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THE MOUNTAIN CITY MINING DISTRICT, ELKDO COUNTY, NEVADA.

By THOMAS B. NOLAN®
INTED
The Momntein City (Cope) mining district is situsted in the Centen-

niel or Bull Fun Bsnge In the northwestera pert of Elko County, Nevada, about

100 miles by road north of Flke (Figure 1). The town of Mountein City, which

Figure 1. Index wmap showing location of the Mountain Uity district.

is the post-oifice esnd supply point, is on the esst fork of the Owyhee Biver,
nesr the northeast cormer of T. 45 N., B. 53 W. The district is most readily
reached by auto from Elko, either by way of Deep Orsek or by way of Horth Fork.
The former route is somewhat longer but is of necessity followed by heavily‘lendp
ed vehicles since the bridges on the North Fork road are too wesk to be used by
other than passenger automobiles. Hosds into Mountain City from the north have
been planned but in 1932 were in such poor condition that they were but little
used.

The Mountein Uity district is an old ome. EnnanaL/ writes thot "the

1/ Emmons, W, H., & reconnaissance of some mining camps in Elkc, Lander, and

first discoveries were mede in 1869 by Jesse Cope and others who were on their
wey from Silver City, Idaho, to the White Pine district, Nevads, and from this
eircumstence the Mountein City region is cslled the Cope mining district. In the
seventles there was considerable activity in mining snd three gilver mills were
in operation. These were small amelgamstion mills of the Washoe pattern, equip-
ped with stamps, pans, and settlers. It is sald that over $1,000,000 in silver
was recovered prior to 1881, waialy from surface and shellow workimgs. OSince
1881 considerable prospecting has been done, but the preduction of ore has been
smell. In late years three gold mills

# Published by permission of the Director, U. S. Geological Survey.
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have been buflt #nd are still in good condition, but they were not running in the
summer of 1908, when the camp was visited,® TFrom 1908 until 1932 mining &activity
in the district was at & low ebb, The Silver Banner Mining Compeny constructed a
50-ton mill at the old Nelson Mine in 1921 end did some development work &t both
the Nelson and Mountain City Mines in the succeeding years, but the production from
this work wes negligible. A

The present interest in the region resulted from the discovery by Mre S.F.
Hunt in November, 1931, of unusually rich copper ore on the Fio Tinto claimss A
Salt Lake weekly has given the following account of the discoverys

"In 1919 he (Hunt) was attracted to the area by an extensive gossen oute
crop. He located the ground snd & short time after succeeded in interesting V.P.
Strange, local contrsctor, in the prospects. In 1922 Mr. Hunt started development
of the property on a small scele and the work continued until 1930 when his backers
were forced to give up the project. At this time a shaft was down 73 feet.

"His stoic determination and faith in the property was manifested when he

continued to seek funds end finally made & deal vith Ogden C. Chase, local broker,

to continue development of the property. lir. Chase agreed i z
the work, but when the ore was struck only £7,000 had bLeen spent.

"The depression worked & hardship upon Hr. Chzse and he ﬁad difficulty in
raising the funds, so he instituted & new and unique method of finauncings Hrs Chese
gave the stock away with the agreement that stockholders would pey 5 cents per share .
in assessments. The fifth assessment had been levied when the ore was encountered !

and the stock heg since advanced to arvound 20 cents & share.“L/

VA

Western Minerel Survey and Utsh Statesman, vol. 13, No. 30, July 22, 1932.

The discovery resulted in so meny inquiries to the Nevada State Buresu
of Mines that that organizatdon recuested a brief survey of the district es a part
of the work to be done in 1932 by the Geological Survey in cooperation with the
Buresu, The examination of the district was mede by the writer during the period
August 15-24, and the Rio Tinto Mine was visited a second time in September, (in
order to exemine the underground workings, which were insccessible &t the time of !

the first visit,)

The writer is greatly indebted to the officials of the kio Tinto Hine,
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particulerly R.C, Dugdale, superintendent, M.B. Kildale, geologist, =nd E.C.
Stephens, engineer, for their hospitality and*assistance, (They gave access to a
geologic and topographic mep of the vicinity of the mine, prepsred by D.C. Gil-
bert, which has been incorporsted in Plate 1 of this report, snd much of the geo=
logic material here presented in part 1s based upon conversatioms held with them.

The Davidson brothers of Mountain City also assisted the work in & number of ways).

PREVIOUS GEOLOGIC WORK.

Eelatively little geologic work has been done in this portion of Nevade,
The Mountain City distriet lies north of the route followed by the Fortieth Parsl-
lel Survey and the relatively brief peried of importance of the ore deposits in the
gquartz veins, together with the lnsccessibiliiy of the region hus csused it to be
generally neglected by geclogists. Previous to the discovery of the Eio Tinto
Mine, the only published information knon to the writer is that by W.H. Emmons,

based upon & short visit for the Geologicel Survey in 1908;&/ In 1932 twe visits

Y/ um

Eureke Counties, Nevadas U,S. Geols Survey Bull, 408, pp. £0-84, 1910,

ons, W.H., A reconnaissance of some mining camps in Elko, Lender, and

to the district were mede by members of the Nevcda Stete Mining Bureau, end their
obzservations have been made available by press notices, which have in turn been re=

published by some of the western mining journals.g/ Polished sections of ore from

gjﬁeVada State Bureau of Mines Memorandum for the Pressy June 30, 1932,
Smith, A.M., Mountain City lining Dietrict: Nevada Stete Bureeun of Hineg
Memorandum for the Press, Oct. 12, 1932.
Reprinted by the Mining Journal (Arizome), vol. 16, Nove. 30, 193Z, ppe 56,
under title of "The Mountain City mining district of Nevads," and by the Mining
Review (Salt Lake), vols. 34, Octs 25, 1932, pp. 0-8, under title of "Mountain City

district's mines of copper, gold, and silver."

the Rlo Tinto Mine have been degcribed by Crawford and Frobes.if Short news
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;/hrawford, AJL., and Frobee, D.C., Microscoplc characteristics of the Rio Tinto,
Nevads, copper depositss The Mines Magezsine (Coclorzdo School of ¥ines Alumni As-

sociation), vol. 22, pp. 7-9, August, 1932.

notes regarding the Rio Tinto Mine have appeared in a number of the technieal

periodicals,

GEOLOGY
The Centennisl Fange, within which the Mountein City distriet ie situated,
s & northeasterly trending mountazin mass thst lles between the east and south forks
of the Owyhee River. Its highest summits rise 3,000 to 4,000 feet above the river
valleys on either side of the range but on the whole the remge is less rugged than
the Independence Range which adjoins it on the south.

Aecording to Emmonsg”, the mountainous area is underlain by a thick series

2/

Emmons, W. Hey ope cits, ppe 67=69,

of Paleozoic sedimentary rocks, which are intruded in a number of pleces by grano-
diroite, and ere overlain by rhyolitic flows and pyroclastics. South of Mountein City
he reports that a thick quartszite is the lowest formation exposed end thaet this is
overlain by several thousand feet of limestone. The limestone grades upward into
black shale, which in turn is succeeded by & thickness of limestones and shales.

Where the limestone adjoins the granodiorite intrusives it has been locslly converted
to & lime-silicate rock.

The larger aress of the volecanic rocks sppesr to be restrieted to either
topogrephle basing or to regions of subdued relief bordering the higher parts of the
regnge. Locelly, however, as at Mountain City, the contact between the volcanies and
the older rocks shows thet dissection of these aress of subdued relief had commenced
before the eruption of the lavas and pyroclastics.

In the region around Mountein City, covered by Plate 1, about two~thirds

Plate 1. Geologic mep and cross section of the vieinity of Mountain City, Nevada,

of the mapped area is umderlain by more or less metemorphosed rocks, largely of
sedimentery origin, that are in part at least of Carboniferous age. These are chiefly
cuartzites and schiste but nesr the middle of the exposed sequence an horizon of

s
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limestone, overlsin locally by emphibolitized andesitic rocks, #eg exposed. The
gecuence hag been divided into five formations for the purposes of mapping. These
beds are cut by a number of small faults, but are fiea from important folding; all
of them dip to the north at moderate to steep angles.

In the northern part of the area the bedded rocks sre intruded by &
coarse-grained guartz monzonite which extends far beyond the limits of Plate 1.
Near the borders of the intrusion, finer-grained aplitic rocks of similar composi-
tion sre sbundant. The &ge of this intrusion is unknown, but it was probably em-
placed some time between late Jurassic end early Tertiary.

