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INDUSTRIAL SILICA DEPOSITS OF THE PACIFIC NORTHWEST1
by

George J. Carter,2 Hal J. I'(eily',3 and E. W. Parsons*

SUMMARY

Data obtained from field and laboratory examinations were used by the
Bureau of Mines to evaluate 82 silica deposits in the Pacific Northwest.,
A total of 94 field samples was taken from 64 deposits, and an additional 18
deposits were investigated that did not warrant sampling. Of the 37 deposits
found to be of high quality, only 16 were large enough to be classified as
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industrial silica resources. Another 27 deposits did not meet quality
requirements.

Methods of simple low-cost beneficiation and rapid classification of
a large number of samples were investigated in the laboratory. These tests
indicated that high-intensity electromagnetic separation was equal or
superior to either high-or low-intensity electrostatic separation. In gen-
eral, the electromagnetic method gave higher recoveries and produced equal
or better grade concentrates., A glass button method developed for esti-
mating iron oxide content of silica samples proved to be highly satisfactory
as a means of classifying field samples and evaluating beneficiation tests.

INTRODUCTION

Purpose

As a result of expanding demands and depletion of producing deposits, a
critical and increasing shortage of industrial silica existed in the
Pacific Northwest. Development of the Quartz Mountain and Lane Mountain
deposits in Washington and the Bovill silica properties in Idaho, which are in
or near production, greatly relieved this shortage. However, many industrial
users of silica are still forced to import raw materials to meet the specifi-
1
2
3

Work on manuscript completed June 1961.
Ceramic engineer, Nonmetallics Laboratory, Bureau of Mines, Seattle, Wash.
Project coordinator, Nonmetallics Laboratory, Bureau of Mines,
Seattle, Wash.
Mining engineer, Spokane Office of Mineral Resources, Bureau of Mines,
Spokane, Wash,
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mating iron oxide content of silica samples proved to be highly satisfactory
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deposits in Washington and the Bovill silica properties in Idaho, which are in
or near production, greatly relieved this shortage. However, many industrial
users of silica are still forced to import raw materials to meet the specifi-
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cations for their particular product. Therefore, to insure fulfilling demands
and to provide for future expansion, new sources of industrial silica are
needed.

This investigation was undertaken to evaluate and catalog known sources of
industrial silica in the Pacific Northwest and to provide reliable information
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concerning these deposits.

ScoEe

The objectives of the field examinations were to evaluate undeveloped
silica deposits and to locate and evaluate new silica deposits in the four
Pacific Northwest States (Idaho, Montana, Oregon, and Washington). The
first phase of sampling was confined, as far as practicable, to areas close
to industrial centers. During the second phase, sampling was extended to
include deposits throughout most of the four-State area. Finally, more
detailed field examinations were made on deposits judged to have the greatest
potentialities.

Laboratory experiments were conducted to classify the field samples for
chemical or spectrographic analyses and to study simple, low-cost benefici-
ation methods in order to determine whether marginal deposits could be used,
The high-purity samples were analyzed chemically; low-purity samples were
analyzed spectrographically. Sample beneficiation was studied using high-
intensity electromagnetic and high- and low-intensity electrostatic separ-
ation methods. To classify the silica samples and to evaluate the benefici-
ation tests, a glass-button method of estimating the total iron content was
used.

Acknowledgments

The authors are indebted to the Northwestern Glass Co. for furnishing the
glass-batch composition used for the glass-button analyses and to the property
owners for assisting the field engineers in obtaining field samples and
especially to Abner Ingebretson, Spokane, Wash., who furnished material for
special tests.,

SILICA INDUSTRY REVIEW
Markets

In the years after World War II when normal industrial activities were
resumed, the silica market of the Pacific Northwest underwent a period of
rapid growth and expansion. The demand for glass sands was greatly increased
by the expansion of the container-glass plant in Seattle and the construction
of a new plant in Portland. Further, because large blocks of firm, low-cost
electric power were available, new industries requiring large quantities of
high-purity silica were established in the area. The products of the principal
manufacturers in the Northwest now include silicon, silicon carbide, ferro-
silicon, sodium silicate, and container glass.
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There are three large-volume silica-consuming industries in the Northwest--
glass, abrasives, and silicon and ferroalloys. Of the nine plants actively engaged
in these industries, three manufacture glass, one produces silicon carbide abra-
sives, and five produce silicon and ferroalloys. The locations and products of
these plants are listed in table 1.

.TABLE 1. - Companies consuming large volumes of industrial
silica in the Pacific Northwest

Company Product

Carborundum Co., Vancouver, Wash....ecccceeeeese... | Silicon carbide.

Electro Metallurgical Co., Portland, Oreg....«..... | Ferrosilicon.
Keokuk Electro Metals Co. (subsidiary of
Vanadium Corp.), Wenatchee, Wash.ceeeceeeeeeaeesss | Ferrosilicon and silicon.

National Metallurgical Corp., Springfield, Oreg.... | Silicon.

Northwestern Glass Co., Seattle, Wash.eeeeeesee.e.e. | Container glass.

Ohio Ferroalloys Co., Tacoma, Wash.eeeeeeeeseeesseas | Ferrosilicon and silicon.

Owens=Illinois, Portland, Oreg..ceceeccseceessessees | Container glass.

Pacific Northwest Alloys, Inc., Spokaney, Wash..eses Ferrosilicon.®

Philadelphia Quartz Co., Tacoma, Washeeeesseoeseess | Sodium silicate.

1

The principal product of this plant is ferrochrome. Ferro-silicon is pro-
duced intermittently.

Other products using silica include foundry and molding sands, fillers
and filtration media, refractories, metallurgical fluxes, and construction
sand. However, these markets require low volume or lower grade silica than
the industrial silica products previously mentioned.

Specifications

In general, consumers want the highest possible purity at the lowest
possib}? price. Because pure material is not available, manufacturers have
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been able to use lower grades of silica as long as certain specifications,
both physical and chemical, are met.

To the glass industry, iron oxide is the most undesirable impurity. In
order to produce clear, colorless, container glass, the FezOs content of the
sand must be less than 0.06 percent, although 0.25 percent can be tolerated
in sand for amber glass. The amounts of oxides such as Al,0s, Ca0O, MgO, and
K20 in the sand are not critical as they are normal constituents of the glass
batch; however, the content of these oxides should be constant. Consumers
usually require the raw material to be 98 percent silica sized between 20-
and 100-mesh, as coarser particles are difficult to melt and finer particles
tend to produce seeds in the glass and create dust control problems.

High-silica content is important to manufacturers of silicon carbide as
small amounts of impurities are detrimental to their finished product. For
"green grit" silicon carbide, the green-colored high-purity product, 99.5 to
99.7 percent Si0O; is required, and for the dark-colored silicon carbide,

Google

"black-grit" 99.3 to 99.5 percent Si0, is required. Also there is a very
critical tolerance for alumina, which is the coloring impurity in silicon
carbide (SiC)., Pure SiC is white, and as the amount of aluminum impurity
increases, the color progresses from white to straw colored to various shades
of green to black. For use in green grit SiC, silica cannot contain more
than 0.04 percent Al,0g3, as greater amounts result in a black-colored product.
For black grit silicon carbide, 0.20 percent Al;0; is the maximum allowable.
Other common impurities in quartz, FeyOz, CaO, and MgO, are each limited to
less than 0.10 percent for both products. A particle size range of 1- to
l/4-inch is usually specified, and the manufacturer crushes the quartz to
obtain proper grain-size distribution.

General specifications for silica for manufacturing silicon and ferro-
silicon are greater than 99 percent Si0,, maximum impurity tolerance for
making silicon metal is 0.07 percent FezOs; and 0,25 percent Al;0s and for
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making ferrosilicon 0.30 percent FepOs and 0.15 percent Al,0z. Only a trace
of Ca0 is allowable. Massive silica is preferred, and the specified particle
sizes range from 6 inches to 1/2-inch; the size range of 4 inches to 1 inch is
most widely used.

Quartz used for making sodium silicate glass must have a minimum of 98.5
percent Si0, and a maximum of 1 percent Al Oz, 0.50 percent Ca0, 0.50 percent
MgO, and 0.08 percent FezOs. Virtually any sand sized from 20- to 100-mesh
and meeting clear container-glass specifications will adequately satisfy these
specifications.

Supply

From 1951 to 1956, local production supplied one-half to three-fourths
of the annual consumption of high-purity silica by Northwest manufacturers;
the remainder, mostly glass sand, was shipped in from Nevada, California, and
Illinois, and imported from Belgium. When the Owens-Illinois glass plant in
Portland was completed in 1956, consumption of silica rose to approximately
200,000 tons per year, 70,000 tons used by glass producers and 130,000 tons by
manufacturers of silicon and silicon alloys.® However, in 1957 local pro-
duction dropped to 80,000 tons because the Dennison silica deposit near
Spokane was depleted. The opening of the Quartz Mountain silica deposit in
Spokane County, Wash., in 1959, greatly relieved this shortage, and local pro-
duction resumed at the 1951-1956 quantities.

Until 1960, glass sand was the most notable silica deficiency in the
Northwest. Local production was limited to the sand used in making amber
glass, which represents only a small part of the total requirement. In 1960
production started at the Bovill, Idaho, silica deposit, the first large-
scale local source of container-glass sand. Still lacking is a local source
of silica for green-grit silicon carbide, and silica for this product must be
imported.

5 Mueller, E. E., Industrial Silica in the Pacific Northwest: Pres. at

Pacific Northwest Regional Conf., AIME, Seattle, Wash., 1956.
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"black-grit" 99.3 to 99.5 percent Si0, is required. Also there is a very
critical tolerance for alumina, which is the coloring impurity in silicon
carbide (SiC)., Pure SiC is white, and as the amount of aluminum impurity
increases, the color progresses from white to straw colored to various shades
of green to black. For use in green grit SiC, silica cannot contain more
than 0.04 percent Al,0g3, as greater amounts result in a black-colored product.
For black grit silicon carbide, 0.20 percent Al;0; is the maximum allowable.
Other common impurities in quartz, FeyOz, CaO, and MgO, are each limited to
less than 0.10 percent for both products. A particle size range of 1- to
l/4-inch is usually specified, and the manufacturer crushes the quartz to
obtain proper grain-size distribution.

General specifications for silica for manufacturing silicon and ferro-
silicon are greater than 99 percent Si0,, maximum impurity tolerance for
making silicon metal is 0.07 percent FezOs; and 0,25 percent Al;0s and for
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making ferrosilicon 0.30 percent FepOs and 0.15 percent Al,0z. Only a trace
of Ca0 is allowable. Massive silica is preferred, and the specified particle
sizes range from 6 inches to 1/2-inch; the size range of 4 inches to 1 inch is
most widely used.

Quartz used for making sodium silicate glass must have a minimum of 98.5
percent Si0, and a maximum of 1 percent Al Oz, 0.50 percent Ca0, 0.50 percent
MgO, and 0.08 percent FezOs. Virtually any sand sized from 20- to 100-mesh
and meeting clear container-glass specifications will adequately satisfy these
specifications.

Supply

From 1951 to 1956, local production supplied one-half to three-fourths
of the annual consumption of high-purity silica by Northwest manufacturers;
the remainder, mostly glass sand, was shipped in from Nevada, California, and
Illinois, and imported from Belgium. When the Owens-Illinois glass plant in
Portland was completed in 1956, consumption of silica rose to approximately
200,000 tons per year, 70,000 tons used by glass producers and 130,000 tons by
manufacturers of silicon and silicon alloys.® However, in 1957 local pro-
duction dropped to 80,000 tons because the Dennison silica deposit near
Spokane was depleted. The opening of the Quartz Mountain silica deposit in
Spokane County, Wash., in 1959, greatly relieved this shortage, and local pro-
duction resumed at the 1951-1956 quantities.

Until 1960, glass sand was the most notable silica deficiency in the
Northwest. Local production was limited to the sand used in making amber
glass, which represents only a small part of the total requirement. In 1960
production started at the Bovill, Idaho, silica deposit, the first large-
scale local source of container-glass sand. Still lacking is a local source
of silica for green-grit silicon carbide, and silica for this product must be
imported.

5 Mueller, E. E., Industrial Silica in the Pacific Northwest: Pres. at

Pacific Northwest Regional Conf., AIME, Seattle, Wash., 1956.
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Outlook

Due to the development of new properties, the outlook for local silica
production greatly improved during the late 1950's. The Quartz Mountain
deposit, opened in 1959, will supply manufacturers of silicon alloys with
high-purity silica for many years at the 1960 rate of consumption. The
Bovill deposit is the first large-scale, local supply of container-glass
sand. Exploration by the Lane Mountain Silica Co. of a sandstone deposit
at the northern end of Lane Mountain indicated that another source of low-
iron silica may be available. The company, a cooperative venture of
Northwestern Glass Co. of Seattle, Wash., Del Monte Properties Co. of
Pebble Beach, Calif., and other owners, began constructing a processing
plant designed to crush and wash 400 tons of silica per day with production
scheduled to begin in the spring of 1961. Further potential is afforded by
sands of the Gem silica deposit near Emmett, Idaho, which, properly bene-
ficiated, will meet glass sand specifications.

