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Conversion Factors
International System of Units to Inch/Pound

Multiply By To obtain

Length
angstrom (Å) (0.1 nanometer) 0.003937 microinch
angstrom (Å) (0.1 nanometer) 0.000003937 mil
micrometer (µm) [or micron] 0.03937 mil
millimeter (mm) 0.03937 inch (in.)
centimeter (cm) 0.3937 inch (in.)
meter (m) 3.281 foot (ft) 
meter (m) 1.094 yard (yd) 
kilometer (km) 0.6214 mile (mi)

Area
hectare (ha) 2.471 acre
square kilometer (km2) 247.1 acre
square meter (m2) 10.76 square foot (ft2) 
square centimeter (cm2) 0.1550 square inch (ft2) 
square kilometer (km2) 0.3861 square mile (mi2)

Volume
milliliter (mL) 0.03381 ounce, fluid (fl. oz)
liter (L) 33.81402 ounce, fluid (fl. oz)
liter (L) 1.057 quart (qt)
liter (L) 0.2642 gallon (gal)
cubic meter (m3) 264.2 gallon (gal) 
cubic centimeter (cm3) 0.06102 cubic inch (in3) 
cubic meter (m3) 1.308 cubic yard (yd3) 
cubic kilometer (km3) 0.2399 cubic mile (mi3) 

Mass

microgram (μg) 0.00000003527 ounce, avoirdupois (oz)
milligram (mg) 0.00003527 ounce, avoirdupois (oz)
gram (g) 0.03527 ounce, avoirdupois (oz)
gram (g) 0.03215075 ounce, troy
kilogram (kg) 32.15075 ounce, troy
kilogram (kg) 2.205 pound avoirdupois (lb)
ton, metric (t) 1.102 ton, short [2,000 lb]
ton, metric (t) 0.9842 ton, long [2,240 lb]

Deposit grade
gram per metric ton (g/t) 0.0291667 ounce per short ton (2,000 lb) (oz/T)

Pressure
megapascal (MPa) 10 bar
gigapascal (GPa) 10,000 bar

Density
gram per cubic centimeter (g/cm3) 62.4220 pound per cubic foot (lb/ft3) 
milligram per cubic meter (mg/m3) 0.00000006243 pound per cubic foot (lb/ft3)

Energy
joule (J) 0.0000002 kilowatthour (kWh)
joule (J) 6.241 × 1018 electronvolt (eV)
joule (J) 0.2388 calorie (cal)
kilojoule (kJ) 0.0002388 kilocalorie (kcal)
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International System of Units to Inch/Pound—Continued

Multiply By To obtain
Radioactivity

becquerel (Bq) 0.00002703 microcurie (μCi)
kilobecquerel (kBq) 0.02703 microcurie (μCi)

Electrical resistivity
ohm meter (Ω-m) 39.37 ohm inch (Ω-in.)
ohm-centimeter (Ω-cm) 0.3937 ohm inch (Ω-in.)

Thermal conductivity
watt per centimeter per degree 

Celsius (watt/cm °C)
693.1798 International British thermal unit 

inch per hour per square foot per 
degree Fahrenheit (Btu in/h ft2 °F)

watt per meter kelvin (W/m-K) 6.9318 International British thermal unit 
inch per hour per square foot per 
degree Fahrenheit (Btu in/h ft2 °F)

Inch/Pound to International System of Units

Length
mil 25.4 micrometer (µm) [or micron]
inch (in.) 2.54 centimeter (cm)
inch (in.) 25.4 millimeter (mm)
foot (ft) 0.3048 meter (m)
mile (mi) 1.609 kilometer (km)

Volume
ounce, fluid (fl. oz) 29.57 milliliter (mL)
ounce, fluid (fl. oz) 0.02957 liter (L) 

Mass
ounce, avoirdupois (oz) 28,350,000 microgram
ounce, avoirdupois (oz) 28,350 milligram
ounce, avoirdupois (oz) 28.35 gram (g) 
ounce, troy 31.10 348 gram (g)
ounce, troy 0.03110348 kilogram (kg)
pound, avoirdupois (lb) 0.4536 kilogram (kg) 
ton, short (2,000 lb) 0.9072 ton, metric (t) 
ton, long (2,240 lb) 1.016 ton, metric (t) 

Deposit grade
ounce per short ton (2,000 lb) (oz/T) 34.285714 gram per metric ton (g/t)

Energy
kilowatthour (kWh) 3,600,000 joule (J)
electronvolt (eV) 1.602 × 10–19 joule (J)

Radioactivity
microcurie (μCi) 37,000 becquerel (Bq)
microcurie (μCi) 37 kilobecquerel (kBq)

Temperature in degrees Celsius (°C) may be converted to degrees Fahrenheit (°F) as follows:
 °F = (1.8 × °C) + 32

Temperature in degrees Celsius (°C) may be converted to kelvin (K) as follows:
 K = °C + 273.15

Temperature in degrees Fahrenheit (°F) may be converted to degrees Celsius (°C) as follows:
 °C = (°F – 32) / 1.8



vii

Datum
Unless otherwise stated, vertical and horizontal coordinate information is referenced to the 
World Geodetic System of 1984 (WGS 84). Altitude, as used in this report, refers to distance 
above the vertical datum.

Supplemental Information
Specific conductance is given in microsiemens per centimeter at 25 degrees Celsius (µS/cm  
at 25 °C).

Concentrations of chemical constituents in soils and (or) sediment are given in milligrams per 
kilogram (mg/kg), parts per million (ppm), or parts per billion (ppb).

Concentrations of chemical constituents in water are given in milligrams per liter (mg/L), 
micrograms per liter (µg/L), nanogams per liter (ng/L), nanomoles per kilogram (nmol/kg),  
parts per million (ppm), parts per billion (ppb), or parts per trillion (ppt).

Concentrations of suspended particulates in water are given in micrograms per gram (µg/g), 
milligrams per kilogram (mg/kg), or femtograms per gram (fg/g).

Concentrations of chemicals in air are given in units of the mass of the chemical (milligrams, 
micrograms, nanograms, or picograms) per volume of air (cubic meter).

Activities for radioactive constituents in air are given in microcuries per milliliter (µCi/mL).

Deposit grades are commonly given in percent, grams per metric ton (g/t)—which is equivalent 
to parts per million (ppm)—or troy ounces per short ton (oz/T).

Geologic ages are expressed in mega-annum (Ma, million years before present, or 10 6 years ago) 
or giga-annum (Ga, billion years before present, or 10 9 years ago).

For ranges of years, “to” and (or) the en dash (“–”) mean “up to and including.”

Concentration unit Equals

milligram per kilogram (mg/kg) part per million
microgram per gram (µg/g) part per million
microgram per kilogram (μg/kg) part per billion (109)

Equivalencies
part per million (ppm): 1 ppm = 1,000 ppb = 1,000,000 ppt = 0.0001 percent
part per billion (ppb): 0.001 ppm = 1 ppb = 1,000 ppt = 0.0000001 percent
part per trillion (ppt): 0.000001 ppm = 0.001 ppb = 1 ppt = 0.0000000001 percent

Metric system prefixes

tera- (T-) 1012 1 trillion
giga- (G-) 109 1 billion
mega- (M-) 106 1 million
kilo- (k-) 103 1 thousand
hecto- (h-) 102 1 hundred
deka- (da-) 10 1 ten
deci- (d-) 10–1 1 tenth
centi- (c-) 10–2 1 hundredth
milli- (m-) 10–3 1 thousandth
micro- (µ-) 10–6 1 millionth
nano- (n-) 10–9 1 billionth
pico- (p-) 10–12 1 trillionth
femto- (f-) 10–15 1 quadrillionth
atto- (a-) 10–18 1 quintillionth
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Abbreviations and Symbols
°C  degree Celsius

µm micrometer

Å angstrom

AMT audio magnetotelluric

g/cm3 gram per cubic centimeter

HDC Hicks Dome Corp.

HF hydrofluoric acid

JORC Joint Ore Reserves Committee (Australia)

km kilometer

km2 square kilometer

m meter

M molarity

m3 cubic meter

Ma mega-annum

mg/L milligram per liter

mm millimeter

MVT Mississippi Valley-type

NI National Instrument

ppm part per million

REE rare-earth element

SAMREC South African Code for Reporting Exploration Results
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By Timothy S. Hayes, M. Michael Miller, Greta J. Orris, and Nadine M. Piatak

Abstract
Fluorine compounds are essential in numerous chemical 

and manufacturing processes. Fluorspar is the commercial 
name for fluorite (isometric CaF2 ), which is the only fluorine 
mineral that is mined on a large scale. Fluorspar is used 
directly as a fluxing material and as an additive in different 
manufacturing processes. It is the source of fluorine in the 
production of hydrogen fluoride or hydrofluoric acid, which 
is used as the feedstock for numerous organic and inorganic 
chemical compounds.

The United States was the world’s leading producer 
of fluorspar until the mid-1950s. In the mid-1970s, the 
U.S. fluorspar mining industry began to decline because of 
foreign competition. By 1982, there was essentially only a 
single U.S. producer left, and that company ceased mining in 
1996. Consumption of fluorspar in the United States peaked in 
the early 1970s, which was also the peak period of U.S. steel 
production. Since then, U.S. fluorspar consumption has 
decreased substantially; the United States has nonetheless 
increased its imports of downstream fluorine compounds, such 
as, in order of tonnage imported, hydrofluoric acid, aluminum 
fluoride, and cryolite. This combination of no U.S. production 
(until recently) and high levels of consumption has made the 
United States the world’s leading fluorspar-importing country, 
in all its various forms.

The number of fluorspar-exporting countries has 
decreased substantially in recent decades, and, as a result, the 
United States has become dependent on just a few countries 
to supply its needs. In 2013, the United States imported the 
majority of its fluorspar from three countries, which were, in 
descending order of the amount imported, Mexico, China, and 
South Africa.

Geologically, in igneous systems, fluorine is one of a 
number of elements that are “incompatible.” These incompat-
ible elements become concentrated in the residual magma 
while the common silicates crystallize upon magma ascent 
and cooling, leading to relatively high fluorine concentrations 
in the more evolved or differentiated igneous rocks and in 
hydrothermal deposits associated with those evolved igneous 
rocks. In sedimentary rocks, fluorine’s highest concentrations 

are found in phosphorites because fluorine substitutes for 
hydroxyl ions in apatite, which leads to fluorine concentrations 
of, typically, from 2 to 4 weight percent in phosphorites. 
Because of the presence of fluorine, phosphate fertilizer 
manufacturers can produce a fluorosilicic acid byproduct. 
Most deposits mined for fluorine are hydrothermal, however, 
and consist of fluorine minerals that precipitated from hot 
water. Magmatic brines and brines from deep within sedimen-
tary basins that have high concentrations of dissolved fluoride 
are the mineralizing fluids for various types of hydrothermal 
fluorspar deposits. Relatively dilute hydrothermal fluids that 
formed in some volcanic rocks can also transport sufficient 
fluoride to form a high-grade fluorspar deposit. Fluorite has 
low solubility in a common range of hydrothermal tempera-
tures, particularly from about 160 degrees Celsius (°C) down 
to 60 °C. The increasing fluorite solubility below 60 °C partly 
explains why some water with exceptionally high levels of 
dissolved fluorine are found even at ambient temperatures in 
evaporitic lake basins in some East African Rift valleys in 
Kenya and Tanzania. The geologic conditions that led to the 
high concentrations there are known to exist in a number of 
other places in the world as well, including, perhaps, places 
in the Basin and Range province of the United States.

Eight minerals or mineral groups have sufficient fluorine 
in their structures to be considered as possible ores of the 
element; they are bastnaesite (also spelled bastnäsite) and 
other fluorocarbonates, cryolite, sellaite, villiaumite, fluorite, 
fluorapatite (in phosphorites), various phyllosilicates, and 
topaz. Fluorite is currently the only mineral that is mined for 
fluorine, and no mineral except fluorite is likely to become 
a source of commercially produced fluorine as a primary 
product as long as supplies from relatively thick and high-
grade fluorite deposits continue to be available.

At least seven classes (which include one subclass) 
of hydrothermal fluorite deposits are recognized; they are 
classified according to their tectonic and (or) magmatic 
settings, as follows: (1) carbonatite-related fluorspar 
deposits; (2) alkaline-intrusion-related fluorspar deposits; 
(3) alkaline-volcanic-related epithermal fluorspar deposits; 
(4) Mississippi Valley-type fluorspar deposits (and a 
subclass of salt-related carbonate-hosted fluorspar deposits); 
(5) fluorspar deposits related to strongly differentiated granites; 
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(6) subalkaline-volcanic-related epithermal fluorspar deposits; 
and (7) fluorspar deposits that appear to be conformable within 
tuffaceous limy lacustrine sediments. An eighth class (not 
hydrothermal) is that of fluorspar deposits concentrated in 
soils and weathered zones; that is, residual fluorspar deposits. 
Generally, fluorspar deposits related to strongly differenti-
ated granites have larger tonnages and lower grades than 
carbonatite-related fluorspar deposits, which, in turn, have 
larger tonnages and lower grades than fluorspar vein deposits 
from various other classes.

The United States has a few identified resources of 
fluorspar, most notably the Klondike II property in the Illinois-
Kentucky fluorspar district located about 8 kilometers south-
west of Salem, Kentucky, which has a large vein that contains 
at least 1.6 million metric tons at a grade of 60 percent CaF2 
(Feytis, 2009). Additional fluorspar resources of lower grade 
but larger tonnage have been identified at Hicks Dome in the 
Illinois-Kentucky fluorspar district and at Lost River near the 
western tip of the Seward Peninsula in Alaska, along with a 
couple of dozen smaller, higher grade resources.

Internationally, new mines that either opened before 
the beginning of 2013 or were scheduled to open soon after 
that time include the Nui Phao tungsten-fluorspar-bismuth-
copper-gold deposit in northern Vietnam; the St. Lawrence 
project in Newfoundland, Canada, which is located in a 
well-known fluorspar district; the Bamianshan deposit, which 
is related to a strongly differentiated granite in northwestern 
Zhejiang Province, China, near some of that Province’s 
large, subalkaline-volcanic-related epithermal veins; and the 
Nokeng project in South Africa, which is also related to a 
strongly differentiated granite. Other deposits in northwestern 
Australia, Nevada (United States), Norway, South Africa, and 
Sweden have been identified and could be put into production 
within just a few years.

Among undiscovered resources, an interesting possibility 
might be to produce a fluorine product from evaporitic, high-
fluorine, high-pH sodium-carbonate brines like Lake Magadi 
(Kenya) and Lake Natron (Tanzania) in Africa’s Eastern Rift 
Valley. In addition, apparently conformable fluorspar deposits 
in tuffaceous limy lacustrine sediments, such as those in Italy, 
are likely to occur in similar young alkalic volcanic settings 
elsewhere in the world.

Modern geophysical and geochemical exploration tech-
niques have typically not been brought to bear in exploration 
for new fluorspar deposits, although such techniques are likely 
to be used in future exploration. The tendency for fluorine to 
dissolve in significant concentrations in water at low tempera-
ture allows both surface water and groundwater to be used as 
sampling media in geochemical exploration. Evolved-granite-
related fluorspar deposits may be particularly susceptible to 
geophysical exploration methods because crystalline rocks that 
form a basement to sedimentary sections can be approximately 
defined with gravity and magnetic methods, and magnetite-
bearing skarns can be directly detected with magnetic surveys.

Environmental considerations of fluorine mining focus 
especially on drinking water, where high fluorine concen-
trations can lead to tooth decay; dental and skeletal fluorosis; 
and bone and cartilage conditions, including genu valgum, 
which is the crippling bone deformity more commonly 
known as knock knee. Trace amounts of other elements in 
fluorspar ores are a concern at some deposits; for example, 
high beryllium concentrations in alkaline-volcanic-related 
epithermal deposits or high cadmium concentrations 
associated with Mississippi Valley-type and salt-related 
carbonate-hosted fluorspar deposits.

Future research might include testing whether fluorine 
can be extracted economically from high-pH, sodium-
carbonate brines and exploring for new occurrences of 
apparently conformable fluorspar deposits in tuffaceous limy 
lacustrine sediments outside of the Latium Region of Italy. 
Other promising new areas of research could be studies of 
fluorspar deposit fluid inclusion compositions by quadrupole 
mass spectrometry, by noble gas mass spectrometry on 
irradiated fluid inclusions, or by chlorine isotopes, while also 
measuring the chemistry of the same fluid inclusions either by 
bulk crush-and-leach methods or by laser ablation-inductively 
coupled plasma mass spectrometry. Advanced studies of 
fluid inclusion chemistry could be applied beneficially to 
some of the enigmatic large epithermal fluorspar veins at 
various places in the world, where they might determine 
those deposits’ possible relationships to igneous intrusions, 
or to dissolved salt, or to heated meteoric water in volcanic 
sections, or perhaps to all three. This knowledge could help 
focus new exploration.

Introduction
Fluorine is an essential element for a number of indus-

tries, including aluminum production, steelmaking, gasoline 
refining, glass manufacturing, and the production of enamels, 
insulating foams, refrigerants, and uranium for nuclear 
power. The United States, which is the world’s second-ranked 
consumer of fluorine products (Miller, 2012), obtains most of 
its supply through imports from Mexico. China is the world’s 
leading fluorspar producer. It produced more than 60 percent 
of the world’s output in 2012 (Miller, 2013). Fluorspar, which 
is the commercial name for fluorite (isometric CaF2) (fig. G1), 
is the only mineral that is mined at large scale for fluorine. The 
importance of fluorine in numerous civilian and military uses 
and the dependence of the United States on a limited number 
of foreign suppliers are reasons why fluorine is considered to 
be a critical element for the United States. Beginning in World 
War II, or just after, and ending in 2009, fluorspar was judged 
to be of such importance that it was one of the strategic and 
critical minerals that were stockpiled by the U.S. Government. 
Starting in 2001, substantial decreases in exports of fluorspar 
from China have led to decreases in the world supply.
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Uses, Applications, and Consumption

Fluorspar is used directly as a fluxing material in 
ceramics, glassmaking, and steelmaking; as an additive in 
welding rod coatings; and for other, minor, uses. Fluorspar 
is the feedstock for fluorine chemicals, most of which are 
manufactured after fluorspar is converted to hydrogen fluoride; 
that is, hydrofluoric acid (HF). The major uses for HF are 
the manufacture of aluminum fluoride, synthetic cryolite, 
and fluorocarbons, but it is also used in the production of 
high-octane gasoline and in concentrating uranium; in glass 
etching, metal pickling, and oil and gas well treatment; and 
in the electronics industry. HF is used in the manufacture of a 
host of fluorine chemicals used in agrichemicals, dielectrics, 
metallurgy, mouth washes and toothpastes, pharmaceuticals, 
and wood preservatives.

There are three principal market grades of fluorspar—
acid, ceramic, and metallurgical. Specifications for the acid 
grade and metallurgical grade are generally well defined, 
but the requirements set by individual consumers may vary 
in detail.

Acid-grade fluorspar (sometimes called “acidspar”) is 
defined as containing more than 97 percent CaF2, although 
material with a lower CaF2 content can be used by manufac-
turers of HF (for example, those in Russia) if the remaining 
impurities are acceptable. Major impurities include calcium 
carbonate and silica content, which commonly have 
maximum allowable contents of 1.0 percent each. Limits are 
normally placed on other minor but relevant impurities, such 
as arsenic, phosphates, sodium chloride (NaCl), and sulfide 
sulfur or total sulfur. Arsenic and phosphate impurities are 
the most problematic because they are difficult to remove 
during ore beneficiation and because they have detrimental 
effects on HF production. If purchased as a wet flotation 
concentrate, the maximum allowable moisture content of the 
fluorspar is 10 percent water (H2O); if purchased as a dried 
concentrate, the specification for acid and ceramic grades 
is usually a maximum of 0.10 percent H2O. Particle size 
requirements for fluorspar may vary by customer, but gener-
ally the specifi cation calls for the bulk (85 to 95 percent) 
to be able to pass through a 150-micrometer (µm; or 
0.15-millimeter [mm]) screen.

In the United States, the use of ceramic-grade fluorspar 
has declined, and some former consumers of ceramic-grade 
fluorspar now use acid-grade fluorspar. The two ceramic 
grades for fluorspar are no. 1 (90 to 95 percent CaF2 ) and 
no. 2 (85 to 90 percent CaF2 ). Some domestic and foreign 
fluorspar suppliers still offer ceramic-grade fluorspar, but 
because practically every ceramic-grade user has its own 
specifications, suppliers tend to tailor their products to 
specific consumers or to offer several product grades that 
fall between metallurgical grade and acid grade. Customers 
may specify limits on the amounts of calcium carbonate, 
ferric oxide, lead sulfide, zinc sulfide, and silica present in 
the fluorspar.

In the United States, metallurgical-grade fluorspar 
(“metspar”) generally contains a minimum of 80 percent 
CaF2 and can range as high as 93 percent CaF2. Steel mills 
are the major users of metspar, and their purchase specifica-
tions limit the content of silica to between 4 and 10 percent, 
and that of calcium carbonate, to between 4 and 9 percent. 
The standard size specifications for metallurgical-grade 
fluorspar gravel are that 100 percent of the gravel must be 
able to pass through a 63-mm screen and that a maximum of 
15 percent must be able to pass through a 9.5-mm screen. In 
markets outside of the United States, the acceptable level of 
CaF2 content may be lower (depending on the country), and 
the acceptable level of silica content may be higher than in 
the U.S. specification.
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Fluorspar Figure 1Figure G1. Photograph of a fluorite specimen from the 
Number 1 (Minerva) Mine, Cave-in-Rock subdistrict, Illinois-
Kentucky fluorspar district, showing the paragenesis (sequence 
of mineral deposition), including (1) yellow fluorite number 2, 
(2) a redissolution surface visible particularly at the upper right 
beneath the blue fluorite, (3) pyrobitumens (black coating), 
and (4) blue fluorite (which is paragenetically equivalent to 
purple fluorite number 2 over most of the district). Worldwide, 
fluorite is the only mineral mined on a large scale solely for its 
fluorine content. Photograph courtesy of the Mineralogical and 
Geological Museum at Harvard University, Bannister Collection, 
MGMH 124614, © Copyright 2012, President and Fellows of 
Harvard College. All rights reserved.
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Geology

Geochemistry

Fluorine is one of the five halogen elements, along with 
chlorine (the most common), bromine, iodine, and astatine 
(which is the rarest). Fluorine has only one known chemical 
valence: –1. It has an ionic radius of 1.36 angstroms (Å), 
which allows it to substitute readily for the hydroxyl ion 
(which has an ionic radius of 1.40 Å) in mineral structures 
(Fleischer and Robinson, 1963). Fluorine substitutes less 
commonly for chloride and oxygen ions.

Fluorine in Rocks
In igneous systems, fluorine is one of a number of 

elements that are largely incompatible, in that they do not 
readily go into the common silicate minerals that crystallize 
from the melt. As a result, they become concentrated in the 
residual magma during differentiation. Early in differentiation, 
as mafic silicates and calcium-feldspars crystallize from the 
melt, the fluorine and silica (and typically As, B, Be, Cs, 
Dy, K, Li, Lu, Mn, Mo, Nb, Sb, Sc, Sn, Ta, Tb, Th, Tl, U, 
W, Y, Yb, and Zr) increase in concentration in the residual 
magma (Hildreth, 1981). This happens in both subalkaline and 
alkaline magmas, although the alkaline magmas may achieve 
higher fluorine concentrations (table G1; Shawe, 1976, p. 5). 
Fluorine’s incompatibility broadly leads fluorite to be found 
in economic concentrations close to and within differentiation 
end-product rock types throughout the world, such as granites, 
syenites, and carbonatites, and their shallowly intrusive and 
extrusive equivalents. Shawe (1976) described and discussed 
several additional trends of fluorine in igneous rocks, some of 
which are not wholly predictable from the element’s general 
incompatibility. Typical igneous-rock fluorine concentrations 
are given in table G1.

Because of fluorine’s incompatibility, it may also occur in 
high concentrations in volcanic gases as well as in sublimates 
formed from the gases (White and Waring, 1963, table 1). 
Rocks altered by such gases similarly contain substantial 
amounts of fluorine; the fluorine is substituted mainly into 
hydroxyl sites in alteration micas and clay minerals, but in 
some places, the abundant fluorine occurs as fluorite.

In sedimentary rocks, fluorine’s highest syngenetic 
concentrations (concentrations formed at the time of sedimen-
tation) are found in phosphorites because of the element’s 
substitution for hydroxyl ions in apatite, which is the principal 
phosphorous-bearing mineral in phosphorites; this process 
yields fluorapatite. Phosphorites typically have greater than 
2 weight percent fluorine and may (rarely) have more than 
4 weight percent (Gulbrandsen, 1966, table 1; Cheney and 

others, 1979, tables 3 and 6). Concentrations of fluorine 
in typical sedimentary rocks are given in table G1.

Fluorine geochemistry in metamorphic rocks is not well 
known. Fluorine is present primarily in biotite and muscovite 
in metamorphic rocks, and it tends to be concentrated in micas 
as water is lost during prograde metamorphism. Pyroxene-
plagioclase granulites may contain fluorine-rich micas (up to 
3.3 weight percent fluorine in biotite) (Bose and others, 2005). 
A few concentrations of fluorine in typical metamorphic rocks 
are given in table G1.

Fluorine in Water

Most deposits mined for fluorine are hydrothermal (that 
is, the fluorine minerals have precipitated from hot water), 
so understanding the geochemistry of fluorine in water is 
important for understanding how fluorine deposits are formed. 
Table G2 is a listing of some typical concentrations of fluorine 
in various types of water. Surprisingly, fluorine can dissolve in 
high concentrations (concentrations of more than 1,000 parts 
per million [ppm]) in low-temperature water with high pH 
and a low calcium concentration (Kilham and Hecky, 1973; 
Jones and others, 1977). This is especially true for waters in 
contact with rocks that have high fluorine contents, especially 
young volcanic rocks. In such rocks, the glassy components 
commonly have the highest fluorine concentrations and 
are inherently unstable at surface conditions, releasing 
fluorine as they are altered. As with the other halogens at 
low temperature, fluorine occurs commonly as a free ion in 
water, whereas there is a tendency for greater complexing at 
higher temperatures.

Fluoride, like many other dissolved components, is found 
at high concentrations in brines of various origins. Magmatic 
brines and brines from deep within sedimentary basins are 
potential mineralizing fluids for various types of hydrothermal 
fluorspar deposits. Another important feature of fluorine 
geochemistry in water is that fluorite has minimum solubility 
in a common range of hydrothermal temperatures, particularly 
from about 160 degrees Celsius (°C) down to about 60 °C 
(fig. G2). Its solubility increases with increasing temperature, 
as is the case for many dissolved components. Experiments by 
Richardson and Holland (1979), however, show that, unlike 
most minerals, the solubility of fluorite increases as tempera-
ture drops below 60 °C down to 0 °C (fig. G2). Over this 
temperature range, the tendency of the mineral to precipitate 
from solution decreases as the temperature decreases. 
Fluorine’s high solubility in cool, calcium-poor, high-pH 
water from young volcanic rocks is related to this retrograde 
solubility. The high fluorine concentrations are found specifi-
cally in waters poor in calcium and high in carbonate, where 
fluorite does not control fluorine’s solubility.
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Table G1. Fluorine concentrations in various types of rocks.

[Without extremes** means that statistical outliers have not been included in calculating the mean. They are shown as part of the range. no., number; ppm, 
part per million; b.d.l., below method detection limit; —, no data]

Rock type (location)
No. of 

samples
Fluorine concentration (ppm)

Source(s)1

Range Mean

Igneous rocks—Intrusive
Alkalic ultramafic 7 200 to 2,700 1,100 3, 10
Gabbro, diabase 26 50 to 1,100 420 6
Granodiorite and granite, without extremes** 93 20 to 2,700 810 6
Tertiary intrusives, diorite to granite (central Colorado), without extremes** 592 90 to 33,900 1,170 15
Alkalic intrusives 65 200 to 2,250 1,000 6
Alkalic intrusives 100 — 2,640 13
Granite (mostly Silver Plume, central Colorado), without extremes** 459 70 to 260,000 1,100 15
Granite, (mostly Pikes Peak, central Colorado), without extremes** 284 60 to 170,000 1,116 15

Igneous rocks—Extrusive
Picrite basalts, (Eastern Rift, Kenya and Tanzania) 5 480 to 1,400 904 11
Olivine basalts (Eastern Rift, Kenya and Tanzania) 18 290 to 1,300 900 11
Basalt 130 20 to 1,060 360 6
Andesite 77 b.d.l. to 780 210 6
Andesite 85 — 630 13
Phonolite 14 860 to 1,490 930 6
Phonolite (Eastern Rift, Kenya and Tanzania) 2 2,100 to 2,200 2,150 11
Trachyandesite (Eastern Rift, Tanzania) 1 — 1,400 11
Nephelinites (Eastern Rift, Kenya and Tanzania) 20 1,000 to 4,900 2,480 11
Peralkaline trachyte (Eastern Rift, Kenya and Tanzania) 4 1,700 to 3,600 3,070 12
Melilite, leucitite, and carbonatite (Western Rift, Uganda) 4 1,400 to 3,000 2,500 1, 4
Alkali rhyolite (Eastern Rift, Kenya) 4 1,700 to 6,800 3,870 2

Metamorphic rocks
General metamorphic 69 60 to 1,500 380 6
Schists and gneisses (central Colorado, mostly 

Idaho Springs Formation), without extremes**
816 50 to 81,000 1,180 15

Sedimentary rocks
Sandstones, without extremes** 49 10 to 880 180 6
Graywacke 17 — 40 8
Carbonaceous or dark sandstones 11 — 400 8
Varicolored sandstones 23 — 320 8
Pale, nearly white, sandstones 12 — 280 8
Shales, without extremes 79 10 to 7,600 800 6
Pierre Shale 22 560 to 880 682 5
Limestones, without extremes** 98 b.d.l. to 1,210 220 6
Dolostones 14 110 to 400 260 6
Anhydrite rock 3 b.d.l. to 350 121 7
Halite rock 7 b.d.l. to 130 31 7
Phosphorite (Phosphoria Formation, United States) 60 — 31,000 9
Phosphorite (8 mining areas worldwide) 8 30,500 to 41,000 36,560 14

1Sources of analyses: 1, Holmes and Harwood (1932); 2, Bowen (1937); 3, Higazy (1954); 4, von Knorring and DuBois (1961); 5, Tourtelot (1962); 
6, Fleischer and Robinson (1963); 7, Stewart (1963); 8, Pettijohn (1963, p. S16); 9, Gulbrandsen (1966); 10, Bell and Powell (1969); 11, Gerasimovskiy 
and Savinova (1969); 12, MacDonald and others (1970); 13, Shawe (1976); 14, Cheney and others (1979); and 15, Wallace (2010).
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Table G2. Concentrations of fluorine and other elements in waters.—Continued

[Deposit types: 1. carbonatite-related, 2. alkaline-intrusion-related, 3. alkaline-volcanic-related epithermal, 4a. Mississippi Valley-type (MVT), and 4b. salt-
related carbonate-hosted. Chemical abbreviations: F, fluorine; CO3, carbonate; HCO3, bicarbonate; HF, hydrogen fluoride; SO4, sulfate; Cl, chlorine; SiO2, 
silica; Ca, calcium; Fe, iron; Mg, magnesium; Na, sodium; K, potassium; Cu, copper; Pb, lead; Zn, zinc; CaCO3, calcium carbonate (calcite). calc’d, value 
was calculated using SOLVEQ software (Reed, 1982) and assuming charge balance and saturation with quartz, muscovite, dolomite, fluorite, pyrite, and galena or 
sphalerite. Units of measure: °C, degree Celsius; ppm, part per million; equiv. wt. %, equivalent weight percent; g/kg, gram per kilogram; µS/cm, microsiemens 
per centimeter. n.a., not applicable; —, not determined or not reported; i.d., identification; no. or n, number]

Table G2. Concentrations of fluorine and other elements in waters.—Continued

[Deposit types: 1. carbonatite-related, 2. alkaline-intrusion-related, 3. alkaline-volcanic-related epithermal, 4a. Mississippi Valley-type (MVT), and 4b. salt-
related carbonate-hosted. Chemical abbreviations: F, fluorine; CO3, carbonate; HCO3, bicarbonate; HF, hydrogen fluoride; SO4, sulfate; Cl, chlorine; SiO2, 
silica; Ca, calcium; Fe, iron; Mg, magnesium; Na, sodium; K, potassium; Cu, copper; Pb, lead; Zn, zinc; CaCO3, calcium carbonate (calcite). calc’d, value 
was calculated using SOLVEQ software (Reed, 1982) and assuming charge balance and saturation with quartz, muscovite, dolomite, fluorite, pyrite, and galena or 
sphalerite. Units of measure: °C, degree Celsius; ppm, part per million; equiv. wt. %, equivalent weight percent; g/kg, gram per kilogram; µS/cm, microsiemens 
per centimeter. n.a., not applicable; —, not determined or not reported; i.d., identification; no. or n, number]

Sample type and area
Number 

of 
samples

Associated 
deposit type or 

rock type(s)
pH

Conductivity
(µS/cm at 

25 °C)

F
(ppm)

CO3 , aqueous, 
dissolved 

(ppm)

CO3

(ppm)
HCO3

(ppm)
SO4

(ppm)
Cl

(ppm)
SiO2

(ppm)
Ca

(ppm)
Fe

(ppm)
Mg

(ppm)
Na

(ppm)
K

(ppm)
Cu

(ppm)
Pb

(ppm)
Zn

(ppm)

Alkalinity
(ppm as 
CaCO3)

Source(s)1

Natural waters Natural waters—Continued

River water — n.a. — — 0.05 to 2.7 — — — — — — — — — — — — — — — 15

Seawater — n.a. — — 0.03 to 1.4 — — — — — — — — — — — — — — — 15

Mountain region runoff—Rhoads 
Fork of Rapid Creek, Black Hills, 
South Dakota, United States

1 Limestone 
and 

alluvium

7.9 466 <0.10 — — — 2.2 3.1 9 66 0.005 23 1 0.6 <0.001 <0.001 <0.003 219 20

Near-recharge groundwater in lime- 
stone—Site i.d. 440612103152001, 
Well No. 10 in Madison aquifer, 
Rapid City, South Dakota, 
United States

1 Limestone 7.53 343 0.2 — — — 11 1 — 38 — 19 2.6 1.6 0.002 — 0.01 171 20

Basinal groundwater in limestone— 
Site i.d. 440415101093002, well 
in Madison aquifer, Midland,  
South Dakota, United States

1 Limestone 6.69 — 2.8 — — 150 800 28 35 270 — 66 25 9.7 — — — — 8

Basinal groundwater in sandstone— 
Well P17 in Lance/Fox Hills  
sandstone, Gillette, Wyoming, 
United States

1 Sandstone 8.18 1,810 3.2 — 2 982 1.6 30 17 2.7 17 0.4 370 4 <0.001 0.001 <0.003 — 6

Groundwater evaporite brine—Well 
in Paradox sandstone (“post- 
halite” water), Paradox Basin, 
Grand County, Utah, United States

1 Sandstone 
and 

anhydrite

4.6 95,000 25 — — 1,010 4 241,000 — 52,700 750 39,200 5,990 18,800 6 6 60 — 1

Mineralizing water for MVT 
fluorspar deposits—From fluid 
inclusion measured data, and 
estimates calculated at 120 °C, 
Illinois-Kentucky fluorspar 
district, United States

n.a. Granitic 
basement, 
sandstone, 

and 
dolostone

4.55 
calc’d

— 26 
calc’d

(CO2  ) 
17,589

— 2,558 92,200 
calc’d

59 4,994 .00094 
calc’d

6,099 42,016 3,310 
calc’d

— 0.14 
calc’d

0.68 
calc’d

— 11

Measured fluid inclusions in fluorite— 
“Complex” sedimentary brine at 
about 140 °C, Berbes subdistrict, 
Asturias Province, Spain. equiv. 
wt. % NaCl: 83; cations: 34

1 4b; meta-
morphic 

rocks and 
limestone

— — — — — — — ~130,000 — 12,541 — 2,131 48, 987 6,424 — 92 404 — 18

Surface water—Lake Tulusia of  
the Momela Lakes, Eastern Rift 
Valley, Tanzania

1 Alkalic 
volcanic 

rocks

— 14,390 437 — (HCO3 + CO3) 
189

422 646 5 3.2 — 6.1 4,600 726 — — — — 4

Water interstitial to newly precipi-
tated, evaporitic trona and  
villiaumite—Borehole H4,  
Lake Magadi, Kenya

1 Trachyte and 
alluvial  

sediments

10.4 — 1,610 — 85,400 2,560 973 68,400 513 — — — 115,000 1,430 — — — — 5

Hypothetical hydrothermal mineralizing water Hypothetical hydrothermal mineralizing water—Continued

Calculated mineralizing water for 
MVT fluorspar deposits after add-
ing hypothetical magmatic gas 
with 0.5 g/kg CO2 and 0.5 g/kg 
HF and heating to 300 °C, Illi-
nois-Kentucky fluorspar district,  
United States

n.a. 4a 3.7 
calc’d

— 2,030 
calc’d

(CO2  ) 20,100 
calc’d

— 105 
calc’d

92,200 
calc’d

58.5 
calc’d

3,930 
calc’d

.00094 
calc’d

6,020 
calc’d

42,016 3,310 
calc’d

— 0.14 
calc’d

0.68 
calc’d

— 11
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Table G2. Concentrations of fluorine and other elements in waters.—Continued

[Deposit types: 1. carbonatite-related, 2. alkaline-intrusion-related, 3. alkaline-volcanic-related epithermal, 4a. Mississippi Valley-type (MVT), and 4b. salt-
related carbonate-hosted. Chemical abbreviations: F, fluorine; CO3, carbonate; HCO3, bicarbonate; HF, hydrogen fluoride; SO4, sulfate; Cl, chlorine; SiO2, 
silica; Ca, calcium; Fe, iron; Mg, magnesium; Na, sodium; K, potassium; Cu, copper; Pb, lead; Zn, zinc; CaCO3, calcium carbonate (calcite). calc’d, value 
was calculated using SOLVEQ software (Reed, 1982) and assuming charge balance and saturation with quartz, muscovite, dolomite, fluorite, pyrite, and galena or 
sphalerite. Units of measure: °C, degree Celsius; ppm, part per million; equiv. wt. %, equivalent weight percent; g/kg, gram per kilogram; µS/cm, microsiemens 
per centimeter. n.a., not applicable; —, not determined or not reported; i.d., identification; no. or n, number]

Table G2. Concentrations of fluorine and other elements in waters.—Continued

[Deposit types: 1. carbonatite-related, 2. alkaline-intrusion-related, 3. alkaline-volcanic-related epithermal, 4a. Mississippi Valley-type (MVT), and 4b. salt-
related carbonate-hosted. Chemical abbreviations: F, fluorine; CO , carbonate; HCO , bicarbonate; HF, hydrogen fluoride; SO , sulfate; Cl, chlorine; SiO2, 3 3 4
silica; Ca, calcium; Fe, iron; Mg, magnesium; Na, sodium; K, potassium; Cu, copper; Pb, lead; Zn, zinc; CaCO , calcium carbonate (calcite). calc’d, value 3
was calculated using SOLVEQ software (Reed, 1982) and assuming charge balance and saturation with quartz, muscovite, dolomite, fluorite, pyrite, and galena or 
sphalerite. Units of measure: °C, degree Celsius; ppm, part per million; equiv. wt. %, equivalent weight percent; g/kg, gram per kilogram; µS/cm, microsiemens 
per centimeter. n.a., not applicable; —, not determined or not reported; i.d., identification; no. or n, number]

Cl
(ppm)

SiO2

(ppm)
Ca

(ppm)
Fe

(ppm)
Mg

(ppm)
Na

(ppm)
K

(ppm)
Cu

(ppm)
Pb

(ppm)
Zn

(ppm)

Alkalinity
(ppm as 
CaCO )3

Source(s)1

Natural waters—Continued

—

—

3.1

1

28

30

241,000

92,200 
calc’d

~130,000

646

68,400

—

—

9

—

35

17

—

59

—

5

513

—

—

66

38

270

2.7

52,700

4,994

12,541

3.2

—

—

—

0.005

—

—

17

750

.00094 
calc’d

—

—

—

—

—

23

19

66

0.4

39,200

6,099

2,131

6.1

—

—

—

1

2.6

25

370

5,990

42,016

48, 987

4,600

115,000

—

—

0.6

1.6

9.7

4

18,800

3,310 
calc’d

6,424

726

1,430

—

—

<0.001

0.002

—

<0.001

6

—

—

—

—

—

—

<0.001

—

—

0.001

6

0.14 
calc’d

92

—

—

—

—

<0.003

0.01

—

<0.003

60

0.68 
calc’d

404

—

—

—

—

219

171

—

—

—

—

—

—

—

15

15

20

20

8

6

1

11

18

4

5

Hypothetical hydrothermal mineralizing water—Continued

92,200 
calc’d

58.5 
calc’d

3,930 
calc’d

.00094 
calc’d

6,020 
calc’d

42,016 3,310 
calc’d

— 0.14 
calc’d

0.68 
calc’d

— 11

Sample type and area
Number 

of 
samples

Associated 
deposit type or 

rock type(s)
pH

Conductivity
(µS/cm at 

25 °C)

F
(ppm)

CO3 , aqueous, 
dissolved 

(ppm)

CO3

(ppm)
HCO3

(ppm)
SO4

(ppm)

Natural waters

River water — n.a. — — 0.05 to 2.7 — — — —

Seawater — n.a. — — 0.03 to 1.4 — — — —

Mountain region runoff—Rhoads 
Fork of Rapid Creek, Black Hills, 
South Dakota, United States

1 Limestone 
and 

alluvium

7.9 466 <0.10 — — — 2.2

Near-recharge groundwater in lime- 
stone—Site i.d. 440612103152001, 
Well No. 10 in Madison aquifer, 
Rapid City, South Dakota, 
United States

1 Limestone 7.53 343 0.2 — — — 11

Basinal groundwater in limestone— 
Site i.d. 440415101093002, well 
in Madison aquifer, Midland,  
South Dakota, United States

1 Limestone 6.69 — 2.8 — — 150 800

Basinal groundwater in sandstone— 
Well P17 in Lance/Fox Hills  
sandstone, Gillette, Wyoming, 
United States

1 Sandstone 8.18 1,810 3.2 — 2 982 1.6

Groundwater evaporite brine—Well 
in Paradox sandstone (“post- 
halite” water), Paradox Basin, 
Grand County, Utah, United States

