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FOREWORD

The Bureau for many years has received requests for a geo-
logical map of the State, with general information on the State’s
formations and ore deposits.

There has been such a small area of the State’s wide expanse
mapped geologically, that a State map is still far in the future.
There is, however, now in preparation by the Bureau a bibliog-
raphy of the geological literature on Nevada. Much of this is
already covered in the present Bureau publications, “Mining Dis-
triets and Mineral Resources of Nevada, 1923,” and “Metal and
Nonmetal Occurrences in Nevada, 1932.”

The material for a bulletin on the formation and ore deposits of
the State came about through the work of Henry G. Ferguson
of the U. S. Geological Survey and of Bernard York, an alumnus
of the Mackay School of Mines.

In 1929 Mr. Ferguson published in Fconomic Geology a most
excellent paper on “The Mining Districts of Nevada”; but it had
a very limited distribution in Nevada and was soon unobtainable,.

Bernard York, because of his acquaintance with the State as
an exploration engineer, was employed in 1939 as a special field
engineer of the Nevada State Bureau of Mines to make a field
study of all the county-owned patented claims in the State, which
study extended over many months and from one end of the State’
to the other. The methods and results of this study were mimeo-
graphed by the Bureau and much publicized by the State press.
In 1941, he submitted to the University of Nevada a thesis on
“An Outlook for the Future of Mining in Nevada,” which gained
him the degree of Engineer of Mines.

As much of this thesis was worthy of publication as a bulletin,
Mr. York was employed by the Bureau during the summer vaca-
tions of 1941 and 1942 on field work and the preparation of a
general paper on economic geology for the use of Nevada citizens.

Due to Mr. York’s recent year-round employment as Assistant
Professor of Mining at the University of California, his two
papers have been consolidated and amplified over several months
time by the Director of the Bureau and by Dr. V. P. Gianella,
head of the geology department of the University of Nevada,
and the geologist of the Bureau.

It is hoped that it will now fill the long-felt need for a geo-
logical treatise on Nevada geology and that with its many speci-
fic references to districts and camps in the State, it will hold the
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interest of the reader and encourage prospecting for the still
undiscovered mineral resources of the State.

To supplement it, Mr. Ferguson’s more technical paper on
“The Mining Districts of Nevada” is included in the bulletin to
make this important paper available to Nevada citizens, and to
interested examining engineers and geologists from without our

State.
JAY A. CARPENTER,

Director.

THE GEOLOGY OF NEVADA ORE DEPOSITS
By BERNARD YORK'

THE ELEMENTS

The elements that are combined to form the earth’s “crust”
are not uniformly distributed and are rarely present singly. They
occur in chemical combinations that are stable under the condi-
tions existing at the time of their union. Their rearrangement
into new compounds may be brought about by a change in their
environment with both chemical and physical processes influ-
encing their arrangement. Combinations which are stable under
the new conditions have remained unchanged. Those unstable
are affected and changed to a stable composition either by the
addition, removal, or interchange of one or more elements. These
natural occurring compounds, when of definite chemical compo-
sition, are called minerals.

The earth’s crust is that solid portion to a depth of approxi-
mately ten miles and made accessible to man either through
boring and mining operations or exposed by faulting, folding,
or erosion. It is composed principally of minerals and a few
which predominate are normally called the rock-forming min-
erals. The'crust consists mainly of igneous rocks, or their deriva-
tives, the bulk of which are composed of a relatively few mineral
species, mostly silicates and oxides. The predominate minerals
are quartz, feldspar, pyroxene, amphibole, mica, olivine, garnet,
magnetite, and ilmenite. Eight elements, oxygen, silicon, alu-
minum, iron, caleium, sodium, potassium, and magnesium, make
up approximately 98 percent of the rocks. Only three of these,
iron, aluminum, and magnesium, are metals of economic impor-
tance. - The other metals are present in amounts of less than 0.1
percent. Many of the most useful metals occur in quantities of
less than 0.01 percent. The amount of useful metals present in
a rock does not represent that which is available to industry.
Only a small fraction of these metals occur in sufficient concen-
tration to be recoverable by man. It is indeed fortunate that
natural processes have accumulated a portion of the useful metals

~and localized them into concentrations containing many times

the general rock average.
In general, igneous rocks contain more of the useful metals

_ PAssistant Professor of Mining, University of California ( formerly with the
Nevada State Durean of Minesy,
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than do sedimentary rocks. This fact, and the conditions under
which some of the local concentrations occur, has led to the belief
that igneous rocks are the original source of the metals. How-
ever, sedimentation under proper conditions may bring about
local concentration of metals.

THE MINERALS

Most of the known elements are present in greater or lesser
amounts in the crust of the earth. They have combined through
natural processes to form relatively definite and stable com-
pounds, most of which are called minerals. A mineral may be
defined as a natural-occurring inorganic substance of definite
chemical composition found in the earth’s crust. A mineral
deposit is a localized concentration of a certain mineral, or
minerals, and may, or may not, be of such composition, size or
concentration as to have commercial value.

Solid minerals, and most minerals occur as solids, have formed
by the union of elements. Their occurrence as a solid indicates
a transition from a liquid or gaseous form to that of a solid.
Precipitation from solution is then an important process in the
formation of minerals. In general, the minerals composing igne-
ous rocks formed while the magma was in a molten or liquid
state, and the relative solubilities of the silicate compounds was
a factor in controlling their formation.

Mineral deposits are formed through both mechanical and
chemical processes of concentration. Those formed by mechan-
ical processes of concentration include the detrital deposits such
as placers. Deposits formed by chemical processes of concen-
tration have been the source of the bulk of the metals that are
so valuable to man in his industrial advancement.

The minerals of Nevada have been listed, classified, and
described by Dr. Vincent P. Gianella in “Nevada’s Common Min-
erals (Including a Preliminary List of Minerals Found in the
State),” a recent publication of the Nevada State Bureau of
Mines and the Mackay School of Mines as Univ. of Nevada Bull.
Vol. 35, No. 6, Geology and Mining Series No. 36 (1941). Per-
sons who are interested in minerals, particularly those found in
Nevada, should obtain a copy of this publication. Copies may be
obtained by applying to the Nevada State Bureau of Mines, Reno,
Nevada.

THE ROCKS

Rocks are composed of an aggregate of minerals grouped
together to form a relatively solid mass. Rocks belong to three

oS R
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main groups: igneous, formed through the solidification of molten
material; sedimentary, rocks derived from erosion and deposi-
tion; and metamorphie, rocks derived by modification of either
igneous or sedimentary rocks. All rocks were originally of igne-
ous origin. At present igneous rocks compose approximately 95
percent of the crust. Sedimentary rocks, though widespread,
form only a relatively thin veneer on the earth’s surface, and
metamorphic rocks are present in even less quantity.

Classification of rocks into groups has been based upon mode
of formation, texture, and the mineralogic composition rather
than on the chemical composition. The combined average chem-
ical composition of all sedimentary rocks agrees closely with
that of the igneous rocks from which they were derived. Meta-
morphic rocks have been formed through prolonged heat and
pressure which have changed the original rock, either sedimen-
tary or igneous, to such an extent that it retains but few of its
original physical characteristics. The rocks of each main group
have been classified according to composition and texture and
given a distinct name.

It is of interest to note that in the early days of the State many
types of rock were used as building stones, and the earliest min-
ing bulletin published by the University of Nevada was a “Pre-
liminary Report on the Building Stones of Nevada,” by John A.
Reid in 1904.

The State capitol building and the State prison buildings at
Carson City are excellent examples of early sandstone buildings
erected in the State. Bower’s Mansion in Washoe Valley is a
beautiful example of granitic rock masonry work.

The Museum of the Mackay School of Mines contains a piece
of tuff inscribed “1847” that came from an old fireplace near
Wamonie in Nye County, its origin being a mystery. Some of
the early buildings of Eureka, and, at a later date of Tonopah,
are constructed of tuff, and a quarry in tuff alongside the high-
way east of Sparks has furnished the rock for recent residences
and service stations in that city and Reno.

IGNEOUS ROCKS

Igneous rocks are of two types, intrusive and extrusive. Each
has solidified from a molten mass, or magma, that rose from
some deep source. The rate of cooling controlled the segregation
of constituents and the rate of formation and growth of minerals
to such a marked degree that each type is texturally distinet.

The magmas that formed the intrusive rocks invaded the over-
lying formations but did not reach the surface, hence they
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retained most of their constituents until nearly solidified. Slow
cooling permitted the growth of large crystals. The resultant
rock is composed wholly of an intergrowth of relatively coarse
erystals and has a granular texture. The molten masses, or
magmas, that formed the extrusive rocks flowed out upon the
surface.  Such flows have often been covered by succeeding flows
or by sedimentary beds.

The release of pressure at or near the surface permitted the
escape of part of the gaseous or vaporous constituents, and thus
changed the composition of the mass. Rapid cooling and solidi-
fication restricted the segregation of components and growth of
crystals. These conditions result in a rock of small to medium
sized crystals enclosed in a finely granular or glassy groundmass,
or a rock made up entirely of glass. The lava of some flows
solidified so rapidly that a portion of the gasses did not escape
and were retained as bubbles. This is particularly evident in
vesicular basalts. '

The composition of the magma and the rate of cooling con-
trolled the amount and kind of minerals formed during solidifi-
cation, resulting in the formation of rocks of relatively definite
mineral assemblage and proportions.

Petrographers have classified igenous rocks on the basis of their
mineral composition and texture. This classification is hased on
the presence or absence of certain minerals, and on the propor-
tions of minerals in the aggregate. A high proportion of ferro-
magnesian minerals and a low proportion of silica places the
rock in the basic group. Further distinction involves a quantita-
tive estimate of the kind of feldspar or ferromagnesian mineral
present, and whether or not quartz is one of the components. A
classification of such refinement, though very useful to the expe-
rienced petrographer, is neither necessary nor practical for the
prospector in the field, who must identify the rocks by eye, or
aided by a low-power magnifying glass. Usually the prospector’s
needs will be satisfied if he can distinguish an intrusive rock from
an extrusive rock and classify it as basic or acidic in composition.
However, if the prospector wishes to be advised of the petro-
graphic name and mineral composition of certain rocks, he may
send representative pieces to the State Analytical Mining Labora-
tory, University Post Office, Reno, Nevada, for determination.
This free service is maintained by the State of Nevada as an aid

to the Nevada prospector, and includes analyses and assays on a-

limited number of samples.
Rock specimens sent for determination should be chosen care-
fully. The specimen should be as fresh and unaltered as can be
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obtained. This means that pieces should be chosen that show a
minimum of weathering, and they should be best taken from a
point far enough from the zones of mineralization to be relatively
free from alteration.

The textural terms are here defined before describing the com-
mon rocks:

Phenocryst is a term applied to any one of the relatively coarse
and obvious crystals of any mineral that occurs in a fine-grained
or glassy groundmass of an igneous rock.

Porphyritic texture is one having distinet and numerous pheno-
crysts in a fine-grained or glassy groundmass. “Porphyry” is a
commonly used term applied to a rock having such a texture and
therefore simply denotes texture, and not mineral composition.
Many igneous rocks are porphyritic, particularly the lavas.

Felsitic, almost or wholly crystalline, but made up of crystals
too small to be readily distinguished by the unaided eye.

Aphanitic, of such fine texture that separate crystals are invisi-
ble to the unaided eye.

Conglomerate, an aggregate of rounded and water-worn peb-
bles and boulders cemented together into a coherent rock.

Breccia, a rock composed of angular fragments cemented
together. It may be either volcanie, sedimentary, or the product
of crushing as “fault breccia.”

INTRUSIVE IGNEOUS ROCKS

Only the most common types of the intrusive igneous rocks will
be defined.

Alaskite is a granular rock of white or light-gray color. It is
composed almost entirely of quartz and orthoclase feldspar. It
closely resembles granite, but lacks mica and hornblende. Alaskite
is common at Silver Peak, and is found at Goldfield, near Reno,
and in many other Nevada localities.

Granite is a granular rock of pink or gray color, composed of
01'thoclase, quartz, and either muscovite, biotite, or hornblende.

Granite porphyry is a rock of the composition of granite with
abundant phenocrysts of quartz and orthoclase imbedded in a
granular groundmass.

Monzonite is a granular rock resembling both granite and dio-
rite in appearance and composition. It contains orthoclase and
plagioclase in approximately equal proportions. If quartz is pres-
ent, the rock is called a quartz monzonite. It is usually of a gray
color with a few prominent pink crystals. The monzonites are

common in Nevada and are particularly abundant at Ruth and
Kimberly.
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Monzonite “porphyry” is a rock of the composition of mon-
zonite with abundant phenoerysts of orthoclase and plagioclase.

Granodiorite is a granular igneous rock with the minerals
contained in a quartz diorite but also containing considerable
orthoclase. It has less orthoclase than quartz monzonite. Grano-
diorite is a common rock throughout Nevada as at Austin, Steam-
boat Springs, and in the Sierra Nevada in western Nevada.

Diorite is a gray crystalline igneous rock, composed essentially
of plagioclase, feldspar, and hornblende. Biotite or augite may
also be present. When much quartz is present the rock is termed
a quartz diorite.

Diorite “porphyry” is a rock of the composition of diorite with
abundant and prominent crystals of plagioclase, hornblende, and
biotite in a granular ground mass. Diorite makes up the upper
portion of Mount Davidson at Virginia City.

Gabbro is a granular rock usually of dark color. It is composed
of plagioclase and pyroxene, diopside or augite. The ferromag-
nesian mineral commonly has a laminated parting. Olivine, bio-
tite, or hornblende may be present in small amounts. Gabbros
are found in the Pine Forest, Jackson, and other ranges of the
northern and northwestern part of the State.

Peridotite is a granular rock usually of dark color. It is gen-
erally composed essentially of olivine, with some form of pyrox-
ene, and with or without hornblende or biotite. Plagioclase
feldspar may be present in small amounts. This rock occurs as
dikes in eastern Clark County.

; EXTRUSIVE IGNEOUS ROCKS

Andesite is a volcanic rock of porphyritic or felsitic texture.
The most conspicuous features are the dark-colored phenocrysts
of hornblende, biotite, or augite and the light-colored phenocrysts
of plagioclase. Andesite is similar to diorite in chemical compo-
sition, but differs texturally. Andesites make up the great bulk
of Tertiary lavas in western Nevada. It is the chief rock at
Divide, Tonopah, Virginia City, and Tuscarora.

Basalt is a black or dark-gray lava rock which is often vesicu-
lar; that is, it contains small irregular spherical cavities formed
by gas or steam bubbles. Crystals of olivine, plagioclase, and
pyroxene may, or may not, be visible in the dense or finely crystal-
line ground mass. This rock is of widespread occurrence in the
State and it commonly caps mountains in northern Nevada and
also south of Goldfield. It forms the cap which gives Table Moun-
tain, in Churchill County, its name. Also in the vicinity of Hot

i};
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Springs in Churchill County, and forms Black Knob west of the
Packard mine in Pershing County.

Dacite may be roughly defined as a quartz-bearing andesite.
1t often closely resembles rhyolite, but may be distinguished from
rhyolite by the presence of plagioclase in place of orthoclase.
Dacite is one of the principal rocks among the lavas at Goldfield.

Diabase is a basaltic rock commonly of aphanitic texture and
of dark color. Its composition is similar to that of basalt. It
may usually be distinguished from basalt by its granular texture.
Diabase commonly occurs as dikes. Many of these are to be seen
in the Humboldt Range.

Latite is a rock of porphyritie, felsitic, or glassy texture.

Orthoclase and plagioclase are present in approximately equal

amounts. Either hornblende, augite, biotite, or olivine is usually
present. Latite is chemically similar to monzonite. Latite is
found at Silver City and Yerington.

Rhyolite is a rock of porphyritic or felsitic texture with the
phenocrysts embedded in a glassy groundmass. Orthoclase and
quartz are usually the most prominent phenocrysts, although
those of biotite, augite, and hornblende may also be present.
Rhyolite has the same chemical composition as granite and is
quite common in Nevada as flows., Rhyolite is an important rock
at Rhyolite, Rawhide, Tuscarora, Tonopah, Virginia City, Yer-
ington, Ruth, Austin, Eureka, and many other regions.

Tuff is a porous granular or cellular rock. The voleanic tuffs
are formed by the accumulation and hardening of volcanic dust
and cinders. It is found in many places in Nevada either with
other volcanic rocks or associated with lacustrine sediments.
Tuffs make up much of the volcanics at Tonopah, Virginia City,
Carroll Summit, Eureka, and other regions, and also make up
much of the Siebert lake beds at Tonopah and Goldfield, and the
Truckee lacustrine deposits of northern Nevada.

SEDIMENTARY ROCKS

Surface water, wind, and glaciers act as erosion and trans-
porting agents in the wearing away of a land mass, and explosive
voleanism scatters unconsolidated material over large areas. This
redistribution of the material at the earth’s surface has been con-
tinually in progress since the beginning of geologic time. Mate-
rial that was once deposited on the bottom of the sea and then
elevated into a land mass is again subjected to erosive action.
The bulk of the sedimentary material has been deposited in
basins occupied by bodies of relatively quiet water, therefore the
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discussion here will be limited to a few brief statements of the
processes of deposition in seas and lakes. Distinct terms are
used to designate the sediments deposited in each type of water:
“lacustrine” for fresh water sediments, and “marine” for sedi-
ments deposited in the sea.

The disintegration and decomposition of rocks sets free mate-
rial that is transported by surface waters, either in solution or in
suspension. Material in suspension settles out as the stream loses
carrying capacity through loss of veloeity. There is a sudden
loss of velocity as the stream enters a body of water and the
coarse material settles near shore. The extremely fine material
remains in suspension longer and therefore is transported far
from the point of entry. In this way, there is a segregation of
the material according to size, and to a lesser extent a segrega-
tion according to chemical composition. Quartz crystals, and
grains, are highly resistant to disintegration or solution, therefore
much of the quartz is transported as pebbles or grains and depos-
ited in layers or beds near shore. Minerals of the feldspar and
ferromagnesian groups are readily decomposed by processes of
weathering and break down into both soluble and insoluble prod-
ucts. The dissolved material remains in solution until finally
precipitated by chemical reactions or removed either by evapo-
ration or by organisms. The insoluble products are transported
as extremely fine grains, some of which are of colloidal dimen-
sions, and are carried in suspension far from shore. Soluble
material removed from solution by plant and animal life of the
sea or lake is incorporated into their supporting structures. Upon
the death of the plants and animals the skeletons and body struc-
tures settle to the bottom. Lavers or beds of diatomite and occa-
sionally of limestone have accumulated in this way.

Varying conditions in a large body of water as a change in
direction or velocity of the currents, change in depth of water, or
a change in the volume of material being delivered, cause mate-
rial of different size or composition to be deposited over the same
area at different times. This forms distinct layers or beds. There
may be great diversity in the character and composition of sep-
arate beds, but the material within any individual bed is rela-
tively uniform. The sediments as we see them today, after they
have been elevated, tilted, and partially eroded, are a series of
layers of reconsolidated material. Some layers are only a few
inches in thickness while others are several hundred feet. Some
sedimentary rocks are thin bedded, others are massive. Shales,
limestones, and sandstones are the most common recccurring sedi-
mentary beds.

o PGSR
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The material as laid down was loose, as coarse material inter-
mixed with moderately fine grains as a layer of gravel, as fine-
grained material as a layer of sand, as clayey material as a mud
or ooze, or as plant and animal remains in a porous mass. Pro-
longed pressure from the weight of great thickness of overlying
material has in time consolidated the loose fragments into rock.

Deposition took place on a nearly horizontal surface so the nor-
mal attitude of the beds was approximately horizontal. Faulting
and folding have warped, tilted, and elevated large blocks to such
an extent that, in many places, the beds are now inclined at steep
angles. In some cases folding has been so extreme that the
beds have been overturned, placing the older above the younger,
and beds that were once buried to a depth of tens of thousands
of feet have been so elevated and tilted that they are now exposed
at the surface.

This discussion on the origin and formation of sedimentary
rock is extremely brief and generalized. The reader should con-
sult the published literature on the subject for detail. Books on
sedimentation and sedimentary rocks are available at any good
library.

Here again, as in the case of the igneous rocks, only the com-
mon types are defined. These terms are loosely used and in many
cases indicate structure rather than chemical or mineralogical
composition.

Chert is a term for a compact, microcrystalline silica, usually
of light color. It occurs in rounded, nodular, concretionary
masses, replacing limestones as in the Pogonip limestone at
Cortez, Eureka, and Ely.

Conglomerate is formed of rounded pebbles cemented together.

It differs from ordinary sandstone only in size of particles.
- Limestone is a rock composed almost entirely of calecium car-
bonate. Magnesium sometimes replaces part of the caleium. It
can ‘be distinguished from dolomite by its effervescence when
treated with dilute hydrochloric acid. Limestones are formed
both through the accumulation of fragmental remains of marine
animals and from chemical precipitation. Calcium ecarbonate
readily undergoes erystallization, even at low temperature and
pressure, so that many limestones show a crystalline structure
with little evidence of their origin remaining. When crystalline,
limestone is known as marble. Limestones are present in the sedi-
ments in many parts of the State, and ores occur in these rocks
ath Eureka, Goodsprings, Pioche, Cortez, Yerington, and else-
where.

Dolomite is a magnesian limestone. It can he distinguished
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from limestone by its increased hardness and specific gravity or
by chemical test for the presence of magnesia and by its reaction
with acid. Limestone effervesces readily when treated with
dilute hydrochloric acid, dolomite does not. Dolomite is com-
mon in the sediments in eastern and southern Nevada. Large
quantities of dolomite are present at Gabbs, in the Paradise
Range, associated with magnesite and brucite. Large deposits of
very pure dolomite occur at Sloan in Clark County. Lead ores
at Eureka occur in the Eldorado dolomite.

Sandstone is a rock composed of an aggregate of small to
medium sized quartz grains bound together by material of a
calcareous. ferruginous, siliceous, or argillaceous nature. Sand-
stone can be distinguished from quartzite by the weakness of the
binding material,

Quartzite is a sandstone thoroughly cemented by silica. It can
be distinguished from the crystalline igneous rocks by the pre-
dominance of rounded grains, most of which are of quartz. It
differs from sandstone in the strength of the cementing material,
as quartzite breaks through the grains rather than around them
as is the case with sandstone. The most widespread quartzite is
the Prospect Mountain quartzite which lies at the base of the
Paleozoic sedimentary rocks in many regions, particularly at
Eureka and Pioche. The Eureka quartzite is present in many
mining districts. The gold ores of Delamar occur in quartzite,
while those at Cortez are in places terminated against the Eureka
quartzite.

Shale is a more or less laminated rock formed by the indura-
tion (hardening) of muds, silts, or clays. It can be distinguished
from the other rocks by its laminated structure, comparative soft-
ness, and lack of visible grains. Shale is the wall rock of the gold
ore at the Getchell mine in Humboldt County and also the copper
ores at the Rio Tinto mine in Elko County. Shales are also found
at Ruth, Eureka, and Pioche.

Slate is a metamorphosed shale which splits readily along
cleavage planes. A slate of roofing quality occurs both in Hum-
boldt County and in Clark County.

Tufa is usually a calcium-carbonate rock deposited from solu-
tion in spring or lake water. It occurs at Pyramid Lake and
along the shoreline of old Lake Lahontan.

Tuff is a fine-grained fragmental rock resulting from explosive
volcanic activity. When the volcanic material is deposited on a
water surface, it forms a sedimentary bed.

Much of the lacustrine sediments of Nevada contain a large
proportion of voleanic dust or ash.

4
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METAMORPHIC ROCKS

By metamorphism, the geologist means any change in the con-
stitution of any rock, usually sediments, induced through phys-
ical and chemical agencies. Sedimentary rocks may become deeply
buried and subjected to intense and prolonged heat and pressure
causing induration of the fragmental material, accompanied by
crystallization. The resulting metamorphic rock may have little
resemblance to the original rock. Cleavage that was once parallel
to the beds may no longer exist or may now be inclined to the
original bedding. Massive igneous rocks have been converted into
schistose aggregates having the appearance of well-stratified sedi-
ments. These changes are rarely brought about by physical agen-
cies alone, as chemical action has also been active, causing some
rearrangement of the elements into new combinations, but the
chemical composition of the rock usually remains essentially
unchanged.

The commonest evidence of the metamorphic effect of pro-
longed pressure is manifested by flattened and elongated grains
or crystals. Elongation takes place in a direction normal to the
direction of greatest pressure. This elongation without fractur-
ing has been accomplished by molecular flow. Another common
form of metamorphism is indicated in the change of siliceous
sandstone to quartzite. This is brought about by the deposition
of silica in the pore space or the partial solution and intergrowth
of the original sand grains.

Localized metamorphism of the invaded rocks accompanies the
intrusion of a molten igneous mass or magma. Heat, together
with the chemical action of vapors and solutions, is responsible
for the changes. New minerals are formed through the intro-
duction and interchange of elements, resulting in a rock differing
from the original material in both texture and chemical compo-
sition. Since these changes are most pronounced along the
contact between the two rock bodies, the phenomena has been
deseriptively termed contact metamorphism.

All gradations of metamorphism occur from minor changes to
those so extreme that none of the characteristics of the original
rock remain. Few of the older rocks have escaped metamorphic
action, and many geologists prefer to classify quartzite and slate
as sedimentary rock, even though metamorphism has been respon-
sible for their physical characteristics. The mode of*origin of
the material from which the schists and gneisses were formed is
not so readily ascertained, so they are normally classified as dis-
tinctly metamorphic rocks. ’

Those aggregates, of varying mineral composition, formed by
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the processes of contact metamorphism have not been given spe-
cific rock names because the variation in texture and mineral com-
position makes their classification impracticable. Several general
terms are used that signify contact-metamorphic material, but
they are used primarily for the sake of convenience.

Herewith are defined under the heading of metamorphic rocks.
only those considered to be strictly of metamorphic origin:

Gneisses are rocks of banded structure, and of variable chem-
ical composition. Gneisses have been formed through the meta-
morphism of sedimentary or igneous rocks. Their composition
corresponds closely to that of the rock from which they were
derived. Accessory minerals, formed during metamorphism, are
present in abundance. !

Hornfels is a compact, fine-grained, silicated rock having an

appearance similar to that of flint, formed principally through the.

contact metamorphism and metasomatism of clay-rich rocks, and
is composed chiefly of biotite, andalusite, staurolite, garnet, and
feldspar. It is highly resistant to erosion and forms prominent
outcrops. Hornfels is abundant in many areas, and it is the wall
rock of the tungsten ores at Mill City.

Marble is crystalline limestone or dolomite altered in texture
but not changed chemically. It is granular in texture and often
of pleasing color. Marble is present in many places, and was
once mined at Carrara in Nye County.

Schists are a group of rocks characterized by a pronounced
foliated structure, due to the parallel arrangement of the various
constituents. They are crystalline in contrast to slate, a rock
which they resemble structurally. The gold ores of Manhattan
are mainly in schist.

Slate (see Sedimentary Rocks).

Tactite is a rock of more or less complex mineralogy formed
of lime silicates through the contact metamorphism of limestone,
dolomite, or limy shales, into which foreign matter has been intro-
duced by hot solutions from the intruding magma. It is present
in large quantities in most contact-metamorphic regions such as
Nightingale, Adelaide, Yerington, and Contact.

AGES OF ROCKS
A discussion of the events that have occurred during the for-
mation of the manifold variety of rocks that now constitute the
earth’s crust is beyond the scope of this bulletin. However, a
brief statement of the history of the earth’s crust, as interpreted
by geologists through the study of accessible rocks, may assist in
an understanding of rock relations.
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Geologic time has been divided into eras, periods, and epochs,
during which continents, ocean basins, and mountains were
formed through the deformation of the earth’s crust. Areas that
were once continents, and subject to erosion, became ocean basins
and subject to sedimentation. Evidence from rocks now acces-
sible shows that none of the areas that are now continents
remained continually as a land mass throughout geologic time.
Parts of these areas have been alternately an ocean basin and
then a land mass, and were periodically folded and crumpled by
diastrophic processes. Sediments accumulated on erosion sur-
faces only to be in turn eroded away. Intrusive magmas invaded,
and lavas buried the older rocks. The result is a complex strue-
ture, the history of which was pieced together by observation of
the rock sequence on all continents.

Various means have been used to correlate and establish the
relative ages of the rocks in a region or the rocks of widely
separated regions. Some of the means of correlation are by fos-
sils, similar kinds of rocks or lithologic units, extent of folding
and metamorphism, similar relation to large intrusive masses, and
similar relation to great unconformities.

A list of geological eras and periods is given here in chrono-
logical order from youngest to oldest. Minor subdivisions are
not here shown.

PRINCIPAL DIVISIONS OF GEOLOGIC TIME
FROM YOUNGEST TO OLDEST

Era Period
Quaternary. ... Recent or Human
) ‘ Pleistocene or Glacial
Cenozoic......... o

| J Pliocene

L Tertiary.............. Miocene
! Oligocene
L Eocene

~(Most of the volcanic rocks in Nevada are of Tertiary age as

also are the lacustrine deposits of the Esmeralda, Siebert, and
Truckee formations, and the borax-bearing sediments of Clark
County.)

FEra Period
Cretaceous
Mesozoic........ Jurassic
Triassic

(Cretaceous sedimentary rocks are practically unknown in
Nevada. Jurasszic and Triassic rocks crop out over much of -
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northeastern Nevada and also parts of western Clark County.
Rocks of this age are present at Yerington, Rochester, Mill City,
and in the Valley of Fire.)
Era Period
( Permian
! Pennsylvanian
' Mississippian
Paleozoic....... 4 Devonian
; Silurian
- Ordovician
g\Cambrian
(The older sediments of eastern and southern Nevada, as at
Pioche, Eureka, Ruth, Contact, Manhattan, and Goodsprings are
Paleozoic.) '
Proterozoic..............c...... ...Pre-Cambrian
Archeozoic

Formations of the Proterozoic and Archeozoic eras (for lack of
sufficient evidence) are often grouped under the general heading
of pre-Cambrian. The only occurrence of pre-Cambrian in Nevada
is found in Clark County.