FIELD INVESTIGATIONS

Geology of Silica Occurrences

Silica, one of the most abundant materials in the earth's crust, occurs
in six distinct mineral and mineraloid formsj; however, only quartz occurs
in the abundance and purity demanded of industrial silica. This mineral is
colorless or white, hard, exhibits no distinct cleavage, has a conchoidal
fracture, and is very resistant to weathering and erosion. The common impur-
ities associated with quartz are metallic oxide stains, inclusions, and
associated minerals. The staining ranges from slight surface blemishes to
complete discoloration. The inclusions are generally feldspar, mica-group
minerals, magnetite, and garnetj volcanic glass and a variety of ferromag-
nesium minerals also may occur. The associated minerals are predominantly
feldspar, mica-group minerals, and clay; other accessory minerals occur to
a lesser extent,

Silica deposits have three modes of origin: Primary, secondary, and
replacement. Although the mechanisms of formation of the deposits of pri-
mary origin--quartz-core pegmatites and quartz dikes--are not completely
understood, these deposits are usually attributed to the action of hydrother-
mal solutions. Secondary deposits--sand, sandstone, and quartzite--are
formed by erosion and redeposition. Quartz grains are concentrated into
sand deposits by the sorting action of wind and water. Consolidation and
cementation of the sands produce sandstones, which upon further compaction
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by its fracture; sandstone fractures around the grains, whereas quartzite
fractures across the grains. Silica deposits have also been formed when
the country rock was replaced by siliceous solutions.

Quartz dikes, common in the Northwest and occurring principally in the
mountainous regions, are usually small and contain associated minerals that
render the quartz unsuitable for high-grade applications. These dikes are
usually unsatisfactory sources of silica because available tonnage is small
and the deposits are inaccesible.
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Quartz-core pegmatites, locally known as quartz "blowouts," occur in
western Montana, northern Idaho, and northeastern and northcentral Washington.
They may be distinguished from the more typical pegmatite dikes, which con-
sist of a coarse-grained mixture of crystalline quartz, feldspar, mica, and
other accessory minerals. The quartz-core pegmatites are usually lenses of
white quartz containing an occasional pod of metallic minerals and having a
narrow fringe of feldspar and mica around the edges. The lenses range from
the few thousand tons of the Empire Granite property near Dishman,

Spokane County, Wash., to the nearly 2 million tons already produced from the
Dennison deposit 15 miles north of Spokane. The depth of deposits of this
type is usually less than the longest lateral dimension. Evidence obtained
from tunnels and drifts also has shown that the quartz-core pegmatites have a
definite bases at least, no extensions to great depths are known.

Very few of the sand deposits, which are widespread throughout the
Pacific Northwest, meet the requirements of high-grade silica deposits.
Potential high-grade deposits are found in northern and central Idaho and in
western Oregon. Since accessory minerals constitute a large portion of
these deposits, the sands must be beneficiated to obtain a high-grade silica
product. Byproducts, such as feldspar, muscovite, and white clay, greatly
increase the economic potential because all these products have some commercial
value,

In northern Idaho. clav-sand deposits have been formed bv the weatherina
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of granitlc source rocks the feldSpar has been kaolinized produc1ng a clay-
mica-quartz comples in place. Erosion and redeposition of this comples into
adjacent basins has formed deposits, which vary greatly in their mineralogy.
Some beds are almost entirely clay, whereas others are largely nonclay
minerals. Products from these deposits are quartz sand, muscovite, and white
clay.

In east-central Idaho, sand dunes that grade into arkosic sandstone also
offer a potential source of high-grade silica. These sands are predominantly
quartz and feldspar contaminated by minor amounts of clay. Beneficiation will
produce quartz sand and soda-potash feldspar.

The dune sands of the Coos Bay area in southwestern Oregon are composed
almost entirely of quartz, feldspar, and rock fragments. Although the quartz
does not meet most container-glass-sand specifications, it could be used for
amber container glass, and a quartz-feldspar concentrate could be used in a
ceramic porcelain.

Sandstone outcrops are found throughout the Northwest; however, high-
grade sandstones are found only in northeastern Washington, northern Idaho,
and western Montana. In these areas, deposits of siliceous or arkosic sand-
stone occur, in which the silica is of high quality. These beds are usually
light gray or light tan in color and vary considerably in quality.

Quartzite occurs extensively in northern and southeastern Idaho, western
Montana, and northeastern Washington. Many of the beds are hundreds of feet
thick. The color of the rock is usually light or dary gray; however, pinkish
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varieties are not uncommon. The tonnage of quartzite available is usually
very large in any area where it crops out, but the quality can be determined
only by extensive sampling.

Silica deposits in southwestern Oregon were formed when the country rock
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was replaced by siliceous solutions. In one area, limestone was replaced by
clear crystalline quartz; in another, rhyolites and tuffs were replaced by
milky white cryptocrystalline quartz. Impurities include remnants of the
country rock, inclusions, and staining.

Sampling

Field examinations were performed over a period of 2-1/2 years by mining
engineers of the Spokane Office of Mineral Resources. Sampling, begun in
July 1957, was confined to areas close to industrial centers. Because high-
grade silica deposits are rare in western Washington and northwestern Oregon,
most of the sampling was done in northeastern Washington and northern Idaho.
In 1958, the area of sampling was expandedj sampling excursions were made
into north-central Washington, northern Idaho, western Montana, and eastern
and southwestern Oregon. Fieldwork was completed during the summer of 1959 by
resampling and more detailed examination of the most promising deposits.

To evaluate the silica resources of the area, samples were taken from all
high-grade deposits, the locations of which were obtained by a literature
survey. Because additional information was obtained from the Bureau of Mines
files and from personal contacts, samples were also taken from new deposits
deemed to be of potential commercial value.

In general, the characteristics of the deposit determined the method of
sampling. Grab samples, obtained by chipping or breaking off fragments of
rock along a traverse across the outcrop, were taken from deposits of con-
solidated materials trench samples, obtained from a shallow cut or cuts across
the face of the outcrop, were taken from unconsolidated deposits.

A total of 96 samples was taken from 64 deposits, 10 in Idaho, 12 in
Montana, 5 in Oregon, and 37 in Washington. Eighteen additional deposits
were examined, but no samples were taken because of the small size or poor
quality of the deposit (appendix C). The areas comprising southern and
southeastern Idaho and eastern Montana were not examined because of the great
distance from existing markets.

LABORATORY TESTS AND PROCEDURES

Sample Preparation

The field samples of massive quartz, quartzite, and sandstone were
prepared for examination in the laboratory by crushing, screening, and
magnetic separation. The entire sample was crushed to pass one-fourth inch
in a small jaw crusher, and then the amount was reduced to 5 pounds by
riffling. This fraction was stage crushed by smooth, double rolls to pass
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varieties are not uncommon. The tonnage of quartzite available is usually
very large in any area where it crops out, but the quality can be determined
only by extensive sampling.

Silica deposits in southwestern Oregon were formed when the country rock
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was replaced by siliceous solutions. In one area, limestone was replaced by
clear crystalline quartz; in another, rhyolites and tuffs were replaced by
milky white cryptocrystalline quartz. Impurities include remnants of the
country rock, inclusions, and staining.

Sampling

Field examinations were performed over a period of 2-1/2 years by mining
engineers of the Spokane Office of Mineral Resources. Sampling, begun in
July 1957, was confined to areas close to industrial centers. Because high-
grade silica deposits are rare in western Washington and northwestern Oregon,
most of the sampling was done in northeastern Washington and northern Idaho.
In 1958, the area of sampling was expandedj sampling excursions were made
into north-central Washington, northern Idaho, western Montana, and eastern
and southwestern Oregon. Fieldwork was completed during the summer of 1959 by
resampling and more detailed examination of the most promising deposits.

To evaluate the silica resources of the area, samples were taken from all
high-grade deposits, the locations of which were obtained by a literature
survey. Because additional information was obtained from the Bureau of Mines
files and from personal contacts, samples were also taken from new deposits
deemed to be of potential commercial value.

In general, the characteristics of the deposit determined the method of
sampling. Grab samples, obtained by chipping or breaking off fragments of
rock along a traverse across the outcrop, were taken from deposits of con-
solidated materials trench samples, obtained from a shallow cut or cuts across
the face of the outcrop, were taken from unconsolidated deposits.

A total of 96 samples was taken from 64 deposits, 10 in Idaho, 12 in
Montana, 5 in Oregon, and 37 in Washington. Eighteen additional deposits
were examined, but no samples were taken because of the small size or poor
quality of the deposit (appendix C). The areas comprising southern and
southeastern Idaho and eastern Montana were not examined because of the great
distance from existing markets.

LABORATORY TESTS AND PROCEDURES

Sample Preparation

The field samples of massive quartz, quartzite, and sandstone were
prepared for examination in the laboratory by crushing, screening, and
magnetic separation. The entire sample was crushed to pass one-fourth inch
in a small jaw crusher, and then the amount was reduced to 5 pounds by
riffling. This fraction was stage crushed by smooth, double rolls to pass
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20-mesh, and the undersize at 100-mesh was removed. The 20- to 100-mesh
fraction was then treated by one pass through a magnetic separator to

remove tramp iron introduced during crushing., Thus prepared, the labora-

tory sample was screened at 48-mesh to give two sizes for further examination,
20- to 48-mesh and 48- to 100-mesh, The minus 100- mesh fraction was reserved
for later examination if required.

Laboratory treatment of sand samples was as follows: After disaggre-
gation, a laboratory sample of approximately 5 pounds was riffled from the
field sample. The laboratory sample was further reduced by riffling to obtain
100 grams to be used in a washing test. This sample was agitated for 10 min-
utes in a malted-milk-type mixer with a suitable amount of deflocculant to
assure disaggregation and dispersion of the clay. The slurry was washed
through a 325-mesh screen, and both fractions were collected and dried. The
minus 325-mesh clay fraction was stored for pyrometric cone equivalent deter-
mination and differential thermal analysis. The remainder of the laboratory
sample was washed in a similar manner, but no attempt was made to save the
clay fraction. Screen analvses were run on the plus 325-mesh material using
the Tylere N2 series of screens from 20- to 200-mesh. The larger laboratory
sample was screened into three fractions and handled as described. The minus
20- plus 48- and minus 48- plus 100-mesh fractions were used in the laboratory
testsy the minus 100-mesh fraction was labeled and stored.

Beneficiation Tests

Because all classification processes are enhanced by close sizing,

beneficiation tests were run on samples of very limited size ranges. The

grain size of the material used was limited to that commonly used in glass

sand preparation, 20- to 100-mesh, for two reasons. First, the greater the

size reduction, the more available the impurities are for removalsy second,

glass sand is the finest size material that has large-scale industrial use in

the area. The 20- to 100-mesh test samples were fractionated at 48-mesh

because poor semaration was obtained owina to the differences in the traiectar-
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ies imparted iérihe_paftiéles by the feed roll.

At first, samples were tested by electromagnetic and both high- and low-
intensity electrostatic methods, but when it was noted that the susceptibility
to beneficiation could be measured equally well by any of the three methods,
this practice was discontinued. Subsequent samples were tested on the elec-
tromagnetic separator, and those found to be susceptible to beneficiation were
tested further by one or both of the other methods.

High-Intensity Magnetic Separation
A laboratory model high-intensity induced-roll magnetic separator was

used in the beneficiation experiments. Five equipment adjustments may be used
to obtain optimum conditions for separation. Because of the large number of

® Reference to specific makes or models of equipment is made to facilitate

understanding and does not imply endorsement of such brands by the
Bureau of Mines.
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samples processed, certain adjustments had to be standardized. The standard-
jzed settings are shown in table 2. A uniform feed rate was maintained by
locking the feed gate in the open position and using a vibrating feeder to
control the rate. This setup was necessary because particle shape varied
extremely from sample to sample and highly magnetic material blinded the
constricted feed opening. The separator was operated at maximum current
intensity, and the splitter adjustment was varied to obtain optimum separation
for each sample. Three passes were used to simulate conditions of multirole
commercial units,

TABLE 2. - Electromagnetic separator settings

Roll Pole l Current
speed. aap. intensitv. Feed
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Run Tr.p.m, inches _ampefeé Splitter rate
l.. 60 3/8 Maximum Adjusted Constant
2.. 50 3/32 ..do... eesdo... Do.
3.. 30 3/32 ..do... eeedo.., Do.

Electrostatic Separation

A laboratory model electrostatic separator, powered by an electronic
power supply unit, was used in both the low-intensity and high-intensity
(high tension) separations. Satisfactory separation was obtained by feeding
a stream of particles onto a 6-inch rotating grounded roll, cascading the
particles through an electrostatic field, and separating the diverted minerals
with an adjustable divider. Separator adjustments facilitating proper
operation included feed rate, roll speed, eléctrode position, and both radial
and vertical position of the divider. The power supply unit is equipped to
provide electrical potential from O to 30 kv., direct current, of either
positive or negative polarity.

The preheating effect upon quartz, standardization of polarity, and feed
rate were determined through preliminary tests. Negative polarity was found
to produce better separation of the silica samples. Although it was possible
to standardize the feed rate, it was necessary to use two feed rates because
two different particle-size ranges were tested; the rate used for the 48- to
100-mesh fraction was much less than that used for the 20- to 48-mesh fraction.
Preheating the quartz did not improve separations because the susceptibility
of both pure and impure quartz grains to the electrostatic field was increased
equally.

Low-Intensity Separation

Low-intensity separation uses the attractive or "lifting" force of the
electrostatic field, generated between the ground roll and the 2-inch
revolving roll electrode, to separate the more electrostatically susceptible
particles., The divider was adjusted so that the cascading stream of particles
fell behind the divider. The voltage was increased until a separation
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occurred, that is, the conducting particles were lifted over the divider.