1 Sandstone 
and 

anhydrite

4.6 95,000 25 — — 1,010 4

Mineralizing water for MVT 
fluorspar deposits—From fluid 
inclusion measured data, and 
estimates calculated at 120 °C, 
Illinois-Kentucky fluorspar 
district, United States

n.a. Granitic 
basement, 
sandstone, 

and 
dolostone

4.55 
calc’d

— 26 
calc’d

(CO2  ) 
17,589

— 2,558

Measured fluid inclusions in fluorite— 
“Complex” sedimentary brine at 
about 140 °C, Berbes subdistrict, 
Asturias Province, Spain. equiv. 
wt. % NaCl: 83; cations: 34

1 4b; meta-
morphic 

rocks and 
limestone

— — — — — — —

Surface water—Lake Tulusia of  
the Momela Lakes, Eastern Rift 
Valley, Tanzania

1 Alkalic 
volcanic 

rocks

— 14,390 437 — (HCO3 + CO3) 
189

422

Water interstitial to newly precipi-
tated, evaporitic trona and  
villiaumite—Borehole H4,  
Lake Magadi, Kenya

1 Trachyte and 
alluvial  

sediments

10.4 — 1,610 — 85,400 2,560 973

Hypothetical hydrothermal mineralizing water

Calculated mineralizing water for 
MVT fluorspar deposits after add-
ing hypothetical magmatic gas 
with 0.5 g/kg CO2 and 0.5 g/kg 
HF and heating to 300 °C, Illi-
nois-Kentucky fluorspar district,  
United States

n.a. 4a 3.7 
calc’d

— 2,030 
calc’d

(CO2  ) 20,100 
calc’d

— 105 
calc’d
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Table G2. Concentrations of fluorine and other elements in waters.—Continued

[Deposit types: 1, carbonatite-related; 2, alkaline-intrusion-related; 3, alkaline-volcanic-related epithermal; 4a, Mississippi Valley-type (MVT); and 4b, salt-
related carbonate-hosted. Chemical abbreviations: F, fluorine; CO3, carbonate; HCO3, bicarbonate; HF, hydrogen fluoride; SO4, sulfate; Cl, chlorine; SiO2, 
silica; Ca, calcium; Fe, iron; Mg, magnesium; Na, sodium; K, potassium; Cu, copper; Pb, lead; Zn, zinc; CaCO3, calcium carbonate (calcite). calc’d, value 
was calculated using SOLVEQ software (Reed, 1982) and assuming charge balance and saturation with quartz, muscovite, dolomite, fluorite, pyrite, and galena or 
sphalerite. Units of measure: °C, degree Celsius; ppm, part per million; equiv. wt. %, equivalent weight percent; g/kg, gram per kilogram; µS/cm, microsiemens 
per centimeter. n.a., not applicable; —, not determined or not reported; i.d., identification; no. or n, number]

Table G2. Concentrations of fluorine and other elements in waters.—Continued

[Deposit types: 1. carbonatite-related, 2. alkaline-intrusion-related, 3. alkaline-volcanic-related epithermal, 4a. Mississippi Valley-type (MVT), and 4b. salt-
related carbonate-hosted. Chemical abbreviations: F, fluorine; CO3, carbonate; HCO3, bicarbonate; HF, hydrogen fluoride; SO4, sulfate; Cl, chlorine; SiO2, 
silica; Ca, calcium; Fe, iron; Mg, magnesium; Na, sodium; K, potassium; Cu, copper; Pb, lead; Zn, zinc; CaCO3, calcium carbonate (calcite). calc’d, value 
was calculated using SOLVEQ software (Reed, 1982) and assuming charge balance and saturation with quartz, muscovite, dolomite, fluorite, pyrite, and galena or 
sphalerite. Units of measure: °C, degree Celsius; ppm, part per million; equiv. wt. %, equivalent weight percent; g/kg, gram per kilogram; µS/cm, microsiemens 
per centimeter. n.a., not applicable; —, not determined or not reported; i.d., identification; no. or n, number]

Sample type and area
Number 

of 
samples

Associated 
deposit type or 

rock type(s)
pH

Conductivity
(µS/cm at 

25 °C)

F
(ppm)

CO3 , aqueous, 
dissolved 

(ppm)

CO3

(ppm)
HCO3

(ppm)
SO4

(ppm)
Cl

(ppm)
SiO2

(ppm)
Ca

(ppm)
Fe

(ppm)
Mg

(ppm)
Na

(ppm)
K

(ppm)
Cu

(ppm)
Pb

(ppm)
Zn

(ppm)

Alkalinity
(ppm as 
CaCO3)

Source(s)1

Fluorspar mining area waters Fluorspar mining area waters—Continued

Surface runoff, Northern Pennine  
Orefield, United Kingdom

5 4 — — 0.05 to 0.17 — — — — — — — — — — — — — — — 7

Surface runoff draining mine waste 
area (with fluorite), Northern Pen-
nine Orefield, United Kingdom

25 4 — — 0.05 to 2.3 — — — — — — — — — — — — — — — 7

Domestic water supplies, North-
ern Pennine Orefield, United 
Kingdom

4 4 — — 0.12 to 0.52 — — — — — — — — — — — — — — — 7

Mine waters from the Frazer’s 
Grove fluorite mine and sur-
rounding area, Northern Pennine 
Orefield, United Kingdom

31 
(3 sites)

4 3.8 to 
7.6

335 to 
3,188

— — — up to 
186

34 to 
2,501

up to 258 — 52 to 673 <0.1 to 
68

9.4 to 
215

9.1 to 38 4.9 to 
33.7

— — <0.1 to 
111

— 14

Surface water upstream of the 
Frazer’s Grove Mine area,  
United Kingdom

2 
(1 site)

4 6.7 to 
7.9

89 to 91 — — — 16 to 
18

9.9 to 
17.9

13 to 24 — 6.1 to 8.1 0.5 to 0.6 1.8 to 3.0 5.0 to 6.3 1.1 to 1.6 — — 0.2 — 14

Mine waters from the Moscona 
Mine, Spain

8 4b 7.6 to 
8.2

413 to 
1,779

0.5 to 3.5 — — — — — — — <0.1 — — — — — <0.05 to 
2.7

— 17

Surface spring from the Moscona 
Mine area, Spain

1 4b 7.8 451 0.5 — — — — — — — <0.1 — — — — — <0.05 — 17

Surface water upstream of the 
Moscona Mine, Spain

1 4b 7.9 405 0.5 — — — — — — — <0.1 — — — — — <0.05 — 17

Waste waters from the Moscona 
Mine, Spain

29 4b 7.3 to 
8.9

— 0.27 to 4.8 — — — — — — — — — — — — — — — 17

Groundwaters in Coimbatore  
district, Tamil Nadu, India

5 Granite and 
granodiorite

— — 0.8 to 5.9 — — — — — — — — — — — — — — — 16

Mine pit water, Chandidongri fluo-
rite mine, Madhya Pradesh, India

1 2 9.0 — 0.3 — 4.0 33.6 15.0 30.0 — 8.8 — — — — — — — — 12, 13

Groundwater near Chandidongri 
fluorite mine, Madhya Pradesh, 
India

4 2 7.0 to 
9.0

140 to 
242

0.04 to 0.4 — 6.0 13 to 
88

up to 
15

10 to 30 36 8.0 to 18 3.6 4 to 5 25.5 1.5 — — — — 12

Groundwater in Andhra Pradesh, 
India

60 Granites 7.5 to 
8.7

423 to 
1,640

0.78 to 6.1 — 104 to 199 533 to 
1,415

22 to 
96

10 to 96 22 to 90 26 to 99 25 to 234 5 to 16 — — — 832 to 
1,920

19

Surface water, groundwater, and 
mine waters, Kerio Valley, Kenya

28 
(14 

sites)

1, 2, or 3 6.0 to 
9.5

42 to 812 0.8 to 306 — — — 23 to 
66

11 to 48 16 to 67 — 0.1 to 0.8 — — — 0.01 to 
0.08

— — 26 to 414 10

Mine waters from the Lovozero  
niobium mine, Russia

10 2 9.6 to 
12.0

— 750 to 
15,000

— (HCO3 + CO3 ) 
1,425 to 2,666 

(n=8)

up to 
200

8 to 85 140 to 
13,000

up to 1 — 0.6 to 
140

3,680 to 
26,000

35 to 250 0.3 to 0.9 
(n=3)

0.02 to 
0.03 
(n=3)

0.4 
(n=1)

— 3

1Sources: 1, White (1965); 2, Hall and Friedman (1963); 3, Kraynov and others (1969); 4, Kilham and Hecky (1973); 5, Jones and others (1977); 
6, Henderson (1985); 7, Fuge and Andrews (1988); 8, Busby and others (1991); 9, Leach and others (1991); 10, Davies (1994); 11, Plumlee and others (1995); 
12, Chatterjee and Mohabey (1998); 13, Narayana and others (2000); 14, Johnson and Younger (2002); 15, Kabata-Pendias and Mukherjee (2007); and refer-
ences therein; 16, Jacks and others (2005); 17, Roqueñí and others (2005); 18, Sánchez and others (2009); and 19, Arveti and others (2011); 20, U.S. Geologi-
cal Survey (2016).
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Table G2. Concentrations of fluorine and other elements in waters.—Continued

[Deposit types: 1, carbonatite-related; 2, alkaline-intrusion-related; 3, alkaline-volcanic-related epithermal; 4a, Mississippi Valley-type (MVT); and 4b, salt-
related carbonate-hosted. Chemical abbreviations: F, fluorine; CO3, carbonate; HCO3, bicarbonate; HF, hydrogen fluoride; SO4, sulfate; Cl, chlorine; SiO2, 
silica; Ca, calcium; Fe, iron; Mg, magnesium; Na, sodium; K, potassium; Cu, copper; Pb, lead; Zn, zinc; CaCO3, calcium carbonate (calcite). calc’d, value 
was calculated using SOLVEQ software (Reed, 1982) and assuming charge balance and saturation with quartz, muscovite, dolomite, fluorite, pyrite, and galena or 
sphalerite. Units of measure: °C, degree Celsius; ppm, part per million; equiv. wt. %, equivalent weight percent; g/kg, gram per kilogram; µS/cm, microsiemens 
per centimeter. n.a., not applicable; —, not determined or not reported; i.d., identification; no. or n, number]

Table G2. Concentrations of fluorine and other elements in waters.—Continued

[Deposit types: 1. carbonatite-related, 2. alkaline-intrusion-related, 3. alkaline-volcanic-related epithermal, 4a. Mississippi Valley-type (MVT), and 4b. salt-
related carbonate-hosted. Chemical abbreviations: F, fluorine; CO , carbonate; HCO , bicarbonate; HF, hydrogen fluoride; SO , sulfate; Cl, chlorine; SiO2, 3 3 4
silica; Ca, calcium; Fe, iron; Mg, magnesium; Na, sodium; K, potassium; Cu, copper; Pb, lead; Zn, zinc; CaCO , calcium carbonate (calcite). calc’d, value 3
was calculated using SOLVEQ software (Reed, 1982) and assuming charge balance and saturation with quartz, muscovite, dolomite, fluorite, pyrite, and galena or 
sphalerite. Units of measure: °C, degree Celsius; ppm, part per million; equiv. wt. %, equivalent weight percent; g/kg, gram per kilogram; µS/cm, microsiemens 
per centimeter. n.a., not applicable; —, not determined or not reported; i.d., identification; no. or n, number]

Cl
(ppm)

SiO2

(ppm)
Ca

(ppm)
Fe

(ppm)
Mg

(ppm)
Na

(ppm)
K

(ppm)
Cu

(ppm)
Pb

(ppm)
Zn

(ppm)

Alkalinity
(ppm as 
CaCO )3

Source(s)1

Fluorspar mining area waters—Continued

— — — — — — — — — — — 7

— — — — — — — — — — — 7

— — — — — — — — — — — 7

up to 258 — 52 to 673 <0.1 to 
68

9.4 to 
215

9.1 to 38 4.9 to 
33.7

— — <0.1 to 
111

— 14

13 to 24 — 6.1 to 8.1 0.5 to 0.6 1.8 to 3.0 5.0 to 6.3 1.1 to 1.6 — — 0.2 — 14

— — — <0.1 — — — — — <0.05 to 
2.7

— 17

— — — <0.1 — — — — — <0.05 — 17

— — — <0.1 — — — — — <0.05 — 17

— — — — — — — — — — — 17

— — — — — — — — — — — 16

30.0 — 8.8 — — — — — — — — 12, 13

10 to 30 36 8.0 to 18 3.6 4 to 5 25.5 1.5 — — — — 12

10 to 96 22 to 90 26 to 99 25 to 234 5 to 16 — — — 832 to 
1,920

19

11 to 48 16 to 67 — 0.1 to 0.8 — — — 0.01 to 
0.08

— — 26 to 414 10

8 to 85 140 to 
13,000

up to 1 — 0.6 to 
140

3,680 to 
26,000

35 to 250 0.3 to 0.9 
(n=3)

0.02 to 
0.03 
(n=3)

0.4 
(n=1)

— 3

Sample type and area
Number 

of 
samples

Associated 
deposit type or 

rock type(s)
pH

Conductivity
(µS/cm at 

25 °C)

F
(ppm)

CO3 , aqueous, 
dissolved 

(ppm)

CO3

(ppm)
HCO3

(ppm)
SO4

(ppm)

Fluorspar mining area waters

Surface runoff, Northern Pennine  
Orefield, United Kingdom

5 4 — — 0.05 to 0.17 — — — —

Surface runoff draining mine waste 
area (with fluorite), Northern Pen-
nine Orefield, United Kingdom

25 4 — — 0.05 to 2.3 — — — —

Domestic water supplies, North-
ern Pennine Orefield, United 
Kingdom

4 4 — — 0.12 to 0.52 — — — —

Mine waters from the Frazer’s 
Grove fluorite mine and sur-
rounding area, Northern Pennine 
Orefield, United Kingdom

31 
(3 sites)

4 3.8 to 
7.6

335 to 
3,188

— — — up to 
186

34 to 
2,501

Surface water upstream of the 
Frazer’s Grove Mine area,  
United Kingdom

2 
(1 site)

4 6.7 to 
7.9

89 to 91 — — — 16 to 
18

9.9 to 
17.9

Mine waters from the Moscona 
Mine, Spain

8 4b 7.6 to 
8.2

413 to 
1,779

0.5 to 3.5 — — — —

Surface spring from the Moscona 
Mine area, Spain

1 4b 7.8 451 0.5 — — — —

Surface water upstream of the 
Moscona Mine, Spain

1 4b 7.9 405 0.5 — — — —

Waste waters from the Moscona 
Mine, Spain

29 4b 7.3 to 
8.9

— 0.27 to 4.8 — — — —

Groundwaters in Coimbatore  
district, Tamil Nadu, India

5 Granite and 
granodiorite

— — 0.8 to 5.9 — — — —

Mine pit water, Chandidongri fluo-
rite mine, Madhya Pradesh, India

1 2 9.0 — 0.3 — 4.0 33.6 15.0

Groundwater near Chandidongri 
fluorite mine, Madhya Pradesh, 
India

4 2 7.0 to 
9.0

140 to 
242

0.04 to 0.4 — 6.0 13 to 
88

up to 
15

Groundwater in Andhra Pradesh, 
India

60 Granites 7.5 to 
8.7

423 to 
1,640

0.78 to 6.1 — 104 to 199 533 to 
1,415

22 to 
96

Surface water, groundwater, and 
mine waters, Kerio Valley, Kenya

28 
(14 

sites)

1, 2, or 3 6.0 to 
9.5

42 to 812 0.8 to 306 — — — 23 to 
66

Mine waters from the Lovozero  
niobium mine, Russia

10 2 9.6 to 
12.0

— 750 to 
15,000

— (HCO3 + CO3 ) 
1,425 to 2,666 

(n=8)

up to 
200

1Sources: 1, White (1965); 2, Hall and Friedman (1963); 3, Kraynov and others (1969); 4, Kilham and Hecky (1973); 5, Jones and others (1977); 
6, Henderson (1985); 7, Fuge and Andrews (1988); 8, Busby and others (1991); 9, Leach and others (1991); 10, Davies (1994); 11, Plumlee and others (1995); 
12, Chatterjee and Mohabey (1998); 13, Narayana and others (2000); 14, Johnson and Younger (2002); 15, Kabata-Pendias and Mukherjee (2007); and refer-
ences therein; 16, Jacks and others (2005); 17, Roqueñí and others (2005); 18, Sánchez and others (2009); and 19, Arveti and others (2011); 20, U.S. Geologi-
cal Survey (2016).
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Mineralogy

Figure G3A shows the eight possible ore minerals or 
mineral groups that are fluorine-rich and either are, were, or 
might someday become fluorine ore minerals. Although all eight 
are possible ore minerals of fluorine, at present only deposits of 
fluorite are mined specifically for their fluorine content.

Bastnaesite (hexagonal (Ca,La,Nd)(CO3 )F) is represen-
tative of several fluoro-carbonate minerals that occur in or are 
associated with carbonatites and alkaline ultramafic igneous 
complexes. Bastnaesite is the major mineral from which rare-
earth elements (REEs) are recovered at a number of carbo n- 
atites around the world, including at the Mountain Pass Mine 
in California. The Mountain Pass Mine was the world’s 
leading producer of REEs from the 1960s to the 1980s and 
the sole mine that commercially produced REEs in the 
United States in the latter half of the 20th century. The mine 
was closed in 2002 but opened again in 2010; it was then 
placed on care-and-maintenance status in 2015 (Molycorp, 
Inc., 2015a, b). Mountain Pass does not recover fluorine from 
the bastnaesite.

Cryolite (monoclinic Na3(AlF6 )) is a mineral that is 
seldom found outside of pegmatites. It was produced as a 
fluorine source from the Ivigtut pegmatite in Sermersooq 
municipality, Greenland, until 1987, when mining there 
ceased (Singleton, 1989, p. 273).

Sellaite (tetragonal MgF2 ) is mined at the Suran 1 deposit 
in the southern Ural Mountains in Russia, and fluorine is 
recovered from it. The same deposit contains much larger 
tonnages of fluorite, and the sellaite occurs only where 

the fluorine-bearing hydrothermal solutions encountered 
magnesium-rich diabase (that is, shallowly intrusive basaltic 
rock) in the fault or vein walls (Ellmies and others, 1999). 
Apparently, the magnesium in the basaltic wall rock was used 
in precipitating sellaite, rather than fluorite. The situation is 
not geologically unique; sellaite is found in several different 
fluorite-bearing deposits in dolomite host rocks—for example, 
at Mount Bischoff, Tasmania, Australia (Kwak and Askins, 
1981); at the Shepherd and Murphy Mine in the Moina 
district, Tasmania, Australia (Bottrill and Baker, 2008); at 
the Xianghuapu Mine in Linwu County, Hunan Province, 
China (Yuzhou, 1990); and at the Yaroslavskoye tin deposit 
in Primorskiy Kray, Russia (Bailey, 1980). In all these 
cases, magnesium from the dolomite was probably used in 
precipitating sellaite in preference to fluorite. In a few other 
occurrences, sellaite is found in rocks where calcium had 
earlier been removed by hydrothermal alteration, thus favoring 
the sellaite over fluorite (Imai and others, 1985; Pfaff and 
others, 2012).

Villiaumite (isometric NaF) occurs within trona (mono-
clinic Na3(HCO3 )(CO3 ) • 2H2O,) in eastern Africa. Trona is 
the raw material for sodium carbonate (that is, washing soda 
or soda ash). In some valleys of the East African Rift system, 
trona is precipitating because of evaporation of the closed 
basin lakes. With high enough concentrations of villiaumite 
in the trona ore, it could become a feasible byproduct and 
might be recovered as a source of fluorine. The trona deposits 
of eastern Africa are located close to peralkaline to alkaline 
volcanic rocks. An analysis of water pumped from within 
newly precipitated Lake Magadi trona is given in table G2.
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Figure G2. Graph showing the solubility of fluorite (CaF2) as a 
function of temperature for complex Na-Ca-Mg-Cl (sodium-calcium-
magnesium-chloride) brines from ambient temperatures (25 degrees 
Celsius [°C]) to 260 °C. Total ionic strength for each combination of 
salts was 4 moles per liter. At each molarity (M) of CaCl2 + MgCl2, the 
ratio of calcium to magnesium was 9 to 1. Curvatures in the dashed 
parts of the curves are inferred. Except for pure sodium chloride 
(NaCl) brine compositions, the solubility curves at different complex 
chloride salt molarities all have a maximum temperature of fluorite 
deposition below which the solubility (the opposite of deposition) of 
fluorite increases with decreasing temperature. At those temperatures 
(those below the maximum temperature of fluorite deposition), fluorite 
is said to have retrograde solubility; that is, fluorite solubility increases 
as temperature decreases. First, temperatures near the laboratory 
maxima of fluorite deposition have commonly been measured in fluid 
inclusion microthermometry studies of actual fluorspar deposits (for 
example, Richardson and Pinckney, 1984). Second, the retrograde 
solubility at low temperatures is explanation for relatively high 
concentrations of fluorine in water measured in several surface water 
or shallow groundwater environments (for example, Lake Magadi, 
Kenya; Jones and others, 1977). Graph is from Richardson and Holland 
(1979, fig. 5). CaCl2, calcium chloride; MgCl2, magnesium chloride
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Fluorite is the most common mineral that contains high 
concentrations of fluorine (fig. G3). Fluorite is typically 
almost transparent, and it has perfect octahedral cleavage. 
It is softer than quartz, harder than calcite, and unreactive 
in weak acids, so it is typically readily distinguishable from 
calcite and quartz, with which it is commonly associated. 
Fluorite occurs as a minor gangue mineral in many types of 
hydrothermal ore deposits; for example, epithermal gold, 
silver, and uranium deposits; porphyry molybdenum (± tung-
sten) deposits; pegmatites; iron oxide-copper-gold deposits; 
and typically zinc-dominated Mississippi Valley-type (MVT) 
deposits. In the deposit types shown in figure G3B, fluorite is 
the major economic mineral, although coproduct or byprod-
ucts Au, barite, Be, Bi, Cu, Li, Mo, Nb, Pb, REEs, Sb, Sn, W, 
and Zn, can be found in the various types of fluorspar deposits.

In many fluorspar deposits, it is clear that fluorine in a 
hydrothermal solution reacted with calcium from the wall 
rocks to form fluorite. In limestone wall rocks, the reaction 
for fluorite precipitation can be modeled as follows:

 2 HF + CaCO3 → CaF2 + H2O + O2  

Where the above reaction occurs and calcium is 
conserved (because the density of calcite is 2.71 grams 
per cubic centimeter [g/cm3] and the density of fluorite is 
3.18 g/cm3), new open space (or porosity) results. In fact, 
at standard temperature and pressure, about 15 percent of 
the original limestone (calcium carbonate [CaCO3]) volume 
becomes new porosity. New crystals of fluorite grow into the 
open space as terminated crystals, and the result is that, in 
most carbonate replacement deposits, fluorite occurs as well- 
formed cubic or cube-octahedral crystals (fig. G1) of many 
different colors; blue, green, purple, white, yellow, and clear 
are typical. Reactions similar to (1) can be written for other 
calcium sources, such as dolomite or plagioclase, most with 
the effect that new porosity is created if calcium is conserved.

Fluorapatite (hexagonal Ca5(PO4 )3F) currently accounts 
for only minor amounts of fluorine production, but it consti-
tutes a very large potential supply if needed in the future. 
Fluorapatite is the major mineral in sedimentary phosphorite 
deposits, which typically have a fluorine grade of 2 to 4 weight 
percent fluorine. Phosphorite is a sedimentary rock composed 
principally of phosphate minerals. Phosphorite deposits can 
exceed 1 billion metric tons of ore. Phosphorites are mined in 
many places in the world as a source of fertilizer. Byproduct 
fluorine is already captured at some of the operations and is 
either converted to synthetic cryolite (a form in which it can 
be used readily in aluminum refining) or to fluorosilicic acid 
for use in drinking water fluoridation. Currently, the supply 
of fluorine obtained from phosphorites is determined by the 
demand for fertilizer—once the fertilizer demand is met, no 
additional byproduct fluorine is produced.

Fluorine is found in a number of silicate minerals, but, 
apparently, no feasible process to recover fluorine from any 
silicate structure has been developed. Topaz (orthorhombic 
Al2(SiO4 )(F,OH)2 ) is a fluorine-bearing mineral found in 

pegmatites, some hydrothermally altered rocks, and an 
apparently unique topaz-rich schist in Colorado’s Front Range 
(Sheridan and others, 1968).

Fluorine occurs in at least trace concentrations in most 
mica and clay (phyllosilicate) minerals; biotite (monoclinic 
K(Mg,Fe)3(AlSi3O10 )(OH,F)2) (fig. G3A) is one example 
of fluorine in phyllosilicates. In the phyllosilicates, fluorine 
substitutes for the OH− ion in interlayer sites between the 
sheets of linked alumina octahedrons and silica tetrahedra. 
Theoretically, it should be easier to recover fluorine from such 
mineralogic sites than from topaz, in which the fluorine and 
hydroxyl ions link together adjacent alumina octahedrons; 
however, the relatively small amount of fluorine available 
in the phyllosilicates (fig. G3A) discourages any attempts to 
recover fluorine from them. The maximum amount of fluorine 
measured in phyllosilicates to date is 7.5 weight percent from 
biotite from a hydrothermal vein from the Henderson porphyry 
molybdenum deposit in Clear Creek County, Colorado 
(Gunow and others, 1980).

Deposit Types
Fluorspar deposits occur in a wide variety of geologic 

environments. The lower part of figure G3 (fig. G3B) is a 
preliminary classification of hydrothermal fluorspar deposits 
by their tectonic and (or) magmatic environments. All seven 
of the classes are hydrothermal, but there is a great variation 
of fluid temperatures and compositions among them, and 
they clearly represent various tectonic and magmatic settings, 
although there is some ambiguity in classification of certain 
deposits. The seven classes of primary hydrothermal fluorspar 
deposits shown in figure G3B are discussed below.

Worldwide, many fluorspar deposits are found closely 
associated in space with igneous rocks of several different 
types. Understanding distinctions between several types of 
igneous rocks is needed in order to recognize the various 
magmatic and tectonic environments that are represented. 
Following are explanations for the terms subalkaline, 
peralkaline, alkaline, and carbonatitic, with generalities 
about the tectonic environments represented by each of 
these compositional types of igneous rocks.

Peralkaline igneous rocks are igneous rocks in which the 
molecular proportions of sodium and potassium exceed the 
proportions of aluminum (molar Na2O + K2O > Al2O3 ). In such 
rocks, the amounts of sodium and potassium are greater than 
can be accommodated in sodium and potassium feldspars and 
must be taken up in other crystallizing minerals; for example, 
aegerine (monoclinic NaFeSi2O6, a pyroxene mineral) or 
riebeckite (monoclinic Na2(Fe2+, Mg)3Fe2

3+Si8O22(OH)2, 
an amphibole mineral). Subalkaline rocks are those that 
have more than enough aluminum to make the sodium and 
potassium feldspars, with the excess combining with calcium 
and silica to crystallize calcium-bearing plagioclase. In most 
alkaline rocks, however, the molecular proportions of sodium 
and potassium are so great that not even the minerals with 
anomalously high levels of sodium and potassium—that is, 
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sodic and potassic pyroxenes and amphiboles, such as aegerine 
and riebeckite, respectively—can take up the excess of alkali 
molecules; consequently, minerals called feldspathoids, such 
as nepheline (hexagonal (Na,K)AlSiO4 ), sodalite (isometric 
Na4(Si3Al3 )O12Cl), leucite (tetragonal K(AlSi2 ) O6 ), and 
melilite (tetragonal (Ca,Na)2(Al,Mg)(Si,Al)2O7 ), which have 
more alkalies and aluminum than do feldspars, crystallize 
instead of the alkali feldspars. Alkaline melts also commonly 
have concentrations of silica (SiO2 ) that are too small to 
make any quartz after the crystallization of feldspars or 
feldspathoids; these melts are thus termed “undersaturated.” 
The end member of the alkaline rocks has very little silica 
at all. These are carbonatites—rare igneous rocks that are 
composed of more than 50 volume percent carbonate minerals 
that crystallized from a magma. Carbonatites occur together 
with syenites and other nepheline-rich intrusive rocks in 
complexes within which the carbonatite is typically the last 
rock type intruded.

As a gross generality, subalkaline igneous rocks are 
the dominant types intruded or erupted in both continental 
and island arcs along convergent plate boundaries, most 
peralkaline rocks are instead unrelated to active compressional 
orogenies at convergent plate margins (they are “anorogenic”), 
and alkaline igneous rocks and carbonatites are found intruded 
through mostly thick continental crust remote from convergent 
margins. Both the anorogenic peralkaline intrusives and the 
alkaline complexes may relate broadly or directly to rifts 
through continental crust.

For each different type of magmatic association—
subalkaline, peralkaline, alkaline, or carbonatitic—the associ-
ated fluorspar deposits are, almost without exception, related 
to the most differentiated (latest intruded and crystallized, least 
iron and magnesium-rich, and most silica rich for other than 
the carbonatites) igneous rocks of the igneous province. So, 
for subalkaline magmatic provinces, the fluorspar deposits are 
found almost exclusively with granites that have high contents 
of incompatible elements. The granites associated with the 
fluorspar deposits typically have only biotite as a ferro-
magnesian mineral. For the peralkaline anorogenic igneous 
provinces, the fluorspar deposits are also associated with 
granites, particularly aegerine granites and riebeckite granites. 
For the alkaline complexes, the fluorspar deposits are most 
closely related to syenites, and only rarely to trachytes, or 
pyroxene-nepheline rocks. And for the carbonatite complexes, 
the fluorspar deposits are found most closely associated with 
the carbonatites themselves.

For association with volcanic rocks rather than intrusive 
rocks, the situation is parallel. The fluorspar deposits are 
nearly ubiquitously associated with rhyolites. They are nearly 
nowhere associated with the basalts.

Carbonatite-Related Fluorspar Deposits
Fluorite deposits associated with carbonatites and other 

ultra-alkaline rocks occur on every continent (fig. G4). In 
such deposits, it is common that the carbonate (commonly 

calcite) that makes up the carbonatite is partially replaced or 
veined by fluorite or is cut by a stockwork of fluorite veinlets. 
The country rock in contact with carbonatite may be altered 
(fenitized) by hydrothermal fluids and also mineralized with 
fluorite. At the Fission (Richardson) deposit in Ontario, 
Canada, and the Speewah deposit in Kimberley, Western 
Australia, Australia, the deposits have the general form of 
a vein or dike, although the carbonate minerals appear to 
be igneous and to contain minerals that are distinctive to 
igneous carbonatites, such as bastnaesite, parisite (rhombo-
hedral Ca(Ce,Nd,La)2(CO3)2 ), or pyrochlore (isometric 
(Na,Ca)2Nb2O6 (OH,F)). Two examples of carbonatite-
associated fluorspar deposits that have been well studied 
are the Okorusu deposit located in the Otjozondjupa Region 
of Namibia (Kogut and others, 1997; Shivdasan-Gebhardt 
and Hagni, 2008) and the Amba Dongar deposit located in 
Gujarat State, India (Deans and others, 1972; Gwalani and 
others, 1993; Simonetti and Bell, 1995; Simonetti and others, 
1995; Palmer and Williams–Jones, 1996; Doroshkevich and 
others, 2009). At the Amba Dongar deposit, studies of the 
fluid compositions (Palmer and Williams-Jones, 1996) and 
the radiogenic isotopes (Simonetti and Bell, 1995) suggest 
that, despite temperatures of fluorite mineralization of 160 °C 
and less, there was a small component of igneous-derived 
magmatic water mixed with dominant meteoric water (that is, 
groundwater derived ultimately from rain and recharged from 
the surface) in the mineralizing fluids.

Alkaline-Intrusion-Related Fluorspar Deposits
Alkaline-intrusion-related fluorspar deposits are 

fluorite-bearing deposits that are in close spatial association 
with granites that contain aegerine and (or) riebeckite, or 
are in association with syenites, any of those igneous rocks 
commonly being porphyritic (Teng and Strong, 1976; Lykhin 
and others, 2010). A distinction is arbitrarily drawn between 
these types of deposits and a large number of other fluorspar 
deposits that are associated with extrusive alkali rhyolites 
or trachytes (that is, volcanic equivalents of syenites) where 
intrusive rocks are not found nearby. It is somewhat common 
for deposits of both classes to contain either bertrandite 
or phenakite and, at some places, lithium minerals, such 
as lithium-rich white mica (Lykhin and others, 2010; 
Obolenskiy and others, 2010). Some also contain economic 
concentrations of niobium, REEs, tantalum, and zirconium 
(Kovalenko and Yarmolyuk, 1995). The Yermakovskoye 
deposit in Buryatiya Republic, Russia, which was the first 
of the Russian alkaline- intrusion-related deposits to be 
mined, has small skarns—that is, bodies of calcium-silicate 
minerals with additional valuable minerals that have replaced 
limestone adjacent to intrusive rocks—and bodies with veinlet 
stockworks of fluorite-phenakite or of fluorite-bertrandite, 
and in which the fluorite commonly totals 20 volume percent 
(Kislov and others, 2010; Lykhin and others, 2010). Phenakite 
is rhombohedral Be2SiO4, and bertrandite is orthorhombic 
Be4Si2O7(OH)2, so these deposits are commonly also deposits 
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of beryllium. Other alkaline-intrusion-related deposits 
are located in the St. Lawrence district in Newfoundland, 
Canada, where large, discrete fluorspar veins cut across 
peralkaline granite (Van Alstine, 1944). Other districts, such 
as the Jamestown district in Boulder County, Colo., have ore 
contained mainly in breccia bodies that may grade laterally 
to veins (Goddard, 1946). Studies suggest that the fluids that 
formed these deposits had temperatures that ranged from 
500 °C down to about 100 °C (Nash and Cunningham, 1973; 
Strong and others, 1984). The fluids also had a great range of 
salinities. Those results and oxygen isotope studies suggest 
that the mineralizing fluids were mixtures of magmatic and 
meteoric waters, and the relatively high contents of REEs 
in the fluorite supports that conclusion (Strong and others, 
1984). At Yermakovskoye, magmatic fluids have been well 
documented (Reyf, 2004, 2008) and include (a) a magmatic 
brine highly enriched in beryllium, manganese, and molyb-
denum, with additional cerium, lanthanum, lead, and zinc 
concentrations, and (b) a carbon dioxide (CO2 )-rich fluid 
enriched only in beryllium with a homogenization temperature 
of between 335 and 355 °C and relatively low salinity of 
2.4 to 8.2 equivalent weight percent NaCl. These two fluids 
seem likely to be the products of the boiling of a common 
ancestor hydrothermal fluid.

Alkaline-Volcanic-Related Epithermal  
Fluorspar Deposits

Northern Mexico and Kenya have fluorspar deposits 
and occurrences that are related to alkaline volcanic rocks. 
Examples of such deposits are located at Aguachile, Coahuila 
de Zaragoza, Mexico (McAnulty and others, 1963), and at 
Kimwarer, Elgeyo/Marakwet County, Kenya (Nyambok 
and Gaciri, 1975). These deposits are also in contact with or 
are hosted by carbonates (limestone or calcite marble). The 
igneous rock type that is most closely associated in time with 
ore at Aguachile is rhyolite porphyry, which occurs in a ring 
dike around a central plug of quartz-microsyenite porphyry. 
The microsyenite contains 7 volume percent riebeckite 
and another 8 volume percent chlorite that is an alteration 
product of former riebeckite (Levinson, 1962). Several other 
small districts are related to similar rocks in Coahuila de 
Zaragoza, Mexico, as, perhaps, are the deposits of the very 
large Encantada-Buenavista district of Mexico (Temple and 
Grogan, 1963; Kesler, 1977; González-Partida and others, 
2003). Fluorspar deposits in the Eagle Mountains of Hudspeth 
County, Texas, are related to igneous rocks of the same 
igneous province (Gillerman, 1948). The Hidalgo del Parral 
district in Chihuahua, Mexico, is also related to alkali rhyolites 
(Pickard, 1974).

The Kimwarer deposits in Kenya, though hosted in 
Precambrian calcite marbles and other gneissic rocks, are 
most closely related in time to Tertiary phonolites of the East 
African Rift volcanic rocks (Nyambok and Gaciri, 1975). 
Phonolite is a volcanic rock that consists essentially of 

alkali feldspar and a feldspathoid mineral (the feldspathoid 
mineral is nepheline for the rocks near Kimwarer). Because 
the phonolites are not in contact with fluorspar ore anywhere at 
Kimwarer, it is possible that these deposits are instead related 
to unexposed (still buried) carbonatitic rocks. Carbonatites 
are found in several places in or near the East African Rift 
valleys. In these volcanic-related deposits, low temperatures 
and generally low salinities suggest that the mineralizing 
fluids were dominated by meteoric waters. Fluid inclusion 
homogenization temperatures are generally no greater than 
175 °C, and salinities are commonly less than 10 equivalent 
weight percent NaCl (Kesler, 1977; González-Partida and 
others, 2003). Although intrusive rocks may be present, they 
may have served only as heat sources to cause convection 
of the groundwaters through fluorine-rich alkali rhyolite 
source rocks. Alternatively, and more likely, the magmas that 
contributed to the volcanic rocks also evolved a late-stage 
water-rich phase, which contributed to the mineralizing waters 
and thus at least small amounts of magmatic components to 
the deposits. Although the conditions and chemistry of the 
hydrothermal fluids were generally similar throughout this 
class, the geometry of mineralized bodies varies greatly. Some 
are discrete, large veins (Kimwarer). Others are carbonate-
hosted breccia pipes or breccias along contacts with intrusions 
(Aguachile). Yet others are peneconformable replacement 
bodies in carbonates, which are known in the United States 
as bedding-replacement deposits (Weller and others, 1952; 
Gillerman, 1948) and in Spanish-speaking countries as mantos 
(for example, the Encantada-Buenavista district in Mexico; 
Temple and Grogan, 1963). A peneconformable configuration 
means that the replacement bodies lie within and parallel to 
the bedding of the sedimentary host rocks, yet have lateral 
boundaries that cut across those host rocks.

Some have suggested that other fluorspar deposits of the 
Western United States and Mongolia are related to alkaline 
volcanic rocks (Lindsey, 1982; Lkhamsuren and Hamasaki, 
1998), but there is some doubt that the associated volcanic 
rocks should truly be called alkaline in the sense that the 
word is used above. Lindsey (1982) describes the deposits of 
the Thomas Range, Utah, as being related to rhyolites of the 
latest magmatic stage in the area—those rocks typically have 
a peralkaline composition. The rhyolites of the Thomas Range 
(the Topaz Mountain rhyolites) have phenocrysts of sanidine, 
biotite, and plagioclase, and lack any aegerine or riebeckite. 
They are alkali feldspar rhyolites, but the rocks are probably 
not truly of the alkaline series as that term is used above in 
defining the distinction between subalkaline, peralkaline, 
and alkaline.

The deposits of the Thomas Range are probably better 
assigned to the class of epithermal deposits related to 
sub alkaline volcanic rocks (see below in the section titled 
Subalkaline-Volcanic-Related Epithermal Fluorspar Deposits). 
The rhyolite associated with fluorspar deposits in the Thomas 
Range contains topaz phenocrysts; it is very fluorine-rich. Some 
well-known fluorspar deposits in Colorado—in the Browns 
Canyon district of Chaffee County (Van Alstine, 1969) and in 
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the Northgate district of Jackson County (Steven, 1960)—are 
also most closely associated in time with topaz rhyolites, 
which are not rocks in the alkaline series (Burt and others, 
1982); hence, those deposits are also probably best assigned 
to the class of epithermal deposits related to subalkaline 
volcanic rocks. The topaz rhyolites of western North America 
do not, however, date from times of the major andesitic 
volcanic fields and granodiorite batholiths like those of the 
Sierra Nevada Range. Rather, they post date such rocks in 
each area where they occur, and they belong to groups of rocks 
believed to have formed by partial melting of continental 
crust. Numerous deposits in Mongolia are described as being 
related to “trachytic rhyolite” and “rhyolite differentiated from 
trachy-basalts” (Lkhamsuren and Hamasaki, 1998). Whereas 
true trachytes (volcanic rocks containing alkali feldspar, minor 
iron-magnesium-silicate minerals, minor plagioclase, and no 
quartz) typically are alkaline, the term “trachytic” describes a 
texture of lath-shaped phenocrysts of alkali feldspar that are 
subparallel to one another in a volcanic rock; the texture does 
not require the rocks to be truly alkaline. The Late Mesozoic 
Mongolian volcanic rocks are not described as riebeckite- or 
aegerine-bearing, and those volcanic rocks again include 
some topaz rhyolites (Kovalenko and others, 1971). The very 
fluorine-rich topaz rhyolites are seemingly the rocks that are 
the most closely associated with fluorspar deposits. Bulnayev 
and Kaperskaya (1995) demonstrated that fluorspar deposits in 
Mongolia are most frequently associated with rhyolites among 
the volcanic rocks there.

Mississippi Valley-Type Fluorspar Deposits
Mississippi Valley-type (MVT) deposits of lead-

zinc(-fluorspar-barite) are among the best understood of all 
hydrothermal ore deposits. These deposits formed in carbonate 
aquifer rocks where there was interaquifer groundwater 
mixing of the following two brines: (a) a metalliferous and 
(or) fluorine-rich brine that escaped upward from a confined 
lower aquifer under artesian pressure, and (b) a second brine, 
probably more sulfide-rich (Wenz and others, 2012), that 
migrated laterally, also under artesian pressure, and was 
confined above, typically by a shale bed (Plumlee and others, 
1994, 1995; Bouch and others, 2006; Stoffel and others, 2008; 
Ingebritsen and Appold, 2012; Wenz and others, 2012). Both 
brines likely had their origins as deep basinal groundwaters. 
A variety of geohydrologic situations allow the brine of the 
lower aquifer to escape confinement and rise to mix with the 
second brine in the upper aquifer. The simplest situation that 
leads to mixing may be where fracturing connects the two 
aquifers, as in a vein deposit or a breccia body, regardless 
how the breccia originated. A second and very important 
mixing situation is where a confining bed pinches out laterally 
between the two aquifer units (a “shale edge”). Upward escape 
of lower-aquifer fluids will be focused adjacent to the pinched-
out confining bed. This can result in very large deposits 
arrayed along and above the pinchout, stratigraphically at the 
level of the upper aquifer; this is the situation with most of 

the ores of the Southeast Missouri lead district, the Tri-State 
(Missouri-Kansas-Oklahoma) district, and the Pine Point 
district in the Northwest Territories, Canada (Brockie and 
others, 1968; Rhodes and others, 1984; Palmer and Hayes, 
1989). A number of other geohydrologic situations allow the 
fluids of the lower aquifer to escape and mix with the ground-
water of upper aquifers, but these situations are less common. 
The studied brine mixtures (represented by fluid inclusions) 
from MVT deposits originated by evaporation of seawater, 
but the mixed fluids also show effects from dolomitization 
and sulfate reduction along the travel paths and generally 
show only small amounts of salt redissolution (Viets and 
others, 1997).

