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Fluorspar
PREFACE

While some fluorspar has been produced in Arizona, it is
little known to most of the prospectors and small operators of
the state. The prices now offered for the mineral should make
producers of some of the properties on which it is known to
occur, especially those deposits in which it is found as a vein
mineral, and from which it can be mined as a by-product of
metalliferous minerals.

That fluorspar is receiving some attention in this state is
deduced from the increase in the number of requests for informa-
tion concerning it that have been received recently by the
Arizona Bureau of Mines. This bulletin has been prepared to
answer these inquiries in greater detail than can be done by a
letter, and it is hoped that it will answer the present need.

DESCRIPTION OF FLUORSPAR
Synonyms: Fluorspar is the commercial and common name fo r

the mineral known to scientists as fluorite. Miners sometimes
incorrectly call it fluorine, the name of one of the elements of
which it is composed. Transparent purple, green, yellow, or
red specimens are sometimes called, respectively, false amethyst,
false emerald, false topaz, and false ruby. In Derbyshire,
England, the blue and purple varieties are called" blue john."
That variety of fluorspar which when heated phosphoresces so
as to show a greenish light is sometimes termed chlorophane.

Composition: Pure fluorspar is a fluoride of calcium (CaF2);

and contains 48.9% of fluorine and 51.1% of calcium. A very
small quantity of chlorine sometimes replaces a trifle of the
fluorine.

The commonly associated impurities are calcite, or carbonate
of lime, silica in the form of quartz, metallic sulphides, and, less
frequently, barite or barytes (sulphate of barium).

Hardness: Fluorspar can be scratched fairly easily with the
point of a knife-blade, and thin edges can be whittled if great
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pressure is applied to the knife. It cannot be scratched with the
roughened edge of a coin.

Impure, fine-grained, siliceous fluorspar, such as occurs as !I.
purplish rock at Cripple Creek, Colorado, is much harder than
the pure mineral.

Luster: Most varieties of the mineral have a glassy luster,
but impure material may be dull.

Specimens of fluorspar are usually translucent, but crystals
and thin fragments are commonly transparent or very trans-
lucent.

Color: Fluorspar shows a very wide variety of colors. Light
to fairly dark shades of green, amethystine or purple, and
yellow are common; other tints encountered somewhat less
frequently are white, pink, blue, and brown. Red fluorspar is
rare. It is not unusual to find several distinctly different colors
on a single specimen a few inches across. Crystals or crystalline
masees are sometimes made up of layers of colorless (or white)
and colored material, or light,and dark shades of the same color.

Fluorspar sometimes appears to be of one color when held so
that the light is reflected from it, and of quite a different color
(or shade of the same color) if held in such a position that the
light is transmitted through it to the eye. For instance, a crystal
may show a very dark shade of purple when held so that the
light falls upon it from over the observer's shoulder, while it
may exhibit lI.brownish-gray tint when held between the light
and the eye. This unique and peculiar property is called fluores-
cence, and is best shown by dark-colored specimens, especially
crystals. It is not, however, a common attribute of the mineral.

Color of the Powder: Powered fluorspar is white no matter
what the color of the uncrushed mineral may be.

Cleavage: One of the most distinctive peculiarities of the min-
eral is the very strong tendency shown by each crystal or crystal-
line grain to split parallel to the faces of an octahedron. In
other words, it breaks easily in four directions that intersect lI.t
angles notably larger or smaller than a. right angle (10972° or
7072°). The resulting cleavage surfaces are relatively smooth,
and reflect light brilliantly.
Specific Gravity: Fluorspar has an average specific gravity of

about 3.2; that is, it is a little over three times as heavy as an
equal volume of water. As most of the commoner, non-metallic
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minerals have specific gravities between 2.6 and 3.5, the specific
gravity of fluorspar is not especially distinctive. The mineral
is sufficiently lighter than most of the ore minerals with which
it is commonly associated to make it easy to separate it from
them by gravitational methods.

Ten cubic feet of pure, compact fluorspar weigh a ton (2000
pounds).

Mode of Occurrence: Fluorspar usually occurs as masses which
when broken show a profusion of flat cleavage surfaces that re-
flect light brilliantly, but is is sometimes found in sugar-like
masses or even more finely granular. When free to do so it
assumes the form of cubical crystals. Such crystals are usually
very sharply formed, glassy, and transparent. Occasionally
more complex forms are found, such, for instance, as cubes with
the edges or corners modified by other forms; or great numbers of
tiny cubical crystals may be grouped in parallel positions so as
to form octohedra. Crystallized fluorspar is often so beautiful
as to make very attractive ca.binet specimens.