A series of rhyelitic lavas and pyroclastics are much younger than either
the bedded or the granitie rocks. They were erupted over a topography that appeears
to have been charscterized by steep walled velleys, but the present exposures re-
present only a small part of the original bede, the remainder having been removed
by erosion.

Terrace gravels are found along the berders of the Owyhee River, whose

flood plain is covered by alluvium.

GFOLOGIC FORMATIONS

"Footwall® cuartzite.~ Along the southern portion of the szres mapped,

quartzitic rocks are exposed thet have been mapped by local geologists under the

name of "Footwall“;/ quertzite. The typicsl rock ie & light colored, medium-

Since the true relations of the formation to the other rocks of sedimentary

origin are unknown, the descriptive nsme, in quotetion merks, is retzined here.

grained guartzite which weathers to shades of light brown or tam and shows little
varigtion in texture or composition. The formation is much more resistent teo
erosion than the adjacent Rio Tinto formation and underlies the high ridge south-
weet of the Rio Tinto mine. Exposures of the guartzite are commonly so well
jointed that in meny places it is difficult to determine bedding plenes in the
uniform siliceous rock.

The contact betwsen the quartzite and the Rio Tinte formation, which
edjoins its exposures to the north, is covered throughout the ares mspped, but the
thinning of the latter formetion westward and discordances in strike shown west

snd southwest of the Rio Tinto Mine show clesrly that the two are not conformsble.



it is beliéve&, however, as shown on pages 32-3, that the contact is 2 reverse fault
along which the "footwall® guartzite has been thrust up against the Rio Tinto forme-
tion. The age of the quartzite wes not direectly determined, but according to this
interpretation of the faulting, it must originslly have underlain the Rio Tinto
formation end must be Carboniferous or older,

)}
Rio Tinto formation.~ The Rio Tinto formetion, named by D. C. Gilbert

l/H

aauecript map.

FROY THE Rio Tinto mine, is exposed in a nearly east-west bend that ranges from half
& mine to nearly & mile in width slong the southern border of tHe area mapped. It
is composed in large part of fine-grained quartz-gericite schist, slthough lecally
fine-grained derk gunartzite and dense black cherts are consplcuous members. It is
rather easily eroded and exposures are as a result few in number. The greater pert
of the surface underlain by the formetion is covered either by talus frem the
"footwall® quartzite, terrase gravels, or wash compoged of small fragments of the
more resistent members of the formation, The formation is importsnt economically
gince it forms the wall reck in the Rio Tinto Mine, and in other plsees is silici-
fied in 2 manner not unlike that found near the Rio Tinte.

The dominant fine-grained quartz-sericite schist, which is exposed chief-
ly in trenches and prospect pits, is commonly pale grey in colory This color may
be the result of bleaching in the softer rocks by surface waters, as come partially
silicifisd rocks that erep out on the surface (notebly about 600 feet north north-
west of the southeast corner of the SW}, sec. 11) are black. The quartz is mostly
a fine-grained aggregate, though commonly the original bedding planes are indicated
by alternations of slightly coerger and slightly finer-grained layers. UMost secte
ions show in addition a few larger quartz grains, but even these are less than 0.l
me, in diameter., Oriented sericite shreds oceur in thin seams that wrap around the
larger quartz grains and are for the mest part parallel to the bedding but locally
mey trend at & low angle to them. Where sericite is unusually abundant it iz not as
well oriented. Locally tourmsline, green hornblende, and other minersls are found
in small guantities.

Cuartdite i= the next most important constituent of the formation. South-

east of the Rio Tinte mine it forme & belt nearly a quarter of & mile wide, which

was traced to the eastern border of the area mapped. This belt is offset by several
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minor faultis énd about half & mile zouthezst of the ﬁio Tinte mine is appsrently
termineted westward by a fault siriking north northwest. The guartzite may con-
tinue for a short dlstence farther west beneath teuls but it must be terminated by
the fault that forms the contact between the "footwall" quartzite and the REio Tinto
formetion. The rock in this belt is & rether unfform, fine-grained darx grayish-
black quartzite. The individusl sub-rounded quartz greins are from U.,1 to 044
millimeters in dismeter and are commonly set in a matrix of sparse sericite anag
finesgrained quartz., There ere, in eddition, thin horizons or lenses of similar
quartzite interbedded with the guartz sericite schisty—-one of thesge is Iound at
the surface close to the ore zone of the Fio Tinto mine.

| Small fragments of dense black ehert sre found in meny places in the wagh
that covers most of the formation. In e few places the rock erops out, tut these
exposures sre commonly the result of cementation of the numerous joints by gquartis
veinlets. Under the mleroscope, the rock is seen to be an almost opaque fine-
grained sggregute, dotted by rounded sress which are filled with granular lighter

1
colored guertz. These are almogt certainly, according to K. E. Lohman, ¥ poorly

lféeraanal communicstion.

preserved rediolaris,

S£ill another variety of rock was found in & prospect pit about 1500 feet
west southwost of the Rio Tinto shaft. This appears to have been originelly 2 fine-
greined porphyry, but it is now composed largely of serieite, finely divided carbon-
ate, and brown iron oxide. The rock occurs zs & band 2 to 6 inches in width
espentlally persilel to the schistosity of the enclosing quertz-sericite schist,

In thin seetion, much of the sericite is aggregated to form tiny tabular areas that
resemble old feldspar crystels, and the carbonate surrounds areas that appear to
have been formerly occupied by crystals of hornblende,

The contact between the Eio Tinto formation and the overlying Bamner
limestone is poorly exposed. An irrigetion diteh on the west side of the Qwyhee
River south of the bridge west of Banner Hill provides some informetion about the
contact, however. At this place, the two formations are essentially conformeble
in strike and dip snd may be gradstional, since the limestone contains a number of

guartizitic beds near the basge. Similar guartszitic beds crop out near the beege of



the limestone westward as far zs the Nelsom Rench. About half a mile west of the
Ranch, outerops of conglomerate are found just north of Mill Creek at aboubt tie hori-
zon of the contact, so there mey have been some disturbsnce before the deposition of
the limestone.

The totel thickness of the Rio Tinto formation is not kmown since the base
of the formation was not seen. Accurzte measurements of the portion that is exposed
are impossible because of the few outerops, but at least 44000 feet of beds must be
present in the area mapped.

No fossils except the indeterminate radiolaris found in the black cheris
were collected, and *he zge of the formation is therefore in doubt. The overlying
Banner limestone is of Carboniferous (probably Upper Miseigeippien) age. If the
contact between the Rio Tinto formation and the limestone is gradational, the Lio
Tinto formation mey also be Mississippien, but if there is a laek of continuity be-
tween them, as is perhaps suggested by the conglomerate west of the Nelson Hanech,
it may be considerably older.

Y

Bapner limestone.~ The Banner limestone, named by D. G, Gilbert from

1/,

Manuseript map.

ITS OCCUREENCE ON Banuer Hill, south of the Silver Bamner mine, crops out &s & band
which is more thean a cmarter of a mile in width on Banner Hill but which wedges out
& short distence west of the Nelson Ranch. The formation on the whole is much more
resistant to erosion then either the underlying or overlying formationa, =nd crops
out prominently on Banner Hill and loeally on the relatively steep slopss north of
Hill Creek.

The greater part of the formationm is made up of thick-bedded greyish blue
limestone, Bedding plenes sre only locally recognizable and in & few places parti-
ally silicified corsls may be found. The insoluble residue of oume typicel specimen
tested, mbounted to nearly 50 percent of the rock end consisted chiefly of quartsz
and tremolite, The quartzite beds near the base of the formetion are aotably cal-
cereous snd in some places contain sbundsnt disseminated diopside. The guartzite
beds are fine-grained, much jointed rocks that are pale gray on fresh fracture, and
pale brownish on weathered surfaces. The conglomerate found west of the Helson

Ranch and which appears to be along the projection of the base of the guartistic



zone is a gray schistose rock with pebbles, chlefly of white quartzite, up %o 1 cm.
in dismeter. Pebbles of an epidotized rock and of feldepsr are less abundent. The .
matrix contains considersble biotite, together with some sericite, quartz snd epidote.
On Benner Hill, there is & considersble development of lime gilicate miner-
alsg in a wide mone adjacent to the quertz monzonite contazct. These rocks were not
examined closely during this survey but Emmons mentions the oceurrence of "iremolite,

actinolite, epidote, white mica, garnet, and other silicates of contact-metemorphic

origin,® ;/
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The Brsoner limestone is 500 to 600 feet thick over most of ite extent slong
the north gide of Mill Creek. It appears to wedge oul west of the Nelson Raneh end
to have ite stratigraphic position tesken by the Nelson amphibolite. ﬁn Benner Hill
the thickness appears to be greater, but this may in part be due to the inclusion of
higher beds within the arez of more intense metamorphism.