Numerous exposures of rocks of the Cambrian system occur
throughout eastern and southern Nevada and in many places are
the principal country rocks of important mining districts. The
chief ore deposits at Eureka, Pioche, and several other mineral-
ized areas are in Cambrian strata. Because of its economic
importance much study has been devoted to the Cambrian of the
State and the Bureau has published the following bulletins:

Univ. of Nevada Bull, Vol. 33. No. 8, Geol. and Min. Ser. No.
31, Cambrian Formations of the Eureka and Pioche Districts, by
Harry E. Wheeler and Dwight M. Lemmon, 1939.

Univ. of Nevada Bull, Vol. 34, No. 8, Geol. and Min. Ser. No.
34, Revisions in the Cambrian Stratigraphy of the Pioche Dis-
trict, Nevada, by Harry E. Wheeler, 1940.

Univ. of Nevada Bull,, Vol. 88, No. 3, Geol. and Min. Ser. No.
39, Lower and Middle Cambrian Stratigraphy in the Great Basin
Area, by Harry E. Wheeler, 1944,

FORMS AND ORIGIN OF MINERAL DEPOSITS
Mineral deposits occur in diverse forms. Some of them are
thin and tabular, some pipe-like, others massive and irregular.
They usually occur inclined at various angles from the horizontal
and seldom maintain the same strike or dip for more than a few

z
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hundred feet. Few deposits are uniformly mineralized through-
out their length and depth; the richer or economically valuable
portions are called ore shoots. The terms commonly used to
designate the forms of mineral deposits are briefly defined as
follows:

A vein is a single tabular deposit of minerals occupying a fis-
sure, one or both walls of which generally are well defined.
Veins following the bedding planes in sedimentary rock are
called bed veins. A number of parallel veins are called a vein
system. Vein deposits with sharply defined walls are well exem-
plified in the Austin and Belmont districts.

" The term lode is used by miners as nearly synonymous with
the term vein, and is little used in late geological literature.

Contact-metamorphic deposits are deposits occurring at or near
the contact of intrusive rocks with sedimentary rocks and carry-
ing minerals characteristic of contact metamorphism. Some of
these deposits are roughly tabular, others are quite irregular.
The copper mines of the Yerington district are mainly of this
type, as are also most of the tungsten deposits of the State.

Replacement deposits are masses of mineral formed by the
alteration and replacement of rocks, particularly limestones and
dolomites. They are often extremely irregular in form and in
many places grade into country rock. The lead ores of the
Eureka district and the zinc ores of the Mt. Hope mine in Eureka
County are examples of this type of deposit, as is also the lead-
zine ore of the Combined Metals bed in the Pioche district.

Disseminated deposits contain ore minerals disseminated
throughout a localized body of rock. The so-called “porphyry
copper”’ deposits are of this form as at Ruth, Nevada.

A stockwork deposit is a complex system of small fissure veins,
not of tabular or sheet form, so interpenetrated that the whole
must be mined together. The deposit of gold ore at the Dexter
mine at Tuscarora has been termed a stockwork.

A placer deposit consists of heavy resistant minerals formed
as a result of mechanical concentration of detrital material
through the action of surface waters. The gold placers of Man-
hattan and Round Mountain in Nye County are striking examples.

A bedded deposit is a sedimentary deposit mined for its min-
eral. The best illustration in Nevada is to be seen in the mining
of gypsum beds in the Arden district of Clark County.

The mode of origin of these forms of mineral deposits varies
from those formed by pure mechanical processes, to those formed
from minerals in solution, to those of magmatic affiliation.
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DEPOSITS FORMED BY MECHANICAL PROCESSES

Through disintegration and decomposition of rocks and min-
eral deposits, material is set free. The agents of erosion trans-
port this loose material, first into the stream channels, then into
basins occupied by lakes or seas. Running water, or wave action,
separates the grains according to size and specific gravity. Those
that are coarse or have a high specific gravity settle out first.
The particles of highest specific gravity are usually concentrated
in the lower part of the detritus. Fine, easily moved, material is
transported far out to accumulate as sedimentary layers. Resis-
tance to disintegration and decomposition determines the relative
size of particles into which a mineral will be broken. The highly
resistant minerals, such as gold, platinum, magnetite, cassiterite,
garnet, and quartz are broken down into grains. The less resis-
tant mirerals undergo chemical alteration, as well as disintegra-
tion, into very fine particles.

PLACER DEPOSITS

Placer deposits are formed by the accumulation and concen-
tration of heavy and resistant minerals in stream channels or
along beaches. The products are concentrated by the churning
and jigging action of water in motion. The jigging action causes
the heavier particles to settle through and accumulate at or near
the bottom of the detritus. This accounts for the occurrence of
economical quantities of valuable minerals on bed rock in some
stream gravels. Where the force of the currents was insufficient
to cause jigging action or movement in the whole mass of detritus,
concentration of any consequence was accomplished near the top
of the detritus, leaving a concentration of minerals in layers high
above bedrock; a type common in the channels of intermittent
streams. ’

Some of the least abundant minerals have been concentrated
into placer deposits of great commercial value. The valuable
minerals can be readily and inexpensively recovered from such
deposits through the use of concentrating processes which are
very similar to those that have accomplished the concentration
in the stream channels. The free state of the mineral grains,
their purity and high specific gravity,’and the high unit value of
the minerals may make possible their economic recovery from low
grade deposits.

Gold is the most important metal occurring in placer deposits
and has been recovered in quantity from both ancient and present
stream channels and from ocean beaches. The source of placer
gold is not always apparent on account of the distance that the
gold has been transported. The gold was derived through the
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disintegration of gold-bearing veins, lodes, or shear zones. These
deposits were not necessarily rich and, in many cases, they have
been entirely removed by erosion.

Few of the gold placers in Nevada occur in the well-defined
channels of permanent streams. Most of them are found in the
illuvium on hillsides or in the channels of intermittent streams.
Disintegration of the gold-bearing deposits has set much of the
gold free, but there has been insufficient water to transport and
sort the material except during “cloudbursts,” torrential rains of
short duration. The water from these heavy rains runs off the
steep mountain slopes in such volume, and with such velocity,
that it has extremely high transporting power and tends to scat-
ter rather than to sort and concentrate the material in the stream
bed. The particles of gold and detrital material in the placer
deposits formed on hillsides, and in intermittent stream channels,
have not been subjected to the prolonged pounding and grinding
action of a permanent stream, consequently they are sharp and
angular., Several Nevada streams have cut their channels down
through ancient and buried stream channels. Where this has
taken place, the well-worn material from the ancient channel has
been carried into the present stream and deposited along with
the angular fragments from recent erosion.

The subject of gold placers is covered in the Univ. of Nevada
Bull,, Vol. 30, No. 4, Placer Mining in Nevada. by William O.
Vanderburg, 1936.

Deposits of minerals are formed in the same way and under
much the same conditions as the gold placers. The source of the
mineral is also much the same. In every case, it has been derived
through the disintegration of primary deposits. As examples,
platinum occurs in minute quantities in the sands of the Colorado
River near the Boulder Dam, and interesting placer deposits of
cassiterite (the oxide of tin) occur at Rabbit Hole in Pershing
County, at Tuscarora in Elko County, and near the Izenhood
Ranch in Lander County, but none have been proven to be of
commercial importance. Minerals of high specific gravity such
as scheelite, cinnabar, and several of the lead minerals are some-
times found in detrital material. While they have not been
found in commercial quantity in Nevada, they can be readily
concentrated and recognized in the miner’s pan, and the source
of the minerals has often been located in Nevada by panning the
alluvium up the stream bed or hillside.

Residual concentrations formed on hillsides through the disin-
tegration of rock, without the sorting effect of running water,
are commonly called “eluvial” deposits to distinguish them from
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stream placers. In a strict terminology, many of Nevada’s pro-
ductive gold placers have been eluvial deposits. The original
placer worked at Round Mountain by dry washers was of this

type.

DETRITAL DEPOSITS OF NEARLY PURE MINERAL

In contrast to the gold placer deposits, where small amounts
of a highly valuable mineral occur in a great bulk of worthless
sand and gravel, some deposits are valuable because they are
composed almost wholly of one mineral. Deposits of quartz sand,
and those of some of the industrially valuable clays, belong in this
class.

Quartz is highly resistant to weathering and is set free as
grains during the disintegration and decomposition of rocks. The
sorting and classifying action of running water may deposit the
grains in layers of nearly pure silica. Those deposits of extreme
purity, or having desirable physical properties, are the most
valuable. However, concrete construction or road building makes
valuable a nearby deposit of much less purity.

The fine material resulting from the decay of rocks is trans-
ported in suspension in water and deposited on the beds of lakes
and seas as sedimentary clays. Their usefulness is dependent
upon certain desirable physical properties, rather than on chem-
ical composition. The clays of the Ash Meadows district in Nye
County and in other districts have found use in the oil industry.
A clay for common brick within the city limits accounts for the
predominance of brick houses in Reno. Small deposits of fire
clay occur in the State; and bentonite, desirable because of its
absorbent qualities, has been mined in several localities.

DEPOSITS FORMED IN BODIES OF SURFACE WATER

During decomposition of the rocks, part of the material goes
into solution as soluble salts and is transported by water to the
sea or into lakes. Much of this material remains in solution as
is evident from the high mineral content of the ocean and also
of many lakes, such as Pyramid and Walker Lakes. Deposition
of the dissolved salts is brought about (a) by precipitation as a
relatively insoluble compound through chemical reaction between
dissolved substances or between such substances and carbon diox-
ide or oxygen absorbed by the water, (b) by precipitation as a
result of evaporation of the water, and (c¢) indirectly by the accu-
mulation of the boney structure of plant and animal remains.
Deposits of limestone, magnesite, diatomite, colemanite, and man-
ganese oxides in Nevada are of these types.
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Limestones are sedimentary rocks, composed principally of cal-
cium carbonate. They may contain minor amounts of magnesium
and iron, and other impurities such as clayey or sandy material.
Limestone has been deposited either by the accumulation of the
shells of animals and the supporting structures of plants, or by
precipitation from solution by chemical reaction. Many fossilif-
erous limestones have been so thoroughly erystallized by meta-
morphism that their type of deposition remains in doubt as the
fossils have been practically obliterated.

Limestone, to be of commercial grade, must be comparatively
free of clayey, sandy, or cherty material. The deposit at Sloan,
Nevada, has been noted for its purity and has been mined stead-
ily for many years.

Dolomite is composed of both calcium and magnesium car-
bonate, and it also occurs as thick sedimentary beds. Pure dolo-
mite contains 54.85 percent calcium carbonate and 45.65 percent
magnesium carbonate.

Dolomitic limestones contain varying proportions of the two
compounds., Most dolomites, and dolomitic limestones, have been
formed by the replacement of part of the calcium carbonate of
limestone by magnesium carbonate. It is of common occurrence
in the eastern and southern part of the State.

Dolomite is used as a substitute for magnesite and brucite in
the manufacture of refractory brick. It is burned as a source
of quicklime and may ultimately be used as a source of magne-
sium metal in Nevada. A deposit of excellent purity has been
mined at Sloan, Nevada.

Magnesite sometimes occurs as stratified deposits, but these
deposits, on account of impurities contained, are seldom commer-
cially valuable. Such a deposit occurs southeast of Overton,
Nevada, on the edge of Lake Mead.

The commercial deposits of magnesite at Gabbs, Nevada, mined
both for refractory uses and for reduction to metal magnesium,
are closely associated with dolomite and are generally considered
to be an alteration product of dolomite. It occurs as a massive
rock similar in appearance to the surrounding dolomite, while
the magnesite of California occurring in serpentine is commonly
white in color, with a vitreous luster and a distinctive conchoi-
dal fracture. The relatively rare mineral, brucite (magnesium
hydrate) is found in large tonnage adjacent to the magnesite at
Gabbs.

Diatomite (diatomaceous earth) is a chalky appearing, often
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pulverulent, sedimentary deposit, composed almost wholly of dia-
toms. The diatoms, a class of small aquatic plants, construct
protective coatings or tests of opaline silica extracted from solu-
tion. These tests accumulate as stratified deposits in fresh-water
lakes as well as in the sea.

Diatomite is of widespread occurrence in Nevada and has been
mined in many places at frequent intervals, mainly for insulation
use.

Colemanite, a calcium borate, occurs quite extensively in Clark
County as a bedded deposit associated with beds of limestone
and clay. It was actively mined until the discovery of thicker
beds of borate minerals near Mojave, California.

There are “Bedded Deposits of Manganese Oxides near Las
Vegas, Nevada,” according to the Univ. of Nevada Bull., Vol. 25,
No. 6, of that title. The origin is given as precipitation from
solution and the occurrence as “lenticular beds interstratified with
tuffaceous material.” The tonnage available resulted in the con-
struction of a large metallurgical plant for its treatment by the
Defense Plant Corporation in 1943. .

The evaporation of bodies of surface waters form deposits of
easily soluble mineral salts that accumulate as saline residues.
The easily soluble salts, leached from the weathered rocks, are
transported to basins occupied by lakes or seas where evapora-
tion leaves an accumulation of salts. Saline deposits may also
form on playas of intermittent lakes, marshes, and on slopes below
mineral springs.

Precipitation takes place in a saturated solution, therefore com-
plete evaporation is not necessary for deposition. Fine silt and
sand often settle out of suspension and accumulate with the salts,
resulting in impure deposits. A dry climate accelerates evapo-
ration. A closed basin prevents dilution and dissipation, thereby
confining the deposition to a limited area. Such conditions existed
throughout the Great Basin area of western United States, includ-
ing Nevada.

A great variety of mineral salts are present in the saline depos-
its although many of them are found only in minor amounts. The
more abundant ones in Nevada are common salt, gypsum, anhy-
drite, sodium carbonate, sodium sulphate, and the borates, while
the scarce, but yet important ones, in other localities are bromine
salts, potassium salts, calcium chloride, and sodium nitrate.

Gypsum and anhydrite, as saline residues, occur abundantly
in Nevada in sedimentary beds. Gypsum contains water of crys-
tallization as one of its constituents, and when calcined it com-
bines with water to make an excellent cementing material. It
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finds extensive use in industry as wall plaster and plaster board.
Also, large tonnages of raw gypsum are used in the manufacture
of Portland cement.

In the past forty years large deposits of very pure gypsum
have been worked in the vicinity of Yerington and Mound House
in Lyon County, near Gerlach, but in Pershing County, and along
the Union Pacific Railroad in Clark County.

Anhydrite, the nonhydrous calcium sulphate, finds its only use
as a low-cost fertilizer. Anhydrite, through absorption of water,
slowly alters to gypsum. Therefore, the top portion of many
deposits in Nevada is gypsum, grading with depth into anhy-
drite. Both of these minerals are also common as gangue min-
erals in some ore deposits. Some minor occurrences are the
products of reactions of acid solutions on lime-bearing minerals.

Sodium chloride (common salt) occurs in many of the playas
or marshes in Nevada. In the days of the early silver mills at
Virginia City, Candalaria, Tybo, and other camps, much salt was
produced at the closest marshes such as the Eagle Salt, Dixie,
Diamond, Columbus, Rhodes, Teels, Butterfield, and Sand Springs
marshes.  The latter has produced salt in recent years, as has also
the rock salt deposit southeast of Overton in Clark County.

Sodium carbonate and sodium sulphate are present in the muds
of playas in many Nevada valleys, and in some localities they are
combined in various proportions with calcium carbonate, ‘and
calcium and magnesium sulphates. The presence of these salts
is evident from the white coating on the ground. Few of these
numerous deposits are of commercial value.

Deposits of sodium carbonate are relatively rare in Nevada.
In the days of the early mills, deposits were worked at Soda
Lakes in Churchill County and at Double Springs in Mineral
County. Soda from chemical plants now supplies the market.

Sodium sulphate is used mainly in the glass and paper manu-
facturing industry, and attempts have been made to utilize
Nevada deposits. Deposits have been worked at Sodaville, in
Mineral County, and at Wabuska, in Lyon County, and many
other deposits are known.

The borates occur in notable quantities in the playas of inter-
mittent lakes as natural water soluble borax and as ulexite (“cot-
ton ball”’) mixed with other salts, silt, and sand. All of the early
borax was recovered from this type of deposit, and in Nevada the
marshes of Churchill, Mineral, and Esmeralda Counties were
important sources until the bedded deposits of colemanite were
discovered in Death Valley. In recent years a small quantity of
borax was produced from a marsh in Fish Lake Valley.
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At frequent intervals over the years extravagant claims are
made as to the fabulous content of gold and mercury in the muds
of the playas and dry lakes and its easy recovery. The fallacy
of these claims is set forth in the Univ. of Nevada Bull,, Vol. 35,
No. 4, Geol. and Min. Ser. No. 35, “An Investigation as to the
Presence of Commercial Quantities of Mercury and Gold in the
Dry Lakes of Nevada,” by Jay A. Carpenter, 1941.

DEPOSITS FORMED BY RESIDUAL CONCENTRATION

During the disintegration and decomposition of the near sur-
face rocks, the easily destructible or soluble minerals are the first
to be removed. If erosion does not keep pace with weathering,
deep zones of weathering result, and soluble material is leached
from the rocks near the surface and either transported away or
carried downward along joints and fractures and deposited by
chemical reaction at greater depth. This separation and removal
of the soluble material leaves behind the insoluble components in
a concentrated form and often a large mass consisting almost
entirely of a single mineral will be the result.

The carbonate and most of the silicate minerals are unstable
in the zone of weathering and are broken down into soluble and
insoluble components. Iron or manganese are commonly left
behind as oxides during the decomposition of the original min-
erals. The relatively insoluble minerals, such as quartz and kao-
linite also constitute part of the residual mass.

The processes of weathering are aided and accelerated by active
solvents created through the decomposition of certain minerals.
The weathering of pyrite produces sulphuric acid and ferrous sul-
phate, both of which react chemically to decompose minerals,
resulting in the formation of hydrated iron oxide and clay.

Rich and extensive mineral deposits have been formed through
residual concentration during the weathering of large masses of
rock that contained relatively small amounts of the elements that
now constitute the bulk of the residue. Important deposits of
iron and manganese ores have been formed from rocks or mineral
deposits originally containing only minor amounts of these ele-
ments. Important deposits of aluminum ore as the mineral
bauxite have likewise been formed in this way. In each case
the residual minerals are oxides or hydrous oxides.

Economically important residual deposits of iron or aluminum
ores have not been found in Nevada. Some manganese deposits
in Nevada have been formed through residual concentrations of
primary manganiferous deposits, but most of these deposits are
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of low-grade or contain excessive amounts of undesirable impuri-
ties such as a high silica content.

DEPOSITS FORMED BY CIRCULATING METEORIC WATER

Atmospheric water percolates down along available channel
ways in the rocks of the earth’s crust and is then termed meteoric
water. Readily soluble minerals are taken into solution and
transported until deposited from solution by evaporation or pre-
cipitation. That circulating water has dissolved and removed
large volumes of material from below the earth’s surface is
apparent from the large caverns that now exist in some of the
calcareous rocks. Some of this water penetrates to considerable
depth where a rise in temperature increases its dissolving power,
and much of this water then returns to the surface as springs,
bearing a heavy load of soluble salts. Part of its load is depos-
ited along the channel ways by precipitation, part around the
spring vent by evaporation, as spring deposits, and the remainder
is carried away in surface streams to accumulate in a lake or sea.

‘Calcium, sodium, potassium, and magnesium salts are easily
soluble, and have been taken into solution in large amounts and
either removed entirely or deposited where conditions were favor-
able. Silica and many of the metallic minerals are but slightly
soluble in meteoric water, but some important deposits of copper,
zine, and vanadium have been formed as a result of concentration
by circulating water.

Indeed, it would be a unique mineral deposit that did not show
the effects of circulating water in its near-surface portion, but
no economically important mineral deposits, formed strictly by
circulating meteoric waters, so far have been found in Nevada.

DEPOSITS FORMED AT OR NEAR THE SURFACE BY HOT SPRINGS

Ascending hot waters bring a variety of mineral matter to the
surface. What portion of this water is meteoric water returning
to the surface after percolating deep into the earth and what
portion is of magmatic origin is difficult to determine, however,
the bulk of it is certainly heated meteoric water. Any water of
magmatic origin would probably be highly diluted by surface
water before reaching the surface.

A variety of minerals are deposited at the vents of hot springs
by precipitation from the cooling solution, or by evaporation.
Limonite, caleium carbonate, and silica form the bulk of the
material deposited. These materials have accumulated as a cel-
lular or porous mass spread over the surface around the vent.
The calcium carbonate occurs as tufa, or calcareous sinter, the
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silica as opaline or chalcedonic sinter. Some deposits contain
many metallic and nonmetallic elements in detectable quantities.
Sulphur, which is often present in notable amounts, occurs both
in the free state and in combination with the metals. The odor
of hydrogen sulphide is distinetly noticeable in the vicinity of
certain springs. Antimony, arsenic, mercury, lead, and copper,
are present in some deposits, usually in the form of sulphides.
The presence of gold and silver has also heen reported from sev-
eral spring deposits.

At Steamboat Springs. 11 miles south of Reno, Nevada, sul-
phur, stibnite, and cinnabar are being deposited in the siliceous
sinter at the present time. Unsuccessful attempts have been
made to recover the mercury from certain portions of the deposit
and to utilize the silica in glass manufacture. These springs are
widely known among students of ore deposits because of the great
variety of minerals being deposited, and are spectacular due to
the large quantity of steam issuing from fissures.

Nevada has many hot spring deposits. In some, the springs are
still ‘active; in others, all activity has ceased. Many of them
contain unimportant amounts of metals, but a few have been
worked for their mercury content. A deposit at Golconda that
appears to be of hot spring origin is now being exploited for its
tungsten content. This deposit contains a high proportion of
iron and manganese and a few tons of manganese ore were mined
from the deposit during the war of 1914-1918.

DEPOSITS OF MAGMATIC AFFILIATION

The commonly accepted theory is that igneous rocks, both
intrusive and extrusive, have formed by the cooling and solidifi-
cation of a hot silicate melt. These silicate melts are called
magmas. Magmas at high temperature are in a liquid or mobile
state with both the volatile and nonvolatile components in a
mutual and relatively uniform solution. Dissociation and dif-
ferentiation accompany cooling and solidification resulting in the
formation of compounds according to their solubility. The least
soluble and least fusible compounds are the first to segregate and
solidify. = Segregation and solidification continue progressively
during cooling so that the unsolidified portion becomes richer and
richer in certain constituents, the more volatile constituents
becoming more concentrated toward the end of the igneous cycle.
Water is the most plentiful volatile constituent and much of it
escapes, carrying with it dissolved substances.

Differentiation in the cooling magma causes the formation of
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rocks of distinctly different mineral composition. The first min-
erals to solidify are those of the ferromagnesian or basiec group,
which predominate in the ultra-basic rocks. The orthoclase feld-
spars and quartz, which are the predominant minerals in the
acidic rocks, are among the last to solidify.

Concentration of the products formed during solidification is
brought about in several ways. Minerals of high specific gravity
settle through the still liquid portion, causing a concentration of
heavy minerals near the bottom of the magma. Pressure devel-
oped by contraction, folding, and thrusting, or an increase in
volume forces the still liquid portion out of the parent magma,
forming rocks of distinctly different mineral composition. Dif-
ferentiation in the magma also brings about a segregation of the
metals that are present. Those that crystallized early remain
with the basic portion of the magma, while those that crystallize
late escape with the liquid and volatile portions. Mineral deposits
formed in the magmas as products of differentiation, and those
formed by deposition from solutions from the magma, are the
chief source of the industrially valuable minerals such as iron,
tungsten, tin, gold, silver, copper, and zinc.

Lindgren?! classifies the deposits of magmatic affiliation into
types and discusses the mode of formation, characteristics, and
economic importance of each, a brief discussion of which follows.

The types of deposits are: (1) liquid-magmatic, (2) pegma-
tites, (3) pyrometasomatic (contact metamorphic), (4) hypo-
thermal, (5) mesothermal, and (6) epithermal.

LIQUID-MAGMATIC DEPOSITS

Mineral deposits of the liquid-magmatic type have formed in
deep-seated intrusives as products of magmatic differentiation.
These deposits are enclosed in the parent rock. The gangue min-
erals are those which make up the rock mass itself. A few metals
occur in this type of deposit, mainly as simple oxides or sulphides.
Among the most prominent metals are iron, nickel, chromium,
titanium, platinum, copper, and tin. A rather characteristic min-
eral assemblage is associated with each type of rock. Diamonds,
chrqmite, and platinum occur with peridotites; chalcopyrite,
pyrite, pentlandite, and pyrrhotite usually with gabbros, and
cassiterite. with granite. No deposits of this liquid-magmatic
type are known in Nevada.

PEGMATITE DEPOSITS
Mineral deposits of the pegmatite type have formed in material

'Lindgren, Waldemar, Mineral deposits, 3d ed., pp. 516-907, McGraw-IIil}
Dook Co., 1928,
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that solidified at a late stage during the cooling of the magma.
They occur as dikes, sills, pipes, or irregular masses, formed as
a result of injection of the still liquid portion of the magma into
fractures in the invaded rock or into previously solidified portions
of the parent intrusive mass.

The pegmatites are composed principally of quartz, feldspars,
and micas as a coarsely crystalline aggregate. A variety of min-
erals are often present, including magnetite, tourmaline, topaz,
cassiterite, apatite, ilmenite, rutile, and beryl. Some of the sul-
phide minerals, like pyrite, arsenopyrite, pyrrhotite, chalcopyrlte
molybdenite, bornite, and sphalerite may be present. Gem varie-
ties of ruby, beryl, and tourmaline are of rare occurrence. Reac-
tion with the wall rocks has produced some minerals otherwise
foreign to this type of deposit.

Although the pegmatites in Nevada contain a variety of min-
erals, they have, with few exceptions, been of minor economic
importance. Pegmatites in the Humboldt range contain beryl and
have also yielded considerable tungsten in the form of scheelite.

PYROMETASOMATIC DEPOSITS

Pyrometasomatic deposits are a distinct type because of the
predominance of characteristic minerals and because of their
position along, or near, the contact between the intrusive rock
and the invaded rock (thus the common term “contact-meta-
morphic deposits”), and where the invaded rocks are usually of
calcareous composition, like limestone, dolomite, or calcareous
shale. .

The deposits have formed by replacement of the adjoining
rock by reaction with solutions emanating from the magma.
Permeable rocks are most extensively altered. Where limestones
are present silicate minerals may occur hundreds of feet from
the contact. Similar silicate minerals also form along fractures
and in fragmented portions of the intrusive near the contact, indi-
cating that at least a portion of the magmatic solutions permeated
the intrusive after the upper portion had solidified. Quartz, cal-
cite, and metallic minerals often accompany the silicates, and the
bulk of these minerals usually occur on the cooler, or invaded
rock, side of the contact.

The characteristic gangue minerals are garnet and epidote with
other silicates of calcium, magnesium, iron, and aluminum.
Quartz and calcite are subordinate.

The sulphide minerals are usually of simple composition such
as pyrite, chalcopyrite, pyrrhotite, sphalerite, molybdenite, arseno-
pyrite, and galena. The oxides of iron, magnetite and specularite,
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are sometimes common and abundant.
tant amounts in some deposits.

The forms of the deposits are variable. Tabular, as well as
irregularly spaced lenticular bodies, on or near the contact, are
common. Deposits may form through the irregular replacement
of certain beds and have the same attitude as the sedimentary
series, like the scheelite ores at Mill City. .

Contact-metamorphic deposits are numerous in Nevada, par-
ticularly in the western part of the State, and yield important
tonnages of scheelite ore. Some of the Nevada iron deposits are
also of this type.

Scheelite occurs in impor-

. BEYPOTHERMAL DEPOSITS

Hypothermal deposits have probably been formed by cooler
solutions than those that formed the pyrometasomatic deposits.
They occur both as veins and as replacements deposits, both in
the intrusive and in the adjacent rocks, indicating that deposition
took place after the upper part of the magma had solidified.

The mineral composition of the hypothermal deposits is rather
characteristic. Quartz predominates as a gangue mineral, and
the characteristic silicate minerals are tourmaline, mica, and
topaz. Magnetite and specularite are common, and the other
ore minerals most often present are pyrite, arsenopyrite, chalco-
pyrite, cassiterite, wolframite, and gold.

The distinguishing characteristics of the deposits of this type
are the predominance of coarse-grained quartz, the lack of banded
structure, except where layers of wall rock are included, and the
presence of relatively high temperature minerals such as tour-
maline,

Many vein deposits of this type occur in Nevada, but only a few
of them have been economically important. Spurr? described the
go}d-bearing deposits of the Silver Peak district and presented
evidence to support his belief that some of the deposits were
formed as a direct transition from alaskite dikes to quartz veins
and lenses, indicating deposition at high temperature. The ores
of Rochester and Majuba Hill are of this type.

MESOTHERMAL DEPOSITS
Mesothermal deposits have formed by deposition from solu-
tions emanating from solidifying magma. 'The escaping solutions
benetrated along fissures and deposited their load. Deposition
Wa§ largely confined to fissures in siliceous or aluminous rocks,
while s'iliciﬁcation and replacement occur in calcareous rocks.
Alteration of the wall rock is usually pronounced, with feldspar

*Spurr, J. K., Ore deposits of th( Silver Peak guadrangle
vey, Prof. I’lpu 55, 19046,
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and ferromagnesian minerals being altered to sericite, while
pyrite is introduced into the country rock.