The nonconducting part of the sample was re-treated until the desired separa-
tion was achieved. Best results were obtained using a slow roll speed, but it
was necessary to vary voltage adjustments from sample to sample.

High-Intensity Separation

Separation in the high-intensity electrostatic field was obtained by
"pinning" the nonconducting particles to the rotating grounded roll and
separating the conducting particles by the placement of an adjustable divider.
The high-intensity field is developed by a stationary electrode provided with
a line of needle-like discharge points. The divider was adjusted so that the
entire stream of particles passed over it through the electrical field in
front of the discharge points. Increasing the voltage until the nonconducting
part of the feed was deflected behind the divider effected separation. The
conducting part was rerun until the desired separation was obtained. 1In
general, a faster roll speed and a lower divider setting were used than in the
low-intensity separations.

.Evaluation
High-intensity magnetic separation consistently produced results equal
to or better than either of the electrostatic methods. When equal beneficia-
tion was obtained by all three methods, the recovery by magnetic separation
was generally higher.

Microscopic Examination

A binocular microscope was used to determine the nature of the quartz
and the identity of the impurities in the laboratory samples. In general,
the crushing of massive quartz produced clear, angular fragments having a
fresh appearance, whereas the quartz grains derived from sands and sandstones
tended to be clear, subangular to rounded, with a fresh to dull appearance.
Cryptocrystalline varieties of quartz were angular and white or cloudy.
Impurities were of three types: Quartz stained by iron oxide, inclusions,
and associated minerals. Staining was mostly slight; however, the degree of
staining ranged from slight surface blemishes to complete grain discoloration.
The red or black inclusions were mostly garnet, magnetite, or high-iron glass.
A petrographic microscope and oil-immersion powder techniques were used to
identify the included minerals. Generally, the associated minerals were clay,
mica-group minerals, feldspar, and iron-bearing minerals; however, rock frag-
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merits were common 1n some detlritdl Ueposlis.

Glass-Button Method

The glass-button test for estimating the iron content uses a visual
comparison of the color of a glass button, prepared from a standard composi-
tion containing the sample material, with a series of standard glass buttons
prepared from reagent-grade chemicals to which known quantities of Fey0s
have been added. Detailed laboratory work has established this test as a
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occurred, that is, the conducting particles were lifted over the divider.

The nonconducting part of the sample was re-treated until the desired separa-
tion was achieved. Best results were obtained using a slow roll speed, but it
was necessary to vary voltage adjustments from sample to sample.

High-Intensity Separation

Separation in the high-intensity electrostatic field was obtained by
"pinning" the nonconducting particles to the rotating grounded roll and
separating the conducting particles by the placement of an adjustable divider.
The high-intensity field is developed by a stationary electrode provided with
a line of needle-like discharge points. The divider was adjusted so that the
entire stream of particles passed over it through the electrical field in
front of the discharge points. Increasing the voltage until the nonconducting
part of the feed was deflected behind the divider effected separation. The
conducting part was rerun until the desired separation was obtained. 1In
general, a faster roll speed and a lower divider setting were used than in the
low-intensity separations.

.Evaluation
High-intensity magnetic separation consistently produced results equal
to or better than either of the electrostatic methods. When equal beneficia-
tion was obtained by all three methods, the recovery by magnetic separation
was generally higher.

Microscopic Examination

A binocular microscope was used to determine the nature of the quartz
and the identity of the impurities in the laboratory samples. In general,
the crushing of massive quartz produced clear, angular fragments having a
fresh appearance, whereas the quartz grains derived from sands and sandstones
tended to be clear, subangular to rounded, with a fresh to dull appearance.
Cryptocrystalline varieties of quartz were angular and white or cloudy.
Impurities were of three types: Quartz stained by iron oxide, inclusions,
and associated minerals. Staining was mostly slight; however, the degree of
staining ranged from slight surface blemishes to complete grain discoloration.
The red or black inclusions were mostly garnet, magnetite, or high-iron glass.
A petrographic microscope and oil-immersion powder techniques were used to
identify the included minerals. Generally, the associated minerals were clay,
mica-group minerals, feldspar, and iron-bearing minerals; however, rock frag-
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merits were common 1n some detlritdl Ueposlis.

Glass-Button Method

The glass-button test for estimating the iron content uses a visual

comparison of the color of a glass button, prepared from a standard composi-
tion containing the sample material, with a series of standard glass buttons

prepared from reagent-grade chemicals to which known quantities of Fey0s
have been added. Detailed laboratory work has established this test as a
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simple, rapid method of accurately determining the total iron content of
silica samples in terms of Fey0z. This study included evaluation of the
effects of the composition of the glass, heating schedule, particle size

of the silica, pouring temperature, and mold material. As a means of classi-
fying samples and evaluating beneficiation tests, the glass button method
affords an accurate and rapid method of selecting the better samples for
further research.

Testing Procedure

Glass buttons were prepared by mixing 10 grams of the silica test
sand, ground to pass 200-mesh, with 36 grams of glass batch flux consisting
of 20 parts PbsO¢, 10 parts NagB¢0,, 5 parts NagCOsz, and 1 part AsyOs. The
glass mixes were placed in No. 2 high-form porcelain crucibles, heated to
1,075° C, held at that temperature for 15 minutes, removed, swirled, and
poured into 1 -1/8-inch cylindrical cast-iron molds in an annealing well
(approx. 200° C) in the top of the furnace. After cooling, the buttons were
removed from the annealing well, marked, and evaluated by visual comparison
with a series of standard glass buttons. The standards were prepared with
reagent grade silicic acid and contained 0,00, 0,02, 0.06, 0.10, 0.15, 0.20,
0-30’ 0-50, .l' 2, and 5 percent Fea{)ao

Fine grinding of the silica samples and a low melting temperature were
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found necessary when porcelain crucibles were used. Because the crucible
material contained approximately 1 percent Feg0Os;, steps were taken to reduce
the amount of the crucible dissolved by the glass during heating. Grinding
reduced the time and temperature required to completely melt the silica sand,
and allowed the use of the low melting temperature, which reduced the rate
of reaction between the fluxes and the crucible. By using platinum crucibles
and maintaining oxidizing conditions, 20- to 100-mesh silica was melted by
heating to 1,225° C. and holding for 20 minutes.

Evaluation

The glass-button method provides an accurate means of estimating the
iron content of silica samples. The accuracy at which analyses were made using
porcelain crucibles was 10.02 to -0.0l percent of the accepted values from
chemical analyses in the range 0.00 to 0.30 percent Fe,033 however, above
0.30 percent Fep03 estimates were consistently high, largely because of
crucible contamination. When platinum crucibles were used, an accuracy of
10.01 percent was obtained, and crucible contamination was eliminated.

Visual comparison proved to be a very satisfactory method of estimating the
iron content of the glass buttons. The best applications of the glass=-button
method were in control when the melting characteristics of the raw material
were known and the impurities were relatively constant.

635725 O - 62 - 2
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Special Tests

Thermal Fracturing of Massive Quartz
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A rotary kiln test on massive quartz was conducted to determine the
ffectxveness of thermal shock as a substitute for primary crushing. When
heated to 573° C., quartz converts from the alpha to the beta phase,
accompanied by a sharp thermal expansion. The large volume change is
reversible and nearly instantaneous, and on rapid cooling, severe internal
stresses are developed. Fracturing and shattering were produced by the
volume changes on heating and cooling through this phase change.

A sample of closely sized quartz was passed through the rotary kiln
operating at 1, 100° C. and alr—quenched or quenched by discharging into
cold running water. The 1,100° C. temperature was required to completely
heat the quartz pieces above 573° C. in the short kiln-residence time of 15
minutes. Quartz in two size ranges, 1/4- to 1-inch and 1- to 2-inch, was
used as kiln feed. When quenched, the coarse sample was severely shattered,
and 95 percent passed through a l-inch screen. Although the fine fraction
was highly fractured, the size reduction was not as marked. Water quenching
reduced the size of the particles more effectively than air quenching as the
thermal gradient was greater. Figure 1 shows the plotted screen analyses
before and after thermal fracturing.

Crushing tests on both size fractions after thermal fracturing emphasized
the effect of the phase inversions. The thermally fractured quartz was
crushed more easily and the size of the crushed material was controlled more
closely than similarly crushed unfractured quartz. Equipment wear, as well
as time required to process equal volumes of material, was greatly reduced.

Economically the process is not feasible if primary fuel must be usedj
however, if waste heat is available, the process affords several advantages.
Such a system would substantially eliminate the need for primary and secondary
crushing and greatly improve the performance of a grinding unit. Also, iron
contamination through crusher wear would be reduced.

Froth Flotation

Segrove’ recommended three stages of treatment for beneficiation of
sands: Water washing to remove ferruginous clay, a surface treatment to
remove contamination from silica grains, and froth flotation to remove iron-
contaminating granular materials. The sand was treated in a very dilute
solution of hydrofluoric acid in the presence of a reducing agent, sodium
hyposulfate, to remove surface contamination. Flotation tests revealed that
an acid circuit was necessary to remove iron-bearing particles. A pH of 1.5
was found to be optimum as efficiency decreases at higher pH, and recovery
is not improved below a pH of 1.5.

7 Segrove, H. D., the Production of Sand for Making Colourless Classes:

Jour. Soc. Glass Tech., vol. 40, 1956, p. 363.
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The sands used in the
flotation tests were obtain-
ed from the Bovill and
Cedars-Kelly Creek deposits
of Idaho. Both sands were
essentially free of iron-
bearing minerals but were
contaminated by clay and
muscovite., Test samples
were washed to remove the
clay and screened to
obtain the 20- to 100-mesh
fraction.

The most effective
mica concentrates were
obtained using an alkaline
circuit conditioned with
Armac CD and Dowfroth.
The pH range of 8 to 11
was investigated, and an
intermediate pH of 9.2 to
9,6 was found to produce
best results. _ Below this
pH range, the mica con-
centrate was contaminated
by quartzj at higher pH,
recovery was poor.

Beneficiation of
these sands by flotation
was not as effective as
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on the Thermal Fracturing of Massive :190:1‘:;139“9'010 21‘ elec;h
. . ; rostatic separation. e
Quartz (1- to 2-Inch Fraction). Flotation product was con-
taminated by muscovite which
was removed more completely
by the dry separation methods. Also, the dry methods were easier and simpler
to operate.

DESCRIPTION OF THE MOST PROMISING DEPOSITS

Evaluation of field and laboratory data made it possible to classify
the deposits on the basis of size and quality. Standards were established
to facilitate concentrating additional field and laboratory studies on the
more promising deposits. Deposits having estimated reserves of less than
250,000, between 250,000 and 1 million tons, and more than 1 million tons
were classified as small, medium, and large, respectively. Estimations
were based on surface outcrops because no information about the subsurface
was available. Only the deposits from which the estimated total iron content

Google
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of the samples was less than 0.15 percent Fe;03; were considered to be high
quality. For this study the FezO; content was used as an evaluation of purity
because iron is undesirable for most products, and rapid estimations could
be made in the laboratory by means of the glass-button method. To verify
the results of the glass-button tests, chemical or spectrographic analyses
were made. Low-iron samples were analyzed chemically, whereas spectrographic
analyses were run on the high-iron samples. From these classifications, four
categories developed: (1) High-grade deposits, (2) small high-grade deposits,
(3) other deposits sampled, and (4) deposits investigated but not sampled.
The field and laboratory data and analyses of samples from high-grade deposits
and an evaluation of silica resources by States are presented in this section.
Test data and analyses used in evaluating these deposits are included as
tabulations after each deposit is discussed. This data is also included in
http://babel .hathitrust.org/cgi/pt 7 d=mdp.39015078456244;view=1up;seq=23[ 10/19/2015 6:46:59 AM]
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table A—lito aid the feader in making compérativeievéiﬁai{oﬁs7of tﬁ;ﬁﬁéftéf
deposits., The data and analyses obtained on deposits of classifications 2, 3,
and 4 are presented in appendixes A, B, and C, respectively.

Idaho

Only 10 of the 12 Idaho silica deposits investigated were sampled and
evaluated. Locations of these deposits are shown in figure 2. The sands
and sandstones of the Cedars-Kelly Creek area were the only deposits having
the quantity and quality required for industrial silica. Two deposits, the
Freeman Lake and Birch Mountain quartz pegmatites, are of high quality but
too small for industrial development. The heart of the Freeman Lake deposit
has been quarried, and the remaining reserves, although of good quality, weuld
be difficult to mine economically. Of the remaining deposits, six did not
satisfy quality specifications, and two did not warrant sampling.

Two additional properties, which warrant special consideration although
not sampled in connection with this study, are the Bovill deposit, which was
sampled and tested under another project, and the Gem Silica deposit of
southeastern Idaho, which has been discussed .in a previous Bureau publication.
Because both deposits are of potential economic importance, all available
field and laboratory data are reviewed in this report.

8

Cedars-Kelly Creek Sands and Sandstones (I-6 and I-7)
Location

The Cedars-Kelly Creek sand (I-6) and sandstone (I-7) deposits are in
Clearwater County in T. 40 and 41 N., R. 11 E. (fig. 3). Samples were taken
from road-cut outcrops along both the old and new roads as indicated in
table 3.