Several poor collectiong of fossils made by il. B. Kildale end E. Co Stephens
of the Rio Tinto Company and by the writer suggest an upper Mississippian age for the
formation, according to G, H. Girty. Hies report is sz followss

"The collection coneists of two blocks of limestone, one of them containing
numerous corallites of & compound corsl, and the other containing seversl specimens
of & gimple coral. On breaking up the latter, another fessil probsbly a Productus
was brought to light., The roek has been much sltered, the corals have been replaced
by silica, and the detalls of the structure are more or less indeterminate., The com~
pound coral eppears Lo vepresent a specles of Lithostrotion, the simple coral &
gpecies of Cempophyllum or Cysthophyllum, and the other fossil, as just remarked, to
represent a specles of Productus. It would be easy to overestimate the evidence of
the two ecorals but if circumstsntiszl evidence is taken inte consideration, I believe
that they indicate an upper Miesissipplen age and would belong in the Brezer lime-
stone, 1T the use of that formation name were extended to Nevada., If the other
fossil is actually a Productus, as it seems to be, the stratigraphic e;idenee isg con-
siderably strengthened for at the very least the geologic sge could hardly be any-

thing but Carboniferous.
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Helson smphibolite.- The Nelson amphibolite is named from the Helson
ranch farmstiow, o short distence west of which are found the only good outergps of
the formation. The rock represents & much altered andesite, which was originally
introduced either &s & flow interbedded with the sedimentary rocks, or ss s sill ine
truded between them. The smphibolite wes recognized only on the west side of the
Owyhee River where it occurs ss a nerrow band between the Benmner limestone and the
Hountain City formation. Throughout mogt of this distence the exposures consist only
of gmall fregments of float., The formation may be prezent above the limestgn@ on
Banner Hill east of the Owyhee River, but it wes not definitely recognized thers be-
cause of the metamorphism,

The amphibolite is a dark gray green to gray rock without epp rent schistosity b
but loeally showing = faint fibrous textures In meny specimens the rock is obscurely
porphyritic with poorly defined feldsper phenocrysts up to 3 mm. in dismeters In the
wider westerly outcrops the phenoccrysts are hoth more abundant and larger, being come
monly 5«6 mm, in dlameter, These lerger phenocrysts havé a dull greenish cast due
to epidotizetion of the feldspar crystals.

In thin ssetion, the originsl textures of the rock are seen to have been
lergely obliterated by the development of eciculer green pleochroic amphibole, with
which is essoclated titanite end sperse biotite. The originel sndesine phenocrysts
have for the most part escaped smphibolitization but are commonly altered to epidote
or less commonly sericite, The metrix is now slmost completely composed of amphibole
but locally remnants of small plagioclese laths have been preserved. Chlorite ig une
common. A& specimen collected [rom the dump of one of the tuanels on Bemner Hill may
represent & metemorphosed phase of the amphibolites A thin section of this rock
showed pyroxene replacing the cgheafs of green amphibole, and disappesrance of the
plagicclase phenoerysts, which may now be represented by aggregates of smsll Teldspar
erystale. Microscopic garnet and large apatite erystals sre also preosent,

The relations of the amphibolite to the adjacent sedimentary rocks were
not definitely sscerteined. It appears to ocoupy the stratigraphic position of the
Banner limestone west of the Nelson ranch but this does not necessarily mean thet the
igneous rock is respomsible for the disappesrance of the limestone, since the lime=
stone may have originally lensed out in this direction. This latter view is perhaps

indicated by the presence of notebly calcare us schists in the basal horizons of the
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Mountain Citj formation near the western border of the area mapped. Throughout most
of the outerop of the amphibolite it appearé to be concordant to both the Banner lime-
stone below and the Mountain City formation ebove, and thus to be wither a sill or an
interbedded flow, With the information available it is difficult to determine which
of these ig the corpect interpretation. l

The amphibolite is believed to be of appraximat@iy the same asge as the re=
meinder of the sedimentary sequence even if it should prove to be a gill, since it
hag apparently had essentially the same metemorphic history as ithe sediments. It is
¢learly older than the quartz monzonite intrusion, which is undeformed.

Mountein City formsiion.~ The Mountain City formation was named by D.C.
Gilberﬁ;/'frnm its occurrence at the Mountain City Mine in the SEs % of secs 2, K453 Eay

& Manuscript maps

Te 45 Hs 1% w#s recognized only west of the Qwyhee Riwver, where 1t occurs as z west-
erly trending band from half a mile to nesrly a mile in width. The formation is
rather easily eroded end in several places is concealed beneath either terrace gravels
or younger veolcanie rocks.

The greater part of the formaiion consicts of dark sildieeocus schiste, which
are in part eézlesreous, and rome interbedded vwartzites. The celesreous schists are
more sbundant near the base of the formstiong and the guerteites near the top. 4s
the quartz monrzonite mags which limits the formation on the morth is approached, the
schiste and guartzites are commonly somewhat bleached. Bet; gehistes and guasrtzites
sre finew-grained but locally they contein reletively lerge erystals ( porphyroblasts)
of esndalusite or tremeclite up to 5 mm. ir length,

The siliceous schists are finewgrained dark gray te black rocks except where
bleached by the guartz monzonite, and show & poorly defined schistesity that is com—
monly parallel to the bedding., Hany of these rocks contain porphyroblasts but in
some these are obscure, The madrix of the schiste is shown by the microscope to be
& fine-grained aggregete of cuartz and alkali feldsper with comsiderable amounts of
carbonsaceous matier, Sericite is less sbundant and caleite ig present in varisble
emounts, The porphyroblasts are commonly of sndalusite, but in the more limy members
are of tremolite.

The guartzitic rocks, when studied microscopicelly, are seen to be metamor-

I T
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phosed calcareous sandstones. They are fine-grained rocks that are psle greenish
or bluish gray on fresh fracture, weathering to cream color but are locally colored
by iron oxides. In thin section they are seen to contain considersble cusntities éf
diposide and tremolite in addition to the quartz and alkali feldspar found ia the
schists.

The upper limit of the formetion is not exposed in the area mapped because
of the quartz monzonite intrusion to the north, At least two thousand fest of beds
are present.

No fosegils were found in the formetion but the prevalence of celeium care
bonate, especizlly in the highly caleareous schists neer the baese of the formation
together with its appsrent concordence in stirike and dip with the lower beds, suge-
gest that it may be of essentlslly the same age as the Csarbomifercus Panner limew
stone, from which it is separstisd by the lgneous Nelson amphibolite,

Quarts monzonite.= The northern porilon of the area mapsed in Plate 1

is in large part underlain by quurtz monzonite, This rock is part of sn intrusive
mass of considsrsble but as yel unknown extent, culcrops of whlch sere recognized

at several places for & dictance of 15 or 20 miles southeast along the rosd that
leads up Californie Gulch from Mountain City. About a mile north of Mountain City
the intrusive diseppears beneaih younger volecanic rocks, snd it is probable that it
is similerly concesled to the west, Good outcrops of the guariz monzonilte are rare
becauge of its rapid disintegration into a granulsr soils The q?arts monzonite areay
accordingly, 1s notably lower snd more open them the zdjacent country. The quarts
monzonite is concealed by velecsnic rockes snd terrace gravels in a number of places,
one largé capping of voleanie rocks being situated Just east of Mountein City.

The greater part of the intrusive is & light colored coarse grained rock
in which ere visible =hite plegioclese, plates of biotite up to 5 mm. in dismeter,
small but abundent greins of quartz, snd pink potesh feldspar, some crystals of
which sre more tham 2 cms. in length, In & number of placesy particularly nesr the

contact of the quertz monzonite with the intruded sedimentery rocks, fine-greined

; aplitiec rocks, essentially free from dark minerals are present, Neo lamprophyrie

dikes were noted within the cuartz monzonite.
Thin sesctions of the quartz wmonzonite show that & zomed plagloclese
(average composition sbout Ab25“30) ig the most abundant constituent. Quartz end

perthitic orthoclage are less ebundant light colored minerals. Brown biotite is
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the only dark minersl in some specimens, but in others smali guantities of green horne
blende are also found. Apatite and titanite are acceszory coustituents and miner
guentities of calcite snd epidote reflect later slteration. The following partisl
analysis was made by J.G. Falrchild of & specimen from "Point of Rocks" seross Jale

ifornia Creek from the Bilver Berner Hine.

