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ERIONITE AND OTHER ASSOCIATED
ZEOLITES IN NEVADA
By KEITH G. PAPKE
ABSTRACT

Industrial utilization of natural zeolites became a pos-
sibility in the late 1950°s with the recognition that exten-
sive deposits of erionite and other zeolites are present in
altered tuffs in Nevada and adjacent states. Zeolites are
crystalline, hydrated aluminum silicates that contain ex-
changeable alkali or alkaline-earth cations. The framework
of the mineral is honeycombed with large cavities that are
accessible through smaller apertures and contain the ex-
changeable cations and the water molecules.

Identifying zeolites and estimating their percentages are
best done by X-ray diffraction methods although the opti-
cal microscope, electron microscope, and differential ther-
mal analysis are also useful.

The physical properties that make natural and syn-
thetic zeolites useful include: the ability to lose and regain
water of hydration with little change in structural state; the
open structure with connecting apertures of definite size,
which permit the mineral to pass or adsorb some molecules
and to exclude others; the ability to act as catalysts for
some reactions; and the high cation exchange capacity.
Interest in natural zeolites for industrial applications is
mainly centered on erionite, chabazite, mordenite, and
ferrierite.

Four zeolite deposits in north-central Nevada are de-
scribed: the Eastgate, Jersey Valley, Pine Valley, and Reese
River deposits. Zeolite-rich beds as much as 15 feet thick
occur in lacustrine sedimentary rocks of late Cenozoic age.
The host rocks were silicic volcanic tuff. The associated
sedimentary rocks, principally mudstone, tuff, and friable

ash, often contain authigenic zeolites, potassium feldspar,
and calcite. :

The zeolite-rich beds commonly have sharp lower con-
tacts and gradational upper contacts, are laminated to very
thin bedded, and often have ripple marks or slump bedding.
The material generally is compact, fine grained, porous, and
has a very-pale-orange color owing to the presence of abun-
dant hydrated iron oxides.

Zeolite minerals identified in the deposits are erionite,
clinoptilolite, phillipsite, mordenite, and analcime; morden-
ite and analcime are rare. Zeolite-rich beds commonly
consist of layers with differing zeolite mineralogy and
appearance. In the 96 samples studied in detail, the most
common associations of zeolites are erjonite-clinoptilolite,
erionite-clinoptilolite-phillipsite, and erionite alone.

The zeolites occur in fine-grained aggregates of crystals
that generally are less than 0.04 mm long. Associated ma-
terials of pyrogenic, detrital, or authigenic origin include
unaltered volcanic glass, montmorillonite, quartz, illite,
potassium feldspar, calcite, plagioclase, jarosite, cristoba-
lite, opal, fluorite, and hydrated iron oxides.

The zeolites were formed by diagenesis of vitric vol-
canic ash that fell into saline, alkaline lakes. The alteration
occurred after burial of the beds but at near-surface
temperature and pressure under the influence of lake water
trapped in the beds. Factors that controlled the diagenesis
include the composition and permeability of the host rock,
and the composition and pH of the reacting solutions.

INTRODUCTION

Although minerals of the zeolite group have been known
for many years, the commercial utilization of natural zeo-
lites became a possibility only in the late 1950’s, when it
was recognized that extensive deposits of erionite and other
zeolites are present in altered tuffaceous rocks in Nevada
and adjoining states. Zeolites analogous to many of the
natural types had been synthesized in the late 1940’s and
early 1950°s and were first commercially produced in 1954.
In the last few years, the substitution of natural zeolites,
mostly erionite and chabazite, for synthetic zeolites has
increased, and new uses for natural zeolites have been
developed. Because of several important physical proper-
ties exhibited by zeolites, there are excellent possibilities
that the deposits in Nevada will be exploited more fully
in the future, and that other uses for zeolites will be
developed.

PURPOSE AND SCOPE

Although the zeolite deposits described in this report
were discovered before 1960 and have been extensively
explored, little information about them has been available,
and the deposits are not known to many potentially

interested persons and companies. The purpose of this
report is to present information on their occurrence and
origin. Background information on the mineralogy, uses,
and identification of zeolites is also included.

Four deposits that contain extensive, relatively pure
beds of erionite were studied (fig. 1). Several other deposits
that contain thin beds of erionite were not studied but
are listed in Appendix A. In addition, extensive deposits
of zeolites in geologic environments other than that
described in this report are also known in Nevada;
the occurrence of these deposits are summarized in

Appendix B.
METHOD OF STUDY

The field work for this study was begun in June, 1969,
and continued intermittently through the rest of that year.
Laboratory work was done concurrent with the field work
and continued after completion of field work. The report
was completed in February, 1971.

The most important parts of the four deposits were map-
ped by plane-table method. Horizontal and vertical controls
were established by either tape-transit survey or stadia
method. At the Jersey Valley deposit, a larger area was map-
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FIGURE 1. Index map of Nevada showing locations
of erionite deposits.

ped using preliminary 7%-minute quadrangle topographic
maps as the base.

A total of 315 samples were collected during this study.
Of these, 219 samples were used only in the identification
of rock type and determination of physical and mineralogi-
cal character of the rocks. The other 96 samples were care-
fully taken from the principal zeolite-rich beds. Generally a
megascopically uniform layer was sampled as a unit, but a
few thick layers were sampled in several parts. The 96
samples are considered to be representative of the beds, and
detailed mineralogic study was made on them.

All samples were examined by X-ray diffraction methods
to identify the zeolites present, treated with 1IN hydro-
chloric acid to test for carbonate minerals, and treated with
benzidine stain to test for montmorillonite clay (Papke,
1970, p. 8). The color of the powdered sample was deter-
mined using the Geological Society of America Rock-Color
Chart (1963), and the porosity and slaking characteristics
of the crude material were determined. Methods of study of
zeolites and associated minerals by optical microscope,
electron microscope, differential thermal analysis, and X-ray
diffraction are described in a later section.
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GENERAL INFORMATION ON ZEOLITES

MINERALOGY

The zeolites are a group of crystalline, hydrated alumi-
num silicates that contain alkali or alkaline-earth elements.
This group has an emﬁ)irical oxide formula (M!, M,1)0.
Al,05-n8i0,-mH,0 (MU and M! are, respectively, the
divalent and univalent exchangeable cations. The values of
r and m vary but n cannot be less than 2. See Barrer, 1964,
p- 122). Zeolites were first discovered by Baron Cronstedt,
a Swedish mineralogist, in 1756. The mineral family name
is from the Greek Zein, meaning to boil, and lithos, mean-
ing stone, because of the intumescence during fusion in a
borax bead. More than 30 natural species of zeolites have
since been recognized. These crystalline minerals are not to
be confused with the amorphous aluminosilicate gels, “zeo-
lites,” that are used as water softeners and differ in some
physical properties.

The zeolites have an open, infinitely extended, three-
dimensional framework composed of silica and alumina
tetrahedrons, similar in some respects to the framework of
the feldspars. Each tetrahedron consists of a central silicon
or aluminum atom surrounded by four oxygens. The
(Si,AD)04 tetrahedrons are linked together into a con-
tinuous network with each oxygen shared by two tetra-
hedrons. The resultant crystalline lattice is honeycombed
with elongated cavities which are accessible through smaller
apertures. The size of the cavities and the apertures are
uniform for each zeolite.

The ratio of aluminum to silicon in the zeolite lattice
ranges from about 1:1 to 1:5, depending on the species. The
net negative charge on the framework (owing to the substi-
tution of aluminum atoms for the silicon atoms) is balanced
by the presence of divalent and univalent cations. In natural
zeolites these cations commonly are Ca+2, Nat, Kt or, less
commonly, other alkaline earths or alkalis. These cations
occupy the cavities within the zeolite framework. Occasion-
ally the relatively large cations are positioned so they partly
block the apertures and prevent larger molecules from enter-
ing the cavity. Because these cations are loosely bound to
the (Si,Al)0,4-tetrahedral framework, they are easily re-
placed by other suitable cations; the zeolite minerals have
higher cation exchange capacities than any other mineral.
The exchange of cations may change the physical proper-
ties of a zeolite.

Another feature typical of zeolite minerals is the pres-
ence of water molecules within the structural cavities.
These molecules are relatively loosely bound to the frame-
work and to the exchangeable cations, and are readily re-
moved at a moderate temperature. The framework of the
zeolite is not affected by dehydration, unless the dehydra-
tion is complete or carried out under severe conditions. The
partially dehydrated zeolite readily regains water molecules
even when exposed to a very low vapor pressure. The
partially dehydrated mineral is a highly selective adsorbent



ERIONITE AND OTHER ASSOCIATED ZEOLITES IN NEVADA

TABLE 1

Approximate formula and specific gravity of some alkalic zeolites.

NAME DOMINANT CATIONS FORMULA SPECIFIC GRAVITY
Clinoptilolite K, Na, Ca NaAlSis 2-5010.4-12°3.5-4H,0 2.13-2.17
Mordenite Na, Ca NaAlSig 5-5011-12-3.2-3.5H,0 2.12
Erionite Na, K, Ca NaAlSi3_3.508-9-3-3.4H20 2.07
Chabazite Na, Ca NaAlSi; 7.305 4.5-2.7-4H,0 2.08
Phillipsite K, Na, Ca NaAlSi; 3.3.404.6-5.8°1.7-3.3H,0 2.0-2.3
Analcime Na NaAlSiy-; g06.7.6-1-1.3H,0 2.26

of liquids and gases, and it has a large pore volume and sur-
face area available for adsorption.

The zeolites identified in the present study are, in order
of abundance, erionite, clinoptilolite, phillipsite, chabazite,
mordenite, and analcime. Hay (1966, p. 6) subdivides the
zeolites into calcic- and alkali-rich types; the six zeolites
listed above are of the alkali-rich type. Table 1 (Hay, 1966,
p. 7) gives the approximate formula and specific gravity of
these six zeolites, listed in order of decreasing water content
relative to aluminum (the formulas are simplified in terms
of a pure sodium end member having only one aluminum
atom). Figure 2 (modified from Hay, 1966, p. 8) shows the
compositional relationship of these six zeolites and potas-
sium feldspar.

The zeolite mineral erionite was first described by Eakle
(1898) from near Durkee, Ore., where it occurs in cavities
and fissures in a rhyolite tuff. The name “erionite” was
derived from the woollike appearance of the fibrous
mineral at the type locality. Only a few other occurrences
of erionite were reported until extensive deposits were
found in Nevada (Deffeyes, 1958; Regnier, 1958).

\Na+ Y (Ca +Mg)

PHILLIPSITE OF
® SALINE LAKES

0 CHABAZITE
+ ERIONITE

\ANALCIME
%

CHABAZITE

O CLINOPTILOLITE

e MORDENITE ERIONITE

CLINOPTILOLITE

POTASSIUM FELDSPAR
X P X, X

X Si
50 80 70 80 90 100

Modified from Hay (1966).

FIGURE 2. Compositional relationships of alkalic
zeolites and potassium feldspar.

Although the properties mentioned above are common
to zeolites as a whole, the individual species differ in detail
and in the nature of their framework. The structure of
erionite has been determined (Staples and Gard, 1959;
Deffeyes, 1959a); the structural unit is a hexagonal prism
containing an elongated cavity with 15.1 A free length in
the c-axis direction and 6.3 A free diameter. Six elliptical
apertures in the walls, formed by rings of 8 tetrahedrons,
have axes of about 4.7 A and 3.5 A. Smaller apertures,
formed by rings of 6 tetrahedrons, have free diameters of
approximately 2.5 A. Figure 3 shows the diagrammatic
structure of erionite, modified from Barrer and Kerr
(1959, p. 1919).

o

15.1

Modified from Barrer and Kerr {1959),

FIGURE 3. Diagrammatic structure of erionite.
Dark circles represent the centers of tetrahedrons
occupied by silicon or aluminum atoms, locations
of oxygen atoms are not shown. Dark quadri-
laterals represent places of attachment of adjacent
erionite units.
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TABLE 2

Chemical analyses of erionite from Nevada, !

Deposit Si0; Al 03 Fey03 Fe0 Mg0 Cad Na0 K,0 H,0" Hy0  Ti0, P,0i Mn0 CI F  Total
Eastgate? 59.07 13.75 215 .09 .69 .96 3.04 486 883 634 .17 .01 0l --- 01 9998
Jersey Valley  58.89 14.23 .38 .02 L16 2.67 .64 4.85 9.95 6.64 .09 .03 .00 .02 .01 99.58
Pine Valley?  59.51 1420 .73 02 .14 .01 592 3.64 894 634 .05 --- --- 01 .0l 99.52

{From Sheppard and Gude, 1969a, p. 877.

