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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 f a r  in the future. 
There is, however, now in preparation by the Bureau a bibliog- 
raphy of the geological literature on Nevada. Rluch of this is 
already covered in the present Bureau publications, "Mining Dis- 
tricts and Mineral Resources of Nevada, 1923," and "Metal and 
Nonmetal Occurrences in Nevada, 1932." 

The materiai 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 Econontic G e o l o y ~  a most 
excellent paper on "The Mining Districts of Nevada"; but i t  had 
a very limited distribution in Nevada and was soon unobtainable. 

Bernard York, because of his acquaintance with the State a s  
an exploration engineer, was employed in 1939 as a special field 
engineer of the Sevada 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 ;\lines. 

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 a t  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. 

I t  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 >lining Districts of Nevada" is included in the bulletin to 
make this inlportant paper available to Nevada citizens, and to 
interested examining engineers and geologists from without our 
State. 

J A Y  A. CARPEXTER, 
Di?.ectov. 

THE GEOLOGY OF NEVADA ORE DEPOSITS 
By BERNARD YORK' 

THE ELEMENTS 
The elements that  are  combined to  form the earth's "crust" 

are  not uniformIy distributed and a re  rarely present singly. They 
occur in chemical combinations that  are  stable under the condi- 
tions existing a t  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  nornlally called the rock-forming min- 
erals. The'crust consists mainly of igneous rocks, or  their deriva- 
tives, the bulk of which a re  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, calcium, 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 - 
' . ~ S ~ i ~ t : l n t  I 'rf~fvssr~r o f  ~ I ~ I I ~ I I Z .  F - l ~ i r ~ ~ r ~ i t , c  (bf (::tlil+'~!.zti:~ I f t > r ~ ~ t t ~ r l y  \! i t 1 1  tlh* 

S ( ~ r ~ i : l ; !  S t : i t~*  I \ I I I . ~ ~ I I ~ I  c t f  l f i tw-  I .  
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than do sedimentary rocks. This fact, and the conditions undei. 
which some of the local concentrations occur, has led to the belief 
that  igneous rocks a re  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 a re  present in greater or lesser 

amounts in the crust of the earth. They have coml~ined through 
natural processes to form relatively definite and stable com- 
pounds, most of which a r e  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 a s  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 a r e  formed through both mechanical and 
chemical proceses 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 
ctescribed by Dr. Vincent P. Gianella in "Kevada's Common AZin- 
erals (Including a Preliminary List of Minerals Found in the 
State)," a recent publication of the Nevada State Eureau of 
Mines and the Jlackay School of Mines as  Univ. of Nevada Bull. 
Vol. 35, No. 6, Geology and Mining Series No. 36 (1941).  Per- 
sons who a r e  interested in minerals, particularly those found in 
Nevada, should obtain a copy of this publication. Copies may be 
obtained by applying to  the Serada  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 
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main groups: igneous, formed through the solidification of molten 
material; sedimentary, rocks derived from erosion and deposi- 
tion; and metamorphic, rocks derived by modification of either 
igneous or  sedimentary rocks. All rocks were originally of igne- 
ous origin. At  present igneous rocks compose approsimately 95 
percent of the crust. Sedimentary rocks, though \videspread, 
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, testure, and the mineralogic composition rather 
than on the chemical composition. The combined average chem- 
ical con~position of all sedimentary rocks agrees closely with 
that of the igneous rocks from which they were derived. JIeta- 
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. 

I t  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 \\?as a "Pre- 
liminary Report on the Building Stones of lievada," by John A. 
Reid in 1904. 

The State capitol building and the State prison buildings a t  
Carson City a re  excellent examples of early sandstone buildings 
erected in the State. Bower's Mansion in Virashoe Valley is a 
beautiful example of granitic rock masonry work. 

The Museum of the Mackay School of 3Iines 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, a t  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 distinct. 

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. Slo\\- 
cooling permitted the growth of large crystals. The resultant 
rock is composeti wholly of a n  intergrowth of relatively coarse 
crystals and has a granular  texture. The  molten masses, o r  
magmas. that  formed the extrusive rocks flowed out upon the  
surface. Such fio~vs have often been covered by succeeding floxvs 
o r  by sedimentary beds. 

The release of pressure a t  o r  near  the surface permitted the 
escape of part of the gaseous o r  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 t o  medium 
sized crystals enclosed in a finely granular  o r  glassy groundmass, 
or  a rock made up entirely of glass. The lava of some f l o ~ \ ~ s  
solidified so rapidly that  a portion of the gasses did not escape 
and \sere retained a s  bubbles. This  is particularly evident in 
vesicular basalts. 

The composition of the magma and the ra te  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 ha\-e classified igenous rocks on the basis of their 
mineral composition and texture. This  classification is based on 
the presence o r  all-ence 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. Fur ther  distinction involves a quantita- 
tive estimate of the kind of feldspar o r  ferromagnesian mineral 
present, and whether or riot quartz  is one of t he  components. A 
classificatio~i of such refinement, though very useful t o  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 \sill be satisfied if he can distinguish a n  intrusive rock from 
an  extrusive rock and classify i t  a s  basic o r  acidic in composition. 
EXoivever, if the prospector wishes to  be advised of the petro- 
graphic name and mineral composition of certain rocks, he may 
send representative pieces t o  t he  Sta te  Analytical Mining Labora- 

a Ion. tory, University Post Office, Reno, Nevada, fo r  determin t' 
This free service is maintained hy the State  of Nevada a s  an  aid 
to the Sevacia prospector, and includes analyses and assays on a 
limited number of samples. 

Rock specimens sent fo r  determination should be chosen care- 
fully. The  specimen should be a s  fresh and unaltered as can he 
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obtained. This  means tha t  pieces should be chosen tha t  show a 
minimum of weathering, and they should be best taken f rom a 
point f a r  enough from the zones of mineralization to be relatively 
free from alteration. 

The textural ternis a r e  here defined before clescribing the  coni- 
nion rocks: 

Z'Ii~~locr!isf is ;L term applied to any one of the relatively coarse 
arid obvious crystals of any mineral tha t  occurs in a fine-grained 
or glassy groundmass of an  igneous rock. 

Pol-ph!/jqitic texture is one having distinct and numerous plieno- 
crysts in a fine-grained or  glassy groundmass. "Porphyry" is a 
conlnlonly used term applied to a rock having such a texture and 
therefore simply denotes texture, and not mineral con~position. 
3lany igneous rocks a re  porphyritic, particularly the lavas. 

I.'elsitic, alniost or  ~vholly crystalline, but made up of crystals 
too small to be readily distinguished by the unaided eye. 

Aphrc~,itic, of such fine texture that  separate crystals a r e  invisi- 
ble t o  the unaided eye. 

Cotlylo),rercrte, a n  aggregate of rounded and water-worn peb- 
bles and boulders cemented together into a coherent rock. 

B~.eccia, a rock composed of angular fragments  cemented 
together. I t  may be either -\-olcanic, sedimentary, or  the product 
of crushing a s  "fault breccia." 

INTRUSIVE IGNEOUS ROCKS 

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

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

Granite is a granular  rock of pink o r  gray  color, composed of 
orthoclase, quartz, and either muscovite, biotite, o r  hornblende. 

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

3lonzonite is a granular  rock resembling both granite  and dio- 
rite in appearance and composition. I t  contains orthoclase ant1 
plagioclase in a11l)roximately equal proportions. If quartz is pres- 
ent, the rock is called a quartz monzonite. I t  is usually of a gray  
color with a few prominent pink crystals. The monzonites a r e  
common in Kevada and a re  particularly abundant  at  Ruth and 
Kimberly. 
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XIonzonite "porphyry" is a rock of the composition of mon- 
zonite with abundant phenocrysts of orthoclase and plagioclase. 

Granodiorite is a granular igneous rock with the minerals 
contained in a quartz diorite but also containing considerable 
orthoclase. I t  has less orthoclase than quartz monzonite. Grano- 
diorite is a common rock throughout Nevada as  a t  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 a t  Virginia City. 

Gabbro is a granular rock usually of dark color. I t  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 par t  of the State. 

Peridotite is a granular rock usually of dark color. I t  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 a s  
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. Xndesite is similar to diorite in chemical compo- 
sition, but differs texturally. Andesites make up the great bulk 
of Tertiary lax-as in western Sevada. It is the chief rock a t  
Divide, Tonopah, Virginia City, and Tuscarora. 

Basalt is a black or dark-gray lava rock which is often vesicu- 
lar ;  that  is, i t  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 i t  commonly caps mountains in northern Nevada and 
also south of Goldfield. I t  forms the cap which gives Table Moun- 
tain, in Churchill County, its name. Also in the vicinity of Hot 
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Springs in Churchill County, and forms Black Knob west of the 
$ Packard mine in Pershing County. 
I Dacite may be roughly defined a s  a quartz-bearing andesite. 

It often closely resembles rhyolite, but may be distinguished from 

i rhyolite by the presence of plagioclase in place of orthoclase. 
Dacite is one of the principal rocks among the lavas a t  Goldfield. 

Diabase is a basaltic rock commonly of aphanitic texture and 

i of dark color. I ts  composition is  similar to that  of basalt. It 
may usually be distinguished from basalt by its granular texture. 
Diabase commonly occurs a s  dikes. Many of these a re  to be seen 

I in the Humboldt Range. 
t 

Latite is  a rock of porphyritic, felsitic, or glassy texture. 
i Orthoclase and plagioclase are  present in approximately equal 

amounts. Either hornblende, augite, biotite, or  olivine is usually 
I present. Latite is chemically similar to monzonite. Latite is 

found a t  Silver City and Yerington. 
Rhyolite is a rock of porphyritic or  felsitic texture with the 

phenocrysts embedded in a glassy groundmass. Orthoclase and 1: quartz are  usually the most prominent phenocrysts, although 
those of biotite, augite, and hornblende may also be present. i Rhyolite has the same chemical composition a s  granite and is  

f quite common in Nevada a s  flows. Rhyolite is an  important rock 
a t  Rhyolite, Rawhide, Tuscarora, Tonopah, Virginia City, Yer- 
ington, Ruth, Austin, Eureka, and many other regions. 

I Tuff is a porous granular or cellular rock. The volcanic tuffs 
3 p are formed by the accumulation and hardening of volcanic dust 

f and cinders. I t  is found in many places in Nevada either with 
other volcanic rocks or associated with lacustrine sediments. 

1: Tuffs make up much of the volcanics a t  Tonopah, Virginia City, 

i Carroll Summit, Eureka, and other regions, and also make up 
much of the Siebert lake beds a t  Tonopah and Goldfield, and the 

1 
Truckee lacustrine deposits of northern Nevada. 

SEDIMENTARY ROCKS 
Surface water, wind, and glaciers act a s  erosion and trans- 

porting agents in the wearing away of a land mass, and explosive 
! volcanism scatters unconsolidated material over large areas. This 

redistribution of the material a t  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 a re  
used to designate the sediments deposited in each type of w. n t e r :  
"lacustrine" for  fresh water  sediments, and "mal-ine" for  sedi- 
ments deposited in the sea. 

The disintegration and decomposition of rocks sets f ree  mate- 
rial that  is transported by surface waters, either in solution or  in 
suspension. ,\laterial in suspension settles out a s  the s tream loses 
carrying capacity through loss of velocity. There is a sutlden 
loss of velocity a s  the s tream enters a body of ~ v a t e r  ancl the 
coarse material settles near  shore. The extremely fine material 
remains in suspension longer and therefore is transported f a r  
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 
 rains, a re  highly resistant to disintegration or  solution, therefore 
much of the quartz is transported a s  pebbles o r  grains and depos- 
ited in layers o r  beds near  shore. Minerals of the feldspar and 
ferromagnesian groups a r e  readily decomposed by processes of 
weathering and break down into both soluble and insoluhle prod- 
ucts. The  dissolved material remains in solution until finally 
precipitated by chemical reactions or  removed eithei. by evapo- 
ration o r  by organisms. The insoluble products a r e  transported 
a s  extremely fine grains, some of which are  of colloidal dimen- 
sions, and a re  carried in suspension f a r  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. Layers o r  beds of diatomite and occa- 
sionally of limestone have accumulated in this  way. 

i 'arving conditions in a large body of water  a s  a change in 
direction or  velocity of the currents, change in depth of water, o r  
a change in the volume of material being delivered, cause mate- 
rial of different size or composition to be deposited over the same 
area a t  different times. This forms distinct layers o r  becis. There 
may be great diversity in the character and composition of sep- 
a ra te  beds, but the material within any individual bed is rela- 
tively uniform. The sediments a s  we see them today, a f te r  they 
have been elevated, tilted, and partially eroded, a re  a series of 
layers of reconsolidated material. Some layers a r e  only a few 
inches in thickness while others a r e  several hundred feet. Some 
sedimentary rocks are  thin bedded, others a r e  massive. Shales, 
limestones, and sandstones a re  the most common reoccurring sedi- 
mentary beds. 
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The material a s  laid down was  loose, a s  coarse material inter- 
mixed with moderately fine grains as a layer of gravel, a s  fine- 
grained material a s  a layer of sand, a s  clayey material as a mud 
or  ooze, o r  a s  plant and animal remains in a porous mass. Pro- 
longed pressure from the weight of great  thickness of overlj-ing 
material has in time consolidated the  loose fragments  into rock. 

Deposition took place on a nearly horizontal surface so the nor- 
mal at t i tude of the beds was approximately horizontal. Fault ing 
and folding have warped, tilted, and elevated large blocks to  such 
an  extent that ,  in many places, the beds a re  now inclined a t  steep 
angles. In  some cases folding has been so extreme tha t  t he  
beds have been overturned, placing the older above the younger, 
and beds tha t  were once buried to a depth of tens of thousands 
of feet have been so  elevated and tilted tha t  they a r e  now exposed 
a t  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 fo r  detail. Books on 
sedimentation and sedimentary rocks are  available a t  any good 
library. 

Here again, a s  in the case of the igneous rocks, only the com- 
mon types a r e  defined. These terms a r e  loosely used and in many 
cases indicate s tructure rather  than  chemical o r  mineralogical 
composition. 

Chert is a term fo r  a compact, microcrystalline silica, usually 
of light color. I t  occurs in rounded, nodular, concretionary 
masses, replacing limestones a s  in the Pogonip limestone at 
Cortez, Eureka, and Ely. 

Conglomerate is formed of rounded pebbles cemented together. 
I t  differs f rom ordinary sandstone only in size of particles. 

Limestone is a rock composed almost entirely of calcium car- 
bonate. Magnesium sometimes replaces par t  of the calcium. I t  
can be distinguished from dolomite by its effervescence when 
treated with dilute hydrochloric acid. Limestones a r e  formed 
both through the accumuiation of fragmental remains of marine 
animals and from chemical precipitation. Calcium carbonate 
readily undergoes crystallization, even a t  low temperature and  
pressure, so that  many limestones show a crystalline s tructure 
with little evidence of their origin remaining. When crystalline, 
limestone is known a s  marble. Limestones a re  present in the sedi- 
ments in many parts  of the State, and ores occur in these rocks 
at Eureka, Goodsprings, Pioche, Cortez, Yerington, and else- 
where. 