The type of deposits that occur in the Mississippi Valley 
in the United States resulted from water in gravity-driven 
regional groundwater flow systems that affected many tens 
of thousands of cubic kilometers of rock, with recharge in 
or near collisional orogenic mountain belts like the Ouachita 
Mountains (Leach and Rowan, 1986). Fluids traveled down 
through deep basins, then up, driven by artesian pressure from 
the elevated recharge area, across the cratonic margins towards 
the craton centers. The regional nature of the mineralizing 
systems is demonstrated in places where the sequence of 
mineral precipitation (that is, the paragenesis) of hydrothermal 
minerals that have partially filled many different kinds of rock 
porosity can be correlated from MVT district to district, and 
through all of the former aquifer rocks in between, across 
hundreds of kilometers (Hayes and others, 1990; Hayes and 
Anderson, 1992).

Districts of the MVT class that contain significant 
amounts of fluorite account for 3 of the 10 largest sources of 
fluorspar in the world (appendix G1). These are the Illinois-
Kentucky fluorspar district in the United States, the Northern 
Pennine Orefield and the Southern Pennine Orefield in the 
United Kingdom, and the Marico district of North West 
Province, South Africa.

Richardson and Pinckney (1984) established that 
oscillatory growth layering in fluorite crystals within the 
Cave-in-Rock subdistrict (Hardin County, Illinois) of the 
Illinois-Kentucky fluorspar district could be correlated from 
mine to mine throughout an area of about 8.5 by 2.5 kilo-
meters (km). By correlating generations of hydrothermal 
carbonates, Hayes and Anderson (1992) extended the 
correlation of hydrothermal minerals throughout the Illinois-
Kentucky fluorspar district, then correlated that paragenesis 
with that of the Central Tennessee (Elmwood-Gordonsville) 
zinc district, and with the paragenesis of the Central Kentucky 
district. The total area with correlatable paragenesis of 
hydrothermal minerals partially filling the former porosity 
in carbonates from Early Ordovician through Mississippian 
age is 600 km east-west by 300 km north-south and averages 
slightly more than 2 km thick, thus yielding about 350,000 
cubic kilometers of rock affected by this single MVT system 
(Hayes and Anderson, 1992). The correlations may extend 
even farther—perhaps to the Upper Mississippi Valley 
district in southern Wisconsin (Heyl and West, 1982) and to 
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the Findlay arch in northwestern Ohio (Carlson, 1983). The 
Illinois-Kentucky-Central Tennessee MVT system differs 
markedly from that of the Ozark Region of southern Missouri, 
northern Arkansas, southeastern Kansas, and northeastern 
Oklahoma, however, where no fluorite is found. Furthermore, 
in the Illinois-Kentucky fluorspar district, thin dikes and sills 
of mafic igneous rock are fairly numerous and a few small 
plugs of intrusive breccia occur. Hicks Dome in the north-
western portion of the district is thought to be underlain by a 
larger related igneous body, but that remains unproven.

In the Illinois-Kentucky fluorspar district, the dikes 
and sills are likely near-surface indicators of larger igneous 
masses at depth, and the igneous rocks related to these dikes 
are likely the cause of the district’s unique richness in fluorine 
among the MVT deposits. This district hosts 62 known dikes 
and sills that are 1 to 12 meters (m) thick and intruded along 
faults or bedding planes. It also hosts eight known “diatremes” 
(brecciated volcanic pipes) that are approximately upright and 
cylindrical with diameters from a few tens of meters to nearly 
200 m (Denny and others, 2008; Anderson and Sparks, 2012).

Almost all the district’s igneous rocks studied to 
date were originally ultramafic and alkalic. Where fresh, 
the dike and sill rocks are dark green and porphyritic to 
inequigranular. Their major primary minerals are olivine, 
phlogopite, melilite, garnet, apatite, perovskite, and magnetite 
with secondary serpentine, chlorite, and iron-rich calcite. 
Differentiates from the magmas that produced these dikes 
would be expected to be syenites and perhaps could include 
carbonatite. The xenoliths in the diatremes include aegerine 
syenite (Bradbury and Baxter, 1992, p. 15), and the rocks in 
places are nepheline-bearing (Lewis and Mitchell, 1987). The 
neodymium-samarium isochron age of MVT fluorite miner-
alization from five mines in the Cave-in-Rock subdistrict is 
277.0 ±15.6 mega-annum (Ma), or million years before present 
(Early Permian) (Chesley and others, 1994), which overlaps 
entirely the four best-dated igneous rocks in the district that 
would together give an age range of 266.5 to 273.4 Ma (Early 
Permian), inclusive of all uncertainties (Reynolds and others, 
1997; Fifarek and others, 2001). Where the igneous rocks are 
in contact with MVT mineralization, the phlogopite of the 
igneous rocks is hydrothermally altered to illite.

Hicks Dome appears to be the thermal center for 
hydrothermal mineralization in the Illinois-Kentucky fluorspar 
district. Deep drilling at Hicks Dome has encountered miner-
alization with elemental and mineralogical signatures that 
suggest alkalic igneous rock and possibly carbonatite, which 
agrees with the widespread but small occurrences of alkaline 
ultramafic rock in the greater district. The dome is underlain 
at depths of from 450 m to perhaps 1,000 m by fluorite-barite-
cemented breccias that contain anomalous concentrations 
of Be, Nb, Th, Ti, Y, and REEs (Brown and others, 1954; 
Kirkemo, 1978). Across the district, fluid inclusion homog-
enization temperatures in fluorite from growth zones late 
within the sequence of banding described by Richardson and 
Pinckney (1984) decline regularly from the center of Hicks 
Dome (175 °C), to the flanks of the dome (150 °C), to the 

Cave-in-Rock subdistrict (150 to 132 °C), to mines central 
to the district in Kentucky (130 to 120 °C), to the southern 
margin of the district (128 to 117 °C), to the most distant 
outliers of the district (<50 °C?) (Taylor and others, 1992). 
This concentric zonation of homogenization temperatures 
around Hicks Dome has the same generally concentric form 
as contours of lead isotopes from galena (Heyl and others, 
1966) and contours of silver and antimony content of galena 
(Hall and Heyl, 1968). Thus, the Illinois-Kentucky fluorspar 
district records a single large mineralizing system that was 
likely influenced in some way by magmatism at or near 
Hicks Dome. It is not inferred that magmatic fluids migrated 
outward from Hicks Dome; only that it was the highest 
temperature area of the district and probably has intrusive 
rocks at depth.

Plumlee and others (1995) used reaction path modeling 
to try to better understand the Illinois-Kentucky fluorspar 
district. They modeled a mineralizing fluid that had the 
measured compositions for major elements from fluid inclu-
sions in fluorite (Hall and Friedman, 1963; Richardson and 
others, 1988) and assumed saturation with respect to dolomite, 
quartz, muscovite, pyrite, sphalerite, galena, and fluorite 
at 120 °C and a pH of 4.55. They could not reproduce the 
district’s MVT ores in terms of phase abundance or para-
genesis until they modeled the addition of 0.5 gram of HF and 
0.5 gram of CO2 to each kilogram of the initial fluid. In the 
HF- and CO2-modified models, they found that any or all of 
the following resulted in copious amounts of fluorite precipi-
tation: (a) cooling the fluid from 150 to 142 °C, (b) replace-
ment of limestone, and (c) mixing of the fluid with another 
fluid with different concentrations of calcium and fluorine. 
Plumlee and others (1995) concluded that HF from alkaline 
igneous sources, particularly at Hicks Dome, was added 
to regional MVT metals-transporting fluids to produce the 
district’s fluorite-rich MVT ores. The fluorite-rich ores formed 
where alkaline igneous rocks and their evolved magmatic 
fluids intruded into an ongoing regional MVT mineralizing 
system that extended to at least the Central Tennessee and 
Central Kentucky districts.

Exposed or geophysically indicated alkalic magmatic 
source rocks have not been identified at either of the 
Pennine orefields nor in the Marico district, which are 
the other identified fluorite-rich MVT districts. Dunham 
(1948) speculated that the Weardale Granite, which forms 
the basement to the sedimentary host rocks of the Northern 
Pennine Orefield, was a heat source simply from decay of 
elevated concen trations of radioactive elements within it, 
and that convection of mineralizing meteoric groundwaters 
through the fracturing systems was set up around the Weardale 
Granite because of the anomalous heat. Bau and others (2003) 
suggested that sources of REEs and yttrium in the fluorite of 
the Southern Pennine Orefield were relatively pure marine 
sedimentary carbonates, and that, in contrast, the sources for 
the Northern Pennine Orefield were aluminosilicate rocks, 
which is consistent with the Weardale Granite being a source 
for REEs in the Northern Pennine Orefield fluorite.
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The Bushveld Complex is located relatively near the 
Marico MVT district in South Africa. The large Buffalo 
fluorspar deposit (Limpopo Province) and the very large 
Vergenoeg fluorspar deposit (Gauteng Province) are located 
near the center of the Bushveld Complex and at its highest 
structural level (appendix G1). Buffalo and Vergenoeg appear 
to be related to strongly differentiated Bushveld Complex 
granites (deposit type 5 of fig. G3B). In a contact zone that 
surrounds the Bushveld intrusives, the Marico fluorspar ores 
have been metamorphosed by the heat from the intrusions 
(Martini, 1976), so it was not possible for Bushveld-age 
hydrothermal fluids from those granites to provide fluorine 
for the preexisting MVT fluorspar deposits.

Salt-Related Carbonate-Hosted Fluorspar Deposits
Leach and others (2005, appendix A, table A1) consider 

salt-related carbonate-hosted deposits to be part of their 
classification of MVT deposits and have given them an 
alternate subclass name (“salt dome related”). According 
to the authors, only 5 of their 247 example MVT deposits 
worldwide are said to be salt dome related. Indeed, these 
deposits have the same simple mineralogy, the same kinds of 
orebody geometries, similar parageneses, and probably the 
same types of local geohydrologic controls (various scenarios 
that produce interaquifer groundwater mixing) as the MVT 
deposits within the Mississippi Valley itself. In figure G3, salt-
related carbonate-hosted deposits are shown to be a subclass 
of MVT deposits. What MVT and salt-related carbonate-
hosted deposits do not share, however, is their regional and 
temporal geologic settings, along with other details that result 
from the differences in their settings.

Salt deposits themselves are commonly found on passive 
continental margins that formed in the arid tropics or in failed 
arms of the rifts extending inland from passive continental 
margins (aulacogens). Thus, in contrast with the MVT deposits 
of the Mississippi Valley, which are associated in time and 
distantly in space with collisional orogenic belts, the salt-
related carbonate-hosted deposits are in many places clearly 
associated with continental rifting, with passive margins, or 
with aulacogens. The salt-related classification originated 
with French scientists who studied deposits in Algeria and 
Tunisia where the salt is Triassic (Charef and Sheppard, 1987; 
Orgeval, 1994; Perthuisot and Rouvier, 1995; Sheppard and 
others, 1997); however, the best example of these types of 
deposits are from the Miocene to recent Red Sea margins 
(El Aref and Amstutz, 1983; Hayes and others, 2002). The 
U.S. Gulf of Mexico margin, where the Middle to Upper 
Jurassic Louann Salt is located, also has deposits of this type 
(Price and others, 1983; Kyle and Saunders, 1997; Saunders 
and Swann, 1994), but none has been proven economic 
to mine.

Differences between MVT deposits and salt-related 
carbonate-hosted zinc-lead-fluorite-barite deposits are impor-
tant considerations for exploration. The sedimentary sections 
that host salt-related carbonate-hosted deposits contain 

evaporites, which typically form major parts of the local 
sedimentary section and, at places, exceed one-half of the total 
sedimentary thickness. Although evaporites are present in 
traces in the sedimentary sections of the MVT deposits of the 
Mississippi Valley, none appear to be as much as 5 percent of 
the thickness of the involved section anywhere within 100 km 
of a deposit (although adjacent basins have considerably 
more; for example, the Michigan Basin). Salt-related 
carbonate-hosted zinc-lead-fluorite-barite deposits differ 
from the MVT deposits by having paragenetic sequences of 
hydrothermal minerals that cannot be correlated for even as 
much as tens of kilometers. Connected secondary porosity 
needed for long-distance transport of hydrothermal brines does 
not generally exist in strongly fault-segmented continental rifts 
and early passive margins.

Although many of the salt-related zinc-lead-fluorite-
barite deposits are located close to salt deposits, with some 
actually within the cap rocks of salt domes, the critical role 
of the salt is probably not in creating sites for mineralization, 
such as caprock hosts, nor in creating structural paths for the 
required interaquifer groundwater mixing. Rather, the critical 
role of salt in these deposits is probably that it dissolves in 
mineralizing brines to supply chloride and thus provides 
high solubilities of zinc, lead, iron, and barium as chloride 
complexes in those mineralizing brines (Hayes and others, 
2001, 2002). Spatial association with salt and the presence of 
fluid inclusions in ore minerals that demonstrate the process 
of dissolving preexisting salt to create an ore solution are true 
indicators of this class. Spatial association is not necessary if 
the fluid inclusions contain redissolved salt—as demonstrated 
from the Cl−:Br− and Na+:Br− ratios (Carpenter, 1978; Hanor, 
1987; Kesler and others, 1995) —as a major component in the 
ore fluids.

Fluorspar deposits in the Asturias region of Spain are the 
best known examples of fluorine-rich deposits of this class 
as a result of some recent work on the composition of the 
deposits’ fluids (Sánchez and others, 2009). The geographic 
association of the deposits with Late Triassic salt in diapirs 
is shown in figure G5, which shows as well the locations of 
zinc-lead-(fluorspar-barite-copper-iron) deposits and siderite 
iron deposits of the enclosing and larger Cantabrian region 
(Velasco and others, 1994). The zinc-lead-(fluorspar-barite-
copper-iron) deposits and the siderite iron deposits probably 
all originated from the same general mineralizing events; 
all these deposits are probably salt-related carbonate-hosted 
deposits (Grandia and others, 2003). In studies of the 
microthermometry and composition of fluid inclusions in 
the Asturias deposits, Sánchez and others (2009) identified 
two discrete fluids that mixed to precipitate fluorspar ore: a 
simple sodium-chloride-dominated groundwater with salini-
ties of 0 to 8.2 equivalent weight percent, and a complex 
sodium chloride–calcium chloride brine with salinity of 
9 to 25 equivalent weight percent sodium chloride. They 
found that the complex higher-salinity brine had Cl−:Br− and 
Na+:Br− ratios that demonstrated a large proportion of halite 
dissolution. A comparable degree of halite dissolution was 
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nowhere measured among sphalerite fluid inclusions from 
12 different MVT districts, including all of the districts of the 
Mississippi Valley itself (Viets and others, 1997). Sánchez and 
others (2009) found that the Asturias complex halite dissolu-
tion brine also had very high metal contents; that is, up to 
500 ppm zinc, 170 ppm lead, and 480 ppm barium—or about 
one order of magnitude greater than those found in most other 
metalliferous basinal brines (Land, 1995; Hanor, 1997). The 
Asturias fluorspar deposits were also samarium-neodymium 
isotopically dated, yielding an age of 185±29 Ma (Early 
Jurassic) (Sánchez and others, 2006). This date demonstrates 
the association with rifting instead of collisional tectonics, 
because in the Early Jurassic Period, the Asturias region of 
Spain and the rest of Western Europe were in the process of 
renewed rifting along the middle Atlantic rift following upon 
the initial rifting that took place during the Permian Period 
(Yilmaz and others, 1996).

Many other fluorspar deposits of the western part of 
Europe appear to share many of the characteristics of the 
deposits of Asturias. Similar hypersaline brines at tempera-
tures of from 81 to 165 °C and salinities of from 17 to as 
much as 26 equivalent weight percent NaCl were found in 
northeastern (Catalonia) Spain’s Berta, Osor, and Rigros 
veins (Cardellach and others, 2003; Piqué and others, 2008); 
in the Muscadroxiu-Genna-Tres Montis-S’Acqua Frida 
veins (Silius Mine) (Boni and others, 2009) and other veins 
in southern Sardinia, Italy (Belkin and others, 1984); in 
the Le Burc vein in the Massif Central (Midi-Pyrénées 

Region, France; Deloule, 1982); and in the Rossignol vein 
(Centre Region, France) and exhalative sediment (Sizaret and 
others, 2004). Four of these locations are shown in fig. G4. 
Each of these fluorite deposits has been isotopically or geologi-
cally constrained to have formed between the Early Jurassic 
Period and Early Cretaceous Period and is related to the 
renewed rifting of the middle Atlantic (Sizaret and others, 
2004; Munoz and others, 2005; Piqué and others, 2008).

The above deposits are all probably examples of the 
general salt-related carbonate-hosted class and related to 
rifting, even where the wall rocks are Hercynian basement 
rocks. A characteristic magmatic rock of some continental rifts 
or rifted margins is peralkaline, however, and, consequently, 
each of the deposits could instead be of the alkaline-intrusion-
related type, with the intrusive rocks buried and providing 
mainly just the heat to produce hydrothermal circulations. 
The deposits at Hansonburg in Socorro County, New Mexico, 
have been called MVT (Putnam and others, 1983; Norman and 
others, 1985), despite their setting adjacent to the Rio Grande 
Rift, which hosts a number of epithermal, alkaline-volcanic-
related fluorspar deposits (Van Alstine, 1976). Recent results 
demonstrate that the Hansonburg hydrothermal fluids had from 
13 to 49 percent asthenospheric magmatic chlorine (Partey 
and others, 2009), so the deposits are also alkaline-intrusion-
related. Deposits of the Encantada-Buenavista district in 
Coahuila de Zaragoza, Mexico (fig. G4) have been shown to 
have fluid inclusions with homogenization temperatures of 
from 75 to 170 °C and salinities of from 7.8 to 15.4 equivalent 
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weight percent NaCl; that is, complex brines of probably 
sedimentary origin (González-Partida and others, 2003). On 
that basis, the Encantada-Buenavista deposits are labeled 
salt-related carbonate-hosted in figure G4. They are probably 
related to the salt-bearing Jurassic basin adjacent to the west. 
Kesler (1977), however, had earlier concluded that these and 
other deposits in the same Cretaceous limestone host rocks in 
Coahuila de Zaragoza, Mexico, were deposited from boiling, 
probably partly magmatic, fluids. Many of the deposits are at 
contacts with rhyolitic or trachytic high-level intrusive rocks 
(Temple and Grogan, 1963; Pickard, 1974; Kesler, 1977). As 
with Hansonburg, the Encantada-Buenavista district is likely 
to prove to have some magmatic component, thus validating 
its classification as both salt-related carbonate-hosted and 
related to peralkaline igneous rocks.

Fluorspar Deposits Related to Strongly 
Differentiated Granites

Fluorspar deposits are known to be present in association 
with strongly differentiated granites with a considerable 
range of compositions of the granite, from rather ordinary 
monzogranites, to two-mica granites, to tin granites. 
Generally, the greater the differentiation, the more common 
the occurrence of associated fluorspar deposits. Although 
the general behavior during differentiation is similar to that 
in alkaline granites, the associated metals and deposit types 
are distinct from the metals and deposit types associated 
with alkaline intrusive rocks. Deposits with the subalkaline 
granites include fluorite-rich tin and tungsten skarns, fluorite-
rich veins with tin and (or) tungsten, some with antimony, 
and fluorite-rich greisen deposits, and, fewer in number, 
disseminated or stockwork fluorspar deposits. Molybdenum 
and bismuth are additional elements that are commonly 
anomalous in these deposits. Greisens are rocks composed 
principally of muscovite (or lithium-rich white mica) and 
quartz with lesser abundances of one or more of the following: 
bertrandite, beryl, cassiterite, columbite-tantalite, fluorite, 
phenakite, topaz, tourmaline, and wolframite. Minor sulfides 
are found in greisens, principally pyrite, but locally others 
as well, including molybdenite. Although greisens appear to 
form by hydrothermal alteration of intrusive igneous rocks, 
a distinguishing feature is that feldspars are absent and have 
presumably been altered to the white mica.

Among the end-member granites that are included in 
the broad class of strongly differentiated granites, two-mica 
granites are those with both muscovite and biotite, which, 
given those two aluminous micas and the presence of both 
plagioclase and alkali feldspars, are invariably strongly 
peraluminous. (In peraluminous igneous rocks, molar 
Al2O3 > (Na2O + K2O).) Tin granite is also a very specific 
type of granite (Tischendorf, 1978; Hudson and Arth, 1983). 
Tin granite can be porphyritic, seriate, or equigranular in 
texture, but all are light-colored peraluminous biotite granites, 
and all are small offshoots of large granodiorite-to-granite 

batholiths from which the tin granite evolved by fractional 
crystallization. The tin granites are found in stable cratonal 
regions and not in continental or oceanic arcs (Hudson and 
Arth, 1983). Fluorspar deposits associated with tin granites 
have a variety of geometries (veins; replacements; skarns at 
intrusive contacts; greisens in small, upward projections on the 
granite body’s roof [that is, endogreisens in granitic cupolas]; 
and greisens in wall rocks of the granite [that is, exogreisens]). 
Lithium-rich annite is an important characteristic mineral in 
tin granites. It was earlier termed “zinnwaldite.” Annite is the 
iron-rich end member of the biotite solid solution—that is, 
monoclinic K2Fe6 (Si6Al2O20 )(OH)4. In lithium-rich annites, 
the lithium substitutes for aluminum and iron in this mineral 
and produces micas of the zinnwaldite series.

To date, fluorspar deposits related to strongly differen-
tiated granites have been identified on every continent except 
South America and Antarctica (fig. G4 and appendix G1). 
They probably also occur on those two continents as well 
but simply have not yet been discovered. Tin-granite end 
members have not been found in the Andean magmatic 
belts, however, because those belts appear to be composed 
entirely of intrusive rocks of oceanic and continental arcs 
(Steve Ludington, U.S. Geological Survey, retired, written 
commun., December 6, 2013).

At places, assignment of a deposit to the class associated 
with strongly differentiated granites is very obvious, but at 
others, it is not as clear. For example, the very large Vergenoeg 
deposit in South Africa is near to but not in contact with 
granites that host tin deposits. The granites are part of the 
Bushveld Complex and are related to the platinoid-metal-, 
chromium-, vanadium-, and copper-nickel-bearing rocks of 
the layered mafic to ultramafic rocks of the lower part of the 
Bushveld Complex (Hatton and Sharpe, 1989). The Vergenoeg 
deposit is an approximately carrot-shaped, root-downward 
mass of very iron-rich igneous (or metasomatic?—that is, 
formed by replacement from hydrothermal fluids) rocks that 
cuts intermediate to felsic Rooiberg volcanic rocks. Those 
Rooiberg volcanic rocks are thought to have been derived by 
partial melting of upper crustal rocks that lay above the intru-
sion of the enormous, lobate, sill-like body of the Bushveld 
Complex and are considered to be the eruptive products of 
the magmas that became Bushveld granites and granophyres 
(Kleemann and Twist, 1989; Schweitzer and others, 1997). 
Vergenoeg ore consists of very coarse-grained (pegmatitic-
textured) fayalite-magnetite-siderite-fluorite rock that contains 
an average of 28 percent CaF2 and less than 30 percent SiO2. 
Flat-lying deposits of fluorite-hematite are located nearby in 
three directions from the pipe; these deposits are interpreted 
by Crocker (1985) as tuffs of unusual composition that erupted 
from the pipe. The average REE pattern of Vergenoeg fluorite 
precisely parallels that of average Bushveld granite but the 
fluorite has slightly less than one-tenth the concentrations 
found in the granites (Goff and others (2004). The origin of 
the Vergenoeg deposit remains uncertain, but its classification 
as related to strongly differentiated granite is indicated by the 
parallel REE patterns.
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Definitely within the class of deposits associated with 
strongly differentiated granites are the Voznesenka and the 
Pogranichny deposits in Russia’s Far East Region (Ryazant-
seva, 1998; Sato and others, 2003) and the Lost River prospect 
in Nome Borough, Alaska (Dobson, 1982). These are fluorite 
deposits in which tin granites and related greisens are exposed 
literally within the map limits of the fluorspar deposits, 
although the tin granites themselves are not fluorspar ore. 
These deposits contain related cassiterite-bearing tin skarn that 
is very distinctive because the skarn (known as “wrigglite”) is 
rich in magnetite and vesuvianite and has a tortuously sinuous 
mineralized structure formed by layers that are a millimeter or 
less in thickness (Kwak and Askins, 1981). Cassiterite, which is 
the major ore mineral of tin, is tetragonal SnO2 and vesuvianite, 
which is the calc-silicate mineral of the skarn, is tetragonal Ca19
Fe(Mg,Al)8Al4(SiO4)10(OH)10. Magnetite is isometric Fe3O4. 
The fluorspar ores, which are replacements of former carbonate 
sedimentary rocks by minerals deposited from hydrothermal 
solutions, contain micas that are very lithium- and fluorine-
rich, so the ores may also be termed fluorspar greisens. Most 
of the same features are found at Moina in Tasmania, Australia 
(Kwak and Askins, 1981) and, apparently, at Bamianshan in 
Zhejiang Province, China (Han and others, 2012).

The El Hammam deposit in the Meknès-Tafilalet 
Region of Morocco; the Yinkuangchong deposit in Hengyang 
Prefecture, Hunan Province, China; and the Taskaynar 
deposit in Kazakhstan have spatial association to granitic 
rocks, but the description of the granites is not detailed 
enough to determine if they are strongly differentiated, much 
less whether they are tin granites or two-mica granites. The 
fluorspar ores at these places contain tin, tungsten, bismuth, 
or molybdenum minerals, and that association of elements 
leads to the deposits’ tentative classification as related to 
strongly differentiated granites. The veins at El Hammam 
contain minor amounts of stannite (tetragonal Cu2FeSnS4 ) and 
bismuthinite (orthorhombic Bi2S3; Cheilletz and others, 2010). 
At Yinkuangchong, two types of mineralized bodies are recog-
nized. The lesser type consists of quartz veins that contain 
some amount of cassiterite. The larger polymetallic-fluorspar 
bodies are silicified breccias that contain minor amounts of 
scheelite (tetragonal CaWO4 ) (Chen and others, 1996). The 
carbonate replacement body at Taskaynar contains cassiterite 
in a pre-fluorite stage of the paragenetic sequence, and there is 
a halo of rocks that are high in molybdenum surrounding the 
deposit (Koplus and others, 1977).

Subalkaline-Volcanic-Related Epithermal 
Fluorspar Deposits

Many fluorspar deposits worldwide occur in association 
with subalkaline volcanic rocks. Subalkaline volcanic rocks, 
in contrast to alkaline and peralkaline volcanic rocks, do not 
have an excess of potassium and sodium over what is needed 
for feldspars. They commonly contain both plagioclase 
and an alkali feldspar. They are typically saturated with 
silica, and thus quartz crystallized as a late mineral from the 

differentiating melt. Subalkaline volcanic rocks are the most 
common rocks of continental arcs, and andesites are the most 
common rocks among the subalkaline volcanic rocks.

Fluorspar deposits associated with subalkaline volcanic 
rocks are the most plentiful in China, and many are found 
in Zhejiang Province along the county’s southeastern coast 
(fig. G4). Chen and others (1996) and Zhang and others 
(1997) describe the geology of fluorspar deposits in Zhejiang 
Province. Most of the deposits are described as simple large 
veins that have no close spatial association and no obvious 
genetic association with plutonic or shallowly intrusive 
igneous rocks. Some veins of the Yangjia-Wuyi district are 
continuous for more than 15 km along strike with thicknesses 
of 2.3 to 5.8 m. The ore is not continuous along strike, but ore 
shoots are typically separated by just 15- to 46-m intervals of 
quartz-rich and fluorite-poor parts of the veins. The Yangjia-
Wuyi veins cut a section of Jurassic-aged intermediate to 
dominantly felsic volcanic rocks that are intercalated with 
sedimentary rocks. The section is dominated by rhyolitic 
tuff but is interlayered with limestone, quartzite, tuffaceous 
siltstone, and, locally, with shale and mudstone (Chen and 
others, 1996; Zhang and others, 1997). The veins include 
gangue minerals of quartz, chalcedony, opal, calcite, and 
barite, and small amounts of pyrite (isometric FeS2), apatite 
(hexagonal Ca5(PO4)3(F,OH,Cl)), and kaolinite (triclinic 
Al2Si2O4(OH)2). Wall rocks are altered with the addition of 
quartz, a lesser amount of kaolinite, and local pyrophyllite 
(monoclinic AlSi2O5(OH)2), carbonates, chlorite (monoclinic 
(Mg,Al,Fe,Li,Mn,Ni)4–6(Si,Al,B,Fe)4O10(OH,O)8), and pyrite. 
The ore and gangue mineralogy as well as the fluid tempera-
tures and salinities are consistent with epithermal conditions 
(Chen and others, 1996). Isotopic studies are insufficient to 
address the origins of the fluids, but meteoric water was prob-
ably dominant. The fluorspar deposits in Zhejiang Province 
have been dated at 70 to 90 Ma by a samarium-neodymium 
isochron on fluorite and calcite (Li and others, 1998). Studies 
of neodymium and strontium isotopes are interpreted to indi-
cate that most of the neodymium and strontium was derived 
from the Precambrian metamorphic rocks lying below the host 
rock, and that the remainder was derived from the Mesozoic 
volcanic and sedimentary wall rocks themselves (Li and 
others, 1998). Although the deposits contain a record of 
multiple igneous events dating from 135 through 97 Ma with 
various chemical signatures, the intrusive rocks from 97 Ma 
are those that, in time, could have contributed in small propor-
tions to the mineralizing fluids. Those rocks, which belong to 
a high-potassium subalkaline suite of volcanic rocks (Lapierre 
and others, 1997), are peraluminous granites of an apparently 
ordinary continental arc. In these epithermal systems, the role 
of the high-potassium subalkaline volcanic rocks as sources 
for fluorine may have been more important than that of the 
granites, which may have merely been heat sources needed 
to cause groundwater convection. In other countries, also, the 
deposits associated with subalkaline volcanic rocks tend to be 
simple epithermal veins with crystals that grow symmetrically 
inward from both vein walls.
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Other deposits that may tentatively be included in 
the class of epithermal fluorite deposits associated with 
subalkaline volcanic rocks are the Las Cuevas deposit in 
the State of San Luis Potosi, Mexico, and the nearby mines 
at El Realito and El Refugio in Guanajuato State, Mexico. 
Each of these three deposits is at the faulted and brecciated 
contact of limestone and rhyolite breccia (Ruiz and others, 
1980). The rhyolites are part of a province of high-potassium 
subalkaline rocks (Ruiz, 1983) that lies east of the main 
subalkaline Sierra Madre Occidental volcanic complex. 
Although the rhyolite lying along one wall of the Las Cuevas 
orebody is relatively fluorine-rich, and although Ruiz (1983) 
showed that the composition of the Las Cuevas deposit fluorite 
reflects the composition of its local wall rocks (including that 
rhyolite), the Las Cuevas rhyolite is not one of the “topaz 
rhyolites” that were erupted at approximately the same time 
as the Las Cuevas rhyolite, that have the highest fluorine of 
any volcanic rocks in the region, and that have associated tin 
mineralization in the Mexican tin belt (Huspeni and others, 
1984). Clark and others (1982) included these deposits 
together with those in a belt to the north, including Aguachile 
in Pico Etereo district, and El Tule district in Coahuila de 
Zaragoza, Mexico, which are associated with peralkaline rhyo-
lites, as well as deposits of the Eagle Mountains in Hudspeth 
County, Tex., which are associated with a quartz syenite 
intrusion. That inclusion appears questionable based on the 
contrast in chemistry of the volcanic rocks near Las Cuevas, 
El Realito, and El Refugio compared with the chemistry of 
volcanic rocks associated with the deposits in Coahuila. The 
rhyolites at those three deposits are part of a high-potassium 
subalkaline province; they are not peralkaline like the rhyolites 
in Coahuila.

The Sumochagan Obo deposit in China’s Inner Mongolia 
Autonomous Region may also belong in the class of epith-
ermal fluorspar deposits associated with subalkaline volcanic 
rocks. It is a large, rich deposit approximately conformable 
with the layering of calcareous tuffs and tuffaceous limestones 
(Nie and others, 2008) within a high-potassium subalkaline 
volcanic and sedimentary pile (Xu, 2009) of Early Permian 
age (appendix G1). At its closest point, the deposit is about 
1,200 m distant from a peraluminous granite intrusion (Xu 
and others, 2008) into that volcanic pile. It thus resembles 
the other deposits listed in this section in its tectonic and 
magmatic setting; however, its tuffaceous limy host rock and 
its approximately conformable geometry would perhaps allow 
it to be alternatively placed in the class of apparently conform-
able deposits within tuffaceous limy lacustrine sediments.

Fluorspar Deposits Apparently Conformable 
Within Tuffaceous Limy Lacustrine Sediments

A number of deposits in the Latium Region of west-
central Italy make up the class of apparently conformable 
deposits within tuffaceous limy lacustrine sediments, together 

with a single fluorite occurrence in southeastern Oregon, 
and, as noted above, possibly the Sumochagan Obo deposit 
in China. The deposits in Latium, Italy, are fine grained with 
more than 85 weight percent of the fluorite less than 40 μm 
(that is, silt and clay size), and, in fact, the proportion of 
fluorite in the Latium Region resource increases as the grain 
size decreases (Mastrangelo, 1976, p. 31). In an apparently 
conformable occurrence near Rome, Oregon, the fluorite grain 
size is predominantly less than 1 μm (Sheppard and Gude, 
1969). The occurrence at Rome, Oreg., is in Pliocene rock 
(1.8 to 5.3 Ma). If Sumochagan Obo belongs within this class, 
then it must have been considerably modified from its original 
form because fluorite in the deposit has grain sizes of from 
110 to 6,370 μm; that is, it has the grain sizes of very fine sand 
to fine conglomerate using standard grain sizes for sand. The 
texture of the “primary industrial ore” of Sumochagan Obo is 
“sugar-granular” (Yong and others, 2011, p. 14); thus, it ranges 
from coarse to very coarse sand. That the grain size of the 
Sumochagan Obo ore would have coarsened since the time of 
its deposition is reasonable. The deposit is in Early Permian 
age rocks (about  270 Ma), whereas the Italian deposits are in 
Pleistocene to Pliocene age rocks (0.9 to 3.7 Ma).

The deposits of the Latium Region appear to be conform-
able with layering in a mixed volcanic and sedimentary 
section, and they appear to constitute a hydrothermal sediment 
interlayered within lake-deposited tuffaceous limy mudstone 
and siltstone. The volcanic rocks of this region are alkaline, 
varying from trachytic tuffs to leucitites to phonolites to 
tephrites (the series of names of alkalic volcanic rocks just 
listed is from richest to poorest in alkali feldspar; all are 
undersaturated with silica). Most of the volcanic rocks contain 
leucite, analcime (isometric or monoclinic Na(AlSi2 )O6 • H2O), 
or nepheline. Flat-lying volcanic rocks dominate the section, 
but lake-deposited and lesser amounts of stream-deposited 
sedimentary rocks occur in multiple places in the section. The 
Latium Region is pockmarked by maar lakes (that is, lakes 
formed in shallow volcanic craters), which occur in the same 
40-by-110-km zone as the fluorspar deposits. Maar lakes are 
nearly circular, have no volcanic cone, and have very steep 
walls. They are produced by single volcanic explosions caused 
by magma intruding into groundwater-rich rocks, which 
changes the groundwater explosively to steam, which then 
throws the overlying rocks upward and outward. Although a 
number of Latium Region fluorspar deposits were mined in 
the past, most notably the Castel Giuliano-Pianciano deposit, 
little of the fluorite was recovered, probably because of the 
very fine grain sizes of the minerals, and no deposit there 
is currently being mined despite the presence of identified 
resources.

The Latium Region deposits consist of various propor-
tions of fluorite, barite, apatite, calcite, and quartz (or 
chalcedony), and the overall grades are from 37 to 83 weight 
percent CaF2. The content of barite varies inversely with that 
of fluorite. The deposits are from 1 m thick to as much as 15 m 
thick over areas of up to tens of square kilometers. The host 
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lacustrine rocks include beds of diatomite, but diatoms (fossils 
consisting of silica that are each the size of a sand grain or 
less) are not typically found in the fluorspar resource. From a 
1976 symposium about the deposits, the majority opinion 
was that the fluorspar deposits had formed from fumarolic or 
hydrothermal solutions that discharged onto the floors of maar 
lakes (Matteucci, 1976). A strong support of that hypothesis 
was that, at places, a tawny, plastic earthy facies of fluorite-
rich rock is slump-folded but overlain by an undeformed 
white-to-yellowish gray gritty facies of fluorite-rich rock.

The occurrence near Rome, Oreg., underlies an area of 
about 18 square kilometers (km 2 ) with an average thickness of 
about 2.3 m and an average grade of about 2.65 weight percent 
CaF2. Using semiquantitative X-ray diffraction, Sheppard 
and Gude (1969) found a regular set of changes in fluorite 
content and in other authigenic minerals through the section of 
basaltic tuffs and lacustrine tuffaceous mudstone. An overlying 
yellow tuff section appears to have lost fluorine, perhaps 
during a weathering period that produced alkaline, sodium 
bicarbonate (NaHCO3 )-type soil waters. The climate and local 
rock compositions would probably have led to developing the 
same kind of NaHCO3-rich water of high pH as was found in 
the Eastern Rift Valley of eastern Africa that had anomalously 
high concentrations of fluorine (table G2) (Kilham and Hecky, 
1973), although probably at considerably lesser concentra-
tions in Oregon. Probably the once glassy components of 
that yellow tuff altered to the zeolite minerals clinoptilolite 
(monoclinic (Na,K)6(Al6Si30))072 • 20H2O), phillipsite (mono-
clinic K(Ca0.5,Na)2(Al3Si5)O16 • 6H2O), and erionite (hexagonal 
K2NaCa1.5Mg(Al8Si28)O72•28H2O). Beneath it, the fluorite-
bearing tuffaceous mudstone became enriched in calcite, 
fluorite, quartz (or chalcedony), and mordenite, a potassium-
rich zeolite (orthorhombic K2.8Na1.5Ca2(Al9Si39 )O96 • 29H2O). 
Although some parts of their geologic settings are shared, there 
is no observed or predicted evidence that the same mechanism 
might have created the conformable fluorite deposits of the 
Latium Region, Italy, and the occurrence at Rome, Oreg. 
At just 2.65 percent CaF2, the Rome, Oreg., occurrence is 
unlikely ever to be considered economic for mining.

Residual Fluorspar Deposits
Many fluorspar deposits of the world were first discov-

ered in residuum, and many constituted ore at the surface, 
particularly where costs allowed the ore to be hand sorted. 
Residual fluorspar deposits were well known in the Illinois-
Kentucky fluorspar district in the United States, where the 
carbonate gangue of the veins, predominantly calcite, and the 
limestone wall rocks were dissolved away during weathering 
(Weller and others, 1952, p. 29). Residual ore extended to 
depths locally as great as 30 m. A large volume of the ore in 
the Marico district in North West Province, South Africa, is 
residual, where it is termed “kokkoman.” Large bodies of 
kokkoman can exceed 50 percent CaF2 (Martini, 1986; Ryan, 
1986). The ore is residually enriched by the dissolving away 

of dolomite from the host rocks during weathering. Residual 
fluorite deposits were also widespread in the northern area of 
fluorspar production in Thailand near the Ban Hong deposit 
(fig. G4; Fulton and Montgomery, 1983).

Fluorine Recovery From Brines
Fluorine products are not currently recovered from 

brines anywhere in the world. As pointed out by Shawe 
(1976, p. 22), however, production of a fluorine product from 
a brine is a distinct possibility, perhaps in the near future. 
A number of other mineral commodities are produced from 
brines, for example, lithium (Kunasz, 1974; Ericksen and 
others, 1978). If a fluorine product is produced from a brine, 
it would not be a brine similar to those that produce lithium, 
however. Fluorine-rich brines are very alkaline (pH commonly 
about 10), are dominated by sodium (Na) and bicarbonate 
(HCO3

− ), and are brines from which trona is precipitating. The 
brine from Lake Magadi, Kenya (table G2), is an example of 
such a fluorine-rich brine from within the trona sediment that 
makes up the floor of the lake. This is the area from which 
villiaumite has been identified in the trona (Nielsen, 1999). 
The surface water of Lake Magadi averages about 1,360 ppm 
fluorine, and intrastratal brines from boreholes in bottom 
sediments average about 1,200 ppm (Jones and others, 1977). 
At present, there is no process by which fluorine can be 
recovered from the water even with such high concentrations; 
however, because fluorite has been observed in calcareous 
rocks where they are in contact with this high-fluorine water, 
and where the fluorite has replaced calcite (Surdam and 
Eugster, 1976), it is likely that addition of calcium by almost 
any means is a possible way to extract the fluorine from the 
water (for example, see Aldaco and others, 2007). The water 
could be run across a bed of ground limestone (the area 
has caliche developed in several levels of the Tertiary and 
Quaternary stratigraphy—Eugster, 1980); however, production 
of an aluminum-fluoride (AlF3 ) product might be preferable. 
Possibly, bauxite could be reacted with fluorine-rich brine to 
make an AlF3 product directly.

Fluorspar Deposit Grades and Tonnages  
by Deposit Class

From the previous discussions, it could be expected that 
the deposit classes have different typical grades and tonnages. 
The only published previous attempt to examine fluorspar 
deposit grades and tonnages systematically was Orris (1992), 
who restricted her study to fluorspar veins. The advent of 
measures such as Canadian Government National Instrument 
(NI) 43–101 reports and the South African Code for Reporting 
Exploration Results (SAMREC)-compliant resource and 
reserve estimates has made information on the grades and 
tonnages of many more fluorspar deposits publicly available 
since the 1992 study.
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Figure G6 is a plot of fluorspar deposit grades and 
tonnages made from the data in appendix G1. The plotted 
grades and tonnages have not been exhaustively vetted to 
assure their validity. A number of pitfalls are possible in the 
reporting of deposit grades and tonnages by private interests. 
The data in appendix G1 have come from many different 
sources, so the resulting plot presents data collected using a 
wide variety of reporting criteria. If the majority of the data 
used are valid, then the overall trends shown on the plot are 
probably real.