® Kelly, H. J., Strandberg, K. G., and Mueller, J. I., Ceramic Industry

Development and Raw-Material Resources of Oregon, Washington, Idaho,
and Montana: Bureau of Mines Inf. Circ., 7752, 1956, p. 54.
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Field Description

Apparently the area
between Cedars and Kelly
Creek ranger stations has
undergone a cycle of low-
grade metamorphism. Gar-
netiferous shales are
exposed in road cuts inter-
bedded with sandstones and
quartzites. Numerous road
cuts expose deposits grading
from competent sandstone
through weak sandstone to
sand, whereas in others
interbedding of sand and
sandstones was noted. The
sandstones range in color
from light bluish-gray to
light gray or white. The
light tan to brown color
of the sand deposits is due
largely to the color of the
associated clay.

All the samples are
representative of the
deposit or the parts of the
deposit from which they were
taken. Sample 6-A was
taken from the lightest
colored zone near the cen-
ter of the sand outcrop;
sample 6-B is representa-
tive of the entire outcrop.
Over a distance of 0.7 mile
this outcrop grades from
sand into a weak sandstone
sampled as 7-A and further
south, into a competent

+hAa ~AmA
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was resampled from a newly exposed road cut (6-D).
construction activity, this sand outcrop showed wide variation in clay and
other contaminants,

However, due to recent

The heavy soil and vegetation cover blanketing the area makes estimation
of size or extent of these deposits impossible without subsurface exploration.

Accessibility
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& Quicrop sampled

The Cedars-Kelly Creek area is in
a remote section of Idaho., The nearest
rail connections are at Superior, Mont.,
a distance of approximately 35 miles.
The gravel roads, however, are kept in
good condition by a lumber company
operating in this area.

Laboratory Tests

The quality of the sand was found
to be quite uniforms the more notable
variations were the clay content and
the amount of impurities present. The
quartz grains were clear and subangular,
and only those of sample 6-C showed more
than a trace of staining. The impur-
ities noted were clay, muscovite,

partially decomposed feldspar, assorted
farruninane minarale. and rainded fran-
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ments of black glass. The plus 48-
mesh quartz was largely aggregates,
whereas in the finer fractions disag-
gregation was almost complete. The
black glass was noted only in the
coarse fractions (plus 48-mesh); the
other impurities occurred in all
fractions. The clay, muscovite, and
ferruginous minerals appeared in
increasing amounts in the finer sized
material, especially in the minus 100-
and minus 200-mesh fractions. Screen
analyses, table 4, show a weight-
percent variation of almost 20 percent
in the plus 100-mesh materials. This
variation is due almost entirely to
contamination of the sands by clay and
muscovite in the fine-size ranges. The
Because

the variation among these samples, especially 6-A and 6-B, was found to be
due to the amount of impurities, only the representative sample 6-B was tested
further,

32-1/2, 29, and 32-1/2, respectively.

Differential thermal analyses and pyrometric cone equivalent (P.C.E.)
tests indicated that the clay fraction was good quality kaolinite. The
P.C.E. of clay fractions of samples 6-A, 6-B, 6-C, and 6-D were 33 plus,
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TABLE 3. - Location and description of Cedars-Kelly Creek

sand and sandstone samples
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Sample Location Outcrop size Description
6-A... 4,8 miles north of Kelly | 0.7 miles long, 10 | Narrow zone of light-
Creek Ranger Station on to 35 feet high, gray sand.

old road.

6-B... ceescessecelOcccscsssnns ceeseesedOsceassss | Light-tan sand, north

end of outcrop.

6-C... 5.1 miles south of 12 feet above, 15 Tan to brown sand.
Cedars Ranger Station feet below road
on new road. for 250 yards.

6-D... | 7 miles south of Cedars Exposure 350 yards | Tan sand, considera-
Ranger Station on new by 20 to 25 feet ble quality varia-
road. high., ' tion in outcrop.

7-A... | 4.8 miles north of 0.7 miles long, 10 | Light-gray-white
Kelly Creek Ranger to 35 feet high. sandstone middle of
Station on old road. outcrop.

7-B... eecssencesel0eeceaccenes vesscseedOescesees | Gray-white sandstone

south end of out-
Crop.

7-Ce.e 1.7 miles south of 300 yards long, 40 | Light-blue to gray
Cedars Ranger Station feet high. sandstone.
on new road.

7-D... 2.0 miles south of ‘Exposed for 600 Light-gray sandstone
Cedars Ranger Station yards, 10 to 50 at south end of out-
on new road. feet high. crop.

7=E... AP « [ O ssseeeesdOesecsass | Light-gray sandstone

interbedded with a
competent sandstone
at north end of out-
crop.

7-F... | 6 miles north of Kelly 500 yards long, Light-tan sandstone.
Creek Ranger Station on 20 to 60 feet
old road., high.

TABLE 4. - Screen analysis of Cedars-Kelly Creek sands
Screen 6-A 6-B 6-D

size, | Weight- | Cumulative | Weight- | Cumulative | Weight- | Cumulative

mesh percent percent percent percent percent percent
28 11.26 11.26 - - 6.72 6.72
35 4.49 15.75 7.26 7.26 3.81 10.53
48 15.46 31.21 17.70 24,96 15.67 26.20
65 33.70 64.91 20,37 45,33 31.43 57.63
100 16.91 81.82 17.49 62,82 14,11 71.74
150 8.85 90.67 11.85 74,67 9.07 80.81
200 2.40 93.07 4.17 T7R.84 4.3 R/_13
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Only light crushing was necessary to disaggregate even the most competent
of the fine-grained sandstones. Microscopic examination showed the quartz
grains to be subangular and very clear, with little or no surface staining.
Red and black inclusions were the only impurities noted. The red inclusions,
identified as garnet, occurred sparsely in all the samples. The black
inclusions identified by the color and very low index of refraction as fer-
ruginous glass, were prominent only in the samples 7-C, 7-D, 7-E, and 7-F.

Electromagnetic beneficiation of the washed sands was very effective,
as almost all the muscovite and iron minerals were removed without difficulty.
Sand samples 6-B and 6-D made excellent beneficiated products, whereas sample
6-C did not meet glass-sand specifications because it contained a large amount
of stained quartz. Beneficiation by froth flotation of sample 6-B also
resulted in acceptable glass sand. Recovery by flotation was 96.4 percent of
the head sample, compared with a recovery of 93.2 percent by electromagnetic
beneficiation. The quartz concentrates prepared by flotation appeared to
contain more muscovite; however, chemical analyses indicated that both products
were of equal purity.

Deposit I-6

Sample analysis, percent

Component B* BF? C D

Glass button analysis:
Head sample’ FQQOQ Sss s s eI sE TR RLEBERRE RO RERERS - - 0-45 0.25
NOﬂmagnetiC prOdUCt, FE;Oa SE s PP FE RS ERIEIERER SRS 0.02 0002 oll .05

Chemical analysis, head sample:
F9203 Se e et s es s s s s R IR ESR LI IR RRRERIEER RS -02 003 == 024
3103 B LIS I ILIBNIEIIIPILIRIOEIRIRNOIROIRIERERBTSESE 99-25 99-30 - =
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Algob LR A I N I A R I I I A A A A I I A A I A A A B Y -67 p61 - =

CEO LR R N N A I N R N N N R R A R N .10 -09 - -

Mgo D N A N A R A R R I N A A R N IR N A A .005 .005 - -

Nonmagnetic product.
Froth flotation concentrate.

Although sandstone samples 7-C, 7-D, 7-E, and 7-F were improved by
electromagnetic separation, the black inclusions were not completely freed by
crushing and could not be removed in the size ranges used in the beneficiation
testsy hence, the samples could not be classified as high-grade silica. The
varying Fe;03 estimates obtained for these samples were almost directly pro-
portional to the occurrence of the black inclusions in the quartz grains. Due
to the purity of samples 7-A and 7-B, no beneficiation tests were performed.

Google
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Deposit I-7

Sample analysis, percent
Component A B c D E F

Glass button analysis:
Head sample, FegO3 ¢ececeesses | 0.03 | 0,03 | 0.35| 0,85 | 0.22 | 0,20
Nonmagnetic product, Fe O3 ... -- -- .20 .55 .18 .18

Chemical analysis, head sample:
Fe?os * 8 P8 B PSS EEEEEEEEEEEE .02 Iol - - - -

SiOg SeesssessssssRessRerse e 94.36 96.30 == == - ' -
Algos S e ss s s R eI NIRRT RRERLYERRERES 3.08 2.25 - . - - -

http://babel .hathitrust.org/cgi/pt 7 d=mdp.39015078456244;view=1up;seq=26[ 10/19/2015 6:50:01 AM]



Industrial silica deposits of the Pacific Northwest / by George ... - Full View | HathiTrust Digital Library | Hathi Trust Digital Library
7

.036| ,009

bau S8 80 8 F BN R SRS .*u
MgO R RN R TN RN R R W

- | - | _- | _-

Bovill Clay-Sand
Location
The Bovill clay-sand deposit is in Latah County 36 miles east of Moscow
via State Highway 8, which runs through the deposit, in the NE 1/4 T. 40 N.
and SE 1/4 T. 41 N., R. 1 W.

Field Description

The clay and sand deposit lies in the low, rolling, timber-covered foot-
hills of northern Idaho and is the decomposition product of local granitic
rock. The quality of the clay and sand, as determined from drill hole cores
and bulldozer trenches, varies greatly from bed to bed. Colors were observed
to range from white to redy however, light gray and tan beds were most common.
The areal extent is large, and the bed thickness ranges from a few inches to
more than 20 feet. The minerals in the sedimentary beds range from almost 100
percent nonclay, mostly quartz and muscovite, to almost 100 percent clay.
Near-surface beds are poorly defined and inconsistents; the lower beds are more
homogenous and continuous.

There is evidence that alteration of the feldspar into kaolinite group
clay minerals occurred both before and after deposition. The fact that fine-
grained clay is bedded with coarse-grained quartz and muscovite indicates
that much of the weathering of these beds occurred after deposition. The
fine-grained, high-clay beds are clearly the product of predepositional

weathering in which the source rock was completely altered before it was
transported.

Accessibility

Railroad sidings are available at Bovill, 1 mile east of the deposit.
Both the Chicago, Milwaukee, St. Paul Railroad and the Washington, Idaho,
and Montana Railroad have sidings here. The latter is a logging railroad,
which connects with the Northern Pacific and Great Northern Railways at
Potlatch.

Google
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Laboratory Tests

Hydraulic classification was used to separate the clay from the nonclay
minerals, which were further separated into a muscovite concentrate and a
quartz tailing by either electrostatic, electromagnetic, or froth flotation
methods. Microscopically the quartz grains were subangular, transparent, and
fresh in appearance, with little or no surface iron staining. Impurities
in the beneficiated sands consisted of occasional flakes of muscovite and a
random grain of an iron-bearing mineral. The coarse-grained (plus 100-mesh)
muscovite concentrate was composed of transparent, well-developed crystals;
however, the minus 100-mesh fraction was highly altered.

Evaluation of field and laboratory data indicated that large reserves of
quartz, clay, and muscovite exist, which could be used industrially: The
quartz as container-glass sand, the clay in ceramics or as a filler material,
and the muscovite in paint or a coating on asphalt-roofing materials.

Typical chemical analyses, Bovill clay-sand deposit
Sample analysis, percent

Component Al B!
Chemical analysis, head sample:....
Feaos LU B B B IR O B BB I O B ) 0‘036 00026
5102 L BN B B B B B O BN DN B N BN B B B BN O BN N BN N 96.28 99.0‘72
N 0 1.97 .564
Cal tevevcevoscsnsnsscssssssnne .08 .025
MO ceeeescssnscncssssscccccans .02 .086

1 Typical analyses.

Gem Silica
Location

\ The deposit is in Gem County, about 3 miles south of Emmett bordering
State Highway 16.

Field Description
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The Gem Silica Co. mined a mixture of clay, silica, and feldspar from a
chain of sand hills 3-1/2 miles long. The sands, which are washed to remove
the clay are used to supply local markets for silica. The clay is not
recovered.

Accessibility

Rail loading facilities are available at Emmett, 3 miles from the
deposit.

Google
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Laboratory Tests

Commercial laboratory tests indicated that froth flotation would produce
a ceramic-grade feldspar and a quartz sand that would meet glass-sand
specifications.

Typical chemical analyses, Gem silica deposit
Sample analysis, percent

Component Al B®
Chemical analysis, head sample
Feeos LA L L L B B B B B L B B 00095 0'038
5102 ® 8 888 SRS eSS 84078 85.21
Alzoa LU L L LB L BB B BB B L B B B 8.47 8075
Cal ceevencscecssssonssnssscse .49 .69
MgO PeRP BRSSP AR IR SR RREREERERERERS 006 -

! Starrett, C. K., Industrial Silica for Northwest
Industries: Raw Materials Survey, Portland, Oregon,
Res. Rept. 1, 1958.
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2 Kelly, H. J., Strandberg, K. G., and Mueller, J. I.,
Ceramic Industry Development and Raw-Material
Resources of Oregon, Washington, Idaho, and Montana:
Bureau of Mines Inf. Circ. 7752. 1956, p. 54.

Evaluation of Idaho Resources

The Bovill silica deposit, from which production was started in the
spring of 1960, guarantees an annual supply of quartz sand that will do much
to relieve the shortage of glass sand in the area. The value of this
deposit is further enhanced by its two byproducts, clay and muscovite.
Because the supply from the Bovill deposit will not satisfy the entire demand
for silica sand, other possible sources might be the Cedars-Kelly Creek
and Gem deposits. However, these deposits may not be developed soon as both
are remote with respect to existing glass-sand markets.

Montana

Fifteen deposits were investigated in the survey of Montana silica
resources. Of the 12 deposits sampled (fig. 4), 7 proved to be of good
quality, although 2 were small and 5 did not meet quality specifications.
Three other deposits were not worth sampling.