Dolomite is a magnesian limestone. It can be 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. Dolonxite is com- 
mon in the sediments in eastern and southern Nevada. Large 
quantities of dolomite a re  present a t  Gabbs, i11 the Paradise 
Range, associated with magnesite and brucite. Large deposits of 
very pure dolomite occur a t  Sloan in Clark County. Lead ores 
a t  Eureka occur in the Eldorado dolomite. 

Sandstone is a rock composed of an aggregate of snlall 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. I t  can 
I)e distinguished from the crystalline igneous rocks by the pre- 
dominance of rounded grains, most of which are  of quartz. I t  
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 a t  the base of the 
Paleozoic sedimentary rocks in many regions, particularly a t  
Eureka and Pioche. The Eureka quartzite is present in many 
mining districts. The gold ores of Delamar occur in quartzite, 
while those a t  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, comparatise 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 a t  the Rio Tinto mine in Elko County. Shales are  also found 
a t  Ruth, Eureka, and Pioche. 

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

Tufa is usually a calcium-carbonate rock deposited from solu- 
tion in spring or lake water. I t  occurs a t  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, i t  forms a sedimentary bed. 

Much of the lacustrine sediments of Sevada contain a large 
proportion of volcanic dust or ash. 
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METAMORPHIC ROCKS 

Ry 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. AIassive igneous rocks have been converted into 
schistose aggregates having the appearance of irell-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 f l a t t e~~ed  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 
descriptively 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 materiaf 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 testure and mineral com- 
position makes their classification impracticable. Several general 
terms are used that signify contact-metamorphic material, but 
they a re  used primarily for  the sake of convenience. 

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

Gneisses are rocks of banded structure, and of variable chem- 
ical compcsition. 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 a n  
appearance similar to that of flint, formed principally through the ,  
contact metan~orphism and metasomatism of clay-rich rocks, and 
is composed chiefly of biotite, andalusite, staurolite, garnet, and 
feldspar. I t  is highly resistant to erosion and forms prominent 
outcrops. Hornfels is abundant in many areas, and i t  is the xvall 
rock of the tungsten ores a t  Blill City. 

Marble is crystalline limestone or dolomite altered in texture 
but not changed chemically. I t  is granular in texture and often 
of pleasing color. Marble is present in many places, and was 
once mined a t  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 a re  crystalline in contrast to slate, a rock 
which they resemble structurally. The gold ores of Manhattan 
a r e  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. I t  is present 
in large quantities in most contact-metamorphic regions such as 
Xightingale, Adelaide, Yerington, and Contact. 

AGES OF ROCKS 

A discussion of the events tha t  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. 
Par ts  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 struc- 
ture, the history of which was pieced together by observation of 
the rock sequence on all continents. 

Trarious 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 a re  
not here shown. 

PRISCIPAL DIVISIONS OF GEOLOGIC TIME 
FROM YOUNGEST TO OLDEST 

E 1-a Period 

[Quaternary ........... Recent or Human 
Pleistocene or  Glacial 

{ I Cenozoic ..... .. 
i {Pliocene 

.....-...... Miocene 
1 Oligocene 
( Eocene 

(Most of the volcanic rocks in Kevada are  of Tertiary age a s  
also are the lacustrine deposits of the Esmeralda, Siebert, and 

I 
i I Truckee formations, and the borax-bearing sediments of Clark 

County.) 
i .  Era Period r j 

1 Cretaceous 

b Mesozoic ........ Jurassic 
Triassic 

(Cretaceous sedimentary rocks a re  practically unknown in 

I' Nevada. Juras.2ic and Triassic rocks crop out over much of ' 

I" 
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northeastern Nevada and also parts of western Clark County. 
Rocks of this age are present a t  Yerington, Rochester, Mill City, 
anti in the Valley of Fire.) 

E m  Period 

( Pennsylvanian Permian 
/ 3lississippian 

Paleozoic ....... 1 Devonian 
, Silurian 
' Ordovician 
r Cambrian 

(The older sediments of eastern and southern Nevada, as a t  
Pioche, Eureka. Ruth, Contact, Manhattan, and Goodsprings are 
Paleozoic.) 

Proterozoic .... ................... Pre-Cambrian 
Archeozoic 

Formations of the Proterozoic and Archeozoic eras (for lack of 
sumcient 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 a t  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 Sevada Bull., Vol. 33. No. 3, Geol. and Min. Ser. KO. 
31, Cambrian Formations of the Eureka and Pioche Districts, by 
Harry E. IVheeler and Dwight 31. Lemmon, 1939. 

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

Univ, of Sevada Eull., Vol. 38, No. 3, Geol. and illin. Ser. No. 
39, Lower and hliddle Cambrian Stratigraphy in the Great Easin 
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 
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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 xvhich 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 tern1 lode is used by miners as  nearly synonymous with 
the term vein, and is little used in late geological literature. 

Contact-metamorphic deposits a re  deposits occurring a t  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 a re  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 aIso the lead- 
zinc 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  a t  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 a t  the Dexter 
mine a t  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 Kye 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 affili t '  n ion. 
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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 a re  usually concentrated 
in the lower part  of the detritus. Fine, easily moved, material is 
transported f a r  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 a s  gold, platinum, magnetite, cassiterite, 
garnet, and quartz are  broken down into grains. The less resis- 
tant  mixcrals undergo chemical alteration, as well as  disintegra- 
tion, into very fine particles. 

PLACEB 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 a t  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 
tieposits through the use of concentrating processes which a re  
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 LTniv. of Nevada 
Bull., 1'01. 30, Yo. 4, Placer Mining in Sevatla. by IYilliam 0. 
Vanderburg, 1936. 

Deposits of minerals a re  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 Eoulder Dam, and interesting placer deposit; of 
cassiterite (the oxide of t in)  occur a t  Rabbit Hole in Pershing 
County, a t  Tuscarora in Elko County, and near the Izenhood 
Ranch in Lander County, but none have been proven to be of 
commercial importance. ~ l i n e r a l s  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 Kevada by pa 
all~tvium up the stream bed or hillside. 

Residual concentrations formed on hillsides through 
tegration of rock, without the sorting effect of runni 
are  commonly called "eluvial" deposits to  distinguish t 
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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 a t  Round Jlountain by dry washers was of this 
type- 

DETBITAL DEPOSITS OF NEABLY PURE MlNERAL 

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 a re  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, a re  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 a s  sedimentary clays. Their usefulness is dependent 
upon certain desirable physical properties, rather than on chem- 
ical composition. The clays of the Ash 3leadows 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  B O D E S  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 o r  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 a s  a 
relatively insoluble compound through chemical reaction between 
dissolved substances or  between such substances and carbon diox- 
ide o r  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 a re  of these types. 
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Limestones a re  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 bj- chemical reaction. Many fossilif- 
erous limestones have been so thoroughly crystallized by meta- 
morphism that  their type of deposition remains in doubt as  the 
fossils have been practically obliterated. 

Limestone, to be of conlnlercial grade, must be comparatively 
free of clayey, sandy, or cherty material. The deposit a t  Sloan, 
Nevada, has been noted fo r  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 54.35 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 par t  of the calcium carbonate of 
limestone by magnesium carbonate. I t  is of common occurrence 
in the eastern and southern par t  of the State. 

Dolomite is used as  a substitute fo r  magnesite and brucite in 
the manufacture of refractory brick. I t  is burned a s  a source 
of quicklime and may ultimately be used a s  a source of magne- 
sium metal in Nevada. X deposit of excellent purity has been 
mined a t  Sloan, Nevada. 

Jlagnesite 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 a t  Gabbs, Kevada, 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- 
da1 fracture. The relatively rare mineral, brucite (magnesium 
hydrate) is found in large tonnage adjacent to the magnesite a t  
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 calciun~ borate, occurs quite extensively in Clark 
County a s  a bedded deposit associated with beds of limestone 
and clay. It was actively mined until the discovery of thicker 
beds of borate minerals near JIojave, 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 tha t  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 Xevada are  common salt, gypsum, anhy- 
drite, sodium carbonate, sodium sulphate, and the borates, while 
the scarce, but yet important ones, in other localities a re  bromine 
salts, potassium salts, calcium chloride, and sodium nitrate. 

Gypsum and anhydrite, as  saline residues, occur abundantly 
in Xevada in sedimentary beds. Gypsum contains water of crys- 
tallization as  one of its constituents, and when calcined i t  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 ran- 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 IOU--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 a re  also common a s  gangue min- 
erals in some ore deposits. Some minor occurrences a r e  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 a t  
Virginia City, Candalaria, Tybo, and other camps, much salt was 
produced a t  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 a r e  
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 a re  of commercial value. 

Deposits of sodium carbonate are  relatively rare in Sevada. 
In the days of the early mills, deposits were worked a t  Soda 
Lakes in Churcllill County and a t  Double Springs in JIineral 
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 a t  Sodaville, in 
Mineral County, and a t  JVabuska, in Lyon County, and many 
other deposits a re  known. 

The borates occur in notable quantities in the playas of inter- 
mittent lakes a s  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 
horax was produced from a marsh in Fish Lake Valley. 
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At  frequent intervals over the years extravagant claims a re  
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, 
So.  4, Geol. and Min. Ser. KO. 35, "An Investigation as  to the 
Presence of Commercial Quantities of Mercury and Gold in the 
Dry Lakes of Nevada," by J a y  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 do\vn\i-ard along joints and fractures and deposited by 
chemical reaction a t  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 mill be the result. 

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

The processes of weathering a re  aided and accelerated by active 
bolvents 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 a s  the mineral 
bauxite have likewise been formed in this way. In each case 
the residual minerals a re  oxides or hydrous oxides. 

Economically important residual deposits of iron or aluminum 
ores have not been found in h'evada. 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 a re  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. Pa r t  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 a re  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, 
zinc, 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 f a r  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 i t  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 a t  the vents of hot springs 
by precipitation from the cooling solution, or  by evaporation. 
Limonite, calcium carbonate, and silica form the bulk of the 
material deposited. These materials have accumulated a s  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 a s  opaline o r  chalcedonic sinter. Some deposits contain 
many metallic and nonn~etallic elements in detectable quantities. 
Sulphur, which is often present in notable amounts, occurs both 
in the f ree  s ta te  and in combination with the metals. The odor 
of hydrogen sulphide is distinctly noticeable in the  vicinity of 
certain springs. Antimony, arsenic, mercury, lead, and copper, 
a re  present in some deposits, usually in the form of sulphides. 
The presence of gold and silver has also been reported f rom sev- 
eral spring deposits. 

A t  Steamboat Springs. 11 miles south of Reno, Xerada,  sul- 
phur, stibnite, and cinnabar a r e  being deposited in the siliceous 
sinter a t  the present time. Unsuccessful attempts have been 
made to  recover the mercury f rom certain portions of the deposit 
and to utilize the  silica in glass manufacture. These springs a re  
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 f rom fissures. 

Kevada has many hot spring deposits. I n  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 a t  Golconda tha t  
appears t o  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 w a r  of 1914-1918. 

DEPOSITS OF MAGMATIC AFFILIATION 

The commonly accepted theory is tha t  igneous rocks, both 
intrusive and extrusive, have formed by the cooling and solidifi- 
cation of a hot silicate melt. These silicate melts a r e  called 
mag-mas. Rlagmas a t  high temperature a re  in a liquid or  niobile 
s tate  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 accorcling to  their solubility. The least 
soluble and least fusible compounds a re  the first to  segregate and 
solidify. Segregation and solidification continue progressively 
during cooling so tha t  the  unsolidified portion becomes richer and 
richer in certain constituents, the more volatile constituents 
becoming more concentrated toward the  end of the  igneous cycle. 
Itrater is the  most plentiful volatile constituent and much of it 
escapes, carrying with i t  dissolved substances. 

Differentiation in the  cooling magma causes the formation of 

T h e  Geology o f  S e v n d a  Oye Deposits 31 

rocks of distinctly different mineral composition. The first min- 
erals t o  solidify a re  those of the  ferromagnesian o r  basic group, 
which predominate in the ultra-basic rocks. The orthoclase feld- 
spars  and quartz, which a r e  the predominant minerals in the 
acidic rocks, a r e  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, o r  a n  increase in 
volume forces the still liquid portion out of the parent magma, 
forming rocks of distinctly different mineral con~position. Dif- 
ferentiation in the magma also brings about a segregation of the 
metals tha t  a r e  present. Those tha t  crystallized early remain 
with the basic portion of the magma, while those tha t  crystallize 
late escape with the liquid and volatile portions. Jlineral deposits 
formed in the magmas a s  products of differentiation, and those 
formed by deposition f rom solutions from the magma, a r e  the  
chief source of the industrially valuable minerals such a s  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 a r e :  (1)  liquid-magmatic, (2) pegma- 
t i t e ~ ,  (3) pyronletasomatic (contact metamorphic),  (4)  hypo- 
thermal, ( 5 )  mesothermal, and (6) epithermal. 

LIQUID-MCAGBZATIC DEPOSITS 

Mineral deposits of the liquid-magmatic type have formed in 
deep-seated intrusives a s  products of magmatic differentiation. 
These deposits a r e  enclosed in the parent  rock. The gangue min- 
erals a r e  those which make up the rock mass itself. A few metals 
occur in this type of deposit, mainly a s  simple oxides or  sulphides. 
Among the most prominent metals a re  iron, nickel, chromium, 
titanium, platinum, copper, and tin. A rather  characteristic min- 
eral assemblage is associated with each type of rock. Dian~oncls, 
chromite, and platinum occur with peridotites; chalcopyrite, 
pyrite, pentlandite, and pyrrhotite itsually with gabbros, ancl 
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 
31.ix~(lxr(~n, lS;il(1r111:1r. lc iner i~l  titq)r~sitq. ::(I ~ 1 . .  1~11. GIP3fKJ7, ~ f ~ G r : ~ ~ v - I I i l l  

1:llclk ('0.. 1f)L'S. 
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tha t  solidified a t  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 a re  composed principally of quartz, feldspars, 
and micas as  a coarsely crystalline aggregate. A variety of min- 
erals a re  often present, including magnetite, tourmaline, topaz, 
cassiterite, apatite, ilmenite, rutile, and beryl. Some of the sul- 
phide minerals, like pyrite, arsenopyrite, pyrrhotite, chalcopyrite, 
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. 

PYBOMETASOBZATXC 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 a re  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 a re  most extensively altered. Where limestones 
a re  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  a t  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 a re  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. Scheelite occurs in impor- 
tant amounts in some deposits. 

The forms of the deposits are  variable. Tabular, a s  well as  
irregularly spaced lenticular bodies, on or near the contact, a re  
common. Deposits may form through the irregular replacement 
of certain beds and have the same attitude a s  the sedimentary 
series, like the scheelite ores a t  Nil1 City. 

Contact-n~etan~orphic deposits a re  numerous in Sevada, par- 
ticularly in the western part of the State, and yield important 
tonnages of scheelite ore. Some of the Nevada iron deposits a r e  
also of this type. 

BYPOTIIERMAL 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 a re  tourmaline, mica, and 
topaz. Magnetite and specularite a re  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 .vvall rock are  included, and the 
presence of relatively high temperature minerals such a s  tour- 
maline. 

