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A RECONNAISSANCE OF SOME MINING CAMPS IN ELKO,
LANDER, AND EUREKA COUNTIES, NEVADA.

By Wirriam H. Emmons.

INTRODUCTION.
SCOPE. OF REPORT,

The following report gives the results of a reconnaissance of the
mining districts in northeastern Nevada which are included between
the one hundred and sixteenth and one hundred and seventeenth
meridians and the fortieth and forty-second parallels. The eastern
boundary of the area crosses the Bullion and Lone Mountain mining
districts, and is about 12 miles west of Elko and 6 miles east of Carlin;
the northern boundary is the Idaho line; and the western boundary
passes about 12 miles west of the Gold Circle district and about 3
miles west of Battle Mountain. The general outline of the area and
its position with respect to neighboring places are shown on the index
map (fig. 1). As thus defined it includes about 7,000 square miles,
embracing the western part of Elko County and the northern parts
of Lander and Eureka counties. The report includes brief descrip-
tive notes.on the geology and ore deposits of the following camps:
Gold Circle (Midas), Tuscarora, Lime Mountain, Edgemont, Aura,
Columbia, Mountain City, Van Duzer Creek, Cornucopia, Good Hope,
Burner, Falcon, Lone Mountain, Palisade (Safford district), Bullion
(Railroad district), Mineral Hill, Alpha, Liynn, Cortez, Mill Canyon,
Dean, Lewis, Maysville, Pittsburg, Hilltop, ’i‘enabo, Lander, Mud

Springs, and Grey Eagle.

FIELD WORK AND ACKNOWLEDGMENTS.

The work in the field was done between July 15 and October 20,
1908. During this time all the important mining districts were vis-
ited, but no geologic mapping was undertaken except that incidental
to examination of the ore deposits. The reports of the United States
Geological Exploration of the Fortieth Parallel, which covered about
two-thirds of the area described herein, have been of great service as
an aid in the study of the ore deposits. Plate V is a generalized
reproduction, with some minor changes, of a part of Plate IV from

the atlas of the Fortieth Parallel Survey.
9
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FIGURE 1.—Index map showing location of area’described.
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A great many of the mines were inaccessible when the camps were
visited. Some of them had not been worked since the eighties, when
silver mining was at high tide. The notes on such mines are of the
most general character and treat mainly the surface geology and the
general relations of the ore deposits.

The writer is indebted to Mr. Waldemar Lmdgren in charge of the
section of metalliferous ore deposits of the United States Geological
Survey, for criticism and advice, and to the mine owners, operators,
and prospectors of the area, who without exception have offered every
facility to aid the work.

BIBLIOGRAPHY.

The following publications include the most important literature
relating ‘to the area described and adjacent territory in Nevada.

Many notes of great historical interest may be found in the early
reports to the United States Government by R. W. Raymond and
J. Ross Brown, and in later reports of the Bureau of the Mint. A
pamphlet treating of the mineral wealth of Elko County, published
in 1907 and distributed gratis by the Chamber of Commerce of Elko,
Nev., contains interesting details regarding some of the mines.

Bancrorr, Husertr Howe. History of Nevada, p. 322. A reliable and entertaining
account of the history of Nevada from the earliest settlements to 1888.  Includes
a narrative of the development of the Comstock lode and other important districts,
and some valuable data concerning the early history of Elko, Lander, and Eureka
counties. v

Curtrs, J. 8. Silver-lead deposits of Eureka, Nev. Mon. U. S. Geol. Survey, vol.
7,1884: A study of the geology and ore deposits of the Eureka district, with
detailed descriptions of the mines.

GuBERT, G. K. Lake Bonneville. Mon. U. 8. Geol. Survey, vol. 1, 1890; also
Rept. Geog. and Geol. Surveys W. 100th Mer., vol. 3, 1875. Contain some valu-
able generalizations respecting geology of Nevada. The area described in the
present reconnaissance was not covered by Lake Bonneville.

HacuEe, ArnorLp. Geology of the Eureka district, Nevada, with an atlas. Mon.
U. 8. Geol. Survey, vol. 20, 1892. Describes the geology and ore deposits of the
Eureka district and gives the best section of Paleozoic sedimentary rocks available
for northeast Nevada.

Kina, CLARENCE. Geological exploration of the fortieth parallel. This great work,
including six volumes and an atlas, is the result of the joint labors of Clarence
King, S. F. Eminons, Arnold Hague, James Hague, and others. The area de-
scribed is a belt nearly 2° wide along the Southern Pacific and Union Pacific rail-
roads from a point east of Cheyenne, Wyo., to a point west of Pyramid Lake, near
the east front of the Sierra Nevada. It includes the central and southern portions
of the area covered in the present reconnaissance, and the reports are the source of
many of the geologic data given herein. References to special parts of this work
are made in appropriate places. :

LinpereEN, WaLDEMAR. The geological features of the gold production in North
America. Trans. Am. Inst. Min. Eng., vol. 33, 1902, p. 790. Discusses the
precious-metal production of Nevada and suggests that Tuscarora affords a con-
necting link between the Tertiary veins of Nevada and those of Idaho.
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LouperBACK, GEORGE Davis. Basin range structure of the Humboldt region. Bull.
Geol. Soc. America, vol. 15, 1904, pp. 289-346. Concludes that the present to-
pography of certain of the basin ranges is due to faulting, and modified to only a
slight extent by erosion.

McCreLan, E. C. Map of Elko County, Nev. A reliable hachure map of Elko

: County, a part of which is reproduced herein. Published by the author, Elko,
Nev.

RusseLs, I. C.  Geological history of Lake Lahontan, a Quaternary lake of northwest-
ern Nevada. Mon. U. S. Geol. Survey, vol. 11, 1885. Contains some generali-
zations respecting the geology of Nevada. . )

Sepurr, J. E. Origin-and structure of the basin ranges. Bull. Geol. Soc. America, vol.
12, 1901, pp. 217-270. Includes a comprehensive review of the literature relating
to the structure of the basin ranges and concludes that their present topographic
expression is due mainly to erosion.

