is similar to the rough surface seen on the present-day
surface, where salts are constantly broken, dissolved, re-
precipitated and mixed with insoluble dust and silt.

A major flooding event in 1938, the result of excessive
runoff that exceeded the capacity of the Los Angeles
Aqueduct, isrepresented by a3-inch layer of insoluble clay
and silt, mixed with small crystals and fragments of trona.
This dark-brown layer includes not only the sediments and
fragments of mineral washed in from the margins of the
trona deposit, but also the crystalline trona deposited asthe
initial “winter salt,” similar to that described by Smith and
others (1987) for the initial mineralization following a
similar flooding event in the winter of 1968—69.

A thick, nearly white layer of “ice-cream” type trona
deposited after 1939 is characteristic of a period of constant
evapotranspiration that took place within one season. Aswith
thelowermost beds, the“ice cream” tronais capped by adirty,
brecciated surface salt layer (at 30 inches, fig. 1) that formed
from weathering and recrystal lization between 1939 and 1968.

The 1968-69 insoluble material/mixed layer was
formed in a short period following the last major flooding
event before the capacity of the aqueduct was increased.
The overlying thin layer of “crystal mush,” fairly clean,
crystalline trona, with distinguishable crystals of 1-2 mm
(seefig. 3) is most probably evidence of the first stage of
crystallization described by Smith and others (1987), when
an assemblage of salts, including natron, was crystallized
as the result of cooling nighttime temperatures. As Smith
and his co-authors noted, most of the other, more soluble
sdtsredissolved asthe temperaturesincreased, but the natron
was in al likelihood converted to, or replaced by, trona.
Immediately abovethe* crystal mush” zoneisanother layer
of “ice cream” trona, again deposited during one warm
season of excess evaporation, followed by the most recent
brecciated surface sdlts.
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Figure 1. Vertical section of the top 4 feet of the Owens

Lake salt deposit.
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Figure 2. Banded trona of the pre-1938 deposition at Owens
Lake. Section shown is about 16 inches thick.

Figure 3. Crystalline trona, deposited following the 1968-69
flooding at Owens Lake.
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Mineralogy

Based on acompilation of resultsfrom several thousand drill
holes, Alderman (1983) provided the most accurateinventory
of the present-day salt deposit. Trona is the most common
individual mineral species, followed in order of abundance
by burkeite, thermonatrite, halite, and insoluble matter. Brine
comprises approximately 30% of the deposit. Table 1 shows
Alderman’sinventory of the Owens Lake salts.

Table 1. Owens Lake components.
From Alderman, 1983

Trona Na,CO,-NaHCO,-2H,0 46%
Burkeite 2Na,SO,-Na,CO, 11.6%
Thermonatrite Na,CO,-H,0 4.4%
Halite NaCl 1.8%
Insol 6.2%
Brine 30%

Na,CO, (8.9%)
NaHCO, (0.2%)
NaCl (18.0%)
Na,SO, (4.5%)
H,O (68.4%)

Alderman’s conclusionsregarding changesto the Owens
L ake salt content over time and the resultant mineral ogy may
be relevant in more fully understanding the origin of the
mineralogy of the Green River basin trona deposits.

Table 2 shows a comparison of Alderman’s cal cul ated
salt contents with those of Gale from 1912 (Gale, 1915)
prior to diversion of the Owens River.

Table 2. Salt content, Owens Lake (millions of tons).
From Gale, 1917 From Alderman, 1983
Pre-1917 Lake

Present evaporite deposit

Na,CO, 53.6 38.6
NaHCO, 10.1 21.8
NacCl 64.5 9.6
Na,SO, 24.3 10.7
Totals 152.5 80.7

Alderman suggested that the removal of brine by
seepage into the sub-lake basin sediments is a possible
explanation for thelargeloss of sodium chlorideand overall
loss of salts. The greater density of the late-phase brine and
porosity of the sediments beneath the lake, both measured
by Alderman, are the key contributing factors.

Comparison of Owens Lake with the Green
River Basin Deposits

Observations made at Owens Lake since 1913 provide us
with an excellent record of what processes took place and
how the trona was deposited. Textures and features of the
Wyoming deposits, similar to those observed at OwensL ake,
implies that similar processes may have occurred, and that
examination of the well-documented depositional record of
the Owens Lake deposit might provide clues to the
depositional processesthat occurred inthe Green River basin.
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The Green River basin tronadeposits contain theworld’s
largest reserve of trona. It is estimated that more than 127
billion tons of sodaash equivalent are present in the Wilkins
Peak Member of the Green River Formation (Dyni, 1997).
More than 2 billion tons of economically mineable trona
remains in the beds currently being mined in the basin and
12.1 billiontonsof mineabletronainall beds. Thisrepresents
areservelife of about 80 yearsfor the mined beds at current
rates of mining; and well in excess of 200 yearsfor al of the
conventional mineable beds in the basin.

A comparison of the dimensions of the two basins is
shown in table 3. The Green River deposits obviously
contain significantly larger reserves of tronaderived froma
considerably larger basin (Lake Gosuite). The Owens Lake
deposit was created by a single mgjor event; the diversion
of Owens River water. The Green River basin tronadeposits
were created by hundreds of such precipitation and
evaporation cycles.

Table 3. Acomparison of Owens Lake and Lake Gosuite
basin and deposit size.

Owens Lake Lake Gosuite
Size of original lake (sg. miles) 100 8,100
Extent of trona deposition (sq. miles) 34 1,300
Trona resources (tons) 50 million 12.1 billion

Rates of deposition for the Green River deposits have
been estimated at 2 to 4 inches per year. (Bradley and
Eugster, 1969) At Owens Lake, it would appear that most
of the original deposition of about 4 feet thickness occurred
during 1917 to 1923, when all of the Owens River waters
were diverted from the valley. Lake Gosuite, the Eocene
lake in which the Wyoming deposits formed, wasreceiving
higher rates of input from annual precipitation and runoff
than was Owens L ake and therefore depositional rates should
be lower due to seasonal dissolution and reprecipitation.

Textures

Thetronabedsin the Green River basin display three major
texturesreferred to by Leigh (1991) as“ maple sugar” (light
brown to white, fine-grained 1 mm to microcrystalline
aggregated masses), “root beer” (amber, light to very dark,
trangducent coarse crystalline, 5 mm to 30 mm fibrous masses
with random radiating bladelike euhedral crystals), and
“gpar” (vertically oriented, clear crystalline, columnar vein-
filling trona).

At Owens Lake, one of the most common textures is
referredtoas“icecream.” Figures4 and 5 show typical samples
of maple sugar and ice cream tronatextures. The two textures
appear to bevery similar. Themgjor differenceisin density of
therock, asthe Green River tronahas been strongly compacted
and dewatered due to burial, while the Owens L ake material
still contains up to 30% intergranular brines. When the material
is dewatered and mined it has a considerably lower density
than the maple sugar trona type. Both maple sugar and ice
cream trona can be white to dark yellow to brown depending
on the amount of organic material present.



Garrett (1998) postulated that the maple sugar trona of
the Green River basin depositsformed when thelake became
shallow enough to be affected by daily temperature
fluctuations, with thetronaforming on the surface and sinking
to form “sucrosic” textured beds of trona. At higher lake
levels, radiating crystal type beds (root beer texture) were
formed by evening cooling and settling to the lake bottom.

Figure 4. Maple sugar texture in trona core from bed
17, Green River basin, Wyoming.

Figure 5. Ice cream texture in trona ore sample from
surface of Owens Lake, California.

Figure 6. Ice cream and coarsely crystalline tronafrom
the Owens Lake deposit.

A similar process was observed at Owens Lake, where
a“crystal mush” textured trona appeared to be the result of
crystal rafts forming on the water surface, then sinking to
the lake bottom when disturbed by rippling caused by wind
gusts. Large open voids between the crystals are commonly
filled with ice cream textured trona. Similar relationships
are seen in Green River bed 17 core. Figures6 and 7 show
ice cream and maple sugar tronawith coarsely crystalline
trona. The crystalline trona at Owens Lake is thought to
have formed on the dry lake surface and then washed to the
center of the depression where it accumulated.

Insoluble clay, marlstone, shale, and silts occur in both
deposits. At Green River, these layerswere dueto increased
precipitation that washed sediments into the ancient Lake
Gosuite. These bands of insoluble material can generally
be traced several miles across the entire deposit (fig. 8). At
Owens Lake, distinct bands of insoluble material were
formed by the two major flooding eventsin 1938 and 1968.

Halite occurs in several of the Green River trona beds,
but generally only in the deeper portions of the each particul ar
bed’s depositional basin. We believe that the halite
precipitated late, after the trona, and was redissolved with
each precipitation event and transported to the lowest parts

Figure 7. Maple sugar and coarsely crystalline trona
from Green River basin.

Figure 8. Thin dark bands of oil shale and marlstonein
trona bed 17, Green River basin, Wyoming.
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of the basin. As described above, the larger precipitation
events would also commonly deposit thin impermeable silt
or clay layerson top of thetrona, forming a seal that isolated
the salt that was still in solution. At Owens Lake the halite
precipitated last as a white crust on the surface of the dry
lake, and agreat dedl of haliteremainsin solution asintergtitial
brine within the trona deposit (fig. 9). When the material is
mined and the brines drained from the bed, the halite content
of themineral product is generally less than 2%.

In the Green River basin, trona is the predominant
mineral seen in the beds and is 85 to 95% of the mined
material. Nahcolite and halite occur in several (but not al)
of the beds and appear to be common in the deeper parts of
the depositional basins. At Owens Lake, trona is the
predominant mineral, but burkeite, thermontrite, and halite
occur in significant amounts also (table 4). Natron and
mirabilite occur in minor amounts.

The contrasting mineral assemblages indicate a
differencein the composition of the original watersentering
the closed basins. At Owens Lake, there are records
documenting the composition of the original waters before
desiccation. In the Green River basin, the composition of
theoriginal lakewater isunknown, but apparently contained
less SO, and Cl than the Owens Lake brines. It is also
important to note that the Owens Lake deposit is still
evolving. Itis currently composed of 30% brines. Many of
themineral assemblages seen theretoday would not survive
burial and diagenesisin their current state.

Figure9. Latewhite halite crust precipitated from brine
at Owens Lake.

Table 4. Mineralogical comparisons between Owens
Lake and Green River basin deposits.

Owens Lake Green River basin

Trona 46% 85-95%
Burkeite 11.6% none
Insoluble 6.2% 5-15%
Thermonatrite 4.4% trace
Halite 1.8% <1%e
Brine 30% none
Shortite none <1%
Nahcolite none trace
Natron trace none
Mirabilite trace none
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Conclusion

Although a much smaller deposit, the single trona bed
formed by the man-caused desiccation of Owens Lake
appears similar in some respects to the Green River basin
(former Lake Gosuite) deposits. Transformation of the salt
contentsof OwensL ake after thelakewasisolated and dried
out offer a model for the genesis of the largely
monomineralic Green River basin deposits. In addition,
some textures of the Owens Lake trona remain in the
otherwise compacted and recrystallized minerals of the
Green River basin deposits. Morework remainsto be done,
but it appears that Owens Lake deposit is somewhat
anal ogous to the Wyoming deposits and offers some clues
regarding their genesis.
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Abstract

The Nevada construction aggregate industry, one of the
fastest growing in the U.S,, is changing rapidly because of
competing land use, social impacts, environmental issues,
and concerns about material quality. We present data that
arebased on personal interviewsand estimates of production
from morethan 80 suppliers of construction aggregate. More
than 150 aggregate production sites are shown on a map of
Nevada with insets for the Reno-Sparks-Carson City and
Las Vegas areas (fig. 1).

Estimated total production of construction aggregate
in Nevada in 2002 was about 35 million short tons. This
equatesto consumption of approximately 15 tons per person
per year, considerably higher than the national rate of 10
tons per capita.

The Las Vegas area, the fastest growing metropolitan
areain the United States, consumes most of the aggregate
in Nevada; approximately 26 million tons in 2002. Sand
and gravel hashistorically dominated production, but quarry
operations in Paleozoic carbonates at the city fringes
produce increasing amounts of higher quality aggregate
used in concrete and asphalt. Sand and gravel in alluvial
fan deposits, mined from large established pits and by
portable operationsat local construction sites, provides most
of the aggregate base.

The Reno-Sparks-Carson City area, the second largest
population center in the state, consumed an estimated 6
million tons of construction aggregatein 2002. The geology
and dynamics of operations that serve this area are much
different fromthoseinthe LasVegasarea. They aregenerally
guarry operations in volcanic and intrusive rocks and they
produce aggregatefor usein concrete, asphalt, and aggregate
base. Production from portable operations is minimal.

The outlying communities in the state are
predominantly served by intermittent operations in sand
and gravel from alluvia fans, riverbeds, and paleo beach
deposits, with aminor component of crushed stone.

Introduction

The construction aggregate industry in Nevada is greatly
influenced by fundamental factors that are unique to the
state. When combined, these factors hel p definetheindustry
in the state. The factors are:

* Nevada is mainly in the Great Basin physiographic
province, a geomorphic unit characterized by internal
drainage basins and intervening mountain ranges. The
Great Basin has unique geologic characteristics that

distinguish it in many ways from other areas of the
country, especially when considering recent sand and
gravel deposition.

¢ Nevadahasacool high desert environment in the north
and a hot low desert environment in the south.

¢ Nevadaistheseventhlargest state, by area, inthe U.S,;
87% of thisareaisfederal land.

¢ Nevada is the fastest growing state, percentage wise,
in the U.S. Current population is approximately 2.3
million. Nevadais also the leading state in percentage
of people living in an urban environment; 90% of
Nevadans live in the Las Vegas and Reno-Sparks-
Carson City metropolitan areas.

Nevada sgrowthisled by LasVegas, thefastest growing
metropolitan area in the country. In 2003, there were
approximately 900,000 more peoplein Nevadathanin 1990.
The Las Vegas area is clearly the population center of the
state with nearly 1.6 million people and approximately 5,000
new residents per month moving into the metropolitan area.

Because of Nevada's quickly growing population, its
construction aggregate industry is one of the most rapidly
growing in the U.S. As in most areas of the country, the
character of the state’s aggregate industry is changing.
Competing land uses, social impacts, and environmental
issues are putting constraints on an industry that as recently
as 25 years ago had little regulation or opposition. Larger
companies with extensive regional or national presencein
the construction aggregate industry are acquiring and
consolidating the independently owned local aggregate
sources and bringing a higher level of experience and
sophistication to the industry.

Overview of Production

The Nevada Bureau of Mines and Geology estimates that
the total production of construction aggregate in Nevada
was about 35 million short tons in 2002, with a value of
approximately $160 million. By contrast, total 2002 U.S.
production is estimated by the U.S. Geological Survey at
about 3.0 hillion tons. Aggregates are the second most
valuable mineral commodity in the state, after gold (valued
at $2.3 hillion in 2002). Nevada's aggregate consumption
equates to approximately 15 tons per person per year,
considerably higher than the national average of
approximately 10 tons per year. Nevada's production
includes both sand and gravel and crushed rock with the
crushed rock production increasing aslands containing sand
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10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
101

Operating Company
Airway Rock Products
Allstate Sand and Gravel
American Asphalt & Grading
American Sand and Gravel
American Sand and Gravel
Bird Springs Materials

Bob’s Sand and Gravel
Boulder Sand & Gravel
Charlie Brown Construction Co.
Charlie Brown Construction Co.
Construx (Silver State)

CTC Crushing, LLC

DBE Excavating

Diamond Construction
Diamond Construction

DL Denman Corporation
Frehner Construction (Sloan)
Gornowich Sand & Gravel
Granite Construction
Hollywood Gravel

Las Vegas Paving Corp.

Las Vegas Paving Corp.

Las Vegas Paving Corp.
Nevada Ready Mix Corp.
Pipes Paving

Quality Sand and Gravel
Rinker Materials

Rinker Materials

Sandia

Southern Nevada Paving
Southwest Paving & Grading
Wells Cargo Inc.

NDOT

Operation

Airway Pit

Sunrise Pit

Eldorado Rock Products Pit
Salt Lake Highway BLM Pit
Lone Mountain BLM Pit
Bird Springs Pit

Eldorado Valley Pit

Bootleg Canyon Pit

Charlie Brown Pit (Ft. Apache & Maule)
Nellis Pit

El Dorado Pit

Cactus Pit

Boulder City Operation
Eastern & Lake Mead

Lone Mountain BLM Pit

DL Denman Pit

Sloan

Gornowich Pit

Apex (Chemical Lime overburden)
various, incl. Hollywood Pit
Apex Landfill Pit

Blue Diamond (Jones) Pit
Mendenhall Pit (BLM)

Lone Mountain Pit

Lone Mountain BLM Pit
Lone Mountain BLM Pit
Buffalo Road Pit

El Dorado Pit

Pabco Pit

Far Hills & 215

Southwest Paving & Grading
Spring Mountain Pit
CL11-01

Reno/Sparks and Carson City Urban Area Mines

No.

33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
78

Operating Company

A & K Earthmovers, Inc.

A & K Earthmovers, Inc.
Canyon Creek Construction
Cinderlite Trucking Corp.
Cinderlite Trucking Corp.
Dayton Ready Mix and Hughes
Frehner Construction

Frehner Construction

Gopher Constr.

Granite Construction

Granite Construction

Martin Marietta Materials
Martin Marietta Materials
Martin Marietta Materials
Naturalite Aggregates - Basalite
Nevada Hydrocarbon (Gopher)
Rilite Aggregate Company
RMC Nevada

T.E. Bertagnoli

Granite Construction

Operation

Bella Vista Pit

Golden Valley
Canyon Creek Pit
Cinder Pit

Goni Pit

Pit name unknown
Mustang
Moundhouse
Tracy/Clark

Hidden Canyon
Lockwood

Lemmon Valley
Spanish Springs Quarry
Mustang

Lower Naturalite Plant
Mustang Pit

Rilite Pit

All-Lite Pit

Bertagnolli Pit

Dayton

Table 1. Nevada aggregate producers—2002.

Rural Nevada Mines

No.

52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
7
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
17
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134

Operating Company

A & K Earthmovers
Cind-R-Lite

Andrew Barasky Excavating
Basin Sand and Gravel
Bedrock Products

Bing Materials Co.

BLM

BLM

BLM (Sheep Mtn.)
Boehler Construction Co.
Bolling Construction
Canyon Construction
Carson City DOT
Churchill County
Churchill County
Cinderlite Trucking Corp.
Concrete Systems

Curtis Machinery

Day Zimmerman
DeBraga

Earl Williams (BLM)

Elite Concrete

Elko Sand and Gravel
FNF Mining Construction
FNF Mining Construction
Gopher Construction
Granite Construction
Granite Construction
Grant Smith Aggregates
HE Hunewill Construction
HE Hunewill Construction
HE Hunewill Construction
Harney Rock and Paving
Hiskett & Sons

Humboldt County
Infiniton Sand & Gravel

J & J Mill and Lumber

J & M Trucking

Jensen Construction

Jim Wilkin Trucking

Jim Wilkin Trucking

John Davis Trucking Co.
Las Vegas Rock

Leavitt Ready Mix
Makedon

NDOT

NDOT

NDOT

NDOT

NDOT

NDOT

NDOT

NDOT

NDOT

NDOT

NDOT

NDOT

NDOT

NDOT

NDOT

NDOT

NDOT

Pershing Co. Water Conserv. Dist.
Ready Mix Inc. (RMI)
Reck Brothers

Rees' Enterprises

RMC Nevada

Ruby Dome, Inc.
SANROC

Silver Springs Aggregates
Southern Nevada LW
Sweeney Construction
TG Shepard

Tedford

Tonopah Sand and Gravel
Truckee-Carson Irrigation District
Vega Construction Trucking
White Pine County

WMC Co., Inc.

WMC Co., Inc.

Unknown Operator

Operation

Desert Mountain
Cinder Cone Mine
Andrew Barasky Pit (Pahrump)
Basin Sand and Gravel Pit
Tibbles Pit

Bing Materials Pit
North Jean Lake BLM Pit
Pahrump BLM Community Pit
Sheep Mountain
Boehler Pit

Bolling Construction
pit name unknown
Voltaire Canyon Pit
Salt Wells Pit (BLM)
Hazen Pit
Dresslerville Pit
Pahrump Operation
Curtis Pit

Hawthorne Army Depot/Beach Pit
Lovelock/DeBraga Pit
Coyote Springs Pit

pit name unknown
Carlin Division Pit
Dinner Station Pit
Jackpot Operation
Jessup Aggregates
Wade Sand Pit

pit name unknown
Grant Smith Aggregates
Sonoma Gravel Pit
Thomas Creek Pit
Desert Creek Pit
Pardo Pit

Russel Pass
Paradise Hill Pit
Meadow Valley Wash
Lee Brothers Pit
Isbell Pit

Mesquite BLM Pit
Mina Pit

Wilkins Pit

3D pit

Rainbow Quarries
Kaalin Pit

Pit name unknown
CH08-03

CH27-02

CH36-02

CL18-02

CL19-01

CL47-03

CL47-04

CL88-03

EL09-01

EU02-06

HU83-08

MI01-03

MI12-02

NY08-06

WP05-02

WP06-02

WP28-01

Perth Pit

Glendale Quarry
HiLine Quarry

Stitzel Pit

Paiute Pit

Jones Pit

Foote Mineral Pit
Silver Springs Pit
Money Pit

Stall Ranch Pit

Grass Valley Pit
Lahontan Pit
Tonopah Sand and Gravel Pit
Truckee-Carson Irrigation District Pit
Elburtz Pit, Elko
White Pine County Pit
Dunphy Pit

pit name unknown
Sandy Valley Pit
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and gravel near the major market areas are developed. In
addition, natural lightweight aggregates in the form of
pumiceous rhyolite and volcanic cinder are utilized in
concrete masonry units and in semi-lightweight concrete
applications in both the Reno and Las Vegas areas.

Figure 1 isamap of Nevada showing the locations of
the producing construction aggregate deposits in the state,
their general level of production, and the type of material
mined (sand and gravel or quarried rock). Companies
operating at these locations are listed in table 1.

Las Vegas Area

The Las Vegas area produces and consumes most of the
construction aggregate in the state, about 26 million tons.
There are five companies that produce more than 1 million
tons of aggregate yearly. The major aggregate producers
and their major operations are:

e Frehner Construction - Sloan Quarry

e LasVegas Paving - Apex Landfill, Blue Diamond Pit,
and Mendenhall Pit

e Nevada Ready Mix - Lone Mountain Pit

 Rinker Materias - Buffalo Road Pit and El Dorado
Quarry

e Southern Nevada Paving - Far Hillsand 215 Pit (Lone
Mountain area)

Reno and Northern Nevada Area

The Reno-Sparks-Carson City area produces approximately
6 million tons of aggregate per year. The major aggregate
producers and their major operations are:

e Granite Construction - Lockwood Quarry and Hidden
Canyon Quarry

e Martin Marietta Materials - Spanish Springs Quarry
e RMC - All-Lite Quarry and Paiute Pit

The remainder of the state, with only 10% of the
population, produces an estimated 3 million tons per year.
Much of this production isin Nye, Lincoln, and Churchill
Counties, and some of this is trucked into the two major
metropolitan areas.

Methodology in Map Compilation

Figure 1 shows approximately 130 aggregate producers.
Insetsfor the Las Vegas and Reno-Sparks-Carson City areas
show the locations of the producers in these areas in more
detail. The map was compiled based on information from
the U.S. Geologica Survey, the Nevada Bureau of Mines
and Geology, and the Nevada Division of Minerals. In
addition, some information came from the personal files of
the authors and from several individuals recognized in the
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acknowledgments. Producers who make materias for the
higher end of the aggregate market areincluded. These higher
end products primarily include concrete aggregate, asphalt
aggregate, and aggregate base. Deposits where the primary
product is used only for fill material are not included.

The aggregate deposits shown on figure 1 are those
which are currently or recently active. They aredividedinto
production amounts of less than 100,000 tons per year,
100,000 to 1,000,000 tons per year, and morethan 1 million
tons per year.

Many small operatorsin the state that produce lessthan
10,000 tons per year are not included in our summary. These
producersgenerally make aggregate base. In addition, there
aresourcesthat produce small amounts of concrete aggregate
for use in ready-mix concrete in some of the small
communitiesin Nevada.

Other sources include numerous pits utilized for rural
highway contracts put out by the Nevada Department of
Transportation (NDOT). These sources, which are used for
base aggregate and asphalt aggregate, mostly exploit local
sand and gravel deposits, and are generally located on public
lands administered by the U.S. Bureau of Land Management
(BLM) along major highways at intervals of every 10to 20
miles. Such pitstend to besmall and located in aluvial fans,
which are ubiquitous in the Great Basin geological
environment. They also tend to be intermittent and are
utilized every few years when there is a highway contract
in the area. Other rural sources include Pleistocene beach
sands, dry wash deposits, or recent river gravels.