The hexagonal prisms are stacked one on top of another
in the c-axis direction. Each column of prisms is attached to
three adjacent columns but the adjacent columns are verti-
cally displaced by half the length of the cavity (V7.5 A)
relative to the central column. Each side aperture is com-
mon to two cavities. Thus, each cavity is connected with
six others by apertures with minimum free diameter of
3.5 A and is connected with two others in the c-axis direc-
tion by apertures with free diameter of 2.5 A. Diffusion
of suitable-size molecules through the structure is thereby
possible. Subsidiary cavities are present between columns,
but in erionite these are rather small. Ferric iron can sub-
stitute for as much as 15 percent of the aluminum in
erionite (Eberly, 1964, p. 33). Because of the fine grain size
and intimate mixture with other materials, it generally is
difficult to obtain pure erionite for chemical analysis. Table
2 shows the available chemical analyses of erionite from
Nevada.

USES

In 1938 R. M. Barrer, an English researcher, began an ex-
tensive study of the synthesis and behavior of zeolites. His
work led the Linde Co., now a division of Union Carbide
Corp., to begin research in 1948 on the possible use of zeo-
lites in separation of atmospheric gases. Many zeolite species
have now been synthesized; some are analogous to natural
varieties and others are unknown in natural form. Synthetic
crystalline zeolites were first produced commercially in
1954 and are now manufactured by several companies in
the United States. These products are used mainly as
catalysts and catalyst carriers in the treatment of hydro-
carbons, and as molecular sieves to separate various gases
and liquids. The market for synthetic zeolites was estimated
{Sand, 1968, p. 131) to be in the order of 20,000 tons
annually.

Increasing interest in the use of natural rather than syn-
thetic zeolites has been noted in recent years, especially in
applications where the high cost of synthetic zeolites make
their use impractical. Use of natural zeolites as replacements
of synthetic materials has centered on the minerals chaba-
zite, erionite, mordenite, and ferrierite. Relatively small
tonnages of natural zeolites have been produced from one
of the deposits described in this report and from an area in
Arizona. Zeolite deposits in pyroclastic rocks are also com-
mon in Japan, and that country apparently is more ad-
vanced than the United States in the use of natural zeolites.

2Corrected for calcite impurity.

3Al,0; contains P,05.

Zeolites are used in Japan in molecular sieve applications as
well as in other applications where less pure, cheaper mate-
rials can be utilized (Minato and Utada, 1969, p. 131-133).
The availability in Nevada of large tonnages of zeolites in
the deposits described in this report and in extensive de-
posits of clinoptilolite, mordenite, and ferrierite in another
type of deposit (Appendix B) should give impetus to ex-
ploitation of natural zeolites.

The physical properties that make zeolites potentially
useful include their ability to lose and regain water of hy-
dration with little or no change in structural state, their
open structures with interconnected channels that permit
the dehydrated minerals to pass or adsorb some molecules
and to exclude others, their ability to act as catalysts for
some reactions, and their high cation exchange capacities.
The uses of zeolites are discussed further in the following
sections.

Catalysts and Catalyst Carriers

Synthetic zeolites were first used as catalysts and catalyst
carriers in 1960. This use has grown very rapidly, particu-
larly for hydrocarbon cracking, and is now the most im-
portant one. By 1968 zeolites had replaced conventional
amorphous silica-alumina catalysts in most of the cracking
installations. The savings to the petroleum industry, due to
increased gasoline recovery, probably exceed a million dol-
lars daily (Pickert, Bolton, and Lanewala, 1968, p. 133).
Zeolites also are used as catalysts or carriers in catalytic
reforming and other industrial applications.

A catalyst is a substance that changes the rate of a
chemical reaction without itself being permanently affect-
ed. The catalyst often is distributed on a carrier; some
carriers have catalytic properties in addition to serving as a
support. Some characteristics that make zeolite catalysts
more useful than older types are: the greater access of the
reactant to the catalytically active internal surface; the
ability to be modified to form a highly active and selective
catalyst tailored for a specific reaction; and the resistance
to poisoning by sulfur and nitrogenous compounds. A
catalyst must also be stable at high temperature and be
capable of being regenerated without serious loss of
catalytic properties.

The most important factors that influence the catalytic
activity of zeolites are the aperture size, silica-to-alumina
ratio, and type of exchangeable cation (Pickert, Bolton, and
Lanewala, 1968, p. 136). Silica-rich, large-aperture zeolites,
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those with apertures of 7 to 10 A, are the most useful;
those now used are synthetic species related to the mineral
faujasite or, less commonly, mordenite. The catalytic
properties can be greatly altered by suitable cation ex-
change, by removal of the exchangeable cations from the
structure, or by addition and in situ reduction of a
dispersed heavy metal in the cavity (Pickert, Boiton, and
Lanewala, 1968, p. 136).

In commercial catalytic cracking, common practice in-
volves placing a hydrocarbon with a boiling point ranging
from 450° to 950° F in contact with the catalyst at about
900° F at a rate that causes S0 to 60 percent of the feed to
be converted to gasoline and lower boiling hydrocarbons.
During the cracking process, a small amount of carbona-
ceous coke is deposited on the catalyst; the catalyst is re-
generated by burning off this coke (Plank and Rosinski,
1967, p. 26). The highly selective zeolite catalysts generally
give reaction rates several orders of magnitude greater than
the silica-alumina gel types (Weisz and Miale, 1965, p. 527).
The use of a zeolite-containing catalyst typically results in
15 to 20 percent greater gasoline yield than the use of an
older type catalyst (Collins, 1968, p. 70).

Molecular Sieves

The use of zeolites as molecular sieves is the oldest
industrial application and is second in importance at the
present time, The discovery of the sieving ability of
zeolites apparently was made in 1925 by Weigel and
Steinhoff. The term “molecular sieve” was introduced by
McBain (1926, p. 1)

A zeolite that is useful as a molecular sieve has cavities
of relatively large volume, connecting apertures of suitable
diameter, and a framework that does not distort when the
mineral is dehydrated. Synthetic zeolites are commercially
available with effective apertures (sieve) sizes of about 3,
4,5, 8 and 10 A. The natural zeolites of most interest as
molecular sieves are chabazite, erionite, and mordenite.
Their effective aperture diameters are about 4 A,

When a zeolite is to be used as a molecular sieve, water is
removed from the cavities by heat or by passage of a dry
gas. The dehydrated mineral has a very large surface area
and pore volume available for adsorption; the pore volume
in some zeolites is about half of the crystal volume (Breck,
1964, p. 684). By appropriate cation exchange or variation
of operating temperature, the effective diameter of the
aperture can be adjusted to meet various sieve require-
ments.

The sieving action can be based either on the ability to
separate different types of molecules because of differences
in size or shape (analogous to a mechanical sieve), or on
the great affinity of the zeolite for polar molecules (those
with positive and negative centers of electrical charge) and
unsaturated hydrocarbon compounds (those with some
carbon atoms joined together by double or triple chemical
bonds) (Breck and Smith, 1959, p. 92-94). The apertures in
a molecular sieve are uniform in size; depesiding on its size
and shape, a molecule may be readily adsorbed, slowly ad-
sorbed, or excluded from the structure. For example, at a
temperature of -196° C one type of molecular sieve will ad-

sorb oxygen but exclude nitrogen, although the nitrogen
molecule is only 0.2 A larger than the oxygen molecule
(Breck, 1964, p. 685).

Molecules that are nearly the same size but have different
electrical properties can also be separated. Polar molecules
(e. g., water and ammonia) are strongly attracted and ad-
sorbed because of electrical charges at the surface of the
cavity. Thus, a molecular sieve may act as a desiccant, even
when the water concentration is very low, and will retain
the adsorbed water well above its boiling point. The prefer-
ence for unsaturated hydrocarbons is due to loosely bound
electrons in their structures that give them polar character-
istics resembling that of water (Breck and Smith, 1959,
p. 94). Molecular sieves are reusable; the adsorbed material
is removed from the sieve by heat or by displacement with
another material.

Molecular sieves, since their introduction to industry in
1954, have replaced other adsorbents such as silica gel,
activated alumina, and activated charcoal in many applica-
tions. Compared with other adsorbents, molecular sieves
have higher adsorption capacity, are more resistant to foul-
ing, permit more complete removal of impurities, and are
unique in their selective adsorption ability (Collins, 1963,
p. 71).

Molecular sieves are principally used in the petroleum re-
fining, petrochemical, and chemical industries. Among the
many uses are: removal of water from gases and liquids
such as natural gas, cracked gas, jet fuel, hydrogen, pentane,
butane, and benzene; removal of other impurities, such as
carbon dioxide and sulfur, from natural gas and other
materials; selective separation of gases, such as oxygen and
nitrogen from air; and separation of various hydrocarbons.

An important example of the separation of a hydrocar-
bon is the isolation of normal paraffins for use in the manu-
facture of biodegradable detergents. Normal paraffins have
a straight-chain structure and an effective cross section of
4.3 A. Branched paraffins have an effective cross section of
5.0 A or more. The normal paraffins are selectively adsorb-
ed by a 5 A molecular sieve but the branched paraffins are
excluded (Breck, 1964, p. 686).

The upgrading of gasoline is another separation process
of special interest. The straight-chain hydrocarbons, which
ignite prematurely and cause engine knock and lower effi-
ciency, are adsorbed; the branched hydrocarbon iso-octane,
which burns less explosively and increases the “octane”
rating, is excluded by the 5 A molecular sieve and recover-
ed. When saturated with the straight-chain hydrocarbon, the
molecular sieve is regenerated by a stream of hot gas (Breck
and Smith, 1959, p. 90-92).

Ion Exchangers

The ability to exchange cations was one of the earliest
recognized properties of the zeolites. The cation exchange
capacity of the zeolites is higher than that of any other
mineral; Ames (1963, p. 871) records cation exchange
capacities of 2.1 and 1.7 milliequivalent/g for natural erion-
ite and clinoptilolite, respectively. The zeolites are much
superior to other cation exchange materials for many appli-
cations because of their ability to selectively remove
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certain cations from solutions. {The “zeolites” used as
water softeners are amorphous aluminosilicate gels lacking
most of the physical properties of true zeolites).

There has been little utilization of zeolites as ion ex-
changers, but it is probable that this use will be important
in the future, particularly for natural zeolites, because of
their high and selective cation exchange capacity. Two ap-
plications are especially promising: the use of clinoptilolite
in decontamination of cesium-bearing waste materials; and
the use of zeolites in water pollution control.

The possibility of using clinoptilolite to decontaminate
radioactive waste by the removal of cesium was first
recognized by Ames (1960, p. 689). Cesium 137 is a fission
product prevalent in radioactive wastes; the isotope has a
half life of 30 years and a low permissible limit in humans
(Brown, 1962, p. 194). In tests at Hanford, Wash., the
cesium adsorbing capacity of clinoptilolite was many times
greater than that of nonselective ion exchange materials
over a wide range of conditions, including the presence of
large concentrations of other cations. The cesium-saturated
clinoptilolite could either be stored or the cesium recovered
by chemical treatment and the clinoptilolite reused (Brown,
1962, p. 195).

The use of natural zeolite to remove ammonia from sew-
age effluent has been demonstrated on a pilot-plant scale.
Removal will soon be necessary in many areas; ammonia
can be toxic to fish and other aquatic life and can cause ex-
plosive growth of algae and consequent oxygen depletion
in water. Because of their nonselective action, the use of
conventional ion exchangers to remove ammonia from
sewage-plant effluent is prohibitive in cost. Use of a natural
zeolite, clinoptilolite, has been investigated (Mercer and
others, 1970) because of its high cation exchange capacity
for ammonia and the potential low cost of the material. A
mobile demonstration unit of the Federal Water Pollution
Control Administration was tested at South Lake Tahoe,
Calif., during the summer of 1970. Using clinoptilolite as
the cation exchange material, the plant removed about 97
percent of the ammonia from sewage effluent. The clino-
ptilolite was regenerated, with only slight loss of its ion ex-
change capacity, by treatment with a lime-rich solution,
and the ammonia was harmlessly discharged into the at-
mosphere (Mercer and others, 1970, p. R102-106). Other
common zeolites, such as erionite, chabazite, and morden-
ite, also have the ability to selectively exchange ammonia.

Agricultural Applications

Natural zeolites are mined from 8 or 9 deposits in Japan
(Minato, 1967, p. 62-71) and principally utilized in agri-
cultural applications. Both clinoptilolite and mordenite are
mined; the minerals seem to be equally satisfactory for
these uses. Pulverized and bagged zeolite generally sells for
an equivalent of $11.00 to $42.00 per ton (Minato, 1967,
p 93).