In figure G6, deposits with vein geometry have been 
treated as a single category regardless of their class in 
figure G3B, but deposits without vein- or dike-like geometry 
(that is deposits associated with carbonatites, and deposits 
associated with strongly differentiated granites) are each 
treated separately. The plot in figure G6 probably includes a 
few small occurrences in which only the resources consid-
ered to be sufficient to assure the next planned advance of 
mining were reported, although in cases where this could be 
confirmed, the deposit was not plotted. A number of other 
occurrences that were mined, but then closed, or that were 
mined intermittently only when prices were high have been 

included. Examples are the Huckleberry (Carlton County), the 
White Eagle (Sierra and Grant Counties), and the Great Eagle 
(Grant County) occurrences in New Mexico; the Canxixe 
(Sofala Province), the Mount Muambe (Tete Province), and 
the Macossa (Manica Province) occurrences in Mozambique; 
and the Jebel Sumayh occurrence in North Kordofan State, 
Sudan. Consequently, not all the plotted deposit grades and 
tonnages are for reserves (resources that were profitable to 
mine). The reasons why unprofitable resources were included 
is explained below.

Although individual classes on the plot appear to show 
very little tendency for tonnage and grade to systematically 
covary or to vary inversely, the three deposit classes together 
appear to show that, of reported deposits, high-grade fluorspar 
deposits tend to be smaller in tonnage, and lower grade 
deposits tend to be larger in tonnage. That overall inverse 
relation is common to deposits of many different kinds of 
mineral commodities. The lack of reporting for low-grade, 
low-tonnage deposits also is a contributing factor to the 
inverse relation observed with the reported data. The plot 
shows that economic fluorspar veins are generally smaller 
and higher grade than economic carbonatite-related fluorspar 
deposits which are, in turn, generally smaller and of higher 
grade than economic fluorspar deposits associated with 
strongly differentiated granite. These results may be overly 
simplistic, however, because some veins have barite, lead, 
and zinc byproducts or coproducts; some carbonatite-related 
deposits have niobium and barite byproducts; and some 
granite-related deposits have tin, tungsten, and possibly 
antimony, bismuth, and (or) molybdenum byproducts 
or coproducts.

On the plot in figure G6, the Zwartkloof deposit in 
the Warmbaths district of Limpopo Province, South Africa, 
which is a deposit related to strongly differentiated granite, 
is labeled Z, and the Argentolle deposit, Bourgogne Region, 
France, which is a vein deposit probably of the salt-related 
carbonate-hosted type, is labeled A. The Zwartkloof Mine 
operated only from 1971 to 1973 and was closed when the 
operating company concluded that the grade of the deposit 
(13.7 percent CaF2) was insufficient (Brian Hodge, consultant 
on world fluorspar deposits, written commun., April 29, 2013). 
The deposit at Argentolle was mined from 1971 to 1982, and 
was also abandoned as uneconomic. Zwartkloof and Argen-
tolle are important because an imaginary line connecting the 
two on the grade vs. tonnage plot (fig. G6) divides the plot into 
two parts, one to the right and up from the line; the other to the 
left and down from the line. That line approximately marks a 
boundary between deposits that, as of late 2015, were viably 
economic (right and up) and those that were uneconomic (left 
and down, including Zwartkloof and Argentolle, themselves).

The approximate boundary formed by the line between 
A and Z should not be considered a permanent and rigid 
divider between economically favorable and unfavorable 
grades and tonnages of fluorspar deposits. For example, 
that line certainly expresses some aspects of mining history, 
showing, on that boundary, at least two deposits that were 
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Figure G6. Plot of fluorite (CaF2 ) grade versus tonnage for 
fluorspar deposits related to strongly differentiated granites, 
for carbonatite-related fluorspar deposits, and for veins from all 
classes of fluorspar deposits. Two vein fluorspar mines that failed 
because of either insufficient grade (Zwartkloof; Z) or insufficient 
tonnage (Argentolle; A) are identified on the plot. Data are from 
table G1–1; deposits whose grade and tonnage are plotted are 
listed in the footnote.



Resources and Production  G25

historically considered minable but that have become 
uneconomic in the modern fluorspar world market. Also, a 
deposit that is being explored may likely pass from lower 
left to upper right—from uneconomic to economic—by 
crossing the line horizontally (that is, becoming larger with the 
knowledge gained by additional drilling), although a deposit 
might cross the line vertically (that is, become higher grade as 
high-grade drilling results are achieved once the best part of 
the deposit is reached through exploration).

In any case, the plot provides a measure with which to 
compare the resources of new deposits or deposits still in 
exploration with typical fluorspar deposit grades and tonnages; 
the farther to the right and up, the better. The deposits in 
Las Cuevas, Mexico, and Vergenoeg, South Africa, are the two 
deposits that are farthest up and to the right of that imaginary 
line between A and Z.

Resources and Production
Identified Resources in the United States

The United States has numerous moderate-tonnage (that 
is, tens of thousands of metric tons to up to a few hundred 
thousand metric tons) but high-grade fluorspar deposits scat-
tered across seven States (Idaho, Illinois, Kentucky, Montana, 
Nevada, New Mexico, and Utah). Some larger tonnage but 
lower grade deposits have also been identified in Alaska, 
Illinois, Nevada, and Tennessee.

Some moderate-tonnage high-grade fluorspar deposits 
and one large-tonnage low-grade deposit have been identified 
in the Illinois-Kentucky fluorspar district. The Anabelle Lee, 
the Denton, and the Minerva Number 1 Mines (Hardin 
County, Ill.) in the Illinois-Kentucky fluorspar district 
closed in 1996 with ore still in the faces of each mine and 
some limited tonnages of drilled resources identified at each 
(Richard Yancy, former Ozark-Mahoning Co. mine geologist 
at the three mines, oral commun., March 11, 2013). Since that 
time, exploration and development in the Illinois-Kentucky 
fluorspar district has taken place at the Klondike II project, 
which is located about 8 km southwest of Salem, Ky., in 
Livingston County. Production began in 2012 (W.H. Anderson, 
Kentucky Geological Survey, oral commun., October 22, 2014). 
The Klondike II deposit is located on the Pittsburgh Fault and 
constitutes a vein resource of at least 1.6 million metric tons 
of ore grading 60 percent CaF2 (Feytis, 2009). A decline has 
been driven from the surface to allow rubber-tire mechanized 
underground mining. Plans are in place to ramp up production 
to 200,000 metric tons per year during a period of several 
years. Other exploration is ongoing nearby and to the northeast 
in southern Crittenden County. Farther north, Hicks Dome 
Corp. (HDC) has continued to hold and explore the company 
property since obtaining its first leases in 1970.

Since the HDC property was first leased, several different 
partners have worked together in joint ventures with HDC, 
although each left the partnership within a few years. The last 

public announcement of tonnage and grade at Hicks Dome 
was reported by Kirkemo (1978) and totaled just 11.3 Mt at 
a grade of 11.5 percent CaF2. This estimate was made when 
only 12 exploration core holes had been completed, however. 
Since that time, tens of additional holes have been drilled, 
many of these encountering similar mineralization. Still, 
this is a relatively low-grade fluorspar deposit, although its 
tonnage as now known is doubtlessly significantly larger than 
that previous estimate of 11.3 Mt. With the known geology 
of Hicks Dome, production of fluorspar as a byproduct or 
coproduct of REE mining could possibly take place if the 
property comes into production (Kirkemo, 1978). Fluorite 
mineralization at Hicks Dome is found in breccias that also 
contain substantial concentrations of beryllium, niobium, 
REEs, thorium, and yttrium, as well as local concentrations 
of zinc, lead, and barite.

Lost River, Alaska, mentioned earlier, is the largest 
identified resource of fluorspar in the United States outside of 
the Illinois-Kentucky fluorspar district. Tin and fluorspar could 
possibly be produced as coproducts, along with tungsten and 
possibly beryllium as byproducts if a mine can operate profit-
ably in that remote location and extreme climate. Additional 
resources in the Western United States have been identified 
in southwestern Utah, along the flanks of the Rio Grande Rift 
in New Mexico and Texas, in two small districts in Idaho, in 
one place in Montana, and in at least two places in Nevada. 
Among identified resources in the Western United States, the 
McCullough Butte deposit, which is located 19 km southwest 
of Eureka, Nevada, appeared to be in an advanced stage of 
exploration at the end of 2013. Several exploration programs 
had been conducted at the property in the past; the latest one 
was by Tertiary Minerals plc, which also owns the Storuman 
deposit in Lappland Province, Sweden, and the Lassedalen 
fluorspar deposit in Buskerud County, Norway. McCullough 
Butte is a skarn deposit in limestone along its contact with a 
quartzite adjacent to and extending away from dikes of Late 
Cretaceous two-mica granite porphyry (Barton, 1982). Tertiary 
Minerals has announced a Joint Ore Reserves Committee-
compliant estimate of 6.1 million metric tons of indicated 
resources at a grade of 10.8 percent CaF2, and 80.3 million 
metric tons of inferred resources at a grade of 10.7 percent 
CaF2 at a cutoff grade of 8 percent CaF2 (Tertiary Minerals plc, 
2015). The geology and topography of the McCullough Butte 
deposit would allow for open pit mining.

In the Eastern United States, low-grade resources 
have been identified in the Sweetwater (MVT) district in 
Tennessee. With the exception of the deposits in the Illinois-
Kentucky fluorspar district described above and possibly 
the McCullough Butte deposit, none of the resources in the 
United States would appear to be economic at this time, given 
competition with Mexican and South African imported HF 
and fluorspar.

The success of the project at the recently discovered 
Klondike II deposit in Kentucky demonstrates that there 
probably are still additional deposits to discover in old 
districts. The Klondike II deposit has been described as 
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being 18 m thick, 91 m vertically from the surface to the 
bottom of the ore, and about 1,200 m along the strike of the 
vein, and as containing 3.6 million metric tons of proven 
ore (reported as 60 feet wide, 300 feet deep, more than 
4,000 feet long, and containing about 4 million short tons) 
(Anderson and Moodie, 2010). That an orebody of such size 
would have escaped discovery for some 140 years since 
the district was recognized as a major source of fluorspar is 
perhaps surprising, but it is not remarkable. The district has 
several tens of known veins and areas of bedding replace-
ment ores. The aggregated total strike length of faults with 
known fluorspar mineralization along them is conservatively 
estimated to be 350 km. A scientist from the Kentucky 
Geological Survey (W.H. Anderson, Kentucky Geological 
Survey, oral commun., January 24, 2014) who has worked in 
the Illinois-Kentucky fluorspar district now and again since 
1989 says that exploration along those faults is generally 
thorough enough to preclude additional orebodies, but points 
to the following two areas that are thought to have remaining 
potential: (1) the area of the Rock Creek graben southwest of 
the Ohio River in Kentucky for new discoveries of bedding 
replacement deposits, and (2) the extension of the Tabb faults 
southeastward beyond the Senator, Eddie Crowder, and 
Williamson Mines that form the current-day southeastern limit 
of the district for new discoveries of vein ores.

Identified Resources in Other Countries

The Nui Phao fluorspar-tungsten-bismuth-copper-gold 
deposit in Thai Nguyen Province, Vietnam, about 80 km 
north-northwest of Hanoi, began operations at the end of 
April 2013 after an extended period of permitting, land 
acquisition, and other preparations. The deposit is being 
mined by open pit, and it is projected to provide nearly 
214,000 metric tons per year of CaF2 for 20 years, as well as 
about 5,620 metric tons per year of tungsten, 2,675 metric 
tons per year of bismuth, and 588,000 grams per year of gold. 
Paragenetically, early mineralization at Nui Phao is a tungsten 
skarn thought to be related to the intrusion of a Triassic biotite 
granite. Later hydrothermal overprint thought to be related to 
the intrusion of a Cretaceous two-mica granite is of pyrrhotite-
fluorite-albite greisen (Richards and others, 2003; Masan 
Group, 2013).

In South Africa, the Nokeng fluorspar project, which 
is located on a property that borders the Vergenoeg Mine 
in northern Gauteng Province, was scheduled to start mine 
construction in late 2012, with production targeted for the 
second quarter of 2014. As of February 2014, construction 
had apparently not yet started, and no further information that 
explains the reason for the delay was available. The project 
planned to mine two orebodies—the Plattekop deposit and 
the Outwash Fan deposit. Together, the deposits contain 
SAMREC-compliant reserves of about 12.2 million metric 
tons of 27.2 percent CaF2 (Clay and de Wit, 2009). The 
Plattekop deposit is a conformable layer within the local 

Vergenoeg Suite stratigraphy that overlies the Vergenoeg 
fluorite-magnetite-fayalite-sulfide breccia pipe. The Plattekop 
deposit is a 6- to 27-m-thick layer of hematite-fluorite within 
a sequence of ferruginous agglomerates, tuffs, felsites, and 
ironstones. Its outcrop, which forms a hilltop, extends from a 
sharp contact with the pipe southeastward for about 1,200 m. 
The Outwash Fan deposit occurs 7.6 km south-southeast from 
Plattekop Hill and extends for another 3.5 km from there. 
The Outwash Fan ore is in a 1- to 9-m-thick layer of fluorite-
bearing conglomerate or sedimentary breccia intercalated 
among laminated fine grits, quartzites, bedded ironstones, 
cherts, and conglomerates. The orebodies are planned to be 
mined by separate open pits. Fluorspar is to be recovered by 
flotation to make acid-grade concentrates, and a production 
rate of 180,000 metric tons per year of CaF2 is expected 
(Clay and de Wit, 2009).

Also in South Africa, the Doornhoek deposit in 
North West Province is simply the eastward extension of 
the Witkop MVT dolomite-hosted fluorspar deposit in the 
Marico district. The Doornhoek owners “planned to initiate 
underground development, feasibility studies and design” 
(Roberts, 2012, p. 38.). No additional information from the 
company was available.

The Speewah fluorspar deposit in Western Australia, 
Australia (which contains 6.7 million metric tons grading 
24.6 percent CaF2 ), was purchased by a Chinese company, 
Jiangxi Yunfeng. The project was undergoing a preproduction 
feasibility study (Mining Atlas, 2016).

The Lassedalen fluorspar mine (which contains 4 million 
metric tons grading 24.6 percent CaF2 ) in Buskerud County, 
southwestern Norway, was scheduled by Tertiary Minerals 
to be reopened in 2012, but the latest available company 
releases suggest that prefeasibility study drilling would 
be conducted with the purpose of completing a Joint Ore 
Reserves Committee (JORC)-compliant estimate of reserves 
(Tertiary Minerals plc, 2014). The deposit is adjacent to one 
of the Permian peralkaline granites of the Oslo graben (Ineson 
and others, 1975). Tertiary Minerals’ Storuman deposit in 
Sweden was somewhat nearer to being ready to mine; the 
deposit is a replacement deposit along bedding in Cambrian 
sandstones. This has been called an MVT deposit, based 
on nearby sphalerite-galena-fluorite-calcite-bearing ores 
occurring in fractures within the Precambrian basement with 
strongly saline fluid inclusions that homogenize mostly from 
80 to 200 °C and also, in the fluorite, contain hydrocarbon 
inclusions (Billström and others, 2012). The class assignment 
is also based on analogy with the zinc-lead deposit at Laisval, 
located nearby, that formed in the same host rocks in the 
mid-Silurian Period, a time when thrust-belt compressional 
mountains were thrown up just tens of kilometers to the west 
(Sherlock and others, 2005). The JORC-compliant resource 
estimate for Storuman is 25.0 million metric tons of indicated 
resources grading 10.28 percent CaF2 and 2.7 million metric 
tons of inferred resources grading 9.57 percent CaF2. Tertiary 
Minerals planned to submit its mining lease application in the 
first quarter of 2014 and its environmental permit application 
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sometime in 2014. The company planned to begin 
development of the Storuman Mine in 2016 and to start 
production in 2017. The mine had a planned mine life of at 
least 18 years at a production rate of roughly 160,000 metric 
tons per year of CaF2. The deposit appears to be open in 
at least two directions, however, and additional drill holes 
indicate mineralization in both directions.

In China, a probably relatively large tungsten-tin-
bismuth-molybdenum-fluorite deposit was found in western 
Zhejiang Province within the past several years. It is called 
Bamianshan, and although there is considerable geologic 
literature on the deposit already, its exact location and grade 
and tonnage have apparently not been reported. The deposit 
is geologically interesting because it is clearly related to a 
strongly differentiated granite (Liu and others, 2012), and it 
is located close to several large epithermal deposits related 
to subalkaline volcanic rocks, including (in decreasing order 
of size) Yangjia-Wuyi, Houshu, Hushan, and Badu.

In Newfoundland, Canada, the St. Lawrence fluorspar 
project, which has had exploration ongoing for nearly a 
decade by Canada Fluorspar, Inc., appears to be becoming 
active again, after a period of pause and review. Arkema, 
Inc. of France became a joint-venture partner with Canada 
Fluorspar in May 2012, stimulating a review of the project’s 
costs that began in about September 2012. The project 
issued an updated preliminary feasibility study in 2013 
(Lecuyer and others, 2013). No new startup date had then 
been announced. The project planned to mine two large 
veins, the Blue Beach North and the Tarefare veins, which 
cut Late Devonian or Early Mississippian peralkaline granite 
(Van Alstine, 1944; Teng and Strong, 1976; Strong and 
others, 1984). This mining district was last active in 1978, 
but mining had been documented there for up to 45 years 
before that time, and some records indicate that it had 
been mined as early as 1870 by early French settlers. Total 
indicated and inferred resources on the Blue Beach North 
and Tarefare veins combined are 10.05 million metric tons 
grading 41 percent CaF2 (Lecuyer and others, 2013). Plans 
were in place to produce about 131,000 metric tons per year 
of acidspar.

In the United Kingdom, British Fluorspar was formed 
as a successor of Minmet UK, Ltd., and the company has 
reopened the Milldam Mine on Hucklow Edge Rake in the 
Southern Pennine Orefield (Hodge, 2012). British Fluorspar 
restarted mining in March 2013 and sent its first shipments 
in May 2013 (Lismore-Scott, 2013). Milldam Mine was part 
of the holdings of the former Glebe Mines, last a subsidiary 
of INEOS Flúor, and Glebe had been separated from an 
acquisition of INEOS Flúor’s fluorochemical business by 
Mexichem Flúor on April 1, 2010. That had led to an end, 
for a time, to fluorspar mining in the United Kingdom, 
as of the end of 2010, although Mexichem had continued 
to operate the fluorochemical production facilities of the 
former ICI/INEOS using acidspar imported from Mexico.

Summarizing the above, there are multiple new fluor-
spar mines being started up or reopened around the world, 

including a mine in China as well as at least one mine each 
in five other countries. Four of those five mines (excluding 
the Milldam Mine) planned cumulative production of about 
770,000 metric tons per year of fluorspar within a few years. 
Additional resources have been identified in Australia, South 
Africa, Tunisia, the United States, and probably a few other 
countries. Hodge (2012) was clearly correct in his conclusion 
that “. . . there should be no serious supply shortages providing 
a pragmatically sensible and ongoing rapport is established . . . 
between consumers and producers.”

Miller (2013) estimated the reserves of fluorspar of 
various countries for which information was available at 
that time. In units of 100 percent CaF2 and rounded to the 
nearest million metric tons, they are as follows, from most 
to least reserves among the top eight countries: South Africa, 
41 million metric tons; Mexico, 32 million metric tons; China, 
24 million metric tons; Mongolia, 22 million metric tons; 
Spain, 6 million metric tons; Namibia, 3 million metric tons; 
Kenya, 2 million metric tons; and Brazil, 1 million metric tons. 
Reserve data were not available for Kazakhstan, Morocco, 
Russia, and the United States. As discussed above, reserves 
from Vietnam and Canada and additional reserves from the 
United States can be expected to enter this list soon. Reserves 
in the remainder of the world were estimated to be 110 million 
metric tons totaling, together with the eight countries for 
which reserves were reported, about 240 million metric tons. 
The world’s total identified resources were estimated to be 
500 million metric tons of contained fluorspar (Miller, 2013).

Undiscovered Resources in the United States

A preliminary model for large, high-grade fluorspar 
deposits has been developed based on deposits in Mexico. 
Such deposits as Las Cuevas (San Luis Potosi State), Realito 
(Guanajuato State), and El Refugio (Guanajuato State) are 
localized along faulted and brecciated contacts between 
Cretaceous limestone and Tertiary rhyolite, east of the 
main volcanic arc that is slightly older than the rhyolite. 
The fluorspar-related rhyolites are post-convergent and 
extension-related and are not derived from the same arc (or 
any arc) (Steve Ludington, U.S. Geological Survey, retired, 
written commun., 2013). Deposits in Texas in a belt parallel 
to the Rio Grande from El Paso to Big Bend National Park 
share most if not all of these characteristics, but the deposits 
are too small to mine profitably (McAnulty, 1974). Modern 
exploration has not taken place in these areas. Elsewhere 
along the Rio Grande Rift are numerous fluorspar occurrences 
and deposits (Van Alstine, 1976), some of which are fairly 
large (Hansonburg district, New Mexico, for example). 
Modern exploration techniques have not been applied in 
those areas either.

Iron Mountain, N.M., is a fluorine-, beryllium-, and 
tungsten-bearing skarn related to a strongly differentiated granite 
(Jahns and Glass, 1944), and this type of mineralizing system 
has formed many large deposits around the world (fig. G4). 
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The presence of additional strongly differentiated granites 
in southwestern New Mexico is predictable, perhaps, by the 
numerous occurrences of wood tin related to rhyolite flows 
and domes in that region (Maxwell and others, 1986). A one-
to-one relation between rhyolites with wood tin and strongly 
differentiated granites has not been demonstrated, however.

The province of Late Cretaceous two-mica granites 
described by Barton and Trim (1991), including the granite 
porphyry related to the McCullough Butte deposit in Eureka 
County, Nev., could be examined closely to determine if 
others of those granites have related fluorite-bearing skarns. 
Likewise, the province of tin granites on the Seward Peninsula 
in Alaska (Hudson and Arth, 1983) might contain additional 
fluorspar skarn-and-greisen deposits similar to the Lost River 
deposits. Other areas of Alaska with tin greisen mineraliza-
tion have been explored but with little attention paid to the 
associated fluorspar (Hudson and Reed, 1997).

The Basin and Range province of the United States in 
Nevada and parts of Arizona, California, Oregon, and Utah 
may contain lacustrine brines that have extractable fluorine. 
Taking Lake Magadi (Kenya) and Lake Natron (Tanzania) 
discussed earlier in this chapter as examples, the water in 
and beneath Alkali Lake in Lake County, Oreg., could be 
an analogous evaporitic brine from which fluorine might 
be recoverable. That playa lake has magadiite (monoclinic 
NaSi7O13(OH)3 • 3H2O) and trona precipitated as evaporites in 
the lake’s recent sediments (Rooney and others, 1969), which 
are the same two minerals that characterize the evaporite 
minerals of Lake Magadi and Lake Natron. Chemical data 
for water from several sites around the Alkali Lake basin 
from 1969 and 1970, however, show a maximum fluoride 
concentration of only 12.75 milligrams per liter (mg/L), 
which is about 100 times less than the largest concentrations 
at Lake Magadi (Newton and Baggs, 1971, p. 18–30). The 
highest fluorine value comes from a water sample with a 
pH of 10 and total dissolved solids of 74,850 mg/L, both 
also highest among the 13 water-sample analyses from the 
Alkali Lake area. Together, these water chemical values 
appear to indicate that some of the same evaporation-
dominated processes are operating at Alkali Lake as operate 
at Lake Magadi and Lake Natron. Other basin and range lakes 
with recent evaporitic precipitates of trona include Big Soda 
Lake located northwest of Fallon, Nev. (Vanderburg, 1940); 
Searles Lake, California (Smith, 1979); and Deep Springs 
Lake, Calif. (Jones, 1965). Water analyzed by Jones (1965, 
p. A30) from near Deep Springs Lake had concentrations up 
to 171 ppm fluorine. Although this sample was anomalous, 
the fluorine concentration is still roughly 10 times smaller 
than in Lake Magadi. Most of the water analyses reported in 
Smith (1979) at Searles Lake did not include fluorine among 
the analytes, but eight did. The highest fluorine concen tration 
among those eight samples was 35 ppm, which is approxi-
mately 10 times the typical fluorine concentration in low-
temperature surface water or groundwater, but it is still far 
below a concentration that would be economically interesting 
for its fluorine content.

Undiscovered Resources in Other Countries

Conclusions from the analysis in the Identified Resources 
in Other Countries section are extensible to the subject of 
worldwide undiscovered fluorine resources; in short, the world 
likely has no shortage of deposits yet to be discovered. Many 
deposits probably remain to be discovered on every continent. 
Deposits of every type (fig. G3) almost certainly remain to 
be discovered, though some general additional guidelines for 
exploration can be helpful to supplement deposit-type models.

In the category of undiscovered resources, perhaps the 
most interesting is the possibility of producing a fluorine 
product from the high-fluorine, high-pH, sodium-carbonate 
brines of Lake Magadi (Kenya) and Lake Natron (Tanzania) 
in the East African Rift system. Also, apparently conformable 
fluorspar deposits in tuffaceous limy lacustrine sediments, 
such as those in Italy, are likely to occur in similar young 
alkalic volcanic settings elsewhere in the world.

Production and Consumption

Fluorspar mining began in the United States at various 
locations between 1820 and 1840. The first commercial 
production appears to have been in 1837 from a vein in 
Trumbull, Fairfield County, Connecticut. The existence of 
fluorspar in Illinois and Kentucky was known from the early 
19th century, but it was not until 1871 that the first commercial 
shipments from Kentucky to a glassworks in Baltimore were 
recorded (Ladoo, 1927, p. 2–3). Production was limited 
by demand to at most a few thousand metric tons per year 
until the late 1880s when demand for its use as a flux in 
steelmaking was bolstered by the introduction of the open-
hearth-furnace steelmaking process. The United States was 
the world’s leading producer of fluorspar until it was surpassed 
by Mexico in the mid-1950s (McDougal and Roberts, 1958).

U.S. domestic fluorspar production peaked during 
World War II at 375,000 metric tons in 1944 (Miller, 2002). 
In the post-World War II period, a booming economy 
and increasing consumer demand for products containing 
aluminum, fluorochemicals (especially chlorofluorocarbons), 
and steel continued to push U.S. consumption of fluorspar 
upward. Domestic production, however, was unable to keep 
up with rising demand and in the mid-1970s, the domestic 
fluorspar mining industry began to decline because of 
foreign competition. In 1996, primary fluorspar mining in the 
United States ceased, although small amounts continued to be 
recovered as a byproduct of quarrying activities in southern 
Illinois (fig. G7). Consumption of fluorspar peaked in the early 
1970s, which was, not coincidentally, also the peak period of 
U.S. steel production. Thereafter, decreasing steel production, 
a change in consumption practices by the steel industry, 
and the ban on chloro fluorocarbons when it was found that 
they were responsible for the “ozone hole” above Antarctica 
resulted in a general decrease in U.S. fluorspar consumption. 
From that time, consumption stabilized and then began to 
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increase slowly as replacement fluorocarbon compounds, such 
as hydrochlorofluorocarbons and hydro fluorocarbons, were 
introduced into the market (U.S. Bureau of Mines, 1972–96; 
U.S. Geological Survey, 1997–2016).

Despite substantial domestic production for much of 
the 20th century, the United States has been a net importer 
of fluorspar since the early 20th century. Sources of 
supply for the United States have changed over the years. 
Beginning during the period of peak U.S. consumption, the 
United States sources of supply have been dominated by a 
few countries—China, Mexico, and South Africa (fig. G7). In 
addition, between 1993 and 2006, the U.S. fluorspar supply 
was augmented by sales from the National Defense Stockpile. 
In 2012, annual world production and consumption was about 
7 million metric tons. The leading fluorspar producing coun-
tries were, in descending order, China, Mexico, Mongolia, 
and South Africa, which together accounted for 89 percent of 
estimated world production (Miller, 2016).

The global supply of fluorspar available for export 
decreased between 2001 and 2012 because of the substantial 
decreases in exports from China. China began exporting 
significant amounts of fluorspar in the 1960s, and the first 
exports to the United States took place in 1980 (fig. G7). 
China was the world’s leading fluorspar exporter from the 
early 1990s to 2008 or 2009. Beginning in the early 2000s, 
China’s fluorspar exports started to decrease as its domestic 
consumption increased. Producers outside of China were 
unable to increase production capacity to make up for 
the reduction in global supply. At the same time, global 
industrial activity increased, resulting in increased demand 
for fluorspar and higher prices (U.S. Bureau of Mines, 
1972–96; U.S. Geological Survey, 1997–2016).

In recent decades, the United States annual fluorspar 
consumption has ranged from 500,000 to 700,000 metric 

tons per year, although “fluorine” consumption is higher 
because the United States imports significant amounts of 
HF as well as aluminum fluoride and synthetic cryolite. In 
2012, the United States imported 133,000 metric tons of HF 
(equivalent to 293,000 metric tons of acid-grade fluorspar) 
and 58,100 metric tons of aluminum fluoride and synthetic 
cryolite (equivalent to an additional 85,000 metric tons of 
acid-grade fluorspar; Miller, 2016).

Fluorine, mostly in the form of fluorspar, is expected to 
continue to be important to the United States owing to its use 
in the manufacture of diverse materials and products necessary 
to the U.S. economy. The United States will continue to be 
import-reliant for most of its fluorspar needs, although in 
2012, mine production began at the Klondike II fluorspar mine 
in the Illinois-Kentucky fluorspar district, mentioned earlier 
(Feytis, 2009). An additional fluorine resource exists in the 
form of fluorosilicic acid, which is produced as a byproduct of 
phosphoric acid production in the phosphate fertilizer industry. 
In 2012, U.S. phosphate reserves were estimated to contain 
about 100 million metric tons of 100 percent CaF2-equivalent, 
and world reserves were estimated to contain 4.7 billion 
metric tons of 100 percent CaF2-equivalent. In 2012, about 
70,000 metric tons per year of 100 percent basis fluorosilicic 
acid was produced and used in the United States mostly for 
water fluoridation, although fluorosilicic acid can be used 
to produce aluminum fluoride, and the technology exists to 
convert it to HF (Miller, 2013).

The United States does have some remaining resources 
of fluorspar, and those were discussed in the previous 
section on Identified Resources in the United States. 
Internationally, several new mines either have been opened 
recently or are expected to open in the next few years, as 
discussed in the previous section on Identified Resources 
in Other Countries.

Figure G7. Graph showing sources of U.S. fluorspar supply from 1970 to 2011. The layers of the 
graph are placed one above the other, forming a cumulative total. Data are from U.S. Bureau of 
Mines (1972–96) and U.S. Geological Survey (1997–2016).
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Exploration for New Deposits
None of the deposit types listed in figure G3 has been 

found in any oceanic geologic terrane, so apparently only 
continental rock terrains are favorable. Fluorite is commonly 
associated with end-member igneous differentiates, so 
exploration will profit from focusing on granites (all types, 
but particularly those not related to arc magmatism; that is, 
anorogenic granites), syenites, and carbonatites, and their 
volcanic equivalents. Fluorite is commonly found replacing 
limestone or dolostone. Thus, the optimal areas to explore 
are carbonates intruded by anorogenic granites, syenites, 
or carbonatites and carbonates in contact with anorogenic 
rhyolite or trachyte. The continental rifting association of 
salt-related carbonate-hosted fluorspar deposits could also be 
used to guide exploration; continental rifts have associated 
fluorspar deposits owing to their associated salt deposits and 
(or) their associated peralkaline to alkaline intrusive and 
volcanic rocks.

More specifically, provinces with strongly differentiated 
granites could be targeted for fluorspar skarn-and-greisen 
deposits. Although most of the belts of tin granites of the 
world have been identified, most of these belts have not been 
thoroughly explored for either tin or fluorspar. Some of the 
belts are located in places that are difficult to explore owing 
either to climate (for example, the Seward Peninsula tin 
granite province in Alaska and the Southeast Asian tin granite 
province) or other factors (for example, political risk in the 
Nigerian province). Taylor (1979, p. 6) has mapped 42 tin 
provinces worldwide, and provided consistently structured 
packages of information on 23 of these provinces (Taylor, 
1979, p. 491–511). Not all of the provinces that have tin 
deposits have tin granites, however.

No fluorspar deposits analogous to those of the Latium 
Region, Italy, have been discovered to date, but that they 
would be unique in the world seems unlikely. The broadest 
scale indicator for these types of deposits would appear to 
be young alkalic volcanic rocks with interlayered lacustrine 
sedimentary rocks, and such volcanic rocks are widespread 
across the globe. As an initial test, a keyword search of 
geologic literature conducted on the combination of terms 
“phonolite” and “maar,” and a second search conducted 
on “trachyte” and “maar” yielded 15 areas of the world (in 
addition to central Italy). They are (1) the Czech Republic, 
(2) southern Italy, (3) northern South Africa, (4) western 
Germany, (5) east-central Germany, (6) southern Germany, 
(7) Hungary, (8) central France, (9) the Canary Islands, 
Spain, (10) Slovakia, (11) Shandong Province, eastern China, 
(12) Hawaii, (13) Big Bend National Park, Tex., (14) Pinacate 
volcanic field, northwestern Mexico, and (15) western 
Cameroon (including maar Lake Nyos in North-West Region, 
where a catastrophic lake-water overturn released CO2 from 
depth in the lake and killed 1,700 people in 1986). Among 
these areas, the Canary Islands and Hawaii seem unlikely 
possibilities because no economic fluorspar deposits are 

known to occur on any oceanic islands. The Big Bend area 
of Texas, on the other hand, is firmly within the belt of 
fluorspar deposits in that region. Also, the Aguachile deposit 
in Coahuila State, Mexico, consists of limestone replacements 
adjacent to rhyolite porphyry ring dikes of a caldera; these 
replacement deposits may have formed beneath a caldera lake.

As mentioned previously, an unconventional source of 
fluorine could be brines from Lake Magadi and Lake Natron 
along the East African Rift, as well as other places where such 
alkaline evaporite brines may occur.

In the past, exploration for fluorspar deposits has not 
used methods comparably sophisticated with those used in 
exploring for such minerals as gold and copper. Most deposits 
have been found by simply following up occurrences of 
outcropping fluorite. It was common for mines to drill only 
enough to establish a few years’ worth of reserves ahead of the 
mining operation. This has probably begun to change since the 
advent of such requirements as those of the Canadian Govern-
ment NI 43–101 reports and Australia’s JORC-compliant 
resource and reserve estimates. The requirements of such 
publicly released documents has encouraged the estimation 
of total deposit resources to be known before financing and 
various government permitting approvals are granted, or it 
has at least encouraged the definition of resources adequate 
for many years of mine life. Even just a few decades ago, 
geophysical methods were seldom used in exploration for 
fluorspar. Geochemical exploration methods were slightly 
more common, but still not heavily used. The future probably 
will see the use of increasingly sophisticated geophysical and 
geochemical methods of exploration.

Grogan (1960, 1964) was of the opinion that geochemical 
prospecting was not well adapted to finding fluorspar deposits 
because he thought that fluorite is too effectively dispersed, 
being soft and extremely cleavable. Geochemical prospecting 
for fluorspar deposits has succeeded in some areas, however. 
Van Alstine (1965) demonstrated effective results from 
sampling and analyzing rock or soil for fluorine in various 
areas within the Browns Canyon district in Chaffee County, 
Colo. In addition, geochemical prospecting was shown to be 
effective in an area near the Osor vein in the eastern Pyrenees 
in Spain’s Catalonia Autonomous Region (Schwartz and 
Friedrich, 1973). Near Osor, broad-scale prospecting using 
measured fluoride in surface water identified target areas 
of 3 to 10 km2. Dry stream-sediment samples narrowed the 
search to targets of less than 1 km2 and led geologists to 
mineralized outcrops. Then, fluoride in soil samples was used 
to map small areas and guide placement of drill holes. The 
work resulted in discovery of an area of fluorite veinlet stock-
work. In addition, surface waters proved to be an effective 
medium for district-scale exploration. This is likely because 
of the relatively high solubility of fluorine at low temperatures 
and because of fluorite’s increasing solubility with decreasing 
temperature below about 60 °C (fig. G2).

Three different studies (Graham and others, 1975; 
Deering and others, 1983; and Ebbott and others, 1985) have 
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shown that groundwater sampled from wells revealed areas 
of high fluorine concentration broadly centered on areas of 
fluorite-bearing MVT mineralization. This method would 
not be applicable in areas of greenfield exploration because 
the distribution of water wells into a target aquifer would be 
insufficient in remote areas. The method is applicable in the 
agricultural areas of central North America, although only in 
defining an area of tens of square kilometers as anomalous.

An extensive rock geochemical study of the Taskaynar 
deposit related to a strongly differentiated granite in 
Kazakhstan demonstrated that several additional elements 
had primary dispersion patterns similar to that of fluorine, 
and, consequently, might be used as “pathfinders” in explora-
tion, especially to guide exploration drilling. The Taskaynar 
deposit is hosted by sandstone that lies above limestone with 
nearby “porphyrite” and granodiorite. The elements Ag, As, 
Ba, La, Mo, Sr, Y, and Yb all had primary dispersion patterns 
that were as far-reaching from the ore as fluorine itself. The 
dispersion patterns of lead, zinc, and sodium+potassium were 
somewhat more restricted around the orebody, but also had 
abundance boundaries parallel to the fluorine boundaries, and 
both showed control by fracturing (Koplus and others, 1977).

In exploring for skarn-and-greisen fluorspar deposits 
related to strongly differentiated granites, several more 
sophisticated methods could be brought to bear. Gravity and 
magnetic geophysical studies could be used to determine 
the depths to crystalline rocks through sedimentary cover, 
with the magnetics also directly targeting magnetite-bearing 
skarn. For a deposit standing upright and arrayed around 
a granitic cupola on a larger batholith, detailed magnetic 
surveys could help identify magnetite-bearing skarn, probably 
forming a magnetic ridge in a partial ring around a magnetic 
low, the low produced by greisen with a nonmagnetic pyrite-
muscovite(-fluorite) assemblage. Fluorspar system-related 
but locally developed semimassive sulfide bodies typically 
rich in sphalerite-pyrrhotite-arsenopyrite can be detected by 
a number of different methods that show anomalies in rock 
conductivities. An airborne electromagnetic survey using the 
Barringer INPUT (induced pulse transient) method detected 
such a sulfide-rich body at the Ar Ridaniyah fluorite-bearing 
tin skarn system located 200 km west of Riyadh, Saudi Arabia, 
in 1967 (Canadian Aero Mineral Surveys, Ltd. and Arabian 
Geophysical and Surveying Company, 1967).

Most vein fluorspar deposits of various types are also 
detectable using methods that measure conductivities. 
Successful exploration of fluorite veins in granitic terrain 
using the combination of very low frequency (VLF) electro-
magnetics and audio-magnetotelluric (AMT) methods was 
reported by Zhang and others (2010). Vein fluorspar deposits 
are amenable to discovery by such methods despite the low 
conductivity of fluorite. Anomalous amounts of saline ground-
water in fractured porous rock of fault zones mineralized by 
fluorite and (or) metallic sulfide minerals associated in minor 
concentrations with the vein fluorite are detectable. In China, 
VLF electromagnetics provided clear resolution of veins and 

accurate positioning of their location near the surface, and 
AMT methods provided accurate location of the veins at 
greater depth (Zhang and others, 2010). These methods could 
work effectively as long as the host rocks of the veins have 
high resistivities (that is, low conductivities) so that the vein 
zones contrast sufficiently.

Environmental Considerations
Sources and Fate in the Environment

Fluorine is chemically and biologically active. It readily 
forms hydrogen fluoride or combines with metals to make 
fluoride compounds, some of which are relatively stable, such 
as calcium fluoride (fluorite). The weathering of rocks and 
soils may release dissolved fluoride into the environment, and 
fluoride is added to drinking water in some countries, which 
is then released into surface water in municipal wastewater. 
Clay content, pH, temperature, and the concentrations of 
aluminum, calcium, magnesium, phosphorus, and hydroxides 
all influence the dissolved fluoride content of water. Fluoride 
compounds generally are most soluble and thus mobile under 
acidic conditions. In contrast, alkaline conditions in the 
presence of carbonates limit the mobility of fluorine in the 
environment; fluorine is fixed by reaction with carbonates to 
form stable fluorides. In the absence of carbonates, however, 
alkaline evaporitic conditions yield the greatest known 
solubility of fluorine at ambient temperature (table G2). Also, 
fluorine is easily sorbed by clay minerals (Kabata-Pendias and 
Mukherjee, 2007). As previously mentioned, fluorite tends to 
dissolve as temperature decreases (that is, it has “retrograde” 
solubility) under most earth-surface temperatures (60 °C 
to freezing, depending on the composition of the water; 
Richardson and Holland, 1979).

Fluorine is present in most natural waters. River waters 
commonly contain between 0.05 to 2.7 ppm fluorine, whereas 
seawater generally contains between 0.03 to 1.4 ppm with a 
median of approximately 1.3 ppm fluorine (table G2). High 
concentrations of fluorine have been shown to be present in 
waters in regions of volcanic activity or granitic bedrock, 
particularly in arid areas, and where fluorite or phosphates are 
mined and processed. China, East Africa, and India have the 
most extensive areas of high-fluorine groundwaters (Jacks and 
others, 2005). Table G2 includes examples of both naturally 
occurring and mine-influenced concentrations of fluorine in 
waters. One extreme example of naturally occurring concen-
trations of fluorine in surface waters is in Africa’s Eastern 
Rift Valley in Kenya and Tanzania where concentrations 
reached 437 ppm from the weathering of volcanic rocks; 
evaporation also concentrates the fluorine in the water, locally 
elevating the fluorine concentration to above 2,000 ppm in 
closed basin lakes in that setting (table G2; Kilham and Hecky, 
1973; Jones and others, 1977). An example of anomalous 
mine-affected waters is that within mine workings at the 
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now-closed Lovozero niobium mine in Russia that were highly 
alkaline (pH 9.6 to 12) and contained extreme concentrations 
of fluorine (1 to 1.5 percent) and silica (1 to 1.3 percent) 
(table G2; Kraynov and others, 1969).

The amount of fluorine in soils is a reflection of its 
content in parent rocks as influenced by soil-forming 
processes, soil texture, and climatic conditions. Concen trations 
of fluorine in most soils range between 150 to 400 ppm 
(Kabata-Pendias and Mukherjee, 2007). For soils in the 
conterminous United States, fluorine concentrations average 
430 ppm and range from less than 10 to 3,700 ppm (Shacklette 
and Boerngen, 1984). The lowest fluorine content is found in 
sandy soils under humid climate conditions and the highest 
content is in clay soils and soil derived from mafic rocks 
(Kabata-Pendias and Mukherjee, 2007). High levels of 
fluorine (more than 1,000 ppm) have commonly been reported 
for uncontaminated soils derived from fluorine-rich bedrock 
(Fuge and Andrews, 1988; Ermakov, 2004). Contaminated 
soils surrounding aluminum processing plants, china clay 
production facilities, and phosphate-fertilizer factories have 
been reported to contain between 2,000 and 3,600 ppm 
fluorine (Kabata-Pendias and Pendias, 2001).

