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ABSTRACT

High grade oopper ore Was discovered in 1932 in the o o‘§
‘long dormant Mountain City (Cope) Mining district, Elko County
Nevada. From 1932 to 1947 the one producxng mine in the
district, the Mountaln City copper mine produced 1,109,878 short

dry tons QE*EEE averaglng 9.745 per cent copper, .274 ounces

silver and .0057 ounces gold per ton.




The primary ore bddieé are lenticglar in shape and are
composed largely of quartz, pyrite-and chalcopyrite. The ofe
“lenses in general strike horthkwesterly and dip no;therly. They
~occur in the Rio Tinto formation witﬁin a‘definite stratigraphic
sequence composed largely of shaies with associated minor

guartzite lenses.

‘The principal ore body, the '200' Was qompletely leached
to the 200 level. Abruptly beneath the barren gossan is supergene
copper sulfide ore much of which assayed 50 per cent cdpper. The
secondary copper minerals are sooty and massive chalcocité,

bornite and covellite.

The ore bodies occur in sedimentary rocks and are epigenetic.




INTRODUCTION

The discovery of 50 per cent c0pper‘ore at the Mountain
City Copper Mine, Elko Couﬁﬁy, Nevada, in 1932 focused geoldgic
| attention oh this relatively isolated part of northern Nevada.
Other than a United States Geological Survey report on S. F.
Emmon's visit to the old silver mines in the Mountain City (Cope)
mining district in 1908, little was known of the geology of the
area. Detailed geological mine mapping and reconnaissaﬁce work
by the geologists of the Mounﬁain City Copper Company staff,
from 1932 to 1947, resulted in a generalized idea of fhe geologiéal.‘
setting of the mine. Also, in 1932,’T. B. Nolan visited the
district and prepared a repott which was not published; Later a
comprehénsive study of the geology of the Mountain City and |
.~adjoining Owyhee quadrangles wasvundertaken by R. P. Coats, who
is co-author of this paper, and other members of the United States

Geological Survey. The objective of the paper is to present a

brief description of the mine and district geology. Althoth'the»_f ;iQ

work of many geologists was freely'used invobtaining the infOrmf
ation presented here, the authors accept full responsibility for-;'
\btheir ownlstatements."The writers wish to thank particﬁlarly  i_:
Mr. V. D. Perry, Vice President andkChief Geologist»of Thé’AAa¢§ﬁa

Company (the parent company of the.Mountain City cappe;?cd’pany

!

for allowing publication of the Company's maps and infor




and to Dr. T. B. Nolan, Director of the United States Geological

Survey for allowing publication of its information.




1. HISTORICAL INFORMATION

" A. Mining Operations in the Area

Silver veins were first discovered in the Mountain City

(Cope) mining district, Elko County, Nevada in 1869. Up to

1908, when S. F. Emmons of the United States Geological Survey
visitéd the district, it is reported to have had a production
worth approximately one miliion dollars. The district then

was dormant until 1913 when the adjoining Duck Valley (Western
Shoshdne) Indian Reservation was opened for mineral location.
Prbspectors again>rushed to the district but no silver mines of
importaﬁce were found. One 6f'the prospectors, Samuel F. Hunt
located a copper gossan. It took his partners and him until
l932lto.sink an -inclined shaft to a depth of 242 feet through

barren gossan at which point the gossan abruptly ended and

’supergene copper oré assaying 50 per wcent was found. The ore

body at the discovery point was 72 feet in width.




B. Statistics of Mine Production

The Mountain City Copper mine from 1932 until operations
ceased in 1947, produced 1,109,877.712 ary short tons of ore
avéraging 9.745 per cent cépper, 0.274 ounces of silver and
0.0057 ounces of gold per ton. O©Of this, arcﬁnd 177,042,752 toné
averaging 26.11 per cént copper were shipped directly to the
smelter in Utah and the remaining.ore was concentrated at the

mine. Table I shows the production of the Mountain City mine by

 years.