The identifying characteristics of the mesothermal deposits
are their close association to deep-seated intrusives, compara-
tively massive appearance of the vein filling, lack of distinct
colloform structure, absence of high temperature minerals, and
the presence of a variety of complex metallic minerals. .

The ore minerals are of less simple composition than those in
the deposits formed at higher temperatures. Sulphide, arsenide,
sulphantimonide, and sulpharsenide minerals are prevalent. The
common ones are pyrite, chalcopyrite, arsenopyrite, galena,
sphalerite, tetrahedrite, sulphantimonides and sulpharsenides of
silver, and native gold. Oxides such as magnetite and specularite
may be present in small amounts. Quartz is the predominant
gangue mineral. Calcite, siderite, and barite are subordinate.
High temperature minerals, such as tourmaline, garnet, biotite,
and topaz are absent.

Many of the major metal producing deposits of the world are
mesothermal and occur both as veins and as replacement bodies.
Many of the veins have been notably continuous in both length
and depth and occur in both the intrusive and in the adjacent
rocks. The replacement deposits are often extensive, particu-
larly where the mineralizing solution permeated easily replaceable
caleareous rocks.

The mesothermal type of deposits occur throughout Nevada
and have been the source of much silver, copper, lead, zinc, and
gold, as at Eureka, Pioche, and Belmont.

EPITHERMAL DEPOSITS

Epithermal deposits have formed from hot solutions which had
their origin in the deep-seated reservoirs where the magma sup-
plied the various types of flow rocks. That they were not formed
by solutions emanating directly from the flows is evident from
the fact that they occur in fissures that cut a whole series of flows.
Their common occurrence near the center of volcanic activity has
led to the belief that the ore-forming solution rose from the same
deep-seated source as did the lavas. ’ ’ ’

Epithermal deposits have formed near the surface where open
fissures and cavities could exist. Deposition was not entirely
confined to simple fissures, but also took place in the shattered
wall rocks, and formed irregular masses. Deposition in open
spaces is evidenced by thinly-banded textures indicating deposi-
tion in successive layers. The quartz is usually fine grained and
often has the appearance of unglazed porcelain. Small quartz
crystals lining cavities are common.
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Here again, as in the mesothermal and hypothermal deposits,
quartz is usually the most abundant gangue mineral. The texture
of the quartz is distinet and it seldom appears as a glassy or
milky aggregate. Calcite, dolomite, barite, and fluorite are
common gangue minerals and predominate in some deposits.
Rhodochrosite and rhodonite are plentiful in many occurrences.
Adularia, a vein-forming feldspar, is a particularly characteristic
gangue mineral and often occurs intergrown with quartz and
calcite. High temperature minerals are conspicuously absent.
The enclosing rocks may be of igneous or sedimentary origin,
but most of the epithermal deposits of Nevada are found where
Tertiary volecanics are the predominate rocks.

Successive stages of mineralization are prominent features of
these deposits. Earlier gangue minerals, such as calcite and
barite, may be wholly dissolved and replaced by later quartz and
adularia, however, the original texture is often preserved. Where
the calcite was dissolved, but only partially replaced, a cellular
structure results.

Intense alteration accompanied mineralization, developing chlo-
rite and pyrite far out into the wall rocks. Silicification is most
intense adjacent to the fissures. In some cases this silicified rock
contains sufficient gold and silver to constitute an ore of these
metals.

A variety of metallic minerals are usually present, but only a
few of them occur in sufficient abundance to be of economic
importance. Massive ore bodies are rare. Among the metals,
gold and silver are of major importance, while minor amounts of
copper, lead, and zine may be present. Small quantities of arsenic,
antimony, tellurium, and bismuth are found in some ore bodies.
Pyrite is not particularly abundant. The commercially valuable
quicksilver ores in Nevada are usually confined to more shallow
deposits of this type.

Gold is commonly present as native metal, usually combined
with silver. The gold often occurs in fine particles so completely
enclosed in quartz and other minerals that extremely fine grinding
is required to liberate it. Gold or gold-silver tellurides are not
uncommeon. v

The most abundant silver mineral is argentite, however, the
f:omplex silver sulphantimonides and sulpharsenides are abundant
In many districts, Native silver and silver chloride (horn silver),
which are often present in the near surface portion of the deposit,
are due to the alteration of primary silver minerals.

Epithermal deposits are numerous and widespread in Nevada
and have furnished a major portion of Nevada’s gold and silver.
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Some of the more notable districts of this type are the Comstock
Lode, National, Tuscarora, Goldfield, and Tonopah.

INFPLUENCE OF THE PARENT MAGMA AND LOCAL ERXVIRONMENT

Many of the metalliferous ore deposits of economic importance
have been formed through deposition from aqueous solution given
off by magmas during cooling and solidification. The composi-
tion, shape, and location of these deposits are not merely the
result of chance, but have been influenced, or controlled, by the
combined effects of physical and chemical factors. Recognition
of the effects of these factors is necessary to the systematic search
for ore deposits, not only in and about operating mines, but also
in unexplored areas. ;
Solutions that originate from the cooling magmas or magma
basins find their way upward along channelways such as fissures,
faults, sheared or crushed zones, folds, contacts, or any other
places of weakness. The solutions are guided by the accessible
channels, and the largest volume of solution will flow through
those openings offering the least resistance, so the shape, position,
and open condition of the channels are reflected in the resulting
deposits. From these solutions the various ore and gangue min-
erals are deposited as a result of cooling, relief of pressure, influ-
ence of wall rocks, mingling of chemically different solutions, or
chemical reaction with previously deposited minerals. Of the con-
ditions that cause mineral deposition, lowering of the tempera-
ture and a decrease of the pressure on the solutions are probably
the most effective. However, a change in acidity or alkalinity
of the solution by reaction with the wall rocks is effective where
the solutions contact or permeate rocks which react chemically
with the solutions. Another factor which has a profound effect
on the composition of the resulting deposit is the composition of
the mineralizing solutions. Only those elements contained in the
solution can possibly be deposited by that solution. Since the
composition of the solution is a function of its source, the parent
magmas and differentiation within them effect a primary control
on the composition of the mineral deposits. The ores of certain
elements show a definite tendency to occur in association with
particular types of rock. Chromium, platinum, nickel, and cobalt
seldom occur in commercial quantities in other than basic plutonic
rocks. Tin is most often associated with granitic rocks. Most of
the deposits of gold, silver, copper, lead, and zinc occur associated
with intrusions, but are not limited to rocks having some particu-
lar composition. However, the majority of Nevada deposits val-
uable for their gold and silver content alone occur associated
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with dikes and flows of Tertiary igneous rocks. Within a given
area the association of certain elements with particular rocks may
be so apparent that this criterion serves as a guide in the search
for ore. That certain elements occur associated with particular
types of rock can be definitely shown, but this does not mean that
commercial deposits have formed in association with every expo-
sure of that rock. On the contrary, many areas apparently
exhibiting all of the conditions favorable to ore deposition con-
tain no ore deposits.
INPLUERCE OF ZONAIL DEPOSITION

Metals are deposited in a rather definite sequence. This is
reflected in the changing composition of deposits in depth. Min-
erals deposited at higher temperature and pressure are found at
greater depths than are those deposited at a lower temperature
and pressure. Overlapping of deposition is common, and the
occurrence of metals in reverse of the normal order is not
unknown. Changing environment during deposition would prob-
ably account for this variation.

Spurr? shows that the order of deposition of the metals upward
from the magmatic source are similar in many of the major
metal-producing districts of the world and that the usual sequence
in the deposits associated with intrusive rocks in the order of
deposition away from the source of the solutions are molybdenum,
tungsten, gold, copper (silver), zine, lead (silver). Emmons?
shows that the metals are usually arranged in a rather definite
sequence outward as well as upward from the source, and has
listed the metals according to a zonal arrangement. His zonal
sequence successively from the surface toward the parent batho-
lith is here reproduced.

A RECONSTRUCTED VEIN SYSTEM FROM SURFACE TO NEAR
BATHOLITH ROOF., (After W. H. Emmons.)
BARREN.......... 1....Barren zone, chalcedony, quartz, barite, fluo-

rite, etc. Some veins carry a little mercury,
antimony, or arsenic.
MERCURY........ 2...Quicksilver veins, commonly with chalcedony,
' marcasite, etc. Barite-fluorite veins.
ANTIMONY..... 3...Antimony ores, stibnite often passing down-
ward into lead, with antimonates. Many
carry gold.

] *Spurr, J. E., A theory of ore deposition,  Econ. Geol, 2, 1907, pp. 781-785.
The ore magmas, 2, 1993, p. 611,

'}-.xmunn‘s. W, IL Primary downward changes in ore depasition, Trans.
AL .\I.. E., vol, 70, 1924, pp. HH-0925 Relutions of metalliferous lode sys-
Teins to jgneons intrusives, Trao<, .\, 1. M. Fooo voll T4 1926, pp. 29-Tu0.
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GoLp, SILVER.” 4....Bonanza ores of precious metals. Argentite,
’ antimony, and arsenic minerals common.
Silver minerals, some copper, lead and zine
sulphides, quartz, calcite, rhodochrosite, adu-

laria. alunite, etc.

BARREN.......... 5....Most nearly consistent barren zone, represents
the bottoms of many Tertiary precious met-
als veins. Quartz, carbonates, etc., with
pyrite and small amounts of other sulphides:

SILVER............ 6. Argentite veins, complex antimony silver sul-
phides, stibnite, etc. Galena veins with sil-
ver.  Commonly silver decreases with depth.
Quartz gangue, siderite common, often in—
creasing with depth.

LEAD ... 7...Galena veins, commonly with some silver.
Sphalerite, generally present, increasing
with depth. Chalcopyrite common. Gangue
is quartz and often carbonates (Fe, Mn, Ca).

ZINC..ooooi. 8....Sphalerite veins with some lead and chalcopy-
rite, quartz gangue. :
COPPER.......... 9...Tetrahedrite veins, commonly argentiferous,

chalcopyrite present. Some pass downward
into chalcopyrite. Enargite veins generally
with tetrahedrite and tennantite.

COPPER........... 10....Chalcopyrite veins, generally with pyrite, often
with pyrrhotite. The gangue is quartz and
in some places carbonates. Some pass down-
ward into pyrite and pyrrhotite, with a little
chalcopyrite. Generally carry silver and gold.

GOLD. ... 11...Gold veins with quartz, pyrite, and commonly
arsenopyrite and chalcopyrite. At places, 10
and 11 are reversed.

BISMUTH........ 12....Bismuthinite and native bismuth with quartz
and pyrite, ete. ’

ARSENIC.........13..__Arsenopyrite with chalcopyrite and often tung-

’ sten ores.

TUNGSTEN.....14...Tungsten veins with quartz, pyrite, chalcopy-
rite, pyrrhotite, etc. Arsenopyrite is com-
monly present.

TIN. 15....Cassiterite veins with quartz, tourméline,
topaz, etc.
BARREN.. ....... 16....Quartz with small amounts of other minerals.
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There is a general agreement in the order of deposition of the
metals as listed by these authors. Spurr and many other students
of ore deposits have expressed the same general conclusions. It
must be emphasized, however, that in no single deposit are all of
these changes observable. Erosion may have removed all but the
lower zones or, as is the case with many deposits formed at shal-
low depths, mining operations have been carried to insufficient
depth to prove or disprove the zonal deposition theory. That the
metals have been deposited in an orderly sequence outward from
th'e magmatic source is evident from the relative position of
deposits in some areas. It is not uncommon to find deposits of
tungsten and copper near the intrusive, and these of zine, lead,
and silver several hundreds or thousands of feet from  the

intrusive, ’
INFLUENCE OF STRUCTURAL CONDITIONS

The effects of structural control limit the position, size, shape,
and attitude of mineral deposits. Faults, sheared or crushed
zones, or contacts guided the mineral-bearing solutions. Deposi-
tion occurred only where the solutions could penetrate so the
resulting deposit conforms roughly with the preexisting frac-
tures. Since all of the minerals were not deposited at the same
time, local concentrations of certain minerals formed in those
parts of the channels open during the time that other conditions
favorable to their deposition existed. These local concentrations,
when within a mineral deposit, are commonly called ore shoots.

The permeability and replaceability of the rocks adjacent to
the channels are also factors that control the physical character-
istics of mineral deposits. Where the wall rocks were permeable
or replaceable, massive and irregular bodies occur, such as those
formed by the replacement of limestone or dolomite.

Many mineral deposits are composed entirely of economically
valueless minerals, some contain loeal concentrations which con-
stitute the only valuable portions, and only a few are of uniform
composition and valuable throughout their whole volume. This
lack of uniformity in composition is partly due to a variation in
the composition of the mineral-bearing solutions and conditions
causing deposition, and partly due to the effects of structural con-
trol. The structural conditions favorable to abundant and con-
centrated deposition are: (1) the intersection of veins or veins
with fissures, particularly where the intersection is at an acute
angle, {(2) recurrent fault movement causing fracturing and reop-
ening of a fissure or vein during mineral deposition, (3) imper-

- vious layers or beds that confine solutions, (4) the crests, troughs,
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or flanks of tight folds, (5) the intersection of fissures with per-
meable or replaceable rocks, (6) masses or zones of brecciated,
fragmented, or closely jointed rock, (7) open parts of a fissure
formed by displacement along an undulating surface, (8) fissures
formed by branch faults, and (9) volcanic rocks, chimneys, or
pipes.

Faulting and folding accompanying igneous activity form zones
of weakness that later serve as channels for circulating solutions.
In many areas faulting continued during and after mineral depo-
sition, displacing the mineral deposits as well as the rock masses.
Faults formed prior to mineral deposition are termed premineral
faults, and those formed later than mineral deposition, post-
mineral faults. Only premineral faults can serve as channels
for the circulation of ore-bearing solutions. Postmineral faults
shatter or displace portions of the deposit, complicating the work
of the geologist and miner in finding and extracting the ore.

SUPERGENE ENRICHMENT

Many minerals are formed by ascending thermal waters and
are termed hypogene. Deposits resulting from rearrangement
of the hypogene deposits through oxidation and the action of
descending surface waters are termed supergene. The near-
surface portion of most deposits show evidence of some super-
gene action, and in many deposits only the supergene enriched
portions have been economically valuable.

Supergene enrichment, commonly termed secondary enrich-
ment, is brought about by oxidation, solution, and redeposition.
Oxidation converts many of the minerals, particularly the sul-
phides, into more readily soluble compounds. Surface water dis-
solves and removes the soluble compounds, leaving the insoluble
minerals behind. Redeposition oceurs where the solutions encoun-
ter conditions that cause precipitation. Much of the dissolved
material is dissipated, but the greater part of it descends in solu-
tion and is redeposited within the confines of the deposit, thus
increasing the metal content. Supergene processes cause both
separation and concentration. Insoluble minerals, and those con-
verted to the insoluble state by oxidation, remain in the oxide
zone as a residual mass.

Enrichment is influenced by many factors, such as relative
rates of erosion and oxidation, duration of exposure to weather-
ing and erosion, permeability, mineral composition, depth of the
water level, and climatic conditions.
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If erosion proceeds more rapidly than oxidation and leaching,
the metals are carried away and enrichment thereby prevented.
On the other hand, when erosion is feeble the rate of oxidation
is much slower at considerable depth than it is near the surface,
and enrichment is retarded. Conditions for maximum enrich-
ment exist when erosion just keeps pace with the rate of_ oxida-
tion and leaching, as exemplified in many Nevada deposits.

Oxidation is such a relatively slow process that it must be active
over a period of long duration to have appreciable effect. Young
deposits, and those only recently exposed by erosion, show but
minor effects. 0Old deposits that were soon buried by younger
rocks likewise have been little effected. Enrichment is most pro-
nounced in old deposits that have been exposed during much of
their geological history. o

Permeability is essential for supergene enrichment. Oxidation
and solution progress very slowly in relatively impermeable depos-
its. Intensely shattered and brecciated deposits are those mo_st
thoroughly affected. Oxidation and solution increase permeabil-
ity, but openings must extend into the zone below water l‘evel for
the formation of important quantities of supergene sulphide ores.
Maximum concentration occurs where circulation of the solutions
is confined to the mineral deposit, and the minimum where the
solutions penetrate the wall rocks.

Mineral composition has a profound influence on the progress
of enrichment. Solution of many of the minerals is depender}t
upon the presence of acid sulphate solutions which can form in
the deposit only by the oxidation of sulphides, so the presence
of appreciable quantities of sulphides, particularly iron sulphldes,
are necessary for intense leaching. Furthermore, any minerals
that will quickly neutralize the acid will inhibit enrichment
processes.

A shallow water level restricts oxidation to a small upper por-
tion of the deposit, preventing the formation of important quanti-
ties of supergene ores. A deep water level permits extensive
oxidation, but a large part of the metals may be precipitated
on their long downward journey, and an important concentra-
tion will not form. Supergene concentration is greatest when
the water level is at moderate depth.

In a warm climate oxidation and solution progress more rapidly
than in a cold climate. Heat hastens chemical reaction and solu-
tion. Where the ground is frozen throughout most of the year
supergene action is slow. Since water is essential for solution,
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rain or snow are necessary.” However, the annual rainfall need
not be heavy. Many deposits in arid regions have been exten-
sively enriched, as has been the case in Nevada.

As indicated previously, the metals taken into solution by super-
gene processes may be redeposited above ground-water level in
the zone of oxidation, or below ground-water level where free
oxygen is excluded. Redeposition may occur from any of several
causes. Descending solutions that dissolve metals are acid, and
any conditions that neutralize the solutions will precipitate the
metals. Solutions coming in contact with carbonate compounds
are quickly neutralized with precipitation of the metals as car-
bonates, consequently there is only a limited amount of migration
of metals in sulphide mineral deposits containing plentiful quan-
tities of calcite, dolomite, siderite, or limestone. The feldspars
also act as neutralizers, but their action is much slower than that
of the carbonate compounds, and some metals are precipitated
when their solutions pass through finely divided silicate minerals,
kaolin in particular. Deposition results from a chemical exchange.
Powdered clay gouge often contains finely divided particles of
metals and their compounds, indicating that finely powdered sili-
cates do cause precipitation.

Metals in the descending solutions are deposited as sulphides
below ground-water level. Here, also, as in the zone of oxidation,
there are several causes of precipitation. Precipitation is brought
about by a diminution of the solvent power of the solutions due
to a decrease in acidity. Acidity diminishes below water level
because air is excluded and the rate of oxidation of the sulphide
minerals is no longer rapid enough to replenish the acid as fast
as it is neutralized. Hydrogen sulphide, an active precipitant of
some metals from sulphate solutions, is generated when acid sul-
phate solutions attack sphalerite or pyrrhotite. Hydrogen sul-
phide is quickly used up in the zone of oxidation by reaction with
oxygen or ferric sulphate, so it can not precipitate important
quantities of metals there. Even if it did, the newly formed
compounds would be subject to attack and destruction by the
agents of oxidation. However, jn the reducing environment of
the zone of saturation, hydrogen sulphide is free to precipitate
the metals and probably plays a part in the formation of the
supergene sulphide ores of some deposits. Deposition of metals
below ground-water level is also brought about by chemical
exchange between solutions and solids. In many cases this is
probably the most important precipitating process. One metal
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replaces another according to the relative solubility of their sul-
phides. Each replacing those of higher solubility. Thus, silver
or copper would be precipitated by sulphides of lead, zinc, or iron;
lead from solution by zinc and iron. Supergene metallic sul-
phides, such as sulpharsenides and sulphantimonides form by the
same process.

Supergene sulphide ores are often exceptionally rich because
they contain the metals not only leached from the existing oxide
zone, but also in part from the portion of the deposit that has
been removed by erosion.

“The history of a mineral deposit is not displayed conspicuously
in its outcrop. The agents of erosion and decomposition have
destroyed much of the evidence of its original mineral composi-
tion. However, the prospector, geologist, or mining engineer
must base his predictions of continuity or change of ore in depth
upon this scant evidence if he is to appraise a newly discovered
deposit. Evidence indicative of its type, size, shape, and attitude
can often be obtained from a study of the relation of the deposit
to the general geology of the area. Such evidence will serve as
a basis for estimating possible tonnage. The metal content of
the outerop can be ascertained by sampling and assaying. How-
ever, the results of surface samples are generally unreliable as
a basis for predicting the persistence or change of values in
depth.

The composition and environment of mineral deposits are so
variable that rules for the identification of criteria in the outerop
indicative of supergene enrichment are not universally applicable.
However, there are certain features that are most often evident,
and that serve as the best guides. The favorable features are
summarized as follows:

1. Indications of a strong primary mineralization, together
with a porous or cellular texture, and evidence of post-mineral
fracturing.

2. Thorough oxidation and solution, that is, absence of sul-
phide minerals other than galena, and presence of limonite,
quartz, and kaolin. :

3. Indications that the primary material contained only minor
amounts of the rapid neutralizers, calcite, siderite, limestone, or
dolomite.

4. Moderate-to-strong relief and a moderate-to-deep ground-
water level.

5. A moderate-to-rapid erosion rate.
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6. Long exposure to weathering agents.

The unfavorable features are as follows:

1. Presence of sulphide minerals other than galena.

2. The presence of, or evidence indicating the prior existence
of, abundant rapid neutralizers.

3. Base-leveled terrain, where erosion is slow and the water
level shallow.

4. Evidence indicating that the deposit has been exposed to
oxidation and leaching for only a short time.

5. Compact, impervious deposits through which solutions can-
not permeate freely.

6. Evidence of regional glaciation, particularly if the glacial
erosion has been deep. Small mountain glaciers have only local
effect. . ' ‘

As previously stated, evidence in the outcrop of the extent of
supergene enrichment is seldom conspicuous. Weathering has
frequently so modified the exposed portion that diagnostic cri-
‘teria are obscure. Even the limonite, manganese oxide, kaolin,
and small particles of gold are often removed by running water
leaving a bleached and uninviting siliceous or earthy mass on
the surface. Shallow pits or trenches, however, are usually suf-
ficient to expose material in which evidence of leaching is fairly
well preserved.

A porous or cellular mass of earthy, quartzose, or jaspery
material stained by iron oxide is the best evidence of a strong
primary mineralization, since it indicates that the primary mate-
rial contained sulphide minerals, part of which, at least, were
iron-bearing. The most common sulphide carrying iron is pyrite,
and it often occurs as the only sulphide, thus giving no chance of
secondary enrichment of other metals.

It is asserted that the amount, the color, the form, and the
position of the limonite in the leached outcrop all serve as indi-
cators of the original sulphides which existed there.

Blanchard and Boswell> make the very positive statement that
“today not only is a limonite that has been derived from pyrite
clearly distinguishable from one derived from the other sulphides
named (chalcopyrite, chalcocite, sphalerite, or galena), but where
the copper, lead, and zinc minerals are involved, the grade of the
material prior to leaching can be judged in many instances as
accurately as if the original sulphides were still visible in the
outcrop,” and to one skilled in the interpretation of the type
of limonite “the various limonite products left by chalcocite,

*Blanchard, Roland, and Boswell, P. F., Status of leached outerops investl-
gation: Eng. Min. Journal, vol. 123, pp. 280 and 2582, 1928,
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sphalerite, or galena, for examiple, are not much more difficult
to distinguish from one another than would be the respective
copper, zine, or lead carbonate or sulphate minerals.”

Much excellent material has since been written on this subject;
but many authorities are much less positive in their statements
as to the accuracy of the deductions and the value of this type
of study.

The surface residue varies according to the mineral composi-
tion of the original deposit. Quartz, hematite, limonite, pyrolu-
site, and kaolin constitute its bulk. Cassiterite, wolframite, gold,
cerargyrite, and often anglesite and cerussite remain. The soluble
minerals and those converted to soluble salts are transported and
precipitated as newly formed compounds, both in the zone of
oxidation and at or immediately below ground-water level.
Oxides, carbonates, sulphates, silicates, chlorides, and native
metals predominate among the compounds precipitated in the
zone of oxidation, and sulphides at or below water level.

The processes of supergene enrichment have been described by
many investigators and summarized by Emmons® in particular.
Investigations carried out in both the field and in the laboratory
indicate that solution is aided and hastened by the products
formed by the oxidation of pyrite. In the presence of water,
oxygen attacks pyrite, forming sulphuric acid and ferric sulphate.
These products, in association with free oxygen, react with many
of the primary minerals, converting them to sulphates. The
solubility of these sulphates has a marked influence on their
migration. The sulphate of iron is readily soluble. However,
in the presence of water and ample free oxygen, iron sulphate
is changed to the insoluble hydrous iron oxide, and sulphuric
acid is liberated, thus much of the iron remains in the leached
material.

Copper and zinc sulphides are particularly soluble in oxygen-
laden acid waters. Their removal from the zone of active oxida-
tion may be nearly complete, which accounts for many barren
outcrops above bodies of copper and zinc ores.

Silver sulphides are soluble and much of the silver taken into
solution as the sulphate is quickly precipitated out by any alkaline
salt as the relatively insoluble chloride, cerargyrite, commonly
termed horn silver. Since sodium chloride (common salt) is prev-
alent in meteoric waters, much of the silver is prevented from
migrating far, and remains close to the surface.

Galena is to some extent soluble, but the resulting lead sulphate

*Emmons, W. H.. The enrichment of sulphide ores. U. 8. Geol. Survey Bull..
625, 1917. : '
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is so highly insoluble that it remains in its original position and
often forms a coating around a central core of galena, protecting
it from further attack by acid solutions. The result is generally
a near-surface enrichment.

Cinnabar is practically insoluble and remains unaltered, with
no consequent mercury enrichment from reprecipitation.

Gold is not soluble in sulphuric acid or ferric sulphate. How-
ever, it is soluble in acid solutions containing uncombined chlorine.
Chlorine is liberated in the reaction between sodium chloride and
sulphuric acid in the presence of the strong oxidizing agent,
manganese oxide. - Thus, an active solvent of gold is present in
some deposits. The gold would be immediately precipitated by
ferrous sulphate were it not for the fact that manganese oxide
converts ferrous sulphate to ferric sulphate which does not pre-
cipitate gold. Thus manganese oxide plays a dual part in the
supergene enrichment of gold ores, and its presence in outcrops
may indicate a possible leaching and redeposition of gold with
corresponding enrichment.

Thorough oxidation and leaching are essential for enrichment.
Solution is dependent upon the conversion of the metals to soluble
compounds by oxidation. Leaching is essential for their down-
ward migration. Any metals fixed in the upper oxide zone will
be removed and dissipated as erosion proceeds. The presence of
sulphides, other than galena, denotes incomplete oxidation. The
presence of abundant metals, the oxidation products of which are
usually easily soluble, indicates that leaching has not been
thorough. The metals most diagnostic of the extent of leach-
ing are copper and zinc. If carbonates and silicates of these
metals are abundant in the upper oxidized zone, leaching has not
been intense, and insufficient quantities of the metals have
migrated downward to appreciably increase the grade of ore in
depth.

Evidence of abundant rapid neutralizers is usually apparent,
though not invariably so. Since rapid neutralizers impede migra-
tion of the metals, it is essential that the results of their influence
be recognized and given proper weight. Where the rocks of one
or both walls are limestone or dolomite, acid solutions will be
rapidly neutralized upon coming in contact with them. Carbonate
wall rocks have impeded migration of the metals except in a few
rare cases where a protective coating or seal of gypsum has
formed along the boundaries of the deposit.

Evidence of carbonate wall rocks should be obvious, but evi-
dence of rapid neutralizers within the deposit may not be par-
ticularly obvious, since these minerals are converted to soluble
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compounds by the very reactions that neutralize the aci(} solu-
tions and are removed. The best evidence lies in the'mmerals
that the rapid neutralizers have prevented from migrating. ¥ron
remains practically in place as highly pulverulent or earthy .llrr'{o~
nite; copper and zinec are precipitated as carbonatpts. ’Ijhe signif-
icance of rapid neutralizers is this: downward migration of the
metals is impeded, preventing their accumulation as enriched
masses in depth. .

 The depth of ground-water level, though conforming roughly
to the ground surface, is influenced by the general reli.ef of the
terrain. Ground-water level usually lies much deeper high up on
steep slopes than it does near the edge of valleys or in a region
of gentle slopes. Structures, such as impervious strata or fault
zones, may impound the water and form local areas of shallow
ground water where the water level would otherwx‘se pe deep.
A deep water level permits deep and extensive oxidation and
downward migration of the metals, while a shallow-water level
prevents this. The best criteria of a deep ground-water level
are strong relief, steep slopes, low annual rainfall, and the
absence of springs near the deposit. . .

The present water level may be higher than in a previous
period of leaching, with consequent oxide ore now extendl.ng
pelow water level, or it may be lower with secondary sulphide
ores above it. o

The rate of erosion influences the progress of oxidation. Slow
erosion retards its progress, whereas rapid erosion may remove
material before oxidation and leaching are complete. For maxi-
mum effectiveness, erosion should just keep pace with thorqugh
‘oxidation and leaching. The erosion rate varies with the gradlenF,
amount of precipitation, climate, and resistance of the dgposxt
and enclosing rocks. The rate of erosion is most conducxve. to
sulphide enrichment in regions of moderate-to-strong rehgf.
Slow erosion is favorable to residual enrichment, hence deposits
enriched by residual processes are most numerous in regions of
low relief.

Since oxidation and leaching are slow processes, long exposure
to their action is essential if extensive enrichment is to result.
As young deposits, in general, have been subject to enrichment
processes for a much shorter time than have the older ones, the
degree of enrichment is correspondingly less.