The largest single use of zeolites in Japan is as a soil con-
ditioner; some material also has been exported to Taiwan
for this purpose. The pulverized zeolite is mixed in soil to
make it more workable and, because of the high cation ex-
change capacity of the zeolite, to adsorb fertilizer com-

pounds and prevent their leaching from the soil (Minato
and Utada, 1969, p. 133). Zeolites also have been mixed
with fertilizer and pelletized.

The second largest use for natural zeolites in Japan is in
raising of poultry and pigs. The material makes an effective
animal litter because it adsorbs liquid and decreases odor.
In a more recent use, the zeolite is mixed with feed for
chickens or pigs to improve their health (Minato and Utada,
1969, p. 133).

Another possible use for zeolites is as a pesticide carrier.
Highly toxic pesticides can be adsorbed by the zeolite and
slowly released after field application.

Other Uses

Natural zeolite is used in Japan as a filler for paper. The
main advantage in this application is its brightness and non-
abrasiveness. About 84 percent of one commercial product
has a grain size of less than 10y (Minato, 1967, p. 93).

Zeolites can be used as pozzolan in portland cement
{Mielenz, 1950, p. 5-7). Pozzolan is a siliceous or siliceous
and aluminous material which will react with calcium hy-
droxide to form cementitious material. When added to
make up 15 to 40 percent of the cement by weight, a
pozzolan will eliminate alkali-aggregate reaction, improve
workability, and lower the cost.

Massive zeolite-rich rock is used as building block and
carving stone in one region of Japan, and has been used
locally as building block in Nevada.

Recent .patents have been issued in Japan for the use of
zeolites in making lightweight block and tile (Kuroe, 1970).
The pulverized zeolite is mixed with clay and fired; gases
adsorbed by the zeolite diffuse through the mixture to
give uniform micropores.

ECONOMICS

A ready market does not yet exist for natural zeolites,
although small quantities are being mined. As with many
other industrial minerals, the prospective producer of natu-
ral zeolites might have to develop a market for his product.
Concerning the deposits described in this report, erionite
and chabazite probably have greater economic potential
than clinoptilolite and phillipsite.

Natural zeolites might be mined and processed at low
cost as compared to the cost of synthetic zeolites. In high-
value applications, where the natural zeolite would have to
compete with synthetics, a relatively pure product with uni-
form chemical -and physical properties would have to be
produced. The value of the zeolite product would mostly
depend upon its ultimate use: material used in catalysts
and molecular sieves would have a high unit value, hundreds
of dollars per ton; material used in ion exchangers would
have an intermediate unit value; and material used in agri-
culture or construction would have a relatively low unit
value, perhaps comparable to the $11.00 to $42.00 per ton
price of the material in Japan. In low-value applications,
the amount of processing required, especially the grain size
of the final product, would be an important factor in deter-
mining the value of the material.
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The proper method of establishing mining rights for
zeolites on Federal land has recently been determined.
In the past the usual method was by placer claim location.
However, recent decisions by the U. S. Bureau of Land
Management, which administers most of the Federal
land, indicate that zeolites containing sodium or potassium
(which would include all the zeolite-rich beds in the
four described deposits) are subject to the sodium- and
potassium-leasing law (written communication, Russell G.
Wayland, Chief, Conservation Division, U. S. Geological
Survey, November 10, 1971).

LABORATORY STUDY OF ZEOLITES
AND ASSOCIATED MATERIALS

The zeolites described in this report are fine-grained
aggregates. They generally have distinctive physical features
that permit field recognition; these features are described in
a later section. Although zeolites can often be tentatively
identified in the field, their positive identification and semi-
quantitative determination require laboratory study. The
principal methods of study are by optical microscopy,
electron microscopy, differential thermal analysis, and
X-ray diffraction.

Optical Microscopy

Optical microscopy methods are useful in the identifi-
cation and study of zeolites. Thin sections of zeolite-
rich rocks provide information on size, distribution, and
relationship of the various minerals. Immersion oil mounts
supplement the data obtained by other methods and are
indispensable in the evaluation of volcanic glass. Optical
methods for identification of zeolites often are difficult,
however, because of the fine size of the particles, their
characteristic low birefringence, and their variable index of
refraction with changes in chemical composition.

Electron Microscopy

The electron microscope is especially good for study of
the shape and size of zeolite minerals. Because of the
characteristic particle shapes in the Nevada deposits,- the
electron microscope can also be used to distinguish erionite
and clinoptilolite from phillipsite. Figure 4 shows electron
micrographs of erionite, clinoptilolite, and phillipsite.

Differential Thermal Analysis

A zeolite mineral often can be identified by differential
thermal analysis (DTA). The method is especially helpful in
distinguishing clinoptilolite from the closely related mineral
heulandite (Mumpton, 1960, p. 359-361). DTA, however, is
less effective when several zeolites are present, and is insen-
sitive to small amounts of a mineral. In addition, the dif-
ferential thermal curve may vary somewhat with different
exchangeable cations. Figure 5 shows typical differential
thermal curves for erionite, clinoptilolite, phillipsite, and
chabazite.

X-ray Diffraction

X-ray diffraction is the most reliable and widely used
method for identification of zeolites and estimation of
quantities present. For this study, all samples were sub-
jected to a “scan” X-ray diffraction examination. A repre-
sentative portion of the sample was pulverized, a powder
pack prepared, and an X-ray diffraction pattern run from
2° to 16° at a rate of 1° 2-theta per minute. The X-ray
diffraction pattern was compared with a template showing
the diagnostic peaks of erionite, clinoptilolite, phillipsite,
chabazite, mordenite, and analcime; the presence and
approximate abundance of these zeolites was determined
by this comparison. The method permitted a large number
of samples to be qualitatively tested for zeolites in a
relatively short time and provided -a basis for selecting
samples for more elaborate testing.

Many of the samples were prepared and X-rayed under
more carefully controlled conditions to insure compara-
bility of results. The sample was crushed, pulverized with
ceramic plates, split to about 1.5 g, and ground for 20
minutes in an automatic mortar. An X-ray powder pack
was prepared using an aluminum holder. To prevent
orientation of crystallites on the exposed face, a glass slide
was firmly held against the top face of the holder, and the
finely ground sample packed into the holder from the
bottom; plastic tape was then used to seal the bottom of
the holder. Before each period of use, the Norelco X-ray
diffraction unit was calibrated to give a standard number of
counts per second for full-scale graph deflection. After a
half hour warm-up period, the powder-pack sample was

FIGURE 4. Electron micrographs of zeolite minerals, left to right: a) erionite from the Pine Valley
deposit; b) clinoptilolite from the Jersey Valley deposit; and c¢) phillipsite from the Pine Valley

deposit.
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FIGURE 5. Differential thermal curves for erionite, clinoptilolite, phillipsite, and chabazite,

exposed to nickel-filtered copper radiation from 5° to 31°
2-theta using 1° 2-theta per minute scanning speed, 1°
angular apertures, 0.006-inch receiving slit, and a constant
power rating. Samples suspected of containing abundant
clay minerals also were X-rayed after being oriented,
expanded with glycerol, and heated. The detailed X-ray
procedures required for clay samples have been previously
described (Papke, 1970, p. 8-9, 11).

The X-ray diffraction patterns, supplemented with data
obtained by microscopic examination of immersion oil
mounts, were used to estimate percentages of zeolites and
other minerals in representative samples, assuming that the
height of a selected X-ray diffraction peak is proportionate

to the amount of the mineral present. The peaks selected
were those that gave similar peak heights in repeated trials
with the same sample and had no interference from peaks
of other minerals. Pure mineral samples, either natural or
separated in the laboratory, were used to make a series of
standards with known percentages of a given mineral; X-ray
data obtained from these standards were used to produce
charts relating peak height to percentage of the mineral.
Charts were necessary for the same mineral from each of
the four deposits because of variations in crystallinity and
peak height of the pure minerals. Representative X-ray
diffraction patterns for erionite, clinoptilolite, phillipsite,
and chabazite are shown on figure 6.



ERIONITE AND OTHER ASSOCIATED ZEOLITES IN NEVADA

ERIONITE (EAST-66)

PHILLIPSITE (PINE-19)

ww?
i
30
CHABAZITE (REESE-H2)
) K_\
[}
[}
] | | i i i
30 25 20 Degrees 26 15 10 5
Copper radiation Scanning speed: 1° 26 per minute
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NEVADA ERIONITE DEPOSITS

LOCATION AND HISTORY

The four zeolite deposits described in this report—the
Eastgate, Jersey Valley, Pine Valley, and Reese River de-
posits—are located in a 120-mile-diameter area in north-
central Nevada (fig. 1). This part of Nevada is in the Basin
and Range province, a region topographically characterized
by elongated, nearly parallel, north- to northeast-trending
mountain ranges separated by broad valleys. Playa lakes in
many of the valleys are part of an interjor drainage system.

The four deposits are situated in hilly areas that separate
valleys and mountains. Topographic relief in the vicinity of
the deposits ranges from 90 to 140 feet. The deposits are
in areas where pediments have been cut on Cehozoic sedi-
ments; these pediments have since been partly destroyed by
erosion. Qutcrops of the zeolite-rich beds are few, but the
beds have been exposed in exploration trenches at some
places.

Although alteration of pyroclastic rocks to zeolites had
been reported in 1933 (Bramlette and Posnjak), zeolite de-
posits were not discovered in Nevada until the middle
1950’s. Three of the ‘described erionite deposits were dis-
covered by students doing field work for advanced degrees:
the Jersey Valley and Reese River areas were first described
in the literature by Deffeyes (1958, p. 11-21; p. 25-30); and
the Pine Valley deposit was first described by Regnier
(1958, p. 75-82). Early reports of these discoveries caused
Union Carbide Corp. to begin an exploration program for
zeolites in Nevada. This led to the discovery of the Eastgate
deposit by Peter E. Galli, Ir., a geologist for that company,
in 1959. Subsequently the deposits were investigated and
explored by several companies including Union Carbide
Corp., Shell Development Co., and Mobil Oil Corp.

The more massive zeolite-rich beds in the Eastgate, Jer-
sey Valley, and Pine Valley deposits have been used to a
limited extent as building stone (fig. 7); the rock is light-
weight and durable, yet can be shaped and nailed. Trial
shipments of zeolites for industrial uses have been made

Abandoned ranch house built of
zeolite-rich rocks from the Jersey Valley deposit.

FIGURE 7.

from time to time. In the fall of 1970, perhaps 500 tons of
zeolite-rich rock were being mined from the Jersey Valley
deposit by Mobil Oil Corp., apparently for their own use.

GEOLOGY
Country Rocks

Non-marine sedimentary rocks of late Cenozoic age are
abundant in the valleys and lower parts of some mountain
ranges in central Nevada. As much as several thousand feet
of lacustrine and fluviatile sedimentary rocks are exposed
in some places. Fossils, principally vertebrates, obtained
from many localities indicate that sedimentation started in
late Miocene time and continued to middle Pliocene or
later (Van Houten, 1956, p. 2814-2819). Faulting took
place after the deposition of the sediments and caused tilt-
ing of the beds in most areas.

Other than the zeolite-rich beds, the principal rock types
in the four areas studied are mudstone, tuffaceous mud-
stone, tuff, and friable ash. These country rocks are dis-
tinguished from the zeolite-rich beds by their relatively low
zeolite content. At least three-fourths of the country rock,
however, contains some zeolites, although the amount
varies considerably from deposit to deposit. At the Pine

Valley deposit, the mudstone country rock contains only a
small percentage of zeolites, probably because of the small
amount of volcanic glass in the original rock. The country
rock at the Eastgate deposit contains an average of about
10 percent zeolites, and that at the Jersey Valley deposit
about 7 percent. All the country rocks at the Reese River
deposit contain some zeolites, and average about 18 per-
cent.

Clinoptilolite is the most common and most abundant
zeolite in the country rocks at all areas except Pine Valley,
where phillipsite predominates. Erionite generally is the
second most common and abundant zeolite. Mordenite,
which is rarely present in the zeolite-rich beds, is common
in the country rock, especially at the Fastgate deposit, but
seldom makes up more than a few percent of the rock.
Analcime is present in a few samples of country rock from
the Reese River deposit, but chabazite was not detected in
country rock from any of the deposits.

Authigenic potassium feldspar occurs in the country
rocks at the Eastgate, Jersey Valley, and Reese River de-
posits, often making up more than a quarter of the rock.
Calcite is abundant in the country rocks in all the areas,
and at the Jersey Valley deposit it occasionally constitutes
more than a third of the rock. Calcite may be an original
constituent of the mudstone in the Pine Valley area, but it
is an authigenic mineral at the other deposits.