4. ECONOMIC GEOLOGY - PRIMARY ORE

A. Forms of the Ore Body

The primary ore bodies of the Mountain City copper mine
are disc-shaped lenses which occur in a definite seguence 6f
dark shales having a few minor Quartzite lenses of the Rio Tinto
formation. The longest continuous horizontal dimension of the
largest lens (the '200' ore body) is l;iOO feetkin’strike and
its maximum width is 92 feet. The lenses strike N.GSO Wesﬁ
to N.85° west and dip north commonly parallel to bedding f;om

65° to 85°.

B. Stratigraphic Relations of the Ore Body

The.pfimary ore bodies occur in a definite shaly sequence
locally known as the 'ore horizon', This occurs approximately
two thirds of the way stratigraphically*above the Rio Tinto

formation - Black Rock quartzite contact,

The two. prin01pal ore bodles, the '200 and the ’600' appear*
to be faulted segments of the same lens. Other but smaller,‘

lenses occur both laterally and below the prlnci al re 




The ‘ore horizon' which attains a maximum thickness of
200 feet consists largely of dark, thin layered carbonaceous
shales. The primary ore lenses, which are restricted to the

'ore horizon' commonly parallel but also cut across bedding.

C. Mineralogy of the Deposit

'1. Minerals present, ore and gangue, with changes'

laterally and in depth

‘The two principal hypogeﬁe sulfide minerals are pyrite and
‘chalcopyrite. A little sphalerite is associated with the
'massive} ore types (quartz-pyrite-chalcopyrite massive mixture)
and one minor occurence of éalena wasAfound clése to one of tﬁe
principal ore lenses. There are local &ariations in the ratio
of the various sulfides to one another in each ore type. Each

ore type, however, is remarkably constant within itself. There

are no significant changes of the hypogene sulfide mineralization e

laterally or vertically within an individual ore type. The

relationship of the various ore types havé been plotted in greatwﬁi5”

detail,




The supergene copper ore minerals, chalcocite, bornite and
covellite, which largely replace primary sulfides, are the most
abundant in the 50 feet immediately beneath the present top of
the ground watef table in the '200' ore bodyf As a generality
the supergene minerals become less abundant in direct perortion
to the depth beneath the ground water table. There are, however,
deep prongs of secondary mineralization, which extend more than
200 feet below the top of the ground water tabie and which foilow
down along loosely consolidated permeable zones in the primary

ore.

The shales in the footwall of the '200' ore body in the
east end of the mine have secondary copper mineralization. Here g
the secbndary minerals replace pyrite and a large propoftion of
- the chalcocite appears to have filled iﬁ openings in_carbonaceéus(;‘
shales ana‘in tubular réds of dark grey quartz which are a-éommoh ‘ 

feature of these particular dark shales.




The oxide copper minerals, cuprite, native copper, malachi£e >
and azurite which resqlted essentially froh the oxidation of
supergene copper minerals are found alohg with chalcocite in
'footwall shales' ( the shales underlying the ‘'ore horizon').
These ekﬁéﬁd to.a depth of more than 200 feet below the' 200"
level, and have a lateral épread of more than éOO feet south
of the primary '200' ore body from which the copper originated.
The secondary copper minerals in the 'footwall shales' occur where
the impervious 'footwall' clayey alteration did not exist in the’
éxtreme eastern part of the '200' ore body, or where transverse
faults broke the seal and allowed the secondafy solutions access

. to the shales in the footwall of the '200' ore body.

Oxide copper minerals alsb developed in a few restr;cted
local areas directly above the supergene ore in the '200' ore
body. In most instances the oxide and secondary copper sulfide
minerals constituted aﬂ'mixedf ore type that was shipped directly

to the smelter.