Spurr, J. E. The succession and relation of lavas of the Great Basin region. Jour.
Geology, vol. 8,1900, pp. 621-646. A summary of the age relations of the Tertiary
rocks of Nevada, with some generalizations bearing on the problems of magmatic
differentiation.

Spurr, J. E. Descriptive geology of Nevada south of the fortieth parallel and ad-
joining portions of California. Bull. U. S. Geol. Survey No. 208, 1903. An
account of a reconnaissance of the area indicated by the title, which includes a
review of previous work done in the area, together with a geologic map. The
area borders on the south that described in the present paper.

TOPOGRAPHY, CLIMATE, AND VEGETATION.

The area here described (see Pls.I, II, III, and IV; fig. 2) is a part
of the Great Basin and has the characteristic basin topography. The
country is a low plateau traversed by long, narrow mountain ranges,
which trend northward and are approximately parallel.. Between
the mountains are wide valleys parallel to the ranges. The lowest
parts of the plateau are a little less than 5,000 feet above sea level
and the summits of the ranges are in the main between 8,000 and
10,000 feet. The drainage of the country has a gridiron arrange-
ment, the chief stream being Humboldt River, which flows westward
across the mountain ranges to the Carson Sink, receiving tributaries
at right angles from the valleys between the north-south ranges on
both sides. The north third of the area is drained by Owyhee River,
a tributary of Snake River, which empties into the Columbia.

The summers are long and hot, the winters are rather severe for the
latitude, and the air is dry. In the summer there are frequent
showers of short duration and occasional cloud-bursts. In the winter
the precipitation is mainly snow, which in the highest mountains
accumulates in sufficient quantity to last well into the middle of
the summer. The lower country is covered by sagebrush, which
grows to great size, especially in the lower parts of the valleys. High
on the mountain slopes there are several varieties of pine trees, juni-
- pers, and south of Humboldt River some mountain mahogany.
Farming is carried on and wild grasses are cut along the Humboldt
and its tributaries, and wherever there is sufficient water for irrigation
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the valley flats produce a great variety of products, which find a good
market_at the ranches and mines near by. The country, especially
the northern part, is an excellent range for cattle and sheep and con-
tains some large and successful ranches.

HISTORY.

As early as 1825 the region of Humboldt River was known to
British and American trappers, but settlement was slow until the dis-
coveries of gold in California in 1849. Many of the gold seekers of
that time traveled by way of the Humboldt Valley, which, during
dry seasons, furnished a good roadbed, and consequently this country
was well known before the more remote territory was explored.
Many of the early settlers were Mormons from Utah, but after the
discovery of the mines these were greatly outnumbered. The presence
of silver on the Comstock lode in paying quantities became generally
known in 1859, and discoveries of lode deposits were made about the
same time in the Reese River country and elsewhere in Nevada. As
a result of successful operations on the Comstock lode in 1860, pros-
pecting became the principal business of a large part of the rapidly
increasing population, and in the following ten years discoveries were
made at nearly all the mining camps in the central and northern parts
of the State. ) '

Silver mining reached high tide in the seventies and eighties and -
suffered a rapid decline in the nineties. The more recent discoveries
of gold and silver in the southern part of the State gave a new zest
to prospecting, and in 1906 and 1907 nearly every one of the old camps
was overhauled, the mines and dumps were sampled, and in some of
them new ore bodies were discovered. Several new camps were

established, among them Gold Circle, Lynn, Tenabo, Hilltop, and
Aura. As a result of the business depression of 1907, there was a
sudden cessation of prospecting and many of the mines were closed.
A number of unworthy flotations were stopped and some of the more
promising projects were hindered by the withdrawal of capital from

" the purchase of mining shares. Since money has become more plen-
tiful, some of the prospecting operations have been taken up again.
Historical data respecting the development of the various camps are
given where these camps are described.

’ ~ PRODUCTION.

The total production of the mining camps of this area can not be
closely approximated. Official reports relating to the periods of
greatest production for most of the camps were not accessible to the
writer, and the government reports which are at hand do not give
sufficient detail to permit more than the rudest kind of an estimate.
The production of Tuscarora, the largest camp, will probably fall
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between $25,000,000 and $40,000,000. From the remaining camps,
among which are Cortez, Mineral Hill, Bullion, Dean, Cornucopia,
Edgemont, Mountain City, and others, the total is about $25,000,000
more. A conservative estimate thus gives a total production of
about $50,000,000 for the entire area. On the other hand, if maxi-
mum figures are used, based largely on hearsay, the estimate of pro-
duction would be considerably greater, reaching about $70,000,000.
Perhaps one-quarter of the total production is gold, a large part of
which is from the placers at Tuscarora and the Dexter mine and
from the silver bullion from various silver-mining camps, nearly all
of which produce some gold. Except for relatively small amounts
of lead, copper, and zinc which have been shipped to smelters in
recent years, the remaining three-fourths of the production is silver.

In 1907 the production of the area was approximately $350,000.
Of this amount Kdgemont, Aura, and Mountain City produced
$161,834, of which $145,525 was gold, $16,004 silver, and the re-
mainder lead and zine. The larger portion of this production came
from the Lucky Girl mine, at Edgemont. The mines at Bullion in
the Railroad district, the Zenoli mine in the Safford district, and the -
Grey Eagle mine produced altogether $106,252, of which $2,857 was

gold, $77,800 silver, $15,454 copper, $7,926 lead, and $2,195 zinc.
The remainder of the productlon came from Mill Canyon Cortez,
Tenabo, and Lander.

GENERAL GEOLOGY.
SEDIMENTARY ROCKS.

INTRODUCTION.