Uses of Nevada Construction Aggregate
and the Impacts of
Aggregate Quality on Those Uses

The three major uses of construction aggregates are for
concrete, asphalt, and aggregate base. Because Nevada is
thefastest growing state, much of the construction aggregate
is going into highways and other infrastructures that are
necessary for the rapid growth. For such uses quality isan
important issuein determining the suitability of agiven rock
or sand and gravel deposit, and it is important that the
material meets the appropriate specifications. Much of the
material that isused in ordinary fill applicationsfor various
construction projects cannot meet such specifications and
will not be discussed further. Fill comesfrom “borrow” pits
in various materials that range from good to low quality. It
should also be noted that ordinary fill material is often
supplied by producers of high-quality aggregate from
overburden or less desirable areas of their properties.

Concrete Aggregate

The highest and most demanding use of construction
aggregate, from a quality perspective, isfor portland cement
concrete aggregate. The specifications for aggregate used in
concrete are more rigorous than for that used in other
applications. Durability, soundness, cleanliness, and the



absence of chemical reactivity are very important. Concrete
is used in the construction of many kinds of structures:
pavements for highways and streets; structural concrete in
buildings; foundations for almost all structures; and general
flatwork, including floors, driveways, and sidewalks. The
aggregate component of concrete is essentially filler that
comprisesabout 75% by volume of the freshly mixed concrete.

Sand and gravel is generally the aggregate of choice for
usein concrete by finishing and placement contractors because
its rounded particle shape lends to superior workability.
Natural sand is especially desired in concrete. Crushed rock
aggregatesare moreangular and often provide lessworkability
in fresh concrete mixes; in many cases, crushed rock makesit
harder to place, compact, finish, and pump concrete.
Nonetheless, most portland cement concrete produced in
southern Nevada contains crushed rock aggregate.

Aggregate quality impacts the properties of finished
concrete in many ways (e.g., strength, durability, freeze-
thaw resistance, and weight). Higher quality aggregates are
needed for most concrete applications, and the universally
accepted standard for concrete aggregates isASTM C33,
Standard Specification for Concrete Aggregates. This
specification spells out testing for abrasion, soundness and
deleterious constituents. In addition, the specification details
requirements for gradation requirements on the coarse and
fine aggregate fractions, which are factors controlled in the
processing plant. Processing of the aggregate prior tousein
the concreteisimportant to assurethe material isclean, free
of deleterious fine material, and of the right gradation to
assure a dense mix with minimal voids.

Asphalt Aggregate

Asphalt aggregate qualities are also important to assure that
the end product, asphalt, is strong and durable. Because
asphalt is a flexible pavement the aggregate used as the
filler (approximately 90% by volume) must be an angular
or crushed product to assure higher flexural strength by
particle interlock. Sand and gravel is rounded and not
suitable unless it is crushed, and there are specifications
for the percentage of fractured faces in asphalt aggregate.
Most of the asphalt aggregate used in the metropolitan
Reno-Sparks-Carson City area of northern Nevadaisfrom
rock quarries, but crushed sand and gravel is still used
extensively in southern and rural Nevada.

Most asphalt applications are for highways, roads,
driveways and parking lots. Therefore the specifications are
generally developed by state highway departments and/or
local government public works agencies. Aggregate
specifications are more stringent for federal highways with
heavy truck traffic than they arefor local streetsand parking
lots with relatively less intense traffic. The quality and
specifications for asphalt aggregate are similar to those for
concrete aggregate except gradations are different and asphalt
stripping characteristics (ability of the oil to adhere to the
aggregate) must be taken into account. Also, anideal asphalt
aggregate should havelow absorption to minimize the amount
of ail (binder) that will be required to make the asphalt mix.

Aggregate Base

Aggregate base (AB) is generally a 1-inch-minus graded
mixture of crushed aggregate that is used as a base or
foundation for most construction applications. AB is used
under all road pavements and most structures and actsasa
uniform, free draining, compacted base on which to place
the concrete or asphalt. Where soils are very fine grained
or clayey alarge amount of AB may have to be used to
stabilize construction sites sufficiently to support structures.

AB specifications are not nearly as stringent as those
for concrete or asphalt; neverthel ess, the material must have
certain characteristicsin gradation and durability. AB under
pavements must also be relatively clean so it can freely
drain. Excess clay fines are not desirable unless the AB
needs a binder that will set up when exposed to the
elements, for instance when it is used as aroad surface by
itself in arural environment. Many smaller pits and most
BLM pits in Nevada produce AB exclusively, especially
in the Las Vegas area.

Other Uses

Other uses of construction aggregatesthat requirerelatively
high quality material include drain rock, pipe bedding and
backfill, riprap, ballast, decorative rock, mortar sand, and
plaster sand. In overal production from thelarger operations,
these commoadities are of limited tonnage compared to the
three uses discussed above. However, some operations may
specializein one or more of these unique aggregate products.
For instance, two deposits in the Las Vegas area have
furnished the vast majority of the plaster sand (sometimes
referred to as stucco sand) intheloca market for many years,
and plaster is extensively utilized in the area. Another
exampleisthe clean, durable, and specifically sized material
needed for winter de-icing sand in northern Nevada.

Price Considerations

Because construction aggregate is alow-cost high-volume
commodity, proximity to themarket isvery important. There
areliterally thousands of aggregate sourcesinthe U.S. that
supply local markets. Very little aggregate needs to be
hauled long distances unless the geological environment
for quality aggregateislacking, or permitsare unobtainable.
In general, the further from the point of use an aggregate
source is, the lower the F.O.B. price. This lower selling
price at the more remote plants reflects the higher cost of
transportation in delivering the product to market and
remaining competitive. No matter how cheaply the material
can be mined or how good the quality, beyond a certain
distance from the market it cannot compete with material
from closer sources due to transportation costs.

The cost of construction aggregatefor all major usesin
Nevada ranges from $3.00 to $8.00/ton, F.O.B. the mine
site, depending on product. Concrete aggregate, including
concrete sand, generally commands the highest price.
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Concrete Aggregate in Las Vegas averages between $5.00
and $7.00/ton. Concrete Aggregatein the Reno areaaverages
between $7.00 and $8.00/ton. AB prices in the Reno area
are close to $5.00/ton, while in Las Vegas AB is less than
$4.00/ton. Pricesarelower in the L as Vegas area because of
the current abundance of aggregate sources and, in the case
of AB, because of the preponderance of localized producers
at construction sites as described in more detail below.

Transportation costs in Nevada vary based on the
accessibility of good transportation arteries and the size of
the load. Freeway travel is faster than surface streets and
therefore haul costs are cheaper per mile. Aggregate price
at the point of use includes delivery time based on hourly
rates for the haul trucks. Over the last two decades, load
sizes in Nevada have increased to the point that trains of
two to threetrailers can legally haul as much as 42 tonson
most major roads.

Geology of Nevada Aggregate Deposits

From a geologic perspective, the aggregate industry in
Nevada is not dominated by any one type of deposit. In
most of rural Nevada, sand and gravel is used, but in the
major popul ation centers, where demand is higher and land
use restrictions more stringent, both sand and gravel and
bedrock sources are used. The northern and southern parts
of the state are not only geologically different, but also
different from the perspective of the way that the aggregate
industry approaches business.

Las Vegas-Clark County Area

The metropolitan Las Vegas area, which also includes the
communitiesof North L asVegas, Henderson, and Boulder
City, is mostly in the Las Vegas basin, a major
intermountain basin near the southern end of the state. The
Las Vegas basin drains into the adjacent Colorado River
and is not part of the Basin and Range province. Except
for the nearby Colorado River and Virgin River valleys, it
isthe lowest terrain in the state, averaging approximately
2,000feet inelevation. Itisalso apart of the Mojave Desert
and sees temperatures of more than 110°F during the
summer months.

Sand and Gravel

The majority of the sand and gravel sources in the Las
Vegasareaarealluvid fan deposits. Prior tothelast decade,
all of the aggregates used in the area came from sand and
gravel sources in the extensive fans emanating from the
surrounding mountains. In these fans, carbonate rocks are
the dominant constituents to the west, north, and east, but
vol canic detritus predominates to the south and southeast.
Along the west side of the Las Vegas basin many of the
fans have been cemented by secondary caliche, thereby
strongly consolidating portionsof the gravelsand rendering
them difficult to mine and process. In addition, material in
somefansincludes abundant silt, which requires extensive
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processing and sometimes washing to clean the aggregate
so that it meetsthe more stringent specifications. Thefines
are generally eliminated by screening and wasting much
of the minus 3/8-inch pit run material. Some of the
aggregate operations in aluvial fans produce as much as
40% waste. Much of this fine material, however, can be
used as ordinary fill or as part of AB if there is a local
market (see discussion below).

An important aggregate marketing influence in Las
Vegas in recent years is the practice of AB production on
site at construction projects. Because much of the
construction is now outside the interior of the basin on
outlying aluvia fans, there is a considerable amount of
material that contains relatively durable, coarse gravel
mixed with sand and finesthat will, with proper processing,
make satisfactory AB at new construction sites. Producing
AB isnot difficult as specifications allow for higher fines
content as compared to concrete aggregate, therefore
washing may not berequired. Inthe preparation and grading
of the site, near surface gravels and even caliche can be
excavated, crushed and screened using portabl e plants, and
utilized asAB for on-site construction. Any unsuitable fines
or oversize can also be used as ordinary fill material onthe
construction sites. This saves considerable expense in
hauling AB from existing commercial aggregate pits. In
some instances, considerable amounts of gravels are
excavated, processed, and stockpiled for later use or for
sales to nearby construction sites. In addition, large flood
control basins have been excavated around the fringes of
the LasVegasbasin, and the excavated material isprocessed
into AB, stockpiled, and later sold offsite.

This production of AB from portable plants on
construction sites has had a profound impact on some local
aggregate producers, because AB used to be amajor part of
their production and sales. This preponderance of on-site
portable plants making AB is the reason AB prices are low
in the Las Vegas market. In addition, some of the principal
sand and gravel producers that used to utilize undesirable
finesintheir depositsin AB now havetowasteaconsiderably
larger amount of material. This costs money and space,
making operations|ess profitable and efficient, |eading some
producers to abandon sand and gravel operations for rock
quarriesthat produce 100% crushed material and fewer fines.

The cleanest sand and gravel sourcesin the Las Vegas
areaareat LoneMountain (fig. 2), wheretherearerelatively
young alluvial fan deposits. In general, the younger the sand
and gravel, the cleaner and more durableit is. Older deposits
tend to have more caliche, fines, and weathered clasts. The
younger gravels are naturally washed and have not sat
stagnant for thousands of years collecting fines during soil
formation and wind deposition.

The Meadow Valley Wash, about 35 miles northeast
of LasVegas, isamajor wash that drains many hundreds
of square miles to the north. Relatively clean, fine sands
occur locally along its course, and there is at least one
active aggregate operation that produces sand from this
wash just to the north of Moapa.



Quarried rock

Quarried rock sourcesin the Las Vegas area are increasing
in importance as aggregate producers, primarily for two
reasons. First, the gently sloping fan surfaces are being built
on, and the property is becoming more valuable for
development than for aggregate mining. Second, because
of the proliferation of portable plants making AB at many
construction sites, asdescribed in detail above, existing sand
and gravel sources in the older alluvial fans are unable to
sell AB competitively. Thisleadsto the generation of larger
amounts of waste at long-term sand and gravel operations.
Quarried rock sources produce less waste.

There are five major rock quarries in the Las Vegas
area that produce construction materials. None were
aggregate producers 20 years ago. Four of these sourcesare
in Paleozoic carbonates and oneisin Tertiary granite. One
of the carbonate sources, Frehner’s Sloan Quarry, was
previously a source of high-quality dolomite feed for
dolomitic lime production. Granite Construction’s Apex
aggregate source is operated in conjunction with Chemical
Limelnc.’shigh-calciumlimeplant at Apex. Granite accepts
pit-run waste from Chemical Lime and processes it into
aggregate. Las Vegas Paving's operation nearby is run in
conjunction with the largest solid-waste landfill in the Las
Vegas area. Here mining and processing of aggregate
provides landfill space for the solid waste generated by Las
Vegas, cover material for the landfill, and high-quality
aggregate suitable for concrete and asphalt. The Tertiary
graniteislocated at Railroad Pass, between Henderson and
Boulder City, and is mined by Rinker Materials.

Thereisasingle pumiceousrhyoalite deposit in production
inthe LasVegasarea. Itisapproximately 30 milesto the south
of the metropolitan area in Hidden Valley. The material is
glassy pumiceousrhyolitethat is part of aflow and tuff breccia
deposit that is associated with alocal silicic volcanic center.
It is mined by Southern Nevada Liteweight and used in the
manufacture of concrete masonry units. It also supplies most
of the stucco sand used in the Las Vegas area.

Reno-Sparks-Carson City Area

The Reno-Sparks-Carson City area occupies basinsin the
rain shadow of the Sierra Nevadain northwestern Nevada.
In addition to the cities of Reno, Sparks, and Carson City,
it includes outlying communities. The Truckee River runs
through Reno and Sparks; itssourceisthe Lake Tahoebasin
inthe SierraNevadaand it drainsinto Pyramid L ake about
30 miles to the northeast. The average elevation is over
4,000 feet.

Sand and Gravel

Prior to the 1980s, aggregate used in the Reno area came
from abundant sand and gravel in glacial outwash deposits.
The Truckee Meadows, in which Reno and Sparks are
located, isawidebasinfilled with athick sequenceof glacia
outwash originating from melting glaciers between 10,000
and 100,000 years ago. During glacial periods, the Truckee
River must have been considerably larger as evidenced by
outwash extent and the large size of some of the boulders.
Theold Truckee River depositsincluderel atively thick, near
surface, widespread, clean sandsand gravelswith occasional
large boulders from catastrophic floods. The sands and
gravels reflect the variety of rock types along the Truckee
River drainageand initsextensive SierraNevadawatershed,
and aremostly composed of granitic and volcanic rockswith

Figure 2. Lone
Mountain sand
and gravel.
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some metavolcanic rocks. They constitute good quality
aggregate material because they are relatively young and
have been well washed during emplacement. The only soft,
deleterious constituents are certain horizons containing soft
diatomite or friable volcanic clasts from nearby sources
upstream of the Truckee Meadows.

The mining of these sands and gravels in the Truckee
Meadows and along the Truckee River was largely phased
out dueto continued devel opment of the Truckee M eadows,
other conflicting land uses, and changing attitudes
concerning public impacts associated with aggregate
production in populated areas.

Today the only active sand and gravel operation along
the Truckee River is near Wadsworth on the Pyramid Lake
Indian Reservation about 30 miles east of Sparks. This
source, which has been exploited continuously for over 30
years, is now operated by RMC Nevada. These sands and
gravelsweredeposited asthelevel of Lake Lahontan receded
and the river cut into the soft lake sediments resulting in
gravels both overlying and underlying fine silty sediments
asthe lake level fluctuated.

Alluvia fansinthe Reno-Sparks-Carson City areahave
been utilized for construction materialsbut usually only for
AB or occasional asphalt aggregate. The quality of the
alluvia fansreflectsthe abundance of volcanic rocksin the
area, which generally tend to belower quality for aggregate
usage. Quality depends on age, composition of parent rock,
and degree of weathering. The older alluvial fans tend to
contain some weathered particles, abundant finesincluding
clays, and cemented horizons.

Relatively young aluvial fans emanating solely from
rapidly eroding competent parent rock are more likely to
contain materials that are suitable for the higher end uses
such as concrete. For instance, the most recent landslide
deposits at the base of Slide Mountain in Washoe Valley,
between Reno and Carson City, contain material suitablefor
usein concrete. Thisistheresult of granitic material, part of
acatastrophic slide, mixing withwater asit cascaded violently
down a creek, washing the deleterious material away and
leaving the more competent rock. In addition, north of Reno
aspart of Martin MariettaMaterials' Spanish Springs quarry,
sands eroding from the diorite bedrock being mined are
suitablefor concrete sand. These have been deposited at the
mouth of a canyon as part of an aluvial fan.

An extensive paleo sand bar has been mined in asmall
basin in Lemmon Valley to the north of Reno for about 40
years (fig. 3). The material is used as concrete aggregate
and aswinter road sand in the Reno area. The adjacent rock
isweathered granite (DG), which isunsuitable for concrete
sand but, when subj ected to the extensive, long-term washing
action in abeach environment, was cleaned by having softer
and finer material degraded and washed away. Theresulting
clean sand needs no washing, only screening, to make
concrete aggregate.
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Quarried Rock

Today aggregate production in the Reno areais dominated
by quarried aggregate, primarily from plutonicigneousrocks
including diorite and granodiorite, and volcanic rocks
including basalt, andesite, and rhyolite. These sources
produce durable rock suitablefor both concrete and asphalt
aggregate. However, the majority of igneous rocks in the
Reno-Sparks-Carson City area are not suitable for higher
quality aggregate because of composition and weathering.

Martin Marietta Materials mines a highly fractured
diorite, which can be excavated without blasting, north of
Reno in Spanish Springs Valley. Thismaterial isconsidered
to be one of the highest quality concrete aggregatesin the
area (fig. 4). Granite Construction has two rock quarries,
in granodiorite, aso in Spanish Springs Valley, and in
Tertiary andesite near Lockwood, afew mileseast of Reno
in the Truckee River canyon.

Much of the abundant granitic rock in the Reno area
is deeply weathered. Some of this decomposed granite
(locally called DG) is used as low quality construction
material, generally for fill, landscaping sand, and unpaved
road surfacing. It is not suitable for concrete aggregate.
These deeply westhered granitic rocks, which are abundant
throughout the Sierra Nevada, can be mined as sand

Figure 3. Lemmon Valley, paleo sand bar.

. o 3 3
Figure 4. Martin Marietta Spanish Springs diorite
quarry.



sources because they easily fall apart along grain
boundaries. This Tertiary weathering may extend for
thousands of feet vertically, asis evidenced by the extent
of decomposed granitic rock in the Sierra Nevada to the
west of the Reno area.

Two late Tertiary rhyolite domesare used aslightweight
aggregate sources in the Reno area. The youngest, near
Dayton, is a very lightweight, glassy, pumiceous rhyolite
that isbeing mined by Basalite and used in concrete masonry
units manufactured at a block plant in Carson City (fig. 5).
Rilite Aggregate’s deposit, in south Reno, is glassy rhyolite
that is mined for use in semi-lightweight concrete and for
mortar sand. Most of the high-rise concretein the Reno area
is made with Rilite Aggregate’s material. These materials
do not generally compete with the normal-weight concrete
aggregatesin the Reno area, but do meet most specifications
for lightweight aggregate. RMC's deposit in Storey County
afew mileseast of Sparksisasoinadomebutitisdevitrified
rhyolitethat containslittle or no glass. Itisoccasionally used
in semi-lightweight applications.

A black to red cinder cone just north of Carson City is
mined by Cinderlite for decorative stone, base rock, and
occasionally block aggregate (architectural) in the Carson
City-Reno area.

Figure 5. Basalite’s Rhyolite Dome near Dayton.

Rural Nevada

In rural Nevadathe vast majority of construction materials
come from sand and gravel sources, primarily aluvial fans
(fig. 6) but also more recent deposits along rivers, dry
washes, and beach terraces. As previously discussed, the
quality of aggregate from sand and gravel deposits depends
on age and parent rock. The more recent sand and gravels
associated with alluvia fans are often in incised drainages
on the fan surfaces, where the materials are less indurated,
cleaner, and less weathered than in the dissected fan.
Besidesthe Truckee River, the other river sand and gravel
production in Nevada is associated with deposits along the
Humboldt River, which originatesin the extreme northeastern
part of the state and flows west, emptying into the Carson
Sink 60 miles east of Reno. Here the sands and gravels have
been transported considerable distance along the river’'s
course, being abraded and washed. The most recent deposits
along the upper river basin tend to be clean, shallow deposits,
composed primarily of sands, and contain detritusthat ranges
from Paleozoic carbonate to recent volcanic rocks.
Oneusually doesn’t think of beach depositsin Nevada,
but some beaches and gravel bars formed in Pleistocene
|akes contain excellent sources of aggregate. The aggregate
deposits were created by the washing action of waves on
long-vanished beachesin lakesthat weretrapped in enclosed
basinsin the structurally active Great Basin. These enclosed
basins coal esced into huge lakes at times of wetter climates
when glaciers dominated the mountains. The highest water
levels in the most recent wet episode were reached about
10,000 years ago. Where currents and topography were
favorable, gravel bars and spits consisting of locally thick
deposits of sand and gravel were formed. Depending on
their location in the dynamic beach environment, the
depositsrange from those predominantly composed of sand
to coarse gravel deposits that are devoid of sand. At one
time the Pleistocene lakes, including Lake Lahontan,
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covered alarge part of northwestern Nevada, and there are
several areas with commercial deposits. In addition to the
Lemmon Valley deposit near Reno noted above, beach
deposits have been mined in the Hawthorne, Lovelock,
Fallon, Fernley, and Ely areas.

There are several volcanic cinder deposits in Nevada.
Two are used as sources of construction material: the
abovementioned Cinderlite deposit near Carson City, and a
deposit near Lathrop Wells in Nye County. The Lathrop
WEells operationisin ablack to red cinder deposit, part of a
well-preserved Pleistocene cinder cone. The cinder, mined
by Cind-R-Lite, is used in the manufacture of concrete
masonry unitsin the Las Vegas area.

Permitting Issues in Nevada

The mining industry isimportant in Nevada, and statewide
regulatory agencies control some aspects of mining.
However, construction aggregate mining is generally not
overseen by state agencies. For example, although thereis
astate mining reclamation plan requirement that is managed
by the Nevada Department of Environmental Protection
(NDEP), it does not apply to construction aggregate
operations. It isalsointeresting to note that the construction
aggregate industry is taxed differently than the rest of the
mining industry in the state. Most mines are taxed through
aNet Proceeds of Minestax; the aggregate industry pays a
simple salestax.

Permitting in Nevada depends on the location of the
potential aggregate deposit. There are no overall state
permitting requirements for aggregate operations; each
county government sets its own requirements through the
Special Use Permit process. Special Use Permit
requirementsvary depending on the popul ation of the county
and sophistication of the county government.

On federal lands the permitting process for aggregates
issimilar no matter wherethelocation. Aggregates and other
construction materials fall under the Material Sale
regulations, where a successful bidder paysthe government
so much per yard of materials produced. For smaller
operationsthereisaprovision for non-competitive salesand
for local or state government uses there are free use
designated pits. Thereis also atype of operation designated
as“community pit” mining where anyone can obtain small
amounts of material for a price set by the federal agency
(generally the BLM). Because Nevadais 87% federal land,
therearealot of aggregate pitsand quarrieson federal lands,
the vast majority of which are administered by the BLM.
The BLM district encompassing the Las Vegas area sells
more construction aggregate than any other BLM district in
the country. On federal lands, permitting requires compliance
with the National Environmental Protection Act (NEPA).

Asin most areas of the U.S., permitting of aggregate
operationsis becoming more complex, resulting in additional
expense, time delays, and sometimes denial of permits.
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Future Outlook for Construction
Materials in Nevada

There is no shortage of adequate construction aggregatein
Nevada, nor will there be for the foreseeable future. Asin
much of the rest of the country, aggregate shortages are the
result of external influences rather than geologic
inadequacies. Conflicting land uses, environmental
constraints, and perceived negative public opinion, including
the NIMBY (“not in my backyard”) attitude, combine to
limit the availability of suitable sources of construction
aggregate. I nevitably, sand and gravel pitsand crushed stone
guarries are being pushed farther from urban and popul ated
areasresulting inincreased transportation costs. Encroaching
development isillustrated at an aggregate operation in the
LasVegasareain figure 7.

Because of the preponderance of BLM-managed land
in Nevada, the majority of the highways and therefore most
of NDOT’s pits are on public land. This is unique in
comparison to most states in this country, where the vast
majority of property is privately owned. In Nevada, federal
lands suitable for use as aggregate raw materials along
highways have historically been availablefor useby NDOT.
However, many of these potential material sites were
identified long before more onerous environmental
considerations prevailed.

Permitting is becoming more complicated and time
consuming, but acontinuous supply of aggregates and other
construction materials is vital to the continued growth of
our fast-growing state.
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Borates in Western North America

Steven B. Carpenter and John T. Reynolds, Rio Tinto Exploration

Abstract

In North America, economic deposits of borates are found
only inthewestern quarter of the continent. All of the current
borate mineral productionisfrom California. The exploration,
mining, and transportation of borates have figured
prominently in the history and economic growth of California.
Economic deposits of borate mineralsin North America
are from two geologic environments: Quaternary to
Pleistocene salt-encrusted, saline brine-rich, dry lakes; and
Tertiary bedded deposits. The origins of these two types of
borate deposits are quite different. The most valuable source
of boratesis in Tertiary bedded deposits, mined since the
turn of the 20th century and today represented by the sodium
borate (borax and kernite) deposit at Boron and calcium
borate (colemanite and ulexite/probertite) depositsin Death
Valley. Other important colemanite depositsinclude the Old
Borate and Fort Cady minesin the central Mojave Desert.

Borate Minerals

Boron occurs in nature almost exclusively in oxide form,
which ishighly soluble in water. Borate minerals that form
at the earth’s surface are typically hydrates derived by
evaporation. The important borate ore minerals are all
hydrated borate compounds of sodium or calcium, the most
common elements found in evaporite beds (table 1).