Daly's Spur (M-1)
Location

The Daly's Spur deposit is in Beaverhead County, about 13 miles south-
west of Dillon on U.S. Highway 91 in the NW1/4 NWl1/4 sec. 1, T. 9 S., R. 10 W.
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FIGURE 4. - Index Map of Montana Silica Deposits.
Field Description

Outcrops of gray sandstone of the Quadrant formation strike north-south
and dip 40° W. to form a cliff at the deposit site. The cliff extends for

almost a mile and rises to heights exceeding 150 feet, and the sandstone
appears to continue beyond these outcrops.

Weathering has greatly weakened
the sandstone, and much of the rock crumbles easily.

A quarry excavation extends for approximately 300 feet, abuts against the
quarry face, which rises 150 feet above the floor, and is 150 feet wide

across the top. The quarry, which is equipped with housed crushing facilities
and a spur track to accommodate empty cars for loading is worked through an

adit in the quarry floor. Although no activity was observed at the time of
inspection, the deposit appears to be worked each year.

Past production was
estimated to exceed 100,000 tons, which was used as metallurigcal flux.

Sample M-1 was taken from broken rock lying on the quarry floor and from
ledge outcrops across the quarry face.

Accessibility
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track connects directly with the main line of the Union Pacific Railroad,
which parallels the base of the cliff outcrops.

o . Original from
Digitized by GO 81(), TECHNICAL REPORT ARCHIVE & IMAGE
LIBRARY
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Laboratory Tests

Light crushing readily produced the desired size reduction of the weakly
cemented sandstone. When examined microscopically, the well-rounded quartz
grains appeared clear and fresh. An occasional iron-stained grain and a few
sparsely scattered iron-bearing minerals constituted the impurities present.

Deposit M-1

Sample analysis, percent

Component At B*

Glass button analysis:
Head Sample, Fego:; LU 0.07 -

Nonmagnetic product, FeyOs; ... .06 --
Chemical analysis, head sample:
Feaos LI I B I B R BN BN BN BN BN BN NN BN B N B BN B N NN ] .05 0.049
si% LR O B BN IR BN O AN IR B BN B BN N BN BN BRI BN 98.q 97.5
Alaoa ® 8 B0 0P EEETIEES R l41 045
Cao LI I B I B I BB B R BN B N R B R B N BN <.05 <.05
Mgo LN BN BN BN BN BN BN BN OB BN BN BN BN BN BN BN BN BN BN N BN B BN N A ] <.05 <.05
1 Duplicate chemical analyses.
Basin Blowout (M=6)
Location

The Basin Blowout deposit is in Jefferson County, about 2 miles east of

http://babel .hathitrust.org/cgi/pt 7 d=mdp.39015078456244;view=1up;seq=32[ 10/19/2015 6:52:57 AM]
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Basin along U.S. Highway 91 in the SEl/4 sec. 16, T. ©6 N.y, R. 5 W.

Field Description

A lens or plug-shaped outcrop of massive white quartz rising approxi-
mately 300;feet above the railroad forms the deposit. The exposure of light-
pink feldspar in the back of abandoned quarry workings indicates that the
quartz is probably of pegmatitic origin. The quarry floor is 125 feet above

the road,

Past production, which was used as a metallurgical flux, was

estimated to be greater than 200,000 tons.

Broken rock and ledge outcrops were sampled across 400 feet of the quarry

opening.

Accessibility

The main line of the Great Northern Railway runs along the base of the
deposit, and a loading spur track accommodates empty cars for loading.

24

Google

Laboratory Tests
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The angular fragments produced by crushing the massive quartz were clear

and fresh in appearance. Inclusions of iron minerals with staining halos
and surface iron staining were noted on the fragments. Since crushing did not
release the inclusions, beneficiation tests were not effective.

Deposit M=6
|Samgle analysis, percent
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Component Al B!

Glass button analysis:
Head Sample, Fegos serrs s R R 0-04 -

Nonmagnetic product, FezOz ... .04 --
Chemical analysis, head sample:

Fegolg LR B BN B O ORI B B R BN BN BN NN BN B NI N ) -029 0‘036

SiOE LI B B O B BB B BB BB B I 98.9 9902

Alaoa. [ E RN NEE N IR NN N NN NN ENNN ] -29 031

Cal veeencncccssssssascnccence <.05 <.05

MJO ceveacvsccasssssssacaccace <.05 <.05

* Duplicate chemical analyses.

Brown Property (M-7)
Location
The Brown Property is in Jefferson County about 3/4-mile north of
Jefferson City and 1/2-mile west of U.S. Highway 91, in sec. 31, T. 8 N., R.
3 W.

Field Description

The deposit is formed by a quartz dike that cuts the quartz monzonite
of the Boulder batholith. The quartz is of good quality and massive with
some iron staining along joint and fracture surfaces. Outcrops of the ring-
shaped dike form a semicircle with the strike varying from north to west and
dipping steeply to the east and northeast.

The sample was taken at random for a distance of 700 feet along the
strike.

Accessibility

The deposit is accessible by jeep across rolling terrain from the end of
a road near the railroad track. The nearest rail siding is at Corbin, approx-
imately 4 miles from the deposit.

» Google
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Laboratory Tests

The angular, massive quartz fragments were transparent and fresh in appear-
ance and had only minor surface iron staining. The quartz was estimated to
contain 0.03 percent FepOs and was pure enough that no beneficiation tests
were deemed necessary.

Deposit M=7
Sample analysis, percent
Component A B!
Glass button analysis:
Head Sal‘]'lple, Fezos s s s e s 0-03 ==
Chemical analysis, head sample:
Feaola Sseesssssessessr e .02 0.07
SiOQ sSssssss LR sBEREIEEEEIEIER RS 99.59 99.63
AlgOs Stessesnssesssssssesnss e .36 .14
Cao L R N N A N A R R A A N A A R ] -10 -
Mw Se s s s IS TEREBEREERERERBRREERDE -00‘7 ==

1 Analysis furnished by owner.

Corral Creek (M-8)
Location
The Corral Creek silica deposit is in Jefferson County, 8-1/2 miles
west of Clancy via Lump Gulch and Corral Creek Roads, in the NW1/4 of sec. 8,
T. 8 N., R. 4 W.

Field Description

The massive quartz of the Corral Creek deposit outcrops at the crest of
a hill north of the road. The lenticular exposure caps the quartz monzonite
of the Boulder batholith, which forms the base of the low, rolling hill. The
north-south striking quartz body, probably of pegmatitic origin, is white with
minor iron staining along joint fractures.

http://babel .hathitrust.org/cgi/pt 7 d=mdp.39015078456244;view=1up;seq=32[ 10/19/2015 6:52:57 AM]
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The sample was taken from material chipped from outcrops along a traverse
across the center of the deposit.

Accessibility

The deposit is accessible to within 300 yards by dirt and gravel roads.
Total distance to Great Northern Railway facilities at Clancy is approxi-
mately 8-1/2 miles via county roads.

Google
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Laboratory Tests

Crushing produced clear, angular fragments of fresh quartz with little

or no surface iron staining. The estimated

iron content, 0.02 percent Feps0a,

was so low that no beneficiation tests were performed.

Deposit M-8

Component

Sample analysis, percent

Glass button analysis:
Head sample, FezOa ssseecssese

Chemical analysis, head sample:
FeaOE U BB B B I B B B B
Siop— LR I B B B B B O B B L IR
AlgOa IR RN NN N NN ENENENNENENN NN NE N
CaD svevsnssorsnesossessacsscss

MgO ses s BN EISIIBRISIEIRIERTIRER LTS

http://babel .hathitrust.org/cgi/pt 7 d=mdp.39015078456244;view=1up;seq=35[ 10/19/2015 6:55:29 AM]
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Crystal Butte (M-10)
Location

The Crystal Butte silica deposit is in Madison County, 8.9 miles west
of Twin Bridges, 1/2 mile north of the road in sec. 4, T. 3 S., R. 4 W,

Field Description

A massive, lenticular quartz body of pegmatitic origin intruded into
altered granitic rock to form the Crystal Butte deposit. The long axis of
the lens is from northeast to southwest. The quartz is white with a pinkish
cast, and some surface iron staining was noted along joint and fracture
planes.

The sample was taken at random from the outcrop that forms the top of
a rounded hill.

Accessibility

A new, easily constructed road, 1 mile in length, would provide access to
the deposit., Quarried rock would have to be trucked 10 miles to the
Northern Pacific Railway siding at Twin Bridges.

Laboratory Tests

The clear, angular fragments of quartz had some iron-strained surfaces
and contained inclusions of iron minerals enveloped by staining halos. Elec-
tromagnetic beneficiation decreased the estimated iron content from 0.04 to
0.02 percent Fep;03, and recovery was 96.7 percent. Low-intensity electrostatic
beneficiation produced a concentrate testing 0.02 percent Fe,0Os3, with recovery
of 95.5 percent of the feed.

Google
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Deposit M-10
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Sample analysis, percent

Component Al B!

Glass button analysis:
Head Sal'l'lple, Fegos L I AN NN 0.04 -
Nonmagnetic product, FepOz ... .02 --

Chemical analysis, head sample:

Fe203 LA LB LRI B I B I A A A .032 0.036
siog LR L B L L BB B B B O O B B 93'6 98.‘7

Algos L NI I N I R o26 044
Cao LR R N N N N NN NN NN NN <005 <005
Mgo LU I L B B B BB R B BB O B B B O R B A A <.05 <.05

! Duplicate chemical analyses.

Evaluation of Montana Resources

All the deposits sampled are at great distances from 1960 markets so
immediate use is unlikely. However, the deposits represent large reserves of
high=-purity silica, and industrial expansion in this area will probably use
the reserve. The greatest potential use for material from these deposits
seems to be in manufacturing ferrosilicon. The Daly's Spur deposit contains
virtually an unlimited reserve, whereas the Basin Blowout deposit is classi-
fied as large and the Brown, Corral Creek, and Crystal Butte deposits as
medium-sized.

Accessibility to all the deposits is good, especially to the two largest
where quarries have been developed and loading facilities installed.

Oregon

During the investigation of the silica resources of Oregon, 13 deposits
were examined but only 5 warranted sampling. Location of deposits sampled
are shown in figure 5. Four of the deposits proved to be of good quality;
however, only two can be considered of value as one is too small and the other,
the Eugene Sands, lies within the residential area of Eugene, Oreg. The fifth
deposit, the Coos Bay dune sands, although not of high quality, is included in
this investigation because beneficiation studies indicate that material from
this deposit might be used as a source of a silica-feldspar mixture for manu-
facturing ceramic ware and amber container glass.

Coos Bay Dune Sands (0-1)

Location

The sands used in this study were taken from dunes adjacent to the

http://babel .hathitrust.org/cgi/pt 7 d=mdp.39015078456244;view=1up;seq=35[ 10/19/2015 6:55:29 AM]
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FIGURE 5. -Index Map of Oregon Silica Deposits.
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Field Description

Sand dunes  parallel the coast of Oregon for many miles north of Coos Bayj
at the north end of Coos Bay, the dune belt is 2 miles or more inland. Dune
migration is from northwest to southeast as determined by the prevailing winds
during the dry season from May to September. The larger dunes are more than
100 feet high and from 1/4- to 1/2-mile long. The sands are light tan and
appear to be uniform in grain size.

Sample A was taken from the windward side of a dune east of the road to
Sandpoint Lake in the SE1/4 SW1/4 of sec. 15, T. 24 S., R. 13 W. Three sam-
ples--B, C, and D--were taken from one large dune adjacent to the rail siding
at Rogers. Samply B was taken from the windward side of the dunej samples C
and D were taken from the top of the dunej C came from surface materialj and
D was from material 3 feet below the surface.

Accessibility

Both rail and barge transportation are readily available at the deposit
site. Sand could be loaded directly into cars on a rail siding.

Google
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Laboratory Tests

Due to their origin and mode of deposition, the Coos Bay dune sands
required no preparation for laboratory testing. Two conclusions can be drawn
from the screen analyses (table 5). First, the sands are very closely sized,
85-90 percent of the grains were smaller than 35-mesh but retained on a 65-mesh
screen; second, the surface sand (samples A, B, and C) was slightly finer than
the subsurface sand (sample D). The sands were composed almost entirely of
quartz, feldspar, and rock fragments with only an occasional ferromagnesium
mineral. In general, the quartz grains were rounded, transparent or slightly-
clouded, and fresh in appearance; however, some grains were observed to be

L] a ST LAY 4T a TS . 4T Ar _ 7 .. L. &
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Both the feldspar and rock fragments were well-rounded, and some of the opaque,
milky-white feldspar grains showed traces of surface iron staining. The rock
fragments were mostly tan to brown and probably of basaltic origin. Twenhofel,g
in his examination of sands from this area, reported the composition as 85 to
90 percent quartz and feldspar and 10 to 15 percent rock fragments with traces
of magnetite and ilmenite.

Electromagnetic beneficiation proved to be more effective in treating the
beach sands than electrostatic methods. Following the standard procedure of
making three runs at maximum field intensity, the product tested 0.35 percent
FegO3, and 71.8 percent of the feed was recovered. The high-intensity elec-
trostatic product tested 0.45 percent FegOs with a recovery of 67.4 percent.
However, by retreating the tailings and using a six-stage separation instead
of three, it was possible to obtain an electromagnetic product testing 0.19
percent FegOs and to recover 73.25 percent of the feed. This final product had
a P,C.E. of 19 as compared to cone 17 for the head sample. The fused cones
were white and had the appearance of a high-grade porcelain body. X-ray dif-
fraction patterns failed to show the presence of any minerals other than quartz
and feldspar.