Criteria by which to judge the age of mineralization are the
age of enclosing rocks, the relation to rocks or old erosion sur-
faces of known approximate age, the depth ot.” erosion since
mineralization, and the mineralogy of the deposit.
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GENERAL TOPOGRAPHIC AND GEOLOGIC FEATURES
OF NEVADA

The State of Nevada is situated largely in the Great Basin area,
in which the outstanding structural and topographic features are
the prevailing north-south basin ranges with intervening narrow
valleys. The steep mountain slopes, which are covered with but
a thin mantle of overburden and a sparse growth of vegetation,
constitute a large area having numerous outcrops. This well-
exposed condition of the rock formations facilitates the discovery
of mineral deposits. R : !

In Nevada there are exposures of rocks representing most of
the geologic periods. from the oldest (pre-Cambrian), to the
youngest (Recent). The pre-Cambrian rocks are found in the
Cresent, Eldorado, and Searchlight mining districts of Clark
County in the southern part of the State.

The Paleozoic sedimentary rocks are well represented, par-
ticularly in eastern Nevada. This era is characterized by thou-
sands of feet of interbedded quartzites, limestones, dolomites,
and shales. Wheeler” has found evidence indicating that at least
part of the sedimentary rocks, and particularly the Koipato for-
mations of the Humboldt Range in Pershing County, are of
Permian instead of Triassic age as formerly designated.

The best exposures of early Mesozoic (Triassic) sedimentary
rocks occur in the central and western part of the State and are
typically thick limestones interbedded with shales. They are par-
ticularly well exposed in the Humboldt Range in Pershing and
Humboldt Counties, and in some of the ranges in Churchill, Min-
eral, and Esmeralda Counties. Effusive andesites and rhyolites
are found interbedded with these sediments and are, therefore,
Triassic in age. The Sierra Nevada granitic batholith is gener-
ally regarded to have been intruded during late Jurassic time.
These Sierran granitic intrusives predominate throughout the
western part of the State, and are considered as extensions of
the Sierra Nevada batholith and were therefore intruded at about
the same time. This massive batholith, and its satellites, intruded
both the Paleozoic and the Triassic rocks in Nevada.

The granitic rocks of eastern Nevada are generally considered
to be genetically related to the granitic intrusives of the plateau
region to the east. These are of early Tertiary age. Late Ter-
tiary rocks are represented by widely distributed areas of ande-
sitic and rhyolitic flows and lacustrine sediments. The two epochs

"Wheeler, H. E., ITelicoprion in the anthracolithic (lute Paleozoic) of Nevada

and California, and its stratigraphic significance: Jour, Paleo. vol. 13, No. 1,
. 105106, January 1939.
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of late Tertiary volcanism (Miocene and Pliocene) are separated
by a period of erosion, and in several areas by nonmarine sedi-
ments (Truckee and Esmeralda formations) which are of early
Pliocene age.

Pleistocene and recent basalts are the youngest igneous rocks
in Nevada and cover large areas of the older formations, especi-
ally in the western part of the State.

EPOCHS OF ORE DEPOSITION
Ore deposition accompanied both general periods of grar}itic
intrusion, late Jurassic in western Nevada and early Tertiary

Zras Epochs Igneous Assoclation Types of Deposits
of Deposits

Quater-! pleistocene | Basalt Quicksilver ?
nary or
glacial
Pliocene Deposits assoclated Epithermal gold-
) with pliocene lavas. silver veins.
Quicksilver
- deposits.,

———< Esmeralda Formation)-

Kiocene bDeposits associated Epitbermal silver-
with Miocene lavas, gold veins.
Tert-
iary pligocene
Zocene Deposits assoclated Replacement, Con-
with granitic intru- tact-metameorphic,

sives of eastern Nev, and disseminated
copper deposits,

Cratacaous Deposits associated Argentiferous
with granitic intru- quartz veins, Con-
sives of western Nev, | tact-metamorphic

Heso- deposits.,

zolc Jurassic

- Triassic

FIGURE 1. Epochs of ore deposition in Nevada as related to
geologic chronology.?

(Eocene) in eastern Nevada, and two distinct periods of ore dep-
osition are associated with late Tertiary volcanism, Miocene (pre-
Esmeralda and Truckee), and Pliocene (post-Esmeralda and
Truckee). The deposits occurring in the Mesozoic sediments and
interbedded lavas of western Nevada are genetically connected

3RButler, B. S., “Ore deposits as related to stratigraphic structural and igne-
ous geology in the western United States”: in “Ore Dcposifs of the Western

States,” Lindgren, First Edition, A. I. M. E., New York, 1933, (Table condensed
and adapted to best demonstrate conditions in Nevada.)
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with the granitic intrusives. Still other deposits may be genet-
ically related to the Pleistocene basalts.

EXAMPLES OF ORE DEPOSITS IN NEVADA

In previous pages, the origin and characteristics of different
types of ore deposits have been discussed. In the following pages
descriptions of specific Nevada occurrences are given.

The author adheres closely to Ferguson’s® original and excellent
study of the epochs of ore deposition in Nevada and of the rela-
tions of the Nevada deposits to the granitic intrusives and the
Tertiary lavas.

The deposits are discussed in the order of their association,
first, with granitic intrusives, second, with basic intrusives, an:d,
third, with Tertiary and Recent extrusive rocks, and then fol-
lowed by examples of zonal deposition and of supergene enrich-
ment.

QUARTZ VEINS ASSOCIATED WITH GRANITIC INTRUSIVES

The predominant productive type of ore deposit associated
with the granitic intrusives of western Nevada is a silver-
gold-bearing quartz vein that cuts either the intrusive or the
intruded rock, or both, with little or no alteration of the walls.
The metallic content usually composes only a small part of the
vein material and the primary sulphides in order of abundance
are pyrite, chalcopyrite, arsenopyrite, galena, tetrahedrite, sphal-
erite, and stibnite. These deposits are much more argentiferous
than auriferous. Antimonial silver minerals are characteristic
of these veins, and supergene (secondary) enrichment has played
a very important role in increasing the silver content of the oxi-
dized ore to a profitable grade. The primary ore is usually too
low grade to be workable. Some of the best examples of this
type of deposit are those in the Reese River, Belmont, Star, and
Rochester mining districts. The supergene-enriched ores were
very profitable; the primary ores unprofitable. Deposits of this
type almost invariably contain small amounts of the base metals
(copper, lead, and zinc), but have not produced such metals in
important amounts.

Where the quartz vein and fissure cuts limestone beds, condi-
tions were favorable to the formation of replacement ores. An
example showing the deposition of vein ore in the volcanic rock,
and replacement ore in limestone, is found in the Queen of Sheba
mine in the Star mining district. (See Figure 2.) The deposit is

*Fergnu<on, . G.. The mining districts of Nevada: Economic Geology, vol
24, No. 2, March-April, 1929,
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a steeply dipping, narrow quartz vein in the interbedded andesite,
and a large lenticular replacement body in the overlying lime-
stone. In contrast, the quartz veins in the Belmont district cut
both the granitic rock and the limestone, with neither being
appreciably altered or mineralized.

Eastern Nevada contains few significant quartz vein deposits
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FIGURE 2. East-west vertical cross section through ore bodies of the
Queen of Sheba mine, showing relation of replacement ore in lime-
stone to fissure ore in andesite. (This mine was sampled and exam-
ined by the writer in December 1934.)

associated with granitic intrusives. Cherry Creek (Egan Canyon)
district,” in White Pine County, is probably the most productive
occurrence of this type in the counties bordering the eastern
boundary of Nevada. Here, as in the western deposits, the val-
uable metals were contained in. distinet quartz veins and the
bulk of production was derived from the zone of secondary
enrichment of silver ore. These deposits differ only from sim-
ilar deposits situated in several western counties by having a
higher base metal content in the primary ore.

-

CONTACT-METAMORPHIC DEPOSITS
Contact-metamorphic deposits are particularly widespread in
northwestern Nevada, especially in a north-south belt in the west
central part of the State. This belt lies roughly between the 117th
meridian on the east, which is probably about the eastern limit

of the granitic rocks dominantly satellitic to the Sierra batholith,

*Schrader, F. C,, Cherry Creek (Egan Canyon) district, White P'ine County :
UL of Nev, Ball vol. 25, No, 7, 1931.
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and the western border of the State. In this area Triassic lime-
stones and shales were intruded by Jurassic granitic rocks.
Numerous contact-metamorphic deposits formed between the
sediments and the intrusives. The complex silicates of calcium,
magnesium, iron, and aluminum (garnet, epidote, pyroxene, wol-
lastonite, amphibole, and idocrase) are the typical minerals devel-
oped on the contact and always are present in varying amounts.
Often they are the predominant minerals where the intruded rock
is limestone.  The other commonly associated primary minerals
are calcite, quartz, pyrite, chalcopyrite, galena, molybdenite, sphal-
erite, magnetite, specularite, wolframite, scheelite, and ﬂuorité.

Metamorphism extends from a few feet to several thousand feet

into the intruded sediments, and the width may show considerable
variation along the length of the same contact. Argillaceous
shales and slates are usually changed into “hornfels,” a dense
fine-grained holocrystalline rock, usually made up of the complex
magnesium, iron, and aluminum silicates that contain little or no
caleium, such as biotite, andalusite, staurolite, garnet, and feld-
spar.

Generally, the ore minerals ocecur near the contact, but may
extend outward, along favorable limestone beds, for several thou-
sand feet. This is especially true where fissuring or brecciation
has guided and furnished conduits for the ore-forming solutions.
Conditions most favorable for deposition occur where masses of
limestone are included within the intrusive, or where a mass of
the limestone extends into the intrusive, because these conditions
present more surface to the heating and mineralizing action of
solutions from the intrusive, favoring a maximum of ore deposi-
tion. Due to various factors certain limestone beds, or horizons,
are particularly favorable to metamorphism, and the bulk of the
ore occurs within these favorable beds.

The contact-metamorphic deposits of western Nevada have
been economically important as sources of copper and tungsten,
but have produced only minor amounts of other metals. The only.
important copper production in this area has been from deposits
of this type in the Yerington and Santa Fé districts. Most of
the production from the Yerington district!® was derived from
primary sulphide ores. The profitable ores of the Santa Fé dis-
trict in Mineral County were limited to small supergene-enriched

“Carpenter, Jay A.. The Yerington copper district, Nevada: Min. 8. P.. vol.
101, p. 8, 1910.

Knopf, A.. Geology and ore deposits of the Yerington district. Nevada:
U. 8. Geol. Survey Prof. Paper 114, pp. 13-15, 1918,
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bodies in the upper parts of the deposits. Much of the tungsten
production in the United States is derived from scheelite-bearing
contact-metamorphic zones as replacement deposits.

The Nevada Massachusetts Company’s mine near Mill City in
Pershing County is one of the most important tungsten-producing
mines of the world. The deposit at this mine, unlike the usual
contact-metamorphic mineralization extending along the contact,
is a garnet-epidote replacement of limestone beds at a steep angle
to the contact. These beds are interstratified with shales that
are now largely converted to hornfels by the same metamorphic
action. :

Numerous other scheelite-bearing deposits in contact zones are
distributed throughout western Nevada, with a majority of them
concentrated in a belt about fifty miles wide, extending from the
Getchell district in Humboldt County on the north to the Silver
Dyke distriet in Mineral County on the south.

Contact-metamorphic deposits are not so widespread in eastern
Nevada as they are in the western part of the State. This is
probably due to the lesser number of intrusive cupolas. It cer-
tainly is not because of the lack of limestone. Limestone is the
dominant rock of the region. Some of the eastern deposits have
produced small quantities of base metals and others show promise
of becoming tungsten producers, but, as a whole, the contact-
metamorphic deposits of the eastern counties have contributed a
very minor part to Nevada’s metal output.  The following dis-
tricts have produced copper, lead, or silver ores from contact-
metamorphic deposits: Contact, Railroad, and Spruce Mountain
in Elko County, and White Pine in White Pine County. However,
part of the ore from each of these districts came from replace-
ment deposits in limestone.

Scheelite has recently been discovered in several contact-
metamorphie zones in eastern Nevada. Scheelite occurs in the
garnetized limestone of a broad contact-metamorphic zone near
the west base of Mount Hamilton. Former mining activity here
was confined to the production of small quantities of copper and
gold ores, and scheelite was not identified by the early operators.
Another similar discovery of scheelite has been made in the
northern part of the Tem Piute district in Lincoln County.

REPLACEMENT BASE-METAL DEPOSITS
Replacement base-metal ore deposits are almost unknown and
are of little economic importance in western Nevada. Conditions
favoring their formation, such as replaceable limestone in the
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vicinity of intrusive batholiths, are prevalent. Hence the lack
of such deposits in this area must be attributed to a deficiency
of base metals liberated by the intrusives. .

Replacement deposits are distinctly the most prevalent type of
ore deposit occurring in eastern Nevada and have been responsi-
ble for the major production of silver, lead, and zinc from this
area. Some of the outstanding districts with large productions
from replacement deposits are Eureka, White Pine, Cortez,
Pioche, and Goodsprings. DMost of these districts were first
started as silver and gold producers during the mining of the
shallow, enriched, oxidized silver ores. At Eureka the oxidation
penetrated to a depth of about one thousand feet,1? with oxidized
lead-silver ore to that depth. '

The Yellow Pine!? (Goodsprings) district in Clark County is
the only district in the State yielding; in addition to lead-zinc ores,
important quantities of ore valuable only for its zinc content.
The zinc, lead, silver, and copper ores of the district occur as
replacement deposits in limestone and dolomite near dikes of
granitic rocks. In contrast, the gold ores occur in or near the
intrusive rocks.

The bedded ores of the Pioche district are excellent examples
of the replaceability of certain limestones by ore-bearing solu-
tions. Here insignificant fissures, with but minor accompanying
brecciation, cut quartzites, shales, and limestones of lower Cam-
brian age. Ore-bearing solutions ascending along these fissures
have deposited only small irregular bodies of ore in the quartzite
and shale, but they have replaced a certain limestone bed, the
replacement extending along the fissures for several hundred feet
and penetrating as much as one hundred feet on either side into
the bed.?’® The replacement sulphide ores in the Combined Metals
mine are an almost microscopic intergrowth of pyrite, sphalerite,
and galena, with the galena carrying about an ounce of silver to
each percent of lead in the ore. Only very finely ground ore is
amenable to concentration by selective flotation. At present this
mine is the most important producer of lead-zinc ore in Nevada.

In the adjoining Prince mine similar bedded ores occur along
a different fissure from that of the Combined Metals mine. The
Prince ore bodies are large in three dimensions and were depos-
ited at several horizons in thick limestone beds. Mining in past

Lincoln, F. C. Mining districts and mineral resources of Nevada; Nevada
Burean of Mines, Reno, Nevada, p. 91, 1923,

2Lincoln, F. C., op. cit., p. 29,

BWestzate, L. F., and Knopf, A “Geology and ore deposits of the PPioche
distriet™: U, 8 Geol. Surv, I'rof. Paper 171, p. 53, 19532,
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years was confined to the oxidized ore, principally valuable as
smelter flux due to its high content of lime, iron, and manganese,
together with low silica. With the recent installation of a flota-
tion plant in the distriet the sulphide ore on the lower levels is
now being mined.

DISSEMINATED COPPER DEPOSITS

The only disseminated copper deposits so far discovered in
Nevada are those in the Ely district, and the bulk of Nevada’s
copper output has been from this district. The principal produc-
tion has been from a large mass of pyritized monzonite carrving
a low copper content. The copper minerals are mainly chalcopy-
rite with lesser amounts of chalcocite. Early copper mining in
the district was restricted to supergene-enriched ores. Accord-
ing to Pennebakerl* the bulk of production in recent years has
come from the primary pyrite-chalcopyrite ores. The large size,
uniform character, and shallow depth of the ore bodies make
ideal conditions for the open-pit and block-caving methods of min-
ing. The low mining cost per ton by these methods and the high
recovery by concentration of the ore by flotation, has made pos-
sible profitable large-scale operations. Without these conditions
favorable to low operating costs, only selected portions of the
ore could have been mined, and the production from such opera-
tions would have been far short of its present magnitude.

Ferguson’s!? study of Nevada's ore deposits associated with
granitic intrusives brings out several important facts. The dis-
tinct silver-bearing quartz veins, low in base metals, which are
so prevalent in the western counties are almost lacking in the
counties along the eastern border. Western Nevada contains few
replacement deposits. - Such occurrences are numerous and of
great economic importance in the eastern part of the State. The
bulk of the contact-metamorphic deposits occur west of the 119th
meridian. Several of these have been important producers of
tungsten. The principal production from deposits associated
with granitic intrusives in western Nevada has been derived
from the secondary enriched ores of the silver-bearing quartz
veins. In contrast, the similar production from eastern Nevada
has been derived principally from the base metals.

DEPOSITS ASSOCIATED WITH BASIC INTRUSIVE ROCKS
The basic intrusives of gabbro, peridotite, and norite are rarely
T upennechaker, . N, Geology of the Robinson mining district, Nevada: Min-

ing and Metallurgy, p. 167, 1932,
®»Ferguson, . G., op. cit,
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encountered in Nevada, and ore deposits associated with them
have played an insignificant part in Nevada’s metal production.
A Nevada deposit of this type is situated in the Copper King
(Bunkerville) district of Clark County.16 1718 Ip thig locality
small amounts of nickel, cobalt, and platinum occur with pyrro-
tite, pyrite, and chalcopyrite in peridotite dikes. These dikes cut
pre-Cambrian schists and gneisses and probably are products of
magmatic differentiation from a deep-seated intrusive mass.
Small ore shipments containing copper, nickel, cobalt, and plat-
Inum have been made, but the deposits show little promise of
becoming an important source of these metals.

Chromite is a mineral definitely associated with the basic intru-
sive rocks, especially with peridotite and its alteration product,
serpentine. This mineral has not been found in commercial quan-
tity in Nevada. ;

References have been made to the occurrence of nickel, cobalt,
and platinum in several Nevada mining districts where the depos-
its are associated with diorite and quartz-monzonite,

In the Table Mountain (Boyer) mining district of Churchill
County nickel, cobalt, and copper occur in stringers in the altered
sediments near the contact with intrusive diorite. A few tons of
selected nickel and cobalt ores were shipped from this district
prior to 1900, but the mines have long been inactive,19

In the Yellow Pine (Goodsprings) district of Clark County
cobalt and platinum minerals occur closely associated with lead-
zinc and copper replacement deposits in sediments. The deposits
occur near quartz-monzonite intrusives, which were doubtless
responsible for their origin. They show little promise of becom-
ing important sources of either cobalt or platinum.20

DEPOSITS ASSOCIATED WITH TERTIARY EXTRUSIVE ROCKS
During late Tertiary time Nevada has had at least two distinct
periods of lava flows. The older (Miocene) lavas are separated
from the younger (Pliocene) lavas by a period of erosion. In
many localities there is an approximate intervening series of
lacustrine deposits variously known as the Siebert, Esmeralda,
or Truckee formations. These formations supply convenient

*Lincoln, F. ., op, cit.. p. 18,

7 Lindgren, Waldemar, and

*#Bancroft, I1., “Platinum in southeastern Nevada,” U, S, (ieol, Survey Bull.
430, pp. 152-199, 1910.

*Ferguson, H, G., Nickel deposits in Cottonwood Canyon, Churchill County,
Nevada: U. of Nev. Bull., vol. 33, No. 5, December 1939,

®Hewett, D). ., Geology and ore deposits of the Goodsprings quadrangle,
Nevada: U. 8. Geol. Survey Prof, Paper 162, 1931,

-
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markers in the central and southwestern portions of .the I%tate,
but they are not so widespread as th‘e lavas{ however. a\xjgre1
areas of the Miocene lavas were being sxfbjected. to temb-m-e
throughout the period in which the lacustrine sed.lmerils _\\tzxrn
being deposited. These erosion surfaces formed during the 1?.. :
val serve as important markers in areas where th(? 'lacus rine
sediments are absent, as they occxg)ly the slame relative position
7i veen the Miocene and Pliocene lavas.
Of(l)}rlenge?)its\ition accompanied, or followed sbortly af‘ter, bo;hjhe
Pliocene and the Miocene periods of extrusion. tI‘hls conc UN.(,)I}
is substantiated by the relation of several deposits to the lavas
i wo periods of volcanism. o
o ';‘}}1:3 g;xc))ols)its in the Comstock,?!? Aurora,.‘-'u and tI‘onopahwndmE
tricts are examples of those formed in Mloceng time. In a ! °
these districts the veins were formed by the filling f’f ﬁssure.shm
the older volcanics. They were truncated by erosion and then
buried under a series of later lava flows. Late Pliocene 'fmde‘fa’
ternary erosion has subsequently cut through the (?v.erlymg Ia\tai
exposing the veins. This indicates that ore.deposmon Wa‘i 1a elc
than the older lavas, but preceded the capping rocks by a ea?
the duration of the period of erosion which separates the two
GXtTr: Stl}?en Z‘bove-mentioned occurrences may be ac}ded the.deposrc?
of the Como district in Lyon County. Here,‘ persistent epxther.m.a
quartz veins containing a high ratio of silver _to gold OCCL{I' ;n
Miocene andesites, and these andesites, until comparatlt.e y
recent time, had been buried under younger flows of andeafte.
Erosion removed the much younger ]avas‘thereby unco?vermg
the quartz veins and part of the older andesite. These lav :lx{s sl-re
similar to the Miocene and Pliocene rocks of the Comstock dis-
trlX:‘similar example was noted by the writer about three r{u'les
south of Ellsworth in Nye County where :qe\,'eral guartz \relhn‘s
carrying low gold and silver values occur in a}]desxte. In t }xs
area the mineral deposition is in Miocene andesite that was sub-
jected to erosion, buried under (Pliocene[?]) lavasz and then
re-exposed by later erosion. Only a part of each vein ha.:i !ie.zt(;an
re-exposed, the remainder still being covered by a glassy andesite.
aGianella, V. P.. Geology of the Silver City District amd the Southern Por-

- . et
i ‘omstock vevada: U Neviuda Bull., vol. 50, No. 9, 1436,
the Comstock Laode, Nevada: U. of Neva sull., vol. 30, No i
tmglj‘)\t:rg!.xsnu II. G..\ The. Round Mountain district, Nevada: U, 8. Geol. Sur
vey Bull. 725, pp. 383406, . . . t Nevada -
‘=Nolan, T. p‘... Underground geology of the Tonopah mining district, Nevada:
U. of Nev. Bull,, vol. 24, No. 5, 1935,
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The magnitude of erosion that may have taken place since Plio-
cene volcanism is noted at Sherman Peak, about two miles north-
east of the deposit. It is made up entirely of the younger lavas,
and stands about two thousand feet above the general level of the
truncated Miocene lavas, indicating at least that depth of erosion
since Pliocene volcanism.

Deposits occurring in the Pliocene lavas are not SO numerous
as those in Miocene lavas. However, several of Nevada's produec-
tive gold and silver deposits have been in the younger formation.
Goldfield,2¢ Manhattan,2> and Round Mountain,?% are examples,

The prevailing difference between the deposits of the two peri-
ods is the much higher ratio of silver to gold in the Miocene
veins, together with the indistinct and erratic character of the
vein-filling in the Pliocene deposits. The ratio of silver to gold
in the older veins varies from three or four to one to as much as
one hundred to one. In the younger veins gold may exceed silver
by as much as two to one.2” Locally the ratio in a given deposit
may vary greatly, so the average for the deposit is used for com-
parison. Mineralization that attended the vein-filling in the Mio-
cene deposits caused some silicification of the wall rock, but the
ore minerals are confined almost entirely to the vein-filling. In
the younger (Pliocene) deposits the vein-filling was indistinet and
erratic, forming bunches and shoots along the length of the fis-
sure. There was much silicification of the walls and the shat-
tered rock along the trend of the fissure. The ore minerals
accompanied the silicification of the walls as well as the vein-
filling, and much of the dense silicified wall rock constitutes ore.

The Miocene deposits have been much more productive than
those of Pliocene age.2® The Miocene ore shoots have proven to
be more continuous, and to have been workable to a greater
depth than those of the younger period of mineralization. Sec-
ondary enrichment of silver has played a much more important
part in the older than in the younger veins. This feature is
probably due to the higher silver content, the more porous con-
dition of the deposits, and to the longer period of erosion and
accompanying weathering. The lack of production of base metals
from deposits of either period is notable.

*Ransome, F. T., The geology and ore deposits of Goldfield, Nevada: U, S.
Geul. Survey. Prof. Paper 66. 1909,

FFerguson, H. G.. Geology and ore deposits of Manbattan, Nevada: U. S.
Geol. Survey Bull, 723, 1924, '

> Ferguson, . G., op. cit.

#Ferguson. H. G., The mining districts of Nevada: Feon. Geol., vol. 24,
p. 136, 1929,
*Ferguson., H. G, op. cit., P 136-137.
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The following examples of ore deposits assog:iated with Ter-
tiary extrusive rocks are given in turn according to the metal

content. PRECIOUS METAL DEPOSITS

Most of the precious metal deposits associated with Tertial‘,\"
extrusives are typically epithermal, according to Lindgrel}’s cl.ass-
ification of ore deposits. In discussing epithermal deposits Lm(.i-
gren?® states: “In regions of comparatively recerft volcanic
activity where the measure of erosion since the eruptions ceased
is in hundreds rather than in thousands of feet, we find a group
of important ore deposits, usually in the form of fissure veins.
They. generally occur in igneous flow rocks and most commonly
in andesite, latite, trachyte, and rhyolite. They are rarely found
in basalts. But they also cut the underlying or adjacent forme’l-
tions. They constitute the source of a large part of the \\iorld 8
production of gold, silver, and quicksilver, and they cqntam the
spectacular bonanzas of the Cordilleran region, of which e)':am-
ples are found at Tuscarora, Virginia City, (f‘rold'ﬁeld’,’ Cripple
Creek, Pachuca, Guanajuato, and many other dlstrlcts:

Many very productive deposits of this type occur in Nevada
districts besides those mentioned by Lindgren, such-as Aurora,
Tonopah, Rhyolite, Fairview, Wonder, Rawhide, Seven Troughs,
Olinghouse, National, Jarbidge, Gold Circle, Manhattan, Round

"Mountain, Searchlight, and Delamar. Though most of the ore

deposits of this type are enclosed within the Tertia.ry lavas, sev-
eral extend into the adjacent or underlying formation. Those in
the Delamar district3? are associated with rhyolite d1}('es and
occur along brecciated zones in the surrounding quartzite. A.t
Manhattan many of the veins are enclosed in early Paleozoic
sediments. .

By weight, silver usually predominates over gold. Depgsxts con-
taining one without the other are exceedingly rare. Native s;l\:er
ig often found, but is usually of secondary origin and occurs thp
silver chloride, which, as cerargyrite (horn silver), is the 'dor.m-
nant supergene-silver mineral. Silver bromide and silver iodide
have been found in many deposits, but only in minor amounts.
Silver sulphide as argentite, and silver sulphantimor}ides and sul-
pharsenides such as pyrargyrite, stephanite, proustite, and poly-
basite, are the abundant and characteristic silver minera'ls. Some
of these sulphide minerals may be either or both primary or

»Lindgren. W., Mineral deposits, 4th ‘ed., p. 444, McGraw-Hill, N Y., pp.
316-517, 1928. o i )

»Callaghan, Fugene, Geology of the Delamar distriet, meolu anmt,\,
Nevada: U, of Nevada Bull., vol. 26, No, 5, 1937,
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secondary, and their origin has been the subject of much con-
troversy among students of ore deposits. Recognition of their
origin is essential for a reliable prediction of the persistence of
ore in depth.

Quartz is the most abundant gangue mineral, and usually
occurs as an intimate intergrowth of fine erystals, giving it the
appearance of translucent porcelain. The quartz is seldom glassy
like that from deposits formed at greater depths and at higher
temperatures. Drusy vugs and growths of fine quartz crystals
around included pieces of wall rock are common, and banding due
to alternate layers of varying grain is a very prononunced and
characteristic feature. ‘

The epithermal ore deposits in Nevada Tertiary extrusive rocks
have been mined to considerable depth and, in many, the bonanza
ore persisted below the zone of supergene enrichment. Generally,
as exploitation has continued in depth, the gold and silver con-
tent has decreased, with the quartz veins usually persisting, indi-
cating a deep origin for the veins with the mineralization limited
to a shallow range.

That these deposits owe their origin to a source similar to that
which formed the voleanic flows, and not to a particular flow, is
brought out by the fact that some of the deposits cut more than
one flow, and that many of them are capped by post-mineral flows.
Mineralization must have followed the extrusion and solidifica-
tion of the lavas in which the veins occur, and obviously preceded
the lavas which capped them. Some of these vein deposits not
only cut lava flows, but also very much older sediments. In such
cases the source of the mineralization could not have originated
in the lavas themselves, and consequently must have had a deeper
source. This is further substantiated by the fact that the depos-
its usually occur near the center of volcanism. The deposits of
the Comstock Lode are good examples and exhibit both conditions.
The veins cut both the old sediments and overlying andesite and
rhyolite. The veins were truncated by erosion and later capped
by a series of lava flows.?1

MERCURY DEPOSITS
Nevada’s mercury (quicksilver) deposits have had an origin
similar to that of the epithermal gold-silver veins. Their asso-
ciation with Tertiary lavas is well established. These deposits
may occur in almost any kind of rock, but they are usually in close

fGianella, V. P.. Geology of the Silver City district and the southern portion
of the Comstock Lade, Nevauda: 17, of Nevada Dull., vel, 30, No, 9, p. 103, 1936,
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association with either effusive rocks or hot springs.ff'-f The asso-
ciation of many of these deposits with hot springs is a conspic-
uous characteristic. At Steamboat Springs, eleven miles sout‘h
of Reno, cinnabar has been deposited by hot springs that are still
active. Deposition under similar conditions has tak.en place %lt
Lee’s Hot Springs, about fifteen miles south of Fallon in Chur.chlﬁll
County. Here the cinnabar occurs in the siliceous sinter within
a few feet of the still active spring. .