Blowpipe and Chemical Tests: Thin cleavage splinters will fuse
in the flame of a blowpipe to an enamel-like mass. If finely
powdered fluorspar is thoroughly mixed with four times its vol-
ume of acid potassium sulphate (HKS04J, and the mixture is
placed in a small test tube or a piece of glass tubing closed at
one end, and boiled for several minutes over an alcohol flame,
the glass immediately above the contents of the tube will be
etched or roughened. This result is most easily recognized by
breaking the top, washing the interior thoroughly, and then
scratching with the point of a knife-blade that portion of the
tube directly above the material tested. If etching has occured,
the surface will feel much rougher than does unetched glass.

A similar result may be secured by dissolving flourspar in
concentrated sulphuric acid (H2SO,).

Some varieties of this mineral are phosphorescent, that is,
splinters heated gently in a blowpipe or alcohol flame will emit
colored light. The color of the light thus shown seems to have
no connection with the mineral itself. If a splinter is heated
too strongly, the phosphorescence will disappear, and the speci-
men will not again exhibit this property. If, however, an electric
discharge is passed through the specimen, it will usually again
become phosphorescent when reheated.
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Minerals With Which Fluorspar is Apt to be Confused: Fluor-
spar is most commonly confused with calcite (calcium carbonate),
or rhodochrosite (manganese carbonate); and an untrained or
careless observer may erroneously classify it as quartz (silica) or
barite (barium sulphate).

Calcite, if placed in hydrochloric acid (HCI), or even strong
vinegar, will effervesce or appear to make the liquid boil, while
fluorspar shows no such action. Calcite is usually colorless or
white instead of green or purplish, and is enough softer than
fluorspar so that it can usually be scratched with the roughened
edge of a coin. It can be easily scratched with the point of a
knife-blade. Individual grains or crystals of calcite cleave very
easily in three directions at angles of 1050

, but fluorspar also
cleaves in several directions, as previously described, so cleavage
distinctions cannot be readily applied by anyone not an ex-
perienced mineralogist. Calcite usually crystallizes in six-sided
crystals instead of cubes.

Rhodochrosite, if placed in hot concentrated or boiling di-
lute hydrochloric acid (HCI), will effervesce like calcite. It varies
from rose-red to light pink in color, and blackens on exposure
to damp air. Its hardness is almost exactly that of fluorspar, and
it cleaves readily like calcite. It usually crystallizes in rhom-
bohedrons.

Quartz is too hard to scratch with a knife, has no cleavage
whatever, and crystallizes in six-sided crystals instead of cubes.
It is usually colorless or white, but a purple variety (amethyst)
is found in some localities, and might be confused with purple
fluorspar.

Barite is notably heavy (the specific gravity is 4.3 to 4.6).
It usually occurs in white masses with a platy structure,
single grains or crystals cleave readily into thin plates, and it
usually crystallizes in tabular or prismatic crystals. It varies
from slightly to considerably softer than fluorspar, and can often
but not always, be scratched with the roughened edge of a coin.

GEOLOGICAL OCCURRENCE OF FLUORSPAR
Fluorspar usually occurs as a primary vein filling, and is

not uncommonly found as the gangue of several metallic minerals,
particularly galena (sulphide of lead); but when so associated
it rarely occurs in such quantities as to be worth recovering.
Its presence as the gangue of certain metallic minerals that
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must be smelted is sometimes an advantage since it is itself a
valuable flux. Occasionally the mineral occurs as veins of re-
latively pure material, and such deposits are especially valuable.

Although veins containing fluorspar are found in all kinds of
rocks, they are rare in unmetamorphosed limestone excepting
in the neighborhood of igneous instrusions, and most of the more
valuable deposits are so closely associated with dikes or other
masses of igneous rock that it is believed that the mineral has
usually been deposited from hot solutions expelled from the cool-
ing igneous masses of which the associated igneous intrusions
are off-shoots.

The fluorspar in the Southern Illinois and Kentucky fluorspar
areas occurs in sedimentary rocks of Lower Carboniferous and
Devonian age in which there have been intruded dikes of igneous
rocks, but these dikes are not in contact with the veins
which are in some places 45' wide and have been proven to ex-
tend to a depth of over 200'. The fluorspar has been deposited
in fault fissures, and at the same time the country rock bound-
ing these fissures has been partly replaced by the fluorspar.'