§i03 66,30
Cal 3.26
Nag0 347
K20 Ledh

This, together with the mineral composition of the rock, proves it to be a
quarts monzonite.

The aplites sre [inewgrained pale grayish pink rocks, in which quartz and
perthitic orthoclase ere the two most abundent constiluents. Albite is present in
legser although still considerable amounts. Muscovite and sericitized green biotite
are scarcf and locally there ls minor sericitization of the foldspars.

On the cross-section shown in Plate 1, the comtect between the quertz mon-
zonite and the intruded sedimentary rocks is shown as dipping to the north, This is
baged upon the spparent influence of the topography upon the outerop of the contact,
as no direct observations were made elther of the contacti itself or upon the internal
structure of the intrusive,

Beyond the facl that the guartz monsonite is post-larboniferous, there is
very lititle direct evidence aveilable &8 to its sge. The periisl analysie given above

is not unlike one of the Idsho batholith quoted by Lindgreué/ snd, &8 the intrusive of

;/ Lindgren, Waldemar, The gold and silver velns of Silver City, De Lawer, sad other

mining districts in Idahos U. S. Geols Survey 20th Ann. Report, pi. 3, ps 82, 1900,

Mounteln City district fells on the southward projection of the long exis of the lsrger

body, 1t maey be that the two are gemetically connected, Rossgfrhaa recently summarized

g/'Eess, Cs Puy Mesomoic and Tertiary granitic rocks im Idshos Jour, Geol. Vols 36,

the évidence as to the age of the Idsho batholith snd counsiders that it is of late Jure

assiec or sarly Cretaceous age, although he recognizes that other workers consider it

=13~



to be somewnal younger.

Volcanic rocks.~ A mmmber of aress underlain by volscanic rocks are found
in the vieinity of Mountain City., The largest of these, just esst of the towm, covers
more then s squars mile; the otherg are much smeller. Al1, however, appear to have
been originslly s part of = single body. The tuffs and flows are mostly of rhyolitic
cxmposition end appesr to have been erupted upom a topogrephy of low relief, but which
had deeply entrenched sirecams, since the contacts between the lavas snd the underlying
rocke are, in some places, nobably steep. Smeller remnemts of the laves show that
this former dreainsge wes in some respects quite different from the present one., Some
of the lavag sre more resistant ot eresion than the underlying schists snd gunartz

monzonite snd these now cap the present knobs and ridges. HNorth of the area covered
by Plate 1, voloconic rocks appsar to be much more widely distribuied.

The great bulk o f the volcanic rocks are surface flows, but some pyre-
clostles and one dike were recognizeds The flows are porpgyritie rocks which sparse,
small feldepar phenoerysts are generally the only phenocrysts, although in one lo-
cality small biotite crystals were recognized, and in s fow others, obscure and some-
what altered femic phenocrysts may be scens The matrix is commonly gray and in many
specimeng 1g clecrly composed of gramuleted gless. Small inclusions of lava of zome-
what different texture are not uncommon, The laves weather to shades of brown in most
exposures. Pyroclastic rocks were recoguized in the outcreop a half mile west of the
Silver Banner Mine and at several localities cast of Mountain City. They are light
grayish or gresnish gray perous rocks in which rock fregments up te 1 cms in dlameter
&re present together with smaller minerel snd glass particles. The only dike recog-
nized wag found en the gpur sbout half 2 mile eest of szuth from the Flo Tinte ¥Nine.
This is not unlike many of the lavas In appearance but the feldspar phenccrysts ere
not sbundent but are somewhat larger, resching s length of 3 mm. The ma%rix is dense
and derk gray to black in coler. ”

Most of the syggiaens of the lavas show & rather close similarity when ex-
amined in thin section. Plagioclage, commonly a calcic slbite, bul 1n one specimen
e calcic oligoclase, is er abundent, end in places, the only phenocryste Sanidine
phenocrysts are abundant in two specimens but in both of these & caleie elbite was
present in considerable amount. A few puenoccrysts of microcline snd quartz may also
be found. Dark minerals are elther rare or lackinge Biotite, lurgely altered, was
present in one slide, and dark green augite, in part altered to a bromish clay-like

mineral with high birefringence end en index of refrasction less than that of baloam,
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was found in two others. The matrix of the lavas is & brown glass, locally obscurely
recrystallized. In 2 number of speeimens, the glaesy metrix is an eggregete of ane
gular fragments, which is probably the result of rapid freezing, followed by contin-
ued flowage of the lave,

In the two specimens of pyroclestics studied microscopicelly, minersl frage
ments were at least as sbundant as rock inclusions. Sanidine and oligoclsse were a-
bundant minerals but some quertz is also present. Lerger glass fregments differ
in character from the glass that forme the metrix sre elso found.

The dike south of east from the Rio Tinto Mine differed from all of the
other specimens in the pregence of phenocrysts of andesine~lsbradorite. These are
set in a flow~bsnded meizix of dark brown glass, in which s tendency towerd racrystale
lizetion is most evident parellel to the flow lines. A mineral with low.inéax of
refraction vhich does not stain after etching with 2cids is slso present, both in this
rock and in some of the flows, It is probably eristobslite, since it does not have
the tabular form commonly shown by tridymite.

A specimen of the lave eollected about 1,000 feet west of the portel of the

Silver Banner wss analyzed by J. G. Fairchild with the fellowing results=

Bios 69.59
A1203 13.47
Fe203 1.75
Teld 2430
Mg0 o15
0=0 149
Hes0 2482
K20 5455
Ho0- T4
H20% 2.09
T105 «80
P05 «05
Mn0 209

100.59

" The enalysis indicates that this rock is = potash-rich rhyolite of essen-
tially normal compesition, zlthough & thin section of the specimen shows & zoned

plagioclese whose aversge composition is about Agﬁas the only abundent phengcryste.
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Orystels of green augite; microcline and quartz are distinetly rare. Since
normetive orthoclase and quartz amount to sbout 60 per cent of the rock, these
two minerals must be present almost entirely in the glags matrix. It is probable
that all of the lavas have a similsr rhyolitic composition, since the thin sect-
ions are =1l of the seme character as that of the roeck snslyszed. In the absence
of en analysis, the lavas would cerbainly have been elassgified, on the basis of
the microscopic exeminstion, ss keretophyres or trachytes, The asgocistion of
augite and albite-oligociage ag phenccrysts in the laveg is vnusgual.

There is no direct evidence as %o the sge of the voleanic rocks., They
ere wndeformed, but thelr distribuitlon and the occurrence of terrace gravels upon
the levas show that they ere nevertheless older then the eutting of this portion
of the Owyhee River. They may be related to the Piliocene (7) rhyolites described

by Kirkham in southwestern Xdahdé/ or the probably Pliocene "later series" of

7
'iJKiTkh&m: ViReDs, Igneous geology of southwestern Idshoj; Jour.Geol. vol.39,
ppa 579-537, 1971,

Fuller in southeastern Oregon 2/ in which rhyolites are also presents

E/Euller, E+Es, The geomorphology and volcanic seguence of Steens Hountain in
southeagtern Oregon: Univ, Wesh. Publ. in Geol., vol. 3, No« 1; pps 125-130,
1931.

Terrace gravelg.- Terrace grevels are present on both benks of the

Owyhee River, the twe largest exposures being on either side of Hill Cresk om
the wegt side of the river. The smooth upper surface of the gravels rangss in
elevation from ebout 5,800 fszet down to 5,500 feet, but 2t no place is there &
suggeztion of more than one bench. The elevations of the surface of the two Mill
Creek exposures guggest that the gravel was deposited at & time whem the bed of
the river was progressively being shifted to the east and at the same time being
deepened.,

The gravels sre composed elmost exclusively of well rounded boulders of
guartzite thet may be as much as eight inches in diameter, The surfaces ol these
boulders are covered by the circular merkiags or "percussion eracks" thalb are

characteristie of so many gravels of thie sort.
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FEiver slluvium.- The Owyhee River between Mowntein City end the mouth of

Dry Guleh flows on a2 flat floor of slluvium thet is from an elghth to & yuarter mile
in width. This meterizl, together with much nsrrower belts along Mill Creek and
California Gulch, supports sn sbundant growth of vegetation, and practically all of

it hes been claimed by homesteaders snd is under cultivation.