The country covered by this reconnaissance is an area of Paleozoic
sedimentary rocks cut by granodiorite and other intrusive rocks and
overlain by Tertiary lake beds and lava flows. In this part of
Nevada none of the sedimentary or igneous rocks have suffered
deep-seated dynamic metamorphism such as results in the develop-
ment of gneissoid or schistose structure and none of them have been
deformed in the zone of flow. Around the intrusive granular rocks
there is noticeable contact metamorphism, with garnet zones, espe-
cially in limestone and in shales. Because of the abundance of
faults in this region it would be necessary to work with great detail
to gain an adequate knowledge of the sedimentary column. Such
work has been done in the FKureka district, where the Paleozoic col-
umn is best known, but as that work was undertaken after the
Fortieth Parallel report had been completed, the sedimentary rocks
in the country covered by the King report have not been studied in
the light of the information gained at Fureka. -Consequently, only
broad statements can be made respecting the age of the sedimentary
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rocks, and on account of the small number of described exposures
containing fossils much confidence should not be placed in the
correlations of the rocks which have been made in a very hasty

Geologic section in Eureka region, Nevada.

Sys- Thick- ’
e Formation. ness Character.
: (feet).

Upper coal measures. ....... 500 | Light-colored blue and drab limestones.

‘Weber conglomerate......... 2,000 | Coarse and fine conglomerates, with angular fragments of
chert; layers of reddish-yellow sandstone.

@ . )

2 | Lower coal measures. ........ 3,800 | Heavy-bedded dark-blue and gray limestone, with inter-
8 : calated bands of chert; argillaceous beds near the base.
2

% | Diamond Peak quartzite....| .3,000 [ Massive gray and brown quartzite, with brown and green
&} | shales at the sSummit.

White Pine shale............ 2, 060 Black argillaceous shales, more or less arenaceous, with in-
tercalations of red and reddish-brown friable sandstone,
changing rapidly from one locality to another; plant im-
pressions. . .

. | Nevada limestone........... 6,000 | Lower strata indistinctly bedded, saccharoidal texture,
a . N . Pa

8 ray color, passing up into strata distinctly bedded,
q rown, reddish brown, and gray in color, in places finely
54 striped, preducing a variegated appearance; ugper rocks
3 massive, well bedded, bluish-black in color; highly fos-
A siliferous. -

Lone Mountain limestone....| 1,800 | Black, gritty beds at the base, tpassing intoa ]ight-%ray sili-

ceous rock, with all traces of bedding obliterated; Tren-
. ton fossils at the base; Halysites in the upper portion.
g Unconformity.
E Eureka quartzite............ 500 Com{)1 ct vitreous quartzite, white, blue, passing into red-
3 dish tints near the base; indistinct bedding. ’
g .
Pogonip limestone. .......... 2,700 | Interstratified limestone, argillites, and arenaceous beds at
X . the base, passing into purer, fine-grained limestone of a
bluish-gray color, distinetly bedded; highly fossiliferous.

Dunderberg shalea...... ... 350 | Yellow argillaceous shale; layers of chert nodules through-
out the bed, but more abundant near the top.

Hamburg limestone......... 1,200 | Dark-gray and granular limestone; surface weathering

. rough and ragged; only slight traces of bedding.
g | Secret Canyonshale......... 1,600 | Yellow and gray argillaceous shales, passing into shaly
-E limestone; near the top interstratified layers of shale and
a thinly bedded limestones.
g -

Eldorado limestone b... .. ...| 3,050 | Gray, compact limestone; lighter in color than the Ham-
burg limestone, traversed with thin seams of calcite; bed-
ding planes very imperfect.

Prospect Mountain quartzite.| 1,500 | Bedded brownish-white quartzites, weathering dark

brown; ferruginous near the base; intercalated thin
layers of arenaceous shales; beds whiter near the summit.

e This name replaces ‘ Hamburg ”’ shale.

1812, 1908, p. 184.
b This name rep!

See Walcott, C. D., Smithsonian Misc. Coll., vol. 53, No.

laces * Prospect Mountain’’ limestone. Idem.
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reconnaissance. Devonian fossils have been described® from several
places in the Pinyon Range, among them Chimney station, Hot
Spring Creek, and Pinyon Pass. A fauna closely related to the
Helderberg fauna has been found at White’s ranch, about 20 miles
north of Beowawe, and was described by Hall and Whitfield.?
Carboniferous’ fossils¢ have been found at Moleen Peak, at Lone
Mountain, and at Railroad Canyon, on the north end of the Diamond
Range, which is about 15 miles east of Chimney station.®

Plate V shows the general distribution of the sedimentary rocks
for part of the area. The descriptions of the sedimentary rocks in the
table on page 16 are after Hague and Walcott, ? based on the Eureka
section, with modifications by E. O. Ulrich as to the age of the Pogonip
and Lone Mountain limestones and the Eureka quartzite, by G. H. Girty
as to the age of the White Pine shale, and by C. D. Walcott as to the

“Hamburg” shale and “Prospect Mountain” limestone.
CAMBRIAN SYSTEM.

Prospect Mountain quartzite—This formation is the earliest of the
Paleozoic rocks and consists of 1,500 feet of bedded brownish-white
quartzite weathering dark brown, but white near the top. The
quartzites are ferruginous near the base and contain intercalated
layers of arenaceous and micaceous shale only a few feet thick.
The Prospect Mountain differs from the Eureka quartzite, the next
overlying siliceous formation,in being more ferruginous and in general
less uniform in texture, carrying throughout more or less clayey
material, whereas the Eureka is a nearly pure, highly altered sand-

. stone. No fossils were found in the Prospect Mountain quartzite.

Eldorado limestone.—The Eldorado (‘‘Prospect Mountain”) lime-
stone overlies the Prospect Mountain quartzite and consists of 3,050
feet of gray compact limestone imperfectly bedded and of light color,
which at some places is traversed by thin seams of calcite. It is
difficult to define sharply the characteristic features of this forma-
tion, as changes were frequent in the deposition of the sediments,
-not only in vertical but also in lateral extension. In general, how-
ever, the formation has a light bluish-gray tint when observed over
large areas, although nearly all colors from white to black are found
in the limestone, which at the same time is characterized through-
out its thickness by seams of calcite varying from one-half inch to 6
inches in width and locally forming a network of white bands. The
limestone is crystalline and granular over wide areas and at many
places stratification is not well shown. The Olenellus fauna is found
in shaly beds at the base of the limestone.

a U. 8. Geol. Expl. 40th Par., vol. 3, 1870, p. 557.
b Idem, p. 609. 2
“ ¢ Idem, vol. 1, 1878, p. 248.
d Hague, Arnold, Mon. U. 8. Geol. Survey, vol. 20, 1892, p. 13.