Geology of Borate Terrain

Because borate minerals are so soluble in the hydrosphere,
their elemental components are typically washed to the sea
during erosion. Themain processthat allows boratesto form
at the Earth’s surface is evaporative concentration, and the
prime environment for this processisin closed lake basins.
The tectonically active western portion of North America
hosts the most prospective terrain for borate formation on
this continent, because its Tertiary history produced both
trapping mechanisms (closed basins) and potential source
fluids (hydrothermal activity). Subduction zones are
believed to produce ideal conditions for this combination
by providing subducted sediments with oceanic salinity,
back-arc volcanism, active geothermal systems, faulted
basins with internal drainage, and rain-shadow desert
climates. Together these provide boron-rich fluids to asite
where they can be concentrated and preserved.

Once concentrated, borate beds must be sealed from
significant groundwater interaction, lest they be leached.
Relatively undisturbed Tertiary lacustrine stratadominated
by clays are therefore the principal hosts for bedded
deposits. Most older lacustrine sequences have been
subjected to tectonic and diagenetic activity that have
removed the soluble borates.

Present-day borate concentrations derive from springs
or surface waters that flow into young closed depressions,

Table 1. Current and historical borate deposits in western North America

Deposit(s) Grade Maximum Production Reserves Recovered Age References
(%B,0,) thickness (ktons) (ktons) Minerals (Ma)
Borax Lake, CA =12 0.1m 2 small borax 0-1 Garrett, 1998
Playas, CA variable <0.3m 6 small ulexite, <3
borax
Playas, NV variable <0.3m 12 small ulexite, <5 Papke, 1976
borax
Death Valley, CA 11-31 50 m 5,500 18,000 colemanite 1-5 Evans and
(early) Lila C., Ryan others, 1976
Old Borate, CA 15-20 4.6 m 1,000 mined out  colemanite 18-20
Muddy Mtns., NV 20-26 10m 220 3,500 colemanite 13-14  Castor, 1993
Death Valley, CA 22 80m 8,000 11,000 colemanite 5 Evans and
(recent) Billie, Boraxo others, 1976
Searles Lake, CA 1.0-1.2 15m 9,000 40,000 borax .03- Garrett, 1998
(brine) .15
Fort Cady, CA 6.4 30m 50 147,000 colemanite 19-23 Hartman,1996
Boron, CA 25 100 m 50,000 125,000 borax, 19 Siefke, 1985
kernite
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yielding playa deposits which can be brine-filled sands,
muds, carbonates, or saline crusts. If thereis enough boron
present these brines or crusts can become an economic
source of boron. Borate crystals growing at or below the
lake bottom interface may also concentrate to form beds of
economic borate deposits.

Host Rock Stratigraphy

Inthe M ojave Desert, bedded borate depositsoccur in Tertiary
strata that contain lacustrine sequences typically of
sandstones, siltstones, claystones, interbedded tuffs, and
minor carbonates. These include the Tropico group, the
Barstow Formation and the Hector Formation, all of early to
middle Miocene age. In most cases, these Tertiary
sedimentary sequences rest directly upon granitic or
metamorphic basement. The Tropico and Hector Formations,
which may be nearly contemporaneous, are underlain by thick
tuffaceous sections. Near Boron, basaltic volcanicsliewithin
the sectionimmediately below the ore horizonin the Tropico
Formation. Fanglomerates, which lie both above and below
the lakebeds at Boron, demonstrate the tectonic activity of
basin devel opment through the period of sedimentation. The
Barstow Formation is somewhat younger, and perhaps bears
only signs of waning volcanic activity in the region.

In the Death Valley region, basins include a similar
range of continental sediments and the principal borate
deposits. A trend of deposits in small lacustrine basins
follows the Furnace Creek fault zone southeastward from
Death Valley. These deposits occur in the Furnace Creek
Formation of late Miocene to early Pliocene age.
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Figure 1. Borate deposits of western North America.
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Death Valley (Boraxo/Billie) ]

Brief History of Borate Production
Borax Lake Period

Thefirst commercia borate deposit operated in the United
States was at Borax Lake, about 80 miles northeast of San
Francisco (fig. 1). Borax Lake was discovered by Dr. John
Veatch about 1856 and by 1864 he had acquired land,
organized the CaliforniaBorax Co., and started production.

The borax crystals that grew in the lake-bottom clays
were recovered by dropping a cofferdam from a raft onto
the lake bottom. The lake mud and borax crystals were
removed with clam-shell buckets, loaded on boats and taken
to shore. They were then washed, drained, and dissolved in
hot water beforebeing allowed to recrystallizein small lead-
lined tanks. From 1864 to 1868 this deposit supplied almost
all of the country’s borate needs; which at that time was
about 500 tons per year (table 1).

Playa Period

As the demand and prices for borates began to rise, more
entrepreneurs and prospectors were ready to cash in on the
easily and relatively cheaply produced borax. Dry |akebeds,
“playas’ or “marshes’ becamethe next sourcefor supplying
the growing demand for borate minerals. Western Nevada
and eastern California became the site of feverish activity
as claim staking and erecting of borax plants took place in
the 1870s to 1880s.

Remote playas like Teel’s Marsh, Fish Lake Marsh,
Columbus Marsh, Rhodes Marsh and Salt Wells (fig. 1) in
western Nevada became the focal point of the American
borax industry. These lakebed crusts did not produce for a
long period beforetwo similar Californiadeposits, Harmony
Borax Works in Death Valley and the operations at Searles
Lake, took over as dominant producers in the rapidly
growing borate industry (seefig. 2).

Most of the playa producers used asimilar method for
producing the final borax product. Usually the playas
contained ulexiteat, or just below, the surface. Someplayas
had a mixture of borax and ulexite, but the ulexite was the
predominant mineral speciesbeing mined. The ulexite was
typically dug and raked into windrowswhereit wasallowed
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Figure 2. Timeline of North America borate mining.



to drain and dry out (fig. 3). The ore was then carted to the
nearby plant where it was dissolved in hot water with some
added sodium carbonate to form aborax solution. The solution
was decanted into metal tanks with iron rods or plates
suspended in them. As the solution cooled the borax
crystallized on the rods, plates or the sides of the tanks. The
borax crystals were removed and bagged for shipment. The
mineral concentrate wastransported to the nearest railhead by
wagon or specially designed “ Twenty Mule Team®” wagons.

Colemanite Period

Just before the turn of the century, demand for borates was
rapidly increasing and prices were falling. A newer, richer
source of borateswas needed, and the next period of borate
mining, utilization of the colemanite deposits, began.
Although some colemanite deposits had already been
discovered in Death Valley severa years before, the ones
closest to the cheaper transportation provided by the
railroads were to be mined first.

The Old Borate deposit in the Calico Mountains near
Barstow (fig. 4, table 1) wasthefirst and largest to be mined
in that area. Colemanite ore was transported to a nearby
plant where the ore was calcined to produce a colemanite
concentrate. Thiswas then shipped to refineries on both the

Figure 3. Harvesting of ulexite for processing into borax
circa 1885, Harmony Borax Works, Death Valley,
California.

Figure 4. High Point Shaft 1902, Old Borate, Calico
Mountains, California.

east and west coaststo produce borax. Borate-bearing shales
were also mined by several small companies around this
time in the Calico area. The shales, which contain <10%
B,O,, were leached in vats with sulfuric acid to produce
boric acid. But these operations|asted only afew yearsuntil
the richer Death Valley colemanite deposits were brought
into production.

At about the same time (fig. 2) as the mining at Old
Borate, colemanite was discovered in the Frazier Mountain
areaof northeastern Ventura County, California(fig. 1). The
Frazier and Columbus mines operated there until 1907. The
nearby Russell Mine produced ore from 1911 to 1913. All
three mines are hosted in the Miocene Plush Ranch
Formation. The borates occur in arelatively thin section of
lacustrine rocks between two basalt flows.

When railroad accessinto the Death Valley region was
established, theLilaC. Mine (fig. 2) was devel oped around
1907. This high-grade colemanite deposit put most of the
remaining playa and borate-bearing shale mines out of
business. As the Lila C. began to run out of ore a narrow
gauge railroad was built to access the Ryan areamines (fig.
5). Thisincluded the Widow, Oakley, Grand View, Biddy,
and Played Out Mines.

The success of the Death Valley deposits spurred
prospecting for other deposits. Near the town of Shoshone,
just southeast of Death Valley, a man prospecting for clay
discovered colemanite at what would become the Gerstley
Mine. Production began in 1924 and continued until 1936.
Small tonnages for specialty uses were mined until just
recently.

The Anniversary Mine in Lovell Wash, Nevada, north
of what isnow Lake Mead (fig. 1), was discovered in 1921.
Hosted inthe Miocene Horse Spring Formation, acolemanite
bed occursin asection of limestones, marls, cal careous shales,
and tuff with some gypsum. Nearby, the White Basin deposit
was discovered about the same timein a similar but thinner
limestone, marl and gypsum section of the Horse Spring
Formation. Both mines operated until the mid-1920s when
the sodium borates at Boron were placed into production.

Figure 5. Mining town of Ryan, 1925, Greenwater
Range, Death Valley, California.
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Borax Period

The last and current period of borate history started by
accident. In 1913 ahomesteader drilled awater well and in
the bottom of the holefound colemanite. Exploration drilling
wasinitiated intheareaand in 1925 resulted in the discovery
of thefirst bedded sodium borates (fig. 6). Borax and kernite
were mined underground from 1927 until 1957 (fig. 7), when
the current open pit was started and mining began to phase
out in the underground operation. U.S. Borax presently
mines both borax and kernite by truck and shovel methods
and processes them in an adjacent sodium borate refinery
and boric acid plant (fig. 8).

Currently Operating Mines
Searles Lake

Searles Lake borate production of today is, in a sense, a
holdover from the playaperiod. However, today the borates
are recovered by IMC from brine in two salt bodies, the
upper and lower salt, that lie deep beneath the playasurface
(fig. 9). The borax that is produced here is a by-product of

Figure 7. Pacific Coast Borax, Baker underground mine
and plant 1938, Boron, California.
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trona (sodium carbonate/sodium bicarbonate) extraction
from brine pumped from aseries of wellsand treated in two
adjacent refineries.

The upper salt averages 50 feet thick and has a brine
content that averages 1.0% B,O,. The lower salt averages
40 feet thick with a brine content averaging 1.2% B,O,. A
consistent brine content is maintained with natural recharge
and dilute effluent from the refinery used to dissolve more
salts. Brines from the upper and lower salt zones, which
contain dlightly different compositions, are pumped, and
treated in the plants, separately.

Fort Cady

In the late 1950s and early 1960s a surge of borate
exploration activity by severa oil and gas and mineral
companies as well as the U.S. Geological Survey, was
prompted by U.S. government research into the use of
borates to produce borane rocket fuel. Speculation about
theincreased demand for borate, to feed aburgeoning rocket
and ballistic missile program, led to gravity surveys and
drilling programs in several basinsin the Mojave Desert.

Figure 8. Present day processing plant at Boron with
boric acid plant in foreground.

Thickness Generalized Lithology
(meters)
7-9 Recent salt (mainly halite) and muds
Upper salt (trona, borax, halite, hanksite)
9-27
4 Parting muds (minor pirssonite, gaylussite, searlesite)
7-9 Lower salt (trona, borax, halite, burkeite)

+15 Bottom muds

Figure 9. Searles Lake stratigraphy.



One of these areas explored wasthe Hector Basin, about
30 mileseast of Barstow (fig. 2). AMAX conducted agravity
survey to identify possible sedimentary basins and a
consulting firm, Congden and Carey, drilled three holeson
three different gravity lows within the basin. Colemanite
was found in lacustrine strata within one of these lows, at
depths up to 1,700 feet (fig. 10). Exploration by Duval in
the 1970s and 1980s delineated alarge, (147 million tons)
low-grade, (6.4% B,O,) colemanite orebody (table 1).
Because the deposit is deep and low grade, solution mining
was found to be the only economical method to recover the
borate values. A pilot operation operates there by injecting
hydrochloric acid into wells completed in the colemanite
horizon. The solution was allowed to react and then pumped
to the surface where lime is added to produce a synthetic
colemanite. Production has been only a few hundred tons
per month and as of early 2003 the operation was shut down
and up for sale.

Billie Mine

An extension of the colemanite period of borate mining is
represented by the Billie Mine which is operated by the
American Borate Company adjacent to Death Valley
National Park (fig. 1). The 18 borate deposits in the Death
Valley region all occur inthelower Furnace Creek formation.
The borate horizons lie within a sequence of mudstones,
limestones conglomerates, tuffs, and basalts (fig. 11).

Up until the discovery of sodium borates at Boron,
the Death Valley mines were the heart of the world borate
industry. Most of them weremoth-balled in 1927 with only
minor production after that for specialty uses. In 1970 the
predecessors of American Borate began mining the nearby
Boraxo deposit by open pit methods. At the same time
exploration was carried out on what would become the
Billie Mine.

Thickness Generalized Lithology
(meters)
5-50 Quaternary alluvium
2-20 Pisgah basalt
20-30 Older alluvium
50 Sandstones, with silt and clay, tuffaceous
S
c
2
165 Siltstones, claystones, tuffs g
S
('R
s
= 8
100 :;i Claystones and siltstones with colemanite, | T
= celestine, and anhydrite
>100 Volcanic agglomerate and andesitic flows
Figure 10. Fort Cady stratigraphy.

The Billie deposit is almost 4,000 feet long and 2,300
feet wide. It dips 20-30° southeast from outcrop to a depth
of 1,300 feet. Reserves at the Billie orebody consist of 11
million tons of colemanite (table 1) and 5 million tons of
ulexite/probertite averaging around 22% B,O,. Colemanite
only is currently mined and trucked to the mill at nearby
Stateline, Nevadafor upgrading and then shipped mainly to
the Far East for use in textile fiberglass production.

Boron

TheBoron (or Kramer) depositislocated in the northwestern
Mojave Desert (fig. 1) near theedge of alarge Tertiary basin.
Jurassic and Cretaceous granitics and metamorphics make
up the basement. These are overlain by the Tropico
Formation, an Early Miocene sequence of continental
sediments; primarily arkosic sands and silts derived from
the earlier granites, with volcanics and minor limestone. In
the mine area the borates are underlain by a series of basalt
flows and overlain by continental arkosic sands and coarse
fanglomerate all in the Upper Tropico Formation (fig. 12).

The borate ore deposit consists of alenticular body of
borax, kerniteand interbedded claysdipping about 10° south.
It isabout 1 mile long by 0.5 mile wide and up to 330 feet
thick. Surrounding the central borax and kernite coreis an
envelope of ulexite, clay and minor colemanite. The deposit
is postulated to have formed in a shallow, permanent lake
fed by boron- and sodium-rich thermal springs that
accompanied late-stages of vol canic activity associated with
theunderlying basalt. Shallow-water deposition isindicated
by ripple marksin several tuff and tuffaceous clay bedsthat
are interbedded with the borax.

Faulting, contemporaneous with deposition of the
borates, controlled the original lake basin, especially onits
southern margin. Continued fault movement tilted and
dropped the lake sediments, which were then buried under
asmuch as 2,700 feet of late Miocene and Pliocene arkosic

Thickness
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Generalized Lithology

Claystone
Ulexite and colemanite

Claystone with limestone

Tuff and agglomerate

Claystone with minor limestone
Colemanite and ulexite/probertite
Claystone

61
21 Basalt
116

Lower Furnace Creek Formation

49 Basalt

37 Conglomerate

Artist Drive

Tuffs and pyroclastics )
Formation

Figure 11. Death Valley stratigraphy.
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sediments. The kernite in the deposit was formed at this
time when the more deeply buried portions of the borax
were metamorphosed. Plio-Pleistocene uplift raised the
deposit, removed some of it by erosion and alowed the outer
portions of the kernite facies to rehydrate to borax.
Pleistocene and Recent sands and gravels as thick as 100
feet then covered the deposit.

Thickness Generalized Lithology
(meters)
15 Quaternary alluvium
Arkosic sandstone, fanglomerate
Silty arkosic sandstone and claystone
61
Arkosic sandstone with tuffaceous clays
Claystone with calcareous nodules and colemanite
34 Claystone with ulexite 5
2
£
hd
Borax with claystone interbeds 8
g
70 =
o]
Q.
Borax and kernite s
Claystone with ulexite
21 Claystone
50 Basalt

Figure 12. Boron stratigraphy.
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Industrial Minerals and Rocks in Nevada

Stephen B. Castor
Nevada Bureau of Mines and Geology

Abstract

The value of Nevada's industrial minerals has ranged
between 10 and 15% of the state’s total mineral production
over the past decade. In order of estimated value, the state’s
industrial commodities are construction aggregate, lime,
diatomite, cement, gypsum, barite, lithium, clay, magnesia,
silica, dolomite, calcium carbonate, perlite, dimension stone,
salt, zeolite, kalinite (potassium aluminum sulfate), and
gemstones. Dumortierite, garnet, vermiculite, and
wollastonite deposits have been evaluated in recent years,
but are not currently mined. Nevada borate, fluorspar, and
talc deposits were mined in the past.

Estimated yearly valuesfor construction aggregate rose
from $110 million to $160 million over the past decade.
Sand and gravel accountsfor about 80% of thisvalue. Lime,
mainly used in gold ore processing, comesfrom two primary
plants, onein northeastern Nevadaand one near Las Vegas.
Both process Devonian carbonate. Diatomite, mainly
marketed as filtration products, is mined from several
Tertiary lacustrine deposits, mainly in northwestern Nevada.

Cement is mainly produced at a plant in northwestern
Nevada. Gypsum is mined from Permian to Miocene
deposits at two sitesin northwestern Nevada and three sites
near Las Vegas. Barite, once Nevada's most valuable
industrial mineral commaodity, came from 34 mines in the
early 1980s. It is now mined from only five bedded
Ordovician and Devonian deposits. Lithium is extracted
from brine on a western Nevada playa, which is currently
the only domestic source.

Five companies mine clay from more than ten Tertiary
depositsin Nevada, including the only commercial sepiolite
and saponite deposits in the United States. Two other
companies have been developing clay deposits in Nevada.
Light-burned magnesia is manufactured from magnesite
mined in central Nevada. Silica comes from two Nevada
deposits, with thelargest production from friable Cretaceous
sandstone in southern Nevada.

Introduction

In 2002, there were 41 active industrial mineral mines in
Nevada (fig. 1, table 1). Estimated annual values for
Nevada's industrial minerals increased from $285 million
to more than $420 million over the past decade; however,
industrial minerals have only accounted for 10 to 15% of
the state’s total mineral production during this period (fig.
2). Unlikein many other states, industrial mineral production
value is relatively minor when compared with the value of
metal mining in Nevada, which has been dominated by gold
production since the 1980s. A preliminary estimate of
industrial mineral valuefor 2002 is$425 million, compared

with the value of al non-energy minerals at about $3.2
billion. In the late 1970s and early 1980s, the value of
Nevada sindustrial mineral production was nearly equal to
that of metal production (fig. 2), dueto relatively low metal
production combined with a boom in barite mining.
Nevada currently produces 17 industrial mineral
commodities. Inorder of estimated value, the most important
are construction aggregate, lime, diatomite, cement, gypsum,
barite, lithium, clay, magnesia, and silica, each valued at
more than $10 million annually. Commodities with values
of less than $10 million are dolomite, calcium carbonate,
perlite, dimension stone, salt, zeolite, kalinite (potassium
aluminum sulfate), and gemstones. Borate, perlite, and
zeolite processed in Nevada but mined elsewhere are not
included in the estimate of total industrial mineral value.
Dumortierite, garnet, vermiculite, and wollastonite deposits
in Nevada have been evaluated in recent years, but are not
currently productive. Borate, fluorspar, and talc deposits
have been productive in the past. A new map of Nevada's
active and inactive industrial minerals deposits (Papke and
Castor, 2003) is now available from the Nevada Bureau of
Mines and Geology (NBMG). Data used for the above
estimates, and data reported for individual commodities
bel ow, were obtained from the NevadaDivision of Minerals,
the U.S. Bureau of Land Management, or directly from
companies that produced the industrial minerals.

Aggregate
(Sand, Gravel, and Crushed Stone)

Intermsof total value, construction aggregateisNevada's
most important mined industrial material. | estimate
production of 35 million tons in 2002, with a value of
$158 million.

Figure 3 shows the growth of construction aggregate
production in Nevada since 1952. Data on aggregate
production prior to 1978 are sparse, but show consistent
growth; datasince 1978 are more accurate, and the decrease
between 1978 and 1985 may be areflection of data quality,
rather than an actual downturn in production.

Production from sand and gravel deposits accounts for
about 80% of aggregate production statewide, with crushed
stone and lightwei ght aggregate making up the balance. By
comparison with Nevada's production, in 2002 the U.S.
produced about 1.24 hillion tons of construction sand and
gravel and about 1.75 billion tons of crushed stone (U.S.
Geological Survey Mineral Commodity Statistics and
Information website). Some of the crushed stone in U.S.
Geological Survey statistics is used in the manufacture of
commodities such as cement and lime; such material is not
included in our aggregate figures.
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Most of Nevada's construction aggregate is produced
and consumed in the Las Vegas area, the fastest growing
metropolitan area in the nation (Brian and others, this
volume). In 2002 production here was estimated at about
26 million tons. Continued growth in the Las Vegas area
will likely maintain demand, and a planned new airport and
associ ated urbanization south of LasVegas constitute major
future markets. Four companies in the Las Vegas area
produced more than a million tons of aggregate in 2002:
Las Vegas Paving Corp.; Rinker Materias; Nevada Ready
Mix Corp.; and Frehner Construction. Other important
producers were Wells Cargo Inc., CTC Crushing LLC,
Hollywood Gravel Co., and Diamond Construction.

Sand and gravel minesin Las Vegas account for more
than 80% of the construction aggregate production; however,
the percentage of crushed stone in the market isincreasing.
Themost important source of sand and gravel aggregate for
LasVegasisthe Lone Mountain areanorthwest of LasVegas,
with production of about 5 million tonsin 2002. Significant
production also comes from sand and gravel pitsin aluvial
material in the southwest part of Las Vegas (e.g., fig. 4),
and from crushed stone operations south, southeast, and
northeast of Las Vegas. Community pits administered by
the U.S. Bureau of Land Management and operated by
several companies provide about 2.5 million tons of sand

4,000

3,000 /v
2,000 //

1,000 /
0

1970 1980 1990 2000

Metals

Millions of Dollars

Figure 2. Value of metals and industrial minerals mined
in Nevada between 1968 and 2002. Values are from U.S.
Bureau of Mines data (1968 through 1987); from U.S.
Bureau of Mines, Nevada Division of Minerals, and
NBMG data (1988 through 1993); and from Nevada
Division of Minerals and NBMG data (1994 through 2002).
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Figure 3. Construction aggregate production in Nevada,
1952 through 2002.
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and gravel. Sincethemid 1990s, portable crushers operating
in aluvial fan material at construction sites have become
increasingly important producers of base aggregate; recent
estimates by industry personnel put such production at as
much as 30% of the total aggregate production for LasVegas.
Lightweight aggregate has also becomeimportant inthe Las
Vegasmarket, and includesmaterial from south of LasVegas
and as far away as Beatty in Nye County.

Production of construction aggregate in the Reno-
Sparks-Carson City area is about 6 million tons. Crushed
rock accounts for about 60% of the aggregate used in the
area. Two companies produce more than a million tons of
aggregate; Granite Construction Co. and Martin Marietta
MaterialsInc. RMC Industries recently entered the market,
acquiring alightweight aggregate quarry (fig. 5) and asand
and gravel pit. Frehner Construction, Rilite Aggregate, and
A & K Earthmovers, Inc., are al'so important producers.

Relatively small amounts of aggregate are produced
outside of the two major metropolitan areas. Operators in
Nye County together produce an estimated 500,000 tons of
aggregate annually. Churchill, Elko, Lander, Lyon, and
White Pine County each produce more than 200,000 tons
of aggregate; while Douglas, Eureka, Lincoln, Mineral, and
Pershing Counties are thought to produce less than 150,000
tons of aggregate each.

Figure 4. Las Vegas Paving’s Blue Diamond sand and
gravel pit and plant in southwestern Las Vegas.

D

Figure 5. The All-Lite lightweight aggregate operation
of RMC at Washington Hill, Storey County.



Barite

Nevadaproducesalmost all of the barite mined inthe United
States. Nevada barite production in 2002 was estimated at
377,000 tons, only about 15% of the highin 1981, but about
twice the 1987 production low (fig. 6). At present, four
companies mine barite in Nevada; by contrast, in the early
1980s there were more than 25 Nevada producers. Foreign
competition and relatively little domestic oil drilling arethe
main factorsthat havelimited Nevadabarite miningin recent
years. According to the U.S. Geological Survey, the country
imported about 1.4 million tons of baritein 2002, most of it
from China. About 95% of the barite sold in the U.S. is
used asaweighting agent in oil and gaswell drilling fluids.
Risesin oil and natural gas pricesresulted in anincreasein
the number of operating domestic drilling rigs from 360 in
1999 to 1,270 in mid 2001, but the number decreased to
820 by the end of 2002. Such variationsin drilling activity
strongly impact the demand for barite (fig. 6); however,
prices have remained relatively stable in recent years.