The major natural source of atmospheric fluorine in 
the environment is volcanic activity, with sea-salt spray and 
suspension of soil by wind as additional natural sources. 
Anthropogenic sources include mining and processing of 
phosphorites, apatites, and fluorite; production of cement, 
bricks, steel, aluminum and other metals; combustion of coal; 
and production and use of fertilizers, fluorine-bearing pesti-
cides, and drugs, plastics, and refrigerants (Ermakov, 2004). 
Fluorine is removed from the atmosphere primarily by wet 
deposition either as particulate fluorides or by dissolving into 
atmospheric water. Fluorine concentrations in the atmosphere 
are variable. The ambient air concentration of gaseous fluoride 
varies from 0.01 to 2.1 parts per billion (0.01 to 2.1 micro-
grams per cubic meter) in the United States and Canada, 
with about 75 percent as hydrogen fluoride (Bourgeau and 
others, 1996).

The geochemical signatures in soils and waters associated 
with fluorspar deposits before mining are variable because 
fluorite is common in a wide range of geologic environments. 
The chemistry of soils, streams, and groundwaters near 
fluorspar deposits reflect the composition of the ore and host 
rock, the structure of the deposit, and the climatic conditions. 
Streamwater and groundwater near deposits may not display 
the same geochemical signature as soils and stream sediments 
because some of the enriched elements occur in relatively 
stable insoluble minerals. For example, soils and weathered 
rock associated with carbonatite deposits may be naturally 
enriched in Ba, Fe, Nb, P, REEs, Th, Ti, U, and Zr, and stream 
sediments downstream from deposits commonly contain 
anomalous abundances of Ba, Nb, Th, and REEs (Modreski 
and others, 1995). The content of such elements as Nb, REEs, 
Th, and U may not be anomalous in streamwaters, however, 
because they are present in relatively stable, insoluble 

minerals (Modreski and others, 1995). The pre-mining 
environment around alkaline- to peralkaline-related deposits 
may contain anomalous concentrations of some of the same 
elements as carbonatites, including Be, Li, Nb, REEs, and Ta. 
Streamwaters near the Yermakovskoye deposit in Russia 
contained naturally elevated concentrations of Cu, F, Fe, Hg, 
Mn, Mo, and Zn. In addition, native soils near the deposit 
contained anomalous concentrations of As, Ba, Be, and F 
(Kislov and others, 2010). Natural metal-rich acidic drainage 
could be significant from deposits associated with significant 
pyrite or other sulfides. Carbonates are nearly ubiquitous at 
fluorspar deposits and may neutralize the acid generated by 
sulfides by removing many trace elements from the solution. 
In MVT deposits, iron, lead, and zinc from the weathering of 
associated sulfides may occur in anomalous concentrations 
in soils and stream sediments; however, at most deposits, 
elevated concentrations of these metals are not present because 
carbonate rocks limit the dispersion of trace elements by 
precipitating them as carbonates (Leach and others, 1995).

In the United States, some fluoride compounds are 
recycled in industrial settings. For example, synthetic fluorite 
is recovered from uranium enrichment and, to a lesser extent, 
from petroleum alkylation and stainless-steel pickling, 
producing on the order of a few thousand metric tons per 
year. In addition, aluminum producers recycle hydrofluoric 
acid and fluorides from smelting operations, and hydrofluoric 
acid is recycled in the petroleum alkylation process (Miller, 
2013). New methods are being developed to recover fluoride 
from industrial wastewaters. One of these methods produced 
a nearly pure synthetic fluorite (>97 percent) that can be 
used for the manufacture of hydrofluoric acid (Aldaco and 
others, 2007).

Mine Waste Characteristics

Mine waste is the material generated during ore 
extraction and processing at the mine site that has no direct 
economic value. The volume and characteristics of the 
waste material depend on the type of deposit and its size, 
the commodity or commodities recovered, and the mining 
and processing methods used. A summary of the mineralogy, 
chemistry, and volume, if available, of mine waste generated 
at several fluorspar mines is presented in table G3.

In general, overburden may need to be removed or host 
rock separated from the fluorite-rich ores as the first step of 
ore extraction; the fluorite-poor material becomes waste rock 
and can be backfilled into mine workings or pits, disposed 
of in waste piles, or, depending on the composition, used or 
sold for reuse (for example, as aggregate for construction 
purposes). The next step is to concentrate the fluorite in the 
ore. This is accomplished using a variety of methods, which 
typically include crushing and grinding followed by gravity 
separation and (or) flotation. The gangue minerals become the 
major components of waste tailings; common gangue minerals 
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include calcite, dolomite, quartz, sulfides, and (or) barite, 
and, for carbonatite-related deposits, possibly apatite. Gravity 
separation is most often used to separate fluorite from calcite 
and silicates. Chemical flotation is used, however, when barite, 
celestite, or sulfide minerals are present, as they are denser 
than fluorite. Tailings generated from flotation are usually 
disposed of as an aqueous slurry into a tailings impoundment, 
where they are allowed to dry.

It is common for mine waste to contain a significant 
amount of fluorite as a result of inefficient or nonrecovery in 
years past; at some places, the fluorite content is high enough 
that the waste can be reprocessed using current methods 
(most commonly flotation) to recover most of the remaining 
fluorite. For example, mine waste and tailings from several 
locations in Kentucky (Crittenden and Livingston Counties) 
were reprocessed during World War II to meet the increased 
demand for fluorite (Fine, 1948). The tailings and waste rock 
contained a significant amount of fluorite (up to 59 percent), 
as well as calcite, chert, clay, and quartz; a minor amount of 
barite; and some lead and zinc sulfides (table G3). Another 
example of mine waste with a significant amount of fluorite 
(up to 17 percent total fluoride) is from fluorite and lead-zinc 
mines from the Northern Pennine Orefield and the Southern 
Pennine Orefield in the United Kingdom (table G3; Cooke 
and others, 1976; Fuge and Andrews, 1988). Modern recovery 
in fluorite operations is generally more efficient than in 
earlier operations.

Human Health Concerns

Fluorine is essential for some organisms but, like most 
substances, in excess, is highly toxic. Soluble forms of 
fluorine are absorbed into the body through the mouth lining, 
stomach, and intestines. Nearly all fluorine in the human 
body is in the form of fluorapatite, which is resident mostly in 
the bone, teeth, and cartilage (Ermakov, 2004). The primary 
chronic exposure route of concern for fluorine compounds is 
oral ingestion of drinking water, food, and fluoride-containing 
dental products. Inhalation and dermal exposure to HF is 
an acute occupational exposure that can occur (Agency for 
Toxic Substances and Disease Registry, 2003).

Fluorine is important for hard teeth in humans. In the 
United States, artificially fluoridated water commonly contains 
between 0.7 and 1.2 ppm fluorine (National Research Council, 
2006). Fluorine deficiency in humans (less than 0.3 to 0.5 ppm 
in drinking water) leads to tooth decay and osteoporosis. Also, 
animals with diets low in fluorine have exhibited slow growth, 
reproduction issues, and higher mortality (Ermakov, 2004). On 
the other hand, consumption of water with high concentrations 
of fluorine may lead to dental and skeletal fluorosis (that is, 
mottling of the tooth enamel, and pain and damage to bones 
and joints, respectively) starting at concentrations of 1.5 ppm 
and becoming severe at greater than 6 ppm (Reimann and de 
Caritat, 1998). Other health effects related to a high intake of 

fluorine include endocrine effects and carcinogenic changes, 
particularly in bone (National Research Council, 2006). 
According to the U.S. Environmental Protection Agency 
(2002), the no-observable-effect level for dental fluorosis 
based on children is approximately 1.0 ppm fluoride, 
whereas crippling skeletal fluorosis, the most severe stage 
of skeletal fluorosis, was not observed in adults at consump-
tion levels of up to 4 ppm fluoride. In the United States, 
primary and secondary drinking water standards have been 
established for fluorine. The primary drinking water standard 
(maximum limit of 4 ppm fluorine) was established to 
prevent adverse health effects and the secondary standard 
(maximum limit of 2.0 ppm fluorine) was established to 
reduce adverse cosmetic consequences (U.S. Environ-
mental Protection Agency, 2009). A recent review of the 
U.S. drinking water guidelines by the National Research 
Council (2006) suggests that the maximum contaminant 
level of 4 ppm should be lower. For comparison, the World 
Health Organization reports a guideline value of 1.5 ppm 
(World Health Organization, 2008).

Skeletal deformations and the crippling bone deformi-
ties of genu valgum (that is, knock knee) have been reported 
to occur in regions in India, Kenya, and Tanzania where high 
levels of fluorine (3 to 8 ppm) are present in drinking water 
(Ermakov, 2004). Also, surface water, groundwater, and mine 
water from Kerio Valley, Kenya, in Africa’s Eastern Rift 
Valley, reaches 305 ppm, with average values greater than 
25 ppm fluoride (table 2; Davies, 1994); tooth decay, dental 
and skeletal fluorosis, and osteochondral conditions are 
common in this area. Regional groundwater studies in China 
and Mexico also link high fluorine groundwaters to high 
fluorine rocks and fluorspar mines with some documentation 
of serious human health effects (Fuhong and Shuqin, 1988; 
Mahlknecht and others, 2004).

Although severe human health effects from high 
fluoride in drinking water are not commonly reported in the 
United States, naturally occurring fluoride concentrations in 
waters do exceed U.S. drinking water standards in several 
areas. In 1992, approximately 10 million people had public 
water supplies that were naturally fluoridated. The concentra-
tion of fluoride in 14 percent of those people’s drinking water 
supplies were between 2.0 and 3.9 ppm; about 2 percent 
of those people’s water supplies had concentrations equal 
to or greater than 4.0 ppm fluoride. The highest, but not 
necessarily typical, concentrations were found in Colorado, 
Oklahoma, New Mexico, and Idaho, with maximum values 
of greater than 10 ppm fluoride (National Research Council, 
2006). In Texas, where groundwater makes up about 
60 percent of the drinking water consumed, well water from 
a northwest region in the state exceeded the drinking water 
standard of 4 ppm fluoride in more than 50 percent of the 
samples (Agency for Toxic Substances and Disease Registry, 
2003). For those areas with fluoride greater than 4 ppm in the 
drinking water, the Agency for Toxic Substances and Disease 
Registry recommends buying bottled drinking water.
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For soils, screening levels based on human health risk 
in the United States have been established based on the 
use of the land (residential versus industrial) to determine 
whether concentrations of elements or compounds at sites 
warrant further investigation or site cleanup. Screening 
levels for noncancer health effects are 3,100 ppm fluoride 
and 4,700 ppm fluorine (soluble fluoride) for residential land 
use and 41,000 ppm for fluoride and 61,000 ppm for fluorine 
(soluble fluoride) for industrial land use (U.S. Environmental 
Protection Agency, 2012). Natural soils in the United States, 
even those developed on fluorine-rich rocks, will almost never 
contain such concentrations, and if so, only in isolated small 
areas; however, such concentrations may be more common in 
soils located in industrial areas.

Other human health concerns related to fluorine are 
related to the mining and processing of fluorspar ores, 
which may expose workers to dust or, for some types of 
ores, radiation. Silica is associated with many types of ore, 
including fluorspar, and may be inhaled during mining 
and milling operations and can cause silicosis. In addition, 
inhaling high amounts of fluorspar dust during ore processing 
can lead to health issues that include gastric, intestinal, circu-
latory system, and nervous system problems, and, in the long 
term, anemia, weight loss, bone and teeth defects, pulmonary 
lesions, and bronchitis (Osinsky and Stellman, 1998). In 
the United States, the permissible exposure limits in air for 
fluorine in an 8-hour working day is 0.3 ppm (0.2 milligram 
per cubic meter) (Occupational Safety and Health Admini-
stration, 2013). Dust control should be carefully enforced 

for mining and processing of ores from any type of fluorspar 
deposit. In addition to dust, human health issues have been 
documented from exposure to radiation during the mining 
of deposits related to peralkaline granite in the St. Lawrence 
district in Newfoundland, Canada. In this district, higher 
incidences of lung cancer were reported for underground 
miners exposed to high levels of radon and its progeny during 
fluorspar mining; mining started in the 1930s and continued 
until 1978. In the early 1960s, mechanical ventilation was 
installed, which decreased radon to levels below the exposure 
limit (Morrison and others, 1998).

An additional human health concern associated with 
mining operations that process ores using flotation techniques, 
which include some fluorspar mines, is the failure of tailings 
impoundments. Although rare, collapse of tailings dams can 
destroy property and cause injuries, fatalities, and environ-
mental damage. For example, a fluorspar mine in Italy that 
used flotation to process ores from 1961 to 1985 stored tailings 
and waste in two large tailings impoundments. In 1985, 
approximately 180,000 cubic meters (m3 ) of tailings slurry 
was inadvertently released and flowed into a valley, destroying 
a small town and causing destruction in another small town; 
this event caused 268 deaths and 100 injuries. The failure was 
owing to construction errors and a lack of operational moni-
toring during tailings deposition (Luino and De Graff, 2012). 
In more recent times, technical and scientific investigations on 
tailings impoundments and new legislation and regulations for 
stricter control and monitoring are helping to minimize tailings 
dam failures.

Table G3. Selected examples of the chemistry and mineralogy of mine waste generated at fluorspar mines.

[Elements: Ca, calcium; Cd, cadmium; Cu, copper; F, fluorine; Fe, iron; Ni, nickel; P, phosphorus; Pb, lead; S, sulfur; Si, silicon; Zn, zinc. Abbreviations and 
symbols: ppm, part per million; wt. %, weight percent; —, not determined or not reported; ?, identification uncertain]

Table G3. Selected examples of the chemistry and mineralogy of mine waste generated at fluorspar mines.—Continued

[Elements: Ca, calcium; Cd, cadmium; Cu, copper; F, fluorine; Fe, iron; Ni, nickel; P, phosphorus; Pb, lead; S, sulfur; Si, silicon; Zn, zinc. Abbreviations and 
symbols: ppm, part per million; wt. %, weight percent; —, not determined or not reported]

Sample type Location Deposit type Minerals/compounds/components pH 
Ca

(wt. %)
F

(wt. %)
Fe

(wt. %)
P

(wt. %)
S

(wt. %)
Si

(wt. %)
Cd

(ppm)
Cu

(ppm)
Ni

(ppm)
Pb

(ppm)
Zn

(ppm)
Reference 

Tailings and mine waste 
(pre-World War II)

Several locations in Crittenden 
and Livingston Counties, 
Kentucky, United States

Mississippi 
Valley-type

Fluorite (13 to 59 wt. %), calcite (2 to 28 wt. %), quartz 
(8 to 65 wt. %); usually with smaller amounts of clay, 
barite (0 to 2 wt. %), Pb, Zn, Fe sulfides (sphalerite, 
galena, pyrite)

—  —  — — — 0.03 to 
2.2

— — — — <500 to 
8,200

1,000 to 
38,300

Fine 
(1948)

Tailings Southern Pyrenees, France ?Salt-related, 
carbonate-

hosted

Quartz, shale, iron hydroxides, fluorite (1 to 5 wt. %),  
iron carbonate, iron/copper sulfides

— — — 3.5 to 
7

— — 37 to 
42

— — — — — European 
Commission 

(2009)
Mine waste1 Hammam Zriba Mine, Tunisia Salt-related, 

carbonate-
hosted

Quartz, barite, calcite > K-feldspar, sylvite > plagioclase, 
fluorite, limonite, zeolites, opaque minerals

— 7.8 — 0.31 0.11 0.3 — 36 34 0.5 3,420 12,100 Yoshida 
and others 

(2002)
Mine waste Northern Pennine Orefield and 

Southern Pennine Orefield, 
United Kingdom

Mississippi 
Valley-type

Barite (16 to 23 wt. %), aluminosilicates (20 to 51 wt. %), 
calcium carbonate (15 to 32 wt. %), fluorite, among 
others

6.2 to 
7.7

— 2.3 to 
17.4

— 0.001 to 
0.06

— — 8 to 
28

32 to 
67

30 to 
65

4,360 to 
30,800

2,020 to 
20,360

Cooke 
and others 

(1976)
1Chemistry is for a partial digestion procedure (that is, silicates were not completely digested).
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Ecological Health Concerns

Only small amounts of fluorine are taken up by plants 
from soils. Terrestrial plants from uncontaminated soils 
usually do not contain greater than 30 ppm fluorine and likely 
do not require fluorine (Kabata-Pendias and Mukherjee, 2007). 
Plants, in particular tea plants (Camellia sinensis), however, 
can accumulate up to 2,000 ppm fluorine in areas with high 
soil concentrations. Levels of fluorine in soils between 
200 and 2,000 ppm have been shown to result in toxicity to 
plants (that is, phytotoxicity) (Ermakov, 2004). Food plants 
commonly contain between 0.1 and 11 ppm (Kabata-Pendias 
and Mukherjee, 2007). Fluorine on and within the plant parts 
can enter the food chain by animals foraging on the plants, and 
toxic threshold values for fluorine in fodder has been reported 
to be in the range of 20 to 50 ppm (Ermakov, 2004). Fluorine 
toxicity in dairy cattle has resulted in lower reproduction and 
lower milk production (Swarup and others, 1998). Studies 
on minks and screech owls reported effects on fertility and 
reproduction success when fluorine concentrations reached 
hundreds of ppm in food (Aulerich and others, 1987; Pattee 
and others, 1988). Marine aquatic organisms have been 
shown to accumulate fluorine, and fluorine concentrations 
are commonly an order of magnitude higher (for example, 
500 ppm compared with 50 ppm) in sea organisms compared 
with freshwater fish and land organisms because of the gener-
ally higher fluorine levels in seawater compared to freshwater 
(Ermakov, 2004). Industrial releases of high amounts fluorine 
in waterways have had toxic effects on aquatic organisms 
(Davies, 1994; Agency for Toxic Substances and Disease 
Registry, 2003). Water-quality criteria and stream-sediment 
guidelines for the protection of aquatic life are generally 

lacking. Suter (1996), however, suggested an estimate of the 
highest concentration in surface water to which an aquatic 
community can be exposed briefly (that is, acute exposure) 
and indefinitely (that is, chronic exposure) without resulting 
in an unacceptable effect; these secondary acute and chronic 
aquatic ecosystem guidelines, established with fewer data 
than regulatory guidelines, are 19.2 and 1.18 ppm fluorine, 
respectively. These guideline concentrations are higher than 
those found in the vast majority of natural surface waters in 
the United States.

The mining and processing of ores may enrich waters and 
soils in potentially toxic elements and can cause ecological 
health concerns at some mine sites. Several examples from 
a few different fluorspar deposit types are discussed below. 
In general, ecosystem impact studies are more frequently 
conducted for sulfide-containing deposits, such as MVT 
deposits, because sulfides can generate acid and contribute to 
the release of some potentially toxic trace elements into the 
environment. Several studies have been conducted regarding 
the environmental impact of mining lead and fluorspar 
from MVT deposits in the Northern Pennine Orefield and 
Southern Pennine Orefield of the United Kingdom. The mine 
waste from the mines contains high concentrations of some 
trace elements as shown in table G3. Waters from one mine 
contained high concentrations of, in order of greatest envi-
ronmental concern, zinc (up to 111 ppm), manganese (up to 
138 ppm), iron (up to 68 ppm), and sulfate (up to 2,501 ppm), 
and, although most waters were near neutral, some were 
acidic, likely from sulfides in shales and mudstones (table G2; 
Johnson and Younger, 2002). Fluorine concentrations in soils 
surrounding mines in the Northern Pennine Orefield reach up 
to 20,000 ppm; surface waters, up to 2.3 ppm fluorine, and 

Table G3. Selected examples of the chemistry and mineralogy of mine waste generated at fluorspar mines.

[Elements: Ca, calcium; Cd, cadmium; Cu, copper; F, fluorine; Fe, iron; Ni, nickel; P, phosphorus; Pb, lead; S, sulfur; Si, silicon; Zn, zinc. Abbreviations and 
symbols: ppm, part per million; wt. %, weight percent; —, not determined or not reported; ?, identification uncertain]

Table G3. Selected examples of the chemistry and mineralogy of mine waste generated at fluorspar mines.—Continued

[Elements: Ca, calcium; Cd, cadmium; Cu, copper; F, fluorine; Fe, iron; Ni, nickel; P, phosphorus; Pb, lead; S, sulfur; Si, silicon; Zn, zinc. Abbreviations and 
symbols: ppm, part per million; wt. %, weight percent; —, not determined or not reported]

pH 
Ca

(wt. %)
F

(wt. %)
Fe

(wt. %)
P

(wt. %)
S

(wt. %)
Si

(wt. %)
Cd

(ppm)
Cu

(ppm)
Ni

(ppm)
Pb

(ppm)
Zn

(ppm)
Reference 

—

—

—

6.2 to 
7.7

 —

—

7.8

—

 —

—

—

2.3 to 
17.4

—

3.5 to 
7

0.31

—

—

—

0.11

0.001 to 
0.06

0.03 to 
2.2

—

0.3

—

—

37 to 
42

—

—

—

—

36

8 to 
28

—

—

34

32 to 
67

—

—

0.5

30 to 
65

<500 to 
8,200

—

3,420

4,360 to 
30,800

1,000 to 
38,300

—

12,100

2,020 to 
20,360

Fine 
(1948)

European 
Commission 

(2009)
Yoshida 

and others 
(2002)
Cooke 

and others 
(1976)

Sample type Location Deposit type Minerals/compounds/components 

Tailings and mine waste 
(pre-World War II)

Several locations in Crittenden 
and Livingston Counties, 
Kentucky, United States

Mississippi 
Valley-type

Fluorite (13 to 59 wt. %), calcite (2 to 28 wt. %), quartz 
(8 to 65 wt. %); usually with smaller amounts of clay, 
barite (0 to 2 wt. %), Pb, Zn, Fe sulfides (sphalerite, 
galena, pyrite)

Tailings Southern Pyrenees, France ?Salt-related, 
carbonate-

hosted

Quartz, shale, iron hydroxides, fluorite (1 to 5 wt. %),  
iron carbonate, iron/copper sulfides

Mine waste1 Hammam Zriba Mine, Tunisia Salt-related, 
carbonate-

hosted

Quartz, barite, calcite > K-feldspar, sylvite > plagioclase, 
fluorite, limonite, zeolites, opaque minerals

Mine waste Northern Pennine Orefield and 
Southern Pennine Orefield, 
United Kingdom

Mississippi 
Valley-type

Barite (16 to 23 wt. %), aluminosilicates (20 to 51 wt. %), 
calcium carbonate (15 to 32 wt. %), fluorite, among 
others

1Chemistry is for a partial digestion procedure (that is, silicates were not completely digested).
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grasses up to about 400 ppm fluorine (table G2; Fuge and 
Andrews, 1988). A study of plants growing on mine waste in 
both the Northern Pennine Orefield and the Southern Pennine 
Orefield revealed fluoride concentrations of up to 4,500 ppm 
in leaves and up to 10,000 ppm in seeds; the plants did not 
shown signs of phytotoxicity (Cooke and others, 1976). 
Some waste piles have been revegetated to create natural 
eco systems, and small mammals living on and near the 
revegetated piles have been shown to contain significantly 
higher levels of cadmium, fluorine, and lead and somewhat 
higher levels of zinc than do small mammals living in uncon-
taminated areas (Wright and others, 1978; Andrews, Johnson, 
and Cooke, 1984, 1989a, b: Andrews, Cooke, and Johnson, 
1989). Geeson and others (1998) suggested health problems 
affecting young lambs living in the vicinity of old mines or 
smelters in the Southern Pennine Orefield may be related to 
the excess lead as well as fluorine in their diets.

Ecological health impacts have also been studied at a 
peralkaline to alkaline-intrusion-related fluorspar deposit in 
Russia that contains only a minor amount of sulfides. Waters 
from the open pit at the previously mined Yermakovskoye 
beryllium-fluorine deposit contained elevated concentrations 
of some elements, including Cu, Fe, Mg, Mn, Mo, Pb, and 
Zn, all of which exceeded local standards for water bodies 
used for fishery purposes. In addition, sediment at the bottom 
of the pit was contaminated with As, Be, Cd, Pb, and Zn, and 
the concentrations of Pb and Zn exceeded values above which 
effects to aquatic biota are likely. Mine waste piles contained 
concentrations of beryllium that were above the maximum 
allowable concentrations (Kislov and others, 2010). The 
natural background contents of some of the elements, such as 
Cu, F, Fe, Mn, Mo, and Zn, in local streams and melt waters 
are also elevated and above ecological-health guidelines, 
making it difficult to distinguish the contamination from 
mining from the pre-mining concentrations associated with the 
mineralized area. According to Kislov and others (2010), the 
pasture vegetation in the local area may contain high levels of 
beryllium from the deposition of contaminated dust, and the 
agricultural uses of the land should be limited.

The potential ecosystem health concern associated with 
the Moscona Mine, which is a salt-related carbonate-hosted 
fluorspar deposit in Asturias, Spain, is related to aqueous 
fluoride; acidic metal-rich mine drainage from the weathering 
of sulfides is not an issue because of neutralization by 
associated carbonates. Waters from within the underground 
mine and from a surface spring are saline (800 to 1,700 micro-
siemens per centimeter conductivity), have near neutral 
pH (pH 7.6 to 8.2), and contain elevated levels of fluoride 
(0.5 to 3.5 ppm), carbonate, and sulfate (table G2; Roqueñí 
and others, 2005). Also, each year approximately 200,000 m3 
of wastewater from the mine is discharged into a nearby 
stream, which results in fluoride concentrations of up to 
4.8 ppm. The release of this water, some of which exceeds the 
secondary chronic surface water guideline for the protection 
of aquatic life as suggested by Suter (1996), may be a threat to 

the health of the local ecosystem: however, decant ponds were 
constructed to reduce the contamination of the nearby stream 
(Roqueñí and others, 2005).

Carbon Footprint

A new fluorine-based compound, hydrofluoroolefin, is 
recommended as a refrigerant for air conditioning in motor 
vehicles to replace an existing compound, chlorofluorocarbon, 
currently in use. The new compound has a lower global 
warming potential, which is a relative measure of the warming 
effects of greenhouse gases, than the fluorocarbon compound 
and has been approved by the U.S. Environmental Protection 
Agency as a replacement (U.S. Environmental Protection 
Agency, 2011). Another advantage of the replacement 
compound is that it may contribute to the reduction of ozone 
concentrations in the stratosphere.

Mine Closure

The post-mining landscape at mines, including fluorspar 
mines, depends on the deposit type and size, the character of 
the host rock, the mining and processing methods, the climate, 
and the regulations in place regarding mine closure. Open 
pits, shafts and adits from underground operations, processing 
facilities, mine and processing wastes, and drainage from 
the site may need to be addressed for mine closure. One 
example of a remediated mine site in the United States is the 
Burlington Mine, which was the largest fluorspar deposit in 
the Jamestown district in Boulder County, Colo.; this site 
was reclaimed through a Voluntary Clean Up action, which 
is a State cooperative program that encourages voluntary 
cleanup of contaminated industrial and commercial proper-
ties (O’Shea-Stone, 2011). The mine produced fluorspar, in 
addition to some silver, lead, and uranium, from 1920 to 1973; 
limited remediation was conducted at the time of mine closure, 
and a Voluntary Clean Up action was conducted within the 
past 10 years. Prior to the recent cleanup, the landscape 
included a large vegetation-free, acidic, waste pile, a mine adit 
and shaft openings, and subsidence features. In addition, water 
draining from the waste pile flowed into a nearby creek. The 
remediation efforts consisted of consolidating acid-generating 
waste rock, closing of the adit and shafts, filling subsidence 
pits, limiting surface water and groundwater interaction with 
waste materials and mine workings, adding soil amendments 
(including lime, soil, and compost) to waste rock piles and 
disturbed soils, and site-wide revegetation. In 2008, remedia-
tion efforts were considered successful by State and Federal 
agencies based on improved water quality, minimal erosion 
from the site, removal of safety hazards, and the establishment 
of a natural and functional self-sustaining plant community 
(O’Shea-Stone, 2011).

Other mines have not been reclaimed. For example, 
remediation efforts were not undertaken when production 
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ceased in 1989 at the Yermakovskoye beryllium-fluorine 
deposit in Russia. The surface area of the open pit is 
277,000 square meters with a depth of at least 70 m, and it 
contains a few meters of water in the bottom (Kislov and 
others, 2010). The impact to the ecosystem from the mined 
landscape was discussed in the previous section. Future 
plans for the site include resuming mining and construction 
of a processing plant; construction was expected to begin in 
2013 (Jaskula, 2013). An estimated 8,500,000 m3 of rock will 
be extracted from an open pit operation, including ore and 
waste rock (Kislov and others, 2010). The combined volume 
of sulfide-rich and nonsulfide-rich tailings generated will 
be about 830,000 m3. Eventually, mine closure will involve 
stabilizing disturbed surfaces and reclaiming soils, waters, 
and stream sediments at and near the mine site.

Problems and Future Research
The Klondike II Mine (Livingston County, Ky.) began 

production in 2012, the Nui Phao Mine (Thai Nguyen Prov-
ince, Vietnam) began production in 2013, and, until late 2013, 
the Nokeng Mine (Gauteng Province, South Africa) had been 
scheduled to start production in the second quarter of 2014. 
A number of other projects were projected to begin mining 
in the 2015–17 timeframe. With these new supplies, Chinese 
domination of the world fluorspar market is likely to lessen. 
Also, China’s reduced exports of fluorspar in response to the 
need for fluorspar by their own industries may be compensated 
for with production from other countries.

The possible extraction of fluorine from alkaline, 
NaHCO3-type evaporite brines is a subject deserving of 
additional research. Extraction of resources from brines has 
proven very cost effective for some mineral commodities, such 
as borax, lithium, potash, and soda ash. Lake Magadi (Kenya) 
and Lake Natron (Tanzania) within the Eastern Rift Valley 
contain large resources of surface and interstitial water with 
fluorine concentrations in excess of 1,000 ppm. Because the 
existing trona mining operation does not recover the villiau-
mite from the solid trona, it would seem a boon to remove 
fluorine from the brines, possibly allowing two new product 
streams—an evaporating pond product of fluorine-poor trona 
and a solid fluorine product of some type.

Exploration focused on discovery of new, apparently 
conformable fluorspar deposits in tuffaceous limy lacustrine 
sediments also could be fruitful. In the Latium Region of 
Italy, deposits were marginally economic because of difficulty 
recovering the fine-grained fluorite, but other regions may 
have deposits that do not have that problem. The Latium 
deposits are in a minimally eroded young volcanic terrane 
that is specifically ultrapotassic and alkaline. That set of 
parameters can be matched at multiple places in the world; 
for example, Italy’s Pantelleria Island in the Mediterranean 
Sea between Sicily and Tunisia. The deposits in Italy could be 
studied further, possibly to include exploration of the nearby 

maar lakes to see if mineralization processes are ongoing in 
their bottom sediments.

Three types of research in recent years on the composi-
tion of fluid inclusions in hydrothermal ore deposits have 
led to greatly increased understanding of the sources of the 
hydrothermal fluids. These are quadrupole mass spectrometry 
(Landis and Hofstra, 1991), noble gas mass spectrometry 
on irradiated fluid inclusions (Kendrick and others, 2002), 
and study of chlorine isotopes in inclusion fluids (Partey 
and others, 2009). Each of these methods has succeeded in 
defining magmatic contributions to hydrothermal fluids where 
magmatic involvement had previously been in question. These 
methods are especially effective when combined with deter-
mination of cation concentrations and halogen ratios (Na+:Br – 
and Cl–:Br –) in the same hydrothermal fluids. The ratios can 
help define any component of redissolved halite within the 
fluids. The combined methods on elemental composition of 
solutes in the hydrothermal fluid can separate the fluids of salt-
related carbonate-hosted systems from those of other systems 
with sedimentary brines as ore fluids (Sánchez and others, 
2009, for example). These modern methods are likely to prove 
valuable when extended to additional deposits and districts. 
For deposits whose relation to igneous rocks is equivocal, such 
studies would provide critical new genetic knowledge. The 
fluid inclusion studies are even more effective when combined 
with modern isotopic age determination (Chesley and others, 
1994; Sánchez and others, 2006; Munoz and others, 2005). 
These multifaceted methods have made clear the processes 
and tectonic setting that produced fluorspar and base-metal 
deposits in Western Europe of the class that here are called 
salt-related carbonate-hosted deposits. A promising place to 
apply this combination of methods is Las Cuevas in San Luis 
Potosi State, Mexico.
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Appendix G1. Selected Fluorspar Districts, Deposits, and 
Prospects of the World

The tabulations contained in this appendix do not include 
all world fluorspar deposits and districts, nor even all the 
largest of them. They instead include characteristic examples 
of fluorspar deposits and districts scattered throughout the 
world and provide examples of all fluorspar deposit classes 
in as many places as possible. Collectively, the tables include 
most large fluorspar deposits and districts. All the deposits 
that were compiled in examinations of the distributions of 
fluorspar vein deposit grades and tonnages by Orris (1992) 
are included. The grades and tonnages listed here have not 
been confirmed by the U.S. Geological Survey (USGS), 
and the USGS does not endorse or assure any of the grade 
and tonnage measurements. The grades and tonnages of 
deposits are listed as given in the general geologic and mining 
literature, unrevised by any additional knowledge. Some of the 
values given probably reflect only the resources known at a 
particular instant of time, although, where possible, the listed 
values are thought to be the total identified resources, and 
have included past production and unmined resources of the 
deposits or prospects.

The division between large and small deposits was made 
arbitrarily in a way that placed the largest 20 deposits in China 
from the tabulation of Kamitani and others (2007) in the large 
(L) class and all others in China in the small (S) class. The 
boundary between L and S classes by that procedure lies at 
about 1.5 million metric tons of total calcium fluoride (CaF2 ).

Where possible, the deposits were located on imagery 
from Google Earth, and where Google Earth is listed as the 
source of location data, the latitude and longitude provided 
are directly from Google Earth; these latitudes and longitudes 
have not been corrected to any of the accepted standard 
geodetic spheroids, such as World Geodetic System 1984 
(WGS 84). Latitude and longitude from Google Earth, 
in degrees, were rounded to four decimal places, which 
correspond approximately to the nearest 1-second of latitude 

or longitude. Where possible on Google Earth imagery, the 
latitude-longitude location is placed on the headframe of the 
shaft of the working or abandoned underground mine, or in the 
approximate center of the open pit mine. Any other placement 
of the location point is explained in the Comments column. 
Negative values for latitude indicate that the deposit is in the 
Southern Hemisphere; negative values for longitude indicate 
that the deposit is in the Western Hemisphere.

The table is sorted alphabetically by continent, then 
alphabetically by country, then alphabetically by deposit 
name. The complete reference citations corresponding to 
the reference callouts in the table appear at the end of this 
appendix. The grades and tonnages of selected deposits have 
been plotted in text figure G6; those that are included in that 
graph are listed at the end of this table.

The following is the key to the the identification numbers 
given in the deposit class column in the table:
 1. Carbonatite-related
 2. Alkaline-intrusion-related veins, skarns, and  
  carbonate replacements
 3. Alkaline-volcanic-related epithermal veins,  
  breccia-fills, and carbonate replacements
 4a. Mississippi Valley-type
  4b. Salt-related carbonate-hosted
 5. Skarns, greisens, veins, and replacements related 
  to strongly differentiated granites
 6. Subalkaline-volcanic-related epithermal veins 
  and replacements
 7. Apparently conformable in tuffaceous,  
  limy lacustrine sediments
 8. Deposit class uncertain or not known
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Table G1–1. Selected fluorspar districts, deposits, and prospects of the world.—Continued

[*Deposit is included in the Orris (1992) grade and tonnage modeling of fluorite veins. **Grade and tonnage data are from Kamitani and others (2007); for these 
entries, it is not clear whether these are the total resources of each deposit or just a resource currently available to the mine that may be subject to updating with 
further exploration. ***Location data are from the Mineral Resources Data System (MRDS). The key to the identification numbers in the deposit class column 
is on page G53. Deposit size: L, identified resources are greater than 1.5 million metric tons of CaF2; S, identified resources are less than 1.5 million metric tons 
of CaF2; n.a., not available. Elements and compounds: Ag, silver; Au, gold; BeO, beryllium oxide; Bi, bismuth; CaF2, calcium fluoride; Cd, cadmium; Cu, cop-
per; Fe, iron; Ge, germanium; In, indium; Mo, molybdenum; Nb, niobium; Pb, lead; REE, rare-earth element; Sn, tin; Sr, strontium; Th, thorium; U, uranium; 
W, tungsten; Y, yttrium; Zn, zinc. Units of measure: g/t, gram per metric ton; km, kilometer; m, meter; Mt, million metric tons; %, percent]

Table G1–1. Selected fluorspar districts, deposits, and prospects of the world.—Continued

[*Deposit is included in the Orris (1992) grade and tonnage modeling of fluorite veins. **Grade and tonnage data are from Kamitani and others (2007); for these 
entries, it is not clear whether these are the total resources of each deposit or just a resource currently available to the mine that may be subject to updating with 
further exploration. ***Location data are from the Mineral Resources Data System (MRDS). The key to the identification numbers in the deposit class column 
is on page G53. Deposit size: L, identified resources are greater than 1.5 million metric tons of CaF2; S, identified resources are less than 1.5 million metric tons 
of CaF2; n.a., not available. Elements and compounds: Ag, silver; Au, gold; BeO, beryllium oxide; Bi, bismuth; CaF2, calcium fluoride; Cd, cadmium; Cu, copper; 
Fe, iron; Ge, germanium; In, indium; Mo, molybdenum; Nb, niobium; Pb, lead; REE, rare-earth element; Sn, tin; Sr, strontium; Th, thorium; U, uranium; W, 
tungsten; Y, yttrium; Zn, zinc. Units of measure: g/t, gram per metric ton; km, kilometer; m, meter; Mt, million metric tons; %, percent]

Deposit 
name1 Country

Latitude Longitude Source of 
location data

Deposit 
class

Comments
Deposit 

size 

Published resource  
(tonnage and grade, in weight 

percent CaF2 )

Source of  
resource data

Predominant geometry 
of orebody(ies)

Source of geo-
logic description

Deposit 
name(decimal degrees)

Africa Africa—Continued

Kimwarer Kenya 0.33 35.63 Google Earth (2013), at 
the approximate center 
of the Kimwarer pit, as 
identified by Nyambok 
and Gaciri (1975,  
figs. 2 and 5)

8 Deposit class is 1, 2, or 3; 
resources are given at cutoff 
grade of 20% CaF2 and 
minimum vein width of 5 m

L 17.1 Mt at 35.4% (indicated); 
and approximately 5 Mt  
at 35.3% (inferred); see 
comments 

Agnerian, 2010 Epithermal/mesothermal vein and 
replacement deposits in Precambrian 
crystalline marble and gneiss; some 
occupy faults of the Rift Valley system; 
veins in Miocene volcanic rocks; 
alkaline volcanic-related epithermal; or 
possibly carbonatite-related

Nyambok and 
Gaciri (1975)

Kimwarer

*El Hammam Morocco 33.56 –5.81 Google Earth (2013), Van 
Alstine and Schruben 
(1980) and Cheilletz and 
others (2010)

5 None L 2.82 Mt at 35% to 45% (as of 
2011); 5 Mt at 57% (as of 
1976)

Managem, Inc. (2011); 
Van Alstine and 
Schruben (1980)

Veins Cheilletz and 
others (2010); 
Jébrak and 
others (1988)

*El Hammam

*Jebel Tirremi Morocco 34.44 –3.00 Google Earth (2014) 
and Van Alstine and 
Schruben (1980)

2 None S 1.5 Mt at 40% U.S. Bureau of Mines 
(1973)

Veins and replacements of limestone 
associated with alkaline intrusive rocks

Van Alstine and 
Schruben (1980);

Bouabdellah and 
others (2014)

*Jebel Tirremi

*Canxixe area Mozambique –17.58 34.31 Google Earth (2012);  
see comments

8 Location given is for the village 
of the same name; no fluorspar 
workings identifiable nearby 
on Google Earth

S 0.16 Mt at >35% Van Alstine and  
Schruben (1980)

Veins n.a. *Canxixe area 

*Chioco-
Djanguire 
area

Mozambique –16.40 32.58 Van Alstine and Schruben 
(1980)

8 None S 0.698 Mt at >35% Van Alstine and  
Schruben (1980)

Veins n.a. *Chioco-
Djanguire 
area

*Macossa Mozambique –17.93 34.20 Van Alstine and Schruben 
(1980)

8 None S 0.043 Mt at 35% Van Alstine and 
 Schruben (1980)

Veins Van Alstine and 
Schruben (1980)

*Macossa 

Mount Muambe Mozambique –16.32 34.08 Woolley and Kjarsgaard 
(2008)

1 None S 1.63 Mt at 19% Globe Metals and 
 Mining (2012)

Replacement masses in carbonatite(?) Globe Metals and 
Mining (2012)

Mount Muambe

*Okorusu Namibia –20.07 16.77 Woolley and Kjarsgaard 
(2008)

1 None L 6 Mt at 56% Notholt and others  
(1990, p. B76)

Replacement masses in carbonatite and 
carbonate wallrock

Kogut and others 
(1997)

*Okorusu

*Buffalo South Africa –24.48 28.66 Google Earth (2013); 
see comments

5 Location given is centered 
between 3 open pits

L 60 Mt at 16% Crocker and Martini 
(1976)

Dense stockwork Absolom (1986) *Buffalo

*Hlabisa South Africa –28.13 31.90 Van Alstine and Schruben 
(1980)

8 None S 0.400 Mt at 35% Van Alstine and  
Schruben (1980)

Veins and stockworks Van Alstine and 
Schruben (1980)

*Hlabisa

Vergenoeg South Africa –25.26 28.58 Google Earth (2013) 5 Some interpret that the deposit 
class is 1

L 122 Mt at 35 to 40% (mined 
2.03 Mt at 42.0% CaF2 in 
2005 through 2008)

For tonnage: Minersa 
Group (2012). For 
grade and period of 
production: Metorex, 
Ltd. (2008, p. 34)

Breccia pipe in Bushveld-related rhyolite 
and tuffaceous sedimentary rocks, 
including ironstones

Goff and others 
(2004)

Vergenoeg

Marico district South Africa –25.72 26.09 Google Earth (2013) 4a None L 100 to 150 Mt at 15% Martini (1976) Peneconcordant strata-bound replacement 
bodies in dolomites; Witkop Mine, 
Bulhoek Mine, Doornhoek prospect 

Ryan (1986) Marico district
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Table G1–1. Selected fluorspar districts, deposits, and prospects of the world.—Continued

[*Deposit is included in the Orris (1992) grade and tonnage modeling of fluorite veins. **Grade and tonnage data are from Kamitani and others (2007); for these 
entries, it is not clear whether these are the total resources of each deposit or just a resource currently available to the mine that may be subject to updating with 
further exploration. ***Location data are from the Mineral Resources Data System (MRDS). The key to the identification numbers in the deposit class column 
is on page G53. Deposit size: L, identified resources are greater than 1.5 million metric tons of CaF2; S, identified resources are less than 1.5 million metric tons 
of CaF2; n.a., not available. Elements and compounds: Ag, silver; Au, gold; BeO, beryllium oxide; Bi, bismuth; CaF2, calcium fluoride; Cd, cadmium; Cu, cop-
per; Fe, iron; Ge, germanium; In, indium; Mo, molybdenum; Nb, niobium; Pb, lead; REE, rare-earth element; Sn, tin; Sr, strontium; Th, thorium; U, uranium; 
W, tungsten; Y, yttrium; Zn, zinc. Units of measure: g/t, gram per metric ton; km, kilometer; m, meter; Mt, million metric tons; %, percent]

Table G1–1. Selected fluorspar districts, deposits, and prospects of the world.—Continued

[*Deposit is included in the Orris (1992) grade and tonnage modeling of fluorite veins. **Grade and tonnage data are from Kamitani and others (2007); for these 
entries, it is not clear whether these are the total resources of each deposit or just a resource currently available to the mine that may be subject to updating with 
further exploration. ***Location data are from the Mineral Resources Data System (MRDS). The key to the identification numbers in the deposit class column 
is on page G53. Deposit size: L, identified resources are greater than 1.5 million metric tons of CaF ; S, identified resources are less than 1.5 million metric tons 2
of CaF ; n.a., not available. Elements and compounds: Ag, silver; Au, gold; BeO, beryllium oxide; Bi, bismuth; CaF calcium fluoride; Cd, cadmium; Cu, copper; 2  2,  
Fe, iron; Ge, germanium; In, indium; Mo, molybdenum; Nb, niobium; Pb, lead; REE, rare-earth element; Sn, tin; Sr, strontium; Th, thorium; U, uranium; W, 
tungsten; Y, yttrium; Zn, zinc. Units of measure: g/t, gram per metric ton; km, kilometer; m, meter; Mt, million metric tons; %, percent]

Published resource  
(tonnage and grade, in weight 

percent CaF )2 

Source of  
resource data

Predominant geometry 
of orebody(ies)

Source of geo-
logic description

Deposit 
name

Africa—Continued

17.1 Mt at 35.4% (indicated); 
and approximately 5 Mt  
at 35.3% (inferred); see 
comments 

2.82 Mt at 35% to 45% (as of 
2011); 5 Mt at 57% (as of 
1976)

1.5 Mt at 40%

0.16 Mt at >35%

0.698 Mt at >35%

0.043 Mt at 35%

1.63 Mt at 19%

6 Mt at 56% 

60 Mt at 16%

0.400 Mt at 35%

122 Mt at 35 to 40% (mined 
2.03 Mt at 42.0% CaF  in 2
2005 through 2008)

100 to 150 Mt at 15%

Agnerian, 2010

Managem, Inc. (2011); 
Van Alstine and 
Schruben (1980)

U.S. Bureau of Mines 
(1973)

Van Alstine and  
Schruben (1980)

Van Alstine and  
Schruben (1980)

Van Alstine and 
 Schruben (1980)

Globe Metals and 
 Mining (2012)

Notholt and others  
(1990, p. B76)

Crocker and Martini 
(1976)

Van Alstine and  
Schruben (1980)

For tonnage: Minersa 
Group (2012). For 
grade and period of 
production: Metorex, 
Ltd. (2008, p. 34)

Martini (1976)

Epithermal/mesothermal vein and 
replacement deposits in Precambrian 
crystalline marble and gneiss; some 
occupy faults of the Rift Valley system; 
veins in Miocene volcanic rocks; 
alkaline volcanic-related epithermal; or 
possibly carbonatite-related

Veins

Veins and replacements of limestone 
associated with alkaline intrusive rocks

Veins

Veins

Veins

Replacement masses in carbonatite(?)