The mineralization of mercury deposits is extremely smlple.
Cinnabar is the only important mineral of mercury, with nat{ve
metal and calomel often occurring in minor amounts. Metacin-
nabarite may occur near the surface, often appearing as a bla'ck
coating on cinnabar. In addition, minor amounts of pyrite, stib-
nite, and marcasite occur frequently. Other minerals of t.he
metals are conspicuously absent. The predominate gangue min-
erals are chalcedony, quartz, and opal. .

Deposits also occur as irregular veins along fractures, in brec-
ciated zones, or as fillings and replacements in porous rocks. I‘t
is generally stated that conditions favoring concen.tr.ated deppsx—
tion exist where the fissure, along which the minerahzmg sqlutxons
ascend, cuts a porous formation such as sandstone, which iIs over-
lain by an impervious layer. Under such conditions, th‘e imper-
vious layer retards the upward progress of the solutions and
forces them to flow outward into the porous wall rock.

The Bottle Creek district in Humboldt County has been one of
the outstanding mercury districts of the State, and in 1937 .the
author found the Scossa mine to be a very interesting geological
study.

In a gulch the erosion of an overlying rhyolite had fort}Jnajcely
exposed cinnabar ore extending along a narrow diabase dike in a
shaly sandstone. Drifts and crosscuts from an explorato'ry shaft
proved the diabase dike of about 16 feet widt.h to be.mtruded
along a fault zone of small displacement, with cinnabar in (fhalce-
donic quartz occurring along the walls and in numerous.shrm.kzilge
cracks and fault fractures within the diabase. The mmerahzxrgg
solutions probably came from the same deep-seated source as (.ild
the diabase, and they penetrated along the dike with kaolmxzat.lorx
of the wall rock and diabase over a narrow width. The overlymg
and later rhyolite is probably of Tertiary age and the deposit of
Miocene age. :

#Ross, C. P.. Quicksilver deposits.  Ore deposits of western Stafes. Iind-
gren. Ist ed. A, I M. E, N. Y. pp. 632-653, 1903
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) In’a short period in 1942 this mine produced 2,500 tons of ore
vielding over 100 pounds of mercury per ton, and shortly there-
after it was again a marginal producer, indicating the irregular
deposition of cinnabar that is characteristic of most mercury
deposits.

In his recent report on the Bottle Creek district Roberts::
§tates: “The Tertiary (?) rocks of the district may be divided
into five units. The three oldest units, which may be convemenﬂv

called the lower group, include a lower unit of tuffs, conglomer ate,
and sandstone and an upper unit of tuffs and clays separated by
a basalt unit. These three units are cut by diabase dikes, which
contain the ore bodies. The lower group and the diabase dikes
are unconformably overlain by rhyolite flows. No fossils were
found in any of these rocks, but they resemble known Tertiary
rocks in adjoining areas.”

The origin of many mercury deposits is similar to that of the
epithermal gold-silver veins in the Tertiary voleanics. A deposit
th'at' occurs about one mile south of the Warrior mine in the Omco
mmmg: district in Nye County contains both cinnabar and gold
occurring together in a quartz vein. Deposition of the two metals
probably did not occur contemporaneously, but a common origin
is suggested. The quartz is chalcedonic in character and resem-
bles that mined as gold ore in the Warrior mine. The vein strikes

_ east-west and dips about forty-five degrees south, within walls of
Pliocene lavas. The combined value of the gold and mercury are
probably not sufficient to constitute ore, but selected samples
assayed several dollars in combined values. This deposit may
have little economic significance, but the fact that gold and cinna-
!)ar occur together indicates that the origin of the mercury depos-
its is much the same as that of the Pliocene gold-silver deposits.

Nevada has produced considerable quantities of mercury from
numerous deposits throughout the west-central part of the State.
Why the bulk of these deposits are concentrated in this area is
probably explained by the prevalence of Tertiary lavas in this
area and their scarcity elsewhere in the State.

TIN DEPOSITS
Nevada’s tin deposits occur in association with extrusive rhyo-
litic rocks and were formed during one of the Tertiary periods
of mineralization. This is in contrast to the productive tin mines
of the world which usually occur in granite and presumably orig-
inated at great depth.

"“Rol»e{ts. R. J., “Quicksilver deposits of the Bottle Creek district, Humboldt
County, Nevada: U. & Geol. Survey Bull, 9224, p. 6, 1940,
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The interesting tin occurrence near the Izenhood ranch, twenty-
two miles north of Battle Mountain, is described by Fries,* in
general, as tin-bearing veinlets occurring in thick rhyolitic flows
of Miocene(?) age, with most of the minerals contained being
likewise present in cavities in the rhyolite and with spectographic
analysis indicating that the average rhyolite contains about 0.001
percent of tin. The tiny veins were presumably formed by the
contraction of the rhyolite, and the cassiterite had its origin in
the cooling mass.

The most promising occurrence of tin in the State also occurs
in rhyolite at Majuba Hill in Pershing County. It is described
by Messrs. Smith and Gianella?3 as associated with copper in
deposits in a brecciated plug of Tertiary rhyolite which is altered
to quartz with sericite, with much tourmaline present.

The cassiterite in minute quantity is widely and unevenly dis-
tributed through the brecciated rock and in a small amount in
the copper ore, and abundant in one small shoot. Exploration
work in 1948 in the vicinity of this shoot disclosed a considerable
body of 0.25% to 0.50% tin ore. Concentrates produced from
3.0% ore and shipped to the Metals Reserve Company had a con-
tent of over four tons of tin.

Cassiterite was recognized in placer concentrate from the
Rabbit Hole district in Pershing County by Director Walter S.
Palmer of the State Analytical Laboratory. The source was
apparently from the erosion of an extrusive rhyolite nearby.

Good specimens of cassiterite have been found in the gold-
hearing veins of the Jumbo Ex mine at Goldfield in Esmeralda
County. The Goldfield ores occur in Tertiary dacite, rhyolite,
and latite, and are considered to be of Pliocene age. A specto-
graphic study of the Goldfield ore by Wilson?® established the
fact that “three elements, bismuth, silver and tin, are genetically
associated with gold values in the deeper veins.”

TUNGSTEN DEPOSITS '

\Iost all of the Nevada tungsten deposits are of the contact
metamorphic type, but there is at least one known thermal spring
deposit that contains commercial quantities of tungsten. This
deposit is situated about three miles northeast of Goleonda in
Humboldt County. It was first prospected for precious metals

M Fries, Carl. Jr., Tin deposits of northern Lander County : U. 8 Geol., Sury.
Bull. 931-L, 1942,

wQmith, W. C.. and Gianella, V. P., Tin deposit at Majuba ITilL Pershing
County, Nevada: U, & Geol. Surv. Bull, 931-C, 1942,

®\Wilson. 1L 1. B.. Geochemical studies of the epithermal deposits at Gold-
field, Nevada: Econ. Geol, Jan.-Feb,, 1944, page 37, )
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and manganese. This unusual deposit was deseribed and the
presence of tungsten was reported first by Penrose,?7 3% later by
Harder,3®* and still later by Pardee.® Each of these authors
ascribes a thermal spring source to the deposit. Their conclu-
sions differ only in the mode of precipitation of the metals and
the sequence of events.

The ore, which is composed prmcxpally of manganese and iron
oxides, with some calcite, occurs as flat-lying bodies embedded in
a soft calcareous tufa. Pardee!! concludes that the deposit is
later than the Quaternary Lake Lahonton tufa, and that solu-
-tions rising through a reopened quartz vein in shale spread'out
horizontally as scon as the contact between the shale and over-
lying tufa was reached, and, by replacing the tufa, deposited the
flatlying bodies of manganese and iron oxide. '

The tungsten is so intimately combined with the manganese
and iron oxides that its mineral has not been isolated. It cannot
be concentrated by the usual gravity concentration methods.

- Kerri2 states “the ore minerals are colloidal in origin, tungstic
acid having been absorbed in psilomelane and limonite while both
were gels.”

A few tons of the ore were mined from this deposit as manga-
nese ore in 1918. It is now being mined for its tungsten content,
the metal being extracted by a chemical process.

Similar manganese ore that contains tungsten so intimatelv
combined with the other minerals that it cannot be concentratea
by the usual gravity methods, has been reported from several
other districts in Nevada by Palmer.43

Lindgren*# describes a thermal spring deposit in Bolivia, and
shows the similarity between it and the one at Golconda.

FPenrose, R. A. F.. Jr.. Manganese: Its uses, ores. nnd deposits, Geol, Sup-
vey of Arkansas for 1500, vol. 1, 1891.
i =Penrose. R. A, F., Jr., A DPleistocene mangunese deposit near Goleonda,
Nevada @ Jour. Geology, vol. 1, pp. 275-282. 1803,

*Marder, E. C., Manganese deposits of the United Stutes: 7. 8. Geol. Sur-
vey Bull. 427, pp. 153-157. 1910.

“Pardee, J. T.. Deposits of manganese are in Nevada: U, 8. Geol. Survey
Bull. T10, pp, 235-23%, 1919, )

“Pardee, J. T, op cit,, p. 258,

“Kerr, Paul F,, Tungsten-bearing mangunese de p(mt at Goleonda, Nevadac:
Bulletin of the (x(mlogl(.xl Society of America, vol. 31, pp. 13539-1390. Septem-
ber 1, 1940,

"‘l’nlmer. W. 5., The occurrence of tungsten in manganese ore: Eng. and
Min. Jour.., vol. 103, p. 780, 1018,

“Lindgren, Waldemar., A recent deposit of a .thermal spring in Bolivia:

Econ. Geol., vol. 17, pp. 201-206, 1972,
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NONMETALLIC DEPOSITS

This subject was covered in the Univ. of Nevada Bull., Vol. 26,
No. 7, “Nonmetallic Minerals in Nevada,” by J. A. Fulton and
A. M. Smith, 1932. (Now out of print.)

As used here, the term nonmetallic means those minerals and
natural-occurring compounds useful principally in their natural
form and not as a source of the metallic elements.

Nevada has a variety of such deposits, many of which are or
have been important producers. The total value taken from
these deposits, however, has been small in comparison with that
from the metallic ores of the State. Among the deposits that were
once important for their production are the borate deposits of
Clark County, several borate and sodium chloride deposits occur-
ring in the dry lake beds in other counties, and the sulphur
deposit in the Sulphur mining district in Humboldt County. In
recent years exploitation of these deposits ceased because richer
and more profitable deposits were discovered and worked else-
where.

Transportation costs and market prices are important factors
in controlling the profitable exploitation of nonmetallic deposits.
The former is a handicap to production from Nevada and limits
the marketing of most of the State’s nonmetallic products.

Nevada’s nonmetallic production at present is limited mainly
to limestone, gypsum, barite, fluorspar, dumortierite, brucite,
diatomite, clay, magnesite, and silica sand. Limestone of com-
mercial purity has been mined and calcined at many places in
the State, but the only notable production of lime now comes
from Sloan in Clark County. Nevada has been one of the leading
States in gypsum production since 1910, the tonnage coming
mainly from Clark, Lyon, and Pershing Counties. The gypsum
oceurs in sedimentary beds, with a marked tendency, as mining
proceeds away from the surface, to give place to anhydrite.

According to Gianella,*> “barite deposits are of widespread
occurrence in Nevada. The barite occurs both in veins and also
as replacement deposits in limestone.”

When only a barite white in color could be marketed, produc-
tion was very limited and it came mainly from the Eagleville dis-
trict in southeastern Churchill County from a vein deposit. In
recent years there has been an active demand for barite with no
color specification, resulting in large annual shipments of cream

sGinnella, V. P, Barite deposits in northern Nevada: Amer. Inst. of Min.
Eng., vol. 144, p. 204, 1941,

“
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to }‘ery dark-gray color from deposits of the replacement type,
mainly from Lander and Eureka Counties.

. Fluorspar is reported as occurring in several mining districts
in the State. It has been mined for over 20 years in small ton-
nages from two properties, one in the Broken Hills district in
Mineral County and the other in the Beatty district in Nye
County. Both are strong vein deposits, and now worked to
300 feet in depth.

Dumortierite, a rare silicate of alummum of less common occur-
rence than the better known similar mineral andalusite, is found
in commercial quantity in the Rochester district in Pershing
County. It occurs as segregated lenticular masses in a schistose
rock which resulted from metamorphic action on a trachyte by
an intruding granitic magma.** For nearly twenty years small
annual carload shipments have been made of this rare mineral to
Michigan for use in the manufacture of spark plugs.

Brucite, the relatively rare mineral of magnesium hydrate,
occurs in a very large deposit in the Mammoth mining district
in Nye County, near the newly-established town of Gabbs, Nevada.
The brucite, according to Callaghan,** lies between granodiorite
and dolomite, the product of action of hypogene magnesium solu-
tions upon pre-existing dolomites. Discovered in 1927, brucite has
gradually grown in importance until it is now mined at the rate
of approximately 200 tons a day for refractory use in the eastern

. steel plants.

Magnesite is of rather infrequent occurrence in Nevada. A
large impure sedimentary deposit near Overton, in Clark County,
has been known for nearly 30 years. Small shipments have been
made from fairly pure deposits of irregular size out from Ely,
Nevada. Huge deposits of very pure magnesite running into
t}}e millions of tons lying close by the brucite deposit in the Para-
dise Range are described by Callaghan,*s and given the same
general source of origin as the brucite.

This magnesite was first mined in 1940 for refractory pur-
poses, but since 1943 it has been mined in large tonnage as the
source of metallic magnesium for the largest electrolytic mag-
nesium plant in the United States, located at Henderson, in Clark
County, near the Boulder Dam.

Beds of diatomite occur frequently in northern Nevada, and

“Mackay School of Mines Staff. Dumortierite: Univ. of Nevada TBulletin,

vol. XXIJI, No, 2, 1928,

YCallaghan, Fuzene, }»xuuted() t PPara o, Novada: U Tov
Bull.. vol. 27. No. 1. 193¢ pOsi iradice Range, Nevada: U, of Nevada

“Callaghan, Engzene: !)1). cit.
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from time to time small tonnages have been mined and shipped.
The largest clay beds to have been worked in the State were those
in the Ash Meadows district in Nye County, the clay having been
used in the oil industry. Large tonnages of silica sand for glass
manufacture have been shipped from the Moapa and Overton
distriets in Clark County.

Since 1940, discoveries of hlgh -purity tale were made in the
Palmetto district in Esmeralda County about 50 miles southwest
of Goldfield, close to the highway and near the California State
line. The deposits are spoken of as 4- to 20-foot-vein deposits on
limestone-granite contacts. About four properties are being oper-
ated on a small scale.

Several exploratory holes have been drilled in Nevada in search
of oil, but without success. The oil shales near Elko are the only
known occurrence of petroleum. The only deposit of coal to be
opened up in the State is in the Coaldale district in Esmeralda
County, and its high moisture and ash content places it at a great
disadvantage with the superior coal of Utah.

EXAMPLES OF ZONAL DEPOSITION

Zonal deposition is indicated by the deposits of several districts,
and an excellent example is described by Larsh** in the White
Pine district near Hamilton.

Here, the silver belt on Treasure Hill was a large producer of
phenomenally rich secondary horn silver ore. The lead-zinc belt
several miles to the west of Treasure Hill contains bodies of lead-
zinc-silver ore which are responsible for most of the district’s
more recent production. The contact-metamorphic copper belt
several miles still farther west, and nearer the quartz-monzonite
and granodiorite intrusives, produced some copper and gold ore.
Recently scheelite has been discovered in the garnetized zone of
the copper belt adjacent to the intrusives. (See Figure 3.)

Hewetts® states that in the Goodsprings district in Clark
County there is a distinct tendency toward zonal arrangement
of the ore deposits in several parts of the district, with the most
productive gold deposits wholly in or adjacent to bodies of intru-
sive porphyry. The copper deposits tend to lie stratigraphically
and topographically below nearby zinc and lead deposits and
closer to the intrusive. This zonal arrangement is most apparent
in that part of the district where deposits are most numerous.

wlarsh. W. 8., Mining at Hamilton, Nevada: Mines and Minerals, vol. 29,

. 521, 1909,
“Iewett, D, F., Geology and ore deposits of the Goodsprings quadrangle,
Nevida: IT. & Geol. Survey Prof. Paper 162, p. 100, 1937,
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EXAMPLES OF SUPERGENE ENRICHMENT

Supergene enrichment, enrichment through the chemical action
of descending surface waters and oxygen, has been an important
process in concentrating the metallic content of many Nevada ore
deposits. Its influence has been most profound and of greatest
economic importance in those ores mined for silver or copper.
Its gf’fect on deposits of other metals has been negligible by com-
parison. . ~ : -

With the dissolving of the soluble constituents in the well-
oxidized part of the deposit, the residuum, consisting of the insol-
uble portion, forms an oxidized zone having a higher content of

Copper-Gold-
4Scheeme Belr

Limestones, quartzites and shales > ¢ &

FIGURE 3. East-west section through the White Pine district showing
relation of mineral belts to exposed intrusives.*

insolubles than the original mass, and may be more or less val-
uable than the original mass. Generally, in the case of gold,
silver, and lead ores, this surface ore is richer, while in the case
of copper and zinc ores it is poorer.

Free gold and pyritic gold deposits are enriched at the surface
because of the accumulation of gold in a siliceous iron-stained
mass. .

This has been true in almost all cases since the discovery of
gold at Gold Hill on the Comstock in 1859 down to the relatively
late discovery at the Getchell mine in Humboldt County.

*From observations made by the writer in September 1933, and August 1939,
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The presence of horn silver at or near the outcrop of silver-
bearing veins in Nevada is very common, and in many cases this
enriched oxidized ore is the only ore of sufficient grade to be
commercial.

The most striking example is the Treasure Hill mine at Hamil-
ton in White Pine County. Lincoln states ‘“that from a space
70 feet wide and nowhere over 28 feet deep on the Eberhardt
mine, 3,200 tons were mined which milled $1,000 a ton, and one
boulder of silver chloride found in this mine weighed six tons.”51!
Unfortunately the corollary of this is that the unaltered ore below
did not contain enough silver to be commercial ore.

After the main ore bodies had been mined at the Divide mine
in Esmeralda County, stringers of pure horn silver were discov-
ered outeropping close to the shaft. There is on exhibit at the
Museum of the Mackay School of Mines a large piece of this ore
assaying over 17,000 ounces in silver per ton, and illustrating
the difficulty of drilling through this waxy mineral.

At several districts in Nevada, notably Pioche in Lincoln
County and Tybo in Nye County, the main value at the surface
of the lead-zine-silver veins was almost entirely in horn silver,
and was the cause of the early rush to and development of the
camps.

At Eureka where the primary ore below water level is argen-
tiferous galena, pyrite, arsenopyrite, and sphalerite, the oxidized

- ore for several hundred feet in depth has been mined mainly

because of its lead content as cerussite and anglesite, the car-
bonate and sulphate, respectively, of lead. The silver remained
in the oxidized ore as horn silver, and the iron as iron oxides.
The arsenic gave much speiss at the smelters, but the zinc was
apparently well leached out of the ore.

- Generally the copper and zinc content of ore bodies containing
those metals has been leached out of the oxidized zone which
accounts for many barren outerops above bodies of copper and
zine ore; but if the ore contains caleite or is in limestone, the
copper and zine content is precipitated out in great part as the
carbonates in the oxidized ore at or near the surface.

The most striking example in Nevada of this enrichment in the
case of copper is at the Ludwig mine in Lyon County. Thousands
of tons of rich, almost jewelry, ore of malachite and azurite, con-
taining chrysocolla also, were shipped directly to the smelter.
Below this ore was rich cuprite and native copper ore, and below

S Lincoln, ¥. C., op. cit., p. 238,
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this at water level secondary chalcocite, then a primary chalcopy-
rite ore too low grade to be profitably mined.

The most striking example in the case of zine is at the Yellow
Pine mine in Clark County where all the ore has been in the form
of zinc carbonates occurring in dolomite. At the Anchor mine in
the same district the zinc occurs as a carbonate, while the lead,
also present, occurs as unaltered galena.

In the case of both silver and copper ores much or all of the
metal may be dissolved out of the oxidized zone and reprecipi-
tated as a sulphide near the water level. -

In the case of silver ore, the silver is precipitated as secondary
argentite, termed “sooty” argentite, as it does not assume a ervs-
talline form, being black and powdery. )

According to Knopf,*? the silver sulphide ore mined in the
Divide district in Esmeralda County contained both the primary
crystalline and the sooty secondary argentite.

Where the primary silver minerals are sulpharsenides and sul-
phantimonides, as in the case of the ruby silver minerals, the
secondary sulphide may take the same form, and it is often dif-
ficult to distinguish the secondary from the primary silver sul-
phides. This is particularly true in the case of the rich silver
ore of Austin, Nevada.

Native silver is in almost all cases considered secondary. It
is relatively rare in Nevada, though it has been found in Tonopah
and other camps.

Supergene enrichment of Nevada’s silver and silver-gold quartz
veins, Ferguson®3 states, has been more important in those meso-
thermal deposits associated with granitic intrusives than in the
epithermal deposits associated with Tertiary extrusives. This is
probably due to the longer period of erosion, higher pyrite con-
tent, and more porous conditions of the vein associated with
granitic intrusives.

In several of the mesothermal deposits, particularly those at
Austin and Belmont, the supergene-enriched silver ores were
highly profitable even under the high cost of early-day mining,
but the primary ores are too low grade to be worked, even under
modern low-cost methods. Although the primary ores in many
of the Miocene epithermal veins have been of profitable grade,
the ores of the supergene-enriched zone have been responsible
for much of the profit from production.

]‘);’Knupf. Adolph, The Divide silver district, Nevada: U, 8, G, & Buoll, 713,

FFerguson, H. G, op. cit., p. 146.

The Geology of Nevada Ore Deposits 71

In the case of copper ore, the copper is precipitated as the sul-
phide chalcocite. This secondary sulphide along with the primary
copper sulphides often gives a total copper content approaching
bonanza ore. ‘

At the Rio Tinto mine in the Mountain City district in Elko
County the leaching out of the copper in the oxidized outcrop was
practically complete, with a remarkable secondary sulphide
enrichment near water level that has been responsible, as direct
shipping ore of over 207 copper content, for a large share of
the mine’s copper production.

In 1926 S. Frank Hunt,7* an experienced prospector and stu-
dent of geology, referred to barren limonite outcrops in the Moun-
tain City district in Nevada as follows: “Situated three and four
miles south of town, the Nevada Rio Tinto and Monzonite groups
cover two wide copper veins of unusual promise.”

Fortified by his almost solitary faith in his judgment, he strug-
gled for six years amid hardships to push a shaft down through
the leached outcrop before finally encountering, in February 1932,
the secondary enrichment at 228 feet in the shaft, being within a
few feet of his estimated depth to water level.

On February 28, 1932, he wrote: “At noon on the 26th at
228 feet deep in the shaft we uncovered the sulphide zone.
Tonight at 234 feet the whole bottom of the shaft is in solid,
good, ore—nearly all pure copper glance and high grade. From
present appearances and from what we know about the magni-
tude of the Rio Tinto vein, it is most likely the biggest deposit of
high grade copper-gold ore ever discovered in Elko County.”33

On April 5, 1932, this self-made geologist wrote as follows:

Dean, Mackay School of Mines,
Reno, Nevada
Honorable, Sir:

The Rio Tinto Copper Company, of this place, is pre-
senting to your institution and mailing today by Parcel
Post, a 70-pound box of specimens and samples of its
sulphide ore. All these specimens of secondary sulphide
enrichment come from the 250-foot level, the deepest
workings attained at this time. They have been selected
as tagged in wrappings, across the 65 feet of the deposit
so far exposed. But the actual width of the ore between
walls has not yet been ascertained, since the discovery

#¥iunt. & Frank, Mining geology outlined: Tunt Foundation, Mackay

School of Mines, p. 104, 10636, )
= Phe Mining and Contracting Review, Salt Lake City, Utah, March 13, 1940,
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The development of the mine since these letters were written
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beneath 225 feet of remarkably barren gossan, was made
only five weeks ago. Judging from surface indications,
however, the deposit may prove to be 100 feet or more
wide north and south with an undetermined length east
and west beyond 600 feet. ,

This ore deposit is not a fissure, but what prospectors
would call a “contact vein.” The footwall country is a

" mile-wide formation of dark colored paleozoic quartzite:

the hanging, a dark gray slate intercalated with thin
beds of white quartzite, fading upward into black cal-
careous shale and blue limestone at top. The footwall is
probably Lower Cambrian and the hanging slate of Mid-

dle and Upper Cambrian age; and the observable strue--

tural features show that the deposit fills or occupies a
regional unconformity. Its age is Cretaceous, or possi-
bly older, since the terrain appears to have undergone a
long process and period of denudation and weathering
during most, if not all, of Tertiary Time. As an example
and study of weathering and secondary enrichment, Rio
Tinto is unsurpassed in the Great Basin Region.

Handicapped by 90 miles of nearly impassable roads
between Mountain City and Elko at this season, our
information as to the average copper content of the ore
is quite meager at present. All together less than a
dozen reliable tests have come to us. But five control
assays, made in Salt Lake and wired here, give us
approximately the following: Copper, 43.5 percent;
insoluble, 18 percent; Sulphur, 20 percent; Iron, 12 per-
cent, with nominal gold and silver; the remaining 6.5
percent undetermined and unknown.

My belief is, the ore should be analyzed for nickel, tin
and tantalum; besides, the more common elements of
arsenic, antimony, manganese, and bismuth may be pres-
ent. So if your school is at liberty to enlighten us fur-
ther, we would feel grateful for the kindness.

At any -future time—say June-—when roads and
weather conditions are favorable to auto travel, your
Engineers and Geologists have a standing invitation to
visit Mountain City District and Rio Tinto.

I am, respectfully, yours truly,

S. F. Hunt, Superintendent.
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may have proved his early conception of the geology somewhat
faulty, but its production to 1944 of over $20,000,000, in great
part from the zone of secondary enrichment, has justified his
prophesies and given a great stimulus to the study and develop-

- ment of leached outcrops.

It is interesting to note that the vigorous exploration work on

" leached outcrops in the Mountain City districts since Mr. Hunt

chose the Rio Tinto for development have failed to find the
expected secondary enrichment of copper.

The low-grade-ore body of immense tonnage at the open pit at
Ruth, Nevada, owes its commercial grade to surface leaching and
enrichment of the ore below with secondary sulphide.

The usual leaching of zinc from oxidized outcrops should theo-
retically result in a secondary sulphide zone above the primary
zinc ore, but this is practically unknown.

Cinnabar resists oxidation and solution and is found in its
primary state in surface outcrops, and there is no known evi-
dence in Nevada of its solution and reprecipitation to give richer
ore below. As the minerals associated with cinnabar are likewise
resistant, there is no enrichment as a surface residuum. All the
above applies likewise to the deposits of scheelite, the common
mineral of tungsten in Nevada.

One marked difference is that cinnabar turns black under the
sun’s rays and scheelite is a bright white under fluorescent rays.

In the case of manganese, few deposits in which supergene
processes have not been intense (except possibly some of those
formed by thermal springs), contain a sufficient proportion of
the metal or are free enough from objectionable impurities to
meet industries’ rigid specifications for manganese ores. The
hypogene manganese minerals, rhodochrosite, rhodonite, and ala-
bandite are usually intergrown with an abundance of nonman-
ganiferous minerals, some of which, quartz in particular, are
objectionable impurities. Manganosiderite and manganiferous
calcite contain only subordinate amounts of manganese. The
products resulting from thorough oxidation and leaching of the
primary material are the usual ores.

Oxidation converts the original manganese carbonates and sili-
cates to oxides and hydrous oxides, and leaching removes many
of the dilutents, thereby increasing the grade and quality of the
material. Oxidation and leaching are usually complete to a shal-
low or moderate depth only, so the better ores lie at or near the
surface. Poorer ore is to be anticipated as depth is gained.
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PROSPECTS FOR THE FUTURE

The early discoveries of gold and silver ore in Nevada were
made by men whose zeal was fired by the days of '49, but their
knowledge of ore deposits was very rudimentary, and their con-
ception of a favorable outerop was limited to an iron- or copper-
stained quartz vein carrying gold and silver.

By the time of the great mining boom of the early 1900’s, the
prospectors were men of wider knowledge with the accumulated
wizdom coming from the practical experience of their predeces-
sors of several decades. More attention was paid to the base
metals as was shown by the development of such districts as
those of Ely, Yerington, and Goodsprings. However, most of
the discoveries were made as before by hunters, sheep herders.
cowboys, and Indians attracted to prominent and interesting out-
crops.

During the last World War the demand for the ores of many
metals resulted in a general increasing knowledge among the
prospectors of mineralogy and geology. In the years that fol-
lowed, this knowledge was extended to an ever-increasing num-
ber of nonmetallic ores.

As the years have gone by the rough-and-ready uneducated
prospector who devoted his lifetime to his work is seldom seen.
The present prospectors are mainly men who follow some other
kind of work as their vocation, with prospecting as their avoca-
tion. They have a fair book knowledge of geology and miner-
alogy obtained from bulletins and schools for prospectors; and
Fhe application of this knowledge on field trips sustains their
Interest and often proves profitable. They have enthusiasm for
discovery, but a reluctance to handle the pick and shovel. There
are too many locations made and held for someone else to do
the digging, as the locator in these times can find profitable work
elzewhere.