All Nevada barite produced in recent years has come
from bedded deposits, which occur in a wide northeast-
trending belt in central and northern Nevada. Most are in
the Devonian Slaven Chert, but bedded barite has also been
mined from Cambrian and Ordovician rocks. The deposits
aremostly in complexly deformed rocks (fig. 7) inthe upper
plate of major thrust faults. An exhalative-sedimentary
origin has been proposed for Nevada's bedded barite
deposits (Papke, 1984). Extensive exploration during the
barite boom years led to the discovery of many deposits
that are now inactive. This period of intense exploration
for anindustrial mineral commodity was uniquein modern
Nevada mining history.

M. 1. Drilling Fluids, which isjointly owned by Smith
International and Schlumberger, hasbeenthelargest Nevada
barite producer for many years, with production during 2002
of about 200,000 tons of screened and crushed high-grade
ore from the Greystone Mine and ground and bagged barite
from its Battle Mountain plant, both in Lander County.

Baroid Drilling Fluids, asubsidiary of Halliburton Co.,
mines barite from the Rossi Mine in Elko County and
processes it at the Dunphy Mill in Eureka County. Baker
Hughes INTEQ produces barite from its Argenta property
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Figure 6. Barite productionin Nevada, 1952 through 2002.

near Battle Mountainin Lander County. Standard Industrial
Mineras ships small amounts of white, paint-grade barite
fromthe Pand SMinein Nye County toits processing plant
near Bishop, California

Borate

The American Borate Co. mines borate mineralsat itsBillie
underground operation in Death Valley, Cdifornia. The ore
is processed in Nye County, Nevada at the Ash Meadows
mill, which has a 22,000-ton annual capacity (B,O, basis).
Because the ore is from out of the state, this production is
not included in the estimate of total value of Nevadaminerals.

Nevada was the most important source of borate
minerals in the world between 1873 and 1883, prior to the
discovery of Californiaborate deposits. Thisearly production
was from Holocene deposits such as at Teels and Rhodes
Marsh in Mineral County (Papke, 1976). Later Nevada
production came from Miocene colemanite deposits in the
Muddy Mountains in Clark County during the 1920s and
moderate tonnages of high-grade ore remain (Castor, 1993).

Cement

The Nevada Cement Co., a subsidiary of Centex
Construction Products, Inc., produces portland cement at a
plant at Fernley in Lyon County, where annual production
exceeds 500,000 tons of cement. The cement is
manufactured from limestone mined from a deposit a few
miles south of Fernley, and other ingredients come from
northern Nevada. Thelimestone deposit formed inaTertiary
lake, and shows many features that are similar to tufa
deposited in northern Nevada's Pleistocene lakes (Hardy
and others, this volume).

Limestone suitablefor cement production iswidespread
in the Las Vegas area, and several attempts have been made
to produce cement in the area without long-term success. In
1999, Royal Cement Co. restarted asmall cement plant near
Logandalein Clark County. Limestone was mined at a site
near the plant, and other raw materials were purchased from

Figure 7. Folded chert beds at the Argenta barite mine,
Lander County.
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regional suppliers. According to the operator, production from
this operation in 2000 was about 120,000 tons, but no data
are available for 2001 or 2002, and recent examination of
theplantindicated that it isidle or that productionis sporadic.

Clay

Five companies mine clay from more than ten Tertiary
depositsin Nevada, including the only commercial sepiolite
and saponite deposits in the United States. Total Nevada
clay shipments are in excess of 40,000 tons per year. In
2001, the state ranked fifth in domestic production of non-
swelling bentonite in the U.S. (Virta, 2002).

In 2002, IMV Nevada, owned by Mud Camp Mining
Company, LLC, produced about 30,000 tons of sepialite,
saponite, and bentonite from depositsin the Ash Meadows
area of Nye County. The clay occursin shallow, flat-lying
deposits (fig. 8) in Pliocene lacustrine rocks (Hay and
others, 1986). The company has a processing plant in
Amargosa Valley, and exports a variety of clay products
worldwide. Itisthe only producer of sepiolite and saponite
in the United States.

Two companies campaign mine and ship relatively
small amounts of Nevada clay from several sitesfor usein
high-unit-value specialty products. At its mill near Beatty
in Nye County, Vanderbilt Minerals Co. processes small
amounts of clay stockpiled from several Nevada, Arizona,
and California deposits. The clay, which is used in
pharmaceutical and cosmetic products, is shipped to aplant
in Kentucky. It includes white bentonite from the New
Discovery Mine near Beatty and clay from other Nevada
sites including the Blanco Mine in Esmeralda County and
the Buff Mine in Pershing County. The American Colloid
Co. mines white bentonite from Coal Canyon in Pershing
County, and hectorite from the Disaster Peak Mine in
Humboldt County. These materials are stockpiled at
Lovelock and shipped to the company’s plant in South
Dakota, wherethey are blended into specialty clay products.

The Moltan Co. mines aminor amount of clay from a
deposit near Gerlach in Washoe County and uses the clay
with diatomite in clumping cat litter that is produced at a
plant near Fernley. The Art Wilson Co. mines about 35,000

Figure 8. Amargosa Valley sepiolite pit of IMV Minerals
(Mud Camp Mining), Nye County.
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tons per year of halloysitefrom adeposit in Washoe County
about 60 miles north of Reno for use by Nevada Cement,
but it is not included as clay in NBMG mineral production
figures because it is used in portland cement. In addition,
the Art Wilson Co. occasionally ships minor amounts of
montmorillonite from the Jupiter Minein Lyon County, and
the Specialty Clay Co., LLC, is developing a bentonite
deposit near Fallon in Churchill County.

In 1999, Oil-Dri, theworld'slargest manufacturer of cat
litter, announced discovery of aclay deposit with 300 million
tons of proven reserves in Hungry Valley north of Reno
(Heivilin, this volume). In 2000, the U.S. Bureau of Land
Management ruled that the clay is a locatable mineral, and
issued thefinal environmental impact statement (EIS) in 2001.
The clay, considered to be excellent for making clumping
cat litter, is mainly calcium montmorillonite. According to
the EIS, the deposit consists of clay-rich lacustrine strata as
much as 98 feet thick, is areally extensive, and is near the
surface. The company planned to employ about 100 people
at a Hungry Valley mine and plant, to mine about 270,000
tonsof clay annually, and to processit into more than 200,000
tons of products for absorbent and agricultural markets. In
2002, Washoe County denied operating permits, and the
company is now litigating this decision.

Nevada is fertile ground for clay mineral exploration
because of the abundance of hydrothermally altered rock.
Many of the state’'s montmorillonite deposits have been
described by Papke (1970).

Diatomite

Nevada is second to Californiain diatomite production in
the U.S., and accounts for more than 30% of domestic
production. Morethan half of Nevada sdiatomiteisusedin
filtration with the remainder mostly used in absorbents,
fillers, and cement. All of the Nevada diatomite deposits
are of lacustrine origin, occurring in Miocene to Pliocene
volcanic-sedimentary sequences mostly within 150 miles
of Reno. The diatomite sequences, which are as much as
445 feet thick, contain beds of pure massive diatomite that
probably formed in responseto high silicacontent provided
by hydrothermal activity or the breakdown of volcanic ash.
Eagle-Picher Minerals, Inc., adivision of Eagle-Picher
Industries, Inc., a wholly owned subsidiary of Granaria
Holdings Ltd. of The Netherlands, is the second largest
domestic diatomite producer. It produces most of Nevada's
diatomite at three different operations with combined
annual production of more than 200,000 tons. The most
productive is the Colado operation in Pershing County,
which consists of a plant near Lovelock that makes
filtration products from diatomite mined from pits 15 to
20 miles northwest of Lovelock (fig. 9). The company
also produces diatomite marketed mainly as fillers and
absorbents at its Clark plant and mine in Storey County
about 20 miles east of Reno, and diatomite used in
insulation from a pit near Hazen in Lyon County.



Moltan Co. isthe second largest diatomite producer in
Nevada, producing absorbent products, cat litter, and soil
conditioner at amineand plant complex in Churchill County
about 20 miles northeast of Fernley. Moltan, a privately-
held company, ships diatomaceous earth absorbents under
severa labels. The company producestwo typesof cat litter
in Nevada, a non-clumping diatomite product and a
clumping product composed of diatomite and clay.

Other companiesthat produce diatomitein Nevadaare
the Celite Corp., asubsidiary of World Minerals Inc., with
amine at Hazen and amill at Fernley in Lyon County, and
Grefco Inc. with a mine and plant at Basalt near the
Esmeralda/Mineral County line (fig. 1).

Dimension Stone

Nevadaisnot well known asaproducer of dimension stone,
and high-quality, cut and polished products are not currently
produced from stone mined in the state. A recent attempt to
market cut dimension stone made from several varieties of
ash-flow tuff in the Beatty areawas abandoned after several
yearsdueto competition in the LasVegas market from stone
imported from Mexico. However, split dimension stone
products are produced at two localities in Nevada, and two
new dimension stone operations are planned.

Las Vegas Rock produces flagstone, ashlar, boulders,
and crushed landscaperock at its Rainbow Quarriesoperation
(fig. 10) near Goodsprings, about 20 miles southwest of Las
Vegas. The stone is quartz-cemented Jurassic Aztec
Sandstone, aunit that crops out extensively in Clark County
but is too friable at most localities for building stone. The
company also markets some cut stone and is planning to
produce polished slabs and custom stone shapes.

At least two companies quarry flaggy, light-gray
Cambrian quartzite on the east flank of Mount Moriah in
White Pine County. This material, which naturally splits
into slabs up to 5 feet by 8 feet by 4 inchesthick, isused for
flagstone and other types of uncut building stone.

Figure 9. Diatomite beds in one of Eagle-Picher’s
mines, Pershing County.

Potential new dimension stone operations are being
evauated for variously-colored marble deposits at the old
Carrara marble quarries near Beatty in Nye County
(Anderson, this volume), and for mottled pink to purple or
blue dumortierite-andal usite-quartz rock at Lincoln Hill in
Pershing County (Callicrate and Griffin, thisvolume). The
Nevada Bureau of Mines and Geology, in conjunction with
Geomapping Associates Ltd. of Vermont and Converse
Consultants of Reno, hasissued areport on dimension stone
potential in Humboldt, Lander, Eureka, and White Pine
Counties (Tingley and others, 2001).

Fluorspar

Metallurgical grade fluorspar was mined for more than 60
years from veins in Paleozoic carbonate rock in the Bare
Mountain district near Beatty (Papke, 1979). The mining,
which ceased in 1989, produced a total of 260,000 tons of
fluorspar, more than 40% of the total in the state. Most of
the Bare Mountain production came from the Daisy Mine, a
small underground operation (fig. 11). There are at least two
other areas in Nevada with potential for fluorspar mining.

Figure 10. Hand splitting flagstone at Las Vegas Rock’s
Rainbow Quarries, Clark County.

e

Figure 11. The inactive Daisy underground fluorspar
mine, Nye County.
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Garnet

A deposit of alluvia garnet and associated garnet schist in
Hampton Creek near the Utah state line in White Pine
County has been evaluated asasource of abrasive by severa
companies over the years. In addition, Nevada contains
many skarn deposits that are rich in garnet, particularly in
the Yerington district of Lyon County.

Gemstones

Nevada has been an important source of turquoise since
prehistoric times, mainly from depositsin abelt that trends
north-northeasterly across the state from Mineral and
Esmeralda Countiesto Elko County (Morrissey, 1968). The
Fox Minenear Cortez in Lander County reportedly produced
more than 500,000 pounds of turquoise. In recent years,
small amounts of turquoi se have been produced near Cortez
and near Tonopah in Nye County.

Nevadais also known as a source of precious opal that
isrecovered in small amountsfrom depositsin Virgin Valley,
Humboldt County. Much of the opal is mined by amateurs
from pay-to-dig operations and is unreported. Crystalline
amethyst and citrine are recovered from Peterson Mountain
north of Reno in Washoe County, mostly as unreported
stones from pay-to-dig activity. Blue topaz of gem quality
has been produced from the Zapot Minein Mineral County.
In addition, thulite has been produced from Douglas County
under the trade name “Lapis Nevada’ and semiprecious
varieties of silicahave comefrom many partsof the state. A
recently published NBM G map (Castor and LaPointe, 2001)
shows the locations of gemstone depositsin Nevada.

Gypsum

Gypsum production in Nevada has ranged between 1.3 to
2.2 milliontonsannually over the past ten years (fig. 12); in
2002, production in Nevadawas about 1.8 milliontons. The
state accounts for more than 10% of domestic production,
and ranks only behind Oklahoma and lowa in gypsum
production. Threelarge producers—PABCO Gypsum, BPB
PL C, and USG—use most of thisgypsum inlocal wallboard
plants. Georgia-Pacific Corp., which operates a wallboard
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Figure 12. Gypsum production in Nevada, 1952
through 2002.
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plant about 20 miles northeast of LasVegas, stopped mining
gypsum in Nevada in 1995 and now buys gypsum from a
mine in Utah. Actively-mined Nevada gypsum deposits
range from Permian marine deposits with more than 90%
gypsum to Tertiary continental deposits that contain about
70% gypsum.

PABCO Gypsum in Clark County northeast of Las
Vegas mined and processed more than a billion tons of
gypsum orein 2002. Although processing yields only about
70% by weight gypsum from the ore, the company still ranks
asthelargest producer in Nevada. Thegypsumisinanearly
flat-lying late Miocene deposit (fig. 13) in excess of 120
feet thick that occurs atop a 5-square-mile mesa.

The Blue Diamond operation of BPB PLC (until
recently owned by James Hardie Gypsum) southwest of Las
Vegasin Clark County wasthe second largest producer (table
1). The gypsum deposit is the largest of several Permian
deposits in the Las Vegas area. It consists of more-or-less
flat-lying beds of pure gypsum as much as 30 feet thick
(Papke, 1987) on a table mountain that overlooks the city.
The Blue Diamond area has been the site of gypsum mining
since 1925, but isnow in the path of the metropolitan growth,
and gypsum mining there may give way to up-scale housing
development.

USG, the nation’s largest wallboard producer, was the
third largest Nevada producer in 2002. The company mines
gypsum in western Pershing County and processes it into
wallboard and plaster at aplant at EmpireinWashoe County.
The gypsumisof Triassic or Jurassic age and forms several
massesin a2-square-milearea. Thelargest mass, the Selenite
orebody, contains 85 to 95% gypsum and is generally well
bedded with variable dips.

TheArt Wilson Company of Carson City shipsgypsum
and anhydrite from a Mesozoic deposit at the Adams Mine
in Lyon County. The D.L. Denman Construction Company
mines gypsum at the Pioneer Gypsum Mine, which is near
the PABCO operation east of Las Vegas (fig. 1). Gypsum
fromtheserelatively small operationsisused in cement and
agricultural applications.
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mine, Clark County. PABCQO'’s wallboard plant is in
the background.



Lime, Limestone, and Dolomite

In 1997, lime supplanted diatomite as Nevada's second most
valuable industrial mineral. Limestone is mined for lime
production at two sitesin Nevadathat are nearly at opposite
ends of the state (fig. 1). The high-calcium limestonethat is
used at both sitesisfrom the same Devonian limestone unit
although it has been assigned different stratigraphic
formation names. In addition to lime, relatively minor
amounts of crushed limestone are shipped from both sites,
and dolomite is mined at one of the sites.

The Pilot Peak high-calcium lime operation of
Graymont Western US, Inc. (formerly Continental Lime,
Inc.) near Wendover in Elko County shipped the most lime
in 2002, mainly to gold-mining operationsfor usein cyanide-
solution pH control. The Pilot Peak plant has three kilns
with a combined capacity of more than 700,000 tons of
quicklime per year and a hydrated lime plant capable of
producing 350 tons per day. In 2000, the Pilot Peak plant
wasrated the ninth largest domestic lime producer. Theraw
material is limestone of the Devils Gate Formation.

Lime hasbeen produced in the LasVegasareafor more
than 80 years. Chemical Lime Co. produces lime at Apex
about 20 miles northeast of LasVegasfrom the Crystal Pass
Member of the Sultan Limestone. The operation produces
high-calcium quicklime used in metallurgical processing,
paper manufacturing, and environmental markets. The
company also produces dolomitic lime and hydrated high-
calcium lime at Apex, mainly for construction uses. The
Apex plant has four kilns (fig. 14), including one that is
devoted to dolomitic lime production. The company
processes the Apex dolomitic limeinto hydrated dolomitic
lime at a plant in nearby Henderson. The Chemical Lime
dolomite quarry at Sloan ceased operation in 1997, and was
purchased by Frehner Construction asasource of aggregate.

Other carbonate producersin Nevadaare Min-Ad, Inc.,
which produces dolomite for agricultural uses, and
Nutritional Additives Corp., which sells minor amounts of
dolomite asafood additive. Both operations mine Mesozoic
dolomite near Winnemucca.
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Lithium

Chemetall Foote Co., asubsidiary of the German company
Chemetall GmbH, produces lithium carbonate, lithium
hydroxide monohydrate, and lithium hydroxide anhydrite
at Silver Peak in Esmeralda County. This operation, which
is the only primary lithium producer in the United States,
produces these chemicals from brine that is pumped from
beneath the Clayton Valley playaand evaporated in nearby
ponds. The playa sediment contains 0.03-0.17% lithium,
mainly in non-extractable form in clay; the brine carries
about 0.02% lithium (Kunasz, 1970). Production figures
are confidential; the latest public information available,
from 1998 Securities Exchange data, showed annual
production of about 12 million pounds of lithium carbonate
and 5 million pounds of lithium hydroxide. U.S. priceshave
remained steady at about $2.00 per pound for lithium
carbonate and $2.60 per pound for lithium hydroxide
monohydrate since 1997, but since 1998 large shipments
of lithium carbonate have sold at about half list price due
to low pricing by South American brine operations. Since
1998, U.S. lithiumimports haveincreased more than 250%
and exports have fallen by more than 30%.

Magnesia

Premier ChemicalsLLC of Cleveland, Ohio, ownsthe Gabbs
magnesia operation in Nye County (fig. 15), where
magnesium mineras have been mined since 1935. In the
1940s, magnesium minerals from Gabbs were used to make
magnesium metal. From the 1950s to the 1980s, mining and
processing was by Basic Industries, a magjor producer of
refractory magnesia. In the 1990s, the availability of cheap
Chinese refractory magnesia caused production at Gabbsto
be switched to light-burned (caustic) magnesiathat ismainly
marketed for wastewater treatment and agricultural uses.
About 60% of U.S. magnesia production comes from
seawater and natural brines, and the remainder from
magnesite, brucite, and olivine. The mine at Gabbs is
currently theonly placeinthe United Stateswhere magnesite

Figure 14. Chemical Lime’s Apex lime operation, Clark
County.

Figure 15. Premier Chemical LLC’s Gabbs magnesia
operation, Nye County.
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ismined. Magnesitewith local brucite occurs at Gabbs over
an area of about 2 sguare miles in complex replacement
bodiesin Triassic dolomite (Vitaliano and Callaghan, 1956).
The magnesite is thought to have formed by hydrothermal
activity related to emplacement of granite, and the brucite
by alteration of the magnesite during later granodiorite
intrusion (Schilling, 1968). Minor amounts of brucite are
now mined from pods adjacent to igneous rocks in the
magnesite pits. Nevadaal so contains deposits of sedimentary
magnesitethat have been evaluated for magnesiaproduction,
but never mined in significant amounts, at Overtonin Clark
County, and near Currant in Nye County.

Perlite

Nevadahaslarge perlite resources and several depositsthat
weremined extensively inthe past. The Hollinger Mine near
Pioche in Lincoln County was the largest producer.
However, current perlite productionisrestricted to relatively
small-scale mining of two deposits for niche markets.

Wilkin Mining and Trucking Inc., mines perlite from
the Tenacity Perlite Minewest of Calientein Lincoln County.
In the past, most of this perlite was shipped as crude ore;
however, the company hasasmall popping plant in Caliente
and now mostly sells expanded perlite. The perlite is
somewhat unique because it can be expanded into a
relatively coarse product, which is useful in horticultural
applications. It is shipped to users as far away as Hawaii,
where it is used as a growing medium for orchids. The
Tenacity Mine oreis“onion skin” perlite that occurs asthe
basal vitrophyre of an ash-flow tuff.

Eagle-Picher Minerals Inc. produces expanded perlite
at its Colado diatomite plant in Pershing County from perlite
mined at the Popcorn Mine 18 miles south of Fallon in
Churchill County. The perlite is marketed as a filter aid,
and plant capacity is reportedly about 8,000 tons per year.

Silica

Simplot Silica Products in Clark County ships 600,000-
700,000 tons per year of silica sand, which is mainly used
in glass manufacture, as foundry sand, and in well-
completion applications. The sand is mined from an open
pit about 4,000 feet long and 1,000 feet wide (fig. 16) inthe
relatively friable Cretaceous Baseline Sandstone, washed
in the pit, and transported via a durry pipeline to a plant
near Overton whereiit is dried, screened, and bagged.

In 2002 Silica LLC began mining quartzite from the
Sugar mining claims about 3 miles southeast of Mercury in
Nye County. A Plan of Operations submitted to the BLM in
2001 called for annual production of as much as 80,000
tons. Thematerial, in the Ordovician Eureka Quartzite, was
described as strongly brecciated and fractured and amenable
to mining without blasting.

Caithness Operating Co. of Reno, in collaboration with
the U.S. Department of Energy, has devel oped amethod for
production of high-purity silicafrom geothermal fluids for
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use in nano-scale materials and has set up a pilot plant in
Nevadato evaluate the process. Estimated annual production
of such material from a50-megawatt geothermal power plant
is about 6,000 tons.

Sodium Minerals

TheHuck Salt Company produces about 15,000 tons of halite
yearly from the Sand Springs Marsh in the Fourmile Flat
playaabout 25 miles southeast of Fallonin Churchill County.
Although yearly production is small, total production has
been more than 250,000 tons. The salt is recovered from a
layer that is replenished by capillary movement and
deposition at the surface. Salt has been harvested from this
deposit using small-scale equipment (fig. 17) almost
continuously sincethe 1860swhen it was hauled to the mills
that processed Comstock silver and gold ore. The modern
operation mainly sellsit locally as aroad deicing agent.
Halite has been produced from other playa depositsin
Nevadainthe past, such asat Eagle Marsh and White Plains,
both also in Churchill County. It was also mined
prehistorically from exposed beds of halite in the Virgin
River areaof Clark County; the bedsare now mostly covered

Figure 16. Open pit at Simplot Silica’s Overton
operation, Clark County.

Figure 17. Salt harvester, Huck Salt operation, Fourmile
Flat, Churchill County.



by Lake Mead. Drilling in the 1960s in the same area
penetrated as much as 1,750 feet of halite-rich material
without reaching the bottom (Mannion, 1963). Other sodium
mineral deposits of note in Nevada include thick beds of
gaylussite (sodium carbonate) at depth in Railroad Valley
in Nye County (Papke, 1976), and a deposit of thenardite
and mirabilite (sodium sulfate) in Miocenerocks near White
Basin in the Muddy Mountains of Clark County.

Talc

Talc was mined from deposits in Esmeralda County from
1928 to 1980. Although other domestic deposits (such as
those in Montana and Texas) and foreign deposits will
probably meet talc demand for the foreseeable future, small-
scale local markets could utilize production from Nevada.
Nevada's talc deposits are described in detail in a Nevada
Bureau of Mines and Geology publication (Papke, 1975).

Vermiculite

Vermiculite deposits are found at Mica Peak in the Gold
Butteareain Clark County about 50 mileseast of LasVeges.
The deposits, which are of interest because they contain
high-quality vermiculite and are near potential markets in
southern California, are in Precambrian ultramafic rocks
(Leighton, 1967).

Wollastonite

In 1989, awollastonite deposit wasdiscovered in the Gilbert
district, Esmeralda County, about 25 mileswest of Tonopah.
The deposit was considered for development in the mid
1990s by the American Wollastonite Mining Corp. of
Vancouver, Canada. However, development of this
wollastonitedeposit in the near futureis considered unlikely
in a market dominated by long-term production from
depositsin New York, China, and India.

Zeolites

Ash Meadows Zeolite LLC, asubsidiary of Badger Mining
Corp., ships 1,000 to 2,000 tons annually of clinoptilolite
used in water filtration, odor control, and nuclear clean-up
from a plant in Ash Meadows in Nye County. The
clinoptilolite is mined from a large deposit in California
that extends into Nevada (Santini and Shapiro, 1982), and
the company has eval uated plansto mine green clinoptilolite
from the Nevada portion of the deposit for usein cat litter.
Moltan Company mines small amounts of mordenite from
its zeolite deposit in the Trinity Rangein Churchill County
about 40 miles northeast of Fernley; the company processes
the zedlite at its Fernley absorbents and cat litter plant.