Many vein deposits of this type occur in Nevada, but only a few 
of them have been economically important. Spurr-escribed the 
golcl-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 a t  high temperature. The ores 
of Rochester and Majuba Hill a re  of this type. 

MESOTHERMAL DEPOSITS 
~fesothermal deposits have formed by deposition from solu- 

tions emanating from solidifying magma. The escaping solutions 
Penetrated along fissures and deposited their load. Deposition 
was largely confined to fissures in siliceous or aluminous rocks, 
while silicification and replacement occur in calcareous rocks. 
Alteration of the wall rock is usually pronounced, with feldspar 

'Spurr, a. E., Ore c1cl)ositr of .titi. Silrtr I'c:~k i l i r : r t l l . : ~ ~ ~ g l ~ . :  I*.  S. (;w)I. Sur-  
rey. I'rttf. I':tpc~ 5.;. I!)CiC,. 
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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 
a re  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 a t  higher temperatures. Sulphide, arsenide, 
sulphar~timonide, 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 a s  tourmaline, garnet, biotite, 
and topaz a re  absent. 

illany of the major metal producing deposits of the world a re  
mesothermal and occur both a s  veins and a s  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 
calcareous 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. 

EPITEERXAL 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 flon7s. 
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 distinct and i t  seldom appears a s  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 a re  conspicuously absent. 
The enclosing rocks may be of igneous or sedimentary origin, 
but most of the epithermal deposits of Nevada are  found where 
Tertiary volcanics are  the predominate rocks. 

Successive stages of mineralization a re  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 f a r  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 17ariety of nletallic minerals a re  usually present, but only a 
few of them occur in sufficient abundance to be of economic 
importance. Massive ore bodies a re  rare. Among the metals, 
gold and silver are  of major importance, while minor amounts of 
copper, lead, and zinc 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 shailo\ie 
deposits of this type. 

Gold is commonly present a s  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 
uncommon. 

The most abundant silver mineral is argentite, however, the 
complex silver sulphantimonides and sulpharsenides a r e  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 Sevada's gold and silver. 
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Some of the more notable districts of this type are  the Comstock 
Lode, Kational, Tuscarora, Goldfield, and Tonopah. 

I X P L W X B C X  Or THE PABEIT MAGMA A K D  L O C A L  ENVIBOXB%IENT 

,\Ian?- of the nietalliferous ore deposits of economic inlportance 
have been formed through deposition from aqueous solution b '  ~ i v e n  
off by magmas during cooling and solidification. The composi- 
tion, shape, and location of these deposits a re  not merely the 
result of chance, but have been influenced, or  controlled, by the 
combined effects of physical and chemical factors. Recognition 
of the eirects 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 magnias or magma 
basins find their may 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 a r e  deposited as  a result of cooling, relief of pressure, influ- 
ence of rail rocks, mingling of chemically different solutions, or 
chemical reaction with previously deposited minerals. Of the con- 
ditions :hat cause mineral deposition, lowering of the tempera- 
ture  and a decrease of the pressure on the solutions are  probably 
the most effective. Hoxvever, a change in acitlity 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 cr~mposition of the resulting deposit is the composition of 
the mirieralizing 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 
element. show a definite tendency to occur in association with 
particular types of rock. Chromium. platinum, nickel, and ~ O i ~ a l t  
seldom occur in commercial quantities in other than basic plutonic 
rocks. Tin is most often associated with granitic rocks. Itlost 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 a s  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 espo- 
sure of that  rock. On the contrary, many areas apparently 
eshibiting all of the conditions favorable to ore deposition con- 
tain no ore deposits. 

X X P L V E N C E  OX' Z O N A L  D E P O S I T I O N  

Metals a re  deposited in a rather definite sequence. This is 
reflected in the changing composition of deposits i n  depth. Nin- 
erals deposited a t  higher temperature and pressure a re  found a t  
greater depths than a r e  those deposited a t  a lower temperature 
and pressure. Overlapping of deposition is common, and the 
occurrence of nietals in reverse of the normal order is not 
unknown. Changing environment during deposition would prob- 
ably account fo r  this variation. 

S p u r 9  shows that  the order of deposition of the metals upward 
from the magmatic source a re  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), zinc, lead (silver). Emmons-' 
shows that  the metals a r e  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 Latho- 
lith is here reproduced. 

A PIECONSTRUCTED T'EIN SYSTEM F I ? O ~ I  SURFACE TO NEAR 
BATHOLITII ROOF. (After it'. H. Emmons.) 

EARREK .......... 1 .... Barren zone, chalcedony, quartz, barite, fluo- 
rite, etc. Some veins carry a little mercury, 
antimony, or arsenic. 

~ IERCURY ........ 2 .... Q uicksilver veins, commonly with chalcedony, 
marcasite, etc. Earite-fluorite veins. 

ANTIJIONY ..... 3.-..Antimony ores, stibnite often passing down- 
ward into lead, with antimonates. Many 
carry gold. 

'Srmrr. J.  E., -1 r21t.t~ry of ore  cl~-lttt:;ition. Ecrtn. Ctrrl., 2. I ! U t i ,  1'1). 7.91-iS. 
The ore niagal:tx. 2. l!t'l?r. 1 1 .  (;I]. 

' x t t l t t t ~ ~ t ~ s .  1s. 11. I'ri111:tr~ ~ i * ~ ~ v r ~ t v i ~ r ~ l  V ~ I ; I I I Z ~ Y  i ~ t  *,re cI~*~ut>iti*tn. T r ~ n q .  
-1. 1. ) I .  K., v01. 3). 1924. rtp. %>&-f!?rL; l t ~ - t : t t i ~ ~ ~ , *  c j f  r ~ ~ c ~ t i t l l i f ~ ~ r ~ ~ t t ~  1 ~ 1 ~  SYS- 
r*. lr i -  1 1 1  i z t i # - ~ ~ t %  i ~ ~ t r ~ t - i v ( - < .  ' ~ I ; I u . . .  -1. I .  11. F:.. v4,1 71. l!rLt;. f s l >  29-70. 
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GOLD, SILVER.' 4....Bonanza ores of precious metals. Argentite, 
antimony, and arsenic minerals common. 
Silver minerals, some copper, lead and zinc 
sulphides, quartz, calcite, rhodochrosite, adu- 
laria. alunite, etc. 

BARREN ....... .. 5 .... ;\lost 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. Conlmonly 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) . 

ZIxc ....... ...... 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. A t  places, 10 
and 11 are  reversed. ' 

BISMUTH ....... 12 .... Bismuthinite and native bismuth with quartz 
and pyrite, etc. 

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, tourmaline, 
topaz, etc. 

BARREN .......... 16 ....Q uartz with small amounts of other minerals. 
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/ There is a general agreement in the order of deposition of the , metaIs a s  listed by these authors. Spurr  and many other students 
of ore deposits have expressed the same general conclusions. It 
must be emphasized, however, tha t  in no single deposit a re  all of 
these changes observable. Erosion may have removed all but the 
lower zones or, as is  the case with many deposits formed a t  shal- 

i low depths, mining operations have been carried to insufficient 
depth t o  prove or disprove the zonal deposition theory. That  the 
metals have been deposited in an orderly sequence outward from 
the 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 those of zinc, lead, 

l 
and silver several hundreds or thousands of feet from the 
intrusive. 

XNPLUEXCE OF STBUCTUBAL COXDITXOXS 

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 a t  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 minerai deposit, a re  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 ltodies occur, such as  those 
formed by the replacement of limestone or dolomite. 

Many mineraI deposits are  composed entireIy of economically 
valueless minerals, some contain local concentrations which con- 
stitute the only valuable portions, and only a few a re  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 a t  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 t ight  folds, (5) the i~itersection of fissures with per- 
meable o r  replaceable rocks, (6) masses or  zones of brecciated, 
fragmented, or  closely jointed rock, (7) open par t s  of a fissure 
formed by displacement along a n  undulating surface, (8) fissures 
formed by branch faults, and (9)  volcanic rocks, chimneys, o r  
pipes. 

Faulting and folding accompanying igneous activity form zones 
of weakness that  later serve a s  channels for  circulating solutions. 
In many areas faulting continued ciuring and af te r  mineral depo- 
sition, displacing the mineral deposits a s  ~vell  a s  the  rock masses. 
Faults  formed prior to mineral deposition a r e  termed premineral 
faults, and those formed later than mineral deposition, post- 
mineral faults. Only premineral faul ts  can serve as channels 
for  the circulation of ore-bearing solutions. Postmineral faul ts  
shat ter  or  displace portions of the deposit, complicating the work 
of the geologist and miner in finding and extracting the ore. 

SUPERGENE ENRICHMENT 
Many minerals a re  formed by ascending thermal waters  and 

a r e  termed hypogene. Deposits resulting from rearrangement 
of the hypogene deposits through oxidation and the  action of 
descending surface waters a r e  termed supergene. The near- 
surface portion of most deposits show evidence of some super- 
gene action, and in many tleposits 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 con~pounds. Surface water  dis- 
solves and removes the soluble compounds, leaving the insoluble 
minerals behind. Redeposition occurs where the  solutions encoun- 
te r  conditions tha t  cause precipitation. Much of the  d i s so l~ed  
material is dissipated, but the greater  pa r t  of i t  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 s tate  by oxidation, remain in the oxide 
zone a s  a residual mass. 

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

Oxidation is such a relatively slow process t ha t  i t  must be active 
over :t period of long duration to have appreciable effect. Young 
deposits. and those only recently exposed by erosion, she\\? but 
minor effects. Old deposits tha t  were soon buried by younger 
rocks like\cise have been little effected. Enrichment is most pro- 
nounced in old deposits tha t  ha\-e been exposed during much of 
their geological history. 

I'errneability is essential for  supergene enrichment. Oxidation 
and solution progress verF slowly in relatively impermeable depos- 
its. Intensely shattered and brecciated deposits a re  those most 
thoroughly affected. Oxidation and solution increase permeabil- 
ity, but  openings must extend into the zone below water  level for  
the formation of important quantities of supergene sulphide ores. 
3Iasimum concentration occurs \vhere circulation of the solutions 
is confined to the mineral deposit, and the minin~um 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 dependent 
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 sulphides, 
are necessary fo r  intense leaching. Furthermore, any minerals 
that \$rill quickly neutralize the acid will inhibit enrichment 
processes. 

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

In a warm climate oxidation and solution progress more rapidly 
than in a cold climate. Heat  hastens chemical reaction and solu- 
tion. ll'here 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 a re  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 osidation, 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 ~vi l l  precipitate the 
metals. Solutiorls coming in contact with carbonate con~pounds 
a re  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 a s  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 a i r  is excluded and the rate of oxidation of the sulphide 
minerals is no longer rapid enough to replenish the acid as  fast 
as  i t  is neutralized. Hydrogen sulphide, a n  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 i t  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 par t  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 a re  often exceptionally rich because 
they contain the metals not only leached from the existing oxide 
zone, but also in par t  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 outcrop can be ascertained by sampling and assaying. Hom- 
ever, the results of surface samples are  generally unreliable a s  
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 outcrop 
indicative of supergene enrichment a r e  not universally applicable. 
However, there a re  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 follo~vs: 
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 i t  indicates that  the primary mate- 
rial contained sulphide minerals, part  of which, a t  least, were 
iron-bearing. The most common sulphide carrying iron is pyrite, 
and i t  often occurs a s  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. 

Elanchard 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 a s  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, 

sEl:~nchartl. Roland. ant1 I%ns\\-ell. P. F.. St:~tus  of 1e:icht.d olrtrr~rl>.; inrestl- 
g:~tic,n: Eng. JIin. .Jonrn:tl. vol. 125, pp. SHO nntl 2.52, IVZS. 
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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, zinc, 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, \volframite, gold, 
cerargyrite, and often anglesite and cerussite remain. The soluble 
minerals and those converted to soluble salts are  transported and 
precipitated a s  newly formed compounds, both in the zone of 
oxidation and a t  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 a t  or below water level. 

The processes of supergene enrichment have been described by 
many investigators and summarized by Emmonsr. 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 a re  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 s u l ~ h a t e  is quickly precipitated out by any alkaline 
salt a s  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 

' E I ~ ~ ~ W I I S .  \Ir. H., The enricliment of sr~lphicle ores. U. S. Geol. Slirvcp null. 
69.5, 1915. 
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is so highly insoluble that it remains in its original positioll 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 
ma\- indicate a possible leaching and redeposition of gold with 
corresponding enrichment. 

Thorough oxidation and leaching a re  essential for  enrichment. 
Soliltion 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 r e m o ~ e d  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 a re  
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 sificates 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 
~vali 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 c~bvious, but evi- 
tlence 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 acid solu- 
tions and are  removed. The best evidence lies in the minerals 
that  the rapid neutralizers have prevented from migrating. Iron 
remains practically in place as  highly pulverulent or  earthy limo- 
nite; copper and zinc are  precipitated as  carbonates. The 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 relief of the 
terrain. Ground-water level usually lies much deeper high up on 
steep slopes than i t  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 ~ v a t e r  level would otherwise be 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 extending 
below water level, or i t  may be lower with secondary sulphide 
ores above it. 

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 thorough 
oxidation and leaching. The erosion rate varies with the gradient, 
amount of precipitation, climate, and resistance of the deposit 
and enclosing rocks. The rate of erosion is most conducive to 
sulphide enrichment in regions of moderate-to-strong relief. 
Slow erosion is favorable to  residual enrichment, hence deposits 
enriched by residual processes a re  most numerous in regions of 
low relief. 

Since oxidation and leaching a re  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 of 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. 

In Kevada 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  a t  least 
par t  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 Rlesozoic (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 a t  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 
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of late Tertiary volcanism (Miocene and Pliocene) a re  separated 
by a period of erosion, and in several areas by nonmarine sedi- 
ments (Truckee and Esmeralda formations) which a re  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 par t  of the State. 

EPOCHS OF ORE DEPOSITION 
Ore deposition accompanied both general periods of granitic 

intrusion, late Jurassic in western X'evada and early Tertiary 

FIGURE 1. Epochs of ore deposition in Nevada as related to 
geologic chron~logp.~ 

(Eocene) in eastern Kevada, 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 

'13utler, B. S., "Orc. tleposits as  relntcd to s t r ; ~ t i ~ r . : ~ p l ~ i c  strnctural :tnd k n e -  
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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 follon-ing pages 
descriptions of specific Nevada occurrences a r e  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 layas. 

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

QUABTZ 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 a r e  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 a re  those in the Reese River, Eelmont, 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 

*Fc.r=~l-ctn. II.  C;.. Tl~e  mining tlistricts of Ser:~tl:~ : 1:colioil:ic Geology. rol .  
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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 

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.) 

:~ssociated with granitic intrusives. Cherry Creek (Egan Canyon) 
clistrict,~' in White Pine County, is probably the most productive 
occurrence of this type in the counties bordering the eastern 
boundary of Nevada. Here, a s  in the western deposits, the val- 
uable metals were contained in distinct 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-METAMOBPHIC 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, 

DSctlr;ldt.r, 1.'. (:., ('lierry C1.ec.k I Cg;~ll  (.;tlly011) (1i~trif.t. \Vliitca I'inc County : 
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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 intrusires. The complex silicates of calcium, 
magnesium, iron, and aluminum (garnet, epidote, pyroxene, wol- 
lastonite, amphibole, and idocrase) a re  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 comn~only associated primary minerals 
a re  calcite, quartz,pyrite, chalcopyrite, galena, molybdenite, sphal- 
erite, magnetite, specularite, wolframite, scheelite, and fluorite. 
hletamorphism 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 
calcium, such a s  biotite, andalusite, staurolite, garnet, and feld- 
spar. 