Zeolite-rich Rocks

Form and Character

The host rocks (herein called the zeolite-rich rocks) were
originally silicic ash falls deposited in shallow saline,
alkaline lakes. They were composed of vitric material with
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only small amounts of crystal or lithic fragments. The Pine
Valley deposit is Pliocene or Pleistocene in age, and the
other deposits are Pliocene, The occurrence of zeolites in
sedimentary rocks has been summarized by Deffeyes
(1959b) and Sheppard (1971).

In all the deposits zeolitized tuff is exposed for a
relatively long distance along strike before being hidden
under alluvial cover. The persistence of the zeolite-rich beds
and their variation in thickness are illustrated by the two
extremes: at the Jersey Valley deposit the two most
prominent zeolite-rich beds and an intervening ash bed are
rather uniform in thickness for the 3%-mile length of the
exposure; but at the Eastgate deposit two areas 1,800 feet
apart have different lithologies, and there are extreme
variations in thickness of beds within a few feet. In the
described deposits the zeolite-rich beds range from a few
inches to 15 feet in thickness; at each deposit at least one
bed exceeds 2 feet.

Most of the zeolite-rich beds are more resistant to ero-
sion than the country rock. In some places such a bed
forms the crest of a low ridge and is the only rock exposed
on the ridge. Most of the zeolite-rich beds produce an
erosion-resistant float which gives a distinctive orange color
to the surrounding ground and an orange tint to the entire
zone of zeolitization.

The zeolite-rich beds generally are concordant to the
adjacent rocks, but are distinctive in appearance. The lower
contact almost invariably is sharp rather than gradational,
and in places it has slight undulations. Infrequently, the
intense zeolitization is not concordant with the bedding
but forms an irregular body extending as much as a foot
into the underlying rock. In most places the rock imme-
diately below a zeolite-rich bed contains no more zeolites
than country rock lower in the section. At the Eastgate and
Jersey Valley deposits, the tuffs underlying zeolite-rich
beds are locally opalized for a few inches to a foot below
the contact.

In contrast to the lower contact, the upper contact
commonly is not distinct but is gradational over a thickness
of an inch to several feet, with a decrease in amount of
zeolites and a corresponding change in color, from the
zeolite-rich rock to the overlying tuff.

Most of the zeolite-rich beds are laminated (less than
1 cm) to very thin bedded (1 to 5 cm); only a few are thin
bedded (5 to 60 cm) or thick bedded (60 to 120 c¢m).
Weathering often accentuates their papery to flaggy charac-
ter. Ripple marks and slump bedding are abundant in the
zeolitized rocks at the Jersey Valley deposit, are common
at the Eastgate and Reese River deposits, but were not
observed at the Pine Valley deposit. The lower several
inches of a zeolite-rich body generally is thinner bedded
and contains more secondary iron oxides than the overlying
part.

Many of the zeolite-rich beds are composed of several
layers with differing mineralogy. The layers also are
distinguished by changes in color, distribution of hydrated
iron oxides, thickness of the bedding, or by the presence or
absence of ripple marks and slump bedding. The contacts
between these layers are either sharp or, less commonly,

gradational. During this study the individual layers general-
ly were sampled separately. A few thick layers were
sampled in several portions although there was no mega-
scopic change in the character of the rock.

The zeolite-rich material is compact or, occasionally,
pulverulent, fine grained, and dull to slightly silky in
appearance. It is porous but does not slake in water. A
vitroclastic texture is megascopically evident locally.

About 80 percent of the 185 samples taken from the
zeolite-rich beds are very pale orange (10 YR 8/2) or,
less commonly, pale yellowish orange (10 YR 8/6).
Most of the remainder are white (N 9), dark yellowish
orange (10 YR 6/6), grayish orange (10 YR 7/4), or
yellowish gray (5 Y 8/1). The orange and yellow colors
contrast sharply with the more subdued colors of the
zeolite-poor country rock, and are due to concentration of
hydrated iron oxides in the zeolite-rich rock. Most com-
monly the iron oxides are rather uniformly distributed
throughout the zeolite-rich rock. Where irregularly dis-
tributed, they are concentrated in certain layers, on
fractures, in diffusion bands, or in disseminated grains.

Generally a zeolite-rich bed is easily distinguished from
a tuff bed containing little or no zeolites. The orange or
yellow color, the laminated to very-thin bedding, the
distinct lower contact, the compact and fine-grained
character, the high porosity, and the occasional silky luster
or vitroclastic texture are all clues for recognizing these
zeolite-rich beds.

Mineral Associations and Habits

A detailed mineralogic study of 96 samples taken from
the zeolite-rich beds (tables 4, 6, 7, and 9) indicates that
the following zeolites are present, in order of decreasing
abundance: erionite, clinoptilolite, phillipsite, chabazite,
mordenite, and analcime. Erionite and clinoptilolite occur
in all four deposits; phillipsite is abundant in the Pine
Valley deposit but generally is quite sparse in the other
three deposits; chabazite has been identified only in
samples from the Eastgate and Reese River deposits;
mordenite is rare in the zeolite-rich beds; and analcime was
identified in only one zeolite-rich sample. As mentioned
elsewhere, the erionite and chabazite probably are of
greater economic potential than the clinoptilolite and
phillipsite.

Table 3 shows the frequency with which various zeolite
associations occurred in the 96 samples. The most common
associations of zeolites in these samples are: erionite-
clinoptilolite; erionite-clinoptilolite-phillipsite; and erionite
alone. About 70 percent of the samples contain one of the
above associations.

The erionite occurs as prismatic to acicular crystals
(fig. 8) which generally are 0.004 to 0.04 mm long. The
erionite crystals commonly form an unoriented network,
but also occur as aggregates of radiating crystals and as
pseudomorphs of glass shards. The clinoptilolite occurs as
prismatic crystals, generally 0.004 to 0.04 mm long, and as
plates about 0.01 mm across. The chabazite is present as
anhedral masses which range from 0.001 to 0.02 mm in
diameter. The phillipsite at Pine Valley (the only deposit
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FIGURE 8. Photomicrograph showing prismatic
to acicular erionite crystals from the Eastgate
deposit. Normal light.

where it occurs in abundance) forms anhedral masses that
are 0.004 to 0.04 mm in diameter.

A number of other materials of pyrogenic, detrital, or
authigenic origin are common in the zeolite-rich beds but
generally are present in relatively small amounts (tables 4,
6, 7, and 9). Most of the samples examined contained
unaltered volcanic glass, but in half of these the vitric
material amounted to less than 2 or 3 percent. The
unaltered glass is present as platy to elongated shards, with
an index of refraction of 1.490 to 1.507. Pseudomorphic

TABLE 3

Frequency of mineral associations in 96 zeolite-rich samples,

MINERAL ASSOCIATIONS NUMBER OF OCCURRENCES

B
§ 6 F & F & & 5 & £
X 7 6 2 0 15
X i 0 0 1 2
X 0 0 2 0 2
X X 7 8 0 14 29
X X 2 0 6 0 8
X X 3 0 0 2 5
X X 1 0 0 0 1
X X 1 0 1 0 2
X X X 1 12 3 6 22
X X X 0 0 0 7 7
X X X 1 0 0 4} 1
X X X X 0 1 0 0 1
X X X X 0 0 0 1 1
Totals 24 27 14 31 96

FIGURE 9. Photomicrograph showing vitroclastic
texture preserved in erionite-rich rock from the
Jersey Valley deposit. Normal light.

replacement of shards by zeolites is locally common
(fig. 9), but more typically the vitroclastic texture was
destroyed during the zeolitization process.

Pyrogenic or detrital quartz, feldspars, and other rock-
forming minerals are present in some samples. Phenocrysts,
mostly quartz and feldspars, generally make up less than 5
percent of the volcanic tuff and are essentially unaltered.
Other minerals present—most of them of authigenic origin—
are montmorillonite, quartz, illite, potassium feldspar,
calcite, jarosite, cristobalite, opal, and fluorite. Hydrated
iron oxides also are usually present. There is no recognized
correlation between the occurrence of the zeolite minerals
and the occurrence of other authigenic minerals.

Genesis

Zeolites of industrial interest are commonly authigenic
but rarely clastic; their presence in a sedimentary environ-
ment generally is indicative of diagenetic or post-diagenetic
alteration. The zeolite minerals grow rapidly in a favorable
environment, and are particularly abundant in altered
silicic tuffs. Among the factors that control the authigenic
development of zeolites are the composition and permeabil-
ity of the host rock, the composition and pH of reacting
solutions, and the temperature and pressure under which
the process takes place (Hay, 1966, p. 65-72).

The zeolite deposits described in this report were formed
by diagenesis of Cenozoic volcanic ash beds deposited in
saline, afkaline lakes. Associated authigenic silicates are
montmorillonite, illite, and potassium feldspar. The wide-
spread occurrence of ripple marks in some zeolite-rich
beds show that some of the lakes, at least, were rather shal-
low. Preservation of sedimentary structures and glass
shards, as well as fossil fish at Jersey Valley, are evidence
that the alteration occurred after burial of the bed. How-
ever, burial probably was very shallow, and the alteration
was accomplished by connate water at low temperature
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and pressure. There is no evidence that these beds were
ever affected by hydrothermal activity or metamorphism.
Beds of volcanic tuff that are only slightly or partly con-
verted to zeolites probably were deposited in lakes that
were less alkaline and saline.

The host for the zeolites was silicic vitric ash. Volcanic
glass is readily soluble in alkaline solutions, especially when
the solution has a pH of 9 or more. The process is aided by
high permeability, abundance of small particles, and large
surface area of the ash. The reaction with the glass adds
alkali ions to the interstitial fluid, making it more alkaline
and facilitating further dissolution of glass. The silicic glass
and the materials originally present in the connate water
furnished the constituents necessary to form the zeolites
and other silicates. The development of authigenic silicates
involves the solution of materials from the glass surface and
precipitation of various minerals; it is not simply a process
of internal devitrification (Deffeyes, 1959b, p. 607).

The chemical composition both of the rock and inter-
stitial fluid determines which zeolites are formed. Siliceous
and alkali-rich zeolites occur in altered silicic tuffs, but
aluminous and alkaline earth-rich zeolites occur in mafic
lavas (Sheppard and Gude, 1969a, p. 885). In addition, the
zeolites formed in a low-temperature sedimentary environ-
ment generally are more silica- and alkali-rich than the same
zeolites occurring in a basic igneous rock (Mumpton, 1960,
p. 365). Of the zeolites formed in silicic tuffs, erionite
and phillipsite apparently require saline water but clino-
ptilolite and mordenite can form in either saline or fresh
water (Sheppard and Gude, 1969b, p. 27).

The pH and composition of the waters that formed
these zeolite deposits must be inferred from laboratory or
field study. Abundant laboratory data show that zeolites
form only in an alkaline environment, and the alteration of
silicic ash to zeolites by saline, alkaline lake waters has been
reported in numerous areas. In a careful study of tuff beds
deposited in Pleistocene Lake Tecopa, Calif., Sheppard
and Gude (1968) have shown that the vitric tuffs are un-
altered where deposited in relatively fresh water near the
lake edge, are mostly altered to phillipsite, clinoptilolite,
and erionite in moderately saline water, and are mostly
altered to potassium feldspar and searlesite (NaBSi,04-
H, 0} in highly saline water in the central part of the lake.
Variations in the mineralogy of the altered tuffs is
attributed to differences in salinity and pH of the lake
water trapped in the rocks during deposition.

The effect of solution composition on authigenic silicate
mineralogy in playa lake deposits in Nevada and California
has been studied by Hay (1966, p. 32-36). At Teels Marsh,
Mineral County, Nev., rhyolite ash is presently altering to
zeolites wherever salinity conditions are favorable; a near-
surface ash is altered to phillipsite only where the playa sur-
face is covered by a trona-rich crust. At China Lake, Calif.,
where the water is moderately saline, zeolites are abundant
but potassium feldspar is absent in the altered tuffs. At
Searles Lake, Calif., where a concentrated brine is present,
potassium feldspar is the dominant authigenic silicate
mineral.

In the deposits described in this report, a zeolite-rich
bed commonly contains several layers of differing mineral-

13

ogy. Because the host rock probably was similar in the
several layers, the chemical composition of the entrapped
waters may have been a critical factor in determining which
authigenic minerals formed. Sheppard and Gude (1968,
p. 34) suggested that the tuffs at Lake Tecopa, which are
interbedded with relatively impermeable mudstones, acted
as closed systems, and that the (Na™+K*):H' activity
ratio, the activity of Si0,, the activity of H,0, and the K:
(Na+Ca+Mg) ratio were responsible for the differing authi-
genic mineralogy. The development of montmorillonite,
generally one of the first authigenic silicates to form,
required a relatively low (Nat+K™):H' activity ratio
(Hemley, 1962, p. 196). This reaction caused an increase in
the pH and in the concentrations of alkali ions and silica in
the solution, and created an environment more favorable to
zeolites, A relatively low activity of Si0, favored the
development of zeolites low in silica, such as phillipsite and
chabazite (table 1; fig. 2). Precipitation of these. zeolites
increased the activity of Si0, and created conditions favor-
able to the development of high-silica zeolites, such as
erionite, mordenite, and clinoptilolite. On the other hand,
a high K*:H* activity ratio along with a high activity of
Si0, promoted the precipitation of potassium feldspar
(Sheppard and Gude, 1968, p. 34-36).