GEOLOGIC STRUCTUERD

The Mountain Oity district, like the Centennial Range of which it ic a
part, appears to lie within & belt in which the mejor structures heve sn esst-west
trend. This pert of the State thus contrasts notebly with the vegion to the south,
where & north-south tremd is cherscteristic of the larger geologic structures. The
ares covered during thile survey ie much too small to determine cither the signifi-
cence or the extent of the Aiscordant structursl hebit of the recion in which the
Mountain City district ies situated.

80 far as the gmall srea mapped is concerned, the msjor siructurs is a
northward dipping homocline, limited on the morth by the intrusien of quartz mone
zonites The presence of bede epperently similar to those 2t Hountzin City for some

distence to the soaih;/ suggesta that the homocline may be part of one limbk of a

’l/ maﬂz, ‘;\". Hl’ @Po Citi; Pe 68.

large fold. The only other structursl feature of at all large scele is the fault
et the contact between the Rio Tinto formation and the "footw2ll" guertzite, which
may be a steep reverse fault. Minor structures inelude the northesouth fsults that
offset the outcrops »f the guartzite member of the Rio Tinto formation snd the Ban-
ner limestone; miner crumpling, which mey be due to strike fanlting, in the Rie
Tinto formationj snd small faults of various trend in the quartsz monzonite ares.
The evidence indicating the presence of 2 fault et the base of the Rio
Tinto formation was briefly ststed on pps 9-10. B8ince the feult plane is not ex-
posed, the direction of dip is wmeertain, but it is believed that the dip is to the
south, chiefly beceuse of the spparent teadency of the outerep to extend forther
south in the velleys then on the ridges, znd that the fault is thercfore reverse,
The evidence for this bellef is indirect snd in part negative. The chief reason is

theught to lie in the spperently grester deformation in the vieinity of the feult,
suggeeting thet compressive forces heve been lecslized there, ?he]ﬁgmfggg'm
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tion is much more disturbed in ite sirike snd dip end has e much better defined
sehistosity in the vicinity of the Rio Tinto Mine near the fault than in the expos=
ures south of Banner Hill which sre more distant from the fault. If the fault is
normal, 1t must beve & minimum throw of more than & mile, since no beds comparable to
the "footwsll" qusrtzite are exposed north of the faulty if it is a reverse fauliy on
the other hend, the throw mey be much smsller, snd the normel stratizraphic position
of the quartzite be a short distsnce bensath the quartzitie horizoms nesr the expesed
base of the Eio Tinto formation, which sre somewhat similar lighologically.

The localizetion of the Rio Tinto orchody emd silicified zomes in the
schists of the Rio Tinto formation in the belt of country immediately north of this
fault suggests thet it may have plsyed sn important role in mineraliszstion, either by
the formation of sympathetic frectures in the schist thet were guiteble for minerali-
zation, or by its zction in guiding the ore solutions,

The nesrly north-gouth feults in the southern psrt of the sres mapped have
throws of & few hundred feet or less. They esn be recognized only im regions where
there le 2 contregting lithology on the two welle znd thelr true extent iz unkoown.
The fzults southeast of the Rio Tinto Mine have somewhat different strikes from the
otherg of this group snd appesr {0 heve loeslized a lrter silicification,.

Crushed and crumpled zones in the schists of the Mountain City fermatien
may be widespread, but at only three plsces could such zones be recognizeds One of
these is at the Rio Tinto Mine, where three minor crushed momes were recognized, which
ere marked elther by crumpling in the adjscent schists or by the introdustion of sili-
oz (psge 27). At two other lecelitier, just east of the center of Section 11, and in
the ¥¥} of Section 12, silicification and sbnormelly steep dips are also present and
appear to represent similer zones of disturbsnces The three localities show = rough
ezpgt-weet alignment and may zll be pert of & single structures The relationship of
the crumpling to the other structures is unknown. 8&ince the dip is epparently to the
north, they are probably of different origin'ﬁhan the fault betwesn the "footwell®
cuartzite and the Mountain City formation,

The faults in the quarts monzonite area were not studied in the field,

Eecording te Emmgns&/ they are rather sbundant and sre chiefly small nermel faults.

y Emm@ﬂs, W Ht’ Qp- Cit., PPs 81""84!
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ORE DEPOSITS.

Two notably different kinds of ore bodies have been found in the Mountain
City distriet: quartz veins, velusble chiefly fer thelr silver content, and the cope
per replacement body in schist of the Plo Tinio mine. The quartz veing were the
source of the early production from the distriet, but have been either abandoned or
relatively inzetive in recent yesrsj the copper deposit of the Rio Tinto mine, on the
other hend, is 2 recent discovery, and is entirely responsible for the pres:nt inter-
est in the district

EIC TINTO COPPEER DEPOSIT

The Fio Tinto deposit lg situated in Oopper Guleh, & branch of Hill Creek,
in the NWi of sec. 1l. It is neerly 4 miles by auto from Mountzin City, the road to
the mine leaving the Mountain City-Deep Greek road jJust south of the mouth of Will
Creek. The deposit is st present owned by the Mountain City Copper Cempsny, & sub-
gidiary of the Internstional Smeliing Company. This Company acqulrzd by purchage vhe
aine claims owned by the klo Tinto Copper Compeny, the original owners. Opersting
conbrol of the hio Tinto company had been previously purchesed by the Internstional
Smelting Compeny.

£t the end of 1932 the compeny hed sunk & two-compartment inclined shaft
& distance of 39€ feet and from it hed drivern verkinge smounting to 255 feet ou the
200 level and 41 feet on the 300 level. All this work was in £he vein excepit that on

the 300 level end the lagt 55 feet of the sghaft, whish pegsed into the hanging w&lléb/

iV

The Mining Review, (Selt Lake), p. 11, Zpr. 11, 1932.

The Intermationszl Smelbting Company found il necessary %Hotemporsrily with-
hold permission to publish sny of the imformatlon sboult the orebody gathered by the
writer. The following sccount ip theorefore basged on the purface observations of
the writer, for which permission to publish was granted, supplemented by the publishe
ed accounts of others, based chiefly upon observations made by them before control of
the original compsny pasged to the Internationsl Smeliing Companys.

Geologic gebtlns .~ The wall rocks of the HAlo Tinte ore body are chiefly
schists of the Mountein City formstion, but locally some thin and lentleuler quartzite

beds sre pregent. AL the surfzee the pchigis are the light gray quarts-sericlie var-

diety similer to those in most of the exposures of the fermations OJurlace trenching,
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sbout 600 feet emst of the sheft, shows ¢ series of relativély thin quartzite
bends which sre interbedded with the schist and which appear to pineh out to the
wesle

lhe poor exposures at the surface ohseure the minor structursl features
in the vieinity of the mine. The evidence avellable, however, suggeste that the
schists and associsted guertzites are cut by ;bree miner erushed zones or faults,
which converge tewsris & point in the vieinity of the Rio Tinto shaft. A nearly
eagi~west zone extending essitward from the shaft is marked by some white quartz,
consicderable iron oxide, ond by variations in dip in the adjoining schigt from
52 degrees to 55 degress., Another zone, extending southeasterly from the shaft
bag elso loczlized the introduction of silica, and 1ts approximate coursze is shown
by & series of jasperoid outerops. Where it crosses the road, the schists in the
wells are crumpled, particulsrly to the south. The only evidence om the surfasce
for the third zoue, which strikes northeasterly, zlso lies in the prasence of
Jasperoic outerops. The few outcrops available suggest that this zome is the
youngeet of tne three snd cuts across the other two without offset. The presence
of guartz zlong all three indicates that they are all pre-ore.

Quterop of the orsbody.- The gousen or oxidized cappint of the Eio

Tinto orebody erops out at & few places and hes been iurther exposed by trenches
and pits. Its location is appareantly controlled by the interzection of #ne three
fracture zones described in the preceding parcgreph since the interseetion appesrs
to be sbout 1la the ceater of the gossen. The thoroughly mineralized zome has &

e , 1/
strike length of about 400 feet, = and is about 100 fect wide. There is no

Y

Smith, A.M., and Stoddsrd, C.F., Neveds Stote Buresu of Mines Memorandum for the
Press, June 30, 1932,

apperent distortion of the schistosity around the gossan and 2+ the east end, the
schistoeity strikes into the gossen. Thie relation, in so far ss deductionsg ssn
be made from the gossan, suggests that.the ore wes introduced by replacement of the
schist« Extensions of the capping or gossen, which is compesed elmost entirely of
iron oxides and quartz, are found along the three fracture zones. In the northe-
westerly and northeasterly zones, there is a high proportioa of silicecus material,

but in the east-west zone, narrow bends of iron oxides, lecally with only =z small

~20~
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guarts content, are pregent in the schist for a distence of nesrly 500 feet east

of the shaft. The dominance of silica in the northwesterly and northeasterly zones,
as contrasted with the low silica orebody suggests that the silics~filled fissures
elther consitute or are close to the main feeding chennel of the orebody. A finger-
ing-out westward from the massive gossan similar to that on the east was not re-
cognized gince trenching in the thick soll snd gravel that exists in this regiom had
not exposed the bedrock.