Generally, the ore minerals occur near the contact, but may 
extend out~vard,  along favorable limestone beds, fo r  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 a re  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 F6 districts. Most of 
the production from the Yerington district10 was derived from 
primary sulphide ores. The profitable ores of the Santa F6 dis- 
trict in Mineral County were limited to small supergene-enriched 
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bodies in the upper parts  of the deposits. IIuch of the tungsten 
production in the United States is derived from scheelite-bearing 
contact-metamorphic zones as  replacement deposits. 

The Nevada Jiassachusetts Company's mine near Nil1 City in 
Pershing County is one of the most important tungsten-producing 
mines of the world. The deposit a t  this mine, unlike the usual 
contact-metamorphic mineralization extending along the contact, 
is  a garnet-epidote replacement of limestone beds a t  a steep angle 
to the contact. These beds are  interstratified with shales tha t  
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 t o  the Silver 
Dyke district in hlineral County on the south. 

Contact-metamorphic deposits a re  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. I t  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 par t  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- 
metamorphic zones in eastern Nesada. 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 a re  airnost unknown and 
are of little economic importance in western Nevada. Conditions 
favoring their formation, such a s  replaceable limestone in the 



54 . The  G e o l o g ~  of Nevada Ore Deposits 

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 a re  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 a re  Eureka, White Pine, Cortez, 
Pioche, and Goodsprings. Most of these districts were first 
started a s  silver and gold producers during the mining of the 
shallo~v, enriched, oxidized silver ores. At  Eureka the oxidation 
penetrated to a depth of about one thousand feet," with oxidized 
lead-silver ore t o  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 a s  
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 3Ietals 
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 a re  large in three dimensions and were depos- 
ited a t  several horizons in thick limestone beds. Mining in past 
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years was confined to  the osidized ore, principally valuable a s  
smelter flux due to its high content of lime, iron, and manganese, 
together with loxv silica. 14'ith the recent installation of a flota- 
tion plant in the district the sulphide ore on the lower levels is 
now being mined. 

DISSEMINATED COPPER DEPOSITS 
The only disseminated copper deposits so f a r  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 carrying 
a Ion- copper content. The copper minerals are  mainly chalcopy- 
rite \sit11 lesser an~ounts  of chalcocite. Early copper mining in 
the district was restricted to  supergene-enriched ores. Accord- 
ing to Pennebaker14 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 \vould have been f a r  short of its present magnitude. 

Ferguson'sl.; 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 a re  
so prevalent in the western cbunties a re  almost lacking in the 
counties along the eastern border. Western Sevada 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 h'evada 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 INTFLUSIVE ROCKS 

The basic intrusives of gabbro, peridotite, and norite a re  rarely 

l i I ' cn~~c~l , :~ker ,  1.:. S.. (:eolc,gy of the Itot,in.;ori n ~ i n i n g  district. Scr:1cl:1 : Jlin-  
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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 17 1s In this 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 a re  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. 

Chron~ite 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 Xevada. 

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.ln 

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 TEBTIABY EXTRUSIVE BOCKS 

During late Tertiary time Nevada has had a t  least two distinct 
periods of lava florvs. The older (Miocene) lavas are  separated 
from the younger (Pliocene) lavas by a period of erosion. I n  
many localities there is an  approximate intervening series of - 
lacustrine deposits variously known as the Siebert, Esmeralda, 
or Truckee formations. These formations supply convenient 
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markers in the central and southwestern portions of the State, 
but they a re  not so widespread as  the lavas, however. Large 
areas of the Miocene lavas were being subjected to erosion 
throughout the period in which the lacustrine sediments were 
being deposited. These erosion surfaces formed during the inter- 
val serve as  important markers in areas where the lacustrine 
sediments are  absent, as  they occupy the same relative positiol~ 
of lying between the Miocene and Pliocene lavas. 

Ore deposition accompanied, or followed shortly after, both the 
Pliocene and the 3liocene periods of extrusion. This conclusion 
is substantiatecl by the relation of several deposits to the lavas 
of the two periods of volcanism. 

The deposits in the C o m s t o c k , ~  A u r o r a , " h n d  Tonopah": tlis- 
tricts are  examples of those formed in Miocene time. In all of 
these districts the veins were formed by the filling of fissures in 
the older volcanics. They were truncated by erosion and the11 
buried under a series of later lava flows. Late Pliocene and Qua- 
ternary erosion has subsequently cut through the overlying lavas 
exposing the veins. This indicates that  ore deposition was later 
than the older lavas, but preceded the capping rocks by a t  least 
the duration of the period of erosion which separates the t\iyo 
extrusions. 

To the above-mentioned occurrences may be added the deposits 
of the Como district in Lyon County. Here, persistent epithermal 
quartz veins containing a high ratio of silver to gold occur in 
Miocene andesites, and these andesites, until comparatively 
recent time, had been buried under younger flows of andesite. 
Erosion removed the much younger iavas thereby uncovering 
the quartz veins and par t  of the older andesite. These lavas are  
similar to the Jliocene and Pliocene rocks of the Comstock dis- 
trict. 

A similar example was noted by the writer about three miles 
south of Ellsworth in Nye County where several quartz veins 
carrying low gold and silver values occur in andesite. In this 
area the mineral deposition is in Miocene andesite that  was sub- 
jected to erosion, buried under (Pliocer.e[?]) lavas, and then 
re-exposed by later erosion. Only a part  of each vein has been 
re-exposed, the remainder still being covered by a glassy andesite. 
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tion 1)f the C'ott~sto(.k r.wle, St.rnd:t: ('. of ~ ~ . \ . ; I I I ; L  I:tli~.. retl. 20. So. !I. J!r::c;. 

"'Forfittsori, 11. G.. Tltt~ I t u ~ ~ n ~ t  .\ft,utlt;tirr tii3tric.t. Ser:ttl:c: 1'. S. Ceol. Stir- 
VPF Itllll. 72.7, pp. R,EUOC,. 

"Solan. 'l'. rI.. U1l11t-ryroilnrl geology of t l ~ r  1'1,111q):111 ~iiirtin= 11i-tritt. Sc~v~111:i : 
U. of Scr .  111111., VOI.  14, SO. 3. 39.7;. 



58 The Geology of  Nevada Ore Deposits 

The magnitude of erosion that  may have taken place since Plio- 
cene volcanism is noted a t  Sherman Peak, about two miles north- 
east of the deposit. I t  is made up entirely of the younger lavas, 
and stands about two thousand feet above the general level of the 
truncated Miocene lavas, indicating a t  least that depth of erosion 
since Pliocene volcanism. 

Deposits occurring in the Pliocene lavas are  not so numerous 
as  those in Jliocene lavas. However, several of Nevada's produc- 
tive gold and silver deposits have been in the younger formation. 
G~ldf ie ld , '~  Nanhattan,'; and Round ATountain,"; are  examples. 

The prevailing difference between the deposits of the t ~ v o  peri- 
ods is the much higher ratio of silver to gold in the Niocene 
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." Locally the ratio in a given deposit 
may vary greatly, so the average for the deposit is used for  com- 
parison. AIineralization that  attended the vein-filling in the Mio- 
cene deposits caused some silicification of the wall rock, but the 
ore minerals a re  confined almost entirely to the vein-filling. In 
the younger (Pliocene) deposits the vein-filling was indistinct 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 xvalls 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.28 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. 
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The following examples of ore deposits associated with Ter- 
tiary extrusive rocks a re  given in turn according to the metal 
content. 

PRECXOUS METAL DEPOSITS 

Most of the precious metal deposits associated with Tert iav- 
extrusives are  typically epithermal, according to Lindgren9s class- 
ification of ore deposits. In  discussing epithermal deposits Lind- 
gren'Qstates : "In regions of comparatively recent 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 forma- 
tions. They constitute the source of a large part  of the world's 
production of gold, silver, and quicksilver, and they contain the 
spectacular bonanzas of the Cordilleran region, of which exam- 
ples are  found a t  Tuscarora, Virginia City, Goldfield, Cripple 
Creek, Pachuca, Guanajuato, and many other districts." 

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 xvithin the Tertiary lavas, sev- 
eral extend into the adjacent or underlying formation. Those in 
the Delamar district:<() a re  associated with rhyolite dikes and 
occur along brecciated zones in the surrounding quartzite. At  
Manhattan many of the veins are enclosed in early Paleozoic 
sediments. 

By weight, silver usually predominates over gold. Deposits con- 
taining one without the other are  exceedingly rare. Native silver 
is often found, but is usually of secondary origin and occurs with 
silver chloride, which, a s  cerargyrite (horn silver), is the domi- 
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 sulphantimonides and sul- 
pharsenides such a s  pyrargyrite, stephanite, proustite, and poly- 
basite, a re  the abundant and characteristic silver minerals. Some 
of these sulphide minerals may be either or both primary or 
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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 crystals, giving i t  the 
appearance of translucent porcelain. The quartz is seldom glassy 
like that from deposits formed a t  greater depths and a t  higher 
temperatures. Drusy vups 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 
ha re  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 usuaily 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 volcanic floli-s, 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. 
hfineralization 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 Ao\t.s, 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 a re  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.:" 

M E X C W Y  DEPOSITS 

Sevada'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 
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association with either effusive rocks or hot springs.32 The asso- 
ciation of many of these deposits with hot springs is a conspic- 
uous characteristic. At  Steamboat Springs, eleven miles south 
of Reno, cinnabar has been deposited by hot springs that  a re  still 
active. Deposition under similar conditions has taken place a t  
Lee's Hot Springs, about fifteen miles south of Fallon in Churchill 
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 simple. 
Cinnabar is the only important mineral of mercury, with native 
metal and calon~el often occurring in minor amounts. Netacin- 
nabarite may occur near the surface, often appearing as  a black 
coating on cinnabar. In  addition, minor amounts of pyrite, stib- 
nite, and marcasite occur frequently. Other minerals of the 
metals are  conspicuously absent. The predominate gangue min- 
erals are  chalcedony, quartz, and opal. 

Deposits also occur a s  irregular veins along fractures, in brec- 
ciated zones, or as  fillings and replacements in porous rocks. It 
is generally stated that  conditions favoring concentrated deposi- 
tion exist where the fissure, along which the mineralizing solutions 
ascend, cuts a porous formation such a s  sandstone, which is over- 
lain by an impervious layer. Under such conditions, the 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 outs'tanding 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 fortunately 
exposed cinnabar ore extending along a narrow diabase dike in a 
shaly sandstone. Drifts and crosscuts from an exploratory shaft 
proved the diabase dike of about 16 feet width to  be intruded 
along a fault zone of small displacement, with cinnabar in chalce- 
donic quartz occurring along the walls and in numerous shrinkage 
cracks and fault fractures within the diabase. The mineralizing 
solutions probably came from the same deep-seated source a s  did 
the diabase, and they penetrated along the dike with kaolinization 
of the wall rock and diabase over a narrow width. The overlying 
and later rhyolite is probably of Tertiary age and the deposit of 
Miocene age. 

s'Ilos~. C. P.. (211i(.ksilv(-r 11t.1~1sits. Ore tl(.posit..; (I€ \t-*-c.stt.rn St::trs. 1,intl- 
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I n  a short period in 1942 this mine produced 2,500 tons of ore 
yielding 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:::: 
states: "The Tertiary ( ?) rocks of the district may be divided 
into five units. The three oldest units, which may be con\'eniently 
called the lower group, include a lov7er unit of tuffs, conglomel.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 volcanics. A deposit 
that occurs about one mile south of the Warrior mine in the Omco 
mining district in Xye 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 ancl mercury a r e  
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- 
bar 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 f rom 
numerous deposits throughout the west-central par t  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 a t  great depth. 

"Iiolwrt.~. It. d.. "Q~~icksi l rer  11el)osits of the  Battle Creek tlistrict, 13111nl)oldt 
Countr. Sevntla: U. S. C:eol. Survey 131111. ItY2.4, p. 6, 1940. 
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The interesting tin occurrence near the Izenhood ranch, twenty- 
two miles north of Battle Xountain, 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 \Irere l~resumably formed by the 
coiltraction 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 a t  Majuba Hill in Pershing County. I t  is described 
by Ptlessrs. Smith and Gianella""~ 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 
~vork in 1943 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 I-fole district in Pershing County by Director Walter S. 
Palmer of the State Analytical Laboratory. The source was 
apparently from the erosion of a n  extrusive rhyolite nearby. 

Good specimens of cassiterite have been found in the gold- 
bearing veins of the Jumbo Ex mine a t  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 l%'ils~n::'~ established the 
fact that "three elements, bismuth, silver and tin, are genetically 
associated with gold values in the deeper veins." 

TVXCCSTEX DEPOSITS 

Most all of the Nevada tungsten deposits are  of the contact 
nletamorphic type, hut there is a t  least one known thermal spring 
deposit that  contains commercial quantities of tungsten. This 
deposit is situated about three miles northeast of Golconda in 
Humboldt County. I t  was first prospected for precious metals 
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and manganese. This unusual deposit was described and the 
presence of tungsten was reported first by Penrose," '"':later by 
Harder," and still later by Pardee.40 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 principally of manganese and iron 
oxides, with some calcite, occurs as fiat-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  soon as  the contact between the shale and over- 
lying tufa was reached, and, by replacing the tufa, depositecl 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. I t  cannot 
be concentrated by the usual gravity concentration methods. 

K e r r 4 9 t a t e s  "the ore minerals a re  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. I t  is now being mined for  its tungsten content, 
the metal being extracted by a chemical process. 

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

L i ~ ~ d g r e n * ~  describes a thermal spring deposit in Eolivia, and 
shows the similarity between i t  and the one a t  Golconda. 
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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 
-4. 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 a s  a source of the metallic elements. 

Nevada has a variety of such deposits, many of u7hich are  or 
have been important proclucers. The total value taken from 
these deposits, however, has been snlall in comparison with that  
from the metallic ores of the State. Anlong the deposits that  were 
once important for their production are  the borate deposits of 
Clark County, several borate and sodium chloride deposits occur- 
r ing 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 nonnletallic production a t  present is limited mainly 
to limestone, gypsum, barite, fluorspar, clumortierite, brucite, 
diatomite, ciay, magnesite, and silica sand. Limestone of com- 
mercial purity has been mined and calcined a t  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 
occurs in sedimentary beds, with a marked tendency, a s  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 a n  active demand for  barite with no 
color specification, resulting in large annual shipments of cream 

'"Oi:~nc.lI:i, V. l'.. Bnritc. tlc1)osits in northern Scv:~t ln:  Amer. Inst. of Ifin. 
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to very dark-gray color from deposits of the replacement type, 
mainly from Lander and Eureka Counties. 