11444—Bull. 408—10——2
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Secret Camyon shale.—The Eldorado limestone grades into the
yellow and gray argillaceous Secret Canyon shale, which is 1,600
feet thick. Near the top are interstratified layers of shale and thlnly
bedded limestones.

Hamburg limestone.—The Hamburg hmestone which overlies the

. Secret Canyon shale, consists of 1,200 feet of dark-gray granular lime-
stone that shows only traces of bedding. = Layers of fine sandstone
and hard cherty bands occur at irregular intervals. .

Dunderberg shale—The Dunderberg (“Hamburg’) shale overlies
the Hamburg limestone and consists of yellow argillaceous shale with
layers of chert nodules throughout the bed but more abundant near
the top. Across its broadest development it measures 350 feet, but it
rarely maintains a uniform thickness for long distances. The Dunder-
berg shale carries a well-developed upper Cambrian fauna.

ORDOVICIAN SYSTEM.

Pogonip limestone.—The Dunderberg shale passes gradually into
the Pogonip limestone; which is‘of Ordovician age. This formation is
2,700 feet thick and consists of argillites and arenaceous beds at the
base, passing into purer fine-grained limestone of & bluish-gray color,
distinctly bedded and highly fossiliferous. The limestone is rich in
Ordovician fossils.

Eureka quartzite.—The Eureka quartzite, of Ordovician age, con-
sists of 500 feet of compact vitreous quartzite, white or blue, passing
into reddish tints near the base, with indistinct bedding. The
formation is massive and very thickly bedded and has a tendency to
form cliffs or escarpments. After the Eureka quartzite was deposited
it was raised above sea level, but it was not greatly eroded, for in the
sections studied it is everywhere present. During the subsequent .
subsidence it was not everywhere submerged, and so different forma-
tions will be found to overlie it at different places

Lone Mountain limestone.—~The change is everywhere abrupt be-
tween the Eureka quartzite and the Lone Mountain limestone, and
the latter is not everywhere present above the Eureka and at some
places is very thin. At Eureka the Lone Mountain limestone is 1,800
feet thick. . The black gritty beds at the base pass into a light-gray
siliceous rock without traces of bedding. Trenton fossils are found at
the base and Halysites in the upper portion.

C. D. Walcott® made the following section across Lone Mountain:

Section across Lone Mountain, Nevada. .
Feet.
Dark-gray limestone, with brown and variegated layers inter-

bedded; typical Devonian'fauna (Nevada limestone)............. 1,500
Siliceous bluish-gray limestone, breaking up into shaly bands car-
rying abundant fossils of the Lower Devonian (Nevada limestone). 200

¢ Hague, Arnold, Geology of the Eureka district, Nevada: Mon. U. 8. Geol. Survey, vol. 20, 1892, pp-
61-62.
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~
-

Siliceous limestone, light brown, gray, and buff in color, with ek
Hulysites catenulatus near the base; passing up into beds almost
white, with blue and gray tints, followed by alternating dark
and light beds (Lone Mountain limestone)....................... 2, 000

White quartzite (Eureka quartzite)..... .. .. .. .. ... ... . .. 200

Dark-gray limestone, massive bedding, with intercalated shaly

h layers carrying a, typical Silurian [Ordovician] fauna (Pogonip
TimMeStONe) . - .« o oo e i 300
" Siliceous cherty limestone..................ooiiiiiillL. 75
4,275

DEVONIAN SYSTEM.

The Lone Mountain limestone passes by transition upward into the
Devonian rocks. Of these the Nevada limestone is 6,000 feet thick
at Eureka. The lower strata are indistinctly bedded, have a saccha-
roidal texture and a gray color, and pass upward into shales which are
distinctly bedded, brown, reddish brown, and gray in color, and in
places finely striped or variegated. The upper strata are massive,
well bedded, bluish black, and highly fossiliferous. The intercalated
bands of argillaceous shale and quartzite vary greatly in width but do
not mark any especial part of the limestone, except that they are more
abundant in the middle portion than elsewhere. The limestones are
everywhere more or less magnesian and nearly pure dolomites occur
at many places in narrow layers. The Modoc section ¢ of the Nevada
limestone is given below:

Section of Nevada limestone across ridge between Signal and Modoc peaks, Nevada.

Dark-gray to bluish-black massive limestone poor in fossils; quite et

well bedded; weathering partly smooth and dark colored; partly

rough and pitted and of lighter color; mostly compact and mass-

ive, also of uneven texture; with numerous calcite seams..:.... 1,200
Light and dark colored limestone with Stromatopora and Chatetes:

contains two layers thinly bedded (fissile)..................... 150
Compact light-yellow sandstone.................... ..ol 60
Light and dark colored limestone in layers 10 to 20 feet thick, with

Stromatopora and Chatetes.................. ... . ............ 240
Dark-colored limestone with Stromatopora and Chatetes.......... 180
Alternating layers (about 10 feet thick) of dark and light gray lime-

stone, finely banded and lined; weathering brownish gray; in

places bearing Chastetes............. e 900
Compact yellow sandstone.................. ... ... ... ... 50
Dark and light gray limestone; indistinct bedding................ 150
Compact yellow sandstone.......................ocoiiiiL.. 50
Dark and light colored limestone interbedded in layers from 4 to 10

feet thiCK. - eeeeeneeue et s 250
Light-gray siliceous limestone; very siliceous near base.......... 270
Alternating beds of ‘dark and light gray limestone; at base 30 feet

[of] very siliceous limestone; with cross-bedding on weathered

surface. ... ... .. .. ...l e eaieeteceiaeaas 180

o Hague, Arnold, op. cit., p. 66.
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Feet.