Replacement masses in carbonatite and 
carbonate wallrock

Dense stockwork

Veins and stockworks

Breccia pipe in Bushveld-related rhyolite 
and tuffaceous sedimentary rocks, 
including ironstones

Peneconcordant strata-bound replacement 
bodies in dolomites; Witkop Mine, 
Bulhoek Mine, Doornhoek prospect 

Nyambok and 
Gaciri (1975)

Cheilletz and 
others (2010); 
Jébrak and 
others (1988)

Van Alstine and 
Schruben (1980);

Bouabdellah and 
others (2014)

n.a.

n.a.

Van Alstine and 
Schruben (1980)

Globe Metals and 
Mining (2012)

Kogut and others 
(1997)

Absolom (1986)

Van Alstine and 
Schruben (1980)

Goff and others 
(2004)

Ryan (1986)

Kimwarer

*El Hammam

*Jebel Tirremi

*Canxixe area 

*Chioco-
Djanguire 
area

*Macossa 

Mount Muambe

*Okorusu

*Buffalo

*Hlabisa

Vergenoeg

Marico district

Deposit 
name1 Country

Latitude Longitude Source of 
location data

Deposit 
class

Comments
Deposit 

size (decimal degrees)

Africa

Kimwarer Kenya 0.33 35.63 Google Earth (2013), at 
the approximate center 
of the Kimwarer pit, as 
identified by Nyambok 
and Gaciri (1975,  
figs. 2 and 5)

8 Deposit class is 1, 2, or 3; 
resources are given at cutoff 
grade of 20% CaF2 and 
minimum vein width of 5 m

L

*El Hammam Morocco 33.56 –5.81 Google Earth (2013), Van 
Alstine and Schruben 
(1980) and Cheilletz and 
others (2010)

5 None L

*Jebel Tirremi Morocco 34.44 –3.00 Google Earth (2014) 
and Van Alstine and 
Schruben (1980)

2 None S

*Canxixe area Mozambique –17.58 34.31 Google Earth (2012);  
see comments

8 Location given is for the village 
of the same name; no fluorspar 
workings identifiable nearby 
on Google Earth

S

*Chioco-
Djanguire 
area

Mozambique –16.40 32.58 Van Alstine and Schruben 
(1980)

8 None S

*Macossa Mozambique –17.93 34.20 Van Alstine and Schruben 
(1980)

8 None S

Mount Muambe Mozambique –16.32 34.08 Woolley and Kjarsgaard 
(2008)

1 None S

*Okorusu Namibia –20.07 16.77 Woolley and Kjarsgaard 
(2008)

1 None L

*Buffalo South Africa –24.48 28.66 Google Earth (2013); 
see comments

5 Location given is centered 
between 3 open pits

L

*Hlabisa South Africa –28.13 31.90 Van Alstine and Schruben 
(1980)

8 None S

Vergenoeg South Africa –25.26 28.58 Google Earth (2013) 5 Some interpret that the deposit 
class is 1

L

Marico district South Africa –25.72 26.09 Google Earth (2013) 4a None L
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Table G1–1. Selected fluorspar districts, deposits, and prospects of the world.—Continued

[*Deposit is included in the Orris (1992) grade and tonnage modeling of fluorite veins. **Grade and tonnage data are from Kamitani and others (2007); for these 
entries, it is not clear whether these are the total resources of each deposit or just a resource currently available to the mine that may be subject to updating with 
further exploration. ***Location data are from the Mineral Resources Data System (MRDS). The key to the identification numbers in the deposit class column 
is on page G53. Deposit size: L, identified resources are greater than 1.5 million metric tons of CaF2; S, identified resources are less than 1.5 million metric tons 
of CaF2; n.a., not available. Elements and compounds: Ag, silver; Au, gold; BeO, beryllium oxide; Bi, bismuth; CaF2, calcium fluoride; Cd, cadmium; Cu, cop-
per; Fe, iron; Ge, germanium; In, indium; Mo, molybdenum; Nb, niobium; Pb, lead; REE, rare-earth element; Sn, tin; Sr, strontium; Th, thorium; U, uranium; 
W, tungsten; Y, yttrium; Zn, zinc. Units of measure: g/t, gram per metric ton; km, kilometer; m, meter; Mt, million metric tons; %, percent]

Table G1–1. Selected fluorspar districts, deposits, and prospects of the world.—Continued

[*Deposit is included in the Orris (1992) grade and tonnage modeling of fluorite veins. **Grade and tonnage data are from Kamitani and others (2007); for these 
entries, it is not clear whether these are the total resources of each deposit or just a resource currently available to the mine that may be subject to updating with 
further exploration. ***Location data are from the Mineral Resources Data System (MRDS). The key to the identification numbers in the deposit class column 
is on page G53. Deposit size: L, identified resources are greater than 1.5 million metric tons of CaF2; S, identified resources are less than 1.5 million metric tons 
of CaF2; n.a., not available. Elements and compounds: Ag, silver; Au, gold; BeO, beryllium oxide; Bi, bismuth; CaF2, calcium fluoride; Cd, cadmium; Cu, copper; 
Fe, iron; Ge, germanium; In, indium; Mo, molybdenum; Nb, niobium; Pb, lead; REE, rare-earth element; Sn, tin; Sr, strontium; Th, thorium; U, uranium; W, 
tungsten; Y, yttrium; Zn, zinc. Units of measure: g/t, gram per metric ton; km, kilometer; m, meter; Mt, million metric tons; %, percent]

Deposit 
name1 Country

Latitude Longitude Source of 
location data

Deposit 
class

Comments
Deposit 

size 

Published resource  
(tonnage and grade, in weight 

percent CaF2 )

Source of  
resource data

Predominant geometry 
of orebody(ies)

Source of geo-
logic description

Deposit 
name(decimal degrees)

Africa—Continued Africa—Continued

*Zwartkloof South Africa –24.86 28.17 Google Earth (2013) 5 None S 7 Mt at 13.7% Brian Hodge, consultant 
on world fluorspar 
deposits, written 
commun., (2013), 
based on contempo-
rary data published by 
the operating company

Veins Van Alstine and 
Schruben 
(1980)

*Zwartkloof

*Jebel Semeih 
(J. Sumayh)

Sudan 12.73 30.84 Google Earth (2013); see 
comments 

8 Location given is atop the jebel 
(hill) —artisanal workings 
may be to the southeast along 
the base of the hill

S ~0.2 Mt at about 26.5% Van Alstine and  
Schruben (1980)

Vein Van Alstine and 
Schruben (1980)

*Jebel Semeih 
(J. Sumayh)

Hammam Zriba Tunisia 36.34 10.20 Google Earth (2014) 4b None L 5 Mt at 15 to 35%, or 6 Mt 
at 50%

Bouhlel and others  
(1988) or Van Alstine 
and Schruben (1980)

Peneconcordant replacement bodies in 
limestone; dolomitizatioin of wallrocks

Souissi and others 
(1997)

Hammam Zriba

Asia Asia—Continued

Badu China 28.03 118.90 Kamitani and others (2007) 6 None L 5.1 Mt at 50.8%** Kamitani and others 
(2007)

n.a. n.a. Badu

Chenlou China 33.77 112.08 Kamitani and others (2007) 8 None L 2.5 Mt at 67.25%** Kamitani and others 
(2007)

n.a. n.a. Chenlou

Donggangshan China 29.18 112.98 Kamitani and others (2007) 6 None L 5.97 Mt at 30.49%** (plus 
recoverable Pb and Zn)

Kamitani and others 
(2007)

n.a. n.a. Donggangshan

Houshu China 28.92 119.70 Kamitani and others (2007) 6 None L 7.7 Mt at 46.6%** Kamitani and others 
(2007)

Vein n.a. Houshu

Huahe China 31.40 114.57 Kamitani and others (2007) 2 None L 3.72 Mt at 60%** Kamitani and others 
(2007)

Veins Wen (1998) Huahe

Huayuan district China 28.59 109.47 Schneider and others 
(2002)

4a Location given is at the major 
intersection in Huayuan city

S n.a. n.a. Peneconcordant strata-bound replacement 
bodies in carbonates

Schneider and 
others (2002)

Huayuan district

Hushan China 28.67 118.93 Kamitani and others (2007) 6 None L 8.5 Mt at 51.5%** Kamitani and others 
(2007)

n.a. n.a. Hushan

Jianshan China 32.53 113.85 Kamitani and others (2007) 6 None L 4.8 Mt at about 57.5%** Kamitani and others 
(2007)

Veins Chen and others 
(1996)

Jianshan

Mahuaping China 27.30 100.08 Kamitani and others (2007) 5 None L 10.02 Mt at 22.96%** (plus 
recoverable W and Bi) 

Kamitani and others 
(2007)

Skarn and greisen veinlet stockwork Kamitani and 
others (2007)

Mahuaping

Maoniuping China 28.46 101.98 Woolley and Kjarsgaard 
(2008)

1 None L n.a. n.a. n.a. n.a. Maoniuping

Shizhuyuan China 25.77 113.18 Google Earth (2014);  
see comments

5 Location given is at an adit,  
but that may be a different 
nearby mine

L 46 Mt at 21.7% (plus W, Sn, 
Bi, and Mo)

Brian Hodge, consultant 
on world fluorspar 
deposits (written 
commun., 2013); that 
grade and tonnage 
given also by Somerley 
Ltd. (2011, p. 35)

Large skarns, greisens, and stockworks in 
limestone adjacent to biotite granite

Mao and others 
(1996)

Shizhuyuan

Shuangjiangkou China 26.95 112.87 Kamitani and others (2007) 8 None L 4.03 Mt at 60.26%** Kamitani and others 
(2007)

n.a n.a. Shuangjiangkou



Appendix G1  G57

Table G1–1. Selected fluorspar districts, deposits, and prospects of the world.—Continued

[*Deposit is included in the Orris (1992) grade and tonnage modeling of fluorite veins. **Grade and tonnage data are from Kamitani and others (2007); for these 
entries, it is not clear whether these are the total resources of each deposit or just a resource currently available to the mine that may be subject to updating with 
further exploration. ***Location data are from the Mineral Resources Data System (MRDS). The key to the identification numbers in the deposit class column 
is on page G53. Deposit size: L, identified resources are greater than 1.5 million metric tons of CaF2; S, identified resources are less than 1.5 million metric tons 
of CaF2; n.a., not available. Elements and compounds: Ag, silver; Au, gold; BeO, beryllium oxide; Bi, bismuth; CaF2, calcium fluoride; Cd, cadmium; Cu, cop-
per; Fe, iron; Ge, germanium; In, indium; Mo, molybdenum; Nb, niobium; Pb, lead; REE, rare-earth element; Sn, tin; Sr, strontium; Th, thorium; U, uranium; 
W, tungsten; Y, yttrium; Zn, zinc. Units of measure: g/t, gram per metric ton; km, kilometer; m, meter; Mt, million metric tons; %, percent]

Table G1–1. Selected fluorspar districts, deposits, and prospects of the world.—Continued

[*Deposit is included in the Orris (1992) grade and tonnage modeling of fluorite veins. **Grade and tonnage data are from Kamitani and others (2007); for these 
entries, it is not clear whether these are the total resources of each deposit or just a resource currently available to the mine that may be subject to updating with 
further exploration. ***Location data are from the Mineral Resources Data System (MRDS). The key to the identification numbers in the deposit class column 
is on page G53. Deposit size: L, identified resources are greater than 1.5 million metric tons of CaF ; S, identified resources are less than 1.5 million metric tons 2
of CaF ; n.a., not available. Elements and compounds: Ag, silver; Au, gold; BeO, beryllium oxide; Bi, bismuth; CaF calcium fluoride; Cd, cadmium; Cu, copper; 2  2,  
Fe, iron; Ge, germanium; In, indium; Mo, molybdenum; Nb, niobium; Pb, lead; REE, rare-earth element; Sn, tin; Sr, strontium; Th, thorium; U, uranium; W, 
tungsten; Y, yttrium; Zn, zinc. Units of measure: g/t, gram per metric ton; km, kilometer; m, meter; Mt, million metric tons; %, percent]

Published resource  
(tonnage and grade, in weight 

percent CaF )2 

Source of  
resource data

Predominant geometry 
of orebody(ies)

Source of geo-
logic description

Deposit 
name

Africa—Continued

7 Mt at 13.7%

~0.2 Mt at about 26.5%

5 Mt at 15 to 35%, or 6 Mt 
at 50%

Brian Hodge, consultant 
on world fluorspar 
deposits, written 
commun., (2013), 
based on contempo-
rary data published by 
the operating company

Van Alstine and  
Schruben (1980)

Bouhlel and others  
(1988) or Van Alstine 
and Schruben (1980)

Veins

Vein

Peneconcordant replacement bodies in 
limestone; dolomitizatioin of wallrocks

Van Alstine and 
Schruben 
(1980)

Van Alstine and 
Schruben (1980)

Souissi and others 
(1997)

*Zwartkloof

*Jebel Semeih 
(J. Sumayh)

Hammam Zriba

Asia—Continued

5.1 Mt at 50.8%**

2.5 Mt at 67.25%**

5.97 Mt at 30.49%** (plus 
recoverable Pb and Zn)

7.7 Mt at 46.6%**

3.72 Mt at 60%**

n.a.

8.5 Mt at 51.5%**

4.8 Mt at about 57.5%**

10.02 Mt at 22.96%** (plus 
recoverable W and Bi) 

n.a.

46 Mt at 21.7% (plus W, Sn, 
Bi, and Mo)

4.03 Mt at 60.26%**

Kamitani and others 
(2007)

Kamitani and others 
(2007)

Kamitani and others 
(2007)

Kamitani and others 
(2007)

Kamitani and others 
(2007)

n.a.

Kamitani and others 
(2007)

Kamitani and others 
(2007)

Kamitani and others 
(2007)

n.a.

Brian Hodge, consultant 
on world fluorspar 
deposits (written 
commun., 2013); that 
grade and tonnage 
given also by Somerley 
Ltd. (2011, p. 35)

Kamitani and others 
(2007)

n.a.

n.a.

n.a.

Vein

Veins

Peneconcordant strata-bound replacement 
bodies in carbonates

n.a.

Veins

Skarn and greisen veinlet stockwork

n.a.

Large skarns, greisens, and stockworks in 
limestone adjacent to biotite granite

n.a

n.a.

n.a.

n.a.

n.a.

Wen (1998)

Schneider and 
others (2002)

n.a.

Chen and others 
(1996)

Kamitani and 
others (2007)

n.a.

Mao and others 
(1996)

n.a.

Badu

Chenlou

Donggangshan

Houshu

Huahe

Huayuan district

Hushan

Jianshan

Mahuaping

Maoniuping

Shizhuyuan

Shuangjiangkou

Deposit 
name1 Country

Latitude Longitude Source of 
location data

Deposit 
class

Comments
Deposit 

size (decimal degrees)

Africa—Continued

*Zwartkloof South Africa –24.86 28.17 Google Earth (2013) 5 None S

*Jebel Semeih 
(J. Sumayh)

Sudan 12.73 30.84 Google Earth (2013); see 
comments 

8 Location given is atop the jebel 
(hill) —artisanal workings 
may be to the southeast along 
the base of the hill

S

Hammam Zriba Tunisia 36.34 10.20 Google Earth (2014) 4b None L

Asia

Badu China 28.03 118.90 Kamitani and others (2007) 6 None L

Chenlou China 33.77 112.08 Kamitani and others (2007) 8 None L

Donggangshan China 29.18 112.98 Kamitani and others (2007) 6 None L

Houshu China 28.92 119.70 Kamitani and others (2007) 6 None L

Huahe China 31.40 114.57 Kamitani and others (2007) 2 None L

Huayuan district China 28.59 109.47 Schneider and others 
(2002)

4a Location given is at the major 
intersection in Huayuan city

S

Hushan China 28.67 118.93 Kamitani and others (2007) 6 None L

Jianshan China 32.53 113.85 Kamitani and others (2007) 6 None L

Mahuaping China 27.30 100.08 Kamitani and others (2007) 5 None L

Maoniuping China 28.46 101.98 Woolley and Kjarsgaard 
(2008)

1 None L

Shizhuyuan China 25.77 113.18 Google Earth (2014);  
see comments

5 Location given is at an adit,  
but that may be a different 
nearby mine

L

Shuangjiangkou China 26.95 112.87 Kamitani and others (2007) 8 None L



G58  Critical Mineral Resources of the United States— Fluorine

Table G1–1. Selected fluorspar districts, deposits, and prospects of the world.—Continued

[*Deposit is included in the Orris (1992) grade and tonnage modeling of fluorite veins. **Grade and tonnage data are from Kamitani and others (2007); for these 
entries, it is not clear whether these are the total resources of each deposit or just a resource currently available to the mine that may be subject to updating with 
further exploration. ***Location data are from the Mineral Resources Data System (MRDS). The key to the identification numbers in the deposit class column 
is on page G53. Deposit size: L, identified resources are greater than 1.5 million metric tons of CaF2; S, identified resources are less than 1.5 million metric tons 
of CaF2; n.a., not available. Elements and compounds: Ag, silver; Au, gold; BeO, beryllium oxide; Bi, bismuth; CaF2, calcium fluoride; Cd, cadmium; Cu, cop-
per; Fe, iron; Ge, germanium; In, indium; Mo, molybdenum; Nb, niobium; Pb, lead; REE, rare-earth element; Sn, tin; Sr, strontium; Th, thorium; U, uranium; 
W, tungsten; Y, yttrium; Zn, zinc. Units of measure: g/t, gram per metric ton; km, kilometer; m, meter; Mt, million metric tons; %, percent]

Table G1–1. Selected fluorspar districts, deposits, and prospects of the world.—Continued

[*Deposit is included in the Orris (1992) grade and tonnage modeling of fluorite veins. **Grade and tonnage data are from Kamitani and others (2007); for these 
entries, it is not clear whether these are the total resources of each deposit or just a resource currently available to the mine that may be subject to updating with 
further exploration. ***Location data are from the Mineral Resources Data System (MRDS). The key to the identification numbers in the deposit class column 
is on page G53. Deposit size: L, identified resources are greater than 1.5 million metric tons of CaF2; S, identified resources are less than 1.5 million metric tons 
of CaF2; n.a., not available. Elements and compounds: Ag, silver; Au, gold; BeO, beryllium oxide; Bi, bismuth; CaF2, calcium fluoride; Cd, cadmium; Cu, copper; 
Fe, iron; Ge, germanium; In, indium; Mo, molybdenum; Nb, niobium; Pb, lead; REE, rare-earth element; Sn, tin; Sr, strontium; Th, thorium; U, uranium; W, 
tungsten; Y, yttrium; Zn, zinc. Units of measure: g/t, gram per metric ton; km, kilometer; m, meter; Mt, million metric tons; %, percent]

Deposit 
name1 Country

Latitude Longitude Source of 
location data

Deposit 
class

Comments
Deposit 

size 

Published resource  
(tonnage and grade, in weight 

percent CaF2 )

Source of  
resource data

Predominant geometry 
of orebody(ies)

Source of geo-
logic description

Deposit 
name(decimal degrees)

Asia—Continued Asia—Continued
Sumochagan 

Obo
China 43.12 111.27 Google Earth (2012) 6 Deposit class instead may be 7, 

and the deposit geologically 
older and grain-coarsened 
than other 7s. Deposit class 
may be 5; grades to skarn in 
the same beds to the south

L 20 Mt at 56.52% Kamitani and others 
(2007)

Peneconcordant strata-bound 
replacement(?) body in tuffaceous 
limestone, within section mixed with 
high-K calcalkaline volcanics, nearby 
peraluminous granite intrusive

Chen and others 
(1996)

Sumochagan 
Obo

Taolin China 29.37 113.45 Roedder and Howard 
(1988)

5 None S 6.1 Mt at 14.3% (plus recover-
able Pb, Zn, Cd, Ge, and In) 

Somerly, Ltd. (2011) Veins Roedder and 
Howard (1988)

Taolin

Yangjia-Wuyi China 28.99 119.89 Google Earth (2012);  
see comments

6 Location given is at Yangjia in 
an open cut along a vein

L 3.38 Mt at about 47.5%** Kamitani and others 
(2007)

Veins Chen and others 
(1996)

Yangjia-Wuyi

Yinzishan China 30.58 119.87 Kamitani and others (2007) 6 Deposit class instead  
may be 5

L 5.1 Mt at 38.6%** Kamitani and others 
(2007)

Veins n.a. Yinzishan

Zhuancum China 30.53 118.77 Kamitani and others (2007) 8 None L 3.45 Mt at about 50%** Kamitani and others 
(2007)

n.a. n.a. Zhuancum

Amba Dongar India 22.00 74.06 Google Earth (2014) 1 None L 12.0 Mt, or 11.6 Mt at 30% For tonnage: Indian Bu- 
reau of Mines (2015). 
For tonnage and grade: 
Palmer (1994)

Hydrothermal veins and replacement 
masses in carbonatite and potassium 
feldspar fenite host rocks

Palmer and 
Williams-Jones 
(1996)

Amba Dongar

Karadzhal Kazakhstan 49.87 78.04 Google Earth (2016); 
probable location;  
see comments 

5 Location given at left is 
170 km southwest of Semey, 
Kazakhstan, as given by Ulba 
Metallurgical Plant Joint 
Stock Co. (2015). Location 
given at left “lies on the 
northern exo-contact of the 
granite massif [of the Degelen 
Mountains]” on geology map 
of (Böttger and others, 1998, 
p. 127, 203). The location is 
marked as “Karadzhal” on a 
map in Vakulchuk and Gjerde 
(2014, p. 16). That location is 
interpreted as a large excava-
tion on a low-resolution image 
presented by Google Earth

L? 
(resource 
at right is 
consid-
ered un-
likely to 
be a total 
resource)

 1.55 Mt at 40.5% (calculated), 
or given grade at 25%

Tonnage and grade 
calculated from 
Interfax-Kazakhstan 
(2006). Given grade: 
Powell and Throop 
(2011)

Beryllium-bearing, fluorite-magnetite-
garnet-skarn

Aleksandrov, 
(1998, table 8, 
p. 80). 

Karadzhal

Taskainar 
(Taskaynar)

Kazakhstan 43.13 75.14 Seltmann and others (2012) 5 None L >15.625 Mt at 32% Calculated from Seltmann 
and others (2012) and 
Koplus and others (1977)

Mineralized breccia at limestone/silici- 
clastics contact associated with “porphyrite” 
dikes or with granodiorite sill

Koplus and others 
(1977)

Taskainar 
(Taskaynar)

Taskainar 
(Taskaynar) 
South

Kazakhstan 43.15 75.10 Seltmann and others (2012) 8 None L >5 Mt fluorite Seltmann and others 
(2012)

n.a. n.a. Taskainar 
(Taskaynar) 
South

Adag Mongolia 46.50 109.33 Kamitani and others (2007) 3 None L 4.6 Mt at about 33%** Kamitani and others 
(2007)

Adularia-sericite epithermal vein associated 
with alkaline basalt-trachyte-rhyolite series

Lkhamsuren and 
Hamasaki (1998)

Adag

Berkh Mongolia 47.77 111.17 Google Earth (2013) 3 None S 1.6 Mt at 81.8%** Kamitani and others 
(2007)

Adularia-sericite epithermal veins 
associated with alkaline basalt-trachyte-
rhyolite series

Lkhamsuren and 
Hamasaki 
(1998)

Berkh
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Table G1–1. Selected fluorspar districts, deposits, and prospects of the world.—Continued

[*Deposit is included in the Orris (1992) grade and tonnage modeling of fluorite veins. **Grade and tonnage data are from Kamitani and others (2007); for these 
entries, it is not clear whether these are the total resources of each deposit or just a resource currently available to the mine that may be subject to updating with 
further exploration. ***Location data are from the Mineral Resources Data System (MRDS). The key to the identification numbers in the deposit class column 
is on page G53. Deposit size: L, identified resources are greater than 1.5 million metric tons of CaF2; S, identified resources are less than 1.5 million metric tons 
of CaF2; n.a., not available. Elements and compounds: Ag, silver; Au, gold; BeO, beryllium oxide; Bi, bismuth; CaF2, calcium fluoride; Cd, cadmium; Cu, cop-
per; Fe, iron; Ge, germanium; In, indium; Mo, molybdenum; Nb, niobium; Pb, lead; REE, rare-earth element; Sn, tin; Sr, strontium; Th, thorium; U, uranium; 
W, tungsten; Y, yttrium; Zn, zinc. Units of measure: g/t, gram per metric ton; km, kilometer; m, meter; Mt, million metric tons; %, percent]

Table G1–1. Selected fluorspar districts, deposits, and prospects of the world.—Continued

[*Deposit is included in the Orris (1992) grade and tonnage modeling of fluorite veins. **Grade and tonnage data are from Kamitani and others (2007); for these 
entries, it is not clear whether these are the total resources of each deposit or just a resource currently available to the mine that may be subject to updating with 
further exploration. ***Location data are from the Mineral Resources Data System (MRDS). The key to the identification numbers in the deposit class column 
is on page G53. Deposit size: L, identified resources are greater than 1.5 million metric tons of CaF ; S, identified resources are less than 1.5 million metric tons 2
of CaF ; n.a., not available. Elements and compounds: Ag, silver; Au, gold; BeO, beryllium oxide; Bi, bismuth; CaF calcium fluoride; Cd, cadmium; Cu, copper; 2  2,  
Fe, iron; Ge, germanium; In, indium; Mo, molybdenum; Nb, niobium; Pb, lead; REE, rare-earth element; Sn, tin; Sr, strontium; Th, thorium; U, uranium; W, 
tungsten; Y, yttrium; Zn, zinc. Units of measure: g/t, gram per metric ton; km, kilometer; m, meter; Mt, million metric tons; %, percent]

Published resource  
(tonnage and grade, in weight 

percent CaF )2 

Source of  
resource data

Predominant geometry 
of orebody(ies)

Source of geo-
logic description

Deposit 
name

Asia—Continued
20 Mt at 56.52%

6.1 Mt at 14.3% (plus recover-
able Pb, Zn, Cd, Ge, and In) 

3.38 Mt at about 47.5%**

5.1 Mt at 38.6%**

3.45 Mt at about 50%**

12.0 Mt, or 11.6 Mt at 30%

 1.55 Mt at 40.5% (calculated), 
or given grade at 25%

>15.625 Mt at 32%

>5 Mt fluorite

4.6 Mt at about 33%**

1.6 Mt at 81.8%**

Kamitani and others 
(2007)

Somerly, Ltd. (2011)

Kamitani and others 
(2007)

Kamitani and others 
(2007)

Kamitani and others 
(2007)

For tonnage: Indian Bu- 
reau of Mines (2015). 
For tonnage and grade: 
Palmer (1994)

Tonnage and grade 
calculated from 
Interfax-Kazakhstan 
(2006). Given grade: 
Powell and Throop 
(2011)

Calculated from Seltmann 
and others (2012) and 
Koplus and others (1977)

Seltmann and others 
(2012)

Kamitani and others 
(2007)

Kamitani and others 
(2007)

Peneconcordant strata-bound 
replacement(?) body in tuffaceous 
limestone, within section mixed with 
high-K calcalkaline volcanics, nearby 
peraluminous granite intrusive

Veins

Veins

Veins

n.a.

Hydrothermal veins and replacement 
masses in carbonatite and potassium 
feldspar fenite host rocks

Beryllium-bearing, fluorite-magnetite-
garnet-skarn

Mineralized breccia at limestone/silici- 
clastics contact associated with “porphyrite” 
dikes or with granodiorite sill

n.a.

Adularia-sericite epithermal vein associated 
with alkaline basalt-trachyte-rhyolite series

Adularia-sericite epithermal veins 
associated with alkaline basalt-trachyte-
rhyolite series

Chen and others 
(1996)

Roedder and 
Howard (1988)

Chen and others 
(1996)

n.a.

n.a.

Palmer and 
Williams-Jones 
(1996)

Aleksandrov, 
(1998, table 8, 
p. 80). 

Koplus and others 
(1977)

n.a.

Lkhamsuren and 
Hamasaki (1998)

Lkhamsuren and 
Hamasaki 
(1998)

Sumochagan 
Obo

Taolin

Yangjia-Wuyi

Yinzishan

Zhuancum

Amba Dongar

Karadzhal

Taskainar 
(Taskaynar)

Taskainar 
(Taskaynar) 
South

Adag

Berkh

Deposit 
name1 Country

Latitude Longitude Source of 
location data

Deposit 
class

Comments
Deposit 

size (decimal degrees)

Asia—Continued
Sumochagan 

Obo
China 43.12 111.27 Google Earth (2012) 6 Deposit class instead may be 7, 

and the deposit geologically 
older and grain-coarsened 
than other 7s. Deposit class 
may be 5; grades to skarn in 
the same beds to the south

L

Taolin China 29.37 113.45 Roedder and Howard 
(1988)

5 None S

Yangjia-Wuyi China 28.99 119.89 Google Earth (2012);  
see comments

6 Location given is at Yangjia in 
an open cut along a vein

L

Yinzishan China 30.58 119.87 Kamitani and others (2007) 6 Deposit class instead  
may be 5

L

Zhuancum China 30.53 118.77 Kamitani and others (2007) 8 None L

Amba Dongar India 22.00 74.06 Google Earth (2014) 1 None L

Karadzhal Kazakhstan 49.87 78.04 Google Earth (2016); 
probable location;  
see comments 

5 Location given at left is 
170 km southwest of Semey, 
Kazakhstan, as given by Ulba 
Metallurgical Plant Joint 
Stock Co. (2015). Location 
given at left “lies on the 
northern exo-contact of the 
granite massif [of the Degelen 
Mountains]” on geology map 
of (Böttger and others, 1998, 
p. 127, p. 203). The location 
is marked as “Karadzhal” on a 
map in Vakulchuk and Gjerde 
(2014, p. 16). That location is 
interpreted as a large excava-
tion on a low resolution image 
presented by Google Earth

L? 
(resource 
at right is 
consid-
ered un-
likely to 
be a total 
resource)

Taskainar 
(Taskaynar)

Kazakhstan 43.13 75.14 Seltmann and others (2012) 5 None L

Taskainar 
(Taskaynar) 
South

Kazakhstan 43.15 75.10 Seltmann and others (2012) 8 None L

Adag Mongolia 46.50 109.33 Kamitani and others (2007) 3 None L

Berkh Mongolia 47.77 111.17 Google Earth (2013) 3 None S
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Table G1–1. Selected fluorspar districts, deposits, and prospects of the world.—Continued

[*Deposit is included in the Orris (1992) grade and tonnage modeling of fluorite veins. **Grade and tonnage data are from Kamitani and others (2007); for these 
entries, it is not clear whether these are the total resources of each deposit or just a resource currently available to the mine that may be subject to updating with 
further exploration. ***Location data are from the Mineral Resources Data System (MRDS). The key to the identification numbers in the deposit class column 
is on page G53. Deposit size: L, identified resources are greater than 1.5 million metric tons of CaF2; S, identified resources are less than 1.5 million metric tons 
of CaF2; n.a., not available. Elements and compounds: Ag, silver; Au, gold; BeO, beryllium oxide; Bi, bismuth; CaF2, calcium fluoride; Cd, cadmium; Cu, cop-
per; Fe, iron; Ge, germanium; In, indium; Mo, molybdenum; Nb, niobium; Pb, lead; REE, rare-earth element; Sn, tin; Sr, strontium; Th, thorium; U, uranium; 
W, tungsten; Y, yttrium; Zn, zinc. Units of measure: g/t, gram per metric ton; km, kilometer; m, meter; Mt, million metric tons; %, percent]

Table G1–1. Selected fluorspar districts, deposits, and prospects of the world.—Continued

[*Deposit is included in the Orris (1992) grade and tonnage modeling of fluorite veins. **Grade and tonnage data are from Kamitani and others (2007); for these 
entries, it is not clear whether these are the total resources of each deposit or just a resource currently available to the mine that may be subject to updating with 
further exploration. ***Location data are from the Mineral Resources Data System (MRDS). The key to the identification numbers in the deposit class column 
is on page G53. Deposit size: L, identified resources are greater than 1.5 million metric tons of CaF2; S, identified resources are less than 1.5 million metric tons 
of CaF2; n.a., not available. Elements and compounds: Ag, silver; Au, gold; BeO, beryllium oxide; Bi, bismuth; CaF2, calcium fluoride; Cd, cadmium; Cu, copper; 
Fe, iron; Ge, germanium; In, indium; Mo, molybdenum; Nb, niobium; Pb, lead; REE, rare-earth element; Sn, tin; Sr, strontium; Th, thorium; U, uranium; W, 
tungsten; Y, yttrium; Zn, zinc. Units of measure: g/t, gram per metric ton; km, kilometer; m, meter; Mt, million metric tons; %, percent]

Deposit 
name1 Country

Latitude Longitude Source of 
location data

Deposit 
class

Comments
Deposit 

size 

Published resource  
(tonnage and grade, in weight 

percent CaF2 )

Source of  
resource data

Predominant geometry 
of orebody(ies)

Source of geo-
logic description

Deposit 
name(decimal degrees)

Asia—Continued Asia—Continued

Bor Ondor Mongolia 46.27 109.44 Google Earth (2013) 3 None L 8.4 Mt at 32.25%** Kamitani and others 
(2007)

Adularia-sericite epithermal veins 
associated with alkaline basalt-trachyte-
rhyolite series

Lkhamsuren and 
Hamasaki 
(1998)

Bor Ondor

Mushugai-
Khudag

Mongolia 44.37 104.16 Google Earth (2013) 1 None S n.a. n.a. Apatite-magnetite-fluorite intrusive rock 
and later quartz-celestite-fluorite-barite-
ankerite-phlogopite-bastnaesite veins in 
alkaline ultramafics

Lkhamsuren and 
Hamasaki 
(1998)

Mushugai-
Khudag

Urgun (Örgön) Mongolia 44.71 110.74 Google Earth (2013) 3 None L? ?18.6 Mt at 61.3% (notation 
is unclear in reference)

Kamitani and others 
(2007)

Adularia-sericite epithermal vein 
associated with alkaline basalt-trachyte-
rhyolite series

Lkhamsuren and 
Hamasaki 
(1998)

Urgun (Örgön)

Zuum-Tsagaan-
Del

Mongolia 46.37 110.04 Google Earth (2013) 3 None S 3.4 Mt at about 34%** Kamitani and others 
(2007)

Adularia-sericite epithermal veins 
associated with alkaline basalt-trachyte-
rhyolite series

Lkhamsuren and 
Hamasaki 
(1998)

Zuum-Tsagaan-
Del

Kalat district Pakistan 29.44 67.15 Durrani (1980) and  
Google Earth (2014)

4a None S? n.a. n.a. Veins and peneconcordant replacement 
bodies in carbonates; Dilband and at 
least 5 other mineralized areas

Durrani (1980) Kalat district

Auninsky Russia 54.90 113.12 Ocean Policy Research 
Foundation (2012)

2 None L n.a. n.a. (?)Stockworks and skarns of fluorite-bertrandite 
or phenakite veinlets associated with 
aegerine- or reibeckite-granites

By spatial 
association with 
Yermakovskoye

Auninsky

Chailag-Khem Russia 51.91 92.40 Bolonin and others (2009) 1 None L See Karasug; Chailag-Khem is 
part of the same carbonatite 
“province” as Karasug 

Nikiforov and others 
(2005)

See Karasug Nikiforov and 
others (2005)

Chailag-Khem

Kalangui Russia 51.01 116.53 Google Earth (2013) 6 None L 10.5 Mt at 60% Rodionov and others 
(2010)

Epithermal veins Rodionov and 
others (2010)

Kalangui

Karasug Russia 51.31 92.13 Transcribed from the  
map of Nikiforov and 
others (2005)

1 None L At least tens of Mt of about 
10% CaF2; tonnage and 
grade not better known. 
Mean compositions of 
18 weathered-zone samples 
of siderite carbonatite 
(CaF2-Fe-barite-Sr ore) 
from Karasug field: 
9.73% CaF2; 
10.26% siderite; 
18.15% hematite; 
19.84% goethite; 
15.74% barite; 
11.47% baritocelestite; 
8.92% quartz and other 
fragments; 4.47% calcite;  
0.98% REE minerals; 
0.43% apatite

Nikiforov and others 
(2005)

Breccias from plug-like to dike-like, 
to partial ring dikes; ?intrusive- or 
?hydrothermal-matrix-breccia

Nikiforov and 
others (2005)

Karasug

Naransky Russia 50.92 105.62 Ocean Policy Research 
Foundation (2012)

2 None L Tonnage not known 
at 31%

Rodionov and others 
(2010)

Swarm of parallel veins Rodionov and 
others (2010)

Naransky
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Table G1–1. Selected fluorspar districts, deposits, and prospects of the world.—Continued

[*Deposit is included in the Orris (1992) grade and tonnage modeling of fluorite veins. **Grade and tonnage data are from Kamitani and others (2007); for these 
entries, it is not clear whether these are the total resources of each deposit or just a resource currently available to the mine that may be subject to updating with 
further exploration. ***Location data are from the Mineral Resources Data System (MRDS). The key to the identification numbers in the deposit class column 
is on page G53. Deposit size: L, identified resources are greater than 1.5 million metric tons of CaF2; S, identified resources are less than 1.5 million metric tons 
of CaF2; n.a., not available. Elements and compounds: Ag, silver; Au, gold; BeO, beryllium oxide; Bi, bismuth; CaF2, calcium fluoride; Cd, cadmium; Cu, cop-
per; Fe, iron; Ge, germanium; In, indium; Mo, molybdenum; Nb, niobium; Pb, lead; REE, rare-earth element; Sn, tin; Sr, strontium; Th, thorium; U, uranium; 
W, tungsten; Y, yttrium; Zn, zinc. Units of measure: g/t, gram per metric ton; km, kilometer; m, meter; Mt, million metric tons; %, percent]

Table G1–1. Selected fluorspar districts, deposits, and prospects of the world.—Continued

[*Deposit is included in the Orris (1992) grade and tonnage modeling of fluorite veins. **Grade and tonnage data are from Kamitani and others (2007); for these 
entries, it is not clear whether these are the total resources of each deposit or just a resource currently available to the mine that may be subject to updating with 
further exploration. ***Location data are from the Mineral Resources Data System (MRDS). The key to the identification numbers in the deposit class column 
is on page G53. Deposit size: L, identified resources are greater than 1.5 million metric tons of CaF ; S, identified resources are less than 1.5 million metric tons 2
of CaF ; n.a., not available. Elements and compounds: Ag, silver; Au, gold; BeO, beryllium oxide; Bi, bismuth; CaF calcium fluoride; Cd, cadmium; Cu, copper; 2  2,  
Fe, iron; Ge, germanium; In, indium; Mo, molybdenum; Nb, niobium; Pb, lead; REE, rare-earth element; Sn, tin; Sr, strontium; Th, thorium; U, uranium; W, 
tungsten; Y, yttrium; Zn, zinc. Units of measure: g/t, gram per metric ton; km, kilometer; m, meter; Mt, million metric tons; %, percent]

Published resource  
(tonnage and grade, in weight 

percent CaF )2 

Source of  
resource data

Predominant geometry 
of orebody(ies)

Source of geo-
logic description

Deposit 
name

Asia—Continued

8.4 Mt at 32.25%**

n.a.