Nevadacontains several large zeolite depositsthat were
discovered and evaluated during a flurry of zeolite
exploration activity in the 1950s and 1960s. Many of these
deposits were described in detail in a Nevada Bureau of
Mines and Geology publication (Papke, 1972).
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Mountain Pass Rare Earth Deposit, California

Stephen B. Castor, Nevada Bureau of Mines and Geology
Geoffrey W. Nason, Molycorp, Inc.

Abstract

The Molycorp Inc. Mountain Pass operation has produced
rare earths since 1954 and was the world's largest source of
rare earth commaodities from the 1960s to the mid 1990s.
Since 1998, Mountain Pass share of world production has
declined substantially due to environmental constraints and
Chinese competition. In the late 1980s, Mountain Pass
shipped morethan 20 rare earth commodities, including high-
purity products with prices as high as $1600/kg. However,
present shipments are mostly of bastnasite concentrate and
lanthanum oxide from stockpile. Following acceptance of a
new Mountain Pass environmental impact report, renewed
mining and milling is planned. Plansto restart the extraction
and separation plant are also being considered.

Mountain Passrare earths come from acarbonatite deposit
with reserves of more than 20 million metric tons of ore with
an average grade of 8.9% rare earth oxide. The ore typically
contains 10-15% bastnasite (the ore mineral), 65% calcite and/
or dolomite, and 20-25 % barite, with minor amounts of other
minerals. The carbonatite, a moderately dipping tabular
intrusion in gneiss, has been dated at about 1.4 Ga. It is
associated with ultrapotassic intrusionsof similar agethat occur
in anarrow, north-trending zone at least 130 km long.

Although the Mountain Pass deposit shares features
with other carbonatites, its geometry, mineral ogy, chemistry,
and igneous association distinguish it from most other
carbonatites. Among the world's rare earth deposits, the
Mountain Pass orebody is unique. The authors believe that
similar primary rare earth carbonatite deposits, if they exist,
will befound in association with ultrapotassicigneousrocks.

Rare Earths and Their Economics

Thefifteen lanthanide elementsand yttrium cameto be called
rare earth elements (REE) because they were originally
isolated as oxides from rare minerals at the time of their
discovery inthelate 18th and early 19th centuries. However,
most REE are not as uncommon in the natural environment
as the name implies: cerium, the most abundant, comprises
more of the earth’s crust than copper or lead; most REE are
more common than tin and molybdenum; and all but
promethium are more common than silver or mercury.
Promethium, best known asan artificial element, isvery rare
in nature because it has no long-lived isotopes.

Thelanthanide elements have traditional ly been divided
into two groups: the light rare earths (LREE), lanthanum
through europium; and the heavy rare earths (HREE),
gadolinium through lutetium. Although yttrium is the
lightest REE, it isusually grouped with the HREE to which
itischemically and physically similar.
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The REE invariably occur together in nature because
they are all trivalent (although cerium also occurs as Ce™
and europium also occurs as Eu?) and they have similar
ionicradii. Increasein atomic number within the lanthanide
group is accompanied by addition of electrons to an inner
level rather than to the outer shell of electrons. Consequently,
thereisno changein valence with changein atomic number,
and thelanthanidesall fall into the same cell in most versions
of the periodic table. Chemical and physical differencesthat
do exist are caused by small differencesinionic radius, and
generaly lead to the segregation of REE into deposits
enriched in either LREE or HREE plus yttrium.

Classical uses for REE, such as in mischmetal and
lighter flints, no longer drive REE markets, and much of
the profit in REE processing lies in providing high-purity
individual compounds for high-tech uses (table 1). Strong
demand for such commaodities during the 1980s led to price
increases, particularly for neodymium, samarium, and
yttrium oxide (table 2).

Global production of REE has grown by more than
700% since the mid 1960s (fig. 1). During the 1950s and
early 1960s, most production wasfrom by-product monazite
from Australian beach placers. From 1966 to 1985, the
U.S.was the dominant producing country, mainly from
Mountain Pass bastnasite, although placer monazite
continued to provide substantial amounts of REE. Mining

Table 1. Examples of uses for some rare earth
commodities.

Mixed REE mischmetal, steel alloys

Lanthanum autocatalysts, petrocatalysts,
rechargeable batteries

Cerium glass polish, autocatalysts, glass

decolorizer, fluorescent lighting
ceramic pigment, high-temperature
batteries, petrocatalysts

Praseodymium

Neodymium permanent magnets, dental laser,
glass pigment, petrocatalysts

Samarium permanent magnets, laser glass

Europium red phosphor for CRTs and LCDs,

fluorescent lighting

Gadolinium phosphors, high-temperature
batteries, garnet laser

Terbium phosphors

Dysprosium phosphors

Holmium lasers

Erbium fiber-optic cable, glass pigment,
lasers, nuclear reactors

Thulium medical imaging, phosphors

Ytterbium metallurgical and chemical experiments

Lutetium single crystal scintillator

Yttrium phosphors, fluorescent lighting,

high-temperature batteries




Table 2. Comparisons of prices for selected high-purity
rare earth commodities between 1979 and 2003. Sources:
1979 - Shannon (1983); 1989 - Hedrick and Templeton
(1991); 2003 - American Metal Market and High Tech
Materials web sites. Values not adjusted for inflation.

Price (US$/kg), to nearest $

Minimum
Commodity  purity (%) 1979 1989 2003
Cerium oxide 99.0 18 19 12
Cerium metal 99.9 108 no data 40
Lanthanum oxide  99.99 17 19 5
Neodymium oxide 99.9 65 88 19
Neodymium metal  99.0 250 no data 19
Samarium oxide 96.0 110 143 13
Samarium metal 99.9 280 no data 65
Europium oxide 99.99 1650 1639 425
Terbium oxide 99.9 825 825 198
Thulium oxide 99.9 2650 3600 1000
Yttrium oxide 99.99 74 116 25

commenced at Mountain Passin 1954, and from the 1960s
to the mid 1990s it was the world's leading producer of
REE. In 1966, Molycorp completed construction of an
extraction and separation plant to produce high-purity REE
compounds at Mountain Pass, and in the early 1980s a
second separation plant was added to produce samarium
and gadolinium oxide.

In 1985, Chinese production of REE, mainly as by
product from the Bayon Obo iron deposit in Inner Mongolia,
began to impact the market significantly. By 1994, the
combined weight of production from China and Mountain
Pass had nearly squeezed placer monazite sources out of the
market (fig. 1). In the late 1980s and early 1990s, Molycorp
marketed morethan twenty REE commaodities, most produced
on site, including high-purity chemical products with prices
as high as $1,639/kg (table 1). In 1998, after experiencing
environmental regul ation problems, most of the Mountain Pass
operation was shut down, and the United States ceased to be
amajor player in global REE markets. Molycorp currently
ships about 3,000 metric tons of REO per year, mainly
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Figure 1. Global production of rare-earth oxides, 1950—
2000. From USGS Fact Sheet 087-02, by Haxel and
others, 2002. “Other” mainly Australia, Russia, Malaysia,
Brazil, and India.

bastnasite concentrate marketed as an abrasive and lanthanum
oxide used as a catalyst. Both are shipped from stockpiles.

Molycorp recently completed a new Mountain Pass
environmental impact report (essentially a 30-year
operational plan) for pit and overburden storage expansions,
anew tailingsfacility, and new evaporation ponds. Renewed
mining and milling is planned for 2007. Plans are being
formulated to restart the extraction and separation plant; it
is in working order and could resume production if the
environmental concerns of federal and state agencies can
be addressed. However, the operation faces stiff competition
from a strong, high-tech Asian REE industry.

The impact of the Asian REE industry, which consists
of mines and plants in China and processing operations in
Japan, on REE commaodity prices has been extreme (table
2). Cerium oxide, theleast-affected commaodity, has decreased
in value by more than 40% since 1989. Prices for other
commodities have tumbled even more, from 75% to more
than 90%. Although REE production has doubled since the
mid 1980s, the price decreases have caused the overall value
of global REE productionto fall below thevalue at that time.

Discovery and General Geology
of the Mountain Pass Carbonatite

REE minerals were first discovered in acarbonatite dike at
Mountain Pass in southeastern California (fig. 2) in 1949
by Herbert Woodward, Clarence Watkins, and PA. Simon
while prospecting for uranium with a Geiger counter. The
prospectors staked the Birthday group of claimsin an area
about 900 m northwest of the present open-pit mine.
Molycorp (then Molybdenum Corporation of America)
entered the picture in 1950 by purchasing the Birthday
claims from the discoverers. The Sulphide Queen
carbonatite, which includesthe Mountai n Pass orebody, was
discovered in 1950 by J.C. Olson and D.F. Hewett of the
U.S. Geologica Survey (Olson and others, 1954). In part,
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Figure 2. Location map showing Mountain Pass, other
rare earth mineral occurrences, and ultra-potassic rock
occurrences in the region. From Castor (1991).
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the Sulphide Queen carbonatite was| ocated on claims owned
by Fred Piehl, who discovered gold at the nearby Sulphide
Queen Minein the 1930s. Molycorp’s predecessor purchased
these and other claimsin the areain the early 1950s.

In 1987, the Mountain Pass orebody had estimated
reserves of about 29 million metric tons of ore with an
average grade of 8.9% rare earth oxide (REO) based on a
5% cutoff grade (Castor, 1991). It is likely that about 25
million metric tons remain. The Mountain Pass orebody is
the only deposit in the world mined exclusively for REE,
and the only ore mineral is bastnasite, although nine other
REE minerals occur at Mountain Pass (table 3). The ore
typically contains about 10 to 15% bastnasite, 65% calcite
and/or dolomite, and 20 to 25% barite. Other gangue
minerals, such as strontianite and talc, are present in
significant amountslocally. Galenaislocally abundant, but
other sulfide minerals are rare. REEs in Mountain Pass
bastnasite concentrate are dominated by L REE.

The Sulphide Queen carbonatite, which is about 1.4
Ga (DeWitt and others, 1987), is a moderately dipping
tabular intrusion (fig. 3). Itisassociated with 1.4-Gaalkaline
plutons of similar size and orientation, as well as abundant
carbonatiteand alkalinedikes. Carbonatite dikesat Mountain
Pass clearly postdate granite dikes, but the temporal
rel ationship between carbonatite and late mel asyenite dikes
isnot clear. Concentric, circular to ovoid plan patternsthat
are characteristic of alkaline/carbonatite complexes
worldwide are not present at Mountain Pass. Instead, the
main carbonatite and alkaline rock bodies are crudely
tabular, floored intrusions with northwest trends that dip
moderately to shallowly southwest. Abundant shonkiniteto
granite dikes up to 75 m wide occur in the Mountain Pass
area. The dikes dip steeply and mostly occur in two sets,
onewith northwesterly strikes, and another with strikesthat
cluster closely about an east-west direction.

Host Rocks

Host rocks for the carbonatite and alkaline intrusions at
Mountain Pass are part of a regional Proterozoic rock

Table 3. Rare earth minerals found at Mountain Pass.
Ln = lanthanide elements, REO = rare earth oxides,
* REO content calculated from formula.

REO
Mineral Formula wt. %
Allanite (orthite) (Ca,Ln),Fe ALSi,O,,(OH) 30
Ancylite SrLn(CO,),(OH)H,O 46
Apatite Ca,(PO,),(F,OH,CI) 2
Bastnasite LnCO,F 75
Cerite Ln,Fe,(SIiO,) [(SiO,)(OH)](CH), 65
Florencite LnAl,(PO,),(OH), 32*
Hydroxylbastnasite  LnCO,OH 76*
Monazite LnPO, 71
Parisite CalLn,(CO,),F, 64
Sahamalite (Mg,Fe)Ln,(CO,), 72*
Synchisite CalLn(CO,),F 51*
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package that ranges in age between 1.7 Ga and 1.8 Ga
(Condie, 1981; Miller and others, 1982). They are
interlayered and folded granulitic-facies gneiss and schist
with variable amounts of quartz, microcline, biotite, garnet,
hornblende, hypersthene, and sillimanite.

On the basis of drill data, the Sulphide Queen
carbonatiteissurrounded by an envel ope of carbonatite dikes
and associated fenitic alteration that is more than 200 m
thick in places in the host metamorphic rocks. These
fenitized rocks generally contain brick-red to pink potash
feldspar, dark magnesium-rich mica, and carbonate.
Magnesioriebeckite commonly replaces amphibole and
pyroxene, and it occurs widely in small amounts aong
fractures. Chlorite and hematite are also widespread
alteration minerals. Fluorite is present in places, generaly
inveinlets. The alkaline intrusive rocks arelocally affected
by fenitization, which may generally be distinguished by
the presence of red alkali feldspar, blue to green
magnesioriebeckite, and hematite.

A zone of radioactive fenitized gneissasmuch as30 m
wide in the Mountain Pass area has been interpreted as a
pre-Laramide shear zone (Olson and others, 1954). Thiszone
extends for about 2 km south-southeast from the Sulphide
Queen carbonatite. To the southeast, it has been displaced
about 2 km eastward along awest-northwest-striking fault,
and it extends for at least another 3 km. It is the locus of
several REE prospects, including an occurrence of allanite-
rich fenitized gneiss with as much as 9% REO, and
occurrences of carbonatite dikes.

Alkaline rock
outcrop

400 NW I

Figure 3. Stacked cross sections through the Mountain
Pass carbonatite (gray) and the major associated
alkaline rock mass (patterned).



Ultrapotassic Alkaline Rocks

The potassic character of thealkalineintrusionsat Mountain
Pass has been known for sometime (Olson and others, 1954),
and their ultrapotassic nature has been noted (Castor and
Gleason, 1989; Castor, 1990), but no comprehensive
comparison of these rocks with classical ultrapotassic
provinces has been made. Mountain Pass is in a narrow,
130-km-long belt in southeastern Californiathat is defined
by ultrapotassic rock occurrences (fig. 1) (Gleason, 1988;
Castor and Gleason, 1989; Castor, 1991). Ultrapotassic
intrusions in the north part of this belt, including those in
the Mountain Pass area, are unmetamorphosed rocks in
granulite facies host rocks. By contrast, host rocks and
ultrapotassic intrusions in the south part of the belt were
overprinted by Mesozoic greenschist-grade metamorphism.
The ultrapotassic belt is near the southwestern end of a
northeast-trending belt of Proterozoic anorogenic granitic
rocksthat crosses North America (Anderson, 1983; Castor,
1993). Some of theserocksareasold as 1.6 Gaand some as
young as 1.1 Ga; dated examplesin Arizonaand California
are1.4to 1.5 Ga (Anderson, 1983).

Mafic (< 55 wt. % SiO,) alkalinerocksin the Mountain
Pass area contain more than 3 wt.% K, O, 3 wt.% MgO, and
have K ,O/Na,0 > 2, satisfying the definition for ultrapotassic
rocks of Foley and others (1987). They also satisfy many of
the chemical and mineralogical requirements listed by
Bergman (1987) and Scott-Smith (1996) for the lamproite
classof ultrapotassic rocks. However, Mountain Passalkaline
rocks differ somewhat in mineralogy from classical
lamproitic occurrences, aresignificantly differentintherange
of silica content, and are generally higher in alumina and
lower intitania. In addition, the Mountain Pass ultrapotassic
rocks are unique in their association with carbonatite.

In the Mountain Pass area, the akaline rocks occur in
fine- to coarse-grained plutons as much as 1.8 km across,
and as fine-grained dikes. Olson and others (1954) divided
thealkalinerocksinto four typeson the basis of mineralogy:
shonkinite, syenite, quartz syenite, and granite. Using the
IUGS classification scheme of Le Maitre and others (2002),
shonkiniteisdark syenitewith morethan 60% mafic minerals
in the mode. On the basis of our work, much of the rock
originally mapped as shonkinite in the area is dark-colored
rock with less than 60% mafic minerals; alkali feldspar
melasyenite in the IUGS classification. We refer to these
rocks as melasyenite. Rocks herein called syenites are light
colored, contain lessthan 30% mafic minerals, and aremostly
alkali feldspar syenite using the lUGS classification.

Shonkinite and mel asyenite comprise about 80% of the
exposed akaline rocks in the Mountain Pass area, with
syenite, quartz syenite, and granite together comprising
about 20%. In general, Mountain Pass akaline intrusions
have crosscutting rel ationshipsindicating aprogression from
older most mafic rocksto younger silicic rocks. Shonkinite
and melasyenite plutons are cut by syenite, quartz syenite,
and granite dikes. Late, fine-grained, melasyenite dikes are
exceptionsto thisgeneral mafic tofelsicintrusive sequence;
they cut syenite bodies and granite dikes.

Mineral Assemblages in the Alkaline Rocks

Shonkinite and melasyenite in the Mountain Pass area are
dark-green to mottled green and pink or purple rocks that
contain major amounts of phlogopite and pyroxene with
variable amounts of potash feldspar, amphibole, and olivine
(table 4). Apatite and magnetite are accessory, while
ilmenite, rutile, zircon, fluorite, barite, monazite, badelleyite,
and thorite generally occur in trace amounts. The late
melasyenite dikes consist of fine-grained, gray rock with
micaand pyroxene in amatrix of potash feldspar.

Phlogopite in Mountain Pass shonkinite and
melasyenite occursmostly as 1- to 8-mm bookswith reddish-
brown toyellow pleochroism. Based on microprobe analyses
(table 5), it has atomic Mg/Fe of 3.7 to 5.2 and is titanian
(2.0% or more TiO,). Pyroxene in shonkinite has optical
characteristics of diopside, and microprobe analysesindicate
it isrich in Ca and Mg. Olivine in shonkinite from the
Mountain Pass area is mostly atered to fine talc and(or)
serpentine, but unaltered olivine has been reported (Olson
and others, 1954). It was never present in some shonkinite
and melasyenite, and the most mafic rock analyzed (sample
CSH, table 4) did not contain olivine. Unaltered olivine in
melasyenite (fig. 4) isforsteritic (table 5).

Although magnesian sodic amphibole occurs in
Mountain Pass shonkinite, pale yellow to pink pleochroism
observed in most of the primary amphiboleindicatesthat it
is K-richterite, which is supported by microprobe analyses
(table 5). Magnesioriebeckite occursin shonkinite from the
large mass north of the Sulphide Queen carbonatite; this
may be secondary amphibole related to fenitization during
carbonatite intrusion. SEM/EDX analyses indicate that
apatitein Mountain Pass shonkinite hasrelatively low REE
contents; however, Roeder and others (1987) reported more
than 2% REO in apatite from Mountain Pass shonkinite.
Magnetite that contains up to 8% Cr,O, generally comprises
1-2% of the shonkinite. Fluorite, generally atrace mineral,
comprises as much as 1% of some shonkinite.

Microclineisinterstitial and commonly forms poikilitic
masses to more than 2 cm in diameter. It contains little or
no Na,0 and minor to significant amounts of BaO (table 5).
The most mafic shonkinite containslessthan 5% interstitial
microcline, which ranges from barian microclineto low-Ba
microcline with barite enclaves. Melasyenite from the
Sulphide Queen areaand the Torsarea 1 km to the southeast
contains cloudy pseudoleucite grains, some with distinctly
trapezohedral shapes(fig. 5) surrounded by clear, late barian
microcline. Microprobe analyses show that the
pseudoleucite, which is mainly low-Ba potash feldspar,
contains patches of potassic and sodic aluminum silicate
that are thought to include analcime and other zeolite
minerals, along with patches of iron-rich biotite.

Most rocks mapped as syenite in the Mountain Pass
area contain less than 25% mafic minerals. They are light-
colored, fine- to coarse-grained rocks that grade into quartz
syenite. A typical syenite from the Tors area contains more
than 65% perthitic microcline or orthoclase. Albite as
separate grainsisarare constituent. Accessory mineralsare
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Table 4. Chemical and modal compositions of selected alkaline igneous rocks from Mountain Pass.

Rock Type Shonkinite Melasyenite Syenite Quartz Syenite Granite
Sample CSH HP1 TORSH CMSY FSH TORSY HP13 TQSY G6 HP7
Sio, 42.77 43.50 44.31 47.47 52.42 53.59 60.45 61.84 67.87 75.79
AlLO, 5.66 7.56 9.30 9.32 11.56 12.72 13.76 14.41 11.09 11.57
Fe,O, 7.27 9.48 6.99 7.96 4.92 6.83 6.84 3.11 6.04 3.24
MgO 15.51 14.24 12.78 9.75 5.79 3.49 1.64 1.01 0.76 0.19
CaO 11.32 8.86 6.87 5.42 4.33 2.44 2.22 0.86 1.09 0.31
Na,O 1.05 0.47 1.17 1.22 2.92 1.99 2.36 3.21 4.08 3.80
K,O 5.19 6.10 8.36 9.91 7.54 12.47 9.24 12.11 5.66 4.75
MnO 0.11 0.12 0.10 0.13 0.07 0.08 0.08 0.04 0.12 0.01
TiO, 1.80 2.49 0.89 0.91 1.11 0.74 0.90 0.32 0.51 0.14
P,O 2.74 2.35 1.49 0.94 2.24 0.65 0.43 0.25 0.11 <0.01
BaO 1.51 0.94 0.78 0.71 1.19 0.66 0.79 0.49 0.09 0.06
SrO 0.31 0.15 0.38 0.16 0.20 0.11 0.08 0.07 0.04 0.01
Co, 0.62 0.11 1.50 1.87 0.18 0.55 0.04 0.07 0.11 0.36
SO, 0.25 0.18 0.38 0.50 0.52 0.77 0.15 0.28 0.15 0.02
F 1.98 1.20 0.86 0.86 0.70 na na na 0.62 na
LOI 2.68 2.69 3.90 3.43 4.42 2.85 1.16 1.73 1.79 0.44
Total 100.77 100.44 100.07 100.55 100.11 99.94 100.13 99.80 100.13 100.69
mK/(K+Na) 0.76 0.90 0.82 0.84 0.63 0.80 0.72 0.71 0.48 0.45
Mg no. 0.89 0.86 0.88 0.83 0.82 0.67 0.49 0.56 0.33 0.19
Cr 460 700 870 260 200 81 <20 32 68 <20
Co 50 54 49 42 17 22 11 <5 <5 <5
Ni 306 217 447 295 160 61 9 7 30 7
zn 199 108 120 195 108 142 50 62 108 <10
Rb 210 350 584 607 280 651 501 514 569 330
Y 71 40 43 51 39 43 52 29 81 14
Zr 551 227 692 479 529 1379 348 382 2405 1001
Nb 19 6 25 17 56 23 29 26 192 35
La 424 180 285 230 320 221 130 130 256 12
Ce 985 450 660 510 683 546 350 300 533 48
Sm 77.6 37.5 45.7 42.9 35.8 39.7 33.5 20.3 26.3 8.3
Eu 20 8 10 10 9 10 5 5 7 2
Th 4.9 2.4 2.7 3.0 2.0 2.6 2.9 1.4 2.9 15
Yb <2 <2 <2 <2 <2 <2 <2 <2 <2 <2
Lu <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
Hf 15 6 12 12 19 27 11 10 63 36
Ta 1.0 0.5 1.0 1.2 15 1.0 2.8 2.2 10.0 4.9
Th 136 30 7 49 66 158 92 139 430 260
U 11 3 10 8 14 17 12 11 70 25
Diopside 33.1 30.0 14.9 18.0 141 0.3
Na-Pyroxene 5.0 5.4 10.0
Phlogopite 44.5 32.0 20.9 25.4 22.0
Olivine 7.5
Biotite 7.0 2.4 0.5
K-Feldspar 6.5 24.0 46.6 49.0 46.9 67.0 64.0 81.4 56.0 59.5
Plagioclase 3.0
K-Richterite 5.4 1.2 2.0
Na-Amphibole 10.6 15.0 15.0 3.8 6.0
Quartz 11.0 6.2 20.0 30.6
Apatite 7.4 4.0 1.3 2.0 3.6 <1.0 1.0
Opaque 0.9 2.0 0.5 0.2 0.8 1.0 0.5 3.0
Barite 0.5 tr tr tr 2.0 tr tr
Carbonate tr tr 2.0
Sphene 3.0
Fluorite 1.0 0.4 0.5
Other(tr) B,T,U,Z B An,GM  AGM,P, TU M,PR,S, TU,Z M, T M,R,T,Z

Pa,T,.Z TZ
Alt. Minerals 0.8 8.0 6.7 34 9.0

Oxide, F, and LOI datain wt. %. Analyses by fusion ICP-ES from ACME Laboratories, Vancouver, British Columbia, except F by colorimetry from NBMG
Laboratory, Reno, Nevada. Total Fe as Fe,O,, LOI at 850/ C - CO,, na=not analyzed, m = molar, Mg no. = mMg/(mMg+mFe). Trace element datain ppm
by INAA from Bondar Clegg, Denver, Colorado, except Ni, Zn, Y, and Zr by fusion ICP-ES from ACME. Other minerals: B = badelleyite, A = allanite, An
= ancylite, G = galena, M = monazite, P = pyrite, Pa = parisite, R = rutile, S = synchisite, T = thorite, U = unknown Th+Zr+REE+Ca silicate, Z = zircon.
Alt.(alteration) minerals include clay minerals, talc, chlorite, and sericite.
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Mg-Na amphibole, phlogopite or magnesian biotite, and
aegerine (table 5). Trace mineras include apatite, rutile,
magnetite, ilmenite, pyrite, zircon, thorite, allanite, and
monazite. Syenite from the Tors area has interstitial calcite
with skeletal rutile pseudomorphsafter spheneand late REE-
Ca carbonate (probably synchisite) along biotite cleavage

and with thorite in monazite.