Compact yellow sandstone................ocoooiiiiiiiLLL 30

Dark and light gray limestone in thick belts of dark, lighter, and '
BIAY COLOTS. - oo o oot e 575

Dark dense limestone, well bedded; bearing fossils.............. 225

Shaly limestone; rich in fossils..... e 200

Light-gray siliceous limestone, with fine lines of bedding; in upper :
portion weathering in almost rectangular fragments; growing less
siliceous toward the bottom....... . ... ... . ... ... . ... 550

Light-gray, highly crystalline, saccharoid dolomite; notsiliceous.. 140

The Nevada limestone, like the Lone Mountain, was deposited in a
sinking sea bottom, and consequently at some places it rests upon the
Eureka quartzite.

CARBONIFEROUS SYSTEM.

White Pine shale.—This formation, included in the Devonian in
the early reports, has for several years been regarded as early Car-
boniferous by G. H. Girty, who correlates ‘it with the Caney shale
of Oklahoma in Bulletin 377 of the United States Geological Survey.
Tt consists of 2,000 feet of black, argillaceous, somewhat sandy shales,
with intercalations of red and reddish-brown friable sandstones.
It rests conformably upon the Nevada limestone and occupies a
clearly defined stratigraphic position, with a marked change in the
character of sedimentation and a fauna distinct from those of both
the underlying and overlying formations. Fossil plant remains are
common and all evidences indicate that the formation is a shallow-
water deposit.

Diamond Peak quartz@te —This formation consists of- 3,000 feet
of massive gray and brown quartzite with brown and green shales
at the top. At the base fine conglomerates lie next to the argilla-
ceous White Pine shale, but a short distance up these beds pass into
a more massive, usually vitreous quartzite with a characteristic
gray-brown color, which breaks irregularly with a fluty fracture.
A narrow belt of blue limestone occurring about 200 feet above the
base of the formation carries Carboniferous fossils. This formation
seems to be absent in sections described in the report of the Fortieth
Parallel Survey.

Lower coal measures—The lower coal measures consist of 3,800
feet of heavy-bedded dark-blue and gray limestones with intercalated
bands of chert and with argillaceous beds near the base. The beds
rest conformably upon the Diamond Peak quartzite and are very
extensively developed in Utah and northern Nevada. They contain
an abundant fauna representing a commingling of specles from the
upper and lower Carboniferous. .

Weber conglomerate—The Weber is 2,000 feet thick at Eureka and
consists of coarse and fine conglomerates with angular fragments of
chert and layers of reddish-yellow sandstone. At Eureka the material
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gives abundant evidence of shallow-water deposition and shows the
existence of a land mass not very far removed at the time of deposi-
tion. The fragments are rounded pebbles of limestone, quartzite,
flint, and jasperoid, evidently derived from early Paleozoic rocks.
In the Shoshone Range there is a great thickness of fine-grained
‘quartzites or siliceous shales, with conglomerates very subordinate
in quantity, which are said to belong to the Weber. According to
Clarence King 2 the Weber is 6,000 feet thick in the Wasatch Moun-
tains and 8,000 feet thick in the Oquirrh Mountains.

Upper coal measures—These beds at Eureka are 500 feet thick
and consist of blue and drab limestones carrying fossils of the upper
Carboniferous period. Clarence King describes the upper Carbon-
iferous limestone as a body 2,000 feet thick, which over the Great
Basin country is prevailingly made up of light-gray or drab limestone

and is as a ‘tule thinly bedded. Some carbonaceous shales were

found within these measures, but no workable coal has been dis- -

covered in the Great Basin. Near the base of the upper coal measures
in the Eureka district there is an intraformational conglomerate in
the pebbles of which there are organic remains such as are common
in rocks below the Weber conglomerate. No Permian beds are

known in this region.
MESOZOIC ROCKS.

No Mesozoic sedimentary rocks are represented in the area here
discussed. Throughout the Triassic and Jurassic periods either this
area was a land mass in which no beds were laid down or else such
beds, if they were deposited, were subsequently eroded. Triassic
beds are extensively developed in the Humboldt, Pahute, and
Havallah ranges, north and east of Carson Lake, and Jurassic beds
occur in the Montezuma Range and in the Eugene Mountains.

TERTIARY ROCKS.

Eocene—No exposures of Eocene rocks are known to be present
in the area here described, but a few miles east of the eastern border
Eocene beds with coal seams are found at several places. The
western border of the Eocene was presumably east of the one hundred
and sixteenth meridian. On the northwest slope of the Elko Range,
about 3 or 4 miles east of Elko, the Eocene beds are exposed, dipping
35° E.b These beds consist of very thin shales, calcareous at some
places and siliceous at others, and they contain seams of impure
coal. They are overlain unconformably by the Humboldt formation
(Pliocene), which here consists of white, porous, volcanic ash. In
the Dixie Hills region, near the head of Dixie Valley, there are finely
bedded calcareous shales and marls containing carbonaceous seams

aU. 8. Geol. Expl. 40th Par., vol. 1, 1878, p. 240.
b Idem, vol. 2, 1877, p. 602.
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and coal. The beds dip 30° E. and resemble those at Elko in com-
'position. These exposures are farther west than any others of Eocene
rocks.. On the east front of the River Range, about 14 miles north
of Osino, Eocene beds, including coal seams, dip 45° S. and are over-
lain by beds of volcanic ash belonging to the Humboldt formation
(Pliocene).

Miocene—No ‘sedimentary rocks of Miocene age are known to
have been deposited in the area studied, but west of it Miocene beds
are extensively developed. Fossiliferous Miocene beds, which King
has called the Truckee group, appear in the Kawsoh Mountams and
along the south end of the Montezuma Range, and beds lithologically
similar are present in the Reese River canyon. The Miocene beds
contain much volcanic débris of a rhyolitic character and nearly
everywhere are overlain by rhyolite. _

Pliocene.—In Pliocene time a great lake occupied almost the whole
" territory between the Wasatch Range on the east and the Sierra
Nevada on the west, extending northward far into Idaho and south-
ward to an unknown distance. This lake Clarence King ¢ has named
Shoshone Lake, and the beds laid down in it are called the- Humboldt
- formation. These beds are composed mainly of friable gray, white,
and drab sandstone and marly limestones and at many places
contain abundant volcanic material, chiefly tuff of a rhyolitic char-
acter. Some of the siliceous beds are made up largely of diatoma-
ceous earth. In Bone Valley, just west of the Mallard Hills, which
are some 30 miles north of Halleck, Pliocene fossils have been found.