Fluorspar is reported a s  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 
3Iineral 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 aluminum of less common occur- 
rence than the better known similar mineral andalusite, is found 
in comnlercial quantity in the Rochester district in Pershing 
County. I t  occurs as  segregated lenticular masses in a schistose 
rock which resulted from metamorphic action on a trachyte by 
an intruding granitic magma.4'; 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 
i n  Xye 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 a t  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, 
h'evada. Huge deposits of very pure magnesite running into 
the millions of tons lying close by the brucite deposit in the Para- 
dise Range a re  described by Cal l~tghan,~% and given the same 
general source of origin a s  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 a t  Henderson, in Clark 
County, near the Boulder Dam. 

. Beds of diatomite occur frequently in northern Nevada, and 
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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 fo r  glass 
manufacture have been shipped from the Moapa and Overton 
cfistricts in Clark County. 

Since 1940, discoveries of high-purity talc were made in the 
Palmetto district in Esmeralda County about 50 miles southxvest 
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 i t  a t  a great 
disadvantage with the superior coal of Utah. 

EXAMPLES OF ZONAL DEPOSITION 
Zonal deposition is indicated by the deposits of several districts, 

arid an  excellent example is described by Larsh4!' 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.) 

Hewett-'J 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  par t  of the district where deposits a re  most numerous. 
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EXAMPLES O F  SUPERGENE ENRICEMENT 
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. 
I t s  effect on deposits of other metals has been negligible by com- 
parison. 

JJTith 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 

I I 

f 
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 i t  is poorer. 

Free gold and pyritic gold deposits are enriched a t  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 a t  Gold Hili on the Comstock in 1859 down to the relatively 
late discovery a t  the Getchell mine in Humboldt County. 

"From observations n~ncle by the writer I11 Septenil)cr 192.3, and -1ugu-t 19:tn. 
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The presence of horn silver a t  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 a t  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 
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 a t  the  Divide mine 
in Esmeralda County, stringers of pure horn silver were discov- 
ered outcropping close to the shaft. There is on exhibit a t  the 
Museum of the Mackay School of Nines 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. 

A t  several districts in Nevada, notably Pioche in Lincoln 
County and Tybo in Nye County, the main value a t  the surface 
of the lead-zinc-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 a s  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 a t  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 outcrops above bodies of copper and 
zinc ore; but if the ore contains calcite or  is in limestone, the 
copper and zinc content is precipitated out in great part  a s  the 
carbonates in the oxidized ore a t  or near the surface. 

The most striking example in Nevada of this enrichment in the 
case of copper is a t  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 

slT.inc.ol~i, F. C:., 01). rit.. p. 2 . 3 .  
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this  a t  water  level secondary chalcocite, then  a primary chalcopy- 
rite ore too low grade to  be profitably mined. 

The most s tr iking example in the case of zinc is a t  the Yellon- 
Pine mine in Clark County where all the ore has been in the form 
of zinc carbonates occurring in dolomite. A t  the  Anchor mine in 
the same district the zinc occurs a s  a carbonate, while the leacl, 
also present, occurs a s  unaltered galena. 

In the case of both silver and copper ores much o r  all of the 
metal may be dissolved out of the osidizecl zone ant1 reprecil~i- 
tated a s  a sulphide near  the water level. 

In the case of silver ore, the silver is precipitated a s  secondary 
argentite, termed "sooty7' argentite, a s  it does not assume a crys- 
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 a re  sulpharsenides and sul- 
phantimonides, a s  in the case of the ruby silver minerals, the 
secondary sulphide may take the same form, and i t  is often dif- 
ficult to  distinguish the secondary from the primary silver sul- 
phides. This is particularly t rue in the case of the rich silver 
ore of Austin, Nevada. 

Sa t ive  silver is in almost all cases considered secondary. I t  
is relatively r a re  in Nevada, though it has been found in Tonopah 
and other camps. 

Supergene enrichment of Nevada's silver and silver-gold quartz 
veins, F e r g ~ s o n . ~ "  states, has  been more important in those meso- 
thermal deposits associated with granitic intrusives than in the 
epithermal deposits associated with Tert iary extrusives. This  is 
probably due to the l ~ n g e r  period of erosion, higher pyrite con- 
tent, and more porous conditions of the  vein associated \vith 
granitic intrusives. 

In  several of the mesothermal deposits, particularly those a t  
Austin and Eelmont, the supergene-enriched silver ores mere 
highly profitable even under the high cost of early-day mining, 
but the primary ores a re  too low grade to  be worked, even under 
modern low-cost methods. Although the primary ores in many 
of the hliocene epithermal veins have been of profitable grade, 
the ores of the supergene-enriched zone have been responsible 
for  much of the profit f rom production. 
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In the case of copper ore, the copper is precipitated a s  the sul- 
phide chalcocite. This  secondary sulphide along with the primary 
copper sulphides often gives a total copper content approaching 
bonanza ore. 

A t  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 tha t  has been responsible, a s  direct 
shipping ore of over 20C; copper content, for  a large share of 
the mine's copper prodi~ction. 

In 1926 S. Frank  Hunt,;-' a n  esperiencetl 111~0~11~ct0r and stu- 
dent of geology, referred to  barren limonite outcro1)s in the  bloun- 
tain City district in Xet-ada a s  follo\vs: "Situated three and four 
miles south of town, t he  Nevada Rio Tinto and Xonzonite groups 
cover two wide copper veins of unusual promise." 

Fortified by his almost solitary fa i th  in his judgment, he strug- 
gled for  s i s  years amid hardships to  push a shaft  down through 
the leached outcrop before finally encountering, in February 1932, 
the secondary enrichment a t  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 a t  
228 feet deep in  the  shaft  we uncovered the sulphide zone. 
Tonight a t  234 feet the  whole bottom of the shaf t  i s  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, i t  is most likely the biggest deposit of 
high grade copper-gold ore ever discovered in Elko C ~ u n t y . " . ~ . ~  

On April 5, 1932, this  self-made geologist wrote a s  f o l l o ~ ~ ~ s :  
Dean, JIackay School of Mines, 
Reno, Xevada 
Honorable, S i r  : 

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 a t  this time. They have been selected 

.I 

a s  tagged in wrappings, across the 65 feet of the deposit 
so f a r  exposed. But  the actual width of the ore between 
walls has not yet been ascertained, since the discovery 

"111111t. S. E7raltk, l1i11ixiz g e o l o q  o ~ i t l i ~ ~ w l  : 111111t F o ~ ~ r ~ ( l : t t i i ~ ~ l ,  3 1 ; 1 ~ . l ~ W  
Scllool .. , . c , f  Jlitles.  1,. 104. IClR(;. 

*' 1111. l l i ~ ~ i ~ ~ z  :11tt1 ( 'o t i t r ; t cr i~ t~  It(.vic\~-. S ; ~ l t  1,:tkt. C'ity. t - t i t k ~ ,  lfilrcll I.?, 1940. 
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beneath 225 feet of remarkably barren gossan, was made 
only five weeks ago. Judging from surface indications. 
box-ever, the deposit may prove to be 100 feet or more 
\vide north and south with an undetermined length east 
and west beyond 600 feet. 

This ore deposit is not a fissure, but what prospectors 
~vould call a "contact vein." The footu7all 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 a t  top. The footwall is 
probably Lower Cambrian and the hanging slate of Mid- 
dle and Upper Cambrian age; and the observable struc-'  
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 a t  this season, our 
information as  to the average copper content of the ore 
is quite meager a t  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 a t  liberty to enlighten us fur-  
ther, we mould feel grateful for the kindness. 

At any .future time-say June-when roads and - weather conditions a re  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. 

The development of the mine since these letters were written 
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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 stinlulus to  the study and develop- 
ment of leached outcrops. 

I t  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 in~nlense tonnage a t  the open pit a t  
Ruth, Kevada, owes its comn~ercial 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 a re  likewise 
resistant, there is no enrichment a s  a surface residuum. All the 
above applies likewise to the deposits of scheelite, the common 
mineral of tungsten in Nevada. 

One marked difference is tha t  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 a re  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 a n  abundance of nonman- 
ganiferous minerals, some of which, quartz in particular, a re  
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 a t  or near the 
surface. Poorer ore is to be anticipated a s  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 outcrop 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 
~ v i ~ d o m  coming from the practical experience of their predeces- 
sors of several decades. &fore attention was paid to the base 
metals as was shown by the developn~ent of such districts as  
those of El?., Yerington, and Goodsprings. However, most of 
the discoveries were made as before by hunters, sheep herders. 
con-boys, 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 kr~owleclge was extended to an ever-increasing num- 
ber of nonmetallic ores. 

-4s the years ha\?e 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 follo~v some other 
kind of work as  their vocation, with prospecting a s  their avoca- 
tion. They have a fair  book knowledge of geology and miner- 
aIc~gy obtained from bulletins and schools for prospectors; and 
the application of this knowledge on field trips sustains their 
interest and often proves profitable. They have enthusiasm for 
di-scovery, but a reluctance to handle the pick and shovel. There 
a re  too many locations made and held for someone else to do 
the digging, as  the locator in these times can find profitable work 
elsexvhere. 

Eighty years of prospecting over the State have a tout  
exhausted the possibilities of finding valuable undiscovered out- 
crops of pay ore, or a t  least to the extent where a prospector has 
l i t ~ l e  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 outcrops 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 mechanicaiization 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 Ear th  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 Ear th  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 hare about all been discovered. There is nothing in it any 
more for anybody; so another direction is indicated. The only 
right and remaining nTay 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 
arounci-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. I t  is going to hurt  the prospectors and explora- 
tion concerns' feelings like h - - l to realize and admit they must 
hegin to dig down.".;" 

Mr. Hunt practiced what he preached as  the Saturdasr Even- 
ing Post'i 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-'32 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 a r e  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. I n  
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 

~ ' ~ ~ l l l l t .  S .  1<'r;111li. l l i ~ ~ i t ~ x  ( ; t - t ~ l o z y  0 1 1 t l i 1 1 ( ~ 1 .  I I I I I I ~  l ~ ~ ~ ~ t ~ ~ ~ ~ I : ~ t i t ~ i i ,  l f . l ~ * 1 i ; l ~  
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ore  bodies lay below. However, as time goes by the prospecting 
of the  fu ture  must  be more and more tha t  of searching the  sur-  
face and subsurface fo r  geological and mineralogical indications 
of ore bodies below, with the  use of scientific knowledge and 
instruments  f o r  their  detection, o r  at least fo r  indications, fo r  
the venturesome to  take the  risk of "going down." 

31r. Hunt  knowing this  and to do his small pa r t  for  the future,  
established a t  the Rlackap School of Nines the Hunt Foundation 
to  aid in the  t raining of students by making possible a closer cor- 
relation of book knolvledge with field observation and experience. 

Director J a y  A. Carpenter of the 3lackay School of Mines and 
the Nevada S ta t e  Bureau of Mines believes: "This closer corre- 
lation of book knowledge with field observation and experience 
should be extended t o  the  prospecting schools and in the special 
educational program f o r  the return of soldiers of this 'Sl'orld 
War  whose interest lies in  prospecting and mining. 

"As the present mines in  Nevada a re  being gradually worked 
out, new mines must be found and developed to maintain mining 
as our  leading industry. To do this  the Sta te  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 r ight  of freedom to  locate, 
hold, and gain title t o  mineral lands upon the public domain, a s  
this  proven incentive of ownership and reward is necessary to  
encourage and foster the  finding of new mines."* 

*\Vrittcn corn~nunication. 

THE MINING DISTRICTS OF NEVADA* 
By HENRY G. FFRGUSON' 

-4BSTR.iCT 

. I t  is believed that four epochs of ore depositio~i are representetl ill 
Xevada; the earliest ore deposits are associated \vitIt granitic rocks, 
\vhich in wester11 Sevncla \yere intrnclecl ntilr the close of the Jurassic 
anit in eastern Sevatla at the beginnilip of the Tertiar?-. Other ore 
de1)osits are associated with late Tertiary flows of two ages. 

111  veste ern Nevada the ore deposits associate11 with graiiitic liiasses 
satellitic to the Sierra Serada batholith are predominantly arpen- 
tiferous quartz reins. similar in appearance to the anriferons reins of 
California. These. hol~ever, have been raluable only for their osi- 
dizecl ancl enrichecl silver ores. I11 eastern Xersda base metal replacc- 
mcnt cleposits prerail. These have also proclueed silver from tltr 
oxidized zone, but in several districts base nietal ores liavr provetl 
yor1;able in depth. I t  is thought that tlie ilifference between the two 
elasses of deposits is a function of the different n~agtnatic sources; that 
the western deposits are of late Jurassic or early Cretaceous age. 
dependent npori the Sierra Nevada batliolitli. while those in the eastern 
part of the State are of early Tertiary age. This implies that the \vest- 
ern limit of the Tertiary intrusions is near the ~iiiddle of the State. 

Several of the important precions metal deposits associated with the 
late Tertiary lavas are clearly older than upper JIiocene sediments, but 
others are younger than upper ;Iliocene. In tlie ore of the older group 
of deposits silver exceeils gold by weight, \vhile in those of Pliocene age 
gold is commonly in excess. The AIiocene deposits have on the ~vhole 
proved far  more prodt~etive than those of the younger group. 

From the available geologic data and a review of the history of pro- 
duction i t  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 cleepseated 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 Jliocene age are likely to prove of more importance 
than the Pliocene gold-bearing veins. 

*This paper is basecl on i~iforniatio~i available to 1927. I hat1 hopecl to rcviw 
it tlnd incorporate the results of recent developments, but pressure of war work 
has prevented. h postscript h:ts been atlcled in which are noted a few additions 
cmcl certain niodiflc~~tions of the conclusions stntetl in the main body of the 
p:tper. 

'Geologist, U. S. Geological Sursey. 
Published by permission of the Director, U. S. Geologiml Survey. presented 

hefore Society of Economic Geologists, Cleveland, Ohio, December 1a7. 
Iteprintecl from Ecosourc GEOLOGY, Vo1. YXIV, So.  2, March-April 1929. 



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 35 and 31)" and longitude 117" and 119". For the 
remainder of the State, liberal use has been made of Lincoln's 
escellent con~pilat ion,~ supplemented by consultation of the litera- 
ture. a s  f a r  as  descriptions of the various districts a re  available. 
Lincoln's book is of especial value, as concise summaries of the 
geology, production data, and complete bibliographies accompany 
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 appropriate 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 ~vhose major product is tung- 
sten, mercury, manganese or nonmetallic minerals, which a re  not 
considered in the present paper; for others the data given a re  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 a t  
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 par t  be 
confined to those districts which are  credited by Lincoln 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 par t  of 
the State contain thick limestones and also lavas. In the west- 
central part, extending certainly as  f a r  to the east as  the center of 
S y e  County, the Paleozoic and Mesozoic sediments are  strongly 
folded and cut by intrusive masses of granitic rocks. The great  
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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, t o  infer that  the smaller areas of granitic rocks 
bordering i t  on the east, are, like those on its western flank in the 
California gold belt, satellitic to the main batholith and intruded 
a t  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 southwest\vard 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. 
Nolan4 has found in the Gold Hill district, Utah, close to  the 
Nevada line, monzonite intrusions which are  younger than folded 
sediments of probable Eocene aye and Hewett; has likewise con- 
cluded that  the granitic intrusives in the vicinity of the Good- 
springs district a re  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 fo r  these no direct evidence of age is available. I t  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, a s  f a r  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. 