Eighty years of prospecting over the State have about
exhausted the possibilities of finding valuable undiscovered out-
crops of pay ore, or at least to the extent where a prospector has
Iittle_a chance of obtaining a grub stake from storekeepers or pro-
fessional men, or of gaining a satisfactory award for his efforts.

An increased price of a metal may make outcrops once dis-
covered and abandoned of value again, as in the recent case of
the Getchell mine in Humboldt County, or of scheelite and cin-
nabar outerops abandoned after the first World War. Likewise,
‘nonmetallic deposits of no value in the early years of the State
have assumed greater importance with the passing years or in
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a war emergency. Also, the steady mechanicalization of equip-
ment for the rapid and low-cost mining of surface ore has made
mines out of known outcrops formerly considered of no value.

New mines are not created by Mother Earth like an annual
crop of grain or even like a venerable redwood forest. 'As the
mines in a new country are in turn discovered and worked there
remains a diminishing number, and these are the least obvious
ones. Over many, Mother Earth has spread a conserving mantle
of valley soil, loose rocks, or mountain vegetation.

Mr. S. Frank Hunt in 1922 expressed his idea of future pros-
pecting this way: “It is patent to all that mere roving around
over the surface in search of mines, is wasting time. The out-
crops have about all been discovered. There is nothing in it any
more for anybody; so another direction is indicated. The only
right and remaining way is to dig down—go down after the ore.
The future production of the metals largely depends on this line
of work, and the outlook is splendid.

“Yet it is easier said than done, and it does not appeal to the
imagination. The prospector and field man can ride and ramble
around—and the going is fine—over a thousand miles of country
in half the time and for half the expense of sinking a 100-foot
prospect hole. It is going to hurt the prospectors and explora-
tion concerns’ feelings like h—~ -1 to realize and admit they must
begin to dig down.”"6

Mr, Hunt practiced what he preached as the Saturday Even-
ing Post57 tells the story: ‘“The morning was warm. The loose
rubble and the brush made the going hard, his crippled leg and
the pain in his side and his seventy years slowed him up, but he
persisted in prospecting the leached outcrop—in the winter of
’31-’82 amid zero weather and in deep snow, when copper was
a drug on the market, he persisted in sinking his shaft while
suffering hardship, poverty, and ridicule, but sustained by his
fixed faith in his geological deductions.”

The hills of Nevada are dotted with the abandoned shafts and
tunnels of men less fortunate than Mr. Hunt. = A good share of
these were predicated upon false assumptions or faith alone,
without a fair geological conception of the chances taken. In
other places an expensive diamond-drilling or shaft-sinking cam-
paign has failed to materialize the hypothesis of excellently
trained mining engineers and geologists that possible profitable

“tlunt, N, Frank, Mining Geology  Outlined. Hunt Foundation, Mackay
e h(ml of Mines, pp. 5400, 1036,

“Phe Rtary of the Rio Tinto Copper Strike” Saturday Evening Post,
April 20 1938,
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ore bodies lay below. However, as time goes by the prospecting
of the future must be more and more that of searching the sur-
face and subsurface for geological and mineralogical indications
of ore bodies below, with the use of scientific knowledge and
instruments for their detection, or at least for indications, for
the venturesome to take the risk of “going down.”

Mr. Hunt knowing this and to do his small part for the future,
established at the Mackay School of Mines the Hunt Foundation
to aid in the training of students by making possible a closer cor-
relation of book knowledge with field observation and experience.

Director Jay A. Carpenter of the Mackay School of Mines and
the Nevada State Bureau of Mines believes: “This closer corre-
lation of book knowledge with field observation and experience
should be extended to the prospecting schools and in the special
educational program for the return of soldiers of this World
War whose interest lies in prospecting and mining.

“As the present mines in Nevada are being gradually worked
out, new mines must be found and developed to maintain mining
as our leading industry. To do this the State should render all
possible practical aid to prospecting. As a paramount considera-
tion, its officials should resist any move by the Interior Depart-
ment to encroach upon the established right of freedom to locate,
hold, and gain title to mineral lands upon the public domain, as
this proven incentive of ownership and reward is necessary to
encourage and foster the finding of new mines.”*

*Written conununication.

THE MINING DISTRICTS OF NEVADA’

By HENRY G. FFRGUSON'

ABSTRACT
Tt is believed that four epochs of ore deposition are represented in
Nevada; the earliest ore deposits are associated with granitic rocks,
which in western Nevada were intruded near the close of the Jurassic
and in eastern Nevada at the beginning of the Tertiary. Other ore
deposits are associated with late Tertiary flows of two ages.

In western Nevada the ore deposits associated with granitic masses
satellitic to the Sierra Nevada batholith are predominantly argen-
tiferous quartz veins, similar in appearance to the auriferous veins of
California, These, however, have been valuable only for. their oxi-
dized and enriched silver ores. In eastern Nevada base metal replace-
ment deposits prevail.  These have also produced silver from the
oxidized zone, but in several districts base metal ores have proved
workable in depth. It is thought that the difference between the two
classes of deposits is a function of the different magmatic sources; that
the western deposits are of late Jurassic or early Cretaceous age,
dependent upon the Sierra Nevada batholith, while those in the eastern
part of the State are of early Tertiary age. This implies that the west.
ern limit of the Tertiary intrusions is near the middle of the State.

Several of the important precious metal deposits associated with the
late Tertiary lavas are clearly older than upper Miocene sediments, but
others are younger than upper Miocene. In the ore of the older group
of deposits silver exceeds gold by weight, while in those of Pliocene age
gold is commonly in excess. The Miocene deposits have on the whole
proved far more productive than those of the younger group.

From the available geologic data and a review of the history of pro-
duction it is concluded that the western argentiferous quartz veins
associated with granitic intrusives offer little hope of important future
production, but on the other hand the eastern deepseated deposits may
continue to be important producers of base metals; and that, of the
near-surface deposits associated with Tertiary lavas the silver and
silver-gold veins of Miocene age are likely to prove of more importance
than the Pliocene gold-bearing veins.

*This paper is based on information available to 1927, 1 had hoped to revise
it and incorporate the results of recent developments, but pressure of war work
has prevented. A postscript has been added in which are noted a few additions
and certain modifications of the conclusions stated in the main body of the
puaper.

*Geologist, U. 8. Geological Survey.

Published by permission of the Director, U. S. Geological Survey. Presented
hefore Soclety of Economic Geologists, Cleveland, Ohio, December 1927.

Reprinted from EcoNoyic Georosy, Vol. XXIV, No. 2, March-April 1929
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INTRODUCTION

The object of this paper is to present and discuss certain out-
standing features in the geographic and geologic distribution of
the ore deposits of Nevada. The writer’s personal acquaintance
with the region is chiefly within the area covered by the Haw-
thorne and Tonopah topographic maps embracing the area be-
tween latitude 38~ and 39° and longitude 117° and 119°. For the
remainder of the State, liberal use has been made of Lincoln’s
excellent compilation,® supplemented by consultation of the litera-
ture, as far as descriptions of the various districts are available.
Lincoln’s book is of especial value, as concise summaries of the
geology, production data, and complete bibliographies accompahy
the descriptions of the various districts. In the following pages
no attempt is made to give complete references but there is cited
for each district the appropr iate page references to Lincoln’s book
and reference is also given to the publication giving the most com-
plete description of the district.

Of the 319 descriptions of mining districts of Nevada given by
Lincoln several refer to districts whose major product is tung-
sten, mercury, manganese or nonmetallic minerals, which are not
considered in the present paper; for others the data given are too
scanty to permit even a guess as to their geologic classification.
For 239 districts, however, which have produced gold, silver, lead,
zinc or copper, enough geologic data are available to allow at
least a tentative classification. Since, however, the object of the
paper is to show only the major features of distribution and to
speculate as to their causes, discussion will for the most part be
confined to those districts which are credited by meoln with a
production of over $1,000,000 gross.

MAJOR GEOLOGIC FEATURES

The following features of the geology of Nevada are of sig-
nificance to the student of ore deposits. Paleozoic rocks occur
throughout the State; the Paleozoic section in the eastern part
contains a larger proportion of limestone members than in the
west, but the Triassic and Jurassic strata in the western part of
the State contain thick limestones and also lavas. In the west-
central part, extending certainly as far to the east as the center of
Nye County, the Paleozoic and Mesozoic sediments are strongly
folded and cut by intrusive masses of granitic rocks. The great

*Lincoln. Franeis Church, “Mining Districts and Mineral Resources of
Nevada,” Nevada Newsletter Publishing Co., Reno, 1923,
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Sierra Nevada batholith which was intruded near the close of the
Jurassic lies along the western border of the State. It is reason-
able, therefore, to infer that the smaller areas of granitic rocks
bordering it on the east, are, like those on its western flank in the
California gold belt, satellitic to the main batholith and intruded
at about the same time.

There is another belt of intense folding, accompanied by major
thrusting, which parallels the eastern border of the State in west-
ern Utah, extends southwestward through Clark County, and
enters California west of Goodsprings. . Granitic intrusions also
accompanied this folding. This folding and intrusion are con-
sidered to be of early Tertiary age. Butler® considers that the
granitic rocks of the plateau region and the eastern part of the
Great Basin in Utah were intruded during the early Tertiary.
Nolant has found in the Gold Hill district, Utah, close to the
Nevada line, monzonite intrusions which are younger than folded
sediments of probable Eocene age and Hewett? has likewise con-
cluded that the granitic intrusives in the vicinity of the Good-

- springs district are of Tertiary age. The intrusion of granitic
* rocks, therefore, appears to be not later than late Jurassic or early

Cretaceous in the western part of the State and not earlier than
the Eocene in the eastern and southern parts.

In the central part there are also many areas of granitic rocks,
and for these no direct evidence of age is available. It may be
that the locus of intrusion moved gradually eastward from the
Sierra Nevada to the Rocky Mountain region and that the areas
of granitic rocks, intermediate in position between the Sierra
Nevada batholiths and the Tertiary batholiths to the east are also
intermediate in time,% or there may have been two distinct and
sharply separated episodes of granitic intrusion. Since, as far as
known, there was no intermediate period of folding between the
post-Jurassic revolution of the Sierra Nevada region and the
much later folding in the eastern and southern parts of the State,.
the second hypothesis seems the more reasonable, and it is believed
that the distribution of the ore deposits associated with granitic
intrusions offers additional confirmatory evidence.

Putler, B. K, “Ore Deposits of Utah,” U. S. Geol. Surv. Prof. Paper 111,
p. 99, 1920, ‘

‘Nolan, T. B, “The Gold Hill Distriet, Utah,” U, S, Geol. Surv, Prof. Paper
(in preparation).

sHewett, D. ¥, “The Goodsprings District, Nevada,” U. 8. Geol. Surv. Prof.
Paper (in preparation).

sLingren, W., “The Igneous Geology of the Cordilleras and its Problems:
Problems of American Geology,” p. 260, New Haven, 19135,
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The youngest rocks of the State are lavas and nonmarine sedi-
ments ranging in age from the middle of the Tertiary to the Pleis-
tocene. In central and southern Nevada areal reconnaissance has
shown that sediments of upper Miocene age (Esmeralda forma-
tion) occur over wide areas and thus give a convenient datum for
separation of the older and younger lavas. Similar sediments of
Pliocene age are also present in parts of the State, particularly
north of the fortieth parallel, and less abundantly in the south.

The lavas and sediments of post-granitic age are much faulted
and locally highly tilted but major folding is lacking. There has
been normal faulting on a large scale from some time prior to the
upper Miocene to within Recent time. The characteristic desert
range topography is due principally to faulting; the present relief
is in large part the direct expression of movement on normal
faults, but also in part due to rejuvenation of fault-scarps by
erosion. :

EPOCHS OF ORE DEPOSITION

Ore deposition accompanied both periods of granitic intrusion,

and there are also many important deposits within the Tertiary
lavas. The deeper-seated deposits associated with the granitic
intrusives include contact-metamorphic deposits, and veins and
replacement deposits in the intrusive and invaded rocks, and fall
within the ‘“mesothermal,” “hypothermal,” and “pyrometa-
somatic” classifications of Lindgren.?" The younger deposits are
commonly inclosed in the Tertiary lavas and near-surface intru-
sives, and are rarely found within the older rocks. These belong
to the “epithermal deposits” of Lindgren’s classification. It is
thought that each class of deposits contains representatives of
two distinct epochs of ore deposition. Although Mesozoic lavas
are common in western Nevada, no ore deposits genetically con-
nected with these lavas are known.

DEPOSITS ASSOCIATED WITH GRANITIC INTRUSIVES

Figure 1 shows the location of the more productive ore deposits
of Nevada, which appear to be in more or less close association
with granitic intrusives and are certainly older than the Tertiary
lavas. They have been roughly classified according to total pro-
duction, based on the estimates and production figures given by
Lincoln, according to the type of the principal deposits (vein, re-
placement and contact-metamorphic) and according to the metal
chiefly produced. The classification is not precise since complete
production data are lacking for many districts, several districts
contain ore deposits of different types and no district has produced

*Lindgren, W.. “Mineral Deposits.” 24 Edition. New York, 1028,

The Mining Districts of Nevada 81

only a single metal. It is particularly difficult to draw a line be-
tween the silver- and lead-producing districts. It was fpund con-
venient to base the distinction on arbitrary ratios derived from
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FIGURE 1. Map showing distribution of principal ore deposits in Nevada
associated with granitic intrusives.

production figures. A district in which the production data sho?v
a ratio of ounces of silver to pounds of lead of 2 to 1 or greater 18
called for convenience a silver district. What is here called a
silver-lead district-is one in which this ratio is between 2 : 1 and



82 The Mining Districts of Nevada

1:2, and a lead-silver or lead distri i i i
ounces of silver to pounds of lead is lecsts (t)gznml X)h;:h e ratio of
It is evxzdent from the map, that, taken as a whg)le a different
type of mineralization prevails in the east from that Z)f the west-
ern part o.f the State. The western group of deep-seated deposit
yielded pfmcipally silver with only minor amounts of base metali
from enriched ore of quartz veins; and only a few districts, such
as thf: copper camps of Yerington and Sant‘a Fé and the leazi-zinc
dl'Stl'lCtS of Cerro Gordo and Darwin in California east of the
Sierra Nevac.ia, have produced principally base metals. On the
other hand, in eastern Nevada base metal deposits are the rule

o TABLE 1
Distribution of Nevada Mining Districts'P.roducing Ores of
Prevolcanic Age .

Western Nevada.t Eastern Nevada.?
stt}x;lc.ts 'Producing Districts Producing
rincipally: Principally:
- e . g
alue of Total Production. R R ] T ES E
el EE o P I R R
IR LR AEIEREEE L
viz2le<s!iS ClE | EITIE
AREIN g |8%|°
IR
= 3
Under $1,000.600 ’
,000.000. .. ...... 20{351 11 1
$1,000,000 to $5.000,000 ...| ol 81 1 Z ? ?; f i 4 SRR
$5.000,000t0 $10,000.000...1 1| 2| 1 1 [+ 5} 110 5 ; ol 3
£10,000,000 to $50.000,000..] 1] 3} 2 [ b ] o ; ol &
Over $50,000,000.......... o]l of o o] o] g o g g H 2l 3
1 1} 2
Total, ... 7 1
.............. 221471 15 10 2:’ 115 [ 10{ 7 8 24 leéx

and, though many ‘of the camps in their early days were impor-
tant producers of silver from oxidized and enriched zones, the pri-
mary ore, wherever workable, and a large portion of the ,oxidized
ore as well, }.ms proved to be important principally for base met-
als, lead (with more or less primary silver), copper, or zine
.\Ieso‘thermal deposits in which the primary ore is valua’ble chiefl :
for. sxlvef' are uncommon in the eastern part of the State Tabli
1, in wh.xch a classification is made of all districts listed .by Lin-
coln which appear to belong to this class, shows that the same

relations hold . . )
districts old true, though less decisively, for the less important

*Washoe, Pershing, Humboldt, &
. Y shing, . Storey, Ormshy, Douglas 3 <hi
.\h:u:ml. Lander. Nyve, and Esmeralda Counties. ’ s, Tyun, Charehitl,
Elko, Eureka, White Pine, and Clark Counties.
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The difference in character between the ore deposits of the
Pacific States and those of the Rocky Mountain region appears to
hold true over a wide area. A compilation of total production of
the deposits of this type would show a great preponderance of
precious metal output from deposits dependent on the Sierra
batholith and its satellites and a similar preponderance of base
metal production from those of the Rocky Mountain region.
The production statistics for 1918 analyzed and shown graphi-
cally in the World Atlas of Commercial Geology® bring out the
same relations. The only important copper production west of
the 117th Meridian is from Calaveras and Shasta counties, Cali-
fornia, and the Yerington district, Nevada, amounting in all to
only 4 percent of the country’s production, while the major dis-
tricts in the belt of early Tertiary batholiths and stocks between

‘ the 107th and the 115th meridians account for 79 percent of the

1918 copper output. Similarly west of the 117th meridian the
only important lead and zinc deposits are those of Inyo County,

" California, which yielded one percent of the lead and less than

one percent of the zinc production while major districts of the
eastern belt gave 46 percent of the lead and 30 percent of the
zine. The veins and placers of the Sierra Nevada in 1918 yielded
over 27 percent of the gold production, nearly all from the west-
ern side of the Sierra batholith. The similar veins in the older
rocks whose content of supergene silver minerals made the fame
of Nevada 60 years ago were no longer sufficiently productive to
enter the picture to any extent. Rochester shows a silver pro-
duction of one percent and Mineral County one percent, each of
gold and silver, but this also includes output from late Tertiary
ores. The precious metal production of the Rocky Mountain
region, excluding the deposits of epithermal type such as those of
Cripple Creek and the San Juan region, is nearly all a byproduct
of the production of base metal districts, and for 1918 amounted
to gbhout 10 percent of the total for gold and about 60 percent
for silver. Of course this relation does not hold true for small
areas. There is a tendency to zonal distribution in individual
areas both in eastern and western Nevada, with copper and gold
within the intrusive or close to the contact, and lead and silver
ores at a distance. Nor is this generalization consistent in detail
with the results of the studies by Schofield® and Hanson!® in

seWorld Atlas of Commercial Geology.,” Part 1. Mineral Production, U. S,
Geological Survey. Plates 40 and 48, 1921,

vSehofield, 8. 1. “Geology and Ore Deposits of the Nalmon River District,
17,0 Canada Geol, Surv, Mem., 1320 pp. 6471, 1922

» Hanson, George, “Zoning of Mineral Deposits in British Columbia.” Trans.
Roy. Roce, Canada, S ser. vol, 21, pr. 2, seec -4 pp. 119-126, 1927 :
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British Columbia, and by Buddington!! in southeastern Alaska.

The western deposits are most commonly well-defined quartz
veins!? which cut both the intrusives and the intruded rocks. In
places, as in several of the Humboldt County districts,!3 there is a
tendency for veins to be present in the noncalcareous rocks and
irregular replacement deposits in the limestones, but at Belmont1+
sharply defined veins cross limestones. The gangue of the west-
ern veins is principally quartz with minor amounts of carbonate
mine'rals. There appears to be no widespread carbonatization or
sericitization of the adjoining wall rocks. ' The primary sulphides
%nclude pyrite, arsenopyrite, tetrahedrite, galena and sphalerite,
jamesonite, and stibnite, and are argentiferous and slightly
auriferous. The presence of abundant antimonial sulphides
seems to be characteristic of many of the deposits in the western
part of the State. In all of the districts which have had an im-
portant production, the valuable ore contained supergene silver
minerals, and the primary sulphides have almost never proved
workable.

Although gold-bearing veins also occur in many districts, only a
few haye proved to be of any commercial importance. The prin-
cipal gold deposits are those of the Silver Peak district,15 in which
quartz veins and lenses associated with alaskite carry native gold
with pyrite and galena. The ore of the Pine Grove district16
appears to be of a similar nature, though here the production fig-
ures given by Hill show a larger amount of silver than gold,
though the gold produced exceeds the silver in value. The work-
able silver ore appears to be of supergene origin. In districts
where both gold- and silver-bearing veins occur, as at Roches-
ter,17 the auriferous veins appear to have been formed under
higher temperature conditions. The gold-bearing veins of the
Silver Peak district occur within or close to the intrusive, whereas

#Buddington., A. F., “Coincident Variations of Types of Mineralization and
of Coast Range Intrusives,” Econ, Geol,, vol, 22, pp. 158-179, 1927,

#*The term “vein” is here used in the sense of a tabular deposit discordant
to the structure of the inclosing rocks and without connotation as to its mode
of origin.

#Ransome, F. L.. “Notes on Some Mining Districts in Humboldt County,
Nevada,” U. 8. Geol. Survey, Bull. 414, 1909,

*Lincoln, pp. 160-161; Emmons, S. F., U. 8. Geol. Expl. Fortieth Parallel,
vol. 3, pp. 393405, 1870; Spurr, J. E., “Quartz-Muscovite Rock from Belmont,
Nevada.” Amer. Jour. 8ci., 4th ser., vol. 10, p. 355, 1900,

¥8purr, J. E., “Ore Deposits of the Silver Peak Quadrangle, Nevada,” U. 8.
Geol. Survey Prof. Paper 55, pp. 34-74, 1908. Lincoln, pp. 81-82.

Hill, J. M., “Some Mining Districts in Northeastern California and North-
western Nevada,” U. 8. Geol. Surv. Bull. 594, pp. 133-141, 1915. Lincoln, pp.
148-149.

¥Linecoln, pp. 213-215; Knopf, A., “Geology and Ore Deposits of the Roches-
ter District, Nevada,” U. 8. Geol. Survey Bull. 762, pp. 42-53, 1924,
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in the neighboring Palmetto district!® the veins cutting the lime-
stones and slates at a distance from the contact have yielded
chiefly silver.

The only two districts in western Nevada whose production

exceeds $1,000,000 which have produced chiefly copper are the
Santa Fé and Yerington districts. The Yerington district!® has
had a considerable production, but it does not rank among the
major copper districts of the country. The ore bodies are of the
contact-metamorphic type. Pyrite and chalcopyrite occur in a
gangue of pyroxene, garnet, and epidote as replacements of lime-
stone. Secondary enrichment has not been important. The
Santa Fé district2® has been far less productive. The primary
ore is similar in character to that of the Yerington, but the ore-
bodies are small and irregular and have not proved productive
below a relatively shallow zone of oxidation and enrichment.
" The only lead and lead-zinc deposits of this general region
which have been important producers are those of the Cerro
Gordo and Darwin districts in Inyo County, California. In the
Cerro Gordo district2! large amounts of oxidized argentiferous
lead ore and oxidized zinc ores have been mined from replace-
ment deposits in limestone which was more or less dolomitized at
the time of mineralization. The primary sulphides are galena
with subordinate sphalerite, tetrahedrite, and pyrite. In the
Darwin district?? argentiferous galena occurs both in contact
metamorphic deposits in altered limestone and in fissure veins
crossing lime-silicate rock.

The prevalence of the vein type of deposit in western Nevada
in contrast to the replacement type prevailing in the eastern part
of the State was early noted by Raymond,?? who quotes Clarence
King’s observations on the general lines of distribution of mining
districts and calls attention to the difference in type between the
veins of the Reese River (Austin) district and the irregular re-
placement deposits of White Pine (Hamilton). Ball** notes the
prevalence of the vein type of deposit in southwestern Nevada.

»Tincoln, pp. 79-80: Spurr, J. E., op. ¢it,, pp. 86-87.

®Lincoln; pp. 133-137: Knopf, A., “Geology and Ore Deposits of the Yering-
ton District, Nevada,” U. 8. Geol. Surv. Prof. Paper 114, 1918,

»Lincoln, pp. 153-154; Hill, J. M., op. e¢it., pp. 157-171.

aKnopf, A., “A Geologic Reconnaissance of the Inyo Range and the Eastern

Slope of the Southern Sierra Nevada, California,” U. 8. Geol. Surv. Prof. Paper
110, pp. 105-118, 1918,

#Knopf, A, “The Darwin Silver-lead Mining District, California.” TU. &
Geol. Surv. Bull. 580, pp. 1-18, 1915,

nRaymond, R. W. “The Geographical Distribution of Mining Districts in
the United States,” Trans. Amer. Inst. Min. Eng., vol. 1, p. 3, 1873.

1 pall, 8. H., “A Geologic Reconnaissance in Southwestern Nevada and BEast-
ern Cnliforniah” U. S. Geol, Surv. Ball. 308, pp. 4416, 1907,
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gri)‘xvxgr,-(“;n h.is discussion of the ore deposits of Silver Peak Ree
simn;rityuf)?nt)h’ Belfnont, and southern Klondike, points (;ut t}?:
v e veins of these districts to the ’C i i
n i 9 aliforni
:}f;nggnlt:nggreng notesche same similarity in the older v;ngsocl'g
sa Range, Humboldt County. Th i
struck by the close resemblan ine e Blreont T
ce of the veins of the Bel i
Canyon, Silver Star (Mari i ke of this plon
( , : arietta), and minor district i
in the Hawthorne and Ton , o e Coltiine
) opah quadrangles to the Calj i
veins. These districts all have 6 parn
elr \ e well-defined persistent veinsg
gth}igi tc}?ars;e}-lgr;nned quartz with patches of mixed s».dphi&’deogf
an the lower average gold content of the N ins,
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m the California veins seems to b '
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i}}sialllte.ratlon of thg adJox_nmg wall rock to carbonate and seriéiZe
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ern Nevada have been in i TSt
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}):;)t:ctid iron} erosion b?r down-faulting along the present eastern
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he P;:;slta;c); an(; P;fta3stocene, and the topographic expression of
ne faulting still persists. The Pleisto i
he . . cene faultin
::]}euch h:;s an average magn.xtude of not more than 2,000 feet a‘g
me ta.sux('je by the d.xﬁ‘erence in elevation between the Sierra silm-
zt a;} the‘ sumn.uts of the Nevada ranges, may probably be left
(I))l]l o cons:dera.tmn, for some of the Nevada veins reach a pre-
Ovzlstocer}e erosion surface which was probably once continuous
o sr a \tv}i(.ie area. The amount of earlier faulting was probably
outcOrI:;s é?gt'}fhe;amg order of magnitude, and to this extent the
e Nevada veins reach a higher level tha
C . : n those of
g:;l;f;;x&a.b Also during the Cretaceous and early Eocene there
een more active erosion on the California si i
12y ] t side than in
&Z\tag}?. CBu.t it can be'mferred from the Tertiary placer gravels
e California veins retained their present character for ';
#Rpurr, J. E, “Genetic Relations of the Western Nevada Ores” Trans

Amer. Inst. Min. Eng., vol. 36, pp. 399102, 1%

=J.indgren. W, “Geolngy s
. dgren. W, oy and Mineral Deposits Y ini i
trict. Nevada.” U, 8. Geol. Surv. Bull. 601, pl. 12 H()»(fmﬂm )ﬂtififal Mining Dis:

The Mining Districts of Nevada k 87

considerable distance above their present outcrops. The amount
of erosion represented by the Eocene auriferous gravels is prob-
ably of the order of magnitude of 1,000 or 2,000 feet. Lind-
gren? moreover describes auriferous gravel of pre-Chico (Lower
Cretaceous) age, so that it is a fair assumption that the California
veins retained their auriferous character for a considerable
height, perhaps 4,000 or 5,000 feet, above their present outcrops.
There seems to be no likelihood, therefore, that any significant
difference in distance from the source due to less erosion of the
Nevada veins can account for their lack of gold.

The California veins are almost everywhere accompanied by
more or less replacement of the adjoining country rock by car-
bonates, generally ankerite, with more or less sericite or mari-
posite. This type of wall-rock alteration is not prominent, as far
4s the writer is aware, in the Nevada silver veins, although man-

ganiferous ferrodolomite is the principal gangue mineral of the
Candelaria veins,*s and calcite and other carbonates are present

in the veins of other districts. In the veins of the Alleghany dis-

trict (California) studied by the writer?? it is clear that ankerite

is later than and replaces the quartz, and that the gold and several

of the sulphides are also distinctly later than the quartz and con-
temporaneous with the ankerite. Howe®" finds that at Grass
Valley the gold and calcite are later than the quartz and were
introduced after the quartz had been fractured. Hulin#! has
shown that gold is one of the last minerals of the veins of the
Mother Lode.

Proof that the gold of the California veins was deposited at a
later stage of mineralization, not present in Nevada, would not
explain the difference between the California and Nevada veins
if both derived all their minerals from the same magmatic source,
and it would therefore be necessary to assume that the magma
which formed the satellitic batholiths of western Nevada was
deficient in gold; although these batholiths are in the same posi-
tion relative to the central batholith as those on the California side
and there seems to be no significant difference in the depth to

which erosion has reached.

“The Tertinry Gravels of the Sierra Nevada,” U,

.

=Tindgren, W &, Geol,
Surv. Prof, Paper No. 720 p. 23, 1911,

*Knopf. A. “The Candelaria NRilver Distriet, Nevada,”
a5, po ML 102

= PFerguson. H. G, “The Alleghany District, California,” U
Prof. Paper (in preparation).

2 fowe, F., “The Gold Ores of Grass Valley, California
pp. D9H-622, 1524,

styfnlin, Carlton Do “Structural Control of Ore Deposition,” Feon, Geol,, vol.
24 pp. 3132, 1020,

. & Geol, Surv, Bull
S Geol, Suarv.