The thickness of the Humboldt formation is at most places un-
known, for complete sections are very rare. In the Huntington
Valley, according to King, it can not be less than 600 or 800 feet,
and occurrences at other places give the impression that the thickness
is greater.

The Humboldt formation covers large areas in this part of Nevada.
It is found on the east and west slopes of the Pinyon Range, on the
east slope of the Cortez Range, and in large areas along Maggie Creek,
in Rock Creek and Squaw valleys, and in the Owyhee Desert. At sev-
eral places’it lies approximately flat and rests unconformably on the
upturned edges of the steeply tilted Eocene beds. In the eastern foot-
hills of the Cortez Range, east of Cortez Peak,® the Humboldt beds
overlie an extensive basalt flow. Here the beds are arenaceous and
near the top pass into fine clays; some of them contain a large pro-
portion of lime carbonate and sodium carbonate. The formation
seems to extend over the whole of Pine and Garden valleys, but
only on the outer margins of these valleys are the Quaternary gravels
cut through so as to expose the Humboldt. About 5 miles north-of
Mineral Hill the strata, which are here highly calcareous, form ver- -

a U. 8. Geol. Expl. 40th Par., vol. 1, 1878, p. 454,
b Idem, vol. 2, 1877, p. 583.
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tical bluffs 50 feet high. At this place the Pliocene was clearly‘
eroded before the Quaternary beds were deposited.

In the Squaw Valley region there are extensive beds of the Hum-
boldt composed largely of volcanic ash. Farther north, in the
Owyhee Desert, there are very large areas of the same rocks, inter-
bedded with basalt flows. In that region the Humboldt beds are
at some places tilted, and east of the Burner Hills they form a mono-
cline, dipping steeply away from that uplift. As a rule, however,
the Humboldt formation is not so steeply tilted as earlier formations, '
and at several places the beds are flat-lying, resting upon the more
" highly tilted Eocene beds. In the Centennial Range east of the
Bull Run mine, and high up on the slope south of Bull Run Creek,
there are Tertiary beds which contain volcanic material of consider-
able size. These beds carry some thin seams of impure coal and are

tilted and faulted against the Paleozoic sedimentary rocks.

QUATERNARY DEPOSITS.

-

The Quaternary formations comprise the alluvial deposits which
nearly everywhere cover the broad valleys between the mountains
and the glacial deposits which are found on the slopes of the most
lofty of the mountain ranges.

Glacial deposits—Many of the mountains show mno evidence of
glaciation. Their summits are rounded domes and the streams
which drain them flow through sharp,narrow canyons that are barren
of glacial drift, but in some of the higher ranges the evidence of
glaciation is clear and unmistakable. In the higher part of the
Shoshone Range to the south of Battle Mountain the amphitheater
at the head of the streams could have been formed only by the
action of ice. The glacial features of the range were described by
Hague,* who records the presence of glacial débris and striee at the
foot of Shoshone Peak. The central portion of the Centennial
Range is glaciated also, as is shown by the morainal material in the
"small canyons which trend from the summits of the range toward
Aura. The Jack Creek Range (or north end of the Seetoya Range)
was not visited by the writer; the amphitheaters at the heads of the
canyons which drain this range indicate that it was subject to ero-
sion by ice. All these glaciated groups rise more than 9,000 feet
above sea level, but most of the mountains of this region do not .
reach that elevation and were not glaciated.

Alluvial deposits—Nearly everywhere the valleys between the
mountain ranges are covered by great accumulations of Quaternary
gravels. These alluvial deposits were probably formed before,
during, and after the glacial period, and it is not likely that they were
affected by the local glaciation to any important extent.

6 U. 8. Geol. Expl. 40th Par., vol. 2, 1877, p. 620.
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In Quaternary time—according to King, in the glacial period—two
great lakes formed between the Wasatch Range on the east and
the Sierra Nevada on the west. Lake Bonneville, the remnants of
which are to-day represented by Great Salt Lake and Utah Lake,
extended from the foot of the Wasatch Range to the Gosiute Range.
. Lake Lahontan, which was nearly as large, extended eastward from
the region of Pyramid Lake nearly to Battle Mountain. The
country herein described, except a small area along the valley of
Humboldt River near Battle Mountain, which is represented on the
King map ¢ as occupying a long embayment of Lake Lahontan,
was situated in the higher country between these two lakes. There -
were, however, two smaller lakes east of the Shoshone Range. One
of these was in the Crescent Valley west of the Cortez Range, and
another was west of Carico Peak, its remnant being now represented
by Carico Lake.

The Quaternary deposits are made up of fragmental material of
various sizes. ' At some places the fragments are well rounded and
at others they are angular. All the sedimentary and igneous rocks
are represented in these fragments; the proportions depending on
the nearness and size of their outcrops. Some of the alluvial deposits
are doubtless subaerial accumulations formed largely by freshets
resulting from the frequent cloud-bursts, but others were formed
under water, as is shewn by their stratification and by the fact that
they are rich in saline matter, which has resulted from the drying
up of the inclosed basin. In the Crescent Valley, between the
Cortez and Shoshone ranges,® the Quaternary beds include deposits
of relatively pure sodium chlorlde which has been used for metallur-
gical purposes.

IGNEOUS ROCKS.
INTRUSIVE GRANITIC ROCKS.
DISTRIBUTION AND COMPOSITION.