The ore is chiefly fluorspar with calcite as the most abundant
gangue mineral. Associated with the fluorspar are small amounts
of lead and zinc sulphides (galena and sphalerite), antimony
sulphide (stibnite), barium sulphate (barite or barytes), and
traces of copper-iron and iron sulphides (chalcopyrite and pyrite).
The galena carries a little silver.

The English deposits yield the second largest production of
fluorspar. The Geological Survey of Great Britain in a special
report on fluorspar described the occurences of chief importance
as follows: "In Cornwall the fluorspar is associated with ores of
copper and lead. It traverses granite and Lower Paleozoic rocks,
and is frequently pale green or yellow in color in contrast with
other districts where amethystine tints prevail. In Derby, Dur-
ham, and Flintshire the fluorspar occurs as the gangue of galena
and blende (sphalerite) veins traversing Carboniferous limestone
strata; in Durham, however, sandstone and shale predominate
over limestone.

"In Derbyshire the fluorspar is associated with barytes, and
quartz is absent, but in Durham the converse holds. In both

tH. Foster Bain, Fluorspar Deposits of Southern Illinois, U. S.G. S. Bulletin No. 225.
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fields large bodies of clean spar can be obtained, but in Flint-
shire the fluorspar is intimately mixed with other minerals."

New Mexico has recently become a considerable producer of
fluorspar. The geology and occurence of the fluorspar deposits
of Fluorspar Ridge 10 miles north of Deming are described by
Darton and Burchard in U. S. G. S. Bulletin No. 470. Accor-
ding to Darton these deposits occur associated with monzonite-
porphyry which has intruded Paleozoic and Cretaceous sedi-
mentary rocks. This occurence resembles very closely the de-
posit of fluorspar northeast of Duncan, Arizona.

ARIZONA FLUORSPAR OCCURRENCES
Among the largest fluorspar deposits so far known in Arizona

are those owned by Joe Hardy and associates. The groups of
claims covering these deposits are located about nine, twelve,
and sixteen miles, respectively, northeast of Duncan on the
Arizona-New Mexico state line.

Most of this company's production has been from the
properties that are located about sixteen miles from Duncan.
In this group of claims the fluorspar occurs in the gouge
that fills veins in andesite porphyry in a factured zone about
fifty feet wide, which can be traced on the surface approximately
4000 feet. These veins have been prospected by numerous
shallow shafts, open cuts, and trenches. According to the owners,
two carloads of fluorspar have been shipped, which assayed as
follows:

CaF2 88 to 96%
Silica 1 to 8%
Iron Oxide 0.25 to 0.6%
Alumina 0.5 to 0.6%
Magnesia 0.1 to 0.4%
Color Light Green

The deposits on the other groups are made up of fissure veins
which vary in width from a few inches to one foot, and cover an
area several hundred feet wide by several hundred feet long.
Numerous open cuts, shafts, etc. show that the veins extend
downward at least to water level. These groups have yielded
a small tonnage of high grade fluorspar. The owners estimate
that 150 tons per month of selected fluorspar can be produced.

These properties have also yielded some gold-silver ore.
The chief producers of fluorspar in Arizona in the past have

been the mines in the Castle Dome district north of Yuma. Teh
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fluorspar occurs in veins, and is obtained as a by-product in the
mining of silver-lead ore.

The Reorganized United Mines Company is now developing
the Big Dome claim, and plans to reopen the vein from which
most of the past production of fluorspar was obtained. The analy-
sis of the fluorspar shipped from this property in the past is:

CaFz 98.7 to 99%
CaCOa 1.15 to 0.65%
Silica 0.05 to 0.20%

The Neptune fluorspar deposit in the Sierrita Mountains,
twenty-five miles southwest of Tucson, is to be opened by S. W.
Purcell of Tucson. The vein of fluorspar occurs in a quartz-
mica schist which is intruded by porphyry dikes. These dikes
appear to be offshoots from a porphyry mass one-half mile
to the south. The veins dip practically vertically, and strike N.
W.-S. E. The outcrops can be traced for several miles to the
southeast. On the Neptune claim the main vein varies in width
from a few inches to two feet. The color of the fluorspar is white,
green, and amethystine.