According to Smith and Stoddard;/, the gossan extends to a depth of 230

8
Nevada State Bureeu of Mines Memorandum for the Press, June 30, 1932.

feet, below which the sulphide ore body wes 75 feet wide. It is reported that 160
feet of drifting has been done in ore.g/

2/

The Mining Review (Salt Leke), p. 13, Jan. 24, 1933,

Minerslogy of the ore and gossan.- Crawford and Frobesé/ describe speci-

2/érawfmrd, A,L., 2nd Frobes, D.C., lismeroscopic cheracterigties of the Rio Tinto,
Nevada, copper deposit; The Mines Magazine (Colorado School of Mines), vol. 22,
D 8, Augo 1932.

mens of ore furnished them by Mr. S. F. Hunt as follows: "Typicsel samples vary from
a spangled brassy yellow to a sooty bluish black porour crumbly mess. To the treain-
ed mineraloglst, chalcopyrite is obviously a prominent consiituents The porous
erumbly nature of the aggregate shows clearly the effect of leaching and the bluish
black sooty coatings, which cover all but the freshly broken gurfaces, strongly
indicate secondary chalcocite enrichment of the type freguently found at or nesr
the water table., Very little gangue is noticeable in the ore. Oxidatlon products
in the form of malechite, cuprite snd iron oxides are sbundantly developed in some
of the specimens and pyrite is only occasionally prominent. Owing to the preval-
ence of iridescent ternishes, and to the copper content shown by assays of the
average ore, bornite, a rich copper-iron sulfide, wes at first suspected by the
owners &8 the dominant minersl."

They recognized the following minersls in polished sectiods of the ore:

quarts, pyrite, chalcopyrite, chalcocite, covellite, bormite, and sphalerite. The
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PLATE I,

Sketeh geologie 28p and section of
lountain City and Vieinity, Neveda.
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following notes on the occurrences of these minerals are besed upon their publish-

ed descripticn.;/

1
'6_‘9. Cits, PP -9,

Guartz, some of which is secondary, constitutes practically all of the
gangue, which forms shout 20 per cent of the specimens exemined., It is both older
and younger then the pyrite. Pyrite is believed to be the oldest of the sulphide
minersals end in their :pecimens was much less ebundent than quartz,

Chalcopyrite has two modes of occurrence. A magsive chalecopyrite is the
dominent constituent of the ore and is clearly lster then pyrite snd quartz, which
it replaces. ©Small quantities, however, are found as tiny inclusions (average dia-
meter 5 microns) in pyrite. Some of these small tlebs have elongate protusions
extending to lines of weakness in the pyrite and in places the inclusions sre
aligned in roughly parallel bande suggesting a dependence upon crystallegraphiec
planes. The authors conclude that this form of chalcopyrite mey either be an
early generation contemporaneous with pyrite, or may replece the pyrite and be of
the same age 2s the magsive chalcopyrite.

Small inclusione of bornite, similar to those of chalcopyrite, were zlso
found in the pyrite. The relations of the small amount of sphalerite found were
obscured by chelcocitization but it is believed to be simultaneous with or later
than the messive chalcopyrite.

Chalcocite was slightly less abundant then chelcopyrite in the specimens
studied. Figures 2, 4 and 5 in Crawfordls and Frobeg' paper are photomlerographs
of ore in which the older sulphides are replaced by & porous gooty chalcocite., A
more massive form of the chalcocite is shown in Figures 3 znd 6. Veinlets of this
chalcocite in Figure 3 divide the chalcopyrite areas into & geries of polygonal
blocks and from these velnlets, smaller ones extend into the interior of the blocks.
In Figure 6 chaleocite has more or less completely replaced chalcopyrite veinlets in pyw:
pyrite, the replacement being perticularly complete at the edges of the velnlets.

Covellite is considersbly less abtindsnt then chaleocite, the retio being
cetimated as 347+ It is 2 replecement product of the chalcocite, end im Figure 3

is shown as developing in the central portions of chalcocite veinlets. The eauthors
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note that the Rio Tinto chalcocite hag a decidedly bluish color end is gifficult to
distinguish from covellite except by the use of polerized 1ight. The blaish chal-
cocite presumably carries some of the covellite molecule in seolid solution,

Malechite and cuprite ere found in small amounts in the veinlets of ironm
oxides that locally traverse the ore.

Specimensg of the gossan collected by the writer et the surface consist
elmost entirely of goethite and quartz., Ifuch of this meterial is reddish brown in
color and porous but considerable proportions are powdery yellowish brown or dense
dark brown. These color varistions are probably due to variations in the quantity
of guartsz present, the yellow-brown meterial being relatively free of yuartz and the
darker varieties conteining larger proportions, No hematite or Jerosite could be
recognized by immersion teste under the microscope and seversl specimeng were tested
for the 504 redicle chemically, all of which were negative., Malachite and other oxi-
dized copper minersls, are almost entirely lacking from the exposures of the gossen
near the surface, The only locality where they were found, so far as inown, is in a
siliceous outcrop about 60 feet emst-northesst of the shaft.

The water table was reached & few feet below the 225-foot level, and 40 to
60 gallons of weter per minnte were being pumped in the latter part of 1932, This had

decreased to 10 gallons per minute at & depth of 385 feet in the sh&fta;/

l/'The Mining Review (Salt Lake), Vol. 35, p. 12, Jan. 24, 1933,

Grade of the ore.~ Records of the copper content of the ore zome s8 a whole

have not been aveilable to the writer. Assays from the 225-foot level are reperted

to have shown a copper content of 22 to 47 percent:af Smith and Stoddardg/rep@rt an

2/ The lining Journal (Arizona), vol. 16, p. 12, May 30, 1982.

3/ Nevade State Buresn of Mines, Memorandum for the Press, June 30, 1933,

average copper content of 40 per cent across the 75-foot width of ore exposed on the
225=-foot level. Five cars of ore were shipped before the International Smelting
Company acquired operating cenirol o the company. These shipments toteled 718.5 tons

and yielded net returns after freight end treatment of @6,353é/fram an aversge copper

4/ The Mining Review (Salt Lake), vole 34, Ds 11, Nov. 29, 1932,
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content of 37.26 percent.lf The United States Buresu of Mines at Keno analyzed a

Y

The Mining Review (Salt Lake), vol. 35, p. 11, Apr,. 11, 1923.

sample of the richer ore with the following rssultss

Insolublesesessssss Fo19
Copperesessssscnsne 5368
Ironesssssscnsensss 11,73
Alo0g sssevesssanes 034
Sulphur 24 46
799440
The ore has a silver content of about an ounce per ton, &nd a very smell

gold content.g/ In the first cer of ore shipped 0,5 ounces per ton silver @nd a

2/ The Mining Journal (Arizona), vol. 16, p. 12, Msy 30, 1932,

trece of gold were found, Small yuantities of zinc are also presemt, judging from

examinatione of polished sections of the ore by Crawford snd Frobasﬁzf

3/

GI‘RWfOI’d, A, Lq, and Frabes, D¢ c-, ODw Citn, Ps 8.

The ore encountered ih the shaft below the level is reported to be of

lower grade;é/ A depth of 396 feet had been reached at the end of 1932,

& The Mining Journsl (Arizona), vol. 16, p. 23, Dec. 15, 1932,

The Mining Review (Salt Lake), vol. 34, p. 11, Dec. 13, 1932.