The oldest igneous rocks in the area are stocks and dikes of granu-
lar rocks which intrude the Paleozoic sedimentary rocks at many
places. These intrusive rocks, which are commonly called granite,
are as a rule medium grained and of light-gray color and are com-
posed of quartz, feldspar, and biotite, with a variable amount of
hornblende. None of the granitic rocks are sheared or contorted in
- the manner which results when deeply buried rocks are metamor-
phosed. Under the microscope they show a considerable range in
composition. Some of them may properly be called quartz diorites
or quartz monzonites, but most of them could be classified as grano-
diorites, if this term is used with its broadest application. Grano-
diorite is, according to Lindgren,®

aU. S. Geol. Expl. 40th Par., vol. 1, 1878, P1. VI.
b Idem, p. 503.
¢ Lindgren, Waldemar, Am. Jour. Sci., 3d ser., vol. 46, 1893, p. 203.
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a light-gray granitic rock consiéting in typical development of feldspar, quartz, biotite,
and hornblende, with a medium-grained texture. The soda-lime feldspars are usually
considerable and to a variable extent in excess of the alkali feldspars.” The silica
varies betwueen 60 and 73 per cent; the amount of lime is variable, but it rarely exceeds
and usually falls somewhat short of the alkalies, while in some varieties, which can
not be distinguished from the others in the field, there is more potash than soda; a
frequently occurring relation is 2 per cent K,O to 4 per cent Na,0. It will be seen
that the rock very closely approaches some quartz-mica dicrites and often might be
indicated by that name. .

Specimens from four of the older intrusive masses are low in potash
and relatively high in soda and lime. One of these intrusive bodies
is in the Railroad mining district near Bullion; another forms the
summit of Lone Mountain; a third is a large body forming the
mountain on which the Grey Eagle mine is located; and a fourth is
near the head of Willow Creek, about 8 miles west of Tuscarora.
These stocks could properly be called quartz diorites and are higher
in lime and in soda than any of the other stocks. They are com-
posed characteristically of feldspars, quartz, biotite, and a little
hornblende, with magnetite and apatite as accessory minerals. The
feldspars are mainly plagioclase and for the most part andesine.
Only a little orthoclase is present.

Intrusive rocks of this group which approach more nearly the mean
composition of granodiorite are a number of broad dikes and stocks
in the Centennial Range near Edgemont and Aura and several large
masses in the Shoshone Range near Dean and Tenabo. The con-
stituent minerals are the same as in the rocks described above, but
there is a little more orthoclase and quartz and plagioclase is not
quite so abundant.

An analysis® of the rock which constitutes the summit of Shoshone
Peak was made by R. W. Woodward., This analysis gives all the
iron as ferrous iron and the norm can not be calculated, but it is
sufficient to confirm the classification of the rock as granodiorite.
Its composition is very near that of a granodiorite from Pyramid
Peak, Eldorado County, Cal., described by Lindgren,? and that of
other typical granodiorites in California.

Analysis of granodiorite from Shoshone Peak.
{By R. W. Woodward.]

5 0 70.17
7 P 14. 53
FeO . i 4,03
Ca0. e 2.29
MO, il 93
Nay O i 3.25
O 3.35
HoO . i 1.53

100. 08

a U, 8. Geol. Expl. 40th Par., vol. 2, 1877, p. 621.
b Lindgren, Waldemar, Am. Jour. Sci., 4th ser., vol. 3, 1897, p. 306.
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Still another group of the older intrusive rocks includes the stocks
at Cortez and Mill Canyon, at Lone Mountain, and at Mountain City.
The rocks of this group contain considerable orthoclase. Some of
the specimens studied are composed of feldspar, quartz, mica, and
hornblende. Orthoclase and quartz are more abundant than in the
granodiorite intrusives above referred to. Plagioclase is less abun-
dant and not so high in lime and is in the main oligoclase and andes- -
ine. A single stock may show notable differences in composition.
The more acidic phases of these rocks are quartz monzonites and the -
more basic phases granodiorites.

An analysis made by . Thomas M. Drown ¢ of a specimen taken
from Lone Mountain or Nannies Peak by S. F. Emmons is given
below. This rock is a quartz monzonite and in composition ap-
proaches closely the quartz monzonite of the-Idaho Hailey mine,
Hailey, Idaho, descrlbed by Waldemar Lindgren,? and the quartz
monzonite near San Miguel Peak, Telluride, Colo., described by
Whitman Cross.®

Analysis of quartz monzonite of Lone Mountain ( Nannies Peak).
[By Thomas M. Drown.]

10 70. 77
7 P P 15. 22
T 2.65
MO, o 11
Ca0 i 2.33
Mg il 71
Na O i 3.75
KyO . ol e 4.58
O 52

100. 64

The granitic mass in the Agate Pass region was not visited by the
writer. An analysis of a specimen collected by S. F. Emmons is
given below. It represents a typical soda-rich granite and is con-
siderably higher in alkali than any of the rocks collected from the

area studied.
Analysis of granite from Agate Pass.
[(By Thomas M. Drown.]

5T 72.01
ALOge ool 14.75
FeO . il 2.35
MnO, . i 17
Ca0 i 79
MO e .65
NagO el 4.21
KO e o il 4.49
3 1 61

100. 03

aU. 8. Geol. Expl. 40th Par., vol. 2, 1877, p. 603.
b Twentieth Ann. Rept. U. S. Geol. Survey, pt. 2, 1900, p. 81.
¢ Telluride folio (No. 57), Geol. Atlas U. S., U. S. Geol. Survey, 1899, p. 6.
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To the southwest of this body of soda-rich granite there is an area
of quartz diorite. The mass that outcrops in Agate Pass forms the
southwest half of the long area of granitic rock which is shown on
the geologic map (Pl. V) on the northwest slope of Cortez Peak. As
indicated in the geologic atlas of the Fortieth Parallel Survey, this
quartz diorite mass is about 4 miles long and half as wide. It is
composed of plagioclase, quartz, hornblende, and biotite, and the
subjoined chemical analysis indicates that it is the most basic of all
the granitic rocks of this group. As no ore deposits were reported
in this area, it was not visited by the writer, but to judge from the
description by Zirkel ¢ it is highly sericitized along Agate Canyon
and, as is well known, ore deposition very commonly accompanies
sericitization. In composition the rock closely resémbles a quartz
diorite from Spanish Peak, Plumas County, Cal., described by H. W.
Turner,® and a similar rock from Yaqui Creek Mariposa County,
Cal., described by the same writer.°

Analysis of qudrtz diorite from Agate Pass.
[By R. W. Woodward.]

e T O 58. 54
ALy Oy e i 16. 68
T 5.62
10710 2 6.00
MEO e 5.22
NagO oo 2.76
0 T 2.50
2 2.15

99. 47

CONTACT RELATIONS AND AGE.