Some calcite and silica occur sparingly and in bunches in the
fluorspar of these deposits, but can readily be eliminated by
sorting. The main vein is at present opened by tunnels on both
sides of the hill through which the vein cuts. Further develop-
ment would without doubt open up several thousand tons of
fluorspar. Two minor veins parallel the main vein to the north-
east. The vein walls are sufficiently well defined to enable !I.

clean product to be mined. The main deposit, so far as present
workings show, is absolutely free of visible metallic sulphides.
A trace of copper is found in the two smaller veins to the north-
east of the main vein. The fluorspar deposit was discovered
while prospecting these veins for copper. An analysis of a sample
taken across the main veins given herewith:

Fluorite.... . 89.49%
Phosphorous.. . trace%
Silica.. 1.11%
Iron Oxide 1.06%
Chromic Oxide....... 0.17%
Sulphuric Acid, S03 2.44%
Non Metallic Imp 5.24%

99.51%

Other localities in which fluorspar has been reported as occur-
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ing are Iseven miles from Aguila, Maricopa County; Black Moun-
tain, Mohave County; Paradise, Cochise County; Helvetia. and
Silverbell, Pima County; near Mammoth Mine, Pinal County;
and Bradshaw Mountains, Yavapai County.

DEMAND
The demand for fluorspar has increased phenomenally in

the past few years, and, since eighty to ninety percent is used in
the steel industry, the tremendous war and post-war production
of steel has had its effect upon the consumption of this material.
Before the war about half of the fluorspar consumed in this coun-
try was imported from Europe, the greater percentage coming
from England. According to a report on Flourspar issued by the
Geological Survey of Great Britain' ,the production of fluorspar
in England has been in excess of domestic requirements, and a
large part of this production had been obtained from the re-
working of old dumps in which a large amount of fluorspar had
accumulated. These dumps, the report further states, had
been practically exhausted in 1916; therefore, it seems probable
that England's production of fluorspar will in the future
do no more than equal her domestic consumption, and that the
principal source from which European fluorspar has been expor-
ted to this country will be eliminated. So long, therefore, as the
steel industry continues to prosper in this country we may ex-
pect a good demand for domestic fluorspar.

The demand for fluorspar is at present good, and the prices
now paid should influence mine operators to mine and recover
fluorspar not only as a by-product in metalliferous mining, but
as a prime product. This statement applies particularly to the
owners of deposits in Arizona since the writers believe that these
deposits are capable of producing the higher grades of fluorspar.

VALUE
The price obtained for fluorspar of all grades has decidedly

increased during the past four years.
The average prices paid for all grades of fluorspar in the

United States from 1916 to 1920 were as follows:
year................................ 1916
Average Value per Ton $5.92

1917
$10.45

1918
$20.80

1919
$25.49

1920
$25.26

lUseful Minerals of the United States. by Schrader. Stone. and Sanford. U. S. G. S. Bulletin
No. 624.
'Fluorspar. by E. F. Burchard. United States Geological Survey, Mineral Resources for 1916.
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These statistics have been taken from the United States
Geological Survey publications.

The Oil Paint and Drug Reporter gives $24 to S30 per ton
for washed gravel (85%) as the price range for 1919.

According to the Engineering and Mining Journal, the price
paid for fluorspar containing 85% calcium fluoride and not over
6% silica F. O. B. Mines, Tonuco, New Mexico, during the
first quarter of 1920 ranged between $16 and $17 per ton. $17.50
per ton was paid in October, 1920. This same grade of fluorspar
was worth $25 per ton F. O. B. mines, Illinois, and $27.50
F. O. B. mines, Kentucky. The freight rates from Arizona
points to the east is $1.50 per ton more than from Tonuco. In
June, 1921, lump fluorspar brought $15 per ton and ground
fluorspar containing 97% of CaF2 sold for $32 per ton F. O. B.
Lordsburg, New Mexico.

The following quotations on flourspar for June, 1921, were
taken from the Engineering and Mining Journal:
Gravel, F. O. B. Mines $20 to $25 per ton
Acid, Glass, and enamel Grades,

F. O. B. Mines $40 to $55 per ton

PRODUCTION

According to the United States Geological Survey the fluorspar
production (amounts shipped) for the United States has been:

Year
Tons of
Fluorspar
(2000Ibs.)

1916

155,735

1917

218,828

1918 1919 1920

263,817 138,290 186,778

Although the fluorspar mines in the United States shipped 186,
778 tons of the mineral in 1920, the amount actually mined was
201,372 tons, according to the United States Geological Survey;
and, according to the same authority, the stocks on hand at
the end of the year at mines or shipping points, mainly in Illinois
or Kentucky, amounted to 41,784 tons.