Deposit 0-1

Sample analysis, percent
Component B! BM® c®

Glass button analysis:
Head Sal‘nple, Fegos sBsess s as e 0090 - ==

Nonmagnetic product .seeveceeess .35 0.19 --
Chemical analysis, head sample:
FEgOa eeevsecencacesconsnssense .67 .19 0.78
Si0g eseevevsvcsceccncsscnceses | <10 84.0 82.42
AlygOz sececeesecscecesensnnnsns | <O 8.08 9.17
Ca0 ceevcecscenccscsccaccancnne 1-5 1.10 1.68
MO eeeeernscvarncnsncasccannas 1-5 <.05% .08
1  Spectrographic analysis rather than chemical analysis.
2 Beneficiated using six passes through the high-intensity
s magnetic separator.

Chemical analysis furnished by owner (untreated sand).

Twenhé?el, W.H., Mineralogical and Physical Composition of the Sands of the
Oregon Coast from Coos Bay to the Mouth of the Columbia River: Oregon
State Dept. of Geol. and Mines. Ind., Bull. 30, 1946, pp. 53-60.

Google
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TABLE 5. - Screen analyses of Coos Bay dune sands
Sample A Sample B Sample C Sample D
Screen Cumula- Cumula- Cumula- Cumul a-

size, | Weight- tive Weight- tive Weight- tive Weight- tive
mesh | percent | percent | percent | percent | percent | percent | percent | percent

35... - - 0.4 0.4 - - 6.1 6.1
48... | 20.0 20.0 14.8 15.2 4.0 4.0 55.4 61.5
65...| 72.6 92.6 70.8 86.0 82.0 86.0 33.1 94.6
100... 7.3 99.9 13.8 99.8 13.8 99.8 5.6 100.2
Pan... ol 100.0 o2 100.0 o2 100.0 - -

Quartz Mountain (0-2)

Location

The Quartz Mountain silica deposit is in Douglas County and comprises
most of sec. 2, T. 28 S., R. 1 E., with extensions into sec. 3 to the west
and sec. 35 to the north. Location of the deposit is shown in figure 6.

Field Description

The deposit was formed by the replacement of rhyolite and tuffs with
cryptocrystalline quartz. The structure is massive with no indication of
atgitude; however, joint planes were measured striking N. 60° W. and dipping
59° SW. 1In general, the rock is hard, dense, and light gray to white. On
freshly fractured surfaces, the massive quartz is milky white. In areas where
silicification was not complete, the rock is weak and light tan. Joint frac-
ture surfaces were iron stained, especially in and adjacent to areas of incom-
plete silicification.

Samples were taken along four traverses; sample A came from incom-
pletely silicified tuff; and samples B, C, and D were obtained from more
completely silicified material.

Accessibility
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The owner has constructed 3 miles of access road necessary to develop
the deposit. The nearest rail facilities at Roseburgh a distance of 50 miles
via the Little River Road.

Laboratory Tests

Except for sample A, heavy crushing was required to reduce the Quartz
Mountain rock to the size ranges required for laboratory tests. The crypto-
crystalline quartz fragments were milky white, very angular, and the only
impurity noted was stain that seemed to emanate from iron-bearing inclusions.
The quartz fragments from sample A were less angular, grayer, highly stained,
and contained a small amount of tan, argillaceous material which was pro-
bably incompletely silicified country rock,

Google

Attempts to beneficiate these samples were ineffective.
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Deposit 0-2
Sample analysis, percent
Component A B C D! E!
Glass button analysis:
Head sample, Fe,Og eeeevesesss| 0.50 | 0.18 0.08 | 0.09 --
Nonmagnetic product, Fe,O3 ... - .15 .08 .09 --
Chemical analysis, head sample:
Fe;Oa Sr s R LEEITRENIIIRIERISERERER RS - -= 0074 0094 0.08
Si-Op LR R R R I A I N R A == - 98-7 98-4 9706
A1903 R I R A ) - - .83 -53 096
Cao SrseB s s I IIIIBE IO EBLEBERERREES = = <.05 <-05 <¢O5
MQO N N NN NN - - <.O5 <.05 <-05

1
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Duplicate chemical analyses.
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FIGURE 6. - Quartz Mountain Silica Deposit,
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Bristol Silica (0-3)
Location

The Bristol silica
deposit is in Jackson
County about 6-1/2 miles
southeast of Rogue River
in the SE1/4 sec. 30, T.
36 S., R. 3 W,

Field Description

The deposit is be-
lieved to be a replace-
ment of limestone by
siliceous solutions.
Joints and fractures that
traverse the deposit are
filled with clay, and at
certain horizons the
lime content has been
reported to exceed 1
percent. The rock is
white, hard, and resis-
tant to chipping or
fracturing,

Quarrying, which
began in 1938, is carried
out on six terraced
benches, each about 80
feet high. Rock is
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trucked 5 miles to Rogue River for processing. After crushing, sizing, and
washing, the quartz is shipped to consumers.

Sample 0-3 was chipped from outcrops and broken rock on benches 4 and 5.

Accessibility

The processing plant at Rogue River is on a rail siding of the Southern
Pacific Railway and U.S. Highway 99.

Laboratory Tests

Crushing produced angular, transparent fragments from the quartz sample.
Slight surface iron staining was the only impurity noted.

The sample material was only slightly susceptible to beneficiation.

Deposit 0-3

Sample analysis, percent

Component Al B!

Glass button-analysis:
Head Sample, FegOs TR EEE R 0-04 -
Nonmagnetic product, Fe;03 ... .03 -

Chemical analysis, head sample:

Fegoa LR R R RN RN R RN EEE NN 0033 0.029
SiOg LR N B R I LI B I I I I 98.8 99.0

AlpOa R NN NN N NN NN NN 025 -19
Cao LU L L L B B I B O O BB BB <.05 <.05
Mgo R R N I A I NI N R N <-D5 <005

! Duplicate chemical analyses.

Evaluation of Oregon Resources

High-purity silica, contained in both the Bristol and Quartz Mountain
deposits is unlikely to satisfy increasing industrial shortages. Activity
at the Bristol silica deposit has been in progress for 23 years, and the
amount of quartz removed annually has been regulated to conserve resources.
Production probably will continue at the established rate; however, highway
construction necessitated abandoning the Bristol silica-processing plant,
and the date of return to normal production has not been announced. Unless
some specific use is developed for the Quartz Mountain silica, the
necessity of trucking the quartz 50 miles to a rail siding appears too
great an economic disadvantage to permit development at the present time.

T a2 alad? e doala A2Ad 1 2. Ll o Mol h Thae. Adiim L AL ool - i
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warrant consideration as industrial silica reserves. However, the quartz-
feldspar concentrate might be used directly as an additive to a ceramic-
porcelain body. Other possible uses are for amber container glass and for
applications in which low-purity materials are sufficient.

Google
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Thirty-seven deposits were sampled and tested, and five others were
examined during the survey of the silica resources of Washington. Deposit
locations are shown in figures 7 and 8, Although 19 deposits were found to
be good quality, only the quartzites of Lane Mountain and Lynx Creek and the
quartz pegmatites of Blue Grouse Mountain, the Twin Lakes claim, and
Quartz Mountain were large enough to be classified as potential industrial
deposits. Special consideration was given to the quartzites of the Addy

formation in Stevens County because of their marginal purity and almost
unlimited reserves,

120° 1ae

See Figure 8
for counties and
daposits in this
areo.
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FIGURE 7. - Index Map of Washington Silica Deposits.
Lynx Creek Quartzite (W=-5)
Location

The Lynx Creek quartzite, a member of the undifferentiated Covada group,
is in Ferry County, about 10 miles northwest of Inchelium, in the S1/2 sec. 14

and N1/2 sec. 23, T, 33 N., R. 35 E.
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Field Description

A massive quartzite
outcrop rises more than 100
feet above Lynx Creek to
form the deposit. The
light-gray quartzite
strikes roughly north-south
and dips gradually to the
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. wze OREILLEQIZ west, The deposit con-
STEVE‘\:IS : E!Q' tains two zones or horizons
ée 2 | = which appear to have dif-
w22, oW32 I ferent weathering charac-

W-34<7 oChewelah : . s
dv:-z;q | teristics. The upper

w309 OZwes: Newporta’ zone of the outcrop is
-® massive and exhibits
blocky jointing, whereas
close jointing and bed-
| ding plane-parting of the
: lower zone produce small,
| rhombohedrally shaped
l

SCALE IN MILES

pieces. Iron staining

LINCOLN occurs along the jointing

Spokane O-W-5 | planes of both zones; how-
LEGEND ever, the staining is

o Cities or towns | | darker in the lower zone
® Good deposits and mica minerals were
|

© Good deposits (small) SPOKANE l noted in the bedding
© Other deposits tested plane partings.
l_____.___________“HQQI Sample A is repre-
FIGURE 8. - Index Map of Northeastern Washington ?ﬁn:;:i\l’gwg: zzﬁeTatgzrin;ies
Silica Deposits. B, C, and D were taken 200

yards west of sample A and
are representative of the massive zone. Sample B was taken at road level; C,
from a ledge 30 feet above By and D, from another ledge 100 feet above B.

Accessibility

The nearest rail facilities are at Kettle Falls, 34 miles from the
deposit,

Laboratory Tests

The angular quartz fragments produced by crushing were milky white,
indicating that the quartz was cryptocrystalline. Iron staining observed in
samples B, C, and D was slight, whereas the quartz fragments of sample A
were heavily stained. Beneficiation tests were not successful,

GGoogle
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Deposit W-5

Sample analysis, percent
Component A B C D

Glass button analysis:
Head Sample, Fea'Os [ EE NN EN] 0035 0.08 0.10 0.12

Nonmagnetic product, FezOs ... .20 .08 .10 .11
Chemical analysis, head sample:

FEp03 eeeeecesnancacocancnneee| == .08 .09 .12

S10s eeecrveecccecsnsccescnsnas - 98.13 |98.72 | 98.49

Alao;g P e B B sSIB SIS ERRBRERSEEREERS == 1.35 1.00 1.08

Ca0 tevvseseccscccncacasasasns -- .09 .03 .10

MGO seeveecccccaconcccncasncns - .005 .06 .04

Twin Lake Claim (W-12)
Location
The Twin Lakes Claim is in Okanogan County, about 1.5 miles due north of
Scap Lake and 3 miles southeast of Malott in the NEl/ﬂ sec, 23, T. 32 N.,
R. 25 E.

Field Description

Clear, white, massive quartz outcropping through the granitic county
rock forms this deposit. Iron-oxide staining is prominent along fracture and
joint planes that strike N. 30° E, and dip 70° to the west. The lens-shaped
quartz body is honeycombed with abandoned mining prospects. At least seven
adits are still detectabley two remain open for more than 30 feet.

A sample was obtained from various points along the outcrops by chipping
off fragments of the quartz rock.

Accessibility

http://babel .hathitrust.org/cgi/pt 7 d=mdp.39015078456244;view=1up;seq=44{ 10/19/2015 6:58:10 AM]
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By constructing 2 miles of new road, the 15 mile haul to the rail siding
at Malott could be reduced to 6 miles, At present, a passable road leads to

within 200 yards of the deposit.

Laboratory Tests

The transparent, angular fragments of the crushed massive quartz were
fresh in appearance and exhibited only a slight degree of surface iron
staining. Magnetic beneficiation reduced the iron content from 0.07 to 0.04
percent Fep0s;, with the removal of only 4 percent of the head sample.

Google
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Deposit W-12

Sample analysis, percent

Component A AM?

Glass button analysis:

Head sample, Fe;0a3 seeeeconces 0.07 --

Nonmagnetic product, Fe,Osz ... .04 -
Chemical analysis, head sample:

FeoOa eceeeceenssesssacecacanse .06 0.030

Si0n cececcccesccssssssenssees| 99.70 98,50

Aleg L I B B O BB I O B R B B ) .31 .37

Ca0 cessesccvosccsssssccssnsse <.05 <.05

MQO SrsIIIIE RIS ERIIREIEIRRERRRROE RS <005 <-05

1 Chemical analysis of beneficiated sample.
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Quartz Mountain (W-18)
Location
The Quartz Mountain silica deposit is in Spokane County, about 18 miles
northeast of Spokane and 3 miles southwest of Mount Spokane, in the center of

NW1/4 sec. 35, T. 28 N., R. 45 E. (fig. 9).

Field Description

Outcroppings of massive quartz cap the granitic country rock forming the
ridge of Quartz Mountain. The actual granite-quartz contact was difficult to
determine due to the occurrence of overburden and quartz float in the form of
huge boulders, Scattered outcrops to the southwest indicate a possible exten-
sion of the quartz body which strikes N 40° E. and dips 60° southeast. The
quartz rock was clear to white, and minor iron stains along joint and fracture
surfaces was the only impurity noted.

Mine workings include two adits and a vertical shaft, made many years ago
in search for gold, and a small quarry, from which road metal was produced.
The adits, one on each side of the ridge, were reported to be from 150 to 200
feet long and in granitic rock and quartz talus boulders. On the west side of
the ridge, a shaft was driven through 85 feet of massive quartz and 15 feet of
gouge material before being abandoned. 1In 1959, the Hemphill Bros. Quarry
Contracting Co. expanded the quarry on the southwest end of the quartz body
into a full-scale industrial operation. The quarried rock is crushed and
screened at the deposit site, trucked to a rail siding, and washed before ship-
ment.