?18.6 Mt at 61.3% (notation 
is unclear in reference)

3.4 Mt at about 34%**

n.a.

n.a.

See Karasug; Chailag-Khem is 
part of the same carbonatite 
“province” as Karasug 

10.5 Mt at 60% 

At least tens of Mt of about 
10% CaF ; tonnage and 2
grade not better known. 
Mean compositions of 
18 weathered-zone samples 
of siderite carbonatite 
(CaF -Fe-barite-Sr ore) 2
from Karasug field: 
9.73% CaF ; 2
10.26% siderite; 
18.15% hematite; 
19.84% goethite; 
15.74% barite; 
11.47% baritocelestite; 
8.92% quartz and other 
fragments; 4.47% calcite;  
0.98% REE minerals; 
0.43% apatite

Tonnage not known 
at 31%

Kamitani and others 
(2007)

n.a.

Kamitani and others 
(2007)

Kamitani and others 
(2007)

n.a.

n.a.

Nikiforov and others 
(2005)

Rodionov and others 
(2010)

Nikiforov and others 
(2005)

Rodionov and others 
(2010)

Adularia-sericite epithermal veins 
associated with alkaline basalt-trachyte-
rhyolite series

Apatite-magnetite-fluorite intrusive rock 
and later quartz-celestite-fluorite-barite-
ankerite-phlogopite-bastnaesite veins in 
alkaline ultramafics

Adularia-sericite epithermal vein 
associated with alkaline basalt-trachyte-
rhyolite series

Adularia-sericite epithermal veins 
associated with alkaline basalt-trachyte-
rhyolite series

Veins and peneconcordant replacement 
bodies in carbonates; Dilband and at 
least 5 other mineralized areas

(?)Stockworks and skarns of fluorite-bertrandite 
or phenakite veinlets associated with 
aegerine- or reibeckite-granites

See Karasug

Epithermal veins

Breccias from plug-like to dike-like, 
to partial ring dikes; ?intrusive- or 
?hydrothermal-matrix-breccia

Swarm of parallel veins

Lkhamsuren and 
Hamasaki 
(1998)

Lkhamsuren and 
Hamasaki 
(1998)

Lkhamsuren and 
Hamasaki 
(1998)

Lkhamsuren and 
Hamasaki 
(1998)

Durrani (1980)

By spatial 
association with 
Yermakovskoye

Nikiforov and 
others (2005)

Rodionov and 
others (2010)

Nikiforov and 
others (2005)

Rodionov and 
others (2010)

Bor Ondor

Mushugai-
Khudag

Urgun (Örgön)

Zuum-Tsagaan-
Del

Kalat district

Auninsky

Chailag-Khem

Kalangui

Karasug

Naransky

Deposit 
name1 Country

Latitude Longitude Source of 
location data

Deposit 
class

Comments
Deposit 

size (decimal degrees)

Asia—Continued

Bor Ondor Mongolia 46.27 109.44 Google Earth (2013) 3 None L

Mushugai-
Khudag

Mongolia 44.37 104.16 Google Earth (2013) 1 None S

Urgun (Örgön) Mongolia 44.71 110.74 Google Earth (2013) 3 None L?

Zuum-Tsagaan-
Del

Mongolia 46.37 110.04 Google Earth (2013) 3 None S

Kalat district Pakistan 29.44 67.15 Durrani (1980) and  
Google Earth (2014)

4a None S?

Auninsky Russia 54.90 113.12 Ocean Policy Research 
Foundation (2012)

2 None L

Chailag-Khem Russia 51.91 92.40 Bolonin and others (2009) 1 None L

Kalangui Russia 51.01 116.53 Google Earth (2013) 6 None L

Karasug Russia 51.31 92.13 Transcribed from the  
map of Nikiforov and 
others (2005)

1 None L

Naransky Russia 50.92 105.62 Ocean Policy Research 
Foundation (2012)

2 None L
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Table G1–1. Selected fluorspar districts, deposits, and prospects of the world.—Continued

[*Deposit is included in the Orris (1992) grade and tonnage modeling of fluorite veins. **Grade and tonnage data are from Kamitani and others (2007); for these 
entries, it is not clear whether these are the total resources of each deposit or just a resource currently available to the mine that may be subject to updating with 
further exploration. ***Location data are from the Mineral Resources Data System (MRDS). The key to the identification numbers in the deposit class column 
is on page G53. Deposit size: L, identified resources are greater than 1.5 million metric tons of CaF2; S, identified resources are less than 1.5 million metric tons 
of CaF2; n.a., not available. Elements and compounds: Ag, silver; Au, gold; BeO, beryllium oxide; Bi, bismuth; CaF2, calcium fluoride; Cd, cadmium; Cu, cop-
per; Fe, iron; Ge, germanium; In, indium; Mo, molybdenum; Nb, niobium; Pb, lead; REE, rare-earth element; Sn, tin; Sr, strontium; Th, thorium; U, uranium; 
W, tungsten; Y, yttrium; Zn, zinc. Units of measure: g/t, gram per metric ton; km, kilometer; m, meter; Mt, million metric tons; %, percent]

Table G1–1. Selected fluorspar districts, deposits, and prospects of the world.—Continued

[*Deposit is included in the Orris (1992) grade and tonnage modeling of fluorite veins. **Grade and tonnage data are from Kamitani and others (2007); for these 
entries, it is not clear whether these are the total resources of each deposit or just a resource currently available to the mine that may be subject to updating with 
further exploration. ***Location data are from the Mineral Resources Data System (MRDS). The key to the identification numbers in the deposit class column 
is on page G53. Deposit size: L, identified resources are greater than 1.5 million metric tons of CaF2; S, identified resources are less than 1.5 million metric tons 
of CaF2; n.a., not available. Elements and compounds: Ag, silver; Au, gold; BeO, beryllium oxide; Bi, bismuth; CaF2, calcium fluoride; Cd, cadmium; Cu, copper; 
Fe, iron; Ge, germanium; In, indium; Mo, molybdenum; Nb, niobium; Pb, lead; REE, rare-earth element; Sn, tin; Sr, strontium; Th, thorium; U, uranium; W, 
tungsten; Y, yttrium; Zn, zinc. Units of measure: g/t, gram per metric ton; km, kilometer; m, meter; Mt, million metric tons; %, percent]

Deposit 
name1 Country

Latitude Longitude Source of 
location data

Deposit 
class

Comments
Deposit 

size 

Published resource  
(tonnage and grade, in weight 

percent CaF2 )

Source of  
resource data

Predominant geometry 
of orebody(ies)

Source of geo-
logic description

Deposit 
name(decimal degrees)

Asia—Continued Asia—Continued

Suran I &  
Suran II

Russia Possibly 
53.84

Possibly 
57.81

Google Earth (2014);  
see comments

8 Deposit class is most likely 
6. Location is uncertain. 
That given by Ocean Policy 
Research Foundation (2012) is 
inconsistent with description 
in Ellmies and others (1999)

L n.a. n.a. Veins Ellmies and others 
(1999)

Suran I &  
Suran II

Voznesenka and 
Pogranichny 
(the 
Yaroslavskoye 
or Yoroslavsky 
Mine)

Russia 44.17 132.19 Google Earth (2013); 
center of the  
Voznesenka pit

5 Grade is rounded to the nearest 
5% from the mean of seven 
ore samples reported by 
Kupriyanova and Shpanov 
(1997, p. 385) and four 
ore samples reported by 
Ryazantseva (1998, p. 22). 
Tonnage includes B and 
C1 categories, which are 
approximately equivalent to 
“measured” and “indicated” 
resources, respectively

L 22 Mt at about 40% (Note 
that this tonnage disagrees 
dramatically from that given 
in Nokleberg and others 
(1996). Calculations of 
tonnage using deposit maps 
and sections with reasonable 
assumptions of average ore 
density yield results more 
than an order of magnitude 
smaller than the tonnage 
given by Nokleberg and 
others (1996) [450 Mt])

Tonnage: United 
Company RUSAL 
(2012). Grade: see 
comments 

Fluorite skarn and greisen-veinlet 
stockwork in limestone enveloping 2 
separated greisenized granite cupolas

Kupriyanova 
and Shpanov 
(1997); 
Ryazantseva 
(1998); Sato 
and others 
(2003); and 
Obolenskiy and 
others (2010)

Voznesenka and 
Pogranichny 
(the 
Yaroslavskoye 
or Yoroslavsky 
Mine)

Yermakovskoye 
(Yermakovska, 
Yermakovsky, 
Ermakovsky, 
Ermakovskoye)

Russia 51.67 109.56 Google Earth (2013) 2 None L 0.875 Mt at 17.7% (plus 
0.97% BeO) (reserves as 
of 2007 for the mine’s 
proposed re-opening; past 
production not available)

 Kislov and others, (2010) Small skarns and stockworks Lykhin and others 
(2010)

Yermakovskoye 
(Yermakovska, 
Yermakovsky, 
Ermakovsky, 
Ermakovskoye)

Takob Tajikistan 38.84 68.94 Google Earth (2012);  
see comments

8 Location given is at the village 
of the same name

S? n.a. n.a. n.a. n.a. Takob

Ban Hong Thailand 18.21 98.82 Google Earth (2015) 8 Deposit class could be 6; tin 
deposits in same area but 
fluorite deposit is epithermal

L >3.55 Mt at 46.6 % Gardner and Smith 
(1965)

Veins cutting metasedimentary rocks Gardner and 
Smith (1965)

Ban Hong 

Doi Tao district Thailand 17.88 98.78 Gardner and Smith (1965) 8 None S? n.a. n.a. Veins cutting porphyritic granite Gardner and 
Smith (1965)

Doi Tao district

Yang Hak 
district

Thailand 13.37 99.47 Gardner and Smith (1965) 8 None S? n.a. n.a. Veins cutting granite, phyllite, 
and quartzite

Gardner and 
Smith (1965)

Yang Hak district

Kizilcaören 
(also known 
as Beylikahir)

Turkey 39.62 31.37 Woolley and Kjarsgaard 
(2008)

Probably
 1

None L 12.4 Mt at 37.4% (plus barite, 
REE [ƩREE=3%], and  
Th [0.2%])

Engin (1988) Veins, breccia-fills, and replacements in 
alkalic (aegerine-bearing) tuffs near 
phonolite plugs. REE minerals, including 
bastnaesite, brockite, florencite, and 
monazite, suggest a relation to carbonatite

Kirikoglu (2002) Kizilcaören (also 
known as 
Beylikahir)

Suppatash Uzbekistan 41.21 70.53 Seltmann and others (2012) 8 None S 5.147 Mt at 27.5% ITE-Uzbekistan (2012?) Epithermal vein in volcanic host rocks State Committee 
of the Republic 
of Uzbekistan 
for Geology 
and Mineral 
Resources 
(2011?)

Suppatash
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Table G1–1. Selected fluorspar districts, deposits, and prospects of the world.—Continued

[*Deposit is included in the Orris (1992) grade and tonnage modeling of fluorite veins. **Grade and tonnage data are from Kamitani and others (2007); for these 
entries, it is not clear whether these are the total resources of each deposit or just a resource currently available to the mine that may be subject to updating with 
further exploration. ***Location data are from the Mineral Resources Data System (MRDS). The key to the identification numbers in the deposit class column 
is on page G53. Deposit size: L, identified resources are greater than 1.5 million metric tons of CaF2; S, identified resources are less than 1.5 million metric tons 
of CaF2; n.a., not available. Elements and compounds: Ag, silver; Au, gold; BeO, beryllium oxide; Bi, bismuth; CaF2, calcium fluoride; Cd, cadmium; Cu, cop-
per; Fe, iron; Ge, germanium; In, indium; Mo, molybdenum; Nb, niobium; Pb, lead; REE, rare-earth element; Sn, tin; Sr, strontium; Th, thorium; U, uranium; 
W, tungsten; Y, yttrium; Zn, zinc. Units of measure: g/t, gram per metric ton; km, kilometer; m, meter; Mt, million metric tons; %, percent]

Table G1–1. Selected fluorspar districts, deposits, and prospects of the world.—Continued

[*Deposit is included in the Orris (1992) grade and tonnage modeling of fluorite veins. **Grade and tonnage data are from Kamitani and others (2007); for these 
entries, it is not clear whether these are the total resources of each deposit or just a resource currently available to the mine that may be subject to updating with 
further exploration. ***Location data are from the Mineral Resources Data System (MRDS). The key to the identification numbers in the deposit class column 
is on page G53. Deposit size: L, identified resources are greater than 1.5 million metric tons of CaF ; S, identified resources are less than 1.5 million metric tons 2
of CaF ; n.a., not available. Elements and compounds: Ag, silver; Au, gold; BeO, beryllium oxide; Bi, bismuth; CaF calcium fluoride; Cd, cadmium; Cu, copper; 2  2,  
Fe, iron; Ge, germanium; In, indium; Mo, molybdenum; Nb, niobium; Pb, lead; REE, rare-earth element; Sn, tin; Sr, strontium; Th, thorium; U, uranium; W, 
tungsten; Y, yttrium; Zn, zinc. Units of measure: g/t, gram per metric ton; km, kilometer; m, meter; Mt, million metric tons; %, percent]

Published resource  
(tonnage and grade, in weight 

percent CaF )2 

Source of  
resource data

Predominant geometry 
of orebody(ies)

Source of geo-
logic description

Deposit 
name

Asia—Continued

n.a.

22 Mt at about 40% (Note 
that this tonnage disagrees 
dramatically from that given 
in Nokleberg and others 
(1996). Calculations of 
tonnage using deposit maps 
and sections with reasonable 
assumptions of average ore 
density yield results more 
than an order of magnitude 
smaller than the tonnage 
given by Nokleberg and 
others (1996) [450 Mt])

0.875 Mt at 17.7% (plus 
0.97% BeO) (reserves as 
of 2007 for the mine’s 
proposed re-opening; past 
production not available)

n.a.

>3.55 Mt at 46.6 %

n.a.

n.a.

12.4 Mt at 37.4% (plus barite, 
REE [ƩREE=3%], and  
Th [0.2%])

5.147 Mt at 27.5%

n.a.

Tonnage: United 
Company RUSAL 
(2012). Grade: see 
comments 

 Kislov and others, (2010)

n.a.

Gardner and Smith 
(1965)

n.a.

n.a.

Engin (1988)

ITE-Uzbekistan (2012?)

Veins

Fluorite skarn and greisen-veinlet 
stockwork in limestone enveloping 2 
separated greisenized granite cupolas

Small skarns and stockworks

n.a.

Veins cutting metasedimentary rocks

Veins cutting porphyritic granite

Veins cutting granite, phyllite, 
and quartzite

Veins, breccia-fills, and replacements in 
alkalic (aegerine-bearing) tuffs near 
phonolite plugs. REE minerals, including 
bastnaesite, brockite, florencite, and 
monazite, suggest a relation to carbonatite

Epithermal vein in volcanic host rocks

Ellmies and others 
(1999)

Kupriyanova 
and Shpanov 
(1997); 
Ryazantseva 
(1998); Sato 
and others 
(2003); and 
Obolenskiy and 
others (2010)

Lykhin and others 
(2010)

n.a.

Gardner and 
Smith (1965)

Gardner and 
Smith (1965)

Gardner and 
Smith (1965)

Kirikoglu (2002) 

State Committee 
of the Republic 
of Uzbekistan 
for Geology 
and Mineral 
Resources 
(2011?)

Suran I &  
Suran II

Voznesenka and 
Pogranichny 
(the 
Yaroslavskoye 
or Yoroslavsky 
Mine)

Yermakovskoye 
(Yermakovska, 
Yermakovsky, 
Ermakovsky, 
Ermakovskoye)

Takob

Ban Hong 

Doi Tao district

Yang Hak district

Kizilcaören (also 
known as 
Beylikahir)

Suppatash

Deposit 
name1 Country

Latitude Longitude Source of 
location data

Deposit 
class

Comments
Deposit 

size (decimal degrees)

Asia—Continued

Suran I &  
Suran II

Russia Possibly 
53.84

Possibly 
57.81

Google Earth (2014);  
see comments

8 Deposit class is most likely 
6. Location is uncertain. 
That given by Ocean Policy 
Research Foundation (2012) is 
inconsistent with description 
in Ellmies and others (1999)

L

Voznesenka and 
Pogranichny 
(the 
Yaroslavskoye 
or Yoroslavsky 
Mine)

Russia 44.17 132.19 Google Earth (2013); 
center of the  
Voznesenka pit

5 Grade is rounded to the nearest 
5% from the mean of seven 
ore samples reported by 
Kupriyanova and Shpanov 
(1997, p. 385) and four 
ore samples reported by 
Ryazantseva (1998, p. 22). 
Tonnage includes B and 
C1 categories, which are 
approximately equivalent to 
“measured” and “indicated” 
resources, respectively

L

Yermakovskoye 
(Yermakovska, 
Yermakovsky, 
Ermakovsky, 
Ermakovskoye)

Russia 51.67 109.56 Google Earth (2013) 2 None L

Takob Tajikistan 38.84 68.94 Google Earth (2012);  
see comments

8 Location given is at the village 
of the same name

S?

Ban Hong Thailand 18.21 98.82 Google Earth (2015) 8 Deposit class could be 6; tin 
deposits in same area but 
fluorite deposit is epithermal

L

Doi Tao district Thailand 17.88 98.78 Gardner and Smith (1965) 8 None S?

Yang Hak 
district

Thailand 13.37 99.47 Gardner and Smith (1965) 8 None S?

Kizilcaören 
(also known 
as Beylikahir)

Turkey 39.62 31.37 Woolley and Kjarsgaard 
(2008)

Probably
 1

None L

Suppatash Uzbekistan 41.21 70.53 Seltmann and others (2012) 8 None S
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Table G1–1. Selected fluorspar districts, deposits, and prospects of the world.—Continued

[*Deposit is included in the Orris (1992) grade and tonnage modeling of fluorite veins. **Grade and tonnage data are from Kamitani and others (2007); for these 
entries, it is not clear whether these are the total resources of each deposit or just a resource currently available to the mine that may be subject to updating with 
further exploration. ***Location data are from the Mineral Resources Data System (MRDS). The key to the identification numbers in the deposit class column 
is on page G53. Deposit size: L, identified resources are greater than 1.5 million metric tons of CaF2; S, identified resources are less than 1.5 million metric tons 
of CaF2; n.a., not available. Elements and compounds: Ag, silver; Au, gold; BeO, beryllium oxide; Bi, bismuth; CaF2, calcium fluoride; Cd, cadmium; Cu, cop-
per; Fe, iron; Ge, germanium; In, indium; Mo, molybdenum; Nb, niobium; Pb, lead; REE, rare-earth element; Sn, tin; Sr, strontium; Th, thorium; U, uranium; 
W, tungsten; Y, yttrium; Zn, zinc. Units of measure: g/t, gram per metric ton; km, kilometer; m, meter; Mt, million metric tons; %, percent]

Table G1–1. Selected fluorspar districts, deposits, and prospects of the world.—Continued

[*Deposit is included in the Orris (1992) grade and tonnage modeling of fluorite veins. **Grade and tonnage data are from Kamitani and others (2007); for these 
entries, it is not clear whether these are the total resources of each deposit or just a resource currently available to the mine that may be subject to updating with 
further exploration. ***Location data are from the Mineral Resources Data System (MRDS). The key to the identification numbers in the deposit class column 
is on page G53. Deposit size: L, identified resources are greater than 1.5 million metric tons of CaF2; S, identified resources are less than 1.5 million metric tons 
of CaF2; n.a., not available. Elements and compounds: Ag, silver; Au, gold; BeO, beryllium oxide; Bi, bismuth; CaF2, calcium fluoride; Cd, cadmium; Cu, copper; 
Fe, iron; Ge, germanium; In, indium; Mo, molybdenum; Nb, niobium; Pb, lead; REE, rare-earth element; Sn, tin; Sr, strontium; Th, thorium; U, uranium; W, 
tungsten; Y, yttrium; Zn, zinc. Units of measure: g/t, gram per metric ton; km, kilometer; m, meter; Mt, million metric tons; %, percent]

Deposit 
name1 Country

Latitude Longitude Source of 
location data

Deposit 
class

Comments
Deposit 

size 

Published resource  
(tonnage and grade, in weight 

percent CaF2 )

Source of  
resource data

Predominant geometry 
of orebody(ies)

Source of geo-
logic description

Deposit 
name(decimal degrees)

Asia—Continued Asia—Continued

Nui Phao Vietnam 21.65 105.67 Richards and others (2003) 
and Google Earth (2014)

5 Other commodity grades for 
the 52.5 Mt: W, 0.21%; 
Bi, 0.10%; Cu, 0.21%; 
Au, 0.22 g/t 

L 52.5 Mt at 8.0% (plus 
recoverable W, Cu, Au, and 
Bi) (proven and probable)

Masan Group (2012) Skarn and greisen veinlet stockwork Richards and 
others (2003)

Nui Phao

Australia Australia—Continued

Moina Australia –41.49 146.07 Google Earth (2013);  
see comments

5 Location given is for the village 
of the same name

L 24.6 Mt at 15.7%  
(plus Sn, W, Fe)

Bucci and others (2012) Skarn Kwak and Askins 
(1981)

Moina 

Speewah Australia –16.41 127.98 Gwalani and others (2010) 1 None L 6.7 Mt at 24.6% Gwalani and others 
(2010)

Vein/dike of “replacement fluorite rock” 
and carbonatite cutting dolerite

Alvin and others 
(2004)

Speewah

Europe Europe—Continued

*Argentolle France Possibly  
46.97

Possibly  
4.08

Google Earth (2013);  
see comments

8 Location uncertain. The given 
location is at an industrial 
site between the villages of 
Les Chaux and Crot Morin, 
Burgundy, France. The two 
villages are 1.74 km distant 
from one another.

S 0.313 Mt at 48% Bouladon (1989) Vein cutting Mississippian volcanics and 
fine-grained granite basement rocks

Marchand and 
others (1976)

*Argentolle

*Escaro France 42.54 2.31 Google Earth (2013) 8 Either class 4b or 2 S 1.5 Mt at 50% Clarke (1980) Peneconcordant strata-bound replacement 
body in carbonates

Bouladon (1989) *Escaro

Montroc France 43.82 2.38 Google Earth (2013) 8 Either class 4b or 2 S 1.3 Mt at 50% Deloule (1982) Vein Deloule (1982) Montroc
*Le Barlet France 45.05 3.50 Google Earth (2013) 8 Either class 4b or 2 S 1.2 Mt at 45% Bouladon (1989) Vein Bouladon (989) *Le Barlet
Le Burc France 43.87 2.41 Google Earth (2013);  

see comments
8 Either class 4b or 2;  

location uncertain
S 0.48 Mt at 75% Bouladon (1989) Vein Bouladon (989) Le Burc

Rossignol France 46.42 1.31 Google Earth (2013) 8 Either class 4b or 2 S 0.8 Mt at about 55% Sizaret and others (2004) Vein “venting to distal” stratiform barite 
body with minor amounts of fluorite

Sizaret and others 
(2004)

Rossignol

*Pakozd Hungary 47.22 18.51 Google Earth (2013) 5 Location is among a group 
of exploration trenches

S 0.0187 Mt at 46% Morvai (1982) Veins in schist near contact with 
peraluminous granite

Morvai (1982) *Pakozd

Bruncu 
Molentinu

Italy 
(Sardinia)

39.44 9.48 Google Earth (2013) 8 None L(?) n.a. n.a. Vein Cortecci and 
others (1987)

Bruncu 
Molentinu

*Muscadroxiu-
GennaTres 
Montis-
S’Acqua Frida 
(Silius Mine)

Italy 
(Sardinia)

39.52 9.26 Google Earth (2013) 8 Either class 4b or class 5 L 8.0 Mt at ~42.5% Fulton and Montgomery 
(1994)

Veins Boni and others 
(2009)

*Muscadroxiu-
GennaTres 
Montis-
S’Acqua Frida 
(Silius Mine)

Castel Giuliano- 
Pianciano

Italy 42.07 12.14 Google Earth (2013);  
see comments 

7 Location given is at outcrop 
#5 of Mastrangelo (1976, 
p. 44–45), fairly central to 
the fluorspar body

L 10 to 15 Mt at 33% to 50% 
(plus barite)

Matteucci (1976) Stratiform body in tuffaceous lacustrine 
silt/mudstone/marl within peralkaline 
volcanic pile

Mastrangelo 
(1976)

Castel Giuliano- 
Pianciano

Santo Maria 
di Sala 

Italy 42.58 11.75 Google Earth (2013);  
see comments 

7 Location given is at outcrop #1 
of Mastrangelo (1976, p. 41), 
towards the north-west of the 
fluorspar body

L 40 to 50 Mt at about 12% 
(plus barite)

Matteucci (1976) Stratiform body in tuffaceous lacustrine 
silt/mudstone/marl within peralkaline 
volcanic pile

Mastrangelo 
(1976)

Santo Maria  
di Sala 
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Table G1–1. Selected fluorspar districts, deposits, and prospects of the world.—Continued

[*Deposit is included in the Orris (1992) grade and tonnage modeling of fluorite veins. **Grade and tonnage data are from Kamitani and others (2007); for these 
entries, it is not clear whether these are the total resources of each deposit or just a resource currently available to the mine that may be subject to updating with 
further exploration. ***Location data are from the Mineral Resources Data System (MRDS). The key to the identification numbers in the deposit class column 
is on page G53. Deposit size: L, identified resources are greater than 1.5 million metric tons of CaF2; S, identified resources are less than 1.5 million metric tons 
of CaF2; n.a., not available. Elements and compounds: Ag, silver; Au, gold; BeO, beryllium oxide; Bi, bismuth; CaF2, calcium fluoride; Cd, cadmium; Cu, cop-
per; Fe, iron; Ge, germanium; In, indium; Mo, molybdenum; Nb, niobium; Pb, lead; REE, rare-earth element; Sn, tin; Sr, strontium; Th, thorium; U, uranium; 
W, tungsten; Y, yttrium; Zn, zinc. Units of measure: g/t, gram per metric ton; km, kilometer; m, meter; Mt, million metric tons; %, percent]

Table G1–1. Selected fluorspar districts, deposits, and prospects of the world.—Continued

[*Deposit is included in the Orris (1992) grade and tonnage modeling of fluorite veins. **Grade and tonnage data are from Kamitani and others (2007); for these 
entries, it is not clear whether these are the total resources of each deposit or just a resource currently available to the mine that may be subject to updating with 
further exploration. ***Location data are from the Mineral Resources Data System (MRDS). The key to the identification numbers in the deposit class column 
is on page G53. Deposit size: L, identified resources are greater than 1.5 million metric tons of CaF ; S, identified resources are less than 1.5 million metric tons 2
of CaF ; n.a., not available. Elements and compounds: Ag, silver; Au, gold; BeO, beryllium oxide; Bi, bismuth; CaF calcium fluoride; Cd, cadmium; Cu, copper; 2  2,  
Fe, iron; Ge, germanium; In, indium; Mo, molybdenum; Nb, niobium; Pb, lead; REE, rare-earth element; Sn, tin; Sr, strontium; Th, thorium; U, uranium; W, 
tungsten; Y, yttrium; Zn, zinc. Units of measure: g/t, gram per metric ton; km, kilometer; m, meter; Mt, million metric tons; %, percent]

Published resource  
(tonnage and grade, in weight 

percent CaF )2 

Source of  
resource data

Predominant geometry 
of orebody(ies)

Source of geo-
logic description

Deposit 
name

Asia—Continued

52.5 Mt at 8.0% (plus 
recoverable W, Cu, Au, and 
Bi) (proven and probable)

Masan Group (2012) Skarn and greisen veinlet stockwork Richards and 
others (2003)

Nui Phao

Australia—Continued

24.6 Mt at 15.7%  
(plus Sn, W, Fe)

6.7 Mt at 24.6%

Bucci and others (2012)

Gwalani and others 
(2010)

Skarn

Vein/dike of “replacement fluorite rock” 
and carbonatite cutting dolerite

Kwak and Askins 
(1981)

Alvin and others 
(2004)

Moina 

Speewah

Europe—Continued

0.313 Mt at 48%

1.5 Mt at 50%

1.3 Mt at 50%
1.2 Mt at 45%
0.48 Mt at 75%

0.8 Mt at about 55%

0.0187 Mt at 46%

n.a.

8.0 Mt at ~42.5%

10 to 15 Mt at 33% to 50% 
(plus barite)

40 to 50 Mt at about 12% 
(plus barite)

Bouladon (1989)

Clarke (1980)

Deloule (1982)
Bouladon (1989)
Bouladon (1989)

Sizaret and others (2004)

Morvai (1982)

n.a.

Fulton and Montgomery 
(1994)

Matteucci (1976)

Matteucci (1976)

Vein cutting Mississippian volcanics and 
fine-grained granite basement rocks

Peneconcordant strata-bound replacement 
body in carbonates

Vein
Vein
Vein

Vein “venting to distal” stratiform barite 
body with minor amounts of fluorite

Veins in schist near contact with 
peraluminous granite

Vein

Veins

Stratiform body in tuffaceous lacustrine 
silt/mudstone/marl within peralkaline 
volcanic pile

Stratiform body in tuffaceous lacustrine 
silt/mudstone/marl within peralkaline 
volcanic pile

Marchand and 
others (1976)

Bouladon (1989)

Deloule (1982)
Bouladon (989)
Bouladon (989)

Sizaret and others 
(2004)

Morvai (1982)

Cortecci and 
others (1987)

Boni and others 
(2009)

Mastrangelo 
(1976)

Mastrangelo 
(1976)

*Argentolle

*Escaro

Montroc
*Le Barlet
Le Burc

Rossignol

*Pakozd

Bruncu 
Molentinu

*Muscadroxiu-
GennaTres 
Montis-
S’Acqua Frida 
(Silius Mine)

Castel Giuliano- 
Pianciano

Santo Maria  
di Sala 

Deposit 
name1 Country

Latitude Longitude Source of 
location data

Deposit 
class

Comments
Deposit 

size (decimal degrees)

Asia—Continued

Nui Phao Vietnam 21.65 105.67 Richards and others (2003) 
and Google Earth (2014)

5 Other commodity grades for 
the 52.5 Mt: W, 0.21%; 
Bi, 0.10%; Cu, 0.21%; 
Au, 0.22 g/t 

L

Australia

Moina Australia –41.49 146.07 Google Earth (2013);  
see comments

5 Location given is for the village 
of the same name

L

Speewah Australia –16.41 127.98 Gwalani and others (2010) 1 None L

Europe

*Argentolle France Possibly  
46.97

Possibly  
4.08

Google Earth (2013);  
see comments

8 Location uncertain. The given 
location is at an industrial 
site between the villages of 
Les Chaux and Crot Morin, 
Burgundy, France. The two 
villages are 1.74 km distant 
from one another.

S

*Escaro France 42.54 2.31 Google Earth (2013) 8 Either class 4b or 2 S

Montroc France 43.82 2.38 Google Earth (2013) 8 Either class 4b or 2 S
*Le Barlet France 45.05 3.50 Google Earth (2013) 8 Either class 4b or 2 S
Le Burc France 43.87 2.41 Google Earth (2013);  

see comments
8 Either class 4b or 2;  

location uncertain
S

Rossignol France 46.42 1.31 Google Earth (2013) 8 Either class 4b or 2 S

*Pakozd Hungary 47.22 18.51 Google Earth (2013) 5 Location is among a group 
of exploration trenches

S

Bruncu 
Molentinu

Italy 
(Sardinia)

39.44 9.48 Google Earth (2013) 8 None L(?)

*Muscadroxiu-
GennaTres 
Montis-
S’Acqua Frida 
(Silius Mine)

Italy 
(Sardinia)

39.52 9.26 Google Earth (2013) 8 Either class 4b or class 5 L

Castel Giuliano- 
Pianciano

Italy 42.07 12.14 Google Earth (2013);  
see comments 

7 Location given is at outcrop 
#5 of Mastrangelo (1976, 
p. 44–45), fairly central to 
the fluorspar body

L

Santo Maria 
di Sala 

Italy 42.58 11.75 Google Earth (2013);  
see comments 

7 Location given is at outcrop #1 
of Mastrangelo (1976, p. 41), 
towards the north-west of the 
fluorspar body

L



Table G1–1. Selected fluorspar districts, deposits, and prospects of the world.—Continued

[*Deposit is included in the Orris (1992) grade and tonnage modeling of fluorite veins. **Grade and tonnage data are from Kamitani and others (2007); for these 
entries, it is not clear whether these are the total resources of each deposit or just a resource currently available to the mine that may be subject to updating with 
further exploration. ***Location data are from the Mineral Resources Data System (MRDS). The key to the identification numbers in the deposit class column 
is on page G53. Deposit size: L, identified resources are greater than 1.5 million metric tons of CaF2; S, identified resources are less than 1.5 million metric tons 
of CaF2; n.a., not available. Elements and compounds: Ag, silver; Au, gold; BeO, beryllium oxide; Bi, bismuth; CaF2, calcium fluoride; Cd, cadmium; Cu, cop-
per; Fe, iron; Ge, germanium; In, indium; Mo, molybdenum; Nb, niobium; Pb, lead; REE, rare-earth element; Sn, tin; Sr, strontium; Th, thorium; U, uranium; 
W, tungsten; Y, yttrium; Zn, zinc. Units of measure: g/t, gram per metric ton; km, kilometer; m, meter; Mt, million metric tons; %, percent]

Table G1–1. Selected fluorspar districts, deposits, and prospects of the world.—Continued

[*Deposit is included in the Orris (1992) grade and tonnage modeling of fluorite veins. **Grade and tonnage data are from Kamitani and others (2007); for these 
entries, it is not clear whether these are the total resources of each deposit or just a resource currently available to the mine that may be subject to updating with 
further exploration. ***Location data are from the Mineral Resources Data System (MRDS). The key to the identification numbers in the deposit class column 
is on page G53. Deposit size: L, identified resources are greater than 1.5 million metric tons of CaF2; S, identified resources are less than 1.5 million metric tons 
of CaF2; n.a., not available. Elements and compounds: Ag, silver; Au, gold; BeO, beryllium oxide; Bi, bismuth; CaF2, calcium fluoride; Cd, cadmium; Cu, copper; 
Fe, iron; Ge, germanium; In, indium; Mo, molybdenum; Nb, niobium; Pb, lead; REE, rare-earth element; Sn, tin; Sr, strontium; Th, thorium; U, uranium; W, 
tungsten; Y, yttrium; Zn, zinc. Units of measure: g/t, gram per metric ton; km, kilometer; m, meter; Mt, million metric tons; %, percent]

Deposit 
name1 Country

Latitude Longitude Source of 
location data

Deposit 
class

Comments
Deposit 

size 

Published resource  
(tonnage and grade, in weight 

percent CaF2 )

Source of  
resource data

Predominant geometry 
of orebody(ies)

Source of geo-
logic description

Deposit 
name(decimal degrees)

Europe—Continued Europe—Continued

Asturias region Spain 43.43 –5.62 Google Earth (2012);  
see comments 

4a Location given is at the mined-
out La Collada Mine in 
La Collada (middle) sector  
of the mining region

L 15 Mt at about 38.5% Sánchez and others 
(2009) and Garcia 
Iglesias and Loredo 
(1994)

(1) Veins; (2) Peneconcordant strata-bound 
replacement bodies in calcite-cemented 
sandstone capped by marl-clay; and  
(3) Peneconcordant strata-bound bodies 
in “red breccia/conglomerate” imme-
diately overlying basement of limestone 
and slate, also capped by marl-clay

Garcia Iglesias 
and Loredo 
(1994)

Asturias region 

*Osor Spain 41.95 2.59 Google Earth (2013) 8 Deposit class is most likely 4b S 2 Mt at 45% Lipperheide Wicke and 
Barrenechea Guimon 
(1983)

Vein Piqué and others 
(2008)

*Osor

Bétic Cordillera 
region: 9 
small-to 
medium-sized 
districts in 
Almeria and 
Granada 
Provinces, 
Andalusia 
region

Spain 36.89 –2.63 Location as given by 
Hellerman (2015)

8 Deposit class is most likely 4b. 
Location given is for the Mina 
Del Carmen located 3.2 km 
northeast of Felix, Almeria, 
Andalusia, Spain, in the  
Sierra de Gádor

L? Single deposit; for example, 
Mina Lújar, Granada, as of 
1987: 2.275 Mt proven and 
probable at 34% (plus  
1.85% Pb)

Marina and Vazquez 
Guzmán (1987)

Veins and peneconcordant strata-bound 
replacement bodies in carbonates

Martin and others 
(1987)

Bétic Cordillera 
region: 9 
small-to 
medium-sized 
districts in 
Almeria and 
Granada 
Provinces, 
Andalusia 
region

Northern 
Pennine 
Orefield 

United 
Kingdom

54.79 –2.17 Google Earth (2013);  
see comments 

4a Location given is for Frazer’s 
Hush Dib (dib = an inclined 
shaft) of the Frazer’s Grove 
mine in the northeastern part 
of the Orefield

L n.a.  n.a. Veins and lesser peneconcordant  
strata-bound replacement bodies 
in carbonates

Dunham (1983) Northern Pennine 
Orefield 

Southern 
Pennine 
Orefield 

United 
Kingdom

53.27 –1.69 Google Earth (2012);  
see comments 

4a Location given is for Stony 
Middleton Mill about 1.7 km 
north of Longstone Edge  
vein system

L Estimated, for example, 
*Sallet Hole No. 1 Adit 
deposit on Longstone Edge: 
2.5 Mt at 40% to 50%; This 
grade and tonnage have not 
been used in figure G6

Calculated tonnage 
estimate uses the 
predicted rate of 
production for 1990 
from Bramley (1990) 
projected for the full 
mine life—1965 to 
1999. This method 
of estimation was 
suggested by  
Dr. Brian Hodge

Veins and lesser peneconcordant  
strata-bound replacement bodies 
in carbonates

Dunham (1983); 
Mason (1974)

Southern Pennine 
Orefield 

North America North America—Continued

*Fission 
(Richardson) 
Mine

Canada 45.06 –78.19 ***MRDS (U.S. 
Geological Survey, 
2012), ID no. I005021

1 None S 0.27 Mt at 26.7% (plus U) Canada Department of 
Energy, Mines, and 
Resources (1984)

Calcite-fluorite-apatite vein/dikes in the 
Bancroft carbonatite province

***MRDS 
(U.S. Geological 
Survey, 2012), 
record no. 
I005021

*Fission 
(Richardson) 
Mine

*St. Lawrence 
district 

Canada 46.92 –55.41 Google Earth (2013);  
see comments

2 Location given is for the  
Blue Beach North vein

L 10.04 Mt at 41.%* Agnerian and others 
(2011)

Large veins cutting aegerine granite Van Alstine (1944) 
and Strong and 
others (1984)

*St. Lawrence 
district 
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Table G1–1. Selected fluorspar districts, deposits, and prospects of the world.—Continued

[*Deposit is included in the Orris (1992) grade and tonnage modeling of fluorite veins. **Grade and tonnage data are from Kamitani and others (2007); for these 
entries, it is not clear whether these are the total resources of each deposit or just a resource currently available to the mine that may be subject to updating with 
further exploration. ***Location data are from the Mineral Resources Data System (MRDS). The key to the identification numbers in the deposit class column 
is on page G53. Deposit size: L, identified resources are greater than 1.5 million metric tons of CaF2; S, identified resources are less than 1.5 million metric tons 
of CaF2; n.a., not available. Elements and compounds: Ag, silver; Au, gold; BeO, beryllium oxide; Bi, bismuth; CaF2, calcium fluoride; Cd, cadmium; Cu, cop-
per; Fe, iron; Ge, germanium; In, indium; Mo, molybdenum; Nb, niobium; Pb, lead; REE, rare-earth element; Sn, tin; Sr, strontium; Th, thorium; U, uranium; 
W, tungsten; Y, yttrium; Zn, zinc. Units of measure: g/t, gram per metric ton; km, kilometer; m, meter; Mt, million metric tons; %, percent]

Table G1–1. Selected fluorspar districts, deposits, and prospects of the world.—Continued

[*Deposit is included in the Orris (1992) grade and tonnage modeling of fluorite veins. **Grade and tonnage data are from Kamitani and others (2007); for these 
entries, it is not clear whether these are the total resources of each deposit or just a resource currently available to the mine that may be subject to updating with 
further exploration. ***Location data are from the Mineral Resources Data System (MRDS). The key to the identification numbers in the deposit class column 
is on page G53. Deposit size: L, identified resources are greater than 1.5 million metric tons of CaF ; S, identified resources are less than 1.5 million metric tons 2
of CaF ; n.a., not available. Elements and compounds: Ag, silver; Au, gold; BeO, beryllium oxide; Bi, bismuth; CaF calcium fluoride; Cd, cadmium; Cu, copper; 2  2,  
Fe, iron; Ge, germanium; In, indium; Mo, molybdenum; Nb, niobium; Pb, lead; REE, rare-earth element; Sn, tin; Sr, strontium; Th, thorium; U, uranium; W, 
tungsten; Y, yttrium; Zn, zinc. Units of measure: g/t, gram per metric ton; km, kilometer; m, meter; Mt, million metric tons; %, percent]

Published resource  
(tonnage and grade, in weight 

percent CaF )2 

Source of  
resource data

Predominant geometry 
of orebody(ies)

Source of geo-
logic description

Deposit 
name

Europe—Continued

15 Mt at about 38.5%

2 Mt at 45%

Single deposit; for example, 
Mina Lújar, Granada, as of 
1987: 2.275 Mt proven and 
probable at 34% (plus  
1.85% Pb)

n.a.

Estimated, for example, 
*Sallet Hole No. 1 Adit 
deposit on Longstone Edge: 
2.5 Mt at 40% to 50%; This 
grade and tonnage have not 
been used in figure G6

Sánchez and others 
(2009) and Garcia 
Iglesias and Loredo 
(1994)

Lipperheide Wicke and 
Barrenechea Guimon 
(1983)

Marina and Vazquez 
Guzmán (1987)

 n.a.