Figures on the exact production of fluorspar in Arizona in
the past are not available, but the amount produced has not been
large and the production has not been regular. Arizona's pro-
duction for 1918 is reported as 539 short tons'.

'Fluorspar. by E. F. Burchard. United States Geological Survey. Mineral Resources. 1918.
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One company reports to the Arizona Bureau of Mines a pro-
duction of 2700 tons of 90% fluorspar for its total past produc-
tion, but this mine did not operate in 1919.

The fluorspar produced in Arizona in the past has been obtain-
ed as a by-product in lead and zinc mining. Recently, however,
there have been discovered and opened two or three deposi ts
which may develop into producers of the mineral as the sole
or major product.

IMPORTS AND EXPORTS
According to the United States Geological Survey and the

Bureau of Foreign and Domestic Commerce, 24,612 tons of
fluorspar were imported into, and 2,764 tons were exported
from the United States in 1920. Of the imports, England fur-
nished 69%, Canada 29%, Germany 1.6%, and Australia and
British South Africa less than 1%. All of the mineral exported
went to Canada.

USES
Of the fluorspar consumed eighty to ninety percent is used

in the iron and steel industries. The second most important
consumers are the manufacturers of opal glass and enameled
ware. A third, but even less important, consumer is the
chemical trade, which uses fluorspar in the manufacture of
hydrofluoric acid and other compounds of fluorine.

Fluorspar to be of value in any of the above fields must an-
swer the specifications outlined for each in the chapter on
specifications. In smelting iron and steel, fluorspar is of value
since it renders the slag more fluid, and helps to carry the phos-
phorous, sulphur, and other impurities into the slag. Hence
the fluorspar to be most efficient must not contain any of the
substances that are harmful to the steel or which the fluorspar
is used to counteract. Fluorspar also saves three to five percent
more iron than limestone flux, and increases the tensile strength
of the product.

"Fluorspar is also used as a flux in iron founderies, and in
gold, silver, copper, and lead smelters; in the maufacture of fluo-
rides of iron and manganese for steel fluxing; sodium fluoride for
wood-preserving; glass, enameled, and sanitary ware; and hydro-
fluoric acid; in the electrolytic refining of antimony and lead;
and in the production of aluminum. Other miscellaneous uses
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that have been reported are as a binding for the constituents
of emery wheels, for carbon electrodes, in the extraction of
potash from feldspar, and in the recovery of potash in the manu-
facture of Portland cement."l

Glass-clear and flawless fluorspar is used in the manufacture of
aprochromatic and semiaprochromatic lenses.'

TREATMENT
The separation of fluorspar from its associated minerals may

be discussed under three heads: (1) The treatment of fluorspar
associated with non-metallic minerals, (2) the treatment of
fluorspar associated with metallic minerals, and (3) the treat-
ment of fluorspar associated with metallic and non-metallic
minerals. .

(1) In treating fluorspar associated with non-metallic min-
erals (limestone, calcite, quartz, and clay), the metallurgist is
faced with the problem of dealing with substances that are
so closely alike in specific gravity that gravity concentration
is impracticable, so the undesirable minerals must be eliminated
by washing, picking, crushing, and screening. With one possible
exception mentioned later, it does not appear that fluorspar has
yet been successfully separated from other non-metallic minerals
by flotation.

(2) Fluorspar deposits in which some metallic sulphides do
not occur are rare, but when lead and zinc sulphides (the ones
most commonly present) occur sparingly and are coarsely dis-
seminated through the fluorspar, they may be easily removed
by picking and jigging. The cost and efficiency of gravity
methods for separating metallic sulphides from fluorspar de-
pend upon the size of the sulphide grains. The smaller they are,
the finer and more expensive the grinding necessary to free
them from the fluorspar. The specific gravity of zinc sulphide
approaches that of fluorspar so closely that the two substances
are especially difficult to separate by gravity methods when the
zinc sulphide is finely disseminated through the fluorspar.

The separation of fluorspar and zinc must be clean, since
fluorspar has a detrimental effect upon the smelting of zinc

'Fluorspar. by E. F. Buchard. Mineral Resources of the United States for 1917. United
States Geological Survey.

'Optical Fluorite in Southern Illinois, by]. E. Pogue, Bulletin 38, Illinois State Geological
Sun'~y.
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sulphide concentrates, and the presence of lead and zinc in
fluorspar renders the latter useless for iron and steel work.
The treatment in eastern plants of fluorspar carrying lead and
zinc sulphides is briefly outlined later.