31i~ttlcr, R. S.. "Ore 1)c.po~its of I:tr~h," 1;. 8. Geol. Snrr.  Prof. P:lprr I l l ,  
I). !In, inso. 

'Solart. 1'. Ji.. "Tltc- C:crlcl IIill 1)istric.t. i'tnh." I:. S .  C;eoI. Surr.  I'rof. I ' i~prr 
ti11 prepnr:~tioti). 

LII~.\\-ett, D. P., "Tlie Goodsprings District ,  Scbrnd:~," 1'. S. Geol. Surr.  I'rof. 
1':trwr ( i n  prepam tinti) . 

RI,ingren. 'Ar., "The Ignc.c,ils C;t.olop.v of  the C ~ ~ r t l i l l c r i ~ s  an11 its P r o t ~ l ~ . m s :  
I'rol~lrnis of .\~nc~ric.:ttt G r o l r : ~ ~ , "  p. PC&, Sew Ifnren,  101.5. 
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The youngest rocks of the State a re  lavas and nonmarine aedi- 
nlents ranging in age from the middle of the Tertiary to  the Pleis- 
tocene. In central and southern Nevada areal reconliaissance has 
shown that  sediments of upper Miocene age (Esmeralda forma- 
tion) occur over \vide areas and thus give a convenient datum f o r  
separation of the older and younger lavas. Similar sediments of 
Pliocene age a r e  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 par t  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.7 The younger deposits a r e  
commonly inclosed in the Tertiary lavas and near-surface intru- 
s i v e ~ ,  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 
a re  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 a r e  certainly older than the Tert iary 
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 a re  lacking for  many districts, several districts 
contain ore deposits of different types and no district has  produced - - 

'I,i~rctnren. W.. ".\Ii11c.r:11 I>t.]u,situ:' 3 1  E i l i t i c~~~ .  Sew Yorl:, 1925. 
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only a single metal. It is particularly difficult to  draw a line be- 
tween the silver- and lead-producing districts. It mas found con- 
venient to base the distinction on arbitrary ratios derived from 
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f IGURE 1. Map showing distribution of principal ore deposits in Nevada 
associated with granitic intrusives. 

production figures. A district in which the production data show 
a ratio of ounces of silver to  pounds of lead of 2 to 1 or greater is 
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 . 
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1 : 2, and a lead-silver or lead district one in which the ratio of 
ounces of silver to pounds of lead is less than 1 to 2. 

It is evident from the map, that, taken a s  a whole, a different 
type of mineralization prevails in the east from tha t  of the west- 
ern part  of the State. The western group of deep-seated deposits 
yielded principally silver with only minor amounts of base metals 
from enriched ore of quartz veins; and only a few districts, such 
as the copper camps of Yerington and Santa FC and the lead-zinc 
districts of Cerro Gordo and Darwin in California east of the 
Sierra Nevada, have produced principally base metals. On the 
other hand, in eastern Ke\-ada base metal deposits are  the rule 

TABLE 1 
Distribution of Nevada Mining Districts Producing Ores of 

Prevolcanic Age 

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 a s  well, has proved to be important principally for  base met- 
als, lead (with more or less primary silver), copper, or zinc. 
Jfesothermal deposits in which the primary ore is valuable chiefly 

for silver a re  uncommon in the eastern part  of the State. Table 
1, in which a classification is made of all districts listed by Lin- 
coln which appear to belong to this class, shows that  the same 
relations hold true, though less decisively, fo r  the less important 
districts. 

\Vestern Nevada g 

Districts Producing I Principally: - .  

Value of Total Production. 

"Ka. ih (~ ,  I'ersltinz, IIuml~ulclt. Storey. Ormshy. D o u g l : ~ ~ ,  T,yon. Clttlrcltill, 
lIi1lem1. Idllttlrr. Sce. and Esmernltln Cot~ l~ t i e s .  

'Elkt~, Etlrrk:~. White I'ixte, :111tl C1:trk Coltrttics. 

Eastern Nevada.' 

Districts Producing 
Princi~allv: I 

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 \vide area. X 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 Sleridian 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 a re  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 
zinc. 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 vrhose content of supergene silver minerals made the fame 
of Kevada 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 JIineral County one percent, each of 
gold and silver, but this also includes output from late Tertiary 
ores. The precious metal production of the Rocky blountain 
region, excluding the deposits of epithermal type such a s  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 3bout 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 a t  a distance. Nor is this generalization consistent in detail 
with the results of the studies by Schofield!' and Hansonl(' in 

S''\\'orld .\tl:ts of C'c~~nrtlcrcial Geology." I'atrt I. >[itt<~r:tI I'ro(111ctio11, 1:. S. 
(:t.c~logic:ti St~rri.y. Plntcs 40 :1nt1 48. 1x1. 

'*Pcltofic.lcl. S. .T.. "(:c<, lc~~y ttlltl Ore 1hy)ttsits of tlte S ~ I ~ I I I O I I  1tirt.r Ifistrict. 
I:. ('." (':tti:tiI:t Cwtl. Sttrr. JIt*$tl.. I X l .  ])I). fi4-71. l!YZl. 

~ ' ~ I I : t ~ r ~ c ~ t ~ .  (:s.~rgf.. '.Z(,ttit~:: o f  JIittc~r:tl I )~ . l r~r i t s  ill 1:ritirll ('01111tll#i:1." Trittts. 
Iilly. Stw. (':tt1:111:1. 2 1 1  srr.. rot. 21. 11t. 2. siw. k, 11th. ll<b-12~;. 1Y:i. 
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British Columbia, and by Buddington11 in southeastern Alaska. 
The western deposits are  most commonly well-defined quartz 

veins1? which cut both the intrusives and the intruded rocks. In  
places, as in several of the Humboldt County districts,l"here is a 
tendency for  veins to be present in the noncalcareous rocks and 
irregular replacement deposits in the limestones, but a t  Be1montl-I 
sharply defined veins cross limestones. The gangue of the west- 
ern veins is principally quartz with minor amounts of carbonate 
minerals. There appears to  be no widespread carbonatization or  
sericitization of the adjoining wall rocks. The primary sulphides 
include pyrite, arsenopyrite, tetrahedrite, galena and sphalerite, 
jamesonite, and stibnite, and are  argentiferous and slightly 
auriferous. The presence of abundant antimonial sulnhides 
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 hare  almost never proved 
viorkable. 

Although gold-bearing veins also occur in many districts, only a 
few have proved to be of any commercial importance. The prin- 
cipal gold deposits are those of the Silver Peak district,I"n which 
quartz veins and lenses associated with alaskite carry native gold 
with pyrite and galena. The ore of the Pine Grove district'" 
appears to be of a similar nature, though here the production fig- 
ures given by Hill show a Iarger amount of silver than gold, 
though the gold produced exceeds the silver in value. The work- 
able siIver ore appears to be of supergene origin. In districts 
where both gold- and silver-bearing veins occur, a s  a t  Roches- 
ter," 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. -1. F., "Coincidc~it Variations of T jpcs  of >Iir~erntizition :ind 
of Coast Range Irttrnsires," Fxon. Geol., rol. 22, pp. 1.58-179, 1327. 

=The term "~e in"  is here used in the sense of a tabnlar deposit tliscordant 
WJ the structure of the inclosing rocks anct witliout connotntion cis to its niodc 
of origin. 

"Ransome. F. I,.. "Sotes on Some Sliniug Districts in Ilumholdt County, 
Sevn(larW U. S. GeoI. Surrey, null. 414, 1909. 

"I,incoln, pp. 1GO-101: En~mons, S. F.. U. S. C;eol. Espl. Fortieth I'nrallel, 
rol. 3, pp. 39.3403, 1S70: Spnrr, J. E., "Quartz-Sfuscovitc llock from Ilclmont, 
Sevnda." Amer. Sour. Sci., 4th ser., rol. 10, p. 355, 1900. 

=Spurr, J. E.. "Ore Deposits of the Silver Peak Quadrnngle, Serndc~," L'. R. 
Geol. Survey Prof. Paper 55, pp. 34-74, 1906. Lincoln. pp. 81-82. 

14fIill, J. 31.. "Some Mining Districts in Northeastern Cnliforni:~ arid Xortli- 
western Xerada," r. S. ~eo lT  Surr.  Bull. 594, pp. 13.%141, 1915. Lincoln, pp. 
145-149. 

17T,incoln. pp. 213-215; Knopf, h., "Geology and Ore Deposits of the Itoct~cs- 
ter District, Seradn,' U. S. Geol. Stirrer Bull. if;?, 11p. 42-53. 192-1. 
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in the neighboring Palmetto districtls the veins cutting the lime- 
stones and slates a t  a distance from the contact have yielded 
chiefly silx-er. 

The only two districts in western Nevada whose production 
exceeds $1,000,000 which have produced chiefly copper are  the 
Santa FC and Yerington districts. The Yerington district':' has 
had a considerable production, but i t  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 Fi? district20 has been f a r  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 relati\-ely shallo~v 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 district21 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 a t  
the time of mineralization. The primary sulphides are  galena 
with subordinate sphalerite, tetrahedrite, and pyrite. In  the 
Darwin district22 argentiferous galena occurs both in contact 
nletamorphic 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 
veics 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. 

"I,incoln, 1111. 59-80: Ppurr, J. E.. op.  cit., pp. 8CiS7. 
"Lincoln, pp. 183-137: Knopf, A., "Geology : ~ n d  Ore Deposits of the Yering- 

ton District, Nevnda," U. S. Geol. Surv. Prof. Paper 114. 191s. 
mI,incoln, pp. 1.5.3-1.54 : IIi11, J. 31.. op. pit . ,  pp. 1.77-171. 
nKnopf. A., "I Geologic Rwonnnissnnte of the Inyo I1:brlge ant1 the Eastern 

Slope of the Sonthern Sierra Xernda, Cnlffornin." U. S. Geol. Si~rv.  Prof. Paper 
110. pp. 105-118. 1918. 

*I\'nopf, .%., "The Danvtn Silver-lend Mining District. C:~liTornia." I-. S. 
Geol. Surv. Bull. 580, pp. 1-18. 191.5. 

"Ilaylnond. R. W.. "The Geogrnphic:ll Distri1,iltion of > I i n i n ~  Districts ill 
the I'nitecl States," Trnns. Amer. Inst. >fin. E~ig.. vol. 1. p. 3. 1873. 

2'Rn11. S. El., "-1 Geologic 1teconnai~s:lnr-e in Sontl~rrestern Xernda and Enst- 
ern C:tliforni:~;' U. S. Oeol. Silrv. Eull. 20S, pi). -1-116, 1007. 
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Spurr,'Gn his discussion of the ore deposits of Silver Peak, Reese 
River (Austin), Belmont, and southern Klondike, points out  the 
similarity of the veins of these districts to the California gold 
veins. LindgrenZci notes the same similarity in the older veins of 
the Santa Rosa Range, Humboldt County. The writer was also 
struck by the close resemblance of the veins of the Belmont, Union 
Canyon, Silver S ta r  (Marietta), and minor districts of this  type 
in the Hawthorne and Tonopah quadrangles to the California 
veins. These districts all have well-defined persistent veins of 
white coarse-grained quartz with patches of mixed sulphides. 
Other than the lower average gold content of the Nevada veins, 
the principal difference from the California veins seems to be that  
the alteration of the adjoining wall rock to carbonate and sericite 
which is common in California is not prominent in connection 
with the Xevada veins. The lack of primary gold on the Nevada 
side of the Sierra batholith is in part conlpensated by the prevail- 
ing deep zone of oxidation and enrichment which has permitted 
in the past a large production from surficially enriched silver ores. 

The quartz veins of the California gold belt have produced 
many millions of dollars in gold, while the similar veins of rvest- 
ern Nevada have been in general productive only of silver, and 
that  only in the zone of oxidation and supergene enrichment. Dif- 
ference in the extent of erosion, east and west of the crest of the 
Sierra does not seem an adequate explanation for the absence of 
gold in h'evada. The Nevada region has to some extent been 
protected from erosion by down-faulting along the present eastern 
front of the Sierra. This faulting took place a t  intervals during 
the Tertiary and Pleistocene, and the topographic expression of 
the Pleistocene faulting still persists. The Pleistocene faulting 
which has an  average magnitude of not more than 2,000 feet, a s  
measured by the difference in elevation between the Sierra sum- 
mit and the summits of the Nevada ranges, may probably be left 
out of consideration, for some of the Nevada veins reach a pre- 
Pleistocene erosion surface which was probably once continuous 
over a wide area. The amount of earlier faulting was probably 
of something the same order of magnitude, and to this extent the 
outcrops of the Nevada veins reach a higher level than those of 
California. Also during the Cretaceous and early Eocene there 
may have been more active erosion on the California side than in 
Nevada. But it can be inferred from the Tertiary placer gravels, 
that the California veins retained their present character for  a 

"Bprirr, J .  E., "C.crletic Ilelntions of the \Yc>..;tcrrl Srr:~tln 0rt.s." 'I'r:ins. 
.\xller. lust. .\lirl. EIIK., rol. 26. pp. 399-40; II'Nd. 

xJ.i~~clar~n. IT.. '.Otv~log.v :cnrl JIiicernl I > c . ~ w - i r s  of tllc Snti(trml 3firt irlg 1);s- 
trict. Xe~~icla." 1.. S. Geol. St~r\-. J%IIII. 0 1 .  p. 12. 190.7. 
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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 
Cretaceons) age, so that it is a fair  a s s~~mpt ion  that  the California 
veins retained their a ~ ~ r i f e r o u s  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 front the source due to  less erosiorl of the 
Nevada veins can account for their iack 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, a s  f a r  
a s  the writer is aware, in the Sevada silver \-eins, although man- 
ganiferous ferrodolomite is the principal ga11goe mineral of the 
Candelaria veins," and calcite and other carbonates are present 
in the veins of other districts. In  the veins of the Alleghany dis- 
tr ict  (California) studied by the xvriterz!) 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:il) finds that  a t  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 a t  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 i t  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. 
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In the California gold belt there are abundant basic rocks, 
gabbros, amphibolites, and serpentines which a re  older than the 
granitic intrusives. The fairly close association of serpentines 
and auriferous veins has led Lindgrenrz to  suggest that  the gab- 
bros and peridotites and the albite-aplite dikes which accom- 
panied these basic intrusions may have been a source of a t  least 
a part  of the gold. The nearly complete absence of such basic 
intrusions in western Nevada is perhaps confirmatory evidence 
for Lindnen's suggestion. On the other hand no important basic 
intrusives occur in the Silver Peak distict, which has been the 
most important of the pre-Tertiary gold camps of western 
Nevada. 

In eastern Xevada lead or lead-silver deposits are the most 
abundant. Several districts, such as  Eureka,J3 yielded large 
amounts of oxidized silver ores in the years following their dis- 
covery, but have made their principal production from lead ores 
with a IOU- silver content. The Jack Rabbit" and Piochers pro- 
duced much silver in the early days of mining, but silver has 
formed only a small fraction of the value of the recent produc- 
tion. 