‘Sample A was broken from outcrops across the deposit and from ledges and

rock fragments in the test quarry; sample B was chlpped from the rock stock-
piled by the Hemphill Co.

Google
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FIGURE 9. - Quartz Mountain Silica Deposit, Spokane County, Wash.
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Accessibility

Mead, Wash., 20 miles via county roads from the deposit site, is the
nearest rail siding. '

L ) Original from
viitzed by (GO 816 TECHNICAL REPORT ARCHIVE & IMAGE
LIBRARY
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Laboratory Tests

The crushed fragments of both sample A and B were transparent and very
angular, and the only impurity detected was slight surface iron staining on a
few grains of sample B. Beneficiation of sample A was not attempted, but the
purity of sample B was improved from 0,07 to 0.04 percent Fey0Os by magnetic

separation.,
Deposit W-18
Sample analysis, percent
Component A B ct D
Glass button analysis:
Head Sample, Fe?oa ssesssssnce 0002 0.07 - -
Nonmagnetic product, Fe,0s ... -- .04 -- -
Chemical analysis, head sample:
F9903 Ss s s s s ssI NI BB BIELEIBLEIRIBES 002 - 00007 0.113
SiO? X R RN N N N NN NN NN RN NN 99061 == 99075 99.75
Algoa sse BB EREIEERIROIEROERBERES 036 - 008 007
Cao e s e s e ssssE s s s sEEEREESS 009 - - -
Mg’o S B S S P EIT RIS SEEBRERBES 0009 - - -

' 7 car composite analysis of silica shipped to silicon

manufacturer.
2 Average of 10 analvses by 5 industrial laboratories.
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Blue Grouse Mountain (W-21)
Location
The Blue Grouse Mountain silica deposit is in Stevens County, about 10
miles north of Deer Park on the east side of the mountain in the SE1/4 sec.
15, T. 30 N., R. 42 E.

Field Description

A cryptocrystalline quartz dike striking N. 72° W, and dipping 65° NE.
outcrops in the granite schist slopes of Blue Grouse Mountain to form the
deposit. The milky-white quartz rock is brittle and breaks easily when struck
with a hammer, Iron staining was heavy along the contact with the granite
schist.

Sample A was chipped from outcrops across the quartz deposit. The deposit
was resampled later in a similar manner.

Accessibility

Quarried rock would have to be trucked to the railroad siding at
Deer Park, a distance of 10 miles via Forest Service and county roads.

Google
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Laboratory Tests

The quartz fragments of both samples were cloudy, angular, and slightly
iron-stained. Only randomly occurring iron-bearing minerals were noted in
sample A3 however, sample B contained a large percentage of black minerals.
The black minerals, although only slightly magnetic, were readily removed by

magnetic beneficiation. Beneficiation reduced the iron content of sample
B from 0.55 to 0.04 percent FeyOs; by the removal of 10 percent of the sample.

http://babel .hathitrust.org/cgi/pt 7 d=mdp.39015078456244;view=1up;seq=47[10/19/2015 7:00:29 AM]
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Deposit W=-21

Sample analysis, percent

Component A B! BM?

Glass button analysis:

Head sample, Fes03 cevevevsces 0.06 0.55 -

Nonmagnetic product, Fe,Os ... .06 .04 --
Chemical analysis, head sample:

FEQOa LI B O B B O I B B B I B B .O5 005 0-049

SiOp L BB B O B B B O BB B B B B B B 99'37 >10 97.8

AlgO@, e s e R EREIEERRRERRER RS RR RO RS 052 l = 5 050

Cao LI B B B B B B B B B B B B B B B B BN BN AN ) .05 <.01 <.05

MJO teveneonsonnncasncesnsanss .029 <.1 <.05

1 Spectrographic analysis rather than chemical analysis.

Chemical analysis on beneficiated sample.

Addy Quartzite Formation
Location
The Addy Quartzite formation is exposed extensively throughout Stevens
County, particularly in the Chewlah area. Samples were taken from several

sites as listed in table 6 and shown in figure 10.

Field Description

Joneslomapped all of the quartzites in the Chewelah Quadrangle as one
unit, the Addy Quartzite formation. Weaverll, however, divided the quartzite
into several units--the Addy, Eagle Mountain, Colville, and undifferentiated
quartzite. Since the mapping by Jones was at a larger scale and his contacts
were mapped in greater detail, his definition of units and designation of out-
crop boundaries has been followed in this report.

The topography formed by quartzite outcroppings is bold and rugged and
often characterized by the development of extensive talus slopes. The rock is
predominantly a hard, massive, crystalling quartzite, in which the quartz
grains are cemented by recrystallization. However, in localized areas recry-
stallization or cementation is poorly developed, and the resulting rock is a
1% Jones, R. H. B., Notes on the Geology of the Chewelah Quadrangle of

Stevens County, Wash.: Northwest Science, vol. 2, December 1928, p. 1l1ll.
Weaver, C. E., The Minerals Resources of Stevens County: Washington Geol.
Survey Bull. 20, 920, Olympia, Wash., pp. 56-82,

http://babel .hathitrust.org/cgi/pt 7 d=mdp.39015078456244;view=1up;seq=47[10/19/2015 7:00:29 AM]
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sandstone. Textural and structural variations range from fine-grained, mas-
sive through medium-grained, distinctly bedded to pebbly or conglomeratic
quartzites. Impurities strongly influence the prevailing gray-white

color of the quartzite. Iron oxide staining produced a pink, grayish-
yellow, or brown rock, depending upon the amount present. A dark gray rock
resulted from the inclusion of argillaceous material.

Quarries were developed at three of the deposits, the Chewelah, Deitrich,
and Lyons Hillj however, production was small, and none remained in operation.
The quarried rock was crushed and washed at the deposit site and trucked to
rail sidings for shipping.

Because the quartzite outcrops are so vast, more than 250 square miles,
reconnaissance sampling was done only in the areas that had good accessibility
and large reserves. The grab samples were taken from traverses across the
deposit outcrops.

Accessibility

All the deposits investigated are accessible by county or Forest Service
roads. The distance from rail transportation ranges from less than 1 mile to
approximately 12 miles.

Laboratory Tests

Most of the massive quartzite samples were extremely hard, and crushing
produced clear to cloudy, very angular fragments. Clear, subangular to
rounded quartz grains resulted from the crushing of the poorly recrystallized
material. Since natural contamination was due almost entirely to iron
staining, the susceptibility to beneficiation was poor, and only nominal
improvement was possible. Results of these tests are shown in table B-2,

The glass button and chemical analyses, table 6, serve to indicate the
wide variation in iron content, which apparently is characteristic of these
quartzites. As a result of this inconsistency, quarrying operations at the

™2 fhe? il e d T oaimm T P LR N P [ R N — | Aemtlee Lo —mdor Lod e an
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the Lane Mountain area appears consistent enough to warrant more detailed
presentation.

Additional field and laboratory data and spectrographic analyses are
tabulated in appendix B.

Lane Mountain (W-29 and W-30)

Location

Two silica deposits are on Lane Mountain in Stevens County. One deposit
is a massive quartzite on the southern slopes of the Mountain about 9 miles
northwest of Springdale in secs. 34 and 35, T. 31 N., R. 39 E. The other is
a friable sandstone exposed on the northern slopes of Lane Mountain about 5
miles west of Waits Lake in secs. 22 and 27, T. 31 N., R. 39 E. Location of
both deposits is shown in figure 11.

Google
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TABLE 6.
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Field Description

Lane Mountain is the site
of a local anomaly in the re-
gional metamorphism of Stevens
County. In the area represented
by samples 29-A, 29-B, and
29-C the rock is a hard, dense,
crytocrystalline quartzite that
varies in color from a milky
gray-white to a pinkish or
yellowish gray and strikes
N. 20° W. and dips 20° W.
Jointing and fracturing have
given the outcrops and talus a
blocky appearance. To the north
the intensity of the meta-
morphism diminishes, and the
rock becomes softer. A sandy,
friable, poorly cemented, gray
to yellowish gray sandstone
striking N. 40° W. and dipping
45° W, is exposed in the pro-
spect trenches of the Lane
Mountain Silica Co., repre-
sented by samples 30-A, 30-B,
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and 30-C. Farther north, in

the area of sample 30-B, layers
of the sandstone are more compe-
tent and stand out as ribs along
the strike. Jointing and
fracturing is prominent through-
out all the sandstones, and
slight iron staining occurs
along the planes of parting.
Timber and shallow overburden
cover most of the mountain,
obscuring contacts and deposit
borders.

T.30N

T.28N

FIGURE 10. - Addy Quartzite Outcrops in The prospecting on the

the Chewelah Quadrangle of north slopes by Lane Mountain
Stevens County, Wash. Silica Co. included several
hundred feet of open-cut bull-

dozer trenches and one diamond drill hole. Brush and overburden were
stripped off in three places from which samples 30-A, 30-B, and 30-C were
taken. A hole was drilled perpendicular to the dip to ascertain the
thickness of the bed. To a depth of 40 feet the core was continuous.’
Below 40 feet the rock became soft and shattered, and core recovery was
poor. The hole was finally lost at a depth of 57 feet. Fragments recov-
ered from the bottom of the hole showed less staining than did surface mate-
rialc

655725 O - 62 - 4

Google

http://babel .hathitrust.org/cgi/pt 7 d=mdp.39015078456244;view=1up;seq=50[ 10/19/2015 7:02:20 AM]



Industrial silica deposits of the Pacific Northwest / by George ... - Full View | HathiTrust Digital Library | Hathi Trust Digital Library

44

http://babel .hathitrust.org/cgi/pt 7 d=mdp.39015078456244;view=1up;seq=53[ 10/19/2015 7:03:09 AM]

|

R.39E

To Valley
Tmiley___.

14
Approximate extent

. " Af tha Auartzita

Samples 29-A, 29-B,
29-C were taken by chip-
ping fragments from out-
crops and talus across the
deposit. Samples 30-A,
30-B, and 30-C were taken
from traverses across the
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FIGURE 11. - Lane Mountain Silica Deposits,
Stevens County, Wash.

31

T
30
N

trenched areas.

Accessibility

Rail loading facili-
ties are available at
Valley, Wash., 12 miles
from the south Lane Moun-
tain deposit and 10 miles
from the north Lane Moun-
tain site. The Lane
Mountain Silica Co. pro-
cessing plant, now under
construction, will be at
Valley, Wash.

Laboratory Tests

The quartzite frag-
ments (samples 29-A, 29-B,
and 29-C) were clear to
cloudy and angular. Sur-
face iron staining account-
ed for almost all the iron
contamination, as only an
occasional inclusion was
noted. Sample 29-B was
notably more iron-stained
than either of the others.
The quartz grains of
samples 30-A, 30-B, and
30-C were subangular to
rounded and mostly quite
clear. Impurities were
largely surface staining
and an occasional grain

of limonite. Neither sample was amenable to pronounced beneficiation although
samples from area 29 were improved more than samples from area 30.

On the basis of developmental testing, the Lane Mountain Silica Co. has
announced that sandstone will be mined from two quarries and trucked to the
plant site where it will be crushed, milled, scrubbed, dried, and stored for

shipment to consumers.,
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Deposit W-29

Sample analysis, percent

Component A B C

Glass button analysis:

Head sample, FegOz +seceeceesss| 0.10 0.15 0.06

Nonmagnetic product, Fes0s; ... .08 .12 .04
Chemical analysis, head sample:

Fe303 I E R NN RN RN N R NN NN cll - -053

SiOp PE B ILINIII IR EREEE R 98.96 - ==

Algos Ses s BN IRENINREIIRRIRISIR RS 75 - -

Ca0 frr e s s T s IR IRTIRSTAIREERLEOEDS .05 - -

MgO Sessssserss sttt .055 - -

Deposit W-30
Sample analysis, percent

Component A B o p!

Glass button analysis:
Head Sample, Fegos X EEEEREEEXRE) 0-06 0-05 0-04 -
Nonmagnetic product, Fe Oz ... .06 .04 .03 -

Chemical analysis, head sample:

F8203 PE B P IR SRIT SRR ESEREIE SR B = a044 - 0.054
Sio? PR B B B BB B B R RN BB B BB R BN B A - - - 97.2
AIQOS sss s s RE R IBERITERTERERRSESES - - - .03
Cao R R N T N N W A A ] - - - <|05
-- -- - | <.

Mgo LI I N I BB I I O B

1 Chemical analyses on composite of samples 30-A, 30-B, and 30-C.

Evaluation of Washington Resources

The Quartz Mountain and Twin Lakes deposits are two of the most promising
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sources of massive silica in Washington. The Quartz Mountain deposit is a
large, high-grade silica occurrence now being mined as a source of SiO; for
silicon and ferrosilicon manufacturing, During 1959, 60,000 tons of quartz
was quarried, sized, washed, and shipped to consumers. Silica from the
Twin Lakes claim, a medium sized deposit, should provide a second source of
raw materials for silicon and ferrosilicon producers.

The quality of the Lynx Creek and Blue Grouse Mountain deposits is good
although both require special mining or handling to insure uniform quality.
The Lynx Creek quartzite would require selective mining, whereas the Blue
Grouse Mountain quartz would have to be either selectively mined or crushed
and beneficiated, because part of the material is contaminated by iron-bearing
minerals. Since Blue Grouse Mountain is only a medium sized deposit, the
quartz probably would not warrant any special handling.