Wall rock alteration.~ At the surface the only apparent alteration affectw
ing the schists surrounding the gossan has been a considersble introduction of sili-
ca, chiefly along the fracture zones thet are believed to have helped localize khe
ores The resistent bodies of jasperoid developed as & result of this introduction
of gilica are composed of fine grasined quartz somewhat steined by iron oxides and ap=
pear te be in part at least the result of replacement of the schist, although there
is some evidence thet pert of the quertz has formed as a result of recrystellization
of quartzitic horizons interbedded with the schist,

At several other places on the surface within the ares underlain by the

Rio Tinto formetion, there are outerops of silicified schist, and of chert and
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quartzite veined by white querts., The larger of these bodies are shown om Plate 1.
In most specimens from them, the amount of introduced guartz is less than in the
rocks adjacent to the gossan, and the mechsnism of its emplacement sppears to be dif-
ferent, so that there may be no genetic connection between the two. In the regions
away from the ore, almost 2ll of the guartz is in the form of veinlets, which have

clearly forced their way into the schists (Figure 2)s although there is locally some

Figure 2. B8ketch tracing of photomicrograph of schist, showing distortion of

schistosity by a quartz veinlet. Plein light. x 35.

suggestion of replacement of recrystallization in the anguler fragments of schist in-
cluded within the veinlets., In the quartzite & half mile south-southesst of the ghafi
there has definitely been recrystallization.

Enrichment of ihe ore.~ The high grade of the sulphide ore, together with

the thickness of the barren gosssn shove the are,;/ indicate clearly that the origin-

v Crewford and Frober; gp. ¢it., pp. 7-8.

al prebody has been conslderszbly enriched by surficisl processes. The sooty chalco—
cite obviously is the result of the enrichment snd the more massive chalcocite that
replaces the chalcopyrite almost certainly had a similar origin, since it is spparent-

ly rare or absent in the lower part of the sh&ft.g/

Y The Mining Journmal (Arizonz), vol. 16, ps 23, Dec. 15, 1932.

Crawford and Frobes,-ﬁ/ possibly becauge they recognized two modes of oc-

3 Crawford, A.L., and Frobes, D.C., Microscopic cherscteristics of the Rio Tinto,
Nevada, copper deposits The Mines Magazine (Colorado School of Mines), vol. 22, pp.
8“’9’ A!lg;, 1932.

currence of chalcepyrite (as veins, snd as blebs), suggest thet come of this mineral
may be supergene, and that the hypogene ore may have been a low grade messive pyrite
orej although they recognized that both occurrences of chalcopyrite might have been
formed during ome continuous perlod. Moreover, the absence of jareosite and the abun-~

dence of goethite in the gosssn appesrs to disprove the existence of & highly pyritic
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primery or hypogene ore. The thovough oxidation of such & pyritiec body, as Lecke;/

;/ Locke, Augustus, Leached outerops, Baltimore, p. 108

has shown, would have produced such a strongly acid solution that neither of these
mineralsg could have formed. Jarosite iz mnsteble in contaset with strongly acid or
very dilute solutions, and goethite is stable only in contact with weskly zcid solu~

tiona. 2/ It would therefore appear that the dominsnce of goethlite end the sbeence

2/

Posnak, E,, and Merwin, H,E, The system Fep03,503.,d20¢ Journ. Amer, Chem. Soc.
vols 44, p. 1192, 1922.

of jarosite in the outcropping gossan implies thst the solutions czusing enrichment
were dilute and of low acidity, which in turn suggests & relatively small pyrite
content in the original ore.

Furthermore, if an original pyritic ore, which may be assumcd ot have had
a copper content of about 1 per cent, were to be enriched to an ore body containing
40 per cent copper and with & verticsl extent of 100 feet, the erosion of 4,000 feet
of material and the concentration of all of its copper into one enriched shoot would

be necessary., On the other hand, hypogene ore contazining 12 per cent copper,z/%hich

=7 An ore containing 4O per cent copper (page 44) in which chaleopyrite and chalco-
cite are present in equal amounts (page 41) would contein 12,08 per cent copper im

the fourm of chslcopyrite.

roughly represents the smount of chalcopyrite in the ore, would require the erosioen

of less than 350 feet, which is much more comsistent with the topographic evidence,

SILVER-COLD QUARTZ VEINS

The silver-gald quarts veing were not examined closely during this survey.
They are either within the yuartz-monzonite asrea or in the sgedimentary rocks close te
the quartz-mongounite contachs

Eamong~has givea the following deseription of these quaritz veinsg

_/ Emmons, WeH., op. cite, pp. 81-84.
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The ore deposits are fissure veins in grenite and in metamorphosed lime-
stones. They outcrop plainly at the surface, where some of them csrry good velues
in silver. The velns do not fall into well-defined psrallel systems but strike in
varioug directions, the prevalling dip being teward the south,

Some of the ¥eins, as shown on Celifornia Hill, are later than the aplitic
phase of the granite which cuts the normal coarse-greined granites Nome of the devel~
oped deposite are in rhyolite or basalt, although some gold-bearing veins in rhyolite
are sald to occur in the country east of Mountein City. In the Helson mine the lodes
pass from granite to limestone without much change in width or value., There is little
replacement of the limestone, for the walls are clesr cut and engular fragmentes of the
country rock asre included in the veins. Where the wall rock 1s granite the dark sili-
cates have been leached out and sericite and pyrite have been developed in the granite
by secondery processes.,

The vnoxidized ore is composed of cusrtz, pyrite, galena, zinc blende, gray
copper, argentite, gold, and arsenopyrite, with a little chalcopyrites All of the
ore is highly siliceous, quartz constituting as much as 90 per cent of the rock., The
oxidezed ore is composed of quartz, chalcedony, horm silver, pyromorphite, irom oxides,
native gold and silver, lead carbonate, and copper silieate, Brittle silver and dark
ruby silver are sald to be present slso. The oxidation of the deposits is erratic,
the sulphides cccurring at some places within s few feet of the surfece, while some of
the minerals of oxidation are to be found =8 deep as the lodes have been explored, or
about 250 feet below the surface. The greater proportion of the silver vslues sre in
decomposed chloride and lead carbonate ores Specimens of rich ore show large flakes
of greenisheyellow horn silver deposited in the cavities of dark guartz., Some of the
iron-steined siliceous ore peng gold liberally.

The lodes are fractured and faulted, and locally the ore iz reduced to a
waite sand, in which there arc numerous small rounded fragments of cuartz sbout the
gize of a hazel nut. The faults thet cross the lodes are mainly of the normal type,
the hanging wall having dropped with respect to the foot wall.

MINE DESCRIPTIONS.

Protection Mine. The Protection mine, located three-fourths of & mile bew
low Mountain City, was one of the esrly discoveries of the district and wes worked in
the early seventies, when considerasble chloride ore is seid to have been treated in
a silver mill near by. In late years the mine has been reppemed snd considerable
exploration work has been done., A 1l0-stomp emelgemsting and concentrating mill was
built near the portal of the tunnel to treat the ores At present part of the mine
is leased and is being worked in a small way, but the mill is shuit down. The prine
cipal vein is a iissgure filling in granodiorite and has a meximum width of about
4 feets The sulphide ore ls composed of quertz, pyrite, galena, zinc blende, gray
copper, brittle silver, and ruby silver. The surface ore is stained with iromn and
menganese oxides and contains horn silver, a little copper carbonate, pyromorphite,
end & yellowishegreen mineral, ssid to be silver bromide. The sorted ore carries
$100 a ton in silver and gold. At some places near the vein teh agrnite wall rock is
but little alteredj at others it is & light-colored decompesed rock, the ferromag-
nesisn minerals having been leached out and the feldsper sericitized, A ghaft is
sunk to @« depth of 62 feet and & level turned at the bottom. This is connected with
an adit driven 80 feet below the bottom of the shaft, which gives a depth of 142 feet
at this place,

The Protection veln strikes a few degrees west of north znd has been
followed into the hill on the adilt level for a distance of some 750 feet to a point
where it abuts against 2 fault that strikes eastwsrd snd dips about A0%N. A drift
has been run on this fault for 400 feet, but no vein has been encountered on the
hanging-wall side at this end of the drift., On the other side of the feult & veln
#ith the same general dip and strike ag the Protection vein is 35 feet farther south
and is possibly the ssme vein, but if so the fault is reverse -~ a rare type of fault-
ing in this part of Neveda. Along this fauylt there are stringers of guartz in place,
end in the level above both the Protection vein end the faults are minerslized on
beth gides of their interseetion. The relations indicate thet the Protection fissure
wags displaced by faulting before deposition of the ore and that there has been cone
siderable movement subsecuently.
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 Eegurrection Mine.- At the Resurrection mine, & few rods north of Mounk-

ain City, a large amount of work has been done in tunnels, pits, and shallow inclines,
but most of the workings were inaccessible when the mine wes visited in 1908. The
country rock is granodlorite, to the east of whirh are flows of rhyolite and basalt.
The gramodiorite, which is highly eltered, is shested by closely spaced {issures that
strike northeastwerd. Several nerrow guartz veins cut the granodiorite parallel to
the sheeting. The surface ore is composed of (uarts, horn sllver, lesd carbeomnates,
and iron oxide; the sulphides are galena, grey copper, a little pyrite, and chalco-
pyrites In the seventiecs considerable rich chloride ore waes taken from the furface
plts and worked in silver mills near by,