The activity of H,0 also influenced which kind of zeo-
lite was formed; a dilute solution promoted the develop-
ment of the more hydrous zeolites. The amount of alkali
and alkaline earth ions in solution determined which of the
zeolites with similar silica content were formed and, in
addition, affected the amounts of the various exchangeable
cations in the zeolite. Thus, a high K:(Na+Ca+Mg) ratio
favored the formation of phillipsite but a lower ratio to-
gether with a high activity of Si0, favored erionite rather
than phillipsite.

In a closed system, the continued dissolution of volcanic
glass and precipitation of minerals cause a continuous
change in the composition and pH of the pore fluid, and a
variety of minerals are formed. In most cases the silicates
formed earlier remain stable under later changed condi-
tions. However, Sheppard and Gude found that potassium
feldspar and searlesite formed, at least in part, from zeo-
lites at Lake Tecopa (1968, p. 35), and that analcime re-
placed other zeolites and was in turn replaced by potassium
feldspar near Barstow, Calif. (1969b, p. 29-30) in a highly
saline environment.

DESCRIPTIONS OF
INDIVIDUAL DEPOSITS
Eastgate Deposit

The Eastgate zeolite deposit is 55 miles east of Fallon
and 3 miles east of the junction of U. S. Highway 50 and
Nevada Highway 2, in Churchill County (fig. 1). The
settlement of Eastgate is 3.0 miles to the east. Most of the
zeolite-rich beds crop out between the diverging highways,
principaily in sec. 28, T. 17 N., R. 36 E. Some exploration
work has been done on thin beds, however, for 1% miles
south of Highway 2, in sec. 33 of the same township and
sec. 4, T. 16 N., R. 36 E. (pl. 1, location map).
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FIGURE 10. Eastgate zeolite deposit, looking
south from northern hill,

The deposit is in a relatively narrow valley that lies
between the Desatoya Mountains on the east and the Clan
Alpine Mountains on the west, at an average elevation of
about 4,950 feet. Part of the area, especially that north of
Highway 2, is a westward-sloping pediment capped by
gravel, and bedrock is exposed at only a few places
(fig. 10).

Zeolites were first recognized in this district by Peter E,
Galli, Jr., in 1959 while he was searching for zeolites in
behalf of Union Carbide Corp. Seven 20-acre placer claims
were located by that company in March, 1959, Extensive
exploration by trenching was done on the claims, but
they were later allowed to lapse. In June, 1962, Shell
Development Co., acting through an agent, located 7 placer
claims in the area of the earlier claims and in April, 1966
located 11 additional claims. Al claims apparently had
lapsed at the time of my field work.

The walls of two buildings at Eastgate were constructed
of zeolite-rich rock quarried at the north end of the
deposit. There has been no other production except,
possibly, small experimental shipments.

General Geology

The geology of the Eastgate deposit north of Highway 2
is shown on plate 1; the most extensively explored area is
shown in more detail as an inset map.

Mudstone, tuff, slightly consolidated ash, and conglom-
erate, all of lacustrine origin, are present in the area.
The rocks were named the Monarch Mill Formation by
Axelrod (1956), who considers them to be early to middle
Pliocene age. The area shown (pl. 1) probably is part of
Axelrod’s map units 4 or 5. Outcrops are sparse in most of
the mapped area, and the best exposures are in exploration
trenches. The beds strike north to northwest and dip east-
ward at low angles. All the known zeolite-rich beds are
within a stratigraphic thickness of about 15 feet.

The underlying rocks are montmorillonitic-illitic mud-
stones, friable ash, and some tuff and gritty sandstone.

Most of the rocks are calcareous. Many contain abundant
authigenic potassium feldspar and some contain small
amounts of clinoptilolite or mordenite. A light-greenish-
gray, fine-grained tuff is present in the upper several feet.
The contact between the tuff and the overlying zeolite-rich
bed is a sharp and slightly undulating surface, marked
locally by opalization or zeolitization of the upper few
inches of the tuff. The fresh-appearing footwall tuff
contains small amounts of mordenite, clinoptilolite, calcite,
and montmorillonite.

The overlying rocks were mapped as two units; the
contact probably corresponds to the boundary between
Axelrod’s (1956) map units 4 and 5. The lower unit is a
fine-grained, light-greenish-gray, yellowish-gray, or white
tuff that locally contains some crystal and lithic fragments.
Most of this unit is thick bedded and massive, but a graded
bedding, in layers about 6 feet thick, was recognized in
several places. All the tested samples from this unit contain
some zeolites; clinoptilolite and mordenite are most com-
mon, but erionite and phillipsite also occur. Authigenic
potassium feldspar is a common constituent. Clay minerals
are present in all the tuff and are abundant locally. Calcite
was found in about half the samples. Gypsum occurs as
thin veinlets in some of the rocks. Several irregular masses
of opal are present in the tuff a few feet above the upper
zeolite-rich bed.

The uppermost unit is yellowish-gray to very-pale-
orange montmorillonitic mudstone and subordinate fine- to
medium-grained sandstone. Rocks of this unit form a
badland-type topography, and the surface is covered by
“clay bloom.” A fine-grained, partly opalized conglom-
erate, which crops out on a low hill in the east-central part
of the mapped area, is considered to be the base of this
unit. The mudstones and sandstones contain small amounts
of zeolites, principally erionite, and some calcite and
potassium feldspar.

Description of Zeolite-rich Beds

The zeolite-rich sequence is intermittently exposed
for 1,400 feet along strike in the southern part of the
mapped area, mostly in bulldozer excavations. The other
important exposures are in the northern part, where the
zeolite-rich beds are exposed for a strike length of 500 feet
on the sides of a prominent hill. Zeolite-rich beds are
exposed at only one place in the 1,700-foot interval
between the two areas.

In the southern part of the mapped area, two zeolite-
rich beds are separated by 6 feet of light-greenish-gray, fine-
grained, massive tuff. The tuff has been extensively altered
to zeolites {(mordenite or, rarely, clinoptilolite), montmoril-
lonite, and locally calcite.

The lower zeolite-rich bed is less well exposed than the
upper one and is adequately exposed for sampling in only
one trench. Here the thickness varies from 30 to 52 inches
in a strike distance of 10 feet. The contact with the
underlying tuff is sharp; the contact with the overlying
tuff is gradational over 1 inch. The zeolite-rich material
within this bed is very pale orange (10 YR 8/2) but the
lower 18 inches is a slightly darker color owing to
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TABLE 4

Mineral composition of selected zeolite-rich samples from the Eastgate deposit (parts in ten).!

. 2
o g 2
B = o
SAMPLE THICKNESS STRATIGRAPHIC 2 £ = E = 8 5 = s s = &
NO. (INCHES) DATA W b O = o = B & o o 0
Fast-64 18 Base of bed - 8 - - — 2 P — - P - -
East-65 18 Above East-64 10 - e - - — P - e e -— —
East-66 18 Above East-65;
top of bed 10 P - - - P P — - — — —
East-45 12 Base of bed P 9 — — — P P - — P — —
East-46 12 Above East-45 6 - - 3 — P P P e - - Jar. P
East-47 5 Above East-46 6 — — 3 — 1 P — e P - —
Fast-48 5 Above East-47 9 - 1 - e P P - - - — e
Fast-51 6 Above East-48 2 3 - - - 5 P - - - — —
East-52 6 Above East-51;
top of bed 1 4 - e - 4 P 1 - P Plag. P
East-55 16 Base of bed 2 7 - - - 1 — - P — -
East-56 16 Above East-55 7 e e 3 - P P — - - - -
East-57 9 Above Fast-56 7 e 2 - - P P — - P e -
East-58 12 Above East-57;
top of bed 7 2 - - — - P - — - - Jar, P
East-4 4 Base of bed — 9 P — — P P - o P — —
East-5 4 Above East-4 P 9 -~ -— - P P — — P — —
East-6 4 Above East-5 1 9 P - - P P - e P e e
East-8 12 Above East-6 7 o e — - 3 P - — — - —
Fast-9 12 Above Fast-8 3 — - - - 7 P — — P - -
East-10 12 Above East-9 2 e — — — 8 P — — — — —
East-11 12 Above East-10 3 - — - - 7 P — - — — —
East-12 12 Above East-11 4 — - - — 6 P — - - P —
East-13 12 Above East-12 5 — o - e 4 P — — — 1 e
East-14 12 Above East-13 2 — — - P 5 1 - — - 2 -
East-81 11 Separated from
East-14 by
2-inch parting;
top of bed 2 6 - - P - P 1 — P — Plag. 1

1P = Present in more than trace amount but less than 1 part in 20. Hydrated iron oxides ignored in calculations.

2Jar. = Jarosite; Plag. = Plagioclase.

abundant iron oxides. The lower 18 inches is composed of
clinoptilolite whereas the upper 36 inches is almost entirely
erionite (fig. 11; table 4).

The upper zeolite-rich bed in the southern area (pl. 1)
is well exposed in three trenches. The bed was sampled at
two places 140 feet apart (fig. 11; table 4). At the southern-
most sample point, the measured thickness is 46 inches, but
the top is not exposed. At the northernmost sample point,
the bed ranges in thickness from 41 to 59 inches; the upper-
most layer (sample East-58).ranges in thickness from O to
18 inches. In both places the lower contact is sharp and
slightly undulating, and the lower several inches of the
zeolite-rich bed is laminated. The overlying portion varies
from very thin- to thick-bedded. The amount and distrib-
ution of iron oxides changes from sampled layer to

layer, and some layers contain ripple marks or slump
bedding. The vertical mineral zoning at both sample loca-
tions is similar, as follows: clinoptilolite with subordinate
erionite; erionite with subordinate chabazite; erionite with
subordinate phillipsite; and clinoptilolite and erionite.

In the northern area (pl. 1) the sequence of zeolite-
rich beds is rather different (fig. 11; table 4) and cannot
be correlated with the beds in the southern area. Eleven
samples were taken over a 109-inch-vertical interval. The
basal zeolite-rich layer, 6 to 18 inches thick, (samples
East-4, -5, and -6) is separated from the underlying tuff by
a sharp contact, and from the overlying zeolite-rich layer
by an extremely undulating surface (fig. 12). The basal
zeolite-rich layer is very pale orange (10 YR 8/2), fine
grained, compact to slightly powdery, and consists mostly
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FIGURE 11. Zeolite mineralogy, thickness, and correlation of zeolite-rich beds in the Eastgate deposit.

of clinoptilolite. The overlying layer, 7.0 feet thick,
(samples East-8, -9, -10, -11, -12, -13, and -14) is massive,
homogeneous, and off-white in color. The unit is well
exposed in a cliff and has been quarried on a small scale
for building block. It mainly consists of erionite and
abundant unaltered glass; a tuffaceous texture is still
evident. This massive zeolite-rich layer is separated from
the uppermost zeolite-rich layer by 2 inches of laminated
beds composed of mixed erionite and clinoptilolite. The
uppermost layer (sample East-81) is 9 to 24 inches thick
and the upper contact is sharp and very undulating. The
material resembles the underlying 7 feet in appearance but
consists of clinoptilolite and erionite. The zeolite-rich

sequence is overlain by at least 6 feet of light-greenish-gray
and pale-greenish-yellow tuffs that contain clinoptilolite,
minor mordenite and erionite, and locally calcite.

The commonly occurring zeolite associations in the
Eastgate deposit are shown in table 3. The most com-
mon associations are monomineralic erionite and erionite-
clinoptilolite mixture. The four sampled profiles (fig. 11)
show a similar vertical distribution of zeolites: a lower part
that contains mostly clinoptilolite; a central part composed
dominantly of erionite but which sometimes contains
chabazite or phillipsite; and an upper part that contains
both erionite and clinoptilolite.

FIGURE 12. Basal part of zeolite-rich bed in northern area of the Eastgate deposit. Contact of
tuff and overlying zeolite-rich beds is just below pick; zeolite-rich bed consists of a clinoptilolite-
rich layer separated from an overlying erioniterich layer by an undulating contact.
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FIGURE 13. Southern mapped area of the Jersey Valley deposit, looking north.