(3) Methods of mining and treatment that will yield the
cleanest products at the least cost must be followed when both
metallic and non-metallic minerals occur with the fluorspar,
as is most frequently the case.

Some or all of the processes of washing, picking, crushing,
grinding, and concentration are in operation in the mills of
the Kentucky-Illinois fluorspar field. For information about
them, the reader is referred to Julius F. Fohs, Fluorspar Deposits
of Kentucky, Bulletin No.9, Kentucky Geological Survey, in
which a complete and illustrated description of mills and ma-
chinery used is given. Briefly, it may be said that the cleaner
ores are shipped directly without washing, the coarser impurities
having been removed by picking. In the mills where grinding
alone is practiced, only the best fluorspar (clean, first-grade
material) is used. This pure fluorspar is washed and dried in
kilns, after which it passes through coarse crushers, then it
goes through fine grinders where it is reduced to fine powder,
and finally it is bolted through cloth.'

Washing of the fluorspar to free it of dirt and clay is done
in log and gravity washers in Kentucky, and by cylindrical
washers, washing trommels, and shaking screens in Illinois2.
Log washers appears to be the most economical, and are most
used. Screening is generally accompanied by hand sorting.
When the galena and sphalerite occur finely disseminated
throughout the fluorspar, the separation by jigging and concen-
tration is not very satisfactory.

The following description of the process used at Rosiclare,
Illinois, is a summary of a complete outline given by E. F.
Burchard in Engineering and Mining Journal, Vol. 92. His
article is entitled, "Fluorspar Mining at Rosiclare, Illinois."

The ore is first passed over a grizzly of 2Yz-inch openings.
From the oversize, lump spar is picked and conveyed to a drier
from which it can be directed to No.2 lump spar bins, barreled,

]Ulrich and Smith, United States Geological Survey, Professional Paper No. 36.

'J. H. Fohs, Fluorspar Deposits of Kentucky, Bulletin No.9, Kentucky Geological Survey.
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and shipped, or, as No.1 lump spar, sent to a crusher and mill
where it is ground to thirty mesh.

The oversize left on the grizzly is crushed and with the under-
size from the grizzly passes to shaking screens of 72 to 1 1-8-
inch mesh. The oversize from the screens passes onto a picking
belt from which large pieces of lead and zinc sulphides, and
calcite waste are removed by hand. The oversize fluorspar
from the picking belts is crushed, combined with the undersize
from the shaking screen, and treated in jigs. It is stated that
the complete separation of the lead and zinc from fluorspar
is accomplished with considerable difficulty. It is essential,
however, that the sulphides be completely eliminated.

The following data are extracted from F. Julius Fohs' paper
on Kentucky Fluorspar in Vol. XL of the Transactions of the
American Institute of Mining Engineers:

"The mill of the Kentucky Fluorspar Company, typical of
its class, may be seen at Marion, Kentucky, preparing for
market the product of the district."

"The spar, received by wagon from the mine, is dumped on
piles according to grade and character, such as red gravel,
white gravel, "leady" fluorspar, "zinky" fluorspar, calcite
fluorspar, and various grades of "lump ore". Pickers select
the best "white lump," and wheel it into the warehouse. Dif-
ferent grades are run through the mill at different times. The
cleaning machinery comprises a small jaw-crusher, a set of
rolls, a trommel screen, and two seven-compartment jigs,
the latter serving to wash the spar thoroughly and also to rid
it, as far as possible, of attendant lead, zinc, calcite, etc. Lead
comes from the first cell and hutch, middlings from the second,
and fluorspar from the next four, while tailings partly go over,
and partly are caught in the last cell. The last hutch-product
and the middlings are returned for another run through the mill.
The spar intended for grinding is elevated to a drier and moved
by a conveyer into a bin, from which it passes by gravity to a
pair of buhr-mills, which reduce it to a fineness of 65 to 85 mesh.
It is then bagged or barreled for shipment. For further details
of mining, mine-timbering, cleaning, grinding, costs, etc., re-
ference may be made to my report to the Kentucky Geological
Survey. In the same bulletin will be found sections of the
Memphis mine and a map of the Memphis group of veins."
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The treatment in the Castle Dome District in Arizona is by
jigging the silver-lead-fluorspar ore. Silver-lead concentrates
and a shipping fluorspar product are thus obtained. A large pro-
portion of the fluorspar is, however, obtained by picking.