Due to the cursory nature of the field examinations and to consumers
dissatisfaction with the quality of quartz from these deposits, the Addy
Quartzite deposits cannot, at this time, be classified as industrial silica
reserves. However, evidence gathered from these investigations indicates

Google
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that there are areas from which high-grade silica may be quarried. Lane
Mountain was the most promising area investigated. Material from this area,
especially from the Lane Mountain Silica Co. holdings, was of good quality,
although product uniformity must be established.

CONCLUSIONS

The critical shortage of industrial silica in the Pacific Northwest in
1957 has. been partly relieved. Massive quartz from Quartz Mountain in Spokane
County, Wash., has replaced the depleted Dennison deposit as the principal
source of silica for silicon and ferrosilicon. At the present rate of output,
this deposit should remain a major producer for many years. Development of the
Bovill silica deposit offers glass producers their first large, local source of
low-iron sand., The reserves are large and laboratory and pilot plant tests
indicate that a uniform high-quality glass sand can be produced. The outlook
for the Lane Mountain Silica Co., property is promising based on exploratory
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field and laboratory datag howevér; because these sandstones and quértzites'are
nonhomogeneous, more extensive exploration is needed to establish the merit of
this deposit.

o . Original from
Digitized by GO gle TECHNICAL REPORT ARCHIVE & IMAGE
LIBRARY
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that there are areas from which high-grade silica may be quarried. Lane
Mountain was the most promising area investigated. Material from this area,
especially from the Lane Mountain Silica Co. holdings, was of good quality,
although product uniformity must be established.

CONCLUSIONS

The critical shortage of industrial silica in the Pacific Northwest in
1957 has. been partly relieved. Massive quartz from Quartz Mountain in Spokane
County, Wash., has replaced the depleted Dennison deposit as the principal
source of silica for silicon and ferrosilicon. At the present rate of output,
this deposit should remain a major producer for many years. Development of the
Bovill silica deposit offers glass producers their first large, local source of
low-iron sand., The reserves are large and laboratory and pilot plant tests
indicate that a uniform high-quality glass sand can be produced. The outlook
for the Lane Mountain Silica Co., property is promising based on exploratory
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field and laboratory datag howevér; because these sandstones and quértzites'are
nonhomogeneous, more extensive exploration is needed to establish the merit of
this deposit.

o . Original from
Digitized by GO gle TECHNICAL REPORT ARCHIVE & IMAGE
LIBRARY
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APPENDIX A
TABLE A-1. - Analyses of samples from large, high-grade deposits
Glass button
analysis, percent
Head Nonmagnetic Chemical analysis of
sample, product, head sample, percent
Sample Fey 03 Fep 05 esUa 5105 AI-05 Cal Mg0
Idaho:
I-6-Beveeseoococae| = 0.02 10.02 | 99.25 0.67 |0.10 |0.005
I-6-BFeeecerecases| = .02 1,03 | 99.30 .61 | .09 | .005
I=6=Ceeeecscecsese] 0.45 .11 - - - - -
I'6"Do.-o-olooov.o 925 .05 ’24 - - - -
I'?"'A.ooo-oot-oco. 003 - 102 94.36 3.08 .10 -036
I-.?-B.C......Qlll. 003 - .01 96.30 2-25 t09 -009
I=7=Ciceesosacasses .35 .20 - - - - -
I'?‘D-a-ocooooooo. -85 055 - - - - -
I'?’E...ooo--.o.oo 022 018 - - - - -
I ) S .20 .18 - - - - -
BOVilloootooa-oaoo - - 10036 96.28 1097 oOB .02
DOseovecosscnaes - 1,026 99.072 .564| .025| ,086
Gem SilicCAcesvecee - .095| 84,78 8.47 .49 .06
DO......-..... - - -038 85!21 8.75 069 -
Montana:
| .07 .06 .05 | 98.9 .41 |<.05 |<,05
- - .049] 97.5 .45 |<.,05 |<,05
M"6.-o.oao..oo.ooo .04 .04 .029 9809 .29 <-05 <005
- - .036| 99,2 .31 |<.05 |<.05
M=Tieeatecccancnns .03 - .02 | 99,59 .36 .10 .007
- - .07 | 99.63 14 | - -
M=8.ceereanncconsns .02 - .02 | 99.46 .45 .09 .011
M=10teeeeeonocanes .04 .02 .032] 93.6 .26 |<.05 |<.05
.036] 98.7 .44 |<.05 |<.05
Oregons
0=-1-Bessavessnanes| 490 .35 2.67 |>10 >10 1 5|1 -5
- - 078 8204‘2 9.17 1368 '08
- .19 .19 | 84,0 8.08 |1.10 |<,05
0-2-Ao.-ooo.oo¢oac 050 - - - - - -
0-2-80--.000000000 alB .15 - - - - -
0-2-C.veeeveoconsne .08 .08 .074]| 98.7 .83 |<.,05 |<.05
0-2-Divsensacscsse] <09 .09 .094| 98.4 .53 |<.05 [<.05
. - - .080] 97.6 .96 |<.05 |<,05
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VT Jdsessssssssssssa VS oUJ JU33| YB.U « 22 |<.00 5,05
- - .029] 99.0 .19 |<.05 |<.05
Washington:
Web-Aieieeenieneens «35 .20 - - - - -
W-5-B.ceeseresanne .08 .08 .08 | 98.13 1.35 | .09 | .005
W-5-C.-..-........ .10 .10 .09 98,72 1.00 .03 .06

See footnotes at end of table.
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TABLE A-1. - Analyses of samples from large,
high-grade deposits - Continued
Glass button
analysis, percent
Head Nonmagnetic Chemical analysis of
sample, product, head sample, percent ,
Sample Fep 04 Fegp 04 Fez0s3 | Si0, Al,045 | CaC MgO
Washington:
WS-D.ieeveeeeeeees| 0.12 0.11 0.12 | 98.49 1.08| 0.10 | 0.04
W'l2-...-...-..... .07 004 -06 99.7 -31 <-05 <005
- - 1,03 | 98.5 .37 | <.05 | <.05
W-18-A..eseconanss .02 - .02 | 99,61 .36 .09 .009
w‘lB_B.-.voﬂot.ooo .07 004 .0?7 99-?5 008 - -

_ - - .113| 99.75 07| - -
We2loAeieneenennens .06 .06 .05 | 99,37 .52 .05 .029
W=21-Beueeeseooeaas| 55 .04 2,41 |>10 1 -5]|<.01 |<,1

- - 1.049| 97.8 .50 | <.05 | <.05
W-29-A..eieeesenes| . .10 .08 .11 | 98,96 .75 .05 .055
W=29-Beteesooseoas .15 .12 - - - - -
We29=Chuvovesvnsasne .06 .04 .053 - - - -

- - .60 - - - -
W-30-Aceceeeeneeas| .06 .06 3.054| 97.2 .03 | <.05 | <.05
W=230=R_.__ .. .._._... DR N4 NAA - - - -
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- - .043 - - -
) W-30-C.---........ 004 003 - - - -
* Analysis on beneficiated sample.
® Spectrographic analysis.
® Analysis on composite of samples 30-A, 30-B, and 30-C.
Google
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TABLE A-3. - Analyses of samples from small,
high-grade silica deposits
Glass button
analysis, percent
Head Nonmagnetic Chemical analysis of
sample, product, | head sample, percent
Sample FegOa FegOs Feo 03| 510, | AlgOs | Cal Mg0
Idaho:
I-I-Ao.o'o.ooc.ooo 0.02 0-02 0.017 9903 0-23 <0-05 <U005
I-l-Booaoo-oaooooo 004 .03 .02 98.2 .20 <005 <005
I=2-Aseeecncscsees]| 10 .09 2,09>0 [.Jd-1| <.01| <1
1-2'Booooo¢oon-c-o .07 .04 - - - - -
I-Siol..ttollnbclt -04 -04 0034 99.2 023 <005 <005
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Montana:

M-4ooo-¢oo-ooooaot

M‘gcc-toc-onnpon-.

Oregon:

0-4¢oo.oooooocc--o

Washington:

W‘l‘ﬂ....-..-.-.-.

't\'-l-B..........u.

w-4cn-.oc.ooooooc.
w-7.-...-.........
w—a......--.......

w-g.........-.-...
w“lo..-..ooo.-onan
w-ll........o..-..

w-14'|n.la-..oo.ai
w"15.....o-...o¢..

“-16-A.l...¢.l.l00
W-lﬁ-B...-.......-
w‘16-Coo.o.ootooo-

w-QOQo--tcvco-..o.
W-24-A...........-

"-24-B.-.oooo-oot.
w-27-o-o-otooooo--
H-35..............

.05
.07
.08
.05
.15

.03
.03

.02

.03
.03

.06
.08
.03

.03
.03
.03
.04
.14

.02
.04

.079
.061

.037
1,02
077
1,021
.033
1,023|
2,11
.03
.021
.029
1,021

1,040
.023
1,026
.04
.045
1,020
1,06
.18
.031
1,024
.06
.062
.069
.096

97.9
98.3

98.2
98.7

99.7
99.0
99.5
98.7
98,1
98.7
>10
99.94
98.1
99.5
99.1
99.7
98.9
99.5
99.1
99.60
99.2
98.2
99.37
96.9
99.7
98.7
99.6
99.4
98.8
97.6
99.25
>10

01 - 1

.34
.0l
.60
1 -1

<.05
<.05

<.05
<.05

<.05
<.05
<.05
<.05
<,05
<.05
<.1
.03
<.05
<.05
<. 05
<.05
<.05
<.05
<.05
.04
<.05
<05
.05
<.05
<.05
<.05
l02
<.05
<.05
<.05
.12
<1

<.05
<.05

<.05
<.05

<.05
(.05
<.05
<.05
<.05
<.05
<.l
.005
<.05
<.05
<.05
<.05
<.05
<.05
<.05
.005
<.05
<.05
.045
<,05
<.05
<.05
.007
<.05
<.05
(.05
.009

1

Analysis on beneficiated sample.

Spectrographic analysis.
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TABLE B-2, - Analyses of samples from lower
grade silica deposits
Glass button
analysis, percent
Head Nonmagnetic Spectrographic analysis
sample, products | of head sample, percent!
Sample Fegf.}s F%Oa Fe=03 SiOAa AlgOa Ca0 MgO
Idaho:
I-4,00000ectcnne 0.90 - 0.51 |~10 5 - 10| <0.1 <0.1
I-5ao-¢oo.-aovo. 4.50 - 2.10 >10 >10 >10 >10
I-Biveeeecncnnns .22 0.22 .20 |>10 5«10 <11]1-5
I"9oonocnlcc&o-o 020 .20 019 >10 al - 1 <o01 <.1
I‘lo.a-o.-.un.oa 016 015 014 >10 >10 1 - 5 <¢1
Montana: .
M~2.seeeescseses| 25,00 - 2,80 |>10 5 - 10|>10 >10
M-3iceeeeteneses| 25,00 - 3.85 |>10 >10 l1-511-5
M—5ocaoaooo.-c.o 1.10 - .87 >-10 >10 l - 5 1 - 5
M"llco-o---ooott .70 - .60 >10 5 - 10 <-1 ol - .1
'M-12..-.c.-t-oo- 1.00 - .87 >10 >10 .l - 1 .1 - 1
Oregon:
0"’5...0.------.0 020 007 .23 >10 1 - 5 <.1 <.1
Washington:
W-3ieteeeonnaoes .65 - 2 406| 65.7| 14.5 | 1.30 .067
- - 2.48 | 72.3| 14.5 | 1.15 .55
w-éaoonocooo-oto 025 - 027 >10 >10 .1 - 1 .1 - 1
W-13u....-.-... -12 011 011 >10 ol - 1 <ol <.1
"-17cooot¢to-oao .20 .15 .19 >10 .1 - 1 <.1 (.l
W-19............ 1.00 - 094 >10 >10 (o01 1 - 5
W-22............ 010 -08 011 >10 ol - 1 <01 <01
We23iieeaeannnnn .14 .08 2.14 | 99.4 .46| ,03 .009
W-25.--.-....-.. 019 al7 .17 >10 ol - 1 <ol <.1
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We26mAerennnenns| 422 .22 3,21 P10 [1 -1 | <01 | <1
W-26"Beveveennnn .18 .18 - - - - -
“-26-Cloooalooao 025 016 - - = = -
\\'-28............ .26 024 027 >10 ol"]. (.01 (ol
""3100000000100b 010 009 .10 >10 .1 “1 <.1 qol
W-32u0eeeeeensnn .10 .09 2,096 99.0 50| <.05 | <,05
- - 2,10 | 98,2 58| <,05 | <.05
W-33ieeeereennes .12 .10 2.114| 98.6 72| <,05 | <,05
- - 2 4,097/ 98.0 74| < ,05| <.0%
W-34..iicenecene .20 - .20 |>10 A1 -1 <.,01 <.1
“-36.-.-...--..- .65 - .57 >10 ol"l <.01 {.1
W-37=Aeeecennees .18 .18 .17 |>10 1-5 <.1 <.1
“‘37'3--...:...- a25 .25 - - - - -
1 Spectrographic analyses were reported in the following quantitative
categories: Over 10 percent, 5 to 10 percent, 1 to 5 percent, 0.1 to 1
percent, etc. FegOs was determined quantitatively by fluorescent X-ray
spectroscopy.
2 Chemical analysis.
i Analysis on composite of sample 26-A, 26-B, and 26-C.

Analysis on beneficiated sample.
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