2. Changes in mineral composition of wall rock in all

directions from ore wall rock alteration

The intensity.of wall rock alteration surrounding the
hypogene oré‘bddies varies over broad limits. The most.intense
alteration in the '200' ore body lies in the shales immediately
in the footwall of the hypogene sulfide leﬁs. The chloritic and
clayey alteration, however, does not exist in the extreme east
end of tﬁe '200" ore body. Other than the highly alfered shale
mentioned abové, which attains a thickness of more than 25 feet,
the greater proportion of the carbonaceous shales of the'ore
‘horizon' have a black greasy appearance. They are described as
being 'woody' o:'schiéty'.\ The ghales in the hanging wall
commonly bu£ not always are less altered than those in the footwall.

The alteration of the "ore horizon' rocks is more intense near

S e -

the sulfide lenses but it persists for hundreds of feet laterally -

(strikewise) beyond the ore lenses.-




3. Mineral Textures

.

Each roék type has its characteristic textures. The
‘massive’ hypogene ore type is a hard rock which consists of an
intimate mixture of qguartz, pyvrite, chalcopyrite and rarely
sphalerite. The 'dark grey quartzite; ore type is erratically
silicified and tﬁe sulfides, of which chalcopyrite is more
abundant than pyrite, cut the quartzite in random directions.

The 'dark guartz' ore‘type is the result of complete gilicification
and 1s coarsely bahded; The sulfides occur as streaks and blobs
and only rarely are accompanied by later surge glassy white

quartz except neai the gradational contéct with the 'banded

white quartz' type. The 'banded white quartz' ore type bandslare
distinct and range from oneyquartervto one inch in thickness. The
strike of the banding seldom is parallel to the strike and dip of
the ore lenses. It has been sugqested that thé bands represent
.bedding planes but this ié debateable; The initial silicification
of the 'banded white quartz' ore type is completely pervasive and

no sulfides accompanied the initial silicification. The banded

guartz was crackled followed by the introduction of glassy gquartz,.
pyrite and chalcopyrite in that order. This later surge is repres-

ented by a myriad of tiny criss-cross veinlets in which any one ' .

or combination of minerals may be present.



In the massive secondary ore, which occurs from the top

of water table for a depth of approximately 50 feet, the original

hypogene ore textures have been largely obliterated by the

replacement of sooty and massive chalcocite..

4. Mineral Paragenesis

The banded white qﬁartz ore type demonstratgs the mineral
paragenetic sequence well. Firsﬁ, the initial perVasive
silicification stage followed Dby crackling of the rock: then the’
distinct orderly sequence of the‘minefalizing stage consisting

of quartz, pyrite and chalcopyrite (in this order) .

5. Grade of Ores in valuable metals

The average silver and gold content of the ores which is
relatively low is given in Table I. The silver and gold content
of the ores apparently varies only with respect to the ore types

There is no appreciable vertical or lateral variation of gold or

silver content within individual ore types. The grades for

Lo

the direct shipping and milling ores are shown in Table I.



D. Factors Controlling Form and Location of Ore Bodies

The known hypogene cbpper ore bodies have a definite
stratigraphic control. They lie within a particular séquence
of sediments consisting of largely black and grey shales
containing minor quartzite lenses. There are maﬁy tight 'Z2°
folds in the aféa of‘the ore bodies and the ‘ore horizon' sequence
appears to be relatively more disturbed than other uhité of the
Rio Tinto formation. Suggestions of why this particular sequencé
is favourable for ore déposition while adjoining shales are not,k
range from a structural explanation of greaterbdistortion of
the 'ore horizon' to the possibility of the mineralization being‘
controlled along an uncénformity. No evidence of én unconférﬁity;
however, was recognised in the mine area. The principai feature
-of the ore deposition is that it was restricted to a specific

definite stratigraphic unit.

Replacement of the shales and quartzites first by silica

and later by a quartz-sulfide sutge left ho recognizable evidence

/

of paths of ore movemefit,




E. Effects of Metamorphism (regional or dynamic) on the Ores

and their Immediate Environment

by

Metamorphism in the mine area appears to be entirely

pre-ore.