"Relson Mine,~ The Nelson mine is on a branch of the nerth fork of the
Owyhee, about 1 374 miles above Mountain City. Some 4,000 feet of workings have been
run, mainly on two adit levels driven at & difference in elevation of sbout 100 feet.
When the mine was visited in 1908 orly the lower adit was asccessible. A mill recente
1y built at the portal of the lower zdit is equipped with Blake crusher, nine stamps,
amalgemation plates, and three Wilfley tebles, and has trested a smell amount of ore.
The country rock of the mine congists of granodiorite, limestone, and aplite., The
grenodiorite intrudes the limestone snd csuses contact metamorphism with the develop
ment of epldote, actinolite, garnet, and mica in the limestone. In places this rock
is so rich in actinolite that it has the appearsnce of a basic igneous rock and hes
been mistsken for disbase., The granodiorite is cut by splite, which occurs as dikes
and irregular intrusive masses., T1¢ ore deposits are fissure fillings from 1 te 3
feet wlde end occur in greanodiorite, limestone, and aplite. Eeverszl veins outcrop
boldly on the hill above the mine, cutting scross beds of metamorphogsed limestone,
The veins cross the contact of igneous and sedimentary rocks mbroken, but have been
developed mainly in the granodiorite. The sulphide minerals preosent are quartz, py=-
rite, galens, zine blende, gray copper, chsleepyrite, and ergenopyrite, with here and
there a small amount of ruby silver and mrmsmsyyxkimyxackilx srgentite, Netive sil-
ver and horn silver are present near the surface, where the ore is stained with copper
carbonates, iron oxides, and mangenese ogldes., Iree gold, some of it with the crys-
tel form, is associsted with quartz and brown iron oxide. The serted ore ecsrries
good values in both silver and gold, some specimens containing & high percentage of
horn silver.

The 8tendard veln, which is developed in the lower tumnel, strikes scuthe
eastward and nas been followed for about 1,000 feet, with overhead stoping here and
theres This veiln is faulted at three places by faults that strike easstward and gip
northward at various angles. One of the faults shows a horizentsl displacement of
sbout 150 feet, the other two of less then 15 feet, All sre of noemsl type, the
hanging well heving dropped with respect tolthe foot wall.

Mountain City jiine.- The Hountain Uity mine is loeeted about 1 mile mouth-
west of Mountaln City, at the top of a low, flat ridge that rises peme 200 feet above
Owyhee River. The country rock is a metamorphosed bleck, shsly limestone which
strikes eastward and dips 50°N. The lode iz a fissure vein which cuts acress the limew
stone, striking N.50°W. The ore is highly siliceous end 1 a simple fiszcure filling,
cementing angular fragments of the altered limes one. It carries silver chloride and
native silver, and in the seventies, sccording to report, several hundred thous-nd
dollars' worth of silver ore was taken from the deposit through a shaft nasw inaccess~
ibles About 500 feeh 5. 75° E. of the principsl workings of the old Momntein City
vein and lower on the hill are a number of open pits, some of which have been sunk on
& veln which strikes N. 32° W. Possibly it is the fasulted continuation of the Mounte
ain City vein, but this has not yet been determined. This ground has recently besn
sequired by J. Hsll and others, of Mountsin Clty, and im celled the New Yorkeye claim,
The country rock of the lower deposit is a dark-gray metamorphosed limestone flaked
with tremolite crystals., & tunnel is driven 95 feet N, 70% W, to the vein, which it
follows for 90 feet, snd a winze is sunk on the ore body 60 feet below the adit level.
The deposit is 2 fissure vein and at some places a sheeted zone composed of geversl
narrow veins with slabs of limestone between. Much movement has oceurred since de-
posiiion, for at places the cusrtz is brecciated zlmost to powder, The ore is come
posed of quartz, iron oxides, copper carbonates, and silicates, snd & little pyrite
is present at the bottom of the winze., The vein strikes N. 32° W. and dips from 56°
to 85%.8. It has & meximum width of 5 feet, and is said to carry good milling values.
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’Farguson~/ hes included the Mountain City veins within a group of ore de-

_/ Ferguson, HeGey The Mining Districts of Neveda: Econ. Geols, vols 24y ppe 115=
148, 1929.

posits which ere "gimilar in appesrence to the suriferous veins of Californis.
Thess, however, have been valuable only for their oxidized snd snriched silver ores."
The Benner vein, which wes seen by the writer, certeinly resembles in many respects

sone of the Mother Lode velns of Califernia.

BELATIONSHIPS OF THE OFE DEPOSITS.

The similarity of the quartz veins at Mountsin City to those of California,
already noted, adds significance to the resemblsnce that exists between the primery
minerslization et the Kio Tinto mine and that at some of the mines of the "Foothill
Copper Belt" of Californis, perticularly those at Copperopolis. The deposits, which

have been desecribed by Knapf;fﬁeiﬁy/gnd othergy are lenticular replacements of the

_/ Knopi, Adolph, Notes on the Foothill Copper Bélt of the Sierra Nevadaj
Celif, Univ. Dept. Geol. Bull., vol. 4, ppa 411=4234 1906,

_/ Beid, J.A., The ore depesits of Copoeropelis, Calaver:s Cosy Calif.s
Econs Geols, vole Z, pp. 380-417, 1907.

/ " s Foothill Copper Belt of the Sierrs Nevedas Min. and Sei,

Press, vol. 96, pp. 358-393, 1908.

_/ Forctmer, William, Copper deposits of the western foothills of the Sierra
Nevadat Min. and Sc. Pfess, vol, 96, pvp. 743-748, 1908,

_/ Lang, Herbert, The Copper Belt of Californiat Eng. and Min, Jour., vol. 84,
pp. 909-913, 963-966, 1006-1010, 1307,

country rock by chalcopyrite, with verying amoumts of pyrite und sphelerite, and in
some places at lesst are localized slong shesr zones. Gengue minerals, other than
unreplsced fragments of country rock, are relstively uncommen, Ia both Califormis
end at Mountein City, the copper depesits &re more distant from the major intrusive

than the sssociested cnartz ¥eins.

NOTES ON PROSPECTING FOR ADDITIONAL COPPER DEPOSITS.

The Rio Tinto ore body is the only copser deposit thus far discevered in
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the vieinity of Mountaim City, although the country surréﬁndiﬁg the mine has been
thoroughly covered by mining cleims. The bulk of the activity thus far appears te
have been expended chiefly in the actual location of the cleime snd the excavation
required by State laws at convenient places within the claims. Locelly there has
been a gearch for a "gossan" similar to that et the Rio Tinto in the expectation
that it too would be underlain by copper ore,

Some bodies of ireon oxides have been found outside of the ares mepped in
Plate 1, but locelly at lesst these have proved to be the result of hydrothermal
aelteraiion or oxidation in volcsnic rocks which are congiderably younger than the
copper ore at the Rio Tinto. Aun exposed gosssn is certainly worthy of careful Pros=
pecting but 1t i probable that over much of the region evem large bodies of irem
oxides, in which the eiliecc content is moderzte to low, would fail to crop out, ex
cept where streams have trenched through the "wagh" {het covers so much of the SRI-
face, Moreover, if the analogy with the Foothill Copper Belt ig correct, lenses of
copper ore mey exist which de not resch the surface end in this case there would
obviously be no outeropping gosssn,

The structural relstions of the Rio Tinto ore body suggest thet minor .
faults might prove helpful in prospecting. The difficulty encountered in tracing'
known faults in the field, however, gakes this an wnpromising line of sttack, el-
though projections of faults from reglana in which they are exposed might indicate
concealed intersections thet could be explored by trenching.

It is possible that the most fruiiful method of prospecting may lie in
the close investigation of the zomes of silicified schist which crop out prominently
in seversl places. The widespread silicification in the vicinity of the Fio Tinte
mine suggests that the ore body of that mine hss en irregular border or casing of
silicified rock, which is possibly the result of the solution and reprecipitation
of silica from the space now occupled by ore. If the other silicifled zones in the
Mountsin City formstion have had a similar origin, the associated ore bodies might
be developed, either by trenching along the eitensions of the gilicified zones or

by diamond drilling directed towards the downwerd extensions of the zones.

i
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