Jersey Valley Deposit

The Jersey Valley zeolite deposit is 42 miles by road
southwest of Battle Mountain and 1% miles west of a
county-maintained road, in eastern Pershing County (fig.
1). The zeolite outcrops are in secs. 4, 8, and 9, T. 27 N.,
R. 40 E., and secs. 27 and 34, T. 28 N., R. 40 E.

The deposit is in a hilly area that is part of a dissected
pediment on the west side of Jersey Valley adjacent to the
Tobin Range. The elevation of the area ranges from 4,400
to 4,900 feet. Figures 13 and 14 are views of the two por-
tions of the area that were mapped in detail (pL 2).

Zeolites were first reported in Jersey Valley by Deffeyes
(1958, p. 11-21), after discovery of erionite in samples col-
lected in 1956 by him and F. B. Van Houten (Deffeyes,
1959a, p. 501). Eleven 20-acre placer claims were located
in the area by Union Carbide Corp. in October, 1958 after
intermittent exploration for several years, the claims were
allowed to lapse. The same ground was claimed by Shell

FIGURE 14. Northern mapped area of the
Jersey Valley deposit, looking north,

Development Co. in February, 1963, but these claims also
lapsed. Mobil Oil Corp., acting through agents, acquired
thirty-three 20-acre placer claims between September,
1965 and October, 1968. In 1969 Mobil applied to the
U. S. Bureau of Land Management for sodium leases on
essentially the same land. That company’s exploration
work, mostly confined to the northern mapped area, in-
cluded a-number of drill holes and some underground mine
development.

Massive zeolite-rich rock from the southern part of the
outcrop area has been used as a building stone (fig. 7).
Since 1968 Mobil Oil Corp. has mined and shipped some
zeolite-rich rock, apparently for its own use in petroleum
processing. Initial mining was by underground methods

in the northern mapped area (pl. 2); but in the fall
of 1970, perhaps 500 tons were being mined by open-pit
method in the same area.

General Geology

The late Tertiary rocks of lacustrine origin that are ex-
posed on the west side of Jersey Valley were divided by
Deffeyes (1958) into three units. A basal unit with a mini-
mum stratigraphic thickness of 1,700 feet consists of abun-
dant mudstones, subordinate siltstones and sandstones, a
few conglomerates, and a number of thin beds of pyro-
clastics that have been converted to clinoptilolite. Further
east, a middle unit with an apparent stratigraphic thickness
of 1,030 feet is mainly composed of poorly sorted silt-
stones and silty mudstones. It contains 30 thin tuff beds,
half of which have been altered to clinoptilolite. An upper
unit of tuffs, mudstones, and a few conglomerates of un-
known thickness is characterized by at least partial altera-
tion of the tuffs to clinoptilolite, erionite, or phillipsite.
My reconnaissance geologic map (pl. 2) is in Deffeyes’ mid-
dle and upper units whereas the detailed geologic maps
(pl. 2) are entirely in the upper unit.



18

Vertebrate fossils were found by Deffeyes at six loca-
tions. Four sites in his basal unit yielded fossils regarded as
late Miocene; a site in his middle unit yielded fossils from
the lower half of the Pliocene. Fossil fish from a zeolite-
rich bed in the middle of his upper unit have not been
dated.

The beds were faulted, tilted eastward, beveled by ero-
sion, and covered by pediment gravels. They are principally
exposed along stream valleys where erosion has removed
the pediment gravels. The beds strike northeastward to
northward and dip eastward at 15° to 47°, although dips
of 25° to 35° are most prevalent. The zeolite-rich beds are
exposed for 18,000 feet along strike.

Two areas with better natural exposures and more ex-
ploration trenches than other areas were mapped in detail
(p!. 2). Two mappable units were recognized: a lower unit
consisting of mudstone, tuffaceous mudstone, tuff, friable
ash, and numerous zeolite beds; and an upper unit consist-
ing of sandstone, sandy mudstone, and tuff.

In the lower unit all gradations exist from mudstone
through tuffaceous mudstone to tuff. The rocks are charac-
terized by abundant calcite and potassium feldspar of
authigenic origin and generally sparse zeolites. The mud-
stones are grayish yellow (5 Y 8/4) or yellowish gray (5 Y
8/1), compact to earthy, and commonly laminated to thin
bedded. A well-developed “clay bloom™ covers the out-
crops. The rock is composed of mixed-layer illite and mont-
morillonite, illite, montmorillonite, calcite, potassium feld-
spar, quartz, and zeolites.

The tuffaceous mudstone in the lower unit typically is
yellowish gray (5 Y 8/1) to pale greenish yellow (10 Y 8/2)
and fine to very fine grained; it occurs in very thin to thin
beds. In addition to calcite and potassium feldspar, it con-
tains quartz, montmorillonite, illite, unaltered glass, and in
places zeolites.

The tuff in the lower unit generally is very pale orange
(10 YR 8/2), yellowish gray (5 Y 8/1), or light greenish
gray (5 G 8/1 or 5 GY 8/1). The rock is fine grained or,
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less commonly, very fine grained, slightly porous, and is
thick bedded or, rarely, very thin to thin bedded. Calcite,
potassium feldspar, and quartz generally are abundant, but
illite, montmorillonite, unaltered glass, and zeolites are less
abundant. Calcite occurs in disseminated grains that average
% mm in diameter and reach a maximum of 1 mm. In some
beds the calcite constitutes up to one third of the rock and
makes it very friable. Most of the calcite, potassium feld-
spar, and quartz probably are authigenic in origin. The tuff
has been replaced by opal in a few places, generally be-
neath a zeolite-rich bed.

Zeolites are present in half of the mudstone, tuffaceous
mudstone, and tuff samples that were tested, on the average
making up about 7 percent of the rock. Clinoptilolite is
the most common zeolite, erionite is less common, and
mordenite is rare. Phillipsite was not identified in these
samples.

A distinctive ash bed, 64 to 82 inches thick, occurs
between two of the thicker zeolite-rich beds. The ash is thin
bedded or very thin bedded. Ripple marks are abundant,
and the lower and upper contacts locally show cut-and-fill

structure. The ash is yellowish gray (5 Y 8/1), fine grained,
friable, very porous and consists predominately of glass
shards, several percent of which were replaced by erionite.
Authigenic clay minerals are sparse and calcite is absent. In
places the lower and/or upper 12 inches of the ash have
been replaced by erionite, although the original bottom or
top of the ash bed generally is still evident. At a few
places erionite is also present as very thin layers in the ash.
Similar ash also is present locally as layers or lenses in some
of the zeolite-rich beds.

The upper unit is apparently conformable to the under-
lying beds. In the southern area, where it is best exposed,
the unit consists of arkosic or conglomeratic sandstone,
sandy mudstone, and a few thin beds of tuff. The rocks are
yellowish gray (5 Y 7/2) and are distinctly darker in color
than the rocks in the underlying unit. Calcite is present in
some of the rocks, and clinoptilolite or erionite is present in

TABLE §

Thickness, mineralogy and correlation of some zeolite-rich beds at the Jersey Valley deposit.

SOUTH AREA CORRELATION NORTH AREA
Thickness Thickness
No. on map (inches) Zeolites! No. on map (inches) Zeolites!
Si 34-36 Er+, Cl-, Ph- N1 36 Erx, Clx, Ph-
S2 24-26 Cl + Er - N2 30 Frx, Clx, Ph-, Mo -
S3 24-40 Er+, Clx, Ph- &\’ N3 24 Clx, Ph-
5S4 136-146 Er+ Cl-, Ph- 4\). N4 30-32 Er+, Clx, Ph-
S5 72 Er + Cl- NS 124 Exr +, Cl-
$6 9 Er +, Cl x, Ph- T ? N6 24 Cix, Er x, Ph-
s7 12 Cl+, Er x, Ph- T N7 60 Er +, Phx, Ci-
(in 2 beds)

S8 31 Er+,Clx, Ph-
59 21 Er +,Cl-, Ph-
1Fr = erionite; Cl = clinoptilolite; Ph = phillipsite; Mo = mordenite.  + = major amount; X = moderate amount; - = sparse amount.
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small to moderate amounts in all samples tested. Only one

SAN&%LE
zeolite bed is present in this unit. "

ERIONITE BED
CLINOPTILOLITE
PHILLIPSITE

E= MORDENITE

JER- i

JER-I0
JER-9

Description of Zeolite-rich Beds

In the southern area 18 zeolite-rich beds are present in
the lower unit; some of these are thin and carn be traced for
only short distances. At least nine beds are present in the
northemn area; the fewer number of known beds probably
is due, in part, to poorer exposures. Table 5 shows the
thickness and mineralogy of the thicker beds in each area N7
and the correlation of several of the beds. The zeolite-rich
bed designated S3-N4 is separated from the zeolite-rich >‘>’%\7
bed S4-N5 by the friable ash bed that was previously
described; these three beds generally are more resistant to N7
erosion than other rocks in the area (fig. 15). More de-
tailed mineralogy of some of the beds, based on work done
on 27 samples, is shown in table 6. Figure 16 graphically e T T
illustrates the thickness, zeolite mineralogy, and correlation :
of some of the zeolite-rich beds. NG

The contact of a zeolite-rich bed with the underlying o
tuff or mudstone is almost invariably sharp, sometimes R
gently undulating, and the underlying rocks generally con- — ]
tain sparse or no zeolites. Opal is occasionally present in the
upper inch or more of tuff beneath a zeolite-rich bed, and is
particularly common beneath the bed (S3-N4 in table 5)
that underlies the friable ash. The lower several inches of a
zeolite-rich bed generally is thinner bedded and more
iron stained than the remainder. In a few places the upper
contact of a zeolite-rich bed is as sharp as the lower. More sS4
commonly, however, there is a gradational change in color NS VRS
and mineralogy, through an interval of a few inches to a
foot or more, from rock rich in zeolites with no calcite to
rock rich in calcite with sparse or no zeolites.

The zeolite-rich beds are laminated, very thin bedded, JER-TS JER-33
or less commonly thin bedded. Ripple marks are common, '
and slump bedding is present locally. Weathering results in
a darker color and accentuates the papery to flaggy charac-
ter. About three-fourths of the zeolite-rich material is very
pale orange (10 YR 8/2), one-tenth is pale yellowish orange
(10 YR 8/6), and the rest is some shade of orange, yellow,
or pink. In about half the beds, the uneven distribution of
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FIGURE 15. Outcrop of ash and adjacent zeolite- FIGURE 16. Zeolite mineralogy, thickness, and

rich beds in the nf)rthern mapped area of the correlation of zeolite-rich beds in the Jersey Valley
Jersey Valley deposit. Lower and upper contacts deposit.

of 64-inch-thick ash bed shown.
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TABLE 6

Mineral composition of selected zeolite-rich samples from the Jersey Valley deposit (parts in ten).!

s &
2 g 3
T e e 2 T o
SAMPLE THICKNESS BED STRATIGRAPHIC g 2 2 3 TZ252:83 8 £
NO. (INCHES)  DESIGNATION DATA 0B U=E0oEE A0 0 0
Jer-44 22 S1 Base of bed 72 1 w =P P P — P - -
Jer-45 12 Si Above Jer-44;
top of bed 811 -~ ~~P PP P — ~—
Jer-46 24 S2 Entire bed 17 = =~ 1PP 1P P —
Jer-30 23 S3 Base of bed 3 5 wr e = P P P — P — Crist. 1
Plag. P
Jer-31 12 S3 Above Jer-30;
top of bed 7 2 1 = = = P o e e e
Jer-72 12 N4 Base of bed 2 6 P —-—1DPPPP — —
Jer-71 18 N4 Above Jer-72;
top of bed 9 PP —~ —~ P P — — — Jar.l
Jer-33 490 sS4 Base of bed 5 PP ~—4 PP — o -
Jer-34 36 S4 Above Jer-33 3 - - — 6 P PP P — -
Jer-35 24 S4 Above Jer-34 Q9 i e e ee PP e e e P
Jer-36 36 sS4 Above Jer-35;
top of bed 2 2P -~ 3P P — P 2 Cust.P
Jer-75 34 NS Base of bed 5 o e e e 5 P e e Jar P
Jer-76 54 N5 Above Jer-75 (A A ol B
Jer-77 36 N5 Above Jer-76;
top of bed 1 4 ~ ~ —~ 4 P P —~P 1 —
Jer-68 24 N6 Entire bed 2 4P —-P 1 1P 1 — — —
Jer-52 18 S5 Base of bed 7 3 - o= = P P P - -
Jer-53 36 S5 Above Jer-52 9 e e e PP 1 e e
Jer-54 18 S5 Above Jer-53;
top of bed 6 1 — — =2 P P — P — Phag. 1
Jer-66 30 N7 Base of bed 2 2 5 - - 1 P -~ P - —
Jer-65 30 N7 Top of bed 8 P1 — 1P — — — — —
Jer-91 6 S8 Base of bed 3 5 1 = - PPP1I P -~ —
Jer-92 4 S8 Above Jer-91 35 1 e =1 P P — -
Jer-23 9 S8 Above Jer-92 5 2 w e -1 PP 1 P — —
Jer-24 12 S8 Above Jer-23;
top of bed 9 P —~ —~ - P —~ P P -
Jer-9 3 S9 Base of bed 5 P 3 ~ o 2 P o e e e
Jer-10 12 S9 Above Jer-9 10 ~ == == == P P o - P
Jer-11 6 S9 Above Jer-10; .
top of bed 10 P = o om e e e e P e

1P = Preserit in more than trace amount but less than 1 part in 20. Hydrated iron oxides ignored in calculations.