* Feon. Geol,, vol, T
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In the California gold belt there are abundant basic rocks

gabbros, amphibolites, and serpentines which are older than the -

gramtlc. Iintrusives. The fairly close association of serpentines
and auriferous veins has led Lindgren32? to suggest that the gab
bros: and peridotites and the albite-aplite dikes which accg;)m-
panied these basic intrusions may have been a source of at Iéas(;
a part. of t.he gold. The nearly complete absence of such basic
mtru§10ns In western Nevada is perhaps confirmatory evidence
for Llpdgren’s suggestion. On the other hand no important basic
mtrttlsx.ves occur in the Silver Peak distict, which has been the
1$<;:ad;r.r11)ortzznt of the pre-Tertiary gold camps of western
In eastern Nevada lead or lead-silver deposi

abundant. Several districts, such as Euré)ka,i*ti‘S ;;:1(123}218 II:I?gS;
amounts of oxidized silver ores in the yvears following their dis-
cqvery, but have made their principal production from lead ores
with a low silver content. The Jack Rabbit3* and Pioche3s pro-
duced much silver in the early days of mining, but silver has
fi(z;med only a small fraction of the value of the recent produc-
' The White Pine district36 was in its early days an important
silver prgducer, but the supergene silver ores of Treasure Hill
were dxst.mct from the ores of the “lead belt” developed at a later
da}te, which carry only a small amount of silver. The Yellow
.Pme (Goodsprings) 37 district in the southern part of the State
is the only important district in which the production of zine has
been ?f more value than that of other metals. Ely38 is an out-
standmg_' example of a deposit of disseminated copper ore of the
type \x:hlch prevails in the Rocky Mountain region. There are no
other important copper districts in eastern Nevada, but in places
where th.ere are small areas of intrusives exposed, copper ores are
presgnt in the intrusive and the lead-silver or lead-zinc ores in
the xntru@ed sedimentaries at some distance from the contact
Gold-bearing veins have been mined in a few districts, but the;

:Qii:;](;);lrnen;’r?\'i;;\){;ifmlrl:}llwDepositf,” 3d edition, p. 627. New York, 1928.
U. & Geol, :thr;'.k.\I(‘;r‘xo’gra‘p;xu;&),‘\].éfm(.;eoxogy °f the Eurekn District, Nevada”
L 212193+ \Wactors c
et o Tt 2 et & 0 amd Kaont, . -Gesog of o
;L.mcoln. p. lg-i-—l.:"i; Westgate & Knopf, op. cit, T
- I\,}t:r(‘:g:.:hr;x:_“‘ll»é(—)-;‘;), 3)5111:;'22“'103'9, “Mining at Hamilton, Nevada,” Mines
5. e, S Prot. baper (1n propavationy. C 7 TInE" Distrct, Newadar” .
Nevadar . & Geor Sure. Frot. Paper do, shua ) 2 Ore Deposits of Elx
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Ferguson (Delamar)3? district is the only one which has yielded a
large production. In this district irregular impregnations of °
quartzite adjoining a fissure have yielded ore carrying silver and
gold in the ratio of about 2 to L.
There are three possible explanations for the prevailing dif-
ference in habit of the deep-seated ore deposits of western and
eastern Nevada. The difference may be due to the fact that
average depth of erosion is presumably less in the east than in the
west, due to difference in age of intrusion, and that the western
deposits therefore reflect conditions of higher temperature; or
the greater proportion of limestone in the stratified rocks of the
east may have influenced the form and content of the ore deposits;
or the difference may be a function of the different age and source
of the associated granitic intrusives. To the writer the last
hypothesis is the most reasonable. Difference in temperature due
to differences in the amount of erosion can hardly have been the
controlling factor since, at the different heights to which the
intrusives have risen in different regions, areas varying greatly
in size are now exposed, so that differences in heat and pressure
could not have been very important. The precious metal veins of
western Nevada and California, as well as the base metal replace-
ment deposits of eastern Nevada and the Rocky Mountain States
tend to surround not the major batholiths but small areas of
intrusives whose exposed area and position suggest that they are
apically truncated stocks, generally satellitic to larger batholiths,
and there seems to be no significant difference in the areas of such
granite exposed in the east and west. Control by the wall rock
may have been important since limestones form a larger propor-
tion of the section in the east than in the west, but the vein type
of deposit with sparse sulphides seems to prevail in the west even
where limestone forms the country rock, whereas in the east,
although the position of the deposits was naturally controlled by
pre-existing fissures, the ore forming solutions were able to dis-
solve the country rock to a far greater extent and thus tend to
occur as replacement deposits. The total content of metallic
minerals is also far less in the western deposits than the eastern,
but as regards their usefulness this has been compensated by the
presence of primary gold in the California veins and of super-
gene silver minerals in the veins of western Nevada. It is there-
fore thought likely that this difference in habit of mineralization
is a function of the different age and source of the associated
intrusives, and the writer believes that two distinct metallogenetic

»Lincoln. pp. 119-120: Emmons, 8. F. “The Delamar and Hornsilver
Mines,” Trans. Amer. Inst. Min. Eng., vol. 31, pp. 638-675, 1002,
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.prowqces are here represented, the western dependent
intrusives of late Jurassic or early Cretaceous age, and the ::Ss?tn
ig;io?ln t’;‘l}?eiiaiglt{n;{‘ert]ir}t, intrus},jves of the Rocky Mountain
- ton between the two types of ore deposits i
1r:ot sufficiently sharp to allow any definite statement asp‘gsl;lsoixsr
tgr to the west the early Tertiary intrusives extended. Inspec-
t;}on};f a}r}alyses of. the granitic rocks of the Sierra Nevada and
e OC.}\:\ Mountain batholiths reveals no constant difference i
comp‘osmon, and direct geologic data on the age of the Nev*xdn
granites are almost completely lacking. Hewettt0 finds th‘lt‘ i
southern Ne\'fxda and southeastern California granitic roc}‘(s :)?
probable Tertiary age extend as far west as the western bord(;r of
the Ivanpah quadrangle (116th Meridian). In central Nevada
;he contrast between the Reese River and Belmont deposits on one
t}z:ndyand tho_se .of Eureka on the other, suggests the position for
: e \\.estern limit of the Rocky Mountain metallogenetic province
in this part of the State. Since, as far as known there is no
::I()Igol;ig f;;ei fromI intrusive rocks in central Ne\'acia, it is t‘o be
s at overlap is somewher i
ot O beeffound, ewhere present, but so far no evi-

. DEPOSITS IN THE TERTIARY LAVAS

‘ Deppsus associated with Tertiary surficial lavas and shallow
mtrusxons_'have yielded a large proportion of Nevada’s output of
gold and silver, but practically no base metals. It is thought that
there are two distinet periods of late Tertiary mineralization
each characterized by certain distinctive features. ,

In Hawthorr}e and Tonopah quadrangles in western Nevada
ther_e are Tertiary lavas of varied composition older than the
Esmeralda formation, and hence not later than upper Miocene in
age; lavas, chiefly rhyolitic, of about the same age as the Esme-
ra!da; later andesitic lavas and associated sediments of proi;able
Phocer}e age; and finally Pleistocene basalts. Recent reconnais-
sance indicates that the same sequence prevails in the Low;y
Peak'quadrangle, northeast of the Tonopah quadrangle, and in
the Silver Peak region, south of Tonopah. ,

Ball’s Feconnaissance of southwestern Nevadat! indicates a
fz‘hx_ck series of rhyolites with minor andesites older than ‘the
Siebert Lake beds,” which are now known to be a part of
the Esmeralda formation and of upper Miocene age. As in the
Hawthorne and Tonopah quadrangles, the Esmeralda formation

a . »

. ;Iemtgt. . F. Personal communication.
1:-”"::”'(“. .;‘-(tl‘xw_v_‘ll'.., ‘:Aqu‘angic Reconnaissance in Southwestern Nevada and
Aistern California,” U, 8. Geol. Surv. Bull. 308, p, 27 and pp. 31-25, 1907
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is overlain conformably by rhyolitic lavas. The succeeding
Pliocene andesitic rocks do not appear to be present in the area
covered by Ball’s reconnaissance.

Reconnaissance study of the Hawthorne and Tonopah quad-
rangles and the results of detailed study of several other mining
districts, indicate that the epithermal ore deposits of Tertiary age
belong to two distinct periods, the older of pre-Esmeralda age,

" probably Miocene, and found only in the pre-Esmeralda lavas:
and the younger, later than the rhyolitic and dacitic lavas which

intrude and overlie the Esmeralda formation, but older than the
andesitic series, and consequently of latest upper Miocene or

earliest Pliocene age.

In the area covered by the Hawthorne and Tonopah quad-
rangles the préductive veins of Tonopah,*? Aurora,*’ and Raw-
hide** are confined to the lavas of pre-Esmeralda age. At the old
mining camp of Bodie,** in California, but only 7 miles from the
Aurora district, the lavas surrounding the camp appear to belong
to the same post-Esmeralda series which at Aurora is later than
the veins. According to Eakle and McLaughlin, however, the
veins of Bodie outcrop in a small area of older andesite exposed
by erosion of the later flows. This relation suggests contem-
poraneity of vein formation in the two neighboring camps.

There is evidence that deposits in other parts of Nevada are of
the same age. Schrader finds the same relations at Wonderi¢ as
at Rawhide. The veins of Bullfrogi? are in lavas mapped by
Ball*s belonging to the pre-Esmeralda (pre-“Siebert”) series,
though the authors of the Bullfrog bulletin consider that ‘“the
evidence for this conclusion is not so complete as might be desir-

eLincoln. pp. 184193 Spurr, 1. B, “Geology of the Tonopah Mining Dis-
trict, Nevada,” U. 8. Geol. Sarv, Prof. Paper 42, 1905 : “Geology and Ore Depo-
sition at Tonopah, Nevada,” Econ. Geol,, vol. 10. pp. T13.-769, 1915,

aTincoln. pp. 137-138: Hill, J. M. “Some Mining Districts in Northeastern
Californin and Northwestern Nevada,” U, 8. Geol. Surv, aall, 594, pp. 141-150,
1915, .

“Lincoln. pp. 151-152: Schrader, F. €., “Ore Deposits of the Carson Sink
Ouadrangle, Nevada,” U. &, Geol. Surv. Bull, ¢ip preparation).

S relan. W.. Bighth Annual Report of the State Mineralogist, California State
Mining Bureau. pp. 382—00, 18885 Eakle, A. 8, and AMeLaughling R, Po Mines
and Mineral Resources of Alpine Co., Inyo Co. and Mono Co.”” Cal. Stute Min.
Biir., pp. 121-156, 1917. )

wQchrader, ¥. €., “Ore Deposits of the Carson Sink Quadrangle, Nevada,”
. S. Geol. Surv. Bull (in preparation). ’

 Lincoln., pp. 162-163; Ransome, F. L., Emmons, W. H.. and Garrey, G. H.
“Geology and Ore Deposits of the Bullfrog District. Nevada,” U, & Geol. Surv.
Bull. 407, 1910,

»Ball, S I, “A Geologic Reconnaissance of Southwestern Nevada and East-
ern California” U. 8. Geol. Surv. Bull. 308, pp. 180-181. 1007, k
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ié)tllee.”“ Athqahrbidge5° the veins cut rhyolites of probable Mio-
age which are overlain i i
considers a5 promule Pliocenlg barren rhyolites which Schrader

Except Jarbidge, none of the mining districts of northern
Nevada have been studied in sufficient detail to determine the age
of the lavas and inclosing ore deposits with any certainty. In the
area bef,ween latitudes 40° and 42° and longitudes 116° a'nd 117¢°
(including the Tuscaroras! and Gold Circle3? districts) studied
by W: H Emmons, the lavas, chiefly rhyolite with subordinate
andesite, which contain the ore deposits, are older than the Plio-
cene Humboldt formation.? The lavas of the National districts4
are }'egarded by Lindgren®3 as probably Miocene in age.

Flelq work in the Hawthorne and Tonopah quadrangles as well
as detailed studies of the two districts has shown that the deposits
of Manhattan®t and Round Mountain are of post-Esmeralda
age. The v.eins of several districts of minor importance are also
in rocks, principally rhyolites, later than or contemporaneous with
the Esmeralda formation. These include Divide,38 Gilbert,59
the gold veins of the Bell (Omco) district,%® Fairplay (Goldyl’{e
Atwood) %! and the later gold-bearing veins of Tonopah.52 Gold:
field"-" is the only district outside of this area known to the writer
in which ore deposition is certainly of post-Esmeralda age. The
Oatman district®! in Arizona, close to the Nevada line, seems to

“Ransome. F. L.. et. al. op. cit.. p. 31,
*Lincoln. pp. 48-50: Schrader, F. C., “Ti i ini
i coln . H0: Schra , F. C, 1e Jarbidge Minin is
Rev:}rla, U. 8. Geol. Surv. Bull. 741, pp. 23-24, 1023 . # District
Lincoln. pp. 57-58; Emmons. W. H. “A Reconnai
. coln. . HE S, . H., ol econnaissance of the Mining
Camps in Elko, Lander and Eureka Counties, Nev AR S 3
g s in » %, Nevada,” U. 8. Geol. Surv. Bull.
-‘:’I:incnln. pp. 45-46; Fmmons, W, H., idem. pp. 48-57.
“Emmons, W. H., idem., pp. 34+-35.
*Lincoln, pp. 100-101: Lindgren. W.. “Geology i i
e . D 0-101: Lindg . . “Geology and Mineral Deposits
National Mining Distriet. Nevada.” U. S. Geol. Surv. Bull. 601 lf)r;:")l oof the
“0p. ¢it.. p. 11, T
#I.inecoln, pp. 175177 Ferguson., 1. G.. “Geology
Pp. ] : son. . G., “Geology and Ore D
.\If‘ﬂh;]ﬂtmn District, Nevada,” U. 8. Geol. Surv. Bull. 723, 1024 cposits of the
*"Lincoln, pp. 150-181: Ferguson, H., G.. “The I.{ou A Mot i istri
o ¢ ) : zuson, . G nd Mount: s
.\e;:}(:n. U. 8. Geol. Surv. Bull. 7235, pp. 383-406. 1921 nain pistrict
#Lincoln, pp. 64-66; Knopf. A., “The Divide Silve ‘D' i Y
H AL § g is , Nevada,” f
Geol. Sury. Bull. 715, pp. 147-170, 1921, rDisiriel, Sevada.” UL S
*Ferguson, II. G., “The Gilbert District, Nev ” {
" s , Nevada” U, & S T
oo, 19 o evada,” U Geol. Surv. Bull. 795,
T $nes . g
. .Lm('?ln'. pp. 138-140; Knopf, A.. “Ore Deposits of Cedar Mountain
Nevada,” U. & Geol. Surv. Bull. 725, pp. 361-382, 1921 '
“Lincoln. p. 167. T
“8purr, J. E., “Geology of the Tonopah Mini istri v ”
Surv. Drof. Pager 15 w50, 2005, pah Mining District, Nevada,” U. S. Geol.
®Lincoln. pp. 67-73: Ransome, F. L., “The G
; : : Rans . F. L., e Geology and rposits
Goldfield, Nevada.” U. 8. Geol. Surv. Prof. Paper 66{“ 1909, Ore Deposits of

“Ransome, F, L., “Geology of the Oat ie i ” .
Surv. Rull. 743, 1993, ¥ oof man District, Arizona,” U. §. Geol.
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be of similar character, but the age of ore deposition, except that
the inclosing lavas are probably of middle or late Tertiary age,
is not definitely known.

TABLE 2
Classification of Nevada Mining Deposits in Tertiary Lavas

Silver and Silver-gold Districts, by Gold Districts, by
Counties. Counties.
Value of Total 4 &
Production. = = . " = . = . . =
A Gl d vl af 121.1% A=isi2l 1= 1=
PN RIS S NS 1 B -1 Bl B3 P I3 B0 B2t IS B8 IO DR B
=131C1 81 Y EU,.:g;mx.mwx-;:uuc—;,zﬂ
’ SIEIZ|GIZIZIGE| SIS 2ESISIZ |22 1 2515|2513
QO == LR M) N6 D=3 14 9 P o [ SR 1S HPS) MR NGY p=g g g £
Under $1,000,0p0} ol 2|zl1lrj1jof{rj2i1{rzizjof1{z6l1 rjr{r|r|s{slts
$1.000,000 to
§5.000,000....}2zjof3|tlolrlxfolt|r|2{xtojoft5loj0oj0j0j0ojojzial 2
£5.000,000 to
£10,000,000...]0j1}olojololojolojof ojojo]a]l rjolojo]oielojola]o
£10.000,000 to
£50.000,000...j0]o|1|ololojo]ilo}1] 1jojolo] 3jolojojolaioiajo; 0
Over $50.000,000j0{0lolofojojofojo 1toj1lo] 2jofrjojolololoynj1
| e
Total........ 2362132 13233l5l31 1451‘.’:1 1)t 174.18

Figure 2 shows the distribution of the more productive late
Tertiary deposits of Nevada, with the principal metal produced
and the age, where known; and Table II is an attempt at classifi-
cation on the basis of predominant metal content of all the dis-
tricts mentioned by Lincoln which appear to lie within or to be
closely associated with the Tertiary lavas. The table is probably
considerably in error as regards the grouping of many of the less
important districts, owing to insufficient data. Available infor-
mation is too slight to attempt a classification on an age basis, but
it may be said that Divide is the only district producing princi-
pally silver known to belong to the younger group. The table
suggests that the chances for survival to the point of $1,000,000
production are much better for the silver and silver-gold deposits
than for the gold. There is a suggestion of regional grouping, of
the silver and silver-gold districts in the north and west central
parts of the State, and of the gold deposits in two groups center-
ing in Nye and Pershing Counties. The areal distribution of the
Tertiary lavas of various ages is not sufficiently known to permit
any inference as to possible significance of this grouping.

Although the ore deposits of these two periods of epithermal
deposition closely resemble one another in certain general fea-
tures and are different in character from the older deposits con-
sidered in the first part of the paper, yet there are certain points
of constant difference between them. ‘
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The most striking is the i i i
. ' predominance of silver in the deposits
assoc1.ated with pre-Esmeralda lavas and of gold in the yoggbgléi
dedposns. Several of the districts considered to belong to the
older group, such as Aurora, Bodie, Rawhide, Jarbidge, and Na-
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GURE 2. Map showing 'dxstributxon of principal ore deposits in Nevada
associated with Tertiary lavas

tional, are gold camps, but in all of

» , of these the bulk of the silver
x?'xl'oduced exceeds that of the gold. The ratio by weight of gold to
silver as shown by production records is about 1: 14 for Aurocra,
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1:8 for Bodie, 1:15 for Rawhide, 1: 114 for Jarbidge. For
the bulk of the production from National the ratio was about
1: 50, the same as at Tonopah, but in the rich gold shoot large
amounts of electrum, with a value of $9 to $11 an ounce, greatly
increased the total gold produced, though not to the point of
excess over silver. The production records of the post-Esmeralda
deposits, on the other hand. largely show an excess of gold over
silver, commonly in about the ratio of 7 ounces of gold to 3 of
silver. The Divide district®> is the only exception, and here the
high silver content is the result of supergene enrichment. Gold-
bearing veins of post-Esmeralda age are also present in this dis-
trict and have been worked to some extent. '

Certain mineralogical features are also distinctive. In the pre-
Esmeralda group manganiferous calcite or rhodochrosite is com-
monly an abundant gangue mineral. Primary silver minerals,
chiefly argentite, are also characteristic of the older deposits,
but are lacking in the younger. Primary gold is present in both
classes of veins, but in the older group it is in the form of elec-
trum, about equal parts gold and silver, while in the younger
deposits the proportion of silver is much less and native gold is
generally the only valuable mineral. For most districts the min-
eralogy of the younger veins is much simpler than of the older.
Most of the younger deposits are veins of comby quartz with
pyrite and free gold, but in some of the younger deposits, such
as those of Goldfield and the limestone ores of Manhattan, the
mineralogy is very complex. Propylitic alteration of the wall
rock is more characteristic of the older group than of the younger.
The peculiar tabular quartz, pseudomorphous after calcite or orig-
inally intergrown with calcite, is common to both classes of
epithermal deposits. On the whole, the older veins are more
continuous and better defined than the younger. The ore shoots
tend to be larger, and though sensationally rich primary ore is
less commonly encountered, the pre-Esmeralda deposits have
proved on the whole larger producers and have been productive
to a greater average depth than the younger. Spurr has pointed
out the similarity of Comstock and Tonopah, and if the criteria
for distinction between the two periods of ore deposition are valid,
Comstock®s certainly belongs to the earlier rather than the later

= Knopf, A.. “The Divide Silver District. Nevada,” U. &, Geol. Surv. Bull. 715,
pp. 147170, 1921,

“ Lincoln, pp. 222-233 1 Becker, G, F., “Geology of the Comstock Lode and the
Waushoe Distriet.” U. 8. Geol. Surv, Monograph 3, 1882 ; Reid, J. A., “The Strue-
ture and Genesix of the Comstock Lode, Calif.” Cul. Univ, Dept. Geol. Bull,
vol. 4. pp. 177-199, 1905: Bastin. “Bonanzu Ores of the Comstock Lode,” U. S.
Geol, Rurv, Balll T35, pp. 41-63, 1022,
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period. The geologic map and sections seem to indicate that the
“later hornblende andesite” at Comstock is later than the vein.t%
b'ut other than this no geologic data as to its age within the Tér-
tfary is available. The Silver City district®® is geologically a con-
tn.luation of the Comstock district. No details are given as to
mmerglogy, but production records show a slight excess of gold
over 'sﬂver, possibly due in part to placer output.
IF is thought likely that the older type of epithermal deposits of
w}_uch ‘Tonopah, Aurora, and probably Comstock are represent-
ative is of widespread occurrence throughout western North
Amen(fa, though as yet there is no evidence available indicating
that this mineralization took place at approximately the same date
throughout. Spurr®® notes the similarity of the Tonopah district
to Comstock and to the Silver City and De Lamar districts of
Ida}?o and Pachuca in Mexico, and notes the points of similarity
to districts carrying veins in Tertiary lavas in Peru, Chile, Japaz;,
‘Sumfitra, and New Zealand, and suggests the existence of a
‘mz}]or Pacific Tertiary petrometallographic zone.” Of the two
periods of late Tertiary ore deposition it is the ore deposits of
the earlier period (probably Miocene) which are the Nevada rep-
resentatives of this widespread metallogenetic epoch. The younger
(probably Pliocene) gold deposits appear to be of only local and
sporadic occurrence.
) Presumably the major differences between the deposits formed
in a.?sociation with granitic intrusives considered in the preceding
section and those associated with the surface lavas are due to the
grea.ter temperature of formation of the former, and to the longer
continuance of high temperatures owing to the great distance
below the surface at which the intrusive consolidated. At a guess,
the older deep-seated deposits may have formed at depths of from
less t}lan 4,000 to over 10,000 feet below the surface and those
associated with late Tertiary lavas from a minimum depth of only
a few hundred feet to depths of about 3,000 feet below the sur-
face. Presumably on the average the post-Esmeralda veins have
suﬁ’.ered less erosion than the earlier Tertiary veins, but a com-
parison of the data on erosion from districts which have been
studied in detail indicates too great a degree of overlap in the
amoupt of erosion of pre-Esmeralda and post-Esmeralda deposits
for difference in depth of formation to have been the controlling
factor. At Tonopah, Aurora, and Bodie the small areas of pre-
Esmeralda voleanics exposed indicate that the amount of erosion
“Cf. sheet V of Atlas accompanying Monograph 3. U. S. Geol. Survey.

* Lincoln, pp. 131-132.
®O0p. cit., pp. 273-279.
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since the upper Miocene must have been small, probably not over
a few hundred feet at most. No data are available which would
furnish a measure of the pre-Esmeralda erosion. The lacustrine
and terrestrial deposits of the Esmeralda formation covered the
site of Tonopah, but Aurora may have been undergoing erosion
during this period, and a hint is thus offered as to the reason for
the exhaustion of the known Aurora ore bodies at less depth than
those of Tonopah. Spurr’® estimates that the main ore deposi-
tion at Tonopah took place at a depth of less than 2,000 feet.
Lindgren®! gives minimum figures of 1,000 and 2,700 feet for the
National district, the former for the veins on Buckskin Mountain,
based on the difference in elevation between their outcrops and the
summit of Buckskin Peak; the latter represents the difference in
elevation between Buckskin Peak and the outcrop of the National
vein. Certainly this must be some hundreds of feet less than the
actual depth at the time of vein formation, for no allowance is
made for Pliocene erosion. '

. Estimates for the depth of formation of the post-Esmeralda
deposits show a considerable overlap in range with those of
Miocene age. Ransome?2 has calculated that at Goldfield the
erosion of the part of the district containing the principal ore
bodies was not more than 1,000 feet and may have been much
less (to a minimum of something over 800 feet) and to this some
1,500 feet may be added for the vertical range of ore deposition.
But such data as exist for Round Mountain and Manhattan indi-
cate a greater depth. The old erosion surface on the crest of
the Toquima Range is cut on lavas of the same age as those which
contain the veins of Round Mountain and the veins in the lavas
north of Manhattan, and the later andesitic lavas-are lacking.
This old surface is over 2,000 feet above the outcrop of the Gold
Hill veins at Manhattan and over 2,500 feet above the Round
Mountain veins, and about 3,000 feet above the deepest productive
work at both camps. Certainly several hundred feet in addition
must be allowed for the erosion interval which ended with the
formation of this surface. Ransome®® considers that the ore
shoots of the Oatman (Arizona) veins could not have been
formed more than about 3,000 feet below the surface. All such

oQpurr, J. E., “Geology and Ore Depoxition at Tonopah. Nevada,” Econ.
Geol.. vol. 10, p. 761, 1915 ; “Ore Magmus,” vol. 1. p. 203, 1923,
“1L. 8. Geol. Serv.-Bull. 601, p. 33.
270, 8. Geol. Surv. Prof. Paper 66, p. 174,
SRansome, F. L. “Geology of the Oatinan District. Arizona,” U,'S. Geol.
Surv. Bull, 743, p. 55. 1923,
4
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estimates include factors which are hard to evaluate and conse-
quently are more or less indefinite, but it seems probable that the
depth of the zones of ore deposition of the two types of deposits
overlapped to a considerable extent, and that therefore the prob-
ably somewhat greater average erosion of the deposits of the
earlier group is not alone capable of explaining the differences
observed. : .
There must have been other causes operating to produce the
widespread mineralization of pre-Esmeralda age with predomi-
nant silver. and the later and sporadic gold-bearing veins. In
many districts the veins are in lava flows rather than intrusions
and presumably did not derive their contents from the inclosing
lavas, but both vein minerals and lavas were divided from a deeper
source. As far as can be judged from available descriptions there
is no characteristic difference in the character of lavas associated
with the veins of the two periods. Since, as at Tonopah, deposits
belonging to the two periods occur in the same district, the pos-
sibility of derivation of gold from deep-seated older basic rocks
in the manner suggested in the speculation as to the gold of the
California veins is not here applicable. In several of the districts
containing late Tertiary gold veins, the ore, and apparently also
the veins, fail in depth with a change of rock. For the Qatman
district, Ransome™* suggests a dependence of the ore on the flow
inclosing the veins. At Goldfield the ore does not appear to con-
tinue into the slates below the lavas, but at Manhattan the prin-
cipal production has come from ore deposits of post-Esmeralda
age in the Cambrian schists and limestones. It is concluded,
therefore, that the persistent difference between the Nevada epi-
thermal deposits of pre-Esmeralda age and the younger veins
cannot be due alone to depth or degree of heat at the time of for-
mation; and it is inferred that this difference is a function of the
character of the source from which the two classes of deposits are
derived.
ECONOMIC CONSIDERATIONS
The propositions advanced in the preceding sections are admit-
tedly speculative, but, if valid, they have certain economic bear-
ings, especially on the chances of discovering new districts and
of profitably exploring known deposits in depth.

“*Ransome, F. L., “Progress in Economic Geology.” Econ. Geol., vol. 23, p.
121, 1928. In this paper the Mogollon district iz cited as another example of
this tendeney. Thix appeurs to the writer to be ill-chosen since at Mogollon the
productive portions of the veins cut 2t suceession of lavas of different ages and
compaosition, and exploration has shown that the veins continue well defined to
depths at least 300 feet below the exhausted ore shoots. Cf U, 8, Geol. Surv.

Ball, 753,
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an:&i?r§§'3 anldl;l, based on data derived from Lincoln and the
ineral Resource i
e eduction T N ce chapters, show the trend of mineral
Mining in Nevada began in the early 'fifties; the prospector
were most'ly gold miners from California, unfamiliar with silve:
ores, and it was not until 1859 that important mining of th:; rich
Comstock ores began. The next discoveries were in districts
such as Reese River (1862), where the prominent vein outero );
made prospect.ing easy and the rich silver ores could be treatéa
b,\: amalgamation. The replacement deposits richer in lead and
th}.] a less familiar type of outcrop did not come into production
until about 1869, when local smelters began to be built. As noted
above, the chief value of the silver veins of the Reese kiver type
was dqe to the presence of supergene silver minerals, and secon-
dary silver ores were an important item in the early, production
of the eastern lead-silver replacement deposits. The Comstock
d'!StrlCt appears to have been the only district in which primary
sxl'ver ores were mined in the early period. The cream was soon
:klxtr}?rtnhed anc% the caEastrophic fall in production which coincided
N dec]fnxéfamc of 1879 was merely the accentuation of an inevita-
Mining in Nevada almost ceased during the decade from about
189.0 to 190(_), but a second period of production began with the
accidental 'dlscovery of Tonopah in 1900. This discovery turnéd
the attention of prospectors to types of outerops hitherto neg-
]e'cte(.i, and 'jvithin a few years a large number of gold and silvegl'
districts, chiefly within the Tertiary lavas, had become producers
The older silver-bearing veins of western Nevada received theix:
share of. attention but did not join to any extent in this renewed
produc'txon. Important discoveries of secondary silver\ ore were
made in the Rochester district, but on the whole although
att?mpts were made to reopen mines in nearly eve’ry district
which had been an important silver producer in the early days, it
was found that the early miners had overlooked little in the '»\;ay
o'f secondary ore, and even with the high prices prevailing for
silver between' 1917 and 1923 the older silver-bearing veins did
?}?t mz;ke any important production. Nevertheless these atter‘npts,
du(::;li%;n’generally not profitable, added to the total silver pro-
This sef:ond period of precious metal production never reached
the magnitude of output of the early days, and since 1911 for gold
and 1913 for silver the output has shown a fairly steady decline.
At about the same time as the new discoveries of precious metal

The Mining Districts of Nevada 101

deposits, improvements in the technique of mining and treatment
initiated a renewed production of lead and zinc, from the old
camps of eastern Nevada of which Pioche, Yellow Pine, and
Fureka were among the most important, and made possible the
mining of the Ely copper ores. The war prices stimulated copper
production from a number of copper distriets, including Yering-
ton and Santa Fé, and there was also some production of copper
ores from districts whose principal ores were valuable for lead or
zine, such as Battle Mountain and: Yellow Pine. These smaller
districts did not recover from the depression of 1921, and in
recent years the copper production of the State has been essen-
tially that of the Ely district.