The White Pine district36 was in its early days an important 
silver producer, but the supergene silver ores of Treasure Hill 
were distinct from the ores of the "lead belt" developed a t  a later 
date, which carry only a small amount of silver. The Yellow 
Pine (Goodsprings)3i district in the southern part  of the State 
is the only important district in which the production of zinc has 
been of more value than that  of other metals. Ely38 is an  out- 
standing example of a deposit of disseminated copper ore of the 
type which prevails in the Rocky Mountain region. There are  no 
other important copper districts in eastern Nevada, but in places 
where there are smaIl areas of intrusives exposed, copper ores a r e  
present in the intrusive and the lead-silver or lead-zinc ores in 
the intruded sedimentaries a t  some distance from the contact. 
Gold-bearing veins have been mined in a few districts, but the -- 

=I.indgren. \V.. "JIineral Deposits," Rd edition, p. M i .  S e w  York, lVB.  
=Lincoln, pp. &S-33; IIngne. .I., "Geology of the Eureka District, Sevacl:~," 

I*. S. C:rhol. Srxrr. Jlonograph 20, 1892. 
"'1,irlcoln. pp. 1'11-123: \Vestgate, t. G., and K~lopf,  d., "Geology of l'iochc.. 

Sevucla and Vicinit~," 13~11. Atuer. Xnst. Jfin. and Met.. 1C17-I., 1027. 
mI.incu)ln. 1,p. 121-13; Westgate & Knopf, op. cit. 
"Lincoln. pp. '1.iT-2-59 ; 1-lrsb. TV. S., "Jfininp a t  I'familton, Sev:icl:i," 3Iiiles 

:t~rtl SIinernl9. rol. 21). pp. .521-922. 1909. 
"Lincoln, pp. -%P3; Hen-ett. D. F., "Tile Goodsprings District, Sevad;~," U. 

S. (:crtl. Surr. Prof. Paper (in preparation). 
J1.incoln, pp. 2.1.-r-?.?I; Spencer, A. C., "Geology and Ore Deposits of Ely, 

Xe\-:~tl:t." L'. S. Gtwl. Snrr. Prctf. Paper 0, l!Ui. 
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Ferguson (Delamar) 39 district is the only one which has yielded a 
large production. In this district irregular impregnations of 
quartzite a d j ~ i n i n g  a fissure have yielded ore carrying silver and 
gold in the ratio of about 2 to 1. 

There are  three possible explanations for the prevailing dif- 
ference in habit of the deep-seated ore deposits of xvestern 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 \\-riter 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, a t  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 3lountain 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 f a r  greater extent and thus tend to  
occur as replacement deposits. The total content of metallic 
minerals is also f a r  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 

JD~. i~icoln.  pp. 119-310: Emmons, S. F.. "Tlte noinmar ant1 I'fornrilver 
3Iinc%" Trnns. hmer. Inst. 3Iin. Eng., rol. 31. pp. G Z . c G i 5 .  1902. 
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provinces a re  here represented, the western dependent upon 
intrusives of late Jurassic or  early Cretaceous age, and the east- 
ern on the early Tertiary intrusives of the Rocky Mountai~l 
region. The distinction between the two types of ore del~osits is  
not sufficiently sharp to allow any definite statement a s  to  how 
f a r  to the west the early Tertiary intrusives extended. Inspec- 
tion of analyses of the granitic rocks of the  Sierra Nevada and 
the Rocky Mountain batholiths reveals no constant difference in 
con~position, and direct geologic data on the age of the Nevada 
granites a r e  almost completely lacking. Henrett4') finds tha t  i n  
southern Sevnda and southeastern California granitic rocks of 
probable Tertiary age extend a s  f a r  west as  the western border of 
the Ivanpah quadrangle (116th Meridian). In central Nevada 
the contrast between the Reese River and Belmont deposits on one 
hand and those of Eureka on the other, suggests the position for  
the western limit of the Rocky hlountain metallogenetic province 
in this part  of the State. Since, as  f a r  as  known, there is no 
wide belt free from intrusive rocks in central Nevada, i t  is to be 
supposed that  overlap is somewhere present, but so f a r  no evi- 
dence of this has been found. 

DEPOSITS IN THE TERTIARY LAVAS 
Deposits associated with Tertiary s~~rf ic ia l  lavas and shallow 

intrusions have yielded a large proportion of Nevada's output of 
gold and silver, but practically no base metals. I t  is thought that  
there are two distinct periods of late Tertiary mineralization, 
each characterized by certain distinctive features. 

In Hawthorne and Tonopah quadrangles in western Nevada 
there are Tertiary lavas of varied composition olcler than the 
Esmeralda formation, and hence not later than upper Miocene in 
age; lavaa, chiefly rhyolitic, of about the same age as  the Esme- 
ralda; later andesitic lavas and associated sediments of probable 
Pliocene age;  and finally Pleistocene basalts. Recent reconnais- 
sance indicates that  the same sequence prevails in the Lowry 
Peak quadrangle, northeast of the Tonopah quadrangle, and in 
the Silver Peak region, south of Tonopah. 

Ball's reconnaissance of southwestern Nevada41 indicates a 
thick 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 

"' lIe\vcLtt. J). I.'. I'c~r~onal con~mruticntict~l. 
"R:111, Sr(lrlcy 11.. "A G e o l o ~ i e  I<wot~n:tiss:~rlce ill So~ltlt\vcstc.t!r Scv;ttl:l :111(1 

Elstern C:tlif<~rni:t." L'. S. (;ec)l. Sltrr. nul l .  no<. 1). 27 ant1 pp. 31-2;. 1M7. 

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 Ha\t7thorne 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 BIiocene, and found only in the pre-Esmeralda lavas: 
and the younger, later than the rhyolitic and dncitic lavas which 
intrude and overlie the Esmeralcla formation, but older than the 
andesitic series, and consequently of latest upper 3Iiocene or 

. 

earliest Pliocene age. 
In th.e area covered by the Hawthorne and Tonopah quad- 

rangles the veins of Tonopah,.'"~rora.~:: and Raw- 
hide4.' are confined to the lavas of pre-Esmeralda age. At the old 
mining camp of Bodie,Li in California, but only 7 miles from the 
Aurora district, the l a w s  surrounding the camp appear to  belong 
to the same post-Esmeralda series which a t  Aurora is later than 
the veins. According to Eakle and bIcLaughlin, 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 Sevada a r e  of 
the same age. Schrader finds the same relations a t  Wonder4" a s  
a t  Rawhide. The veins of Bullfrog4i a re  in lavas mapped by 
B a l l ~ ~ e l o n g i n g  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- 

e I . i r ~ c o l ~ ~ .  pi). l S t l ! ) : i :  S1111rr. .I. I.;.. '.(;(~olog)- of t111, ' ~ ' I I I O ~ ~ : I ~ I  1 1 i n i t 1 ~  ] h i < -  
trict. St.mil:t," I!. S. G ~ o l .  S i ~ r r .  I'rof. 1':11~.r 42. l!K)->: " C r o l ~ ~ c y  :tlttl Otr  I ) ( - ~ M J -  
sit ion a t  Tonopall. Sc.r;~cln," E ~ O I I .  Grol.. vo1. 10. 1,11. iI!:-i~;~. I!Il.3. 
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1915. 
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ab le . "4Vt  JarbidgejO the veins cut rhyolites of probable Mio- 
cene age which are  overlain by barren rhyolites which Schrader 
considers as probably Pliocene. 

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 between latitudes 40" and 42" and longitudes l l G O  and 117" 
(including the Tuscarora" and Gold Circle" 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 regarded by LindgrenL%s probably Miocene in age. 

Field work in the Hawthorne and Tonopah quadrangles as  well 
as detailed studies of the tn70 districts has shown that  the deposits 
of ManhattanxG and Round 3f0untain~i are of post-Esmeralda 
age. The veins of several districts of minor importance a re  also 
in rocks, principally rhyolites, later than or contemporaneous with 
the Esmeralda formation. These include D i ~ i d e , ~ s  Gilbert,ag 
the gold veins of the Bell (Omco) district,liO Fairplay (Goldyke, 
At~vood)~; l  and the later gold-bearing veins of Tono~ah.~<old- 
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  

'*It:~nsome. F. I. .. et. :il.. op. pit.. n. 31. 
'"T4incoln. pp. 48-50: Schmder, F. C., "The .Jnrt)idge 31inilig District, 

Seradn," I-. S. Geol. Sttrr-. Bull. 741, pp. 23-24. 1023. 
"Lirieoln. pp. Si-iiS; Ernmons. IT. 11.. "-1 Recont~nissxnce of the Jfining 

C:tnlps in Elko. r-qntler and Eureka Cor~nties, St*mda," U. S. Geol. Strrr. null. 
40s. Inlo. 

szT.irrrr)ln. pp. 4 x 6 ;  Ernrnons. U*. 13.. idem. pp. 4.S-57. 
SIEntrnone. \T. FI.. itfern.. pp. 344.5. 
"Liticoln. pp. 1,&101 : Lintlgren. n'.. "Geology anti JIitreral Dc.po.;its of the 

S:~tional >fining District. Seratla." T. S. Geol. Snrr. Brrtt. C01, 1915. 
" O p .  cit.. I>. 11. 
-al.inroln. pp. 17.-i1-177: Fergitwn. 11. G..  .'(;c~ology arrtl Ore Deposits of tlre 

Jlnnhnttnn Distrirt. Xernda." I:. S. F;eol. S r ~ r r .  C1i11. 723. 1924. 
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Seratln." I!. S. Gwd. Srtrr. nnll. 72:. pp. 3 f ~ 1 - 4 ~ .  1921. 
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PI). 1%-145. 3927. 
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be of similar character, but the age of ore deposition, except that  
the inclosing lavas a re  probably of middle or late Tertiary age, 
is not definitely known. 

TABLE 2 
Classification of Nevada Mining Deposits in Tertiary Lavas 

Silver and Ell\-er-gold Districts. by Gold Districts. by 
Counties. I I Counties. 

Value of Total . 
Production. 

I1.000.000 to 
_cj.ooo~ooo .... 2 0 3 I 0 I I 0 I I a I 0 0 1; 0 0 0 o 0 0 2 o 2 

s j.000.000 to 

Total. . . . . . . . 

Figure 2 shows the distribution of the more productive late 
Tertiary deposits of N e ~ a d a ,  with the principal metal produced 
and the age, where knoti-n; and Table I1 is an attempt a t  classifi- 
cation on the basis of predominant metal content of all the dis- 
tricts mentioned by Lincoln which appear to lie within or t o  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 
i t  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 predominance of silver in the deposits 

associated with pre-Esmeralda lavas and of gold in the younger 
deposits. Several of the districts considered to belong to  the 
older group, such a s  Aurora, Bodie, Rawhide, Jarbidge, and Na- 
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F I G W E  2. Map showing distribution of principal ore deposits in Nevada 
associated with Tertiary lavas 

tional, are gold camps, but in all of these the bulk of the silver 
produced exceeds that of the gold. The ratio by weight of gold t o  
silver a s  shown by production records is about 1: 14 for  Aurora, 

1: 8 for  Bodie, 1: 15 for  Rawhide, I: ll/il for  Jarbidge. For 
the bulk of the production from Iiational the ratio was about 
1: 50, the same as  a t  Tonopah, but in the rich gold shoot large 
amounts of electrum, with a value of $9 to $11 a n  ounce, greatly 
increased the total gold produced, though not to the point of 
escess over silver. The production records of the post-Esmeralda 
deposits, on the other hand. largely sho\v a n  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 a re  also present in this dis- 
trict and have been worked to some extent. 

Certain mineralogical features a r e  also distinctive. In the pre- 
Esmeralda group manganiferous calcite or rhodochrosite is com- 
monly an abundant gangue mineral. Primary silver minerals, 
chiefly argentite, a re  also characteristic of the older deposits, 
but a re  lacking in the younger. Primary gold is present in both 
classes of veins, but in the older group i t  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 a re  veins of conlby 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 con~monly encountered, the pre-Esmeralda deposits have 
proved on the whole larger producers and have been productise 
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, 
Cornstock"'; certainly belongs to the earlier rather than the later 

'"Ii~~clpf .  .\.. "Tlle Dirit ie  S i lver  District .  S e r : ~ t l : ~ . "  IJ. 8. Gcol. S ~ t r r .  Eul l .  71.;. 
pp. 147-170. 1921. 

'* .I . i~tcol~i ,  l r ~ .  t'Pt'-23:: : I?c.ckt.r. C;. I"., "Gc-c~lojiy of tllr Com.;twk 1,ocle ~ n t l  the 
IV:~sl~oc.  1)istrict." I;. S .  Ocol. S t ~ r r .  J I o ~ ~ o g r a ~ ) l ~  :!. IPS"; I<c.i~l, J .  A.. "The Strllc- 
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period. The geologic map and sections seem to indicate that the 
"later hornblende andesite" a t  Comstock is later than the vein,(;; 
but other than this no geologic data as to its age within the Ter- 
tiary is available. The Silver City districtw is geologically a con- 
tinuation of the Comstock district. No details a re  given as to 
mineralogy, but production records show a slight excess of gold 
over silver, possibly due in part  to  placer output. 

I t  is thought likely that the older type of epithermal deposits of 
which Tonopah, Aurora, and probably Comstock a re  rel~resent- 
ative is of widespread occurrence throughout western North 
America, though as yet there is no evidence available indicating 
that this mineralization took place a t  approximately the same date 
throughout. Spurr6"otes the similarity of the Tonopah district 
to Comstock and to the Silver City and De Lamar districts of 
Idaho and Pachuca in hlexico, and notes the points of similarity 
to districts carrying veins in Tertiary lavas in Peru, Chile, Japan, 
Sumatra, and n'ew Zealand, and suggests the existence of a 
"major Pacific Tertiary petrometallographic zone." Of the two 
periods of late Tertiary ore deposition i t  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 association with granitic intrusives considered in the preceding 
section and those associated with the surface lavas a re  due to  the 
greater temperature of formation of the former, and to the longer 
continuance of high temperatures owing to the great distance 
below the surface a t  which the intrusive consolidated. At a guess, 
the older deep-seated deposits may have formed a t  depths of from 
less than 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 
suffered 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 
amount of erosion of pre-Esmeralda and post-EsmeraIda deposits 
for difference in depth of formation to  have been the controlling 
factor. At  Tonopah, Aurora, and Bodie the small areas of pre- 
Esmeralda volcanics exposed indicate that the amount of erosion 

"Cf. sheet %' of Atlas accompanying JIonoarnph 3. U. S. Grot. SIIrWy. 
*Lincoln. pp. 131-132. - Op. cit.. pp. 273-470. 
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since the upper Miocene must have been small, probably not over 
a few hundred feet a t  most. No data are  available which mould 
furnish a measure of the pre-Esmeralda erosion. The lacustrine 
and terrestrial deposits of the Esmeralda f o r m a t i o ~ ~  covered the 
site of Tonopah, but Aurora mag 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 a t  less depth than 
those of Tonopah. Spurri" estimates that  the main ore deposi- 
tion a t  Tonopah took place a t  a depth of less than 2,000 feet. 
Lindgrenil gives minimum figures of 1,000 and 2,700 feet for the 
Xational 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 Xational 
vein. Certainly this must be some hundreds of feet less than the 
actual depth a t  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" has calculated that  a t  Goldfield the 
erosion of the part  of the district containing the principal ore 
bodies was not more than 1,000 feet and nlay have been much 
less (to a minimum of something over 300 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 a t  Rfanhattan and over 2,500 feet above the Round 
Mountain veins, and about 3,000 feet above the deepest producti~e 
work a t  both camps. Certainly several hundred feet in addition 
must be allowed for the erosion interval which ended with the 
formation of this surface. Ransomei:; 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 

70Ppurr, J. E., "Gcirlogy and Ore Depocitio~t ;it Tnnop:~l~. Scr;itl:i,'' ~ ~ I I I .  
Geol.. rol. 10. p. 761. W l 5 ;  "Ore JI:i,nmus," vol. 3 .  p. 293. 19'7::. 
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'"I:ansome, F. I,., "C;eology of the O:ltln:~n 1)istric.r. .\rizon:l." 1'. $. Gc*ll. 