In the work of the Fortieth Parallel Survey some of the stocks were
supposed to be of Archean age. The significance of contact phe-
nomena was, however, fully recognized, for King,? speaking of their
relations to the sedimentary rocks, says:

The configuration of the granite topography of the Archean surface prior to the
deposition of the Paleozoic series was that of an area of mountain ranges, possessing
some very abrupt precipitous walls, sharp lofty peaks, and broad low domes. Where
these came to be uptilted together with superjacent strata, and afterward exhumed
by erosion, which brought to light granite peaks piercing through highly inclined
beds, it often becomes absolutely impossible to determine the relation of the two. -
In the absence of any granitic dikes penetrating the stratified series, or of peculiar local
metamorphism, or of general evidence of intrusion, the bodies are usually referred to
the old Archean topography. Only in cases where the granite is actually seen to
penetrate either fissures or warped openings in the strata is it safe to refer it to alater
origin than the sedimentary series.

aU. 8. Geol. Expl. 40th Par., vol. 2, 1877, p. 576.

b Seventeenth Ann. Rept. U. 8. Geol. Survey, pt. 1, 1896, p. 72.
¢Bull. U. 8. Geol. Survey No. 150, 1898, p. 342.

4 King, Clarence, U. S. Geol. Expl. 40th Par., vol. 1, 1878, pp. 77, 100.
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This statement of the criteria of intrusion is brief and compre-
hensive. It remains, therefore, to discuss the evidence of intrusion
in some detail for each granitic mass. The more important intrusive
bodies studied are located near Bullion, in the Railroad district, in
the Cortez and Mill Canyon mining district, at several places in the
Shoshone Range, at Lone Mountain, in the Centenmal Range, and at
Mountain City.

The stock near Bullion shows a very irregular contact and dikes of
the granodiorite cut the limestone. The contact between the grano-
diorite and limestone is marked by a garnet zone several hundred
feet wide.

At Cortez the relations between granodiorite and limestone are
clearly crosscutting. At Mill Canyon the granodiorite stock sends
out small apophyses into limestones, and near the contact the sedi-
mentary rocks carry contact-metamorphic silicates.

In the Shoshone Range granitic rocks or their porphyries were
noted at Tenabo, Mud Springs, Hilltop, Grey Eagle, and Dean. At
Tenabo some veinlets of actinolite cut the quartzite near the contact
with granodiorite porphyry, but no garnet zones were observed in
this range. The contacts of the igneous and sedimentary rocks are
distinctly crosscutting at Mud Springs, Hilltop, and Dean.

At Lone Mountain zones of contact-metamorphic silicates are
developed near the contact of granodiorite and the sedimentary
rocks.

In the Centennial Range the Paleozoic sedimentary rocks are cut
by dikes and other intrusives of granodiorite which are clearly of
later age.

At Mountain City the granitic rocks are clearly later than the sedi-
mentary rocks. At California Hill garnet and other contact-meta-
morphic silicates are developed in limestone along the contact.

The contact relations of the granodiorite about 8 miles west of
Tuscarora, near the head of Williams Creek, were not studied, but the
rock has the same general composition as that of the stocks men-
tioned, and, like them, it does not show deep-seated metamorphism.
In view of the evidence shown by the contacts of practically all the
masses, it may be assumed that they are, without exception, intruded
into tho Paleozoic rocks and that they are therefore of post-Carbon-
iferous age. They are known also to be older than the rhyolites and
basalts and associated andesites, for they do not intrude these rocks.
From evidence within the area studied, these stocks are therefore
known to be younger than the Carboniferous and older than the Mio-
cene, but on the assumption that the intrusives of this character
throughout the West generally were formed at about the same time,
the ages of these rocks may be estimated more closely. In the
Humboldt Range F. L. Ransome found granodiorite stocks cutting
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the Triassic sedimentary rocks. In California similar stocks cut the
Jurassic. At Bisbee, Ariz., as shown by Ransome, granitic stocks
cut the Carboniferous and are eroded and covered by sediments of
Comanche (Lower Cretaceous) age—the “Bisbee group” of Ran-
some’s report.® In the Clifton-Morenci district, according to Lind-
gren,® the granite porphyry and related deep-seated porphyries cut
Cretaceous beds.which are equivalent to the Benton, and they are
therefore probably of late Cretaceous or the very earliest Tertiary -
age. At Ely, Nev., at Bingham, Utah, and at other Utah camps
deep-seated granular rocks intrude sedimentary rocks, but at those
places no sedimentary rocks later than the Carboniferous are repre-
sented and the age of the intrusives can not be closely approximated.
Near Philipsburg, Mont., large stocks of granites and nearly related
rocks cut the Paleozoic and Mesozoic sediments, including beds as
young as the Cretaceous. From the relations thus shown by the
post-Paleozoic granular or porphyritic intrusive rocks elsewhere in
the Western States it may with some reason be assumed that these
intrusives are of about the same age, and that they were formed either
at the beginning of the Cretaceous, during the Cretaceous, at the
very end of Cretaceous time, or perhaps at the very beginning of the -
Tertiary.

PORPHYRIES ASSOCIATED WITH INTRUSIVE GRANITIC ROCKS.
4

Porphyritic dikes and other small intrusive masses are associated
with some of the granitic stocks. Most of these are believed to be
either the more rapidly cooled portions or the products of differen-
tiation from the granodiorite magmas. In the main they were
formed at about the same time that the stocks were intruded, but
some of them may be younger and may belong to the late Tertiary
period of volcanism.

An intruding quartz porphyry in the Standing Elk mine, near

Bullion, contains abundant rounded phenocrysts of quartz and a
smaller number of feldspar phenocrysts in a light-colored, fine- .
grained groundmass. Muscovite and biotite are present, but the
dark-colored silicates are very sparingly developed and are much
less abundant than in the granodiorite with which the porphyry is
associated and from which it is probably derived.
. At Lone" Mountain granodiorite