The recent lead output has not attained anything like the mag-
nitude of the early period of production, but on the other hand
lead mining has so far shown an ability to respond to favorable
prices and as yet gives no indication of a decline like that of the
precious metal production. According to the analysis of produc-
tion given in Mineral Resources,*? 56 percent of the production
of lead for the period 1917-1926 was derived from “lead ore,”
19 percent as concentrates from “dry and siliceous ore,” and 23
percent from “zinc ore and lead-zinc ore.”

Zine production, chiefly from the Yellow Pine district, became
important in 1912 and increased greatly under the stimulus of
war prices. In spite of the lower prices in 1919 and succeeding
years the output has kept at about the 1912 level.

In considering the possibilities for future production from the
State it is of course necessary to make many assumptions any one
of which, if invalid, will vitiate the entire argument. Neverthe-
less, on the basis of the foregoing geological and historical data
certain deductions of possible economic importance may be drawn.
The western silver-bearing veins of the California type generally
have prominent outerops and the chances for new discoveries are
therefore small, although Rochester is an example of the recent
discovery of deposits of this type which were overlooked by the
first generation of mirders. Nor is it likely, unless great advances
in technique of mining and treatment are made, that the deep
working of the known veins will prove profitable since the old

production came from highly enriched supergene ores. In the
Reese River district, which had a production of over $50,000,000,
the vertical productive depth was not over 500 feet.7 Veins of

Zherry, Co N “Gold, Silver, Copper, Lead and Zine in Nevada in
Bur. Mines, Min. Res, of the UL S, Part 1. p. 518, 1928,

=Hill, J. M., “Some Mining Districts in California and Nevada/
Surv. Bull, 594, p. 118, 1914,

10267 U8

* U. 8. Geol,
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this type whose apices are buried beneath late Tertiary 1

deep valley fill doubtless await discovery, but it is ydoauvbatfog

whether these are favorably situated so as to have received t}:l

::cf;sos:r: ;ug;srgex;e enrichment. Such veins were exposed ’c§

: n e action of supergene waters i
;Is‘e;??gi, and th.e;) 1x:vreservation of zones of T(::élanrif If):il;gcﬁfnz}rlli
rse possible, and intensive studi rsi
phy .of such dis.tricts might point out fzi':fa{)}lls g?lz?h%{igg?;
Eonsxfiers 'ghat in t.he chhester district, the only camp of this
p};lrzjes ilor;g ;Z};;x}f}l} tc:rz;ldert'agon has been given to the application of
\ e stu i gl
from the early part of thg lg)lfei(:;iciilé?sws’ the enrichment dates
. Of the copper deposits of the State, the most productive, El
is th'e only example of a deposit of disseminated ore. The c;thegy
consist for the most part of contact metamorphic deposits and ts
a ]'ess extent of copper-bearing veins within or close to the intru<3
sive. Except for Ely, the copper camps of Nevada have not been
able to make any significant production except under the stimulus
:}tx‘eugr-lrues;téally hltghfptxi]ices. At Ely supergene enrichment makes
ater part o e ore, but the large reserves i
production. Some of the other districg;s have ;?)t]er;stlgﬁtfi:tur?
moderate future production at high prices. 0 e
thTh'(; ?eastez"n lead-silver deposits of the replacement type, like
e silver veins of the west, may be supposed to have essen’tiall

exha'usted the silver-rich surficial ores. Although their outero )s,
are; in general less prominent than those of the western quarlzz
veins, the State has been so well prospected that the chance for
1{nportant new 'discoveries i8 probably small. The same condi-
gxons prevaxl as in the west as to possibility of enrichment of such

eposits to be found beneath the later lavas, or valley fills. In
the easterr.l replacement deposits, however, in contrast to- the
:;fj;srzn‘::;s,h pag'tly o;cic‘lized base metal ores below the zone of
S ent, and In places primary ores, have y
%mpox"tant producers of l_ead and zine, especially since seIl)Zc(:)t‘is(:
otapon has rendered mixed sulphide ores available. The ro-
duction grap}} given by Knopf for the Pioche region®s shlc))ws
early prod.uctxon of the enriched ores followed by a long period
of stagnatxo.n a:nd recent revival. Eureka, Cortez, and Whitz Pine
have had similar histories. It is believed, the’refore, that the
. QI“(],(:% g‘.;rv.G«I?;i;)fyTg;dp.Oz, Iiggg:sits of the Rochester District, Nevada,”

*Westgate. I.. G., and Kno “
Bull, Am. Inst, Min. Eng.. 1647-1., p. g;,o:llgg.;.‘)f Flocle. Nevada. and Vieluits,
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type of deposit prevailing in eastern Nevada, which has in the
past yielded secondary silver ores, offers a better chance for

_the development of workable base metal ores than do the veins

in the pre-Tertiary rocks of the western part of the State.

Several of the silver and silver-gold veins in the Tertiary lavas
such as those of Comstock, Aurora, and Tuscarora were dis-
covered and largely exhausted during the early period of produc-
tion. Others, such as those of Tonopah and Wonder, escaped
observation until the recent revival, either on account of the
inconspicuous nature of their outcrops or because they occurred
in rocks not supposed to be productive. The Pliocene gold
deposits such as Goldfield, Manhattan, and Round Mountain were
all discovered during the recent period of activity. The chances
for important new discoveries do not seem great when one recol-
lects the intensive prospecting which followed the discoveries of
Tonopah and Goldfield. But spectacular gold ore outcropped at
Manhattan only a few feet from one of the main roads leading to
the old silver camp of Belmont, and the outcrops of the veins of
Tonopah and Goldfield remained unconsidered in a region which
was vigorously prospected between 1860 and 1880, so it would be
hazardous to assume that other inconspicuous outcrops of rich
veins do not await future discovery.

The gold veins in the late Tertiary lavas have in general less
conspicuous outcrops, and the chances for new discoveries of
deposits of this type are probably better than for discoveries of
silver or silver-gold veins, but, if the data given in Table Il are
significant, such discoveries are less likely to develop into pro-
ducing districts. '

Supergene enrichment has not been as important in the silver-
gold deposits in the lavas as in the older argentiferous guartz
veins, although the near-surface bonanzas of Comstock and the
oxidized and enriched ores of Bullfrog, Wonder, and Tuscarora
have yielded a considerable production. Practically all the pro-
duction from Tonopah and Aurora and the smaller camps shown
in Figure 2, as well as a considerable proportion of that from
Comstock, has been from primary ore. The deficiency in oxida-
tion and enrichment in deposits of this type as compared with
the older argentiferous quartz veins may be due to the lower
content of pyrite and to the lower degree of permeability of these
generally finer-grained veins and perhaps also in some part to
enrichment of the older veins during part of the Tertiary, before
the lavas that contain the later veins were erupted. Since sec-
ondary enrichment is not a very important factor in determining
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the workability of veins of this type, it follows that future dis-
coveries of such veins beneath later lavas or sediments or beneath
valley fill may yield workable deposits. At Tonopah productive
veins in the older lavas have been mined for considerable dis-
tances beneath the later barren formations. The close proximity
of Aurora and Bodie suggests a chance for such discoveries. In
both these camps the productive veins outcrop in small areas of
the older andesites surrounded by later barren lavas. The dis-
tance between the two is not even seven miles, but blind explora-
tion beneath the barren lava separating the two would be a long
chance without more detailed geologic knowledge than we possess
at present.

Since the zone of original deposition is relatively thin in
deposits of this type, much depends on the amount of erosion
that has taken place. It has been suggested that the greater
depth of the ore at Tonopah than at Aurora may be due to the
fact that Tonopah was in an area of sedimentation during Esme-
ralda time, while at the same time the Aurora veins were pre-
sumably being eroded. Studies of the regional geology directed
towards estimating the amount of both Tertiary and Pleistocene
erosion may in places prove helpful in determining the probability
of persistence of this type of ore deposit in depth.

In several districts containing gold veins of Pliocene age such
as Manhattan, Round Mountain, and Gilbert there seems to be a
distinct association of the ore with intrusive rhyolites or dacites
which cut the Esmeralda sediments, but this association is appar-
ently lacking in other districts so cannot be regarded as of much
value as a guide to possible discovery. Supergene enrichment is
responsible for the silver ores of Divide and has apparently been
of some importance in the gold ores of Round Mountain, but in
the other districts containing Pliocene deposits all the production
has been from primary ores, therefore a vein beneath a capping
of later lava or valley fill may be as productive as one which out-
crops at the surface. Since the range of original deposition was
certainly no greater than that of the Miocene deposits and was
probably less, it follows that estimation of the amount of probable
erosion is equally valuable. With these deposits the problem is
somewhat simpler because the time since their formation is
shorter.

In conclusion, this study of the available data on the geology of
Nevada ore deposits suggests: (1) that the argentiferous veins of
pre-Tertiary age in western Nevada offer little hope of new dis-
coveries or of greatly increased production from known deposits
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under present conditions of mining and gxe;allurtg}ilzallmt;c(grslégi\ﬁ,
i -oduction, aside from 1 ,

(2) that increased copper pro  aside o e ot higher
+ill probably only be available un : her
;;sxlcei (3) that the lead-silver replacement dep?sx;i) rotfh eegg?—
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Tertiary age in eastern Neva - ' ' ;
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POSTSCRIPT*

. The as§u'm1.)tion of two separate and distinet periods of fold-
ing. granitic intrusion, and consequent ore deposition is perhaps
stated more definitely than is justified. The following quotations
fr?‘m Nolan present the opposite point of view:

A large proportion of the interested geologists have assumed
that these §tructural features (major folds and thrusts) were
formed during a single short orogenic epoch which was either
conte}mpora-neous with the Late Jurassic deformation of Cali-
fornia or with the Laramide of the Rocky Mountains. Relatively
recent geologic work in the province now seems to indicate that
?hese assumptions have doubtful validity and that orogenic activ-
1t.y has probably persisted in one place or another over a con-
siderable length of time, starting as early as the middle of the
Lo‘\‘ver Jurassic and continuing into the Eocene.”1
- “The absence of any Mesozoic sedimentary rocks younger than
Lf)\ver Jurassic in western and central Nevada prevents any
dxrect. contributions from that region to help in answering the
question of the age of the numerous stocks that are so widely
dz.strzbuted. Some of them are doubtless late Jurassic age, but if
Ll.ndgren’s correlation for the Cordilleran region of in;:rusion
with orogenic stress is accepted, it is possible that emplacement
of the stocks occurred at different times from the Late Lower
Juras'sic into the Tertiary period.”:

It is t.hought, however, that the facts presented here {pp. 80—
89) justify the separation of the Nevada deposits assoc;ated
::lct: d(eep~seat§d)intrlésives into two distinct metallogenetic prov-

s (or epochs), and t i i
8990, 105) are, on the \&{llf;let,hsa(lz;llfcmsmns regarding them (pp.

The Delamar (Ferguson) district (p. 89 and Figure 1) has
been shown by Callaghan3 to belong to the Tertiary silver-gold
5:::2. l})himovaltt;:*om Figure 1 and Table 1 gives a sharper sep-

ion between the eas ’

oated e te?rn and western types of Nevada deep-

The Reese River (Austin) district is erroneously credited with

:{fu‘blished by permission of the Director. U. S. Geological Survey
i Nolan, T. B. The Basin and Range Province in Utah, Nevada ar;d Califor-
nia. U. 8. G. 8. Prof. Paper 197-D, p. 137, 1043, '
*0p. cit., pp. 162-163. '
*Callaghan. Eugene, Geolo b
. an. 3 gy of the Delamar Distri
Nevada. Univ. Nevada Bull,, vol. 31, No. 5, 1937, et Tincoln County.
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a production of over $50,000,000 (Figure 1). Gross production
has probably been something over $18,000,000.

Recent paleontological work has shown that the sediments
referred to as the Esmeralda formation (pp. 80, 90, 91) contain
fossils of Lower Pliocene as well as Upper Miocene age; this for-
mation is therefore not as good an age indicator as had been
inferred. It remains true, however, the silver-gold and silver
districts have been on the whole larger producers and seem to
be generally older than the more erratic and for the most part
less productive districts producing generally gold in excess of
silver.

The Delamar district? should have been included among the
silver-gold districts of Tertiary age (ratio Au: Ag about 1 to 2
or 3).

Other minor points which should be noted (p. 95): Ratio of
gold to silver for Tonopah is between 1 to 85 and 1 to 100, not
1 to 50 as stated.S Nolan’s data show the largest proportion of
gold in the bullion for the upper (central) part of the productive
zone.’

The vein of the Omeco mine in Cedar Mountain (p. 92) is defi-
nitely older than the sediments, here of probable Pliocene age,
that were deposited across the outcrop of the vein.

Nolan$ has shown that there was a single period of mineraliza-
tion at Tonopah, so the reference (p. 92) to “the later gold-bearing
veins of Tonopah” is inapplicable.

Possibly, if the old deposits of the National district are genet-
ically related to the cinnabar-bearing sinter of Buckskin Moun-
tain their age may be younger than Miocene.?

An important group of deposits of probable late Tertiary age
not mentioned in the foregoing summary is the group of tungsten-
silver and gold veins of the Silver Dyke and Camp Douglas dis-
tricts near Mina in Mineral County.

The Getchell deposit in northern Nevada has been recently
developed. The presence of realgar and orpiment suggest a

«Couch. B. F., and Carpenter, J. A., Nevada's metal and mineral production:
Univ. Nevada Buil., vol. 37, No. 4, p. 73, 1943,

sCallaghan, E., Geology of the Delamar District, Lincoln County, Nevada:
Univ. Nevada Bull, vol. 31, No. 5, 1937.

*Nolan, Thomas B., The underground geology of the Tonopah mining dis-
trict. Univ. Nevada Bull, vol. 29, No. 5, p. 45, 1935.

T0p. cit., pl. 3.

sypiv. Nevada Bull., vol. 24, No. 4, 1930, and Univ. Nevada Bull, vol. 29,
No. 5, p. 9, 1935.

*Roberts, R. J. Quicksilver deposit at Buckskin Peak. U. 8. G. 8. Bull
922-E. p. 123, 1940, )

'
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similari
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. “Hardy, Roy A. Geology
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CHURCHILL COUNTY

1. Alpine (Clan Alpine) —-Silver

2. Bell Mountain ——-c-eeev Gold

3. Bernice -——--ee————-_Gold

4, Broken Hills (Quartz
Mountain) —-eeeee—- Sllver

5. Chalk Mountain ———— L

6. Copper Kettle .- t‘|;. r

7. Desert (White Plains)--Gol

8. Eagleville (Hot S ngs}GoId

9. Eastgate - Gold

10. Faimew..
11. Gold Basi Gold
12. Holy I:ross (Fallon, Ter-

e —ee---Manganese

[ E—

13. 1. X. L. (Silver Hill) -Silver
14, Jessup Gold
15. Lake ---
16. Leete —-—-
17. Mountain

20. South Fairview .—
21, Table Mountain (Boyer,
Cottonwood Canyon,

Bolivia) - Nickel
22. Toy tBrowns)- T
23. Westgate - ———--———Silver

24, wmte Cloud (Coppereid)Copper
25. Wonder (Hercules) ——--Silver

CLARK COUNTY

26. Alunite (Railroad Pass,
Vincent) —————-——---Gold
27. Black Mountains.
%g‘ gharlesloﬁn o
. Copper King (Bunker-
ville, Great Eastern,
Key West)---—--—-—--Copper
30. Crescent ——- Gold

33. Gass Peak--.
34, Gold Butta v

36, Las Vegas ———wom-—m- Manganasa

37. Logan (St. Thomas,
Muddy Mountains)---Copper
38. Searchlight-. Gold

. Sut
42, Yellow Pine -
springs, Potosi) -—--Zinc

DOUGLAS COUNTY

A3. B ki Copper
44. Gardnamlle (Eagle) .W-Gold
45, Genoa ———-- -Copper
46. Mount Siegel - ~Gold
47, Mountain_ Ho

brook, Pine Nut) -———Bold
48. Red Ganyun { Silver
49, Silver Glance (Welling-

ton) -—--cemeee---Gold

ELKO COUNTY

50. Alder. Gold

51. Aura (Bull Run, Cen-
tennial, COIumbm,----Gold
52, BUIMEr oomememm e Lead
53. Carlin-————-—-———--Gold
54, Charleston (Copper
Mountain, Gornwaln Gold
55, Contact (Kit Carson,
]

Porter, Salmon River)Copper
56. Cornucopia--—- _Gold
57. Decoy —-—. ~Manganese
58. Delano (Delno) -Gold
59, Daiker o= -—-Copper
60. Divide———-———-.-.—--Silver
61. Dolly Varden (Mlzpah

Granite) —----n----—-Copper
62. Edgemont (Centennial)Gold
63. Elk Mountain -—-------Copper
64. Ferber —mm-————-————--Copper
£5. Ferguson Spring (Alle-

R L) Copper
66. Gold Basin ( Rowland)--Copper
67. Gold Circle (Midas,

Summit) e Gold
68. Good Hope —-rm—---Gold
69, Island Mountain (Gold
(#1711 ) R — 0
{1 [ET ] 1 S — uvicksilver
71. Jarbidge - ———--Gold
72, Kms}ey-.---_“_-..._Salver

i Lafayetle__ o

c ek)
76. Loray (Luray, Ler
T7. Lugin ~cmimeer
78. Merrlmac {Lone N

—Lead
79. Mountasn City (Cope,

Van Duzer)-—--------Gold
80. Mud Springs (Medicine

Spnngs} .......... Lea
81, Proctor e Silver

82. Ratlmad {Bullion) --—-Silver
83. Rock Creek (Falcon) ---Silver
84. Ruby Valley (Smith

Creek) ——-———————--Lead
85. Spruce Mountain - —---Lead
86. Tecoma —-mm—e-—m--—-Lead
87. a Gol
88. Warm Creek .. _.Zine
89. White Horse—-ceeeen-- Copper

ESMERALDA COUNTY

90. Alping.————- - ——_Gold
91. Argentite—— ————————_Silver
92, Castle Rock -———-———-Gold
93. Coaldale ————————_Lead
94, Crow Springs ——--———--Silver
95. Guprlts—_.---.___ﬁcid
96. Divide——————-——_Silver
97. DDIly--—---~-----..--_S|hu r
98. Dye oo ———--Gold

99, Fesler (W‘ndypah) —-—-Gold
00. Gilbert (Desert} - -Gold

Klondyke
105. Lida (Auda Valley, Tuls

Canyon) ——-—eeeueu Gol
106. Lone Muunbain {West

leds)-—-----_.___ssl\rer
07. Montezuma --—————_Gold
08. Palmetto - ————| Gold
09. Railroad Springs--——--| Gold
10. Silver Peak -« - Gold

11. Sylvania (Green Moun-
tain EARE IR - |

112. Tokop (Gold Mountain

Bonnie Clare, Oriental

ash) -——-——-—----Gold
113. Weepah - oo old
114. Whrte Mountains (Fish
Lake Valley) «eeeeeam- Quicksilver
EUREKA COUNTY

115. Alpha e oo Silver
116. Antelope —weeeveee-—-Lead

117. Buckhorn <—e—veenee--Gold

118. Beowawe _————-eeore
119. Cortez  (Bullion
Mount Tenabo) —-—--Silver
120. Diamond -we—---- ------Silver
121. Eureka (Pinto, Prospect,
Ruby Hill, Secret Can-
yon, Silverado, Spring
Valley) -—-e————--—-Silver
b b2 J K71/ ——— |
123. Maggle Creek (Schroe-
---_--.----—.gead

126. Roberts -
127. Safford i
sade) ——————————___Silver

HUMBOLDT COUNTY

128. Amos (Awakening,
Slumbering Hills)—-—-Gold
12% g!ack‘Ruc Go

132. Gold Run Copper
133. Grandpap - Gold

134. Iron Point -——-—______Manganese
%32 Jackson Creek -——--- Conpef
137. New Central .—— . G d

138. Paradise Valley (Mount
Rose, Spring City) —--Gold
139. Preble (Potosi,\ ------ __Silver
140. Rebel Creek (New Gold-
fields, Willow Creek)-G
141. Red Butte
142, Sherman
143. Shon.... Si
144. Snnuma Mountain (Har-

Copp
145. Suiphur (Rabbit HoTe)_-Sllvar
146. Ten Mile - _—_Gold
147. Varyvl!le {Columbia} -.-Gold
48. Warm Springs (Vicks-
burg, Ashdown, Pueb-

o)
148. Willow Point-—--
150. Winnemucca
Springs) ————-—o—__Gold

LANDER COUNTY

151. Battle Mountain (Ban-
nock, Copper Basin,
Gopper Canyon, Cot-
ltonwngd kﬂreek G)ac
ena, Rocky Canyon opper
152. Big Creek -
153. Birch Creek -
154. Buffalo Valley
155. Bullion t{:amnbelr Lan-

der, Tenabo) - Silver
156. Gold Basin —-ccceeneen Gold
157. Hilitop (Kimberly,

Mayesville) .- -..---Copper

158. Jackson (Gold Park) -__Gold
159, Kingston (Bunker Hill,
Santa Fe, Summit,
Victorine) -- .- --—.--Gold
160. Lewis (Dean, Mu
Springs, Pittsburgh) -Silver
161. McCoy ———aev ---Gold
162. New Pass -.- ---Gold
163. Ravenswood( Shoshone) Silver
164. Reese River (Amador,
Austin, Yankee Blade) Silver
165. Skookum_.__..__.___‘.SIIuer

166. Sp C_God
LINCOLN COUNTY

167. Atlanta (Silver - Park,
Silver Springs) ~-----Silver
163 Chlef {Gahente} - --Gal:l

0
171. Fergusun (Delamar) —--Gold
172. Freiberg (Worthington)Gold
173. Gold Range------—----Gold
174. Groom .. Lead

176. Hiko ( Pahranagatl
177. Jack Rabbit (Bristol Si
178. Lone Mountain - ——- Silver
179. Patterson (Cave Valley,
[eT:11E1] R —— Gol
180. Pioche (Ely)-
181. Silverhorn----

182. Tem Piute-- --Silver
183. Vigo ——-emm- e --—-Manganese
184, Viola —— oo - Lead
LYON COUNTY
185. Benway -ee- ——-—-——-Gold
186. Churchill ——-—-—-—-———-Tungsten
187, Como (Palmyra, Indian
Spnngs) e Gold
Gold
. Red Mountain ----—-—-lron

190 Silver City (Chinatown,
aylun Devils Gate,
Gold Canyon) -Gold

191. Talapoosa -

192, Yanngtont’ A
Mason) --——--. ————-Copper

MINERAL COUNTY

193. Acme (Fitting) ----——-Gold
194. Aurora (Cambridge, Es-

meralda) - Gold
195. Bovard (Copp
tain, Rand).---------Gold

196. Buena Vista (Basalt,
Mount Montgomery,
(1,11 ) PR —

197. Candelaria (Belleville,
Columbus) - - Silver

198. Cedar Mnuntam (Bell,
Simon)-- -----Silver

199. East Walkar (Mount

ran

200. Garﬁeld oy

203. King ---
204. Pine Grove (Rock
Wilson) - Gold

LI [T T —— _-Tungsten

206. Rawhide (Regentin

Churchill County) -—-Gold
207. Ryan Canyon ... ...... Silver
208. Santa Fe (Luning, Kin-
209. Slhret Stm(Black Moun-

taln. Go!d Range,

Marietta, Mina) "Gold
210. Sodg\nlle (Ptlut M
211. Sulnh:da-_-— ______
212. Sunnyside(Hot Snﬂngs)Guld
213. Walker Lake (Buaklay,a .

$14. Wonloen T
asnin n et O T
215. Whiskey Flat ..._--...Cngg:r
NYE COUNTY
216. Antelope .— - ____Gold
217. Arrowhead . Silver
218. Athens - Gold

219, Bellehelen —e—-—- Gold

LIST OF MINING DISTRICTS

220. Belmont_(Philadelphia,
Silver Bend) .- - Silver
221. Big Dune (Lee) . Gold
222. Bruner (Phonoiite) ----Gold
223. Bullfrog_ (Beatty, Pio-
neer, Rhyolite) - ———- Gold
224. Cactus Springs -——---—Gold
225, Clifford — oo eeeeeee Gold
226. Cloverdale (Golden,

228. Danville
229. Eden (GoMd
230. Ellendale ...
231. Fairplay (Atwood,

oldyke) —cee e —Gold
232, F!uonne (Bare

Moun-
tain, Telluride) ————- Qm:j:lmhrer

233. Gold Crater——....
234. Golden Arrow (Blakes
Camp) -————————-___Gold
235. Grapevine -------——----Gold
236. Hannapah {Sli\mrzane,ﬁ 4

Volcano) —-——ceeeeen
237. Jnﬂerscn Canyon (Con-
cordia, Green Isle)---Gold
238, Jett - ... Silver
239. Johnnig - - -Gold
240. Kawich (Gold Reed) —_-Goid
241. Lodi (Ellsworth, Mam-
moth, Marble, Quartz_

Mountain) —eeeeeeee Silver
242. Manhattan . _______Gold
243. Millett  (North  Twin

River) - . Gol

247. Reveille ...
248. Round Mounta
249, San Antone (Royston,

San Antonio) _______Sflugr

51. Spanish Belt ...
252, Stonewall Mountain ..
253. Tolicha (Mente Cristo)-Gold

254. Tonopah _-Silver

255, Trappmans - ———— .. Silver

256. Troy (lrwin  Canyon,
NyaIaJ [EE————..1 1T

257, Twin River--
258, Tybo (Hot

stone) -
25?] Union (Be

261. Washington -
262. Wellington (0 Btlens}._Gold
263. Willow Creek ————

Silver

264. Wilsons _.“-...----—--Slluer
ORMSBY GGUNW
265. Carson River ... opper

266. Delaware (Sullwau)--_(}apner
267. Voltaire, (Eagle, Washoe
Valley) - e Silver
PERSHING COUNTY

263 Antelcne (Gedar) —---—Lead
Black K

1]
guichsilvar

2?0 Buena \ristaf Unionville) Silver
271, co_lpper Valley (Raggefl}

- Tungsten

op
272, Echo (Rye Patch)._____Sllver
273. Farrell (Stone House)--Gold

274. Gold anks ........... guiigksir\rer I

275. Haystack-ceoeeee |
276. imlay(Humbntdt Prince
Royal, Eldorado)———_Silver
277. Indian Silver
d

278. Iron Hat-- ——-Lea

279. Jersey.-_-.A_L______Silver
280. p Ransn gst

281 Kennedy oo e Gold

282. Lolnng {Low.lot.k Wil- i

283. Mill City (Central) -Tungsten

284. Mineral Basin
285. Muttleberry
286. Nightingale
287. Placerites (

288. Relief -———<eee o ———Quicksilver
289. Rochester (Nenzel, Ore-
[ 1) [—— | 11 4

290. Rosnbud -=mmememn---Silver

291. Sacr Silver
292. San Jacinto -—-—-—----Silver
293. Gold
294, Seven Troughs ..e——-Gold
295, Sierra (Sunshine, Dun

Glen 0

F
296. Sprlng vallay (Fi ng,
American Canyon) ---Gold
297. Star (Santa Clara)-...--Silver
298. Trinity (Arabia, Oreana)Silver
299. Velvet
300. Wild Horse ——--

301. Wrights Canyon---- ---—Tungsmn

STOREY COUNTY

302. Comstock (Virginia City,
Gold Hill, Silver Star,

Flewery)
303. Red ?‘ﬂ)cuntam {Gas!le

WASHOE COUNTY
304. coﬁ'h:inwood (Round

B p 7y
306. Donnelly (Gerlach) -

307. jumbo (West Comstoclc}Go
303 Leadville Le

E}b‘]
E ==
g.n.n.n.n

312 Steamboat Springs - -Quscksitvst

313. Washoe (Galena) ————__Lead

314. Wedekind - ——— - -—_Silver
315. White Horse (Oling-
(1T e — Gold

WHITE PINE COUNTY

316. Aurum (Muncy Creek,
ueen Springs, Ruby

ill, Schellbourne,
Schell Creek) —————— - Silver
317. Bald Mountain-—. -Silver
318. Black Horse - - ... Gold

319. Cherry Creek

Canyon)
320. Duck Creek (Success) -Lead
321. Eagle (Kern, Pleasant
Vaileg Regan Tungs-

OMI0) e -

322. Ely (Robinson) ————_ Copper
323. Gold Canyon-———— - Gold
324, Granite (Steptoe)----- Gold

327. Newark (Strawberry) __S:Ivet
328. Osceola Gold

333. Taylor (Ward) =

ea
334. Tungsten (Hub, Llnmln) Tnngsten

335. Warm Springs old
336. White Puw ( Hamilton) Lead

evada - Manganese