Calculated tonnage 
estimate uses the 
predicted rate of 
production for 1990 
from Bramley (1990) 
projected for the full 
mine life—1965 to 
1999. This method 
of estimation was 
suggested by  
Dr. Brian Hodge

(1) Veins; (2) Peneconcordant strata-bound 
replacement bodies in calcite-cemented 
sandstone capped by marl-clay; and  
(3) Peneconcordant strata-bound bodies 
in “red breccia/conglomerate” imme-
diately overlying basement of limestone 
and slate, also capped by marl-clay

Vein

Veins and peneconcordant strata-bound 
replacement bodies in carbonates

Veins and lesser peneconcordant  
strata-bound replacement bodies 
in carbonates

Veins and lesser peneconcordant  
strata-bound replacement bodies 
in carbonates

Garcia Iglesias 
and Loredo 
(1994)

Piqué and others 
(2008)

Martin and others 
(1987)

Dunham (1983)

Dunham (1983); 
Mason (1974)

Asturias region 

*Osor

Bétic Cordillera 
region: 9 
small-to 
medium-sized 
districts in 
Almeria and 
Granada 
Provinces, 
Andalusia 
region

Northern Pennine 
Orefield 

Southern Pennine 
Orefield 

North America—Continued

0.27 Mt at 26.7% (plus U)

10.04 Mt at 41.%*

Canada Department of 
Energy, Mines, and 
Resources (1984)

Agnerian and others 
(2011)

Calcite-fluorite-apatite vein/dikes in the 
Bancroft carbonatite province

Large veins cutting aegerine granite

***MRDS 
(U.S. Geological 
Survey, 2012), 
record no. 
I005021

Van Alstine (1944) 
and Strong and 
others (1984)

*Fission 
(Richardson) 
Mine

*St. Lawrence 
district 

Deposit 
name1 Country

Latitude Longitude Source of 
location data

Deposit 
class

Comments
Deposit 

size (decimal degrees)

Europe—Continued

Asturias region Spain 43.43 –5.62 Google Earth (2012);  
see comments 

4a Location given is at the mined-
out La Collada Mine in 
La Collada (middle) sector  
of the mining region

L

*Osor Spain 41.95 2.59 Google Earth (2013) 8 Deposit class is most likely 4b S

Bétic Cordillera 
region: 9 
small-to 
medium-sized 
districts in 
Almeria and 
Granada 
Provinces, 
Andalusia 
region

Spain 36.89 –2.63 Location as given by 
Hellerman (2015)

8 Deposit class is most likely 4b. 
Location given is for the Mina 
Del Carmen located 3.2 km 
northeast of Felix, Almeria, 
Andalusia, Spain, in the  
Sierra de Gádor

L?

Northern 
Pennine 
Orefield 

United 
Kingdom

54.79 –2.17 Google Earth (2013);  
see comments 

4a Location given is for Frazer’s 
Hush Dib (dib = an inclined 
shaft) of the Frazer’s Grove 
mine in the northeastern part 
of the Orefield

L

Southern 
Pennine 
Orefield 

United 
Kingdom

53.27 –1.69 Google Earth (2012);  
see comments 

4a Location given is for Stony 
Middleton Mill about 1.7 km 
north of Longstone Edge  
vein system

L

North America

*Fission 
(Richardson) 
Mine

Canada 45.06 –78.19 ***MRDS (U.S. 
Geological Survey, 
2012), ID no. I005021

1 None S

*St. Lawrence 
district 

Canada 46.92 –55.41 Google Earth (2013);  
see comments

2 Location given is for the  
Blue Beach North vein

L
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Table G1–1. Selected fluorspar districts, deposits, and prospects of the world.—Continued

[*Deposit is included in the Orris (1992) grade and tonnage modeling of fluorite veins. **Grade and tonnage data are from Kamitani and others (2007); for these 
entries, it is not clear whether these are the total resources of each deposit or just a resource currently available to the mine that may be subject to updating with 
further exploration. ***Location data are from the Mineral Resources Data System (MRDS). The key to the identification numbers in the deposit class column 
is on page G53. Deposit size: L, identified resources are greater than 1.5 million metric tons of CaF2; S, identified resources are less than 1.5 million metric tons 
of CaF2; n.a., not available. Elements and compounds: Ag, silver; Au, gold; BeO, beryllium oxide; Bi, bismuth; CaF2, calcium fluoride; Cd, cadmium; Cu, cop-
per; Fe, iron; Ge, germanium; In, indium; Mo, molybdenum; Nb, niobium; Pb, lead; REE, rare-earth element; Sn, tin; Sr, strontium; Th, thorium; U, uranium; 
W, tungsten; Y, yttrium; Zn, zinc. Units of measure: g/t, gram per metric ton; km, kilometer; m, meter; Mt, million metric tons; %, percent]

Table G1–1. Selected fluorspar districts, deposits, and prospects of the world.—Continued

[*Deposit is included in the Orris (1992) grade and tonnage modeling of fluorite veins. **Grade and tonnage data are from Kamitani and others (2007); for these 
entries, it is not clear whether these are the total resources of each deposit or just a resource currently available to the mine that may be subject to updating with 
further exploration. ***Location data are from the Mineral Resources Data System (MRDS). The key to the identification numbers in the deposit class column 
is on page G53. Deposit size: L, identified resources are greater than 1.5 million metric tons of CaF2; S, identified resources are less than 1.5 million metric tons 
of CaF2; n.a., not available. Elements and compounds: Ag, silver; Au, gold; BeO, beryllium oxide; Bi, bismuth; CaF2, calcium fluoride; Cd, cadmium; Cu, copper; 
Fe, iron; Ge, germanium; In, indium; Mo, molybdenum; Nb, niobium; Pb, lead; REE, rare-earth element; Sn, tin; Sr, strontium; Th, thorium; U, uranium; W, 
tungsten; Y, yttrium; Zn, zinc. Units of measure: g/t, gram per metric ton; km, kilometer; m, meter; Mt, million metric tons; %, percent]

Deposit 
name1 Country

Latitude Longitude Source of 
location data

Deposit 
class

Comments
Deposit 

size 

Published resource  
(tonnage and grade, in weight 

percent CaF2 )

Source of  
resource data

Predominant geometry 
of orebody(ies)

Source of geo-
logic description

Deposit 
name(decimal degrees)

North America—Continued North America—Continued

Aguachile Mexico 29.26 –102.54 Google Earth (2013) and 
McAnulty and others 
(1963)

3 None L For example, >0.6 Mt at about 
70% (produced from 1966 
to 1972) (plus Be, 0.3%)

Pickard (1974) 250 m-high, 50 m-wide replacement bodies 
in carbonates along their contact with 
peralkaline rhyolite-porphyry ring dike 

McAnulty and 
others (1963) 

Aguachile

El Refugio Mine Mexico 21.57 –100.18 Google Earth (2015) 6 El Realito Mine with similar 
geology located just 6 km 
northwest

L about 2.6 Mt at 85% Pickard (1974) Breccia pipe (chimney) replaced by 
fluorite at contacts between limestone 
and intrusive rhyolite

Pickard (1974) 
and Fraga 
(1991)

El Refugio Mine

Encantada-
Buenavista

Mexico 28.54 –102.50 Google Earth (2012);  
see comments

4a(?) Location given is for Las Sabinas 
Mine near southeastern 
extreme of district, which 
stretches more than 30 km 
northwestward from there

L For example, Las Sabinas 
concession: 13 Mt at 60%

Mexichem (2012) and 
Hodge (2012)

Peneconcordant strata-bound replacement 
bodies (mantos) in carbonates

Gonzalez-Partida 
and others 
(2003)

Encantada-
Buenavista

Las Cuevas Mexico 21.94 –100.58 Google Earth (2013) 6 None L 45 Mt at 84% Tonnage: Mexichem 
(2012); grade:  
Hodge (2012)

Breccia body along the faulted contact 
between Jurassic limestone and  
Tertiary rhyolite

Ruiz and others 
(1980)

Las Cuevas

Parral district Mexico 26.85 –105.86 Google Earth (2014);  
see comments

8 Location given is for the 
Frisco Mine

L n.a., plus Ag, Pb, and Zn Pickard (1974) Quartz-sulfide veins with calc-silicate 
wallrock alteration cutting shale and 
andesite and some localized along 
intrusive rhyolite dikes; fluorite earlier 
discarded as gangue and formed a 40 Mt 
tailings resource at 15% to 20% CaF2

Pickard (1974); 
Grant and Ruiz 
(1988)

Parral district

La Azul deposit, 
Taxco district

Mexico 18.59 –99.54 Google Earth (2014);  
see comments

8 Location in the open pit S? 0.2 to 0.5 Mt at 63% Pickard (1974) Manto—Peneconcordant replacement 
body in limestone associated with 
fault contact between host Cretaceous 
limestone and Eocene-Oligocene  
felsic volcanics

Tritlla and others 
(2007)

La Azul deposit, 
Taxco district

Brown’s Canyon 
district 

United States 38.63 –106.07 Google Earth (2015);  
see comments

8 Deposit class is most likely 6; 
location is for the mouth of 
the Colorado-American adit

S n.a. n.a. Veins Van Alstine 
(1969)

Brown’s Canyon 
district 

Crystal 
Mountain

United States 46.01 –113.89 Google Earth (2013) 8 Deposit class is most likely 5, 
or possibly 1

S Unknown tonnage at 97.2% 
(plus trace U, Th, Nb,  
and REE)

Sahinen (1962) Massive, sill-like erosional remnants lying 
relatively flat atop (Idaho batholith) 
biotite granite; one body enveloped 
in coarse quartz; contains thortveitite 
(monoclinic [Sc,Y]Si2O7), a mineral 
elsewhere found in pegmatites, in one 
tin skarn, in a U-Be-Zr-mineralized 
breccia related to granite intrusion, 
and at Franklin, New Jersey, as well as 
fergusonite (tetragonal [Ce, Nd, La, Y]
[Nb, Ti]O4), a mineral elsewhere found 
with carbonatites or pegmatites

Sahinen (1962) 
and Parker and 
Havens (1963)

Crystal 
Mountain

Daisy Mine United States 36.89 –116.68 Google Earth (2013) 
and ***MRDS  
(U.S. Geological Survey, 
2013), ID no. M241867

3 None S n.a. n.a. Fault-controlled replacement body in 
limestone

Cornwall and 
Kleinhampl 
(1961)

Daisy Mine
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Table G1–1. Selected fluorspar districts, deposits, and prospects of the world.—Continued

[*Deposit is included in the Orris (1992) grade and tonnage modeling of fluorite veins. **Grade and tonnage data are from Kamitani and others (2007); for these 
entries, it is not clear whether these are the total resources of each deposit or just a resource currently available to the mine that may be subject to updating with 
further exploration. ***Location data are from the Mineral Resources Data System (MRDS). The key to the identification numbers in the deposit class column 
is on page G53. Deposit size: L, identified resources are greater than 1.5 million metric tons of CaF2; S, identified resources are less than 1.5 million metric tons 
of CaF2; n.a., not available. Elements and compounds: Ag, silver; Au, gold; BeO, beryllium oxide; Bi, bismuth; CaF2, calcium fluoride; Cd, cadmium; Cu, cop-
per; Fe, iron; Ge, germanium; In, indium; Mo, molybdenum; Nb, niobium; Pb, lead; REE, rare-earth element; Sn, tin; Sr, strontium; Th, thorium; U, uranium; 
W, tungsten; Y, yttrium; Zn, zinc. Units of measure: g/t, gram per metric ton; km, kilometer; m, meter; Mt, million metric tons; %, percent]

Table G1–1. Selected fluorspar districts, deposits, and prospects of the world.—Continued

[*Deposit is included in the Orris (1992) grade and tonnage modeling of fluorite veins. **Grade and tonnage data are from Kamitani and others (2007); for these 
entries, it is not clear whether these are the total resources of each deposit or just a resource currently available to the mine that may be subject to updating with 
further exploration. ***Location data are from the Mineral Resources Data System (MRDS). The key to the identification numbers in the deposit class column 
is on page G53. Deposit size: L, identified resources are greater than 1.5 million metric tons of CaF ; S, identified resources are less than 1.5 million metric tons 2
of CaF ; n.a., not available. Elements and compounds: Ag, silver; Au, gold; BeO, beryllium oxide; Bi, bismuth; CaF calcium fluoride; Cd, cadmium; Cu, copper; 2  2,  
Fe, iron; Ge, germanium; In, indium; Mo, molybdenum; Nb, niobium; Pb, lead; REE, rare-earth element; Sn, tin; Sr, strontium; Th, thorium; U, uranium; W, 
tungsten; Y, yttrium; Zn, zinc. Units of measure: g/t, gram per metric ton; km, kilometer; m, meter; Mt, million metric tons; %, percent]

Published resource  
(tonnage and grade, in weight 

percent CaF )2 

Source of  
resource data

Predominant geometry 
of orebody(ies)

Source of geo-
logic description

Deposit 
name

North America—Continued

For example, >0.6 Mt at about 
70% (produced from 1966 
to 1972) (plus Be, 0.3%)

about 2.6 Mt at 85%

For example, Las Sabinas 
concession: 13 Mt at 60%

45 Mt at 84%

n.a., plus Ag, Pb, and Zn

0.2 to 0.5 Mt at 63%

n.a.

Unknown tonnage at 97.2% 
(plus trace U, Th, Nb,  
and REE)

n.a.

Pickard (1974)

Pickard (1974)

Mexichem (2012) and 
Hodge (2012)

Tonnage: Mexichem 
(2012); grade:  
Hodge (2012)

Pickard (1974)

Pickard (1974)

n.a.

Sahinen (1962)

n.a.

250 m-high, 50 m-wide replacement bodies 
in carbonates along their contact with 
peralkaline rhyolite-porphyry ring dike 

Breccia pipe (chimney) replaced by 
fluorite at contacts between limestone 
and intrusive rhyolite

Peneconcordant strata-bound replacement 
bodies (mantos) in carbonates

Breccia body along the faulted contact 
between Jurassic limestone and  
Tertiary rhyolite

Quartz-sulfide veins with calc-silicate 
wallrock alteration cutting shale and 
andesite and some localized along 
intrusive rhyolite dikes; fluorite earlier 
discarded as gangue and formed a 40 Mt 
tailings resource at 15% to 20% CaF2

Manto—Peneconcordant replacement 
body in limestone associated with 
fault contact between host Cretaceous 
limestone and Eocene-Oligocene  
felsic volcanics

Veins

Massive, sill-like erosional remnants lying 
relatively flat atop (Idaho batholith) 
biotite granite; one body enveloped 
in coarse quartz; contains thortveitite 
(monoclinic [Sc,Y]Si O ), a mineral 2 7
elsewhere found in pegmatites, in one 
tin skarn, in a U-Be-Zr-mineralized 
breccia related to granite intrusion, 
and at Franklin, New Jersey, as well as 
fergusonite (tetragonal [Ce, Nd, La, Y]
[Nb, Ti]O ), a mineral elsewhere found 4
with carbonatites or pegmatites

Fault-controlled replacement body in 
limestone

McAnulty and 
others (1963) 

Pickard (1974) 
and Fraga 
(1991)

Gonzalez-Partida 
and others 
(2003)

Ruiz and others 
(1980)

Pickard (1974); 
Grant and Ruiz 
(1988)

Tritlla and others 
(2007)

Van Alstine 
(1969)

Sahinen (1962) 
and Parker and 
Havens (1963)

Cornwall and 
Kleinhampl 
(1961)

Aguachile

El Refugio Mine

Encantada-
Buenavista

Las Cuevas

Parral district

La Azul deposit, 
Taxco district

Brown’s Canyon 
district 

Crystal 
Mountain

Daisy Mine

Deposit 
name1 Country

Latitude Longitude Source of 
location data

Deposit 
class

Comments
Deposit 

size (decimal degrees)

North America—Continued

Aguachile Mexico 29.26 –102.54 Google Earth (2013) and 
McAnulty and others 
(1963)

3 None L

El Refugio Mine Mexico 21.57 –100.18 Google Earth (2015) 6 El Realito Mine with similar 
geology located just 6 km 
northwest

L

Encantada-
Buenavista

Mexico 28.54 –102.50 Google Earth (2012);  
see comments

4a(?) Location given is for Las Sabinas 
Mine near southeastern 
extreme of district, which 
stretches more than 30 km 
northwestward from there

L

Las Cuevas Mexico 21.94 –100.58 Google Earth (2013) 6 None L

Parral district Mexico 26.85 –105.86 Google Earth (2014);  
see comments

8 Location given is for the 
Frisco Mine

L

La Azul deposit, 
Taxco district

Mexico 18.59 –99.54 Google Earth (2014);  
see comments

8 Location in the open pit S?

Brown’s Canyon 
district 

United States 38.63 –106.07 Google Earth (2015);  
see comments

8 Deposit class is most likely 6; 
location is for the mouth of 
the Colorado-American adit

S

Crystal 
Mountain

United States 46.01 –113.89 Google Earth (2013) 8 Deposit class is most likely 5, 
or possibly 1

S

Daisy Mine United States 36.89 –116.68 Google Earth (2013) 
and ***MRDS  
(U.S. Geological Survey, 
2013), ID no. M241867

3 None S
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Table G1–1. Selected fluorspar districts, deposits, and prospects of the world.—Continued

[*Deposit is included in the Orris (1992) grade and tonnage modeling of fluorite veins. **Grade and tonnage data are from Kamitani and others (2007); for these 
entries, it is not clear whether these are the total resources of each deposit or just a resource currently available to the mine that may be subject to updating with 
further exploration. ***Location data are from the Mineral Resources Data System (MRDS). The key to the identification numbers in the deposit class column 
is on page G53. Deposit size: L, identified resources are greater than 1.5 million metric tons of CaF2; S, identified resources are less than 1.5 million metric tons 
of CaF2; n.a., not available. Elements and compounds: Ag, silver; Au, gold; BeO, beryllium oxide; Bi, bismuth; CaF2, calcium fluoride; Cd, cadmium; Cu, cop-
per; Fe, iron; Ge, germanium; In, indium; Mo, molybdenum; Nb, niobium; Pb, lead; REE, rare-earth element; Sn, tin; Sr, strontium; Th, thorium; U, uranium; 
W, tungsten; Y, yttrium; Zn, zinc. Units of measure: g/t, gram per metric ton; km, kilometer; m, meter; Mt, million metric tons; %, percent]

Table G1–1. Selected fluorspar districts, deposits, and prospects of the world.—Continued

[*Deposit is included in the Orris (1992) grade and tonnage modeling of fluorite veins. **Grade and tonnage data are from Kamitani and others (2007); for these 
entries, it is not clear whether these are the total resources of each deposit or just a resource currently available to the mine that may be subject to updating with 
further exploration. ***Location data are from the Mineral Resources Data System (MRDS). The key to the identification numbers in the deposit class column 
is on page G53. Deposit size: L, identified resources are greater than 1.5 million metric tons of CaF2; S, identified resources are less than 1.5 million metric tons 
of CaF2; n.a., not available. Elements and compounds: Ag, silver; Au, gold; BeO, beryllium oxide; Bi, bismuth; CaF2, calcium fluoride; Cd, cadmium; Cu, copper; 
Fe, iron; Ge, germanium; In, indium; Mo, molybdenum; Nb, niobium; Pb, lead; REE, rare-earth element; Sn, tin; Sr, strontium; Th, thorium; U, uranium; W, 
tungsten; Y, yttrium; Zn, zinc. Units of measure: g/t, gram per metric ton; km, kilometer; m, meter; Mt, million metric tons; %, percent]

Deposit 
name1 Country

Latitude Longitude Source of 
location data

Deposit 
class

Comments
Deposit 

size 

Published resource  
(tonnage and grade, in weight 

percent CaF2 )

Source of  
resource data

Predominant geometry 
of orebody(ies)

Source of geo-
logic description

Deposit 
name(decimal degrees)

North America—Continued North America—Continued

*Great Eagle United States 32.73 –108.68 Google Earth (2013) 
and ***MRDS  
(U.S. Geological Survey, 
2013), ID no. D009524

3 None S 0.191 at 43.1% McAnulty (1978) Vein Gillerman (1964) *Great Eagle 

Hicks Dome United States 37.52 –88.35 Trace and Amos (1984) 1 Igneous carbonatite has not 
yet been identified at and 
published for Hicks Dome, 
but mineralogy and elemental 
signatures suggest this class

L >>11.3 Mt at 11.5% (plus 
potentially recoverable 
REE, Nb, Y, Be, barite, Zn, 
and Pb)

Kirkemo (1978) (tens of 
additional exploratory 
holes have been drilled 
since 1978)

Variably hydrothermally mineralized 
breccia body(s). The dome, though 
spatially northwestern in the greater 
Illinois-Kentucky fluorspar district 
(below), is that district’s thermal center

Taylor and others 
(1992); Joseph 
Porter (oral 
commun., 
1990)

Hicks Dome

*Huckleberry 
Mine

United States 33.32 –108.82 Google Earth (2013) 
and ***MRDS 
(U.S. Geological Survey, 
2013), ID no. US35038

3 None S 0.085 Mt at 35% McAnulty (1978) Vein McAnulty (1978) *Huckleberry 
Mine

Illinois-
Kentucky 
fluorspar 
district 

United States 37.30 –88.24 Trace and Amos, 1984; 
see comments

4a Location point is approximately 
at the district centroid; 
the centroid is located 
approximately 1 mile north 
of the Eagle-Babb Mine,  
north of Salem, Kentucky

L 30 Mt at 30%; an example 
single vein deposit is the 
Klondike II vein: 1.6 Mt 
at 60% 

Grade and tonnage: 
Kogut and others 
(1997). Klondike II 
grade and tonnage: 
Feytis (2009)

Veins and peneconcordant strata-bound 
replacement bodies in carbonates 
(“bedding replacement deposits”).  
Hicks Dome (above), which is 
considered probably related to 
carbonatite, is a thermal center for  
this areally extensive district)

Shawe (1976) Illinois-
Kentucky 
fluorspar 
district 

Indian Peak 
district 

United States 38.22 –113.83 Google Earth (2013), 
and ***MRDS  
(U.S. Geological Survey, 
2013), ID no. W006953

3 Location point is at the  
Cougar Spar Mine

S n.a. n.a. n.a. n.a. Indian Peak 
district 

Jamestown 
district 

United States 40.13 –105.40 Google Earth (2013) and 
Goddard (1946)

2  Location point is at the 
Burlington Mine

S? >0.7 Mt at 60 to 85% (plus 
Pb, Ag, and Au)

Goddard (1946) Veins and breccia pipes, lenticular in  
plan and nearly vertical

Goddard (1946) Jamestown 
district 

Lost River United States 65.48 –167.16 MRDS (U.S. Geological 
Survey, 2013), ID  
no. A016009

5  Location point is at the  
“New No. 3 Adit” of Plate 2 
of Sainsbury (1964)

L 23.5 Mt at 16.4% (plus 
recoverable Sn and W)

Watts, Griffiths, and 
McQuat, Ltd. (1972), 
as referenced by Hudson 
and Reed, 1997

Skarn and stockwork of exogreisen 
veinlets

Dobson (1982); 
Hudson and 
Reed (1997)

Lost River

Meyers Cove United States 44.85 –114.50 Google Earth (2013) and 
Cox (1954)

8 Location point is at Big Lead 
Mine. Deposit class is most 
likely 6

S n.a. n.a. Veins Cox (1954) Meyers Cove

Northgate 
district 

United States 40.92 –106.27 Google Earth (2013) and 
Steven (1960)

8 Location point is at Pender 
Mine. Deposit class is most 
likely 3

 L n.a. n.a. Veins Steven (1960) Northgate 
district 

Rome 
occurrence

United States 42.81 –117.72 Google Earth (2013) and 
Sheppard and Gude (1969)

7 None S Typically 0.84 m thickness at 
3.98% 

Sheppard and Gude 
(1969)

Conformable layer in tuffaceous lacustrine 
silt/mudstone within basalts

Sheppard and 
Gude (1969)

Rome 
occurrence

Spor Mountain 
district (Thom- 
as Range)

United States 39.70 –113.17 Google Earth (2013) and 
Staatz and Osterwald 
(1959)

3 Location point is at the  
Ben Hill Mine, pit 1

S 0.033 at 45% (plus Be, U) Bullock (1976) Breccia pipes Staatz and 
Osterwald 
(1959)

Spor Mountain 
district 

Sweetwater 
district 

United States 35.60 –84.46 Google Earth (2013);  
see comments 

4a No actual mine or exploration 
workings. Location given is for 
the center of the town square 
of Sweetwater, Tennessee

L n.a. n.a. Breccia bodies involving several 
tens of meters of stratigraphy and 
peneconcordant replacement bodies  
in carbonates

Misra and others 
(1989)

Sweetwater 
district 
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Table G1–1. Selected fluorspar districts, deposits, and prospects of the world.—Continued

[*Deposit is included in the Orris (1992) grade and tonnage modeling of fluorite veins. **Grade and tonnage data are from Kamitani and others (2007); for these 
entries, it is not clear whether these are the total resources of each deposit or just a resource currently available to the mine that may be subject to updating with 
further exploration. ***Location data are from the Mineral Resources Data System (MRDS). The key to the identification numbers in the deposit class column 
is on page G53. Deposit size: L, identified resources are greater than 1.5 million metric tons of CaF2; S, identified resources are less than 1.5 million metric tons 
of CaF2; n.a., not available. Elements and compounds: Ag, silver; Au, gold; BeO, beryllium oxide; Bi, bismuth; CaF2, calcium fluoride; Cd, cadmium; Cu, cop-
per; Fe, iron; Ge, germanium; In, indium; Mo, molybdenum; Nb, niobium; Pb, lead; REE, rare-earth element; Sn, tin; Sr, strontium; Th, thorium; U, uranium; 
W, tungsten; Y, yttrium; Zn, zinc. Units of measure: g/t, gram per metric ton; km, kilometer; m, meter; Mt, million metric tons; %, percent]

Table G1–1. Selected fluorspar districts, deposits, and prospects of the world.—Continued

[*Deposit is included in the Orris (1992) grade and tonnage modeling of fluorite veins. **Grade and tonnage data are from Kamitani and others (2007); for these 
entries, it is not clear whether these are the total resources of each deposit or just a resource currently available to the mine that may be subject to updating with 
further exploration. ***Location data are from the Mineral Resources Data System (MRDS). The key to the identification numbers in the deposit class column 
is on page G53. Deposit size: L, identified resources are greater than 1.5 million metric tons of CaF ; S, identified resources are less than 1.5 million metric tons 2
of CaF ; n.a., not available. Elements and compounds: Ag, silver; Au, gold; BeO, beryllium oxide; Bi, bismuth; CaF calcium fluoride; Cd, cadmium; Cu, copper; 2  2,  
Fe, iron; Ge, germanium; In, indium; Mo, molybdenum; Nb, niobium; Pb, lead; REE, rare-earth element; Sn, tin; Sr, strontium; Th, thorium; U, uranium; W, 
tungsten; Y, yttrium; Zn, zinc. Units of measure: g/t, gram per metric ton; km, kilometer; m, meter; Mt, million metric tons; %, percent]

Published resource  
(tonnage and grade, in weight 

percent CaF )2 

Source of  
resource data

Predominant geometry 
of orebody(ies)

Source of geo-
logic description

Deposit 
name

North America—Continued

0.191 at 43.1%

>>11.3 Mt at 11.5% (plus 
potentially recoverable 
REE, Nb, Y, Be, barite, Zn, 
and Pb)

0.085 Mt at 35%

30 Mt at 30%; an example 
single vein deposit is the 
Klondike II vein: 1.6 Mt 
at 60% 

n.a.

>0.7 Mt at 60 to 85% (plus 
Pb, Ag, and Au)

23.5 Mt at 16.4% (plus 
recoverable Sn and W)

n.a.

n.a.

Typically 0.84 m thickness at 
3.98% 

0.033 at 45% (plus Be, U)

n.a.

McAnulty (1978)

Kirkemo (1978) (tens of 
additional exploratory 
holes have been drilled 
since 1978)

McAnulty (1978)

Grade and tonnage: 
Kogut and others 
(1997). Klondike II 
grade and tonnage: 
Feytis (2009)

n.a.

Goddard (1946)

Watts, Griffiths, and 
McQuat, Ltd. (1972), 
as referenced by Hudson 
and Reed, 1997

n.a.

n.a.

Sheppard and Gude 
(1969)

Bullock (1976)

n.a.

Vein

Variably hydrothermally mineralized 
breccia body(s). The dome, though 
spatially northwestern in the greater 
Illinois-Kentucky fluorspar district 
(below), is that district’s thermal center

Vein

Veins and peneconcordant strata-bound 
replacement bodies in carbonates 
(“bedding replacement deposits”).  
Hicks Dome (above), which is 
considered probably related to 
carbonatite, is a thermal center for  
this areally extensive district)

n.a.

Veins and breccia pipes, lenticular in  
plan and nearly vertical

Skarn and stockwork of exogreisen 
veinlets

Veins

Veins

Conformable layer in tuffaceous lacustrine 
silt/mudstone within basalts

Breccia pipes

Breccia bodies involving several 
tens of meters of stratigraphy and 
peneconcordant replacement bodies  
in carbonates

Gillerman (1964)

Taylor and others 
(1992); Joseph 
Porter (oral 
commun., 
1990)

McAnulty (1978)

Shawe (1976)

n.a.

Goddard (1946)

Dobson (1982); 
Hudson and 
Reed (1997)

Cox (1954)

Steven (1960)

Sheppard and 
Gude (1969)

Staatz and 
Osterwald 
(1959)

Misra and others 
(1989)

*Great Eagle 

Hicks Dome

*Huckleberry 
Mine

Illinois-
Kentucky 
fluorspar 
district 

Indian Peak 
district 

Jamestown 
district 

Lost River

Meyers Cove

Northgate 
district 

Rome 
occurrence

Spor Mountain 
district 

Sweetwater 
district 

Deposit 
name1 Country

Latitude Longitude Source of 
location data

Deposit 
class

Comments
Deposit 

size (decimal degrees)

North America—Continued

*Great Eagle United States 32.73 –108.68 Google Earth (2013) 
and ***MRDS  
(U.S. Geological Survey, 
2013), ID no. D009524

3 None S

Hicks Dome United States 37.52 –88.35 Trace and Amos (1984) 1 Igneous carbonatite has not 
yet been identified at and 
published for Hicks Dome, 
but mineralogy and elemental 
signatures suggest this class

L

*Huckleberry 
Mine

United States 33.32 –108.82 Google Earth (2013) 
and ***MRDS 
(U.S. Geological Survey, 
2013), ID no. US35038

3 None S

Illinois-
Kentucky 
fluorspar 
district 

United States 37.30 –88.24 Trace and Amos, 1984; 
see comments

4a Location point is approximately 
at the district centroid; 
the centroid is located 
approximately 1 mile north 
of the Eagle-Babb Mine,  
north of Salem, Kentucky

L

Indian Peak 
district 

United States 38.22 –113.83 Google Earth (2013), 
and ***MRDS  
(U.S. Geological Survey, 
2013), ID no. W006953

3 Location point is at the  
Cougar Spar Mine

S

Jamestown 
district 

United States 40.13 –105.40 Google Earth (2013) and 
Goddard (1946)

2  Location point is at the 
Burlington Mine

S?

Lost River United States 65.48 –167.16 MRDS (U.S. Geological 
Survey, 2013), ID  
no. A016009

5  Location point is at the  
“New No. 3 Adit” of Plate 2 
of Sainsbury (1964)

L

Meyers Cove United States 44.85 –114.50 Google Earth (2013) and 
Cox (1954)

8 Location point is at Big Lead 
Mine. Deposit class is most 
likely 6

S

Northgate 
district 

United States 40.92 –106.27 Google Earth (2013) and 
Steven (1960)

8 Location point is at Pender 
Mine. Deposit class is most 
likely 3

 L

Rome 
occurrence

United States 42.81 –117.72 Google Earth (2013) and 
Sheppard and Gude (1969)

7 None S

Spor Mountain 
district (Thom- 
as Range)

United States 39.70 –113.17 Google Earth (2013) and 
Staatz and Osterwald 
(1959)

3 Location point is at the  
Ben Hill Mine, pit 1

S

Sweetwater 
district 

United States 35.60 –84.46 Google Earth (2013);  
see comments 

4a No actual mine or exploration 
workings. Location given is for 
the center of the town square 
of Sweetwater, Tennessee

L
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Table G1–1. Selected fluorspar districts, deposits, and prospects of the world.—Continued

[*Deposit is included in the Orris (1992) grade and tonnage modeling of fluorite veins. **Grade and tonnage data are from Kamitani and others (2007); for these 
entries, it is not clear whether these are the total resources of each deposit or just a resource currently available to the mine that may be subject to updating with 
further exploration. ***Location data are from the Mineral Resources Data System (MRDS). The key to the identification numbers in the deposit class column 
is on page G53. Deposit size: L, identified resources are greater than 1.5 million metric tons of CaF2; S, identified resources are less than 1.5 million metric tons 
of CaF2; n.a., not available. Elements and compounds: Ag, silver; Au, gold; BeO, beryllium oxide; Bi, bismuth; CaF2, calcium fluoride; Cd, cadmium; Cu, cop-
per; Fe, iron; Ge, germanium; In, indium; Mo, molybdenum; Nb, niobium; Pb, lead; REE, rare-earth element; Sn, tin; Sr, strontium; Th, thorium; U, uranium; 
W, tungsten; Y, yttrium; Zn, zinc. Units of measure: g/t, gram per metric ton; km, kilometer; m, meter; Mt, million metric tons; %, percent]

Table G1–1. Selected fluorspar districts, deposits, and prospects of the world.—Continued

[*Deposit is included in the Orris (1992) grade and tonnage modeling of fluorite veins. **Grade and tonnage data are from Kamitani and others (2007); for these 
entries, it is not clear whether these are the total resources of each deposit or just a resource currently available to the mine that may be subject to updating with 
further exploration. ***Location data are from the Mineral Resources Data System (MRDS). The key to the identification numbers in the deposit class column 
is on page G53. Deposit size: L, identified resources are greater than 1.5 million metric tons of CaF2; S, identified resources are less than 1.5 million metric tons 
of CaF2; n.a., not available. Elements and compounds: Ag, silver; Au, gold; BeO, beryllium oxide; Bi, bismuth; CaF2, calcium fluoride; Cd, cadmium; Cu, copper; 
Fe, iron; Ge, germanium; In, indium; Mo, molybdenum; Nb, niobium; Pb, lead; REE, rare-earth element; Sn, tin; Sr, strontium; Th, thorium; U, uranium; W, 
tungsten; Y, yttrium; Zn, zinc. Units of measure: g/t, gram per metric ton; km, kilometer; m, meter; Mt, million metric tons; %, percent]

Deposit 
name1 Country

Latitude Longitude Source of 
location data

Deposit 
class

Comments
Deposit 

size 

Published resource  
(tonnage and grade, in weight 

percent CaF2 )

Source of  
resource data

Predominant geometry 
of orebody(ies)

Source of geo-
logic description

Deposit 
name(decimal degrees)

North America—Continued North America—Continued

*White Eagle United States 32.61 –107.75 Google Earth (2013), 
and ***MRDS 
(U.S. Geological Survey, 
2013), ID no. W006929

3 None S 0.179 Mt at 54.3% McAnulty (1978) Vein McAnulty (1978) *White Eagle

South America South America—Continued

Cerros Negros Argentina –32.50 –64.79 Google Earth (2014)  
and Coniglio and  
others (2000)

6 None S 0.27 Mt at 56% Coniglio and others 
(2000)

Vein Coniglio and 
others (2000)

Cerros Negros

Mato Preto Brazil –24.75 –49.18 Google Earth (2014)  
and Jenkins (1987);  
see comments

1 Location given is for the 
approximate center of the 
Clugger orebody

L 2.65 Mt at 60% Jenkins (1987) Lensatic hydrothermal masses replacing 
calcitic carbonatite and lesser syenite, 
enveloping phonolite dikes intruded 
along the contact between carbonatite 
and nepheline syenite

Woolley (1987) 
and Jenkins, 
(1987)

Mato Preto

Santa Catarina 
district 

Brazil –26.62 –49.26 Google Earth (2014),  
and Bastos Neto and 
others (1991)

8 Deposit class is most likely 2, 
but might be 4b. Location 
given is at Shaft 3 on the 
Segunda Linha Torrens vein

L n.a. n.a. Veins Bastos Neto and 
others (1991)

Santa Catarina 
district 

1Grade and tonnage information from the following deposits have been plotted in text figure G6.

 Fluorspar vein or vein-and-replacement deposits
  1. El Hammam, Morocco
  2. Canxixe, Mozambique
  3. Chioco-Djanguire, Mozambique
  4. Macossa, Mozambique
  5. Zwartkloof, South Africa
  6. Jebel Semeih, Sudan
  7. Houshu, China
  8. Huahe, China
  9. Hushan, China
  10. Jianshan, China
  11. Yangjia-Wuyi, China
  12. Yinzishan, China
  13. Adag, Mongolia
  14. Berkh, Mongolia
  15. Bor Ondor, Mongolia
  16. Zuum-Tsagaan-Del, Mongolia
  17. Kalangui, Russia
  18. Ban Hong, Thailand
  19. Suppatash, Uzbekistan
 20. Speewah, Australia

 21. Argentolle, France
 22. Montroc, France
 23. Le Barlet, France
 24. Le Burc, France
 25. Rossignol, France
 26. Muscadroxiu-Genna Tres Montis-  

 S’Acqua Frida, Sardinia, Italy
 27. Osor, Spain
 28. Fission (Richardson), Canada
 29. Blue Beach North vein, 

 St. Lawrence district, Canada
 30. El Refugio Mine, Mexico
 31. Las Cuevas Mine, Mexico
 32. Great Eagle, New Mexico, 

 United States
 33. Huckleberry Mine, New Mexico, 

 United States
 34. Klondike II deposit, Illinois-Kentucky 

 fluorspar district, United States
 35. White Eagle, New Mexico, 

 United States
 36. Cerros Negros, Argentina

Carbonatite-related fluorspar deposits
  1. Mount Muambe, Mozambique
  2. Okorusu, Namibia
  3. Amba Dongar, India
  4. Speewah, Australia
  5. Mato Preto, Brazil

Skarn, greisens, and replacement fluorspar 
deposits related to strongly differentiated granites

  1. Buffalo, South Africa
  2. Vergenoeg, South Africa
  3. Mahuaping, China
  4. Shizhuyuan, China
  5. Taskainar (Taskaynar), Kazakhstan
  6. Voznesenka I & Pogranichny, Russia
  7. Nui Phao, Vietnam
  8. Moina, Tasmania, Australia
  9. Lost River, Alaska, United States
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Table G1–1. Selected fluorspar districts, deposits, and prospects of the world.—Continued

[*Deposit is included in the Orris (1992) grade and tonnage modeling of fluorite veins. **Grade and tonnage data are from Kamitani and others (2007); for these 
entries, it is not clear whether these are the total resources of each deposit or just a resource currently available to the mine that may be subject to updating with 
further exploration. ***Location data are from the Mineral Resources Data System (MRDS). The key to the identification numbers in the deposit class column 
is on page G53. Deposit size: L, identified resources are greater than 1.5 million metric tons of CaF2; S, identified resources are less than 1.5 million metric tons 
of CaF2; n.a., not available. Elements and compounds: Ag, silver; Au, gold; BeO, beryllium oxide; Bi, bismuth; CaF2, calcium fluoride; Cd, cadmium; Cu, cop-
per; Fe, iron; Ge, germanium; In, indium; Mo, molybdenum; Nb, niobium; Pb, lead; REE, rare-earth element; Sn, tin; Sr, strontium; Th, thorium; U, uranium; 
W, tungsten; Y, yttrium; Zn, zinc. Units of measure: g/t, gram per metric ton; km, kilometer; m, meter; Mt, million metric tons; %, percent]

Table G1–1. Selected fluorspar districts, deposits, and prospects of the world.—Continued

[*Deposit is included in the Orris (1992) grade and tonnage modeling of fluorite veins. **Grade and tonnage data are from Kamitani and others (2007); for these 
entries, it is not clear whether these are the total resources of each deposit or just a resource currently available to the mine that may be subject to updating with 
further exploration. ***Location data are from the Mineral Resources Data System (MRDS). The key to the identification numbers in the deposit class column 
is on page G53. Deposit size: L, identified resources are greater than 1.5 million metric tons of CaF ; S, identified resources are less than 1.5 million metric tons 2
of CaF ; n.a., not available. Elements and compounds: Ag, silver; Au, gold; BeO, beryllium oxide; Bi, bismuth; CaF calcium fluoride; Cd, cadmium; Cu, copper; 2  2,  
Fe, iron; Ge, germanium; In, indium; Mo, molybdenum; Nb, niobium; Pb, lead; REE, rare-earth element; Sn, tin; Sr, strontium; Th, thorium; U, uranium; W, 
tungsten; Y, yttrium; Zn, zinc. Units of measure: g/t, gram per metric ton; km, kilometer; m, meter; Mt, million metric tons; %, percent]

Published resource  
(tonnage and grade, in weight 

percent CaF )2 

Source of  
resource data

Predominant geometry 
of orebody(ies)

Source of geo-
logic description

Deposit 
name

North America—Continued

0.179 Mt at 54.3% McAnulty (1978) Vein McAnulty (1978) *White Eagle

South America—Continued

0.27 Mt at 56%

2.65 Mt at 60%

n.a.

Coniglio and others 
(2000)

Jenkins (1987)

n.a.

Vein

Lensatic hydrothermal masses replacing 
calcitic carbonatite and lesser syenite, 
enveloping phonolite dikes intruded 
along the contact between carbonatite 
and nepheline syenite

Veins

Coniglio and 
others (2000)

Woolley (1987) 
and Jenkins, 
(1987)

Bastos Neto and 
others (1991)

Cerros Negros

Mato Preto

Santa Catarina 
district 

Deposit 
name1 Country

Latitude Longitude Source of 
location data

Deposit 
class

Comments
Deposit 

size (decimal degrees)

North America—Continued

*White Eagle United States 32.61 –107.75 Google Earth (2013), 
and ***MRDS 
(U.S. Geological Survey, 
2013), ID no. W006929

3 None S

South America

Cerros Negros Argentina –32.50 –64.79 Google Earth (2014)  
and Coniglio and  
others (2000)

6 None S

Mato Preto Brazil –24.75 –49.18 Google Earth (2014)  
and Jenkins (1987);  
see comments

1 Location given is for the 
approximate center of the 
Clugger orebody

L

Santa Catarina 
district 

Brazil –26.62 –49.26 Google Earth (2014),  
and Bastos Neto and 
others (1991)

8 Deposit class is most likely 2, 
but might be 4b. Location 
given is at Shaft 3 on the 
Segunda Linha Torrens vein

L
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