According to Burchard a process for separating zinc sulphide
from fluorspar by flotation in a dilute solution of aluminum
sulphate has been developed at Marion, Kentucky, flotation
being performed in shallow pans in which mechanical stirrers
are operated.'

According to the Mining Congress Journal for June, 1921,
"the first completed investigation of the Rolla Experiment
Station of the Bureau of Mines (Federal) was reported within
the last month. It related to the treatment of fluorspar, and the
results are regarded by Dr. H. Foster Bain, Director of the
Bureau, as very important.

"Fluorspar abounds in Southern Illinois and Western Ken-
tucky. It contains small quantities of lead and zinc, and larger
quantities of calcite and silver. In the past the material has
been subjected to the ordinary wet concentration process, which
made it possible to take out the lead. It was noticed that there
was left a fine middling which included calcite, and the problem
before the Rolla. Station was in regard to the treatment of
this material.

"Flotation and other methods were studied. One investigator
noticed that a portion of the material adhered to the bottom
of an enameled pan, and wondered why. Static electricity
came to his mind, so he procured a static machine and made
some tests, and found that by an electrostatic process there
could be produced from the low-grade material, which is abund-
ant, an extremely high-grade fluorspar product, one suitable
for making hydrofluoric acid and for other chemical work.

"A technical report of the work has been placed before the
mining companies involved and engineers engaged in turning
out commercial fluorspar products."

The report just mentioned can doubtless be obtained by any-
one interested by applying to the Superintendent of the United
States Bureau of Mines Experiment Station, Rolla, Missouri.

'Fluoupar. by E. F. Buchard , U. S. G. S. Bulletin No. 666-CC.
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GRADES AND SPECIFICATIONS
According to F. J. Fohs", fluorspar is classed as lump, gravel,

and ground, and is graded according to purity. The term gravel
is applied to the granular material resulting from natural dis-
integration and to the product of crushing.

Commercial fluorspar is divided into three grades as No.1,
No.2, and No.3, according to purity.

No.1 contains at least 96% calcium fluoride. It is usually
white or faintly colored.

No. 2 contains 90% to 96% of calcium fluoride, with less
than 4 percent silica, the remainder being chiefly calcite. The
color is usually darker than No. l.

No.3 contains 60% to 90% calcium fluoride.
No.1 grade, when ground, is further subdivided as follows:

Extra No.1 ground, No.1 ground, and No.2 ground.
Extra No. 1 ground contains less than 1% of impurities.

No. 1 ground contains at least 98% of calcium fluoride and not
over 1% silica. No.2 ground contains 96% to 98% calcium
fluoride and as much as 2% silica.

Fluorspar is usually ground to about 85 mesh.
The Arizona Bureau of Mines requested a few of the manu-

facturers using fluorspar in the various industries to give the
specifications of fluorspar demanded for their particular work.
The replies, unfortunately, were not as numerous as desired,
but a conception of material required by the more important
consumers was obtained.

The steel and iron industry demand a fluorspar product,
the analysis of which will range:

85% to 90% calcium fluoride.
3% to 6% silica.
2% to 3% calcium carbonate.
Free from sulphur, barium, phosphorous, etc.

The chemical trade demands fluorspar of high purity, such as:
96% calcium fluoride.
Less than 1% silica.
Less than 1% calcium carbonate.

For the manufacture of hydrofluoric acid, one user of fluorspar
demands a product of the following analysis:

'Fluorspar Grade. and Markets. Mining and Scientifi Press. Nov. 27.1902
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Not less than 96% calcium fluoride.
Not more than 1% silica.
Not more than 1% total carbonates.

In the manufacture of opal glass the fluorspar generally runs:
96% to 98% calcium fluoride.
Less than 0.8% oxide of iron.
2% to 3% silica.

The demand for the higher grades of fluorspar is limited.