Table 5. Microprobe analyses of minerals from

ultrapotassic rocks at Mountain Pass.

Sample TORSH TORSH TORSH TORSY TORSH TORSY
Mineral Olivine  Diopside  Diopside  Aegerine K-richteriteMg-riebeckite
SiO, 40.40 5295 5335 52.61 55.33 54.73
ALO, 0.00 0.71 0.83 0.40 0.73 0.66
FeO 13.13 4.08 3.74  26.45 3.70 14.30
MgO 46.86 17.18 17.53 1.97 21.48 1491
CaO 0.13 23.03 23.00 3.04 6.05 3.79
Na,O 0.03 0.60 0.35 12.66 4.54 6.03
K,O 0.00 0.00 0.00 0.08 4.38 1.26
MnO 0.43 0.14 0.07 0.04 0.10 0.35
TiO, 0.01 0.66 0.44 0.27 0.04 0.18
BaO 0.01 0.01 0.00 0.06 0.03 0.05
Cr,0, 0.04 0.24 0.41 0.10 0.06 0.04
Total 0.52 1.65 1.27 13.21 9.15 7.91
Mg/Fe 6.36 7.51 8.35

Sample TORSH TORSY TORSY TORSH TORSH TORSY
Mineral  Phlogopite Biotite Biotite Kspar Kspar Kspar
Sio, 38.71 37.82 39.32 6194 63.89 63.67
ALO, 11.26 11.76 9.20 17.83 18.68 17.62
FeO 7.24 1549 16.44 1.97 0.05 1.03
MgO 21.31 14.88 16.10 0.03 0.02 0.01
CaO 0.00 0.04 0.01 0.00 0.00 0.00
Na,O 0.19 0.08 0.00 0.20 0.63 0.32
K,O 8.94 9.26 9.93 15.35 16.47 16.13
MnO 0.07 0.21 0.20 0.01 0.00 0.01
TiO, 4.42 2.86 3.78 0.16 0.01 0.02
BaO 3.22 0.53 0.14 2.93 0.27 0.56
Cr,0, 0.16 0.48 0.01 0.00 0.00 0.00
Total 17.00 13.42 14.06 18.65 17.38 17.04
Mg/Fe 5.25 1.71 1.75

Data, in wt %, from Washington State University; total Fe as FeO; atomic

Mg/Fe given for some minerals.

Figure 4. Diopside (di), “pseudoleucite” (plc), olivine
(ol), phlogopite (phl), and potash feldspar in melasyenite,
cross-polarized light.

Fine-grained, leucocratic, syenite and quartz syenite
mostly form dikes in the Mountain Pass area. Some are
porphyritic. In many cases, mafic minerals in these rocks
are altered. Quartz syenite porphyry dike rock consists of
abundant perthitic microcline, sparse mica, and rare
amphibole phenocrysts in a matrix of fine potash feldspar,
quartz, and sodic amphibole. On the basis of SEM/EDX,
zoned mica phenocrysts have phlogopitic cores and
magnesian biotite rims. The potash feldspar contains no
detectable BaO, but barite enclaveswereidentified by SEM/
EDX. Sphene, aminor accessory in some samplesof quartz
syenite, doesitself not have detectable REE, but it contains
inclusions of monazite and possible bastnasite and
synchisite. Zoned zircon crystals up to 0.5 mm long are
present in trace amounts.

Most granite intrusions at Mountain Pass are aplite or
porphyry dikes, but the Mineral Hill pluton, about 5 km
southeast of the Sulfide Queen carbonatite, is mostly
medium-grained granite. Relatively unaltered Mineral Hill
samples consist mostly of perthitic microcline, quartz, and
abite. They contain accessory aegerine, sodic amphibole,
and ilmenite; and traces of biotite, fluorite, rutile, and thorite.
Tracezircon occursin crystalssimilar to thosein the syenite
and quartz syenite.

Chemistry of the Alkaline Rocks

Although the Mountain Pass suite includes rocks that are
saturated to oversaturated with SiO,, it is clearly akaline.
Theratio (K,0+Na,0)/Ca0isat unity for thesuiteat asilica
content of about 48 wt%, putting it in Peacock’s alkaline
rock field. The Mountain Pass alkaline igneous suite has
chemical features of ultrapotassic suites such as those in
the Leucite Hills, Wyoming (Kuehner and others, 1981),
the West Kimberley region, Australia (Wade and Prider,
1939; Jaques and others, 1984; Nixon and others, 1984),
southeastern Spain (Venturelli and others, 1984; Nixon and
others, 1984), and Holsteinsborg, Greenland (Scott, 1979).
Astheir nameimplies, ultrapotassicigneousrockshavevery
high potash contents. They are further distinguished from
other alkaline rocks by relatively low soda contents, and
because the ratio K,0/(Na,0 +K,0) for ultrapotassic rocks
does not increase with increasing silica(fig. 6). Inthisway,
Mountain Pass akaline rocks are distinct from the sodic
akaline rocks typically associated with carbonatite, such
as at Magnet Cove, Arkansas (Erickson and Blade, 1963).
With the exception of the rocks from southeastern Spain,
most ultrapotassic suites do not include rocks with more
than 60% SiO,. However, the Mountain Pass suiteincludes
granite with more than 75% SiO, (table 4).

As in other utrapotassic suites, aluminais low in the
mafic akalinerocksinthe Mountain Passarea, but ispresent
in higher amountsin the syenites and granites (table 4). On
the basisof Mg number, magnesiain Mountain Passalkaline
rocks is similar to other ultrapotassic suites, with the
exception of the southeastern Spain suite (fig. 6). Mountain
Passrockshavelime and iron oxide contentssimilar to those
in other ultrapotassic suites, but titaniaisrelatively low.
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BaO, atrace component in most igneousrocks, exceeds
0.5% in many ultrapotassic rocks. It is listed as a major
oxide because it generally exceeds MnO, and it exceeds
Na,0 and P,O, in some cases. The Mountain Pass alkaline
rocks have BaO as high as 1.5%; aswith other ultrapotassic
series, mafic members of the suite have the highest amounts
(fig. 7), which is unusual among igneous rock series. REE
contentsin the Mountain Pass a kaline rocks show asimilar
trend (fig. 8). Concentrations of both compatible trace
elements (e.g. Cr, Ni) and incompatibl e trace elements (e.g.
LREE, Th, Zr), which aretypically elevated in ultrapotassic
igneous rocks (Foley and others, 1987), are also high in
Mountain Pass alkaline rocks (fig. 9, table 4).
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Figure5. Potash/total alkalis vs. silicain Mountain Pass
alkaline rocks compared to classical ultrapotassic
suites, Magnet Cove alkaline rocks, and Cascade Range
igneous rocks. Data for suites other than Mountain Pass
are from Erickson and Blade (1963), Jaques and others
(1984), Kuehner and others (1981), McBirney (1984),
Nixon and others (1984), Scott (1979), and Venturelli and
others (1984).

1.00 7
* X Exx
0.80 o Vs XXy
03.- e l‘..l l::g{ X
9] - ad X X
o 0.60 1 AAA N x X
€ S o © g x
=} < S §<
z o ©
2 0.40 A p @
o
<><> > A N
0.20 1 RPN °
<2><> °
&
0.00 T T T T 1
30 40 50 60 70 80
SiO,

Figure 6. Mg number (atomic Mg/Mg+Fe) vs. silica in
Mountain Pass alkaline rocks, classical ultrapotassic
suites, Magnet Cove alkaline rocks, and Cascade Range
igheous rocks. Data sources as in figure 5.
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The carbonatite orebody at Mountain Pass is unusual
among large carbonatite bodies because of itsextreme REE
enrichment. Similarly, ultrapotassic rocks have high REE
contents relative to other alkaline rock types. Chondrite-
normalized REE distributions for Mountain Pass alkaline
rocks are characterized by steep, nearly linear, LREE-
dominated curves with nonexistent or insignificant Eu
anomalies (Castor, 1991). Such REE distribution patterns
aretypical for ultrapotassic rocks (Foley and others, 1987).
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Figure 7. Barium oxide vs. silica in Mountain Pass
alkaline rocks, classical ultrapotassic suites, Magnet
Cove alkalinerocks, and Cascade Range igneous rocks.
Data sources as in figure 5.
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Figure8. Lanthanumvs.silicain Mountain Pass alkaline

rocks, classical ultrapotassic suites, and Magnet Cove
alkaline rocks. Data sources as in figure 5.
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Figure 9. Nickel vs. silica in Mountain Pass alkaline
rocks, classical ultrapotassic suites, Magnet Cove
alkaline rocks, and Cascade Range rocks. Data sources
as in figure 5.



Carbonatites

Carbonatite at Mountain Pass includes the large Sulphide
Queen carbonatite and dikes that range from a few
millimeters to 3 m thick. Although there is considerable
mineralogic and chemical variability, carbonatite in the
Sulphide Queen deposit consists mainly of bastnasite-barite-
calcite carbonatite (sovite) and bastnasite-barite-dolomite
carbonatite (beforsite), or of rock that is intermediate
between these two types (bastnasite-barite dolosovite).
Theserock typesgenerally constitute ore (5% or more REO)
and locally contain as much as 25% REO over 2-m drill
core intervals. On the basis of surface mapping of the
carbonatite, early workers noted that sovite was the
dominant type (Olson and others, 1954). However, core
drill sampling, mine mapping, and petrologic work by
Molycorp geologists showed later that dolomitic
carbonatites (beforsite and dolosovite) are more abundant
than sovite. Unpublished petrographic work by R.L. Sherer
and A.N. Mariano during the late 1970s and early 1980s
was particularly instrumental in unravelling carbonatite
mineralogical complexity at Mountain Pass.

In addition to the ore types, several other types of
carbonatite occur in, and adjacent to, the orebody. These
include parisite-barite sovite along with monazite-bearing
sovite, dolosovite, and beforsite. The orebody is further
complicated by the presence, particularly in the hanging
wall, and at its northern and southern ends, of breccia
containing variable amounts of carbonatite matrix and
atered country rock clasts.

Dikes of carbonatite are common in the vicinity of the
Sulphide Queen orebody. They are present, but far less
abundant, in a wider area from 1 km northwest of the
orebody to 10 km southeast of the orebody. Notable among
these dikes is the Birthday vein, which contains coarse
calcite, barite, and bastnasite, and may be a carbonatite
pegmatite. A silicified carbonatite dike in the same area
contains strontianite, galena, and the rare mineral cerite.
Although some dikes in the Mountain Pass area contain
bastnasite or parisiteand asmuch as 10% REO, most contain
minor monazite and about 3% REO.

Carbonatite Mineral Assemblages

Bastnasite-barite sovite—Sovitic carbonation forms the
basal part of the orebody, and most of the ore where the
carbonatite narrowsin the north part of the pit. Inthethick,
southern part of the orebody, it makes up less than half of
the orethickness. The sovitic ore containsrelatively coarse,
early-formed bastnasite, along with recrystallized barite
phenocrysts, in a matrix of fine-grained calcite and barite.
Where unaltered, it is pink to mottled white and reddish
brown rock that typically contains about 65% calcite, 25%
strontian barite, and 10% bastnasite. However, relative
amounts of these three phases vary considerably (table 6),
and ateration following magmatic crystallization produced
more complex mineral assemblages.

Bastnasitein sovitic oreistypically coarsegrained (fig.
10); on the basis of datafrom 126 samples collected during
pit mapping, average bastnasite crystal diameter is about
300 microns. Bastnasite in the sovite generally forms
hexagonal prisms strongly elongated along the c
crystallographic axis. Parisite, which occurs locally in the
sovite, commonly forms fan-like intergrowths with
bastnasite (fig. 11). For the most part, monazite occurs
sparingly in the sovite, generally as small primary euhedra
and patches of radial secondary needles.

Much of the sovitic ore has been altered. Silicification
iscommon; fine-grained, anhedral quartz comprisesasmuch
as 60% of therock locally (table 6), generally as pervasive
flooding or stockwork veining. Thesilicification was mainly
at the expense of calcite, although partia replacement of
barite and bastnasite also took place. Sovite with weak to
severe talc replacement (table 6) occursin the north part of
the pit, mostly as schistose gray-green rock with brick-red
barite augens and deformed bastnasite prims. Allanite occurs
locally in talc-altered sovite. Other alteration minerals are
chlorite, phlogopite, and magnesioriebeckite, which
generaly occur in xenoliths, but locally in the carbonatite.
Strontianite replacement of calcite and strontian bariteis

Figure 10. Coarse bastnasite prisms (bas) in sovite,
plane polarized light.

Figure 11. Parisite (gray) with bastnasite (light gray),
back-scattered electron image.
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common, and celestine occurs as bladed replacements and
overgrowths of strontian barite and as late veins. Iron
hydroxideislocally abundant, particularly in silicified ore.

Bastnasite-baritebefor site—Beforsitic orewasonly found
in the southwestern corner of the pit in the early 1980s, but
on lower levelsit was found to stretch further to the north
along thehanging wall of the orebody. Thisoretypetypically
overlies sovitic ore and is separated from it by dolosovite.

Thebeforsitic ore containsferroan dolomite asthe major
carbonate phase. The average mode is about 55% dolomite,
25% barite, 15% bastnasite, and 5 % calcite (table 6). It is
light-gray to pale-brown or pale-pinkish-brown rock that
contains abundant gray, white, or pale-red to pink barite
phenocrysts, commonly as single crystals rather than
recrystallized aggregates. Barite-rich zonesnoted in drill core
and during pit mapping may represent cumulates along internal
intrusive contactsin the beforsite. The dolomite, which occurs
as pae-yellowish-brown to brown rhombs, crystallized after
formation of the barite phenocrysts. The dolomite rhombsare
set in fine-grained, pale-yellow, interstitial material that
consistsof bastnasite, calcite, and barite. Along the south wall
of the pit, the beforsite contains crude, nearly vertical banding
that consists of braided discontinuous veins of late
bastnasitetcalcite. The texture may have formed by upward
streaming of residual REE- and Ca-rich fluids.

Bastnasitein beforsite oreisrelatively finegrained (fig.
12), with an average crystal diameter of 87 microns (based
on data from 118 specimens) and occurs as stubby
hexagonal prisms weakly elongated along the c axis.
Monazite content of the beforsite oreisvariable, but locally
isas much as 5% and occurs asirregular late veinlets (fig.
13) with microcrystalline granular to radiating acicular
texture (“bone” monazite). Rare parisite occurs as
intergrowthswith bastnasite. Sshamalite and synchisiteare
REE minerals thought to have originated as secondary
phasesin the beforsite.

Most of the beforsite is unaltered. Locally it contains
minor amounts of quartz, in places as discrete poikilitic
crystals as much as 1.5 mm in diameter, some of which are
dipyramidal euhedra, indicating high-temperature origin. A
few irregular masses of greasy gray quartz to 30 cm across
were noted in the beforsite during pit mapping. Dark brown
limonitic alteration occurs in places in the beforsite,
particularly along faults and in brecciated zones, and
commonly as pseudomorphs after dolomite rhombs.

Bastnasite-barite dolosovite—Dolomitic sovite
(dolosovite) ore occursin a30- to 60-m-wide zone between
the sovitic and beforsitic oretypes. It contains both dolomite
and calcite in variable amounts, and the carbonate minerals
show evidence of secondary redistribution such as calcite
veining and dolomitization. Dolosovite is generally
limonitic, commonly as dark brown pseudomorphs after
dolomite rhombs. Barite phenocrysts are typically white to
pink and recrystallized. Some dolosovite contains coarse
bastnasite as in the sovite, and some has fine-grained, late
beforsite-style bastnasite. On grain-size distribution maps,

aline drawn between coarse bastnasite average sizes (over
150 microns), and fine average sizes (under 150 microns)
roughly bisects the dolosovite zone. The bastnasite in
dolosovite is generally yellowish brown or brown, rather
than the paler colors seen in the other ore types.

Dolosovite ore has high strontianite contents,
particularly in rock with coarse bastnasite. It isalso locally
rich in fine-grained, anhedral silica. It rarely contains talc.
“Black ore,” which is dark-brown, earthy, and commonly
porous material with abundant white calciteveins, ismainly
restricted to the dolosovite. It locally contains extremely
high bastnasite contents dueto calcite and dolomiteremoval .
Although REE minerals other than bastnasite are common
in dolosovite, they mostly occur in minor amounts. “Bone”
monazite is more abundant than primary monazite.
Synchisiteoccursasapartial replacement of bastnasite, and
secondary sahamalite and ancylite have a so been identified.
These minerals generally occur with secondary calcite.

We consider the dolosovite to be a hybrid rock, not a
separate intrusive type. It probably formed by carbonate
redistribution during and after intrusion of the beforsite. On
the basis of bastnasite grain size (the most reliable way to
differentiate beforsite and sovite ore in the absence of
original carbonate mineralogy) some dolosovite was
originally sovite and some beforsite.

Figure 12. Fine bastnasite (dark colored grains) in
beforsite, plane polarized light.
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Figure 13. “Bone” monazite (mz) in beforsite, plane-
polarized light.
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Whitebastnasite-barite sovite—Rel atively small amounts
of white sovite ore occur in the southwest part of the pit
where it forms a sheet-like mass as much as 25 m thick
above beforsitic ore. It contains no dolomite but it differs
from the basal sovite in that it contains fine-grained late
bastnasite, single-crystal barite phenocrysts, and “bone”
monazite like the beforsite. This minor ore type, which has
very high bastnasite contents, may be the product of late-
stage calcitization of the beforsite by rising residual fluids
responsible for late bastnasite and calcite deposition in the
underlying beforsite.

Parisite-barite sovite—Parisite is present in some of the
ore asaminor mineral. However, parisite sovite with little
or no bastnasite was reported by R.L. Sherer (unpub. data,
1979) as a thin, sheet-like intrusion below the orebody in
the south wall of the pit. This intrusion, which was
subsequently intersected by drilling in the mid 1980s,
contains about 20% of flow-oriented, pale-green parisite,
distinguished petrographically as hexagonal plateswith the
shortest dimension along the ¢ axis. Parisite also occurs
abundantly as coarse greenish plates in carbonatite on the
Windy claim about 20 km southeast of the Sul phide Queen
orebody. Because parisite containsless REE than bastnasite
(table 3), it lowers concentrate grade and is not considered
an ore mineral.

M onazite-bearing car bonatites—Carbonatite that contains
monazite in amounts that approach or exceed bastnasite
occurs in and adjacent to the Sulphide Queen orebody. In
addition, monazitic sovite comprisesmany carbonatite dikes
in the vicinity of the orebody. Monazite is not taken into
solution during REE extraction at Mountain Pass, and the
effect of adding rock with significant amounts of monazite
to mill feed is therefore deleterious.

Monazite sovites and beforsites both occur at Mountain
Pass, but nearly all of the monazitic carbonatite in the ore
body is dolosovite constituting amass about 20 m acrossin
the hanging wall and significant amounts at the north and
south ends of the orebody. In hand specimen, the monazite
carbonatite is generally equigranular because barite
phenocrysts are sparse or lacking. The monazite occurs
predominantly as primary crystals, although “bone”
monazite is present in some samples. Where present,
bastnasite occurs as sparse corroded grains, possibly
xenocrysts, that are generally in coarse sizes similar to
bastnasite in the sovite.

Most of the monazite carbonatite is associated with
breccia, and it commonly contains small phlogopite-rich
clasts. At the north and south ends of the pit, it occurs around
breccia; and in the hanging wall of the orebody, it locally
contains abundant xenoliths of country rock. Itsdistribution
in and adjacent to the orebody, association with breccia,
and the general lack of barite and bastnasite phenocrysts
suggest that the monazite carbonatite formed from magma
pressed out of adjacent breccia.
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Breccia—Breccia with fenitized country rock clasts and
carbonatite matrix comprises significant amounts of the
Sulphide Queen carbonatite. It occursabundantly at the north
and south ends of the pit. In the hanging wall of the orebody,
it ranges from a stockwork of randomly oriented to sheeted
dikesin altered gneiss, through clast-supported breccia, to
matrix-supported breccia that grades into monazitic
carbonatite. In places it seems to have formed in situ, by
intrusive stoping and injection of carbonatite magma into
shattered country rock. However, brecciathat occurslocally
in sheet-like massesin the orebody may have been emplaced
as intrusive breccia. Clasts of country rock in carbonatite
areinvariably fenitized, giving some the appearance of pink
to red syenite with rims of dark phlogopite and(or) chlorite
(fig. 14). Inthefootwall of the orebody, much of thebreccia
is composed of rounded clasts of gneiss, shonkinite, and
syenite in crushed rock matrix with talc, chlorite, and
magnesioriebeckite and little or no carbonatite. Thisbreccia
was, in part, formed prior to carbonatite intrusion. Breccia
in the north part of the pit is strongly altered to talc, which
renders clast identification difficult.

Chemistry of the Carbonatites

Carbonatite at Mountain Pass has been characterized as
ferrocarbonate on the basis of its high Baand REE content
(LeBas, 1987). Ferrocarbonatite, which istypified by high
Fe and Mn contents (Woolley and Kemp, 1989), occurs as
late-stage intrusions in some carbonatite complexes
following emplacement of more typical carbonatites that
are enriched in B, Nb, Ti, and Si. However, no such early
carbonatites are present at Mountain Pass, and although
some of the carbonateisrelatively ironrich, ferrocarbonatite
israre or not found at Mountain Pass. Instead, most of the
carbonatite is chemically calciocarbonatite (sovite),
magnesiocarbonatite (beforsite), or intermediate between
these two types (dolosovite) (fig. 15). Mountain Pass
carbonatite with ferrocarbonatite or near-ferrocarbonatite
chemistry hasbeen altered or contaminated by country rock.

Carbonatite chemistry varieswidely at Mountain Pass,
as might be suspected given the mineralogic variability

Figure 14. Breccia: clasts of dark fenitized country rock,
with dark phlogopitic rims, set in light-colored
carbonatite.



(table 6). Although individual samples may be highly
variable, soviteoreistypically highin CaO, BaO, and SrO,
and it haslow Fe oxide and MgO. On the basis of datafrom
hundreds of 30-m blast-hole analyses, average REO content
is 7%. Sample HP-20B, taken from a bastnasite sovite dike
about 2 km southwest of the orebody, has relatively low
REO and BaO content, along with high silicaand Fe oxide
due to the presence of xenoliths.

Beforsite ore typically hasrelatively high MgO and Fe
oxide (table 6), along with relatively low SrO and CaO.
Such oregenerally hashigh REO content; blast-hole samples
from beforsitein the southwest corner of the pit consistantly
contain more than 10% REO, and in some instances more
than 15% REO.

Genesis of Mountain Pass Ultrapotassic
Rocks and Carbonatite

As noted above, ultrapotassic rocks are distinguished from
other, more common, alkaline rocks using mineral and
chemical parameters. On the basis of their chemistry, mafic
akalinerocksat Mountain Passfall into the Group | (Foley
and others, 1987) or lamproitic (Bergman, 1987) subclass
of ultrapotassic igneous rocks. The origin of southeastern
Cadlifornia ultrapotassic rocks is inferred to be similar to
that proposed for such rocks.

Theoriesabout ultrapotassic rock origin have evolved
from early proposals of magma contamination or
fractionation in the crust to more recent ideas involving
partial mantle melts and(or) mantle metasomatism
(Sahama, 1974, Foley and others, 1987; Bergman, 1987).

O bastnasite-barite sovite
O silic. bastnasite-barite sovite

Calciocarbonatite
(sovite and alvikite)

@ bastnasite-barite sovite + talc
4 bastnasite-barite dolosovite

2} monazite-barite dolosovite
O bastnasite-barite beforsite
B monazite-barite beforsite
A breccia

Ferrocarbonatite

Magnesiocarbonatite
(beforsite & rauhaugite) (o)

MgO FeO + Fe,03 + MnO

Figure 15. Chemistry of Mountain Pass carbonatites
compared with fields that represent the three carbonatite
classes. Carbonatite class fields represent the densest
accumulations of calciocarbonatite, magnesio-
carbonatite, and ferrocarbonatite plots from Woolley and
Kempe (1989); however, many carbonatite analyses fall
outside these fields.

Assimilation of crustal material is not now considered a
major factor in the genesis of ultrapotassic rocks (Foley
and others,1987). The chemistry of ultrapotassic rocksis
unique when compared with other, more-abundant rock
types thought to originate in the mantle, and it has been
cited as evidence of zone-melting in the mantle (Harris,
1957) or less than 1% partia melting of primitive deep
mantle (Kay and Gast, 1973). Other proposalsentail partial
melting of metasomatized mantle (Nixon and others, 1984;
Jaques and others, 1984), or mantle contamination by
subducted crustal rocks (Venturelli and others, 1984).
Ultramafic xenoliths found in ultrapotassic occurrences
have been cited as direct evidence of mantle derivation
(Foley and others, 1987), but such xenoliths have not been
found in the southeastern California ultrapotassic rocks.
Bergman (1987) cited other evidencefor mantle derivation
of ultrapotassic rocks, including calculated crystallization
pressures and temperatures, and the presence of diamonds
in some lamproite.