2Crist. = Cristobalite; Jar, = Jarosite; Plag. = Plagioclase.
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iron oxides causes color variations; the iron oxides are con-
centrated in certain layers or in well-developed diffusion
bands. The zeolite-rich rock is fine grained, compact to
slightly powdery, porous, and has a dull to slightly silky
luster.

Generally the zeolite-rich beds contain several layers
that are distinguished by differences in thickness of
bedding, iron content, or zeolite mineralogy. The contacts
between layers may be either sharp or gradational.

The common zeolite associations at the Jersey Valley de-
posit are given in table 3. The most commonly observed
associations are: erionite-clinoptilolite-phillipsite; erionite-
clinoptilolite; and erionite alone. Samples from two zeolite-
rich beds (beds $3-N4 and S4-N5) taken a mile apart show-
ed similar zeolite mineralogy (fig. 16).

Montmorillonite and illite generally are present in the
zeolite-rich rocks, but together they seldom exceed 10 per-
cent. Potassium feldspar occurs in a third of the samples
and calcite is rare, whereas both minerals are very abundant
in the country rock as authigenic constituents. Glass is
always present in the zeolite-rich rocks in amounts ranging
from a trace to about 60 percent. Small amounts of cristo-
balite and jarosite occur in several of the samples.

Pine Valley Deposit

The Pine Valley zeolite deposit is 1% miles west of
Nevada Highway 51 insecs. 17,20, and 29, T. 28 N., R. 52
E., on the east side of Pine Valley 34 miles by road south of
Carlin, in Eureka County (fig. 1).

Pine Valley trends north-south and lies between the
Sulphur Springs Range on the east and the Cortez Moun-
tains on the west. In this vicinity the central part of the val-
ley is flat, about a mile and a half wide, and is bordered on
the east by two levels of dissected terraces. The principal
exposures of zeolite-rich rocks in sec. 20 and the northern
part of sec. 29 are on the lowest terrace, 25 feet above the
valley floor, at an elevation of about 5,275 feet (fig. 17).

A second terrace, at an average elevation of 5,355 feet,
lies a few hundred feet east of the principal exposures of
zeolite-rich rocks.

Zeolites were first reported in Pine Valley by Regnier
(1958, p. 75-82) after study of the Cenozoic rocks in the
Pine Valley-Carlin area. Union Carbide Corp. located
twenty-two 20-acre placer claims in the area during Octo-
ber, 1958, and still holds 15 of these claims, mostly in sec.
20. The area has been extensively explored by trenching,
stripping, and drilling. Some thick-bedded material has been
used in construction of ranch buildings but, apparently, the
zeolite-bearing rock has had no other use.

General Geology

Sparse outcrops of lacustrine rocks, part of the Hay
Ranch Formation, occur on the lower terrace and slopes on
the east side of Pine Valley. This formation was named by
Regnier (1960, p. 1199-1203) and was dated by him as
middle Pliocene to middle Pleistocene age by means of
vertebrate fossils. The Hay Ranch Formation consists most-
ly of clays, siltstones, sandstones, limestones, and a few
altered tuffs.

Within the mapped area (pl. 3), the rocks consist of
lacustrine mudstones and three zeolitized tuffs. The beds
dip 5° or less. In five places where the overlying mudstone
was stripped, the main zeolite-rich bed dips eastward.
However, the bed dips westward in the southern part of the
mapped area. Because of the low dip of the beds and the
slight relief, the exposed stratigraphic thickness in the map
area is only about 70 feet. The upper terrace, lying mostly
east of the mapped area, is capped by gravels.

The mudstone is yellowish gray (5 Y 7/2) to greenish
gray (5 GY 6/1). A clay pellet structure commonly is
present; the pellets are irregular spheres % to 2 mm in
diameter. The mudstone consists of the clay minerals
montmorillonite, mixed-layer montmorillonite-illite, and
illite together with calcite, quartz, and some gypsum.

FIGURE 17. Pine Valley zeolite deposit, looking south.
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About half the samples examined contain a minor amount
of phillipsite or clinoptilolite.

Description of Zeolite-rich Beds

Three zeolite-rich beds are exposed in the mapped area.
The lowest bed has been extensively explored, and ranges
in thickness from 8 to 26 inches. Two other beds, each
probably less than a foot thick, are present 8 feet and 18
feet above the main bed.

The lower, main zeolite-rich bed has been mapped for
5,400 feet along strike. It extends both north and south
of the mapped area but is poorly exposed and little ex-
plored in these places except on the west side of a hill in
the SW% sec. 29, a mile south of the mapped area. In the
southern third of the mapped area, the bed has a sinuous
outcrop pattern owing to its low dip, and the slight topo-
graphic relief. In the northern two thirds, the bed is mostly
exposed in shallow excavations where the overburden was
removed. The zeolite-rich material is much more resistant
to erosion than the mudstone and tends to produce a dis-
tinctive orange-colored float. Generally the main zeolite-
rich bed forms the upper west edge of the terrace and
underlies all the terrace at a shallow depth.

The contacts of the zeolite-rich bed with the underlying
and overlying mudstones are sharp, with minor local undu-
lations. The zeolite-rich rock is laminated to thin bedded,

NEVADA BUREAU OF MINES AND GEOLOGY

fine grained, compact, and porous. Generally it is very pale
orange (10 YR 8/2), pale yellowish orange (10 YR 8/6), or
dark yellowish orange (10 YR 6/6); there is no apparent
relationship between the color and the type of zeolite
present. The bed contains abundant hydrated iron oxides,
most of which is uniformly distributed through the rock,
but some is concentrated in certain layers or diffusion
bands. Locally the weathered portion of a layer contains
numerous light-colored bands less than 1 mm thick, both
parallel and perpendicular to the bedding. Both the bands
and adjacent rock are dominantly erionite. Apparently the
iron oxides were leached from the bands and concentrated
along the borders.

The thin zeolite-rich bed 8 feet stratigraphically above
the main bed can be traced the entire length of the mapped
area. Outcrops are few, but the bed is marked by a dis-
tinctive dark-yellowish-orange (10 YR 6/6) float. The
uppermost thin bed, 18 feet stratigraphically above the
main zeolite-rich bed, is exposed only in the southern part
of the mapped area.

The mineralogy of some of the Pine Valley samples is
shown on table 7. Compared to the other three deposits, it
is characterized by a simpler mineralogy, abundance of
phillipsite, and scarcity of clinoptilolite. The most common
zeolite associations are (table 3) erionite-phillipsite, and
erionite-clinoptilolite-phillipsite. Where the main bed is

TABLE 7

Mineral composition of selected zeolite-rich samples from the Pine Valley deposit (parts in ten).!

. 2
2 b 3
g 5 2 : 52 , & , 7 & £ %
SAMPLE THICKNESS STRATIGRAPHIC E 2 8§ 2 B 2 5 £ 5 2 = £
NO. (INCHES) DATA 8§ 8§ & © = © = B & © < ©
Pine-6 3 Base of bed 1 P 8 - 1 P - - P — —
Pine-7 6 Above Pine-6;
top of bed 6 - 3 -— -— P P - P P -
Pine-10 3 Base of bed 1 - 8 — -— 1 P - - - -— -
Pine-11 3% Above Pine-10 - p 9 - - 1 P P - - . -
Pine-12 1 Above Pine-11;
top of bed P P 9 - - P P — - P p -
Pine-16 5% Base of bed 1 P - — P = — - - — -
Pine-17 6% Above Pine-16 9 - 1 -— e -— - -— - -— P Jar. P
Pine-18 12 Above Pine-17;
top of bed 10 -— - —- P - - P -
Pine-34 3 Base of bed 1 - - — P P — e —— - -
Pine-33 11 Above Pine-34 9 - 1 -— - - - P -~ ne -
Pine-32 12 Above Pine-33;
top of bed 10 - - - - - - P -— P — -—
Pine-9 ? Float from bed -— — 4 — - 6 — - - P - —
Pine-3 ? Float from bed - — 3 - - 7 -— - — P — -—
Pine-19 ? Float from bed P -— 10 - - — -— — - P P -

1P = Present in moxe than trace amount but less than 1 part in 20. Hydrated iron oxides ignored in calculations,

2Jar, = Jarosite.
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UPPER ZEOLITE BED
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LgL.”Z A FINE-32 E‘NE-IB T T
b PINE-12
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=
i CLINOPTILOLITE True thickness
not shown

PHILLIPSITE

See Plate 3 for sample locations.

FIGURE 18. Zeolite mineralogy, thickness, and correlation of zeolite-rich

beds in the Pine Valley deposit.

thinnest, it is composed of phillipsite and a small amount of
erionite or clinoptilolite (fig. 18). Where the bed is thicker,
the lower layer has this same composition, but the middle
layer contains erionite and subordinate phillipsite, and the
upper layer contains only erionite. The two thin beds that
overlie the main bed consist of variable amounts of phil-
lipsite and glass.

The zeolite-rich beds contain only sparse amounts of
materials other than zeolites and glass. Montmorillonite,
illite, calcite, quartz, jarosite, potassium feldspar, and
fluorite are present in some samples.

Reese River Deposit

The Reese River zeolite deposit is 35 miles by road
north of Austin, in Lander County (fig. 1). The principal
zeolite-rich outcrops are in sec. 26, T. 24 N., R. 43 E,,
about 1/3 airline miles northeast of the Steiner Ranch,
which is adjacent to Nevada Highway 8A in the Reese River
Canyon.

The deposit is located in a group of hills several square
miles in extent at the southwestern end of Carico Lake
Valley, a short distance east of the Reese River at the place
where it cuts through the Shoshone Range. Elevations in
the section range from about 5,210 to 5,400 feet, and in
the area mapped (pl. 4) the maximum relief is 100 feet
(figs. 19 and 20).

The first report of zeolites in this area was by Deffeyes
(1958, p. 25-30), who recognized erionite and clinoptilo-
lite and briefly described the geology. Between July and

October of 1959, Union Carbide Corp. located three 20-
acre placer claims in the NW¥% sec. 26, but these were allow-
ed to lapse. Shell Development Co. in May, 1963 located
one claim in the area of the old claims and six additional
claims farther east in the E% sec. 26 and the E% NE% sec.
35; these six claims include the area shown on plate 4. Ex-
tensive trenching and drilling was done by Shell during the
next several years. In the fall of 1969 the area apparently
was unclaimed. The deposit has not been mined.

General Geology

The rocks in the area are lacustrine tuffs, tuffaceous
mudstones, mudstones, and a few sandstones and conglom-
erates. All the tuffaceous rocks contain minor to major
amounts of zeolites, and a few beds are composed mostly
of zeolites. Nearly horizontal gravels once covered the map-
ped area and still cover much of the area to the east.
Vertebrate fossils collected in sec. 26 were reported by
Deffeyes (1958, p. 27) to be of Pliocene age. The area is
included in a preliminary geologic map by Stewart and
McKee (1968), who consider the rocks to be Miocene or
Pliocene in age.

Most of the potentially valuable zeolite-rich beds are in
the E% sec. 26, and most of the exploration has been done
there (pl. 4). A number of distinct zeolite-rich beds occur
in a zone about 1,000 feet wide with an exposed north-
south length of 4,400 feet. The rocks dip eastward at 13°
to 55°. Rock exposures commonly are poor: much of the
ground is relatively flat and covered by alluvium; most of

FIGURE 19. Southern part of the Reese River
zeolite deposit, looking south,

FIGURE 20. Northern part of the Reese River
zeolite deposit, looking north.
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the hills and ridges are mantled by float; and the higher
hills are capped by flat-lying gravel. The zeolite-rich beds
are more resistant to erosion than the country rock and
commonly form the crests of low ridges and float-covered
dip slopes on their east sides. Correlation of zeolite-rich
beds is impossible across many of the covered areas because
of probable changes in mineralogy and thickness along
strike and because of faults that offset the beds.