F. Summary of the Seqpence’of_Geologic Events Required for

the Formation of the Primary Ores

The geologic events began with the acgumulation of the
sediments, structural deférmation resulting in their being'folded
»into a north-dipping homoclinal structure, the intrusion of-
andesitic and dioritic rocks (and possibly the extrusion of some
andesitic rocks) which are now represented as amphibolitgs, the
“emplacement of the Mountain City granodiorite and related rocks
north of thé mine area, intrusion of porphyry dikes in the mine
-area, first stage silicification and alteration and introduction
of seéond stage mineralizing surge consisting of glassy quartz,

pyrite and chalcopyrite.




5. ECONOMIC GEOLOGY - SECONDARY ORE

A. Supergene Sulfide Enrichment

Following the deposition of the primary ore there‘were
Tertiary volcanic extrusions. This was either preceded or
followed by a post-mineral faulting. The present drainage
system developed and supergene sulfide enrichmenﬁ took élaCe

during this time.




B AL o e DAY

The conditions of fundamental importance that stand out
conspicuously in the supefgene enrichment of the Mountain City
copper ore body are that the wall rocks of the ore body were
argillaceous rocks and quartzi%es; the primary ore body consistéd
of quartz and abun&ant'sulfides'but no carbonates; thére was

an impervious clayey layer developed during the alteration

stages along the greater part of the footwall of the '200' ore

“body, thus confining the greater part of the copper rich supergene

solutions to the ore body itself. The abundant yearly precipitation
allowed for complete flushing of the copper bearing solutions to
the water table. The abundant sulfides in the ore body readily

furnished sulfate solutions. The level of the nearest drainage

channel to the mine, Mill Creek,'represents the deepest to which

downcutting had progressed since the hypogene ore body wés

" deposited. These conditions resulted in a complete leaching of

the ore body in the oxide zone and conseguently the gossan assayed

no copper.




B. Oxide Enrichment or Residual Concentration

There were no residual oxide copper minerals left in the
gossan other than in a few‘isolated iocations immediately over-
lying tﬂe chalcocite ore. There are, however, oxide copper |
miherals overlying the Secondary ore body which occurs in the
'footuwall shales' south of the east end of the ore body. Some

of these oxide copper minerals are found in surface excavations.

C. Paragenesis of the Secondary Ore and Gangue Minerals

Sooty and massive chalcocite apparently shows a preference
for replacing chalcopyrite before pyrite. The chalcopyrite
» commonly was replaced by bornite and covellite before chalcocite
was developed particularly in tﬁe deeper parts of the supergene

zone.

Bornite and covellite also occur with chalcocite immediately:
beneath the top of the water table and the relationship here of

one to the other is not‘definite.




D. Physical and Chemical Controls Affecting the Formation‘

of Secondary Ores

1.

- a quartz-sulfide primary ore enclosed in argillaceous

rocks.
an abundance of sulfides
a relatively consistent and abundant annual precipitation

complete leaching of the copper minerals in the oxide

zone and abrupt change of environment at water table.

loose permeable zones in the hypogene ore which allowed
the secondary solutions to penetrate and be deposited
as supergene minerals more than 200 feet beneath the

top of £he'water\table.'




6. ORE GENESIS

The oré deposits of the Mountain City copper mine occur
in black énd érey shales.and with associaﬁed minor qﬁartzite
lenses of the Rio Tinto férmation. ~There is a definite
stratigraphic control. The ore‘depoéits have a broad alteration
envelope. Ore lenses cut across as well as being parallel to
bedding even though being restricted to a specific straﬁigraphic
uﬁit. There are altered porpﬁyry dikes in the mine although
noﬂg:is in cqntact'Qith the hypogene ore. The deposité are
epigenetic. The primary ore is estimated £o have averaged between',
6 per cent and 7 per cent copper before being ehricﬁed by supérgene
vprocesées. The siliceous high-sulfide ore deposits and
argillaceous wall rocks, the abundant precipitation‘in the Mountain
City area, the'confining‘impermeable alteféd'shale on the fQotwall
Qf the greater part Qf the"ZOOf ore‘body which restricted most
of thékenriching solutions to the ore body itself all combined
to make>a textbook example bf a completely leached gossan énd the

development of an extremely rich supergene ore.
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