OPTICAL FLUORSPAR
Fluorspar answering certain physical properties can be used

in the manufacture of apochromatic and semiapochromatic
lenses for optical instruments. The following specifications and
description of the material used as optical fluorite is taken
from Bulletin 38 of the Illinois State Geological Survey',

"For optical use a specimen of fluorite must contain a portion
at least one-fourth of an inch in diameter, free from flaws,
and colorless or nearly so. Crystals, or pieces bounded more or
less completely by plane surfaces, are more likely to qualify
than irregular masses. As the surfaces of most crystals are dull,
a corner of such a specimen should be broken off with a sharp
blow so as to expose the interior. In doing this, it is desirable
to rest the specimen on a wooden base and break off the corner
along an incipient cleavage plane by means of a knife blade or
chisel; such planes are usually present and may be located by
moistening the specimen with kerosene. If the specimen looks
promising, it is better to proceed no further, as flourite is fragile
and a misdirected blow will fill a clear piece with a network of
fractures. A peculiarity of fluorite of optical quality is its
conchoidal (irregularly curved) fracture and the absence of a
strong tendency to break into pieces bounded by smooth planes
in the fashion of the ordinary mineral."

"The value of optical fluorite and the demand for it cannot
be expressed in definite figures. On the one hand, the demand
will increase if optical fluorite can be produced at a figure suffi-
ciently reasonable to warrant an enlarged utilization; whereas,
on the other hand, an inflated price will destroy the opportunity
for increased use. It must be remarked also that only a small

lOptical Fluorite in Southern Illinois, by J. E. Pogue. Illinois State Geological Survey.
Bulletin No. 38.
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portion, say four to eight percent on the average, of material
classed as optical fluorite actually passes into the make-up of
a lens-system; much of the mass must be destroyed or discarded
during the manufacture. In other words, twenty-five pounds
of good looking, clear fluorite may produce no more than one
single pound of finished lenses. Hence the value of the finished
product comes only in part from the value of the raw fluorite
entering into it; much of its value is introduced by the skillful
work essential to its manufacture. These statements are made
to prevent the assumption that crude optical fluorite is of
gem-value. In order to make the matter more specific, fluorite
qualifying as optical in quality is worth a dollar or more a pound,
while particuliarly large and fine specimens have an individual
value of $10 and more apiece. These figures are rough ap-
proximations only, designed to give prospective producers
a general idea of what their product may be expected to be
worth, but are not to be taken as quotations of market prices."

The fluorspar deposits of Arizona are of such a type as may
be expected to yield optical fluorite.

PRODUCERS AND PROSPECTIVE PRODUCERS
OF FLUORSPAR IN ARIZONA

Harry E. Macia, Box 563, Tombstone, Arizona.
Reorganized United Mines Co., 405 Hobart Building,

San Francisco, California.
'Wesley Bush, Aguila, Arizona.
J. Laguna, Dome, Arizona.
Joe Hardy, Box 512, Duncan, Arizona.
Safford Fluorspar Mining Co., Duncan, Arizona.
S. vv. Purcell, Box 516, Tucson, Arizona.
W. L. Humphrey, Naco, Arizona.

PURCHASERS
The following list of purchasers of fluorspar has been selected

from a more complete list given in the U. S. G. S. Mineral
Resources, Part II, for 1917, and the firms named were chosen
as affording favorably situated markets for Arizona producers.

Aluminum Ore Co., St. Louis, Mo.
Bausch & Lomb Optical Co., Rochester, N. Y.
Bureau of Standards, Washington, D. C.
L. H. Butcher & Co., San Francisco, California.
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Colorado Fuel & Iron Co., Pueblo, Colorado.
Colten Cement Co., Colton, California.
Commercial Chemical Co., llOO Wabash Avenue.

Chicago, Illinois.
Engineers Corporation, Boulder, Colorado.
Ferro Alloy Co., Denver, Colo.
Ford Motor Car Co., Detroit, Michigan.
Gulf States Steel Co., Birmingham, Alabama.
Humphreys, E. C., Co., 1242 Conway Building,

Chicago, Illinois.
Illinois Steel Co., Chicago, Illinois.
Inter State Iron & Steel Co., Chicago, Illinois.
LaClade Steel Co., Alton, Illinois.
Lower California Metals Co., Nogales, Arizona.
Matthew Addy Co., Cincinati, Ohio.
National Enameling Co., St. Louis, Mo.
Pacific Coast Steel Co., Seattle, Washington.
J. D. Taylor, St. Louis, Mo.
Gunn, Carle & Co., 444 Market St., San Francisco,

California.
Spencer Lens Co., Buffalo, N. Y.
Wards Natural Science Establishment, Rochester, N. Y.

FREIGHT RATES
The freight rates quoted by the Southern Pacific Railroad for

fluorspar in carload lots from Arizona points to Eastern markets
are:

To Chicago $12.00 per ton
To New York 15.33Y2 per ton
To San Francisco 11.30 per ton
To St. Louis 12.00 per ton
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