The country rock was mapped in two units (pl. 4):

a lower unit composed of tuffs, tuffaceous mudstones, and
tuffs that have been converted mostly to zeolites; and an
upper unit composed of mudstones and a few sandstones
and conglomerates. The contact between the units is the
top of the uppermost zeolite-rich bed or uppermost tuff
bed.
" The tuffs in the lower unit are thin to thick bedded, fine
grained, uniform, compact, and porous. Typically they are
yellowish gray (5 Y 8/1) to very pale orange (10 YR 8/2).
All 24 samples of tuff that were examined contain zeolites
and average about 18 percent. Clinoptilolite is present in all
samples, erionite is present in half, and phillipsite, morden-
ite, or analcime are present in a few. The tuffs that con-
tain moderate amounts of zeolites generally are very pale
orange (10 YR 8/2); the entire 1,000-foot-wide zone has
slightly brighter color than areas with only small amounts
of zeolites. Most of the tuff samples contain authigenic cal-
cite and potassium feldspar. Clay minerals, montmorillonite
and illite, are present in all the samples; some of this is
authigenic, but complete gradation exists from tuff to
clastic tuffaceous mudstone.

The tuffaceous mudstones in the lower unit typically
are yellowish gray (5 Y 8/1 to 5 Y 7/2), very fine grained,
compact to earthy, and shaly to massive. The mudstones
contain abundant montmorillonite and a moderate amount
of illite; they commonly also contain calcite, potassium
feldspar, gypsum, and zeolites. Clinoptilotite generally is
present, but erionite or phillipsite are rare. The zeolites,
potassium feldspar, and some of the calcite are authigenic
minerals formed by the replacement of volcanic glass.

The upper unit consists of calcareous, montmorillonitic
mudstones and a few thin sandstones and conglomerates.
The mudstones are yellowish gray (5 Y 7/2) and earthy to
compact. Small amounts of clinoptilolite and erionite are
present. The mudstones form a badland-type topography
with the rounded hills covered by “‘clay bloom” caused by
desiccation and shrinkage of the montmorillonite.

Description of Zeolite-rich Beds

In the mapped area (pl. 4) the zeolite-rich beds occur
within a stratigraphic interval of 500 to 600 feet. Approxi-
mately eight zeolite beds, each more than a foot thick, and
an equal number of thinner beds are present in the lower
unit. The mapped area is divided into two blocks by faults,
one block comprising the northern two-thirds and the other
comprising the southern third, and correlation of beds is
not possible from one block to the other.

The zeolite-rich beds shown are distinct, mappable units.
Generally tuffaceous mudstone underlies a zeolite-rich bed
and the contact is sharp. However, the upper contact com-

N

monly is gradational over a few inches, with a change from
zeolite-rich rock to tuffaceous rock containing some zeo-
lites. Many of the zeolite-rich beds have layers with differ-
ing color and somewhat differing mineralogy.

The zeolite-rich rock generally is laminated to very thin
bedded. Ripple marks were observed at several places. All
the rock is fine grained, compact to slightly powdery, dull
to somewhat silky in luster, and porous. Almost three-
quarters of the samples are very pale orange (10 YR 8/2) in
overall color, and most of the remainder are pale yellowish
orange {10 YR 8/6). One-third of the zeolite-rich beds
have nearly uniform distribution of iron-oxide coloring
materials. In the other two-thirds, the iron oxides are ir-
regularly distributed through the rock, or are concen-
trated on fracture surfaces, along some beds, or in diffusion
bands.

Table 8 shows the thickness and mineralogy of the
zeolite-rich beds that are more than 1 foot thick, based on
60 samples. The compositions of 31 samples that were
studied in detail are shown on table 9. The common zeo-
lite associations at the Reese River deposit are (table 3):
erionite-clinoptilolite; erionite-clinoptilolite-chabazite; and
erionite-clinoptilolite-phillipsite. Analcime is present in
sparse amount in one sample. Figure 21 shows the zeolite
distribution, thickness, and correlation of zeolite-rich beds,
based on the 31 samples.

TABLE 8

Thickness and mineralogy of some zeolite-rich beds
at the Reese River deposit.

NORTH AREA

No. on map Thickness {inches) Zeolites?
N1 24 Er+, Clx
N2 24 Er +, Cl-
N3 16-367 Cl+, Er x
N4 33 Clx, Erx, Phx
N5 18 Er+, Clx
N6 42 Ch+, Er x
N7 90 Erx, Clx, Ch-
N8 48 Ch+, Er- Cl-

SOUTH AREA

No. on map Thickness (inches) Zeolites?
S1 247 Cl+, Erx
S2 247 Cl+, Er-
S3 24 Erx, Clx
S4 18 Er+, Ct-
SS 15?2 Cl +
S6 48 Cl+, Er-, Ph-
S7 36-60 Cl+, Er-, Ch-, Ph-
S8 48 Chx, Clx, Erx

1Er = erionite; Cl = clinoptilolite; Ph = phillipsite; Ch = chabazite
+ = major amount; X = moderate amount; - = sparse amount
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Glass generally is present in the zeolite-rich beds but
seldom exceeds a few percent. Crystalline materials, mostly
quartz and feldspars, commonly made up 5 percent or more
of the tuff, but were resistant to alteration and are present

Mineral composition of selected zeolite-rich samples from the Reese River deposit (parts in ten).!

TABLE 9

25

in the zeolite beds. Illite, potassium feldspar, and mont-
morillonite occur in most samples whereas calcite and
cristobalite occur in a few samples.

o £
3 £ 3
S2e8 T B
SAMPLE THICKNESS BED STRATIGRAPHIC g g § g = _§ g = g S % =
NO. (INCHES)  DESIGNATION DATA #0m U020 EEA00 O
Reese-73 247 S1 Entire bed 4 5 e e e 1 e P e e e
Reese-66 24 S3 Entire bed 4 4 -~ —~P —~P P 1 P —
Reese-67 18 S4 Entire bed 8 1 — = — P = ~ 1 — — Plag. P
Reese-53 48 S6 Entire bed 1 8§ -« =~ P P 1 — P -
Reese-121 12 S6 Base of bed 37 P — - P o o e e e
Reese-122 14 S6 Above Reese-121 P9 - =P —~ 1 — P -
Reese-123 7 S6 Above Reese-122 P8 — o o P e ] e P oo
Reese-124 15 S6 Above Reese-123;
top of bed P8 —-———1PP —-—P — —
Reese-55 36 S7 Entire bed P7P ——~-~P 11 1 — AnalP
Reese-57 12 57 Base of bed 1 8 — - oo e e o ] P e
Reese-58 24 S7 Above Reese-57 -9 - P P P 1 - -
Reese-60 24 S7 Above Reese-58;
top of bed 17 =1 = = e} P o
Reese-77 24 S8 Base of bed 14 -4 P — co o P - (Crist. P
Reese-78 24 S8 Above Reese-77;
top of bed 2 3 ~ 5 o PP - P - -
Reese-120 18 N5 Entire bed 54 - = —P P —~ P 1 - Crist. P
Plag. 1
Reese-125 6 N3 Base of bed 26 — -~ P —P 1 P o —
Reese-126 5 N3 Above Reese-125 27 - = =P —~P | P — —
Reese-127 5 N3 Above Reese-126;
top of bed 4 5 — - — P — — P o - -
Reese-105 6 N4 Base of bed 1 15 = =3 — o =« P —
Reese-106 9 N4 Above Reese-105 3 4 3 ~ o o e = PP -
Reese-107 12 N4 Above Reese-106 4 5P -~ P -~ 1 P o e
Reese-108 6 N4 Above Reese-107;
top of bed 242 ~-—~1P 1 — — - Plag.P
Reese-111 18 N6 Base of bed S5 = — 5 = P o e
Reese-112 24 N6 Above Reese-111 P e =8 — P = =1 e
Reese-113 30 N7 Above Reese-112 72 —~P P P P — —
Reese-114 36 N7 Above Reese-113 25 - —— 1P P — 1 — (Crist. P
Reese 115 24 N7 Above Reese-114 4 5 -~ -1 PP P P —
Reese-116 12 N8 Above Reese-115 11 -7 PPP — —P —
Reese-117 12 N8 Above Reese-116 11 ~—~6 —-P P1 PP — —
Reese-118 12 N8 Above Reese-117 21 ~7 —~P PP — P —
Reese-119 12 N8 Above Reese-118;
top of bed 11 -8 —P P -~ — P — —

1P = Present in more than trace amount but less than 1 part in 20, Hydrated iron oxides ignored in calcuiations.

2 Anal. = Analcime; Crist, = Cristobalite; Plag. = Plagioclase.
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FIGURE 21. Zeolite mineralogy, thickness, and correlation of zeolite-rich

beds in the Reese River deposit.
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APPENDIX A

Other deposits of erionite in Nevada

NAME LOCATION

REMARKS

Redrock Canyon Sec. 3, T.27N., R.44E.

Bisoni Brothers Sec. 8, T.28N., R.52E.

Thin beds of altered tuff containing
erionite, clinoptilolite, or mixture of
the two.

Northern extension of the Pine Valley
deposit.

APPENDIX B
Other types of zeolite deposits in Nevada

In the past decade, extensive deposits of zeolites have
been discovered in geologic environments other than that
described in this report. The locations of the more
important Nevada deposits are shown in figure 22 and the
geologic features and origin of these types of deposits are
summarized here.

In Playa Lakes

Phillipsite probably is an abundant authigenic con-
stituent in volcanic ash deposited in Recent saline, alkaline
playa lakes. Hay (1964, 1966) has described such occur-
rences in the playa sediments at Teels Marsh, Mineral
County, Nev., and at several places in California. Associated
authigenic minerals include analcime, clinoptilolite, erion-
ite, potassium feldspar, and searlesite. At Teels Marsh the
zeolitization is continuing in a near-surface ash bed in the
part of the playa that is covered by a trona-rich crust. Be-
cause of their thinness, the known phillipsite-rich beds are
of little economic importance, but thicker beds may be
present elsewhere in playa deposits. These occurrences have
an origin similar to the deposits described in the main body
of this report, but differ in form, mineralogy, and age.

In Rhyolitic Pyroclastic Rocks

Large deposits of zeolites are rather common in Nevada
in thick rhyolitic pyroclastic units. Some of the deposits on
the Nevada Test Site in Nye County have been described
by Gibbons and others (1960) and by Hoover (1968).
Many of the other deposits, mostly in the western and
southwestern parts of the State, have not been described

in the literature, but the geology of some of them is
summarized by Sheppard (1971). Generally the matrix of
the pyroclastic rock is replaced by fine-grained zeolites.
Associated authigenic minerals are potassium feldspar,
montmorillonite, illite, cristobalite, opal, and quartz. The
crystal fragments are unaltered and a vitroclastic texture
often is preserved. The rock has a chalky rather than
vitreous appearance, is relatively hard, and has a low
porosity. Clinoptilolite and mordenite, either alone or in
mixtures, are the most common zeolites in these deposits,
but ferrierite, chabazite, and analcime also occur. The
zeolitized material often resembles a pyroclastic rock even
though now mostly composed of zeolites; study of numer-
ous samples by X-ray diffraction and optical microscope
generally is necessary to identify and delimit the altered
area. Many other deposits probably remain to be discover-
ed.

These pyroclastic rocks were not deposited in water and
probably were not affected by hydrothermal solutions.
The alteration is believed due to the reaction of ground
water with the glassy matrix of the rock. The deposits in
the Nevada Test Site were formed in unwelded tuffs by
the action of mildly alkaline meteoric water whose down-
ward circulation was impeded by impermeable rocks
(Gibbons and others, 1960).

Because of their large size and extensive distribution in
the State, zeolite deposits of this type have great economic
potential, especially for uses that require only impure
materials of relatively low unit value. The deposits now
being utilized in Japan are of this type.
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The Mackay School of Mines is the educational, research, and
public service center for the mineral resources, geology, and mineral
industry of Nevada. It is one of the several colleges of the University
of Nevada, Reno. The School consists of three divisions: the academic
division, composed of the departments of instruction; the Nevada
Bureau of Mines and Geology; and the Nevada Mining Analytical
Laboratory.

The Nevada Bureau of Mines and Geology and the Nevada Mining
Analytical Laboratory, as public service agencies, make available
information, maps, and reports on the mineral resources and geology
of Nevada. Both organizations work on mineral economic and
environmental problems, and assist in the development and utilization
of the State’s mineral resources. The Bureau conducts field studies
and other research on geology and mineral deposits. The Laboratory
identifies, anaiyzes, and evaluates minerals, rocks, and ores found in
Nevada, and performs research in mineral beneficiation and extractive
metallurgy.

For information concerning the mineral resources, geology, or
mineral industry of Nevada, write to: Director, Nevada Bureau of Mines
and Geology, University of Nevada, Reno, Nevada 89507.
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