Features unique to Mountain Pass ultrapotassic rocks,
when compared with other ultrapotassic series, are the
presence of more felsic rocks and the association of
carbonatite. Relatively high silicain felsic members of the
ultrapotassic suite may be due to crystallization of leucite
and extended fractionation in aplutonic environment. Slow
crystallizationin aplutonic environment offers possibilities
for crystal-liquid fractionation such ascrystal settling or filter
pressing, which would lead to more evolved rocks by
removal of mafic phases as mafic cumulates (possibly
represented by samples CSH and HPL, table 4). Gleason
(1988) considered shonkinite in the Barrel Spring area to
be crystal cumulate from an intermediate magma, whereas
Crow (1984) proposed that the shonkinite at M ountain Pass
represents parental mantle-derived magmathat gaveriseto
offspring syenitic magmas.

Plutonic textures exhibited by relatively large masses
of ultrapotassic rock in the Mountain Pass area suggest
relatively deep emplacement. Experimental work on Leucite
Hills, Wyoming, rocks shows that leucite is unstable above
1 kbar PH,O (Barton and Hamilton, 1978), and the
occurrence of pseudoleucite in melasyenite with plutonic
texture from the Mountain Pass areaindi cates emplacement
at depths near the maximum for leucite stability (2to 3km).

The elevated silica and association of carbonatite at
Mountain Pass may be due to the more thoroughly evolved
nature of the alkaline series relative to other ultrapotassic
suites. Separation of alkaline silicate and carbonatite
magmas due to liquid immiscibility at late stages of
crystallization of alkaline magmas (Kogarko and others,
1979) could account for this association. However,
compelling evidence for liquid immiscibility such as that
found in kimberlites (Wyllie, 1978) has not been found in
Mountain Pass rocks. Mafic alkaline rocks (shonkinite and
melasyenite) at Mountain Pass crystallized from magma
with high Ca, Ba, F, and LREE contents, and therefore this
magmaisalikely candidate for the separation of aMountain
Pass-type carbonatite fluid.
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The Mountain Pass ultrapotassic suite shows ageneral
progression inintrusive sequence from shonkiniteto granite
that could haveresulted from intrusion of mafic magmainto
the crust followed by more-or-lessin-situ differentiation to
more felsic magmas. However, |late melasyenite dikes that
locally crosscut felsic rocks indicate renewed intrusion of
mafic magma. Based on detailed geologic mapping and
evidence of intrusive sequence, Watson and others (1974)
proposed that Mountain Pass intrusions came from more
than one differentiating source. Petrogenetic modelling
based on REE contents led Crow (1984) to propose a
separate origin for granite than for shonkinite and syenite at
Mountain Pass. However, high contents of elements such
asCr, Ni, and Znin Mountain Passgranites (table 4) relative
to most other granites, indicate that they are closely related
to the mafic alkaline rocks at Mountain Pass.

Although carbonatite at Mountain Pass shares some
chemical characteristics with other carbonatites, it is
uniquely enriched in certain elements (Ba and REE) and
relatively low in others (particularly P, Nb, and Fe). It is
noteworthy that the Mountain Pass carbonatite is highly
enriched in elements that are also inordinately abundant in
the associated ultrapotassic rocks. Bastnasite, the most
abundant REE mineral in the carbonatite, is of primary
igneous origin, a feature that is generally not shared with
other carbonatites (Mariano, 1989). Furthermore, the
geometry of Mountain Pass carbonatiteintrusionsissimilar
to the associated ultrapotassic plutons; both occurring as
moderately dipping, sill-likeintrusionsor as steeply dipping
dikes. It is likely that Mountain Pass carbonatite is
genetically related to the associated ultrapotassic rocks. If
the origin of the carbonatite isrelated to processesthat also
gave rise to the ultrapotassic magmatism, a parent magma
similar to that which typically produces carbonatites in
nephelinitic complexes, as proposed by Jones and Wyllie
(1983), is not necessary.

The relationship between the southeastern California
ultrapotassic rocks and coeval anorogenic granitic rocksin
the southwestern U.S. isunclear. The ultrapotassic suite has
some chemical affinities with the anorogenic granites,
particularly those at Gold Butte, Nevada, and the Hual apai
Mountains, Arizona, which have high K, Ba, F, and REE
(Volborth, 1962; Kwok, 1987; Anderson, 1989). However,
Middle Proterozoic anorogenic granites are relatively
aluminum rich (some are peraluminous), only marginaly
alkaline, and have REE distributions with large negative
Eu anomalies (Anderson, 1983), suggesting genesisthat is
very different from that of the ultrapotassic rocks. Most of
the data indicate that the anorogenic granites are of crustal
origin (Anderson, 1989), although they are associated with
probable mantle-derived products such as anorthosite
(Emslie, 1978). The abundance of felsic rock typesin the
Mountain Pass suite in comparison to other ultrapotassic
suites suggests mixing of mantle-derived ultrapotassic
magmawith crustally derived granitic magma. Itispossible
that both the anorogenic granite and ultrapotassic serieswere
produced by a single extended Middle Proterozoic thermal
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episode originating in the mantle. Mantle upwelling under
a thick supercontinent has been postulated to account for
the Middle Proterozoic anorogenic magmatism (Hoffman,
1989; Anderson, 1989); and mantle metasomatism, which
is considered necessary for ultrapotassic magmatism, is
thought to occur under relatively thick continental crust
(Foley and others, 1987).

Restriction of the southeastern California ultrapotassic
rocks to a narrow northerly zone was probably due to local
deep-seated crustal rupturing within the northeast-trending
anorogenic magmatic belt. In this regard, the time of
emplacement of the ultrapotassic rocks may be significant; it
is approximately equivalent to the age postulated for the
opening of Middle Proterozoic basins (e.g., the Belt basinin
the northwestern United States, Obradovich and others, 1984).
The zone of ultrapotassic rocks in southeastern Californiais
inboard, but near and roughly parallel to, the western
boundary of the North American Precambrian continent
(Kistler, 1990), which is thought to have separated from the
Siberian platform (Piper, 1983) during a much later event
(0.6 Ga). Middle Proterozoic ultrapotassic magmatism in
southeastern Californiamay have been associated with rifting
that was not consummated in continental breakup until later.

Regardless of their origin, the carbonatite and
ultrapotassic rocks at Mountain Pass constitute a unique
occurrence. If other REE orebodies like the Sulphide Queen
carbonatite occur globally, they are probably associated with
ultrapotassic igneous rocks.
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Discovery of Jadeite in Guatemala

John G. Cleary
Ventana Mining Company

In 2001 loca prospectors discovered a new occurrence of
green and greenish blue jadeite south of the Motagua River
Valley (fig. 1) about 80 km northeast of Guatemala City.
All of thejade depositsknown in Guatemalaare found within
the Motaguafault zone, an east-trending, seismically active,
structural boundary between the North American and
Caribbean tectonic plates (fig. 2). Along and adjacent to

Figure 1. Motagua River Valley looking east.

this zone, numerous sheared serpentinite bodies are present
inanareal0to 40 kmwideand 100 kmlong (fig. 3). Jadeite
occurs within the serpentinites as veins, lenses, and pods a
few meterswide and up to tens, or even hundreds, of meters
long. These primary jadeite bodies are the sources of the
large dluvial jadeite boulders (fig. 4) found throughout the
region. The jadeite is thought to have crystallized directly
from a hydrous fluid at pressures of 5-12 kbar and
temperatures of 200°—450°C (Harlow, 1994; Johnson and
Harlow, 1999). Jadeiteformsasvein-like podswithin larger
bodiesof blueschist and eclogite. Protolithsfor the blueschist
and eclogite are graywacke and basalt/gabbro respectively.
Both of these rocks were once part of the oceanic crust.

The recent finds of green jadeite in Guatemala are
similar to the type of stone associated with royalty in the
Olmec culture more than 2,000 years ago. This beautiful
deep-green material is described as “Olmec Imperial”
jadeite. A different material found for the first time in the
field and not described in the archaeol ogical record istermed
“New Blue” jadeite.

Production of both the Olmec Imperial and the New
Blue jadeite by the local jade prospectors has historically
been only from creek beds and alluvial terrace deposits
downstream of the giant boulders. The local jade hunters
sell most of their rough to the several jewelry manufacturers

90°

Gulf of Mexico

L Nicaragua

80°

Figure 2. Location and tectonic map of Guatemala and the Caribbean basin.
(Map courtesy of George E. Harlow, American Museum of Natural History, New York.)
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inAntigua, Guatemala. These manufacturers sell almost all
of their jewelry to the local tourist trade.

Ventana Mining Company has been awarded several
mining concessionsin Guatemala. Ventanaintendsto quarry
the jadeite, and to manufacture and sell both fine jadeite
jewelry and jadeite tile and dimension stone. Jadeite
dimension stone is a completely new product.

The physical properties of jadeite with respect to its
application as a polished dimension stone are truly
extraordinary. Jadeite has acompressive strength of 54,000

Figure 4. Carlos Gonzales on newly discovered
340-ton Guatamalan jadeite boulder.

psi, twicethe average strength of granite. SierraTesting Labs
reported that the jadeite samples Ventana submitted had the
highest compressive strength of any rock material that lab
had ever tested, and that the samples dented and deformed
the stainless steel platens which held the samples in the
hydraulic press. The jadeite sample Ventana tested had
flexural strength of 7,450 psi, more than twice the flexural
strength of the average granite. It had an abrasion resistance
number of 0.02% in the test of abrasion resistance to foot
traffic. This means that only 0.02% of the jadeite was
abraded away during the test. In comparison, 12% of the
averagemarbleislost by abrasioninthe sametest, indicating
that jadeite is roughly 600 times more abrasion resistant
than marble. Jadeitetile and polished slabs are clearly more
scratch, chip, and heat resistant than any other dimension
stone on the market today.
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2000 Years of History—What Future for Ball Clay Extraction in the UK?

John. F. Cowley, Mineral and Resource Planning Associates Ltd
Quentin G. Palmer, Kings Stag Consulting

“In these days we are less sure of ourselves—we
fear therising tide of change and seek to preserve
for ever, or at least for the foreseeable future, a
particular stagein anatural evolution.” Man and
the Land, Dudley Stamp, 1953.

“ Our aimshould not be a landscapefrozenintime-
important wetland sites came from mineral
workings.” A Better Quality of Life: A Srategy
for Sustainable Development for the UK,
Department for the Environment, Transport and
the Regions, 1999.

“All the heath purples, browns and greens had
merged in a uniform dress without airiness or
graduation.” The Return of the Native, Thomas
Hardy, 1878

Introduction

Thetitle of thispaper raises asomewhat rhetorical question.
As the paper will describe, the commercial future for UK
ball clays! is assured as the resources are present and
economically workable, thetechnical quality of the material
isdemonstrable, and theresourceisrelatively uniqueinthe
world. Demand for UK ball clay, particularly for itsusein
sanitaryware, asignificant area of growth if sanitation isto
be improved throughout the world, remains strong and on
general trendslooksto grow. Asaworld-classresource, there
should be no question as to the future.

However, what isnot assured, and can only be speculated
at present, is the extent to which demand for clay from all
the productive basins in the UK can be satisfied given the
apparent severe and irresolvabl e constraintsimposed by other
resource management considerations, notably the stringent
considerations relating to wildlife and habitat conservation
and the protection of landscape quality. These two factors
areintimately related becausethe perceived landscape quality
flows mainly from the vegetation cover.

Economic resourcesof UK ball clay arelocated entirely
in three small Palaeogene basinsin southwest England, the
Bovey and Petrockstowe Basinsin Devon, and the Wareham
Basinin Dorset. Ball clay has been extracted in at least the
Wareham Basin for use in ceramics for over 2000 years.
Current production is at an all time high of over 1 million

metric tons per year, of which 83% is exported, principally
to Western Europe where the plasticity, high white firing,
and rheological propertiesof the UK claysare sought. While
the UK would not normally be considered asamajor mineral
producer, it contains a world-class resource in ball clay,
which is of international value and significance.

While the clay from each basin may have particular
attributes, blending of clays createswhat isin effect asingle
interrelated resource. However, as the resource devel opment
issuesinthethree producing basinsare different and complex,
this paper will concentrate on the Wareham Basin where
congtraintsand conflict appear to bemost severeand polarised.

The Wareham Basin

TheWareham Basinisalow-lying undulating areaunderlain
by a sequence of sands and clays with overlying aluvial
gravels surrounded by the chalk uplands of the Dorset
Downs. Four of the clays host discontinuous deposits of
ball clay and areworked for that mineral. The sands and the
gravels are worked for aggregate and industrial sand. The
most valuableand productiveball claysare generally thicker,
more extensive, and of better quality in the southern part of
the area. The host clays and the contained ball claysfeather
out to the north and west. The host clays thicken to the east
but the clay quality deteriorates.

Thesands, gravels, and claysmainly giveriseto neutral
to acidic soils with acidic mires and bogs with peat in
enclosed shallow drainage basins. However, major river
valleysthat risein the chalk uplands beyond the basin, and
loess type deposits on gravels can produce cal careous and
highly productive soils.

The vegetation cover on the neutral to acidic soilsin
this area consists of amixture of oak woodlands, extensive
areas of conifers, marginal agricultural land, but also large
areas of ‘heathland.” The conifers were originally planted
(mainly on the heathland because it was the poorest of the
low productivity agricultural land) for national ‘strategic’
reasons after World War | to ensure asupply of pit propsfor
underground coal mines.

That now produces the perverse situation that a former
national objective (now effectively defunct) constrainsdirectly
aninternational objectivein nature conservation. A significant
knock on effect isthat the remaining area of heathland isless
andisconsidered to be under threat. It istherefore considered
to be desirable to protect that remaining heathland from
development, which objective then seriously inhibits the
international resource consideration in the supply of ball clay.

1 The term ‘ball clay’ is derived from the old method of working. The clay was cut into cubes about 9 inches (250 mm) square, with a spade-like tool called a ‘tuball.” Because of the plastic
nature of the clay, these cubes became rounded and assumed a ball shape during handling. Clay was traded by the ‘ball’ until universal acceptance of tons with the introduction of weights
and measures; hence the name became widely used and is now universally accepted as a description for plastic kaolinitic clays.
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‘Heathland,” or ‘the heath,” isaterm describing both a
habitat and a landscape predominantly composed of
heathers, alow-growing ericaceous shrub, with associated
flora. The heathland habitat includes arange of typesvarying
fromvalley miresto dry hilltop heath and includes associated
wetlands. Heathland supports arange of faunathat benefits
from the particular characteristics of the vegetation. The
Wareham Basin adjoinsthe seaand benefitsfrom arelatively
mild maritime climate and low levels of atmospheric
pollution. This has helped to maintain perhaps the most
equitable climatein the UK providing for arange of species
inthe Basin, that is otherwiserare in the UK. That haslead
to many sites within the basin being designated as Ramsar
sites, being areas of global nature conservation significance,
or being designated as Special Areas of Conservation or
Special Protection Ares in accordance with European
Directives due to their European nature conservation
importance. Many sitesare covered by all three designations.

‘Heathland’ also describes a land-use practice. The
heath, at its largest extent, was never a natural feature, but
was an area of ‘extensive’ agriculture practice (devel oped
over 3,500 years), which reflected, utilised, and managed
(within practical and economic limits) this area of low
agricultural productivity as an adjunct to more productive
land. Much of the heath was managed as common land
(wherein specific rights of ‘commoners’ existed to, for
example, cut peat or turf as fuel, cut gorse or ‘furze' for
animal feed, let stock loose to graze, etc). Many of these
practices gradually declined during the late nineteenth
century as the heath depopul ated to more urban areas. The
extent of the heath was and istherefore an anthropomorphic
aberration related to social and economic conditions at a
moment in time.

However, the landscape of the basin contrasts
dramatically with the intensively managed surrounding
Chalk hills and the typical farming landscape of lowland
England. It conveysasense of ‘wildscape’ otherwisemissing
from lowland England and the colours and vistas portray a
less ordered and a more sombre aspect. For these reasons
thelandscapeitself isvalued nationally and part of the basin
has been designated as an Area of Outstanding Natural
Beauty (AONB) asit isperceived asalandscape of national
importance.

The heath landscape has become an important cultural
element, both actually and metaphorically, via the novels
of Thomas Hardy. Hardy set a number of his novelsin or
adjacent to the heath and transferred the dour and
‘“unmanaged’ landscape into the characters populating his
novels. Perhaps morethan any other locality inthe UK, this
cultural significance is strongly identifiable. This
relationship has, however, become self-enforcing as more
readers seek to understand this character and seek to find a
landscape that only existed as described by Hardy in his
novels. This has unfortunately created a false view of the
extent, form, and permanence of the heath.

Unfortunately, a significant proportion of the ball clay
resource in the basin is overlain by both the nature
conservation and landscape designations. This has led to
the adoption of a policy position severely inhibiting the
extraction of ball clay. Wetherefore seem to have asituation
wheretwo international resource considerationsarein direct
and apparently severe conflict. The perceived prospect is
that protection of one would harm the other.

Indeed, some have concluded that the restraints are so
severe in themselves and in relation to ‘sustainability’
considerations, because of the presumed and perceived
irretrievable harm that mineral extraction would cause to
habitat, species, and landscape, that conservation of habitat,
species, and landscape should have primacy over provision
of ball clay. Inresponseto this perceived potentia for harm
there is an underlying theme of land use planning policies
within the basin with an objective that would preclude
access to the most productive areas and those deposits of
greatest value.

Such a policy objective may cause significant
limitations on production from the Wareham Basin in the
future. However, is such apolicy conclusion justified? Has
the extent of the conflict been heightened, inadvertently, by
over-enthusiastic, perhaps unbalanced adoption of
conservation needs and legislation? Has uncertainty about
theimpacts of habitat or landscape change created an attitude
inregulators and environmental agenciesthat cannot accept
or risk change? Ispolicy overtly restrictive so asto prevent
any risk of harm, or to prevent a regulatory agency
apparently condoning action that might risk harm? Is it
easier, athough perhaps unjustified, for regulatory and
environmental agencies to adopt a seemingly sustainable
‘correct’ policy to prevent development, when it might be
possible, although difficult and contentious, to achieve what
might more truly be a sustainable solution? Findly is this
policy stance areflection of substantive environmental and
economic objectives?

These issues are considered below. The description of
the current state of play presented by the authorsflows partly
from their contributionsto arecent research project funded
by the UK government on the Wareham Basin and their
extensiveinvolvement inthe subject and other mineral issues
throughout the UK over the last 30 years. The paper cannot
describe in depth the matters under consideration or the
details of the regulatory process. However, it is hoped that
it presents an adequate overview of the situation. The paper
and its conclusions are the views of the authors.

Mineral Planning in the UK

“Mineral planning is to me a question of balance. —As
far as possible we must avoid damaging or destroying our
most sensitive and treasured places and landscapes. We
must ensure that we only extract material that is essential
and for which there is no alternative.”

Nick Raynsford MP, Minister of Planning, Housing
and Construction, Department of the Environment,
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Transport and the Regions. Opening Address to the 2nd
European Conference on Mineral Planning, Harrogate,
UK 1999.

Since 1948 the UK has operated what must be one of
the most comprehensive and rigorous land use planning
systems in the world. The system is primarily enacted
through the town and country planning legislation (and
subsidiary legislation and guidance), within which a
number of discretionary opportunities exist, but with
significant input from associated |egislation.

The fundamental objective of the legislation is to
regulatethe use of land ‘inthe publicinterest.” The public
interest’ isavague term and concept, but in the context of
a planning process that is ‘discretionary,” this term is of
necessity vagueto allow discretion in policy and decisions.
One aspect is clear, however, and that is that the public
interest of land regulation is not, and never can or should
be, the interest of one sector of society but has to be a
balance of the needs and demands of all relevant interests.

Regulation of the use of land means that all
‘development’ requires ‘permission’ from the relevant
planning authority, unlessit has been defined as* permitted
development’ by statute. ‘ Development’ includes change
of use of land, structural development, and engineering
operations.

Mineral extraction is an ‘engineering operation’ and,
while forestry and farming as a land use were excluded
from planning control, mineral extraction was made subject
to planning control. However, mineral extraction haslong
been recognised as having special characteristics. The
primary difference is that most other development has a
short construction stage followed by along period of no
change in use. Mineral development is effectively only a
temporary ‘construction’ stage, generally over a specific
short period, before the land is restored to another use.

Thereisasecond significant differencein that minerals
can only be extracted from locations where they are found
in economically workable concentrations. They can only
be worked where they occur. Society, and therefore the
planning process, cannot move or relocate mineral deposits
to those areas where extraction would be more acceptabl e.
Thisisclearly different from the considerationsthat relate
to urban and infrastructure development where many
options for location exist. It is also different from many
other resource management decisions where alternatives
can be provided. For example, forestry can be relocated;
agricultural land can be moved, created and improved;
groundwater recharge can create new water resources; and
wildlife habitat can be moved and increased in quality.
Indeed, all these resources can be moved, expanded, or
contracted over a relatively short timeframe to reflect
changing economic, environmental, or social objectives.
Mineral deposits can expand or contract only due to
economic conditions (setting aside their sterilisation) and
cannot be moved.
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Dueto the above considerations mineral development
may not fit easily into the planning process. However,
despite various reviews over the years mineral extraction
isstill subject to the main planning legislation.

There is no doubt that planning legislation was and is
needed. The UK isone of the most densely populated nations
and therefore aprocedure that providesfor the most rational
use of resources, commensurate with social and economic
objectiveswas, and remains, essential. The process has been
described as being ‘a sort of benevolent despotism’ and, if
itisused asameansto an end and not asan end initself, it
will be acceptable and serve a useful purpose.

The planning process has had to adapt to the changing
pressures on resources and the changing objectives of
society, otherwise it would have become irrelevant or,
worse still, it would harm that which it supposedly seeks
to protect. That said, the planning process should not adopt
the latest fashion or the desires of special interest groups
unless those also serve the public interest.

The planning processin the UK is described as being
‘plan-led.” This means that all decisions on development
proposals are generally determined in accordance with
statutory ‘ development plans.” However, as the planning
process is also discretionary, a decision is not bound by
the ‘plan’ asother ‘material considerations’ may be taken
into account. Material considerations are not defined in
statute but the courts have held that various factors, such
as the existence of up-to-date or relevant policies, can be
material considerations.

The planning process in the UK is alocal process. It
isthe responsibility of local planning authorities acting in
accordance with broad national guidelinesand the adopted
development plan to determine applications. There is
provision for applicantsto appeal to the Secretary of State
and any interested party can seek redress in relation to a
decision through the courts.

Sustainability

Sustainability objectivesare key conceptsthat underpin the
whole approach of the UK’s planning system at both local
and national level. The objectives stress the importance of
integrated policiesin meeting four broad goal s that need to
be addressed equally:

e Social progress that recognises the needs of
everyone,

» Effective protection of the environment,

e Prudent use of natural resources, and

¢ Maintenance of high and stable levels of economic
growth and employment.

Thus economic growth needs to take place in a way
that ensures effective protection of the environment and
prudent use of resources. But importantly sustainability is
not solely the provision of environmental goods but a
balance of both environmental and economic goods. Meeting



these goals is not easy. It is exceedingly difficult for the
planning system to balance proactively the complex
provision of environmental and economic objectives when
its vision and procedures now heavily lean towards
protection and limitation of development.

There isafurther substantial element of sustainability,
which is of major importance but quite frequently ignored
by planning at al levelsin the UK. That element requires
that the UK consider the application of sustainability
objectives and the impact of decisions in a global context.
Decisions must take account of implications on the economy
and environment of other nationsfor example so that the UK
does not export environmental costs or deprive other nations
of material goods necessary for social, health, or economic
purposes. Sustainability, therefore, requires us to ensure an
adequate provision of minerals to support downstream
manufacturing industries in the UK and, where relevant, to
industry in other nations dependent upon resources available
inthe UK. It aso requires that more valuable environmental
assets in the rest of the world are not harmed just to protect
environmental assets of less significance in the UK.

The Development Plan

The development plan for an area defines the desired and
acceptable future land use changes for an areaand indicates
these in policies and on a map. The development plan is
prepared by the same local authority responsible for
determining applications for development in that area. This
may ensure the linkage between a decision on development
and the objectives of policy, but the process hasasignificant
element of ‘judgeand jury,” whichisreinforced by the process
involved in the preparation of development plans. Thisisa
quasi-judicial process with public involvement overseen,
evaluated, and reported on by an independent inspector.

However, while the inspector may recommend
amendments to the plan, it is the local authority itself that
finaly determines what amendments shall be made. The
local authority may choose to discard changes suggested
by the inspector even where such changes more properly
reflect national guidance or requirementsin the area. Local
authorities, being el ected bodies and susceptibleto pressure
from special interest groups or concerned with maintaining
the controlling political party in power, may finalise the
content of the plan by rejecting, for example, a proposed
mineral working allocation that isin general accordancewith
central government advice and is recommended by the
inspector but is contentious locally.