Surr. Bull. 742, p. 5.5. 132::. 
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estimates include factors which are  hard to evaluate and conse- 
quently are  more or less indefinite, but i t  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 Ao~vs 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 f a r  a s  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 a t  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 Oatman 
district, Ransome74 suggests a dependence of the ore on the flow 
inclosing the veins. At Goldfield the ore does not appear t o  con- 
tinue into the slates below the lavas, but a t  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 a t  the time of for- 
mation; and i t  is inferred that  this difference is a function of the 
character of the source from which the two classes of deposits a re  
derived. 

ECONOMIC CONSIDERATIONS 
- 

The propositions advanced in the preceding sections a re  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. 

"lbn.;ottte. Z'. L.. "I'rogrf.~~ in Eco~lontic Geology." E:corl. (;rol.. rol. 23, 1). 
121. 1993. In tliis p:cper the Jlogollon (listrift i~ citeti as :utotll~r esnitlple of 
this tendr~ltcy. This appe:lrs to the n-riter to Ilc ill-cl~osrtb 4 1 1 c . c ~  : ~ t  JI(bgo1lon tlle 
proclt~ctive lmrriorts of the reins cut :t sucee.-sic111 of 1;lrns of tIiffr.rent :tges :lncl 
c*~tti~u~~ition. and ~np1or:ttion has shown that the rt*it~s contirll~c \veil tlcfi~trtl to 
dept11.s at least :UX) fi-et helow the esltntlsted ore .ltc~ots. ('f. T'. S. C;f.ol. Sllrr. 
1%1111. is?. 
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FIGURE 3. Graph showing production of gold and silver in Nevada. 

FIGURE 4. Graph showing production of copper, lead, and zinc in Nevada 
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Figures 3 and 4, based on data derived from Lincoln and the 
annual Jlineral Resource chapters, show the trend of mineral 
production in Sevada. 

Jfining in Kevada began in the early 'fifties; the prospectors 
were mostly gold miners from California, unfamiliar with silver 
ores. and it was not until 1859 that  important mining of the rich 
Comstock ores began. The next discoveries were in districts 
such as Reese River (1862), where the prominent vein outcrops 
made prospecting easy and the rich silver ores could be treated 
by amalgamation. The replacement deposits richer in lead and 
with a less familiar type of outcrop clid 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 River type 
was due 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 
district appears to have been the only district in which primary 
silver ores were mined in the early period. The cream was soon 
skimmed and the catastrophic fall in production which coincided 
with the panic of 1879 was merely the accentuation of an  inevita- 
ble decline. 

>lining in Nevada almost ceased during the decade from about 
1890 to 1900, but a second period of production began with the 
accidental discovery of Tonopah in 1900. This discovery turned 
the attention of prospectors to types of outcrops hitherto neg- 
lected, and within a few years a large number of gold and silver 
districts, chiefly within the Tertiary lavas, had become producers. 
The older silver-bearing veins of western Nevada received their 
share of attention but did not join to any extent in this renewed 
production. Important discoveries of secondary silver ore were 
made in the Rochester district, but on the whole, although 
attempts were made to reopen mines in nearly every district 
which had been an important silver producer in the early days, i t  
was found that  the early miners had overlooked little in the way 
of secondary ore, and even with the high prices prevailing for  
silver between 1917 and 1923 the older silver-bearing veins did 
not make any important production. Nevertheless these attempts, 
though generally not profitable, added to the total silver pro- 
duction. 

This second 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 
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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 
Eureka 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 districts, including Yering- 
ton and Santa F6, and there was also some production of copper 
ores from districts \vhose principal ores were valuable for  lead or 
zil;c. such a s  Battle SIountwin and Yellow Pine. These sn~aller  
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 f a r  sho\vn an ability to respond to  favorable 
prices and as  yet gives no indication of a decline like that  of the 
1)reciotis metal production. According to the analysis of prodoc- 
tion given in Mineral Reso~rces , i .~  56 percent of the production 
of lead for the period 191'7-1926 was derived from "lead ore," 
19 percent as  concentrates from "dry and siliceous ore," and 23 
percent from "zinc ore and lead-zinc ore." 

Zinc 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 a t  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 outcrops and the chances for  new discoveries a re  
therefore small, although Rochester is an example of the recent 
Oiscovery of deposits of this type which were overlooked by the 
first generation of mirlers. 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 $60,000,000, 
the vertical productive depth was not over 500 feet.;'; Veins of 
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this type whose apices a r e  buried beneath late Tertiary lava or  
deep valley fill doubtless await discovery, but i t  is  doubtful 
whether these a re  favorably situated so a s  to have received the  
necessary supergene enrichment. Such veins were exposed t o  
erosion and the action of supergene waters drlring part  of the 
Tertiary, and the preservation of zones of Tertiary enrichment 
is of course possible, and intensive studies of the paleophysiogra- 
phy of such districts might point out favorable areas. ICnopf" 
considers that  in the Rochester district, the only camp of this  
type in which consideration has been given to the application of 
physiography to the study of ore deposits, the enrichment dates 
from the early part  of the Pleistocene. 

Of the copper deposits of the State, the most productive, Ely, 
is the only example of a deposit of disseminated ore. The others 
consist fo r  the most part  of contact metamorphic deposits and to  
a less extent of copper-bearing veins within or close to  the intru- 
sire. Except for  Ely, the copper camps of Nevada ha re  not been 
able to make any significant production except under the stimulus 
of unusually high prices. At  Ely supergene enrichment makes 
the greater part  of the ore, but the large reserves insure fu ture  
production. Some of the other districts have potentialities of 
moderate future production a t  high prices. 

The eastern lead-silver deposits of the replacement type, like 
the silver veins of the west, may be supposed to  have essentially 
exhausted the silver-rich surficial ores. Although their outcrops 
are  in general less prominent than those of the western quartz 
veins, the State has been so well prospected that  the chance fo r  
important new discoveries is probably small. The same condi- 
tions prevail a s  in the west as  to possibility of enrichment of such 
deposits to  be found beneath the later lavas, or  valley fills. I n  
the eastern replacement deposits, however, in contrast to  the 
western veins, partly oxidized base metal ores below the zone of 
silver enrichment, and in places primary ores, have proved 
important producers of lead and zinc, especially since selective 
flotation has rendered mixed sulphide ores available. The pro- 
duction graph given by Knopf for  the Pioche region7%hows 
early production of the enriched ores followed by a long period 
of stagnation and recent revival. Eureka, Cortez, and White Pine 
have had similar histories. It is believed, therefore, tha t  the 

- "Knopf, A., "Geolog~ and Ore Deposits of the Rochester District. Ser:tda," 
U. S. Geol. S ~ F .  Xi111. 7632, p. 44, 1024. 

"Kestgtite. 1,. G.. and Knopf. A.. "Geolofi~ of Piocl~e, Scr:~rl:~. and T'iciuits," 
Bull. Am. Inst. >fin. Eng.. 1GIi-I.. p. 13, 1927. 
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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 a s  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 a s  Goldfield, Manhattan, and Round Jlountain 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 a t  
Jlanhattan only a few feet from one of the main roads leading to 
the old silver camp of Belmont, and the o ~ ~ t c r o p s  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 a re  probably better than for  discoveries of 
silver or sill-er-gold veins, but, if the data given in Table I1 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 a s  in the older argentiferous quartz 
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 a s  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 par t  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, i t  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 clis- 
tances beneath the later barren formations. The close prosimity 
of Aurora and Bodie suggests a chance for such discoveries. In  
both these canzps 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 tvould be a long 
chance without more detailed geologic knoiirleclge than we possess 
a t  present. 

Since the zone of originaI deposition is relatively thin in 
cteposits of this type. much depends on the amount of erosion 
that has taken place. It has been suggested that  the greater 
tlcpth of the ore a t  Tonopah than a t  Aurora may be due to the 
fact that Tonopah was in an  area of sedimentation during Esme- 
ralda time. while a t  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 JIountain, and Gilbert there seems to  be a 
tiistinct 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 a t  the surface. Since the range of original deposition was 
certainly no greater than that  of the Bliocene 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 concIusion, this study of the available data on the geology of 
Sevada ore deposits suggests: (I)  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 metallurgical technique, 
(2) that increased copper production, aside from the Ely district, 
will probably only be available under the stimulus of higher 
llrices, (3)  that  the lead-silver replacement deposits of early 
Tertiary age in eastern Nevada offer fa i r  prospects for the con- 
ti~iued l~rodoction of lead and zinc and for the discovery of 
primary ore valuable for lead or lead and zinc, (4) that  the 
chances for new discoveries of deposits in the Tertiary lavas a re  
more favorable than for the older deposits, ( 5 )  that  of such pos- 
sible disco\-eries those of silver or silver-gold ore of pre-Esmeralda 
age hare a better chance for persistence than those of the Pliocene 
gold-ore type, and (6)  that  workable ore in veins in the Tertiary 
lavas generally persists below the zone of supergene enrichment. 

U. S. GEOLOGICAL SURVEY, 
JI'ASIIINGTON. D. C. 



POSTSCRIPT'3 
-- - 

The assumption of two separate and distinct periods of fold- 
ing. granitic intrusion, and consequent ore deposition is perhaps 
stated more definitely than is justified. The following quotations 
from Nolan present the opposite point of view: 
"-1 large proportion of the interested geologists have assumed 

that these structural features (major folds and thrusts) were 
formed during a single short orogenic epoch which was either 
contemporaneous with the Late Jurassic deformation of Cali- 
fornia or with the Laramide of the Rocky &fountains. Relatively 
recent geologic work in the province now seems to indicate tha t  
these assumptions have doubtful validity and that  orogenic activ- 
ity has probably persisted in one place or another over a con- 
siderable length of time, starting as  early as the middle of the 
Lower Jurassic and continuing into the Eocene."' 

"The absence of any Mesozoic sedimentary rocks younger than 
Lower Jurassic in western and central Nevada prevents any 
direct contributions from that  region to help in answering the 
question of the age of the numerous stocks that  are  so mridely 
distributed. Some of them are  doubtless late Jurassic age, but if 
Lindgren's correlation for the Cordilleran region of intrusion 
with orogenic stress is accepted, i t  is possible that  emplacement 
of the stocks occurred a t  different times from the Late Lower 
Jura-<sic into the Tertiary period."z 

It is thought, however, that  the facts presented here (pp. 80- 
89) justify the separation of the Nevada deposits associated 
with deep-seated intrusives into two distinct metallogenetic prov- 
inces (or epochs), and that the conclusions regarding them (pp. 
89-90, 105) are, on the whole, valid. 

The Delamar (Ferguson) district (p. 89 and Figure 1) has 
been shown by Callaghan3 to belong to  the Tertiary silver-gold 
group. Removal from Figure 1 and Table 1 gives a sharper sep- 
aration between the eastern and western types of Nevada deep- 
seated deposits. 

The Reese River (Austin) district is erroneously credited with 

*Published by permission of the Director. U. S. (:cologicnl Surrey. 
'Solan. T. B. The Rnsin and Range Province in {;tall, Scmda,  and Califor- 

nit!. I'. S. G. S. Prof. Paper 197-D, p. 177. 1943. 
'OP.  it.. pp. lF2-lI22. 
'Calltcgl~i~n. Eugene. Geology of the Dclnm:rr bistrict, Lincoln Countr. 

Semdr.. Univ. Se\-nda null., vol. 31, So. 3, 1937. 
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a production of over $50,000,000 (Figure 1). Gross production 

has probably been something over $18,000,000.4 
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 a s  Upper Miocene age; this for- 
mation is therefore not as good an age indicator a s  had been 
inferred. It remains true, ho~verer, 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 bet~veen 1 to  85 and 1 to  100, not 
1 to 50 as  stated.6 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 On~co mine in Cedar Mountain (p. 92) is defi- 
nitely older than the sediments, here of probable Pliocene age, 
tha t  were deposited across the outcrop of the  vein. 

Nolans has shown that  there was a single period of mineraliza- 
tion a t  Tonopah, so the reference (p. 92) to "the later gold-bearing 
veins of Tonopah" is inapplicable. 

Possibly, if the old deposits of the Kational district are  genet- 
ically related to the cinnabar-bearing sinter of Buckskin hloun- 
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. It. F., nncl C:trpcnter, J. X., Serncln's rricti~l nnc1 mineral production : 
Univ. Sertitl:~ n1111., vol. 35, S o .  4, p. 73, 19-13. 

6Call:tgllrtn, E., GeologlV of the De1am:tr District, I.inc1~1n Counts. Scr:~cl :~  : 
Unir. Sevrrcta Itutl., vol. 31, S o .  -5, 193.77. 

'Solan, Thornas B., The undergrorlnd geologr of the Tonopnh mining dis- 
trict. Univ. Nevada 13ull., vol. ?!), S o .  5 ,  1). 4.7, 1935. 

' O p .  cit.. pl. 3. 
8Unir. Scvada Bull.. rol. 14, S o .  4, 1030, and Cniv. S c ~ a d a  Bull., fol. m. 

No. 5, p. 9, 1935. 
vRolwrts, R. J. Quic1;silrer cleposit nt Ruckskin Peak. TJ. S. C .  S. 111111. 

9'22-E. p. 123, 194-10. 
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similarity to the Manhattan deposits of late Tertiary age, but 
according to Hardy10 "the gold mineralization was associated 
with the early Tertiary period of andesitic intrusion. The depos- 
its a r e  of the overlapping epithermal-mesothermal type. The 
gold-free arsenic mineralization in which the arsenic was depos- 
ited in the form of realgar and orpiment with other low-tempera- 
ture sulphides was of late Tertiary age." 

The minerals of the early stage a t  Getchell include pyrite, 
arsenopyrite, pyrrhotite, sphalerite, galena, chalcopyrite, and 
electrum, and the dore bullion contains a minute amount of 
selenium. Late-stage minerals include stibnite, realgar, and 
orpiment.11 

m t l a r d ~ ,  ROF A. Geolon~- of t he  nctcltell Jllttc. - i t t t .  ltrst. J11tt. ntjcl )I?,. 
I.:~c. Ttnns., vol. 144, pp. lJ!&ltio, 1041. 

" O p .  cit.. p. 159. 
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