One of the authors has been involved in such situations
anumber of times. An applicant may therefore need to submit
his application for permission knowing full well that it will
be refused (because of noncompliance with the plan) but with
the objective of winning consent by an appeal to the Secretary
of State, who will then hold apublicinquiry into the proposal.
In evaluating the application, the decision of the Secretary of
State will be influenced first by the policies and allocations
in the plan but will then take account of ‘material
considerations.” If the caseissound, permissionwill begiven.

‘All’'s well that ends well’ may be a dispassionate
conclusion. However, the cost and delay caused by this
process can be substantial to both the public and the private
purse with no net benefit to any party. Such a process also
harmsthefaith that the public may haveinland use planning.

The statutory requirement is that local planning
authorities prepare and adopt the development plan (an
‘adopted’ plan is one that has completed all statutory
processesand isfully operative) to give guidancefor afuture
period of 10 years, review it every 5 years to make such
necessary amendments (to provide replacement land, to
reflect changes in objectives) and then determine
development applications in accordance with the ‘plan.’

The first conceptual problem with this approach is the
lack of association with the relevant timescales involved in
mineral extraction and sustainability. Sustainability objectives
strongly indicate a framework of at least 25 years. Any
consideration of mineral development issues has a similar
timescale, particularly bearing in mind long-term security of
supply to manufacturers and restoration issues. Yet whilethe
planning process and participants are required to think in a
sustainable manner, the administrative procedures actually
prevent compliance with real sustainable timeframes.

Secondly, it has proved almost impossible to comply
with the simple short-term concept. Somedistrict local plans
(including one that covers one of the ball clay basins) still
await adoption after almost 30 years. Mineral local plans
areinasimilar state. Thereisno adopted mineral local plan
for Devon asyet, and the Dorset mineral plan, while adopted
in 1999, only covered the period 1991 to 2001, and is how
out of dateand has never been reviewed. At the publicinquiry
into the mineral local plan for Somerset in 2001 (which
county adjoins both Devon and Dorset and isamajor source
of aggregateinthe UK), the advocate for the authority opened
his case with along explanation asto why it had taken over
35 years to reach that stage. No substantive reason was
produced and we still do not have an adopted plan in place.

Ball Clay in the UK

Ball clays are plastic mainly kaolinitic clays. They are a
key component inthe manufacture (with kaolin [Chinaclay],
fluxes, and quartz) of whiteware ceramics (sanitaryware,
tableware, and tiles) dueto their cream to whitefired colour,
rheological properties, plasticity, and strength.

Economic resourcesof UK ball clay arelocated entirely
in three Palaeogene basinsin southwest England. Theseare
the Bovey and Petrockstow Basins of Oligocene age in
Devon on the Lustleigh-Sticklepath Fault zone and the
Wareham Basin of Eocene age in Dorset. These deposits
have many geological parallels with the Kentucky-
Tennessee clays and Troup clays of Texas. Ball clays are
secondary clays transported from their point of origin and
then deposited in fresh or brackish water.

UK ball clays have been worked for over 2000 years.
However, the introduction of tobacco from Virginia
stimulated a demand for clay pipes in the 17th century for
which ball clayswere utilised. Thisinevitably led to awider
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awareness amongst 18th century potters of the of unique
properties of ball clays leading to the rapid expansion of
use during the industrial revolution, particularly with the
development of whiteware, earthenwares, and tiles.

Ball Clay Production

With three highly individual resource areasin relative close
geographic proximity, UK ball clay resources are an almost
unique occurrence worldwide. Each resource has its own
highly distinctive characteristics (table 1) resulting in excess
of 100 distinct commercia grades suitable for the entire
spectrum of ceramic production. Annual production from
the three areasis near 1.1 million metric tons.

Technical Properties

Most primary kaolins (China clays) are coarse in particle
size, of low plasticity and surface area, due to the ordered
crystal structure. However, ball clays, which are secondary
claysderived from intense chemical weathering, have afiner
particlesizeand are highin disordered kaolinite. Secondary
claysrarely occur in a pure form; therefore most ball clays
are primarily amixture of varying proportions of kaolinite,
illite, and quartz, with or without carbonaceous matter and
deleterious minerals of iron and titania.

Ball clays are valued in ceramics due to the presence
of fine- to very fine-grained kaolin imparting high green
strength and plasticity. The important ceramic properties
imparted are consistent firing contraction, a white firing
nature, and optimum body packing and surface properties.

Operations

Ball clay productionin the UK isexclusively controlled by
two multinational companies, Sibelco and Imerysunder the
former company identities, WBB Devon Clays and ECC
International with amarket share of about 60/40 respectively,
although each company has particular strengths according
to market. As the three ball clay areas are geographically
relatively close (within 120 km), it is possible to use the
diversity of claysin each basinto allow for the development
of very sophisticated blends, optimising the most versatile

Table 1. UK Ball Clay Deposits.

ceramic properties and further enhancing the economic
importance of UK ball clays to the UK, Europe, and the
world. Extractionisexclusively by opencast methodsthough
underground mining has only recently ceased (1999).

Bovey Basin

The Bovey clays are renowned for their use in tableware
and sanitaryware, and the Bovey Basinisprobably thesingle
largest and most diverse economic ball clay deposit in the
world. It isamulti-seam deposit currently worked from 14
open pits. The claysarefineto coarsein particlesizewith a
high content of low- to medium-disorder kaolinite, giving
clays of high-fired whiteness with stable rheology and
casting performance.

Petrockstowe Basin

Generally described as stoneware clays, the key feature of
these clays are fine particle size and high silica content
coupled with disordered kaolin, illite, and traces of smectitic
clay minerals giving high strength and plasticity mainly
valued in sanitaryware and tableware blends.

Wareham Basin

Dorset ball clay is much older than its Devon counterparts
and is derived from a diverse suite of country rocks. The
deposits are mostly single seam or small multiples of two
to four seams. The clays are very fine and comprise highly
disordered kaolinite with illite and quartz and are valued
for high green strength and plasticity. The clay is used in
wall and floor tile, sanitaryware, earthenware, tableware,
electrical porcelain, and refractories.

Economic Significance

UK ball clays are used in 50% and 75% respectively of
worldwide and European vitreous sanitaryware production.
The UK home ceramicindustry benefitsgreatly from having
access to awide range of locally produced clays. UK ball
clays are the preferred plastic component for many other
ceramic applications principally wall and floor tiles and
tableware throughout the world.

Deposit Basin Area Source Typical Overburden Annual Global Resource
Waste Rock Seam Interseam Production Estimate
S. Devon 35 km? Granite 0.3-5m Gravel, 600,000 t >50 Mt
(Bovey Basin) Shales Sand
Sandstones Lignite
N. Devon
(Petrockstowe Basin) 8 km? Shales 0.5-3m Sand and 200,000 t <10 Mt
Sandstones Sandy Clays
Dorset
(Wareham Basin) 150 km? Clays 1-5m Sand 220,000 t <10 Mt
Limestones Sandy Clays
Sandstones

t = metric tons
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Thevalue of raw material production amounted to £56
million ($84 million) in 2000 with atotal downstream benefit
to the UK and European economics in the region of £4-5
billion ($7.5 billion, 7.5E billion). Direct and indirect
employment inthe UK ball clay industry isaround 950 jobs
but in the ceramic manufacturing industry this figure is
46,000 jobs (in Europe, 70-80,000 jobs). Exportsare mainly
to Europe but clays are exported worldwide to over 80
countries, where UK clays are used either exclusively or in
blends with local claysto impart consistency, stability, and
technical versatility, particularly in sanitaryware.

Future Markets

UK ball clays serve avery wide portfolio of ceramic uses.
Changes in UK, European, and worldwide ceramic
manufacturing have seen a steady growth in sanitaryware
usage of clays but a decline in earthenware tableware,
refractories, and electrical porcelain. Growth of demand for
the wall and floor tile clays has been stimulated by
developmentsin fast-firing tile technol ogy.

The global ceramics industry has been consolidating.
In sanitaryware, industry leaders like American Standard
(Ideal Standard in Europe), Laufen, Roca, Sanitec, Toto,
and a handful of others lead global production of
sanitaryware in demanding consi stent and technically more
versatile clays. UK ball clays aretechnically well suited to
meeting this challenge.

In recent years the proportion of UK ball clay used in
the European sanitaryware industry has grown to exceed
75%. This clearly underpins the technical and economic
significance of UK ball clays. Onaworldwide basisitisUK
sanitaryware clays that are used most widely, be it in many
cases to provide a stable base to utilise local raw materials.

This technical dependency is founded on the unique
nature of the UK ball clays possessing key innate properties
of mineralogy, particle size and rheology that cannot be
easily replicated elsewhere. The ability of the industry to
innovate and useitstechnical knowledgeto provide general
and customised products to match particular applications
adds to the strengths of the industry and provides
manufactures with consistent, competitive products
delivering technical performance, efficiency, and low losses
necessary to compete in the global marketplace.

The Conflict Issues

As previously noted, the Wareham Basin has an
exceptionally high concentration and coverage of statutory
national and international nature conservation and landscape
designations. The nature conservation designationsinclude
Ramsar sites designated as of global importance in
accordance with the Ramsar Convention 1971, sites
designated as of European importance in accordance with
European Directives as Special Areas of Conservation
(SACs) or Specia Protection Areas (SPAS) and nationa sites
designated as National Nature Reserves or Sites of Special
Scientific Interest. The national landscape designations

include parts of the Dorset Area of Outstanding Natural
Beauty and the Purbeck Heritage Coast. The extent of these
areasis shownin table 2.

A significant element of these designations is
concentrated in the southern part of the basin wherethe most
productive and valuable ball clay deposits are found,
although nature conservation designations are found across
thebasin. The principal nature conservation interest in these
areasis ‘heathland’ and the associated flora and fauna.

Development affecting the international nature
conservation designations would only be permitted if the
development would not adversely harm the interest of the
site, or where there are ‘imperative reasons of overriding
public-interest, including those of a social or economic
nature’ why it should be permitted and provided thereisno
more acceptable alternative site. Asin the UK context the
term ‘public interest’ is not defined, and current case law
only reflects ‘social’ requirements of a nation, or the
European Union (EU), and not the ‘economic’
considerations of a nation or the EU.

In national nature conservation designations, aproposed
devel opment must demonstrate that the social, economic or
other environmental benefits of the proposal outweigh any
impact on the purposes for which the area was designated.

The primary objective of the national landscape
designation (Area of Outstanding Natural Beauty) is the
conservation of thelandscape. To be permitted adevel opment
proposal must demonstrate that it not only conserves the
landscape but that it also enhances the landscape.

Heathland

‘Heathland,” in its broadest sense, describes the whole
complex of plant communities which are associated with
the poorer sandy soilsincluding areas dominated by Calluna
and Erica species, but also valley mires, pine heath, thickets
of Ulex, and Agrostis setacea and Molinia grasslands. The
heaths depend on a temperate climate with cool moist
summers and warm moist winters.

Topography, which in turn affects hydrology, produces
considerable local variation in heath vegetation. Thereisa
clearly marked series of interrelated types. Dry heath
develops on freely draining soils above the water table and
istypified by podsolic soil development. Humid heath occurs
wherethewater tablefluctuates near the surface and drainage
isimpeded. Inwet heath, drainageisimpeded and the water

Table 2. Area of selected planning factors within the
Wareham Basin.

Designation Area (hectares) Percentage
Area of Outstanding Natural Beauty 10,799 33%
Heritage Coast 5,337 16%
Special Area of Conservation 5,289 16%
Special Protection Area 6,291 19%
Ramsar Site 6,345 19%
National Nature Reserve 1,182 4%
Site of Special Scientific Interest 7,158 22%

Extent of Wareham Basin 32,684
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tableisvery close or even at the surface. Valley mires occur
wherethe water level isat or above the surface, resultingin
peat formation.

In the UK, about 58,000 hectares of heathland (in its
broadest sense) exists. A national biodiversity action target
is to maintain this area and, through restoration and
recreation, increase it by 6,000 hectares. A significant
justification for protection of heathland is the apparent |oss
of the habitat over the last 300 years or so. It has been
estimated that heathland in Dorset has declined from an
estimated 40,000 hectares in the mid-18th century to about
7,000 hectares, mostly due to urban devel opment, forestry,
and farming.

This estimate of declineiswidely accepted. However,
the suggested 40,000 hectares was derived from very basic
maps. The areadefined includes extensive areas of nutrient-
rich soils and probably included a major element of rough
grassland, rather than true heath. That figure probably
therefore considerably overestimates both the extent of
heathland habitat and therefore the past population and
distribution of rare species.

Nevertheless, it is clear that the heathland habitat has
declined in extent over thelast 150 years, particularly from
forestry and urban development. In addition, as traditional
heathland land use practice has ceased amost everywhere
on the heath, some of the remaining heathland has
disappeared under the climax vegetation of scrub and trees.

To maintain and conserve the extent of heathland
requires active management. In the absence of an economic
incentive to continue the former extensive agricultural
practice, a considerable amount of public money has been
spent on heathland management works by conservation
agencies, although without any increase to date in either
the quantity or quality of the heathland stock.

It should be noted that the pools, mires, and wet heaths
will “degenerate” into drier habitat by natural processes of
colonisation. Management of these habitatsto preservetheir
current statewill bedifficult or impracticable, dueto ground
conditions and may be unacceptable due to the degree of
disturbance involved (it could seriously harm the existing
habitat). Therefore, unless some method of creating new
areas of ponds and impeded drainage to mimic the past
actions of peat digging and drainage works (and bombs
dropped by the Luftwaffe in World War 11) is adopted, the
stock of such habitat will decline.

Perversely perhaps, old mineral workings have by
design or adventitiously provided heathland including dry
heath and the more scarce humid and wet heaths with small
poolsand valuable new colonising zones. Virtually all these
past workings are now designated as national and
international habitat sites. Thisdemonstratesthat restoration
of clay mineral workings can in time provide real gainsin
biodiversity.

It is accepted from the outset that there are habitats
(such as ponds, peat bogs, and mires) that, because of their
historical inadvertent origins, are difficult to engineer in
detail or in accordance with adefined plan. However, given
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a broad enough approach, the conditions suitable for such
habitats can be provided. The problem hereisthat both the
conservation agencies and the planning authorities require
certainty in schemes and see uncertainty asarisk that cannot
be countenanced (or a cynic might say they use the risk of
uncertainty to protect a strong position, to prevent
innovation, and to maximise the value they receive from
their involvement in the management and protection of the
habitats and species).

Species

The significance of ‘heathland,” in the broadest sense, for
conservation of speciesis stated to relate to the presence of
speciesthat arerare. Thereisno doubt that certain floraand
microfauna in the area (such as the Dorset heath [Erica
ciliaris] and the southern damselfly [Coenagrion
mercurial€]) appear to berareand at risk inaUK, aEuropean
or aglobal context. However, appearances may be deceptive.
Thislocality is one where extensive research into the flora
and fauna has been undertaken over many decades and
therefore, in comparison with other localities both in the
UK and Europe, it appearsto show aspecies ' richness’ and/
or ‘uniqueness.’

That may be a distortion due to the level of researchin
the locality. Whether that ‘richness’ exists elsewhereis not
clear. What aso isnot clear isthe extent to which the level
of research has created an ‘ ownership’ attitudeto thelocality
reinforcing, and perhaps distorting, the perception of value
by conservation agencies and thereby the strength of the
resistance to change.

The macrofauna are key icons for conservation in the
locality. Conservationinterestscommonly draw out therarity
of such fauna, thefragility of their presence, and thevolatility
of their populations. Reference is aso made to the need to
maintain large protected areas under management and
protected from devel opment to provide the necessary range
for these species. The main macrofauna species of interest
are reptiles and birds, and the area is the stronghold of a
number of species rare elsewhere in the UK. For reptiles
the location has perhaps the most benign climatein the UK
and clearly is their UK stronghold. Similarly the local
climate enables certain hird species to maintain a presence
inthe UK. However, what we are describing here is not the
rarity of species in a globa or European context but the
rarity of speciesinalocality becausethat locality represents
the fringe of their range.

Any species on the fringe of itsrange will berare, will
display relatively significant variation in numbers in the
short-term (due to minor variables in climate, disturbance,
food, etc) and will appear to be under considerable threat,
but that does not equatetorarity itself or asubstantivethreat
to the viability of the speciesitself. Such a situation should
not justify conservation policies that create onerous
restrictions on other development.

To properly consider the merits of rigorous species
conservation designations in a fringe locality one should



assess the global strength of that species in relation to the
viability of the populations in the core areas and normally
if conservation actionisnecessary, it should be concentrated
in such areas.

Using three examples of the main species of
conservation interest in the locality it would appear that the
conservation case in the UK has been overemphasised and
may primarily reflect concerns of special interest groups
and environmental agencies to help to maximise numbers
of species, and numbersof each species, for ‘interest’ reasons
rather than for substantive conservation reasons.

The Dartford Warbler is the key bird species for
conservation inthelocality. It isthe symbol of the apparent
fragility of speciesin the locality and its success or failure
is often linked to the success or failure of conservation
policies and the need for action. Currently some 700 pairs,
amounting to some 40% of the UK population, breed in the
area. Inthe UK context, the areais of vital importance asit
has provided the stock from which the UK population can
grow following major death ratesdueto severewinters. The
1962/63 winter was particularly harsh, leaving only a
residual population of some 11 pairsinthe UK, 10 of which
were based in the basin. However, the world population is
over 4.5 million pairs with a strong core of birds in
northwestern Spain and western France (the UK population
amounts to some 0.00016% of the global population). The
speciesis perhaps always going to be marginal and at risk
in the locality from severe weather and, while its presence
here may be interesting to ornithologists, that is no
substantive conservation justification.

The Mediterranean Gull has a popul ation of only about
30 pairsin the UK, of which the largest concentrationisin
the basin. However, while rare in the UK, the global
population is strong in its core area of the Black Sea with
around 300,000 pairs. The global population is rapidly
increasing and expanding its range out of the eastern
Mediterranean into the Baltic, the North Sea, and the Irish
Sea, where it is competing with and hybridising with the
Black-headed Gull. It seemsdifficult to understand why this
species should be conserved in the UK when the real
objective should be to treat it as an invasive pest. The
problem isthat the species was ‘rare’ in the European part
of its core area and is therefore identified in European
conservation legislation as a species in need of protection.
One could argue that the European conservation legislation
is clearly too blunt an instrument in the context of thisand
other species, skewing conservation policy in an irrational
way and thereforein need of rapid and substantial overhaul.

The Sand Lizard is the primary reptile conservation
target in the area, which contains about 90% of the UK
population. Debate about the conservation importance of
this species draws on the significance of thelocal population
in relation to apparent rarity. However, again the UK liesat
the fringe of its range, which stretches from the western
seaboard of Europeto Siberiaand from Sweden to the Alps,
withitscorein central Europe. The speciesis always going
to have a fragile existence in the UK due to climatic
influences. Subspecies are recognised, including subspecies

withinthe UK. Thisappearsto reflect colouring and marking
related to dominant vegetation type rather than any
morphological differences. The presence of the Sand Lizard
is an ‘interesting’ feature but it is difficult to see that
protection in the locality is of major international
conservation importance. Increasing or maintaining the
presence of this species in the UK should be supported
provided such actions do not prevent other objectives.
Interestingly the colonising stage of mineral siterestoration
works providesideal habitat for the speciesand Sand Lizard
conservationists commonly undertake a degree of flora
destruction in their reserves to maximise conditionsfor the
species (bare mineral surfaces, slopes, €etc).

In a habitat context one clearly should not reduce the
strength of the conservation case by merely looking at
individual species: a holistic assessment of the habitat is
desirable. Equally, that holistic assessment should properly
consider the wider conservation picture.

The Conservation Case

The strength of the conservation case does therefore appear
to be flawed for a number of reasons. First, the historical
evidence shows no significant harm (and generaly shows
an enhancement) of these assetsfollowing mineral working.
Second, the argument of ‘harm’ is substantially based on a
dogmatic view (contrary to evidence and designation of old
mineral workings) that any mineral development in a
protected area must be harmful.

Third, due to human action, the amount of the habitat
now in existence is both larger in total extent and larger in
sizeof theindividual componentsthan would naturally occur
Therefore, protection of manufactured habitat exceeds real
conservation justification and is probably driven by the
innate objective of ‘specialists to seek to maximise the
things they perceive to be of value.

Fourth, almost all conservation agencies, both
governmental and independent, are unwilling to accept the
concept that habitat or landscape quality can be recreated,
although the evidence exists on the ground. Thejustification
for this stance, in light of the evidence, has not been
explained. However, one can appreciate that aconservation
agency will always be wary of accepting that such an
apparently complex habitat and ecosystem can berecreated,
because such acceptance might then undermine the strength
of the case protecting any part of that habitat from
development. If the concept of recreation isaccepted it may
then become difficult for the agency to defend a limit to
devel opment such that rejection of the concept supportsthe
status quo and the strength of the conservation designations.
The rejection is therefore probably institutionally and
administratively embedded. The justification for rejection
of recreation is, however, even less understandable given
that UK biodiversity objectives, actively promoted and
supported by those agencies, provide for a substantial
increase in heathland habitat (over what from experience of
previous heathland restoration isan unrealistic period). That
must imply that heathland can be recreated.
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Finally, the conservation case may be flawed because
some of the conservation objectives appear to be
scientifically unsound, because of flaws in the European
legidationitself (or in ablinkered blanket interpretation and
application of that legislation) or in the sense that they are
not based on the core objectives of species conservation but
reflect the not unnatural desires of enthusiasts, such as bird
watchers (‘twitchers’ inthe UK parlance) to maximisetheir
interest. Of course, thereisnothingwrong in special interest
groups expressing their desires, or in society meeting those
desires, provided it does not harm other objectives of society
and other individual sin society, including the majority who
are somewhat detached from the local detail of decisions
on ball clay supply, by unjustified costs. We should defend
the rights of enthusiasts, but such enthusiasm does not
necessarily equate to sound conservation objectives.

Clearly we need to ensure that rare habitat and species
and landscapes are conserved and, where possible, we should
increase suitable habitat, but ‘rarity’ in a locality should
never be confused with scarcity in the wider environment.
We should also seek to assist greater diversity, but not
confuse an objective of enhancing the number of speciesin
a locality on the fringe of their viable range as of being
equal in merit or effort with more fundamental conservation
of speciesin their heartlands.

Setting aside the strength of the conservation argument
or the potential failure of policy and regulation agenciesto
manage the risk of harm successfully, evidence shows that
extraction and habitat/landscape protection can coexist, and
indeed that extraction can enhance conservation objectives.
In reality, while the conflict between the development of
mineral and conservation in the basin has been conceptually
serious over thelast 50 years or so, the extent of conflict, or
rather the moreimportant i ssues of the extent of actual harm,
has been limited to date. Indeed, despite the perceived
seriousness of the ‘conflict’ restored recent mineral
excavations have been included in the designated wildlife
sites. In one case arestored mineral working was included
by the relevant designating agency in a habitat designation
only some 10 years after extraction ceased only in the mid
1980s. Theagency was unaware of the position when it made
the designation.

The Landscape Case

The AONB landscape designation isof national significance
but the relevant policy has been prepared by the local
planning authority. Currently the planning policy for ball
clay in the designation takes the form of astrategy with the
long-term objective of moving ball clay extraction fromthe
designated landscape area while maximising resources in
the area outside the AONB by improvementsin production
and beneficiation and by blending. This would effectively
preclude the production of most of the valuable clays and,
because it covers al of the southern part of the basin, isa
more onerousand restrictive constraint than theinternational
nature conservation designations.
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Asit stands, thisgivesriseto amajor conflict of interest.
The policy was proposed by the planning authority on the
speculative presumption that sufficient clay of high quality
could be found outside the designated area. However, a
recent research project funded by the UK government (in
which the authors were contributors) has demonstrated the
lack of suitable clay there and the improbability that
beneficiation or blending could help to resolve supply
concerns. The implications of that research will need to be
taken on board by the planning authority when it reviews
the devel opment plan.

Currently the planning authority appears to have a
negative approach to adjusting its policy and the research
has been described as not really relevant because it did not
provide what was wanted by the planning authority to
support the current perceived essential strategy (although
one which was prepared in a vacuum, without any
quantification of the merits or necessity). However, when
faced with the redlities of the situation it is hoped that the
authority will want to adopt a more pragmatic approach
otherwise it may be sidelined. It is worth pointing out that
the policy for aggregate (of only local use) is not so
restrictive and that the planning authority proposed
allocating land for gravel extraction and hasrecently granted
permissionsfor such extraction. A proven casejustified that
permission but it would be rather strange if, on reflection,
the authority still proposed a more stringent approach to a
mineral of international importance.

Conclusions

The debate in this paper truly reflects the aphorism that
‘resources are defined by man, not nature.” Clearly the ball
clay resource is valued for economic reasons but equally
the environmental resources, be they habitat, species,
landscape, cultural or historical, are defined by our
interpretation of their value.

Most of the UK habitat and landscape, and hence the
numbers and diversity of species present derive to a
considerable extent from human actions. Even so,
conservationists in the UK have an inbuilt rejection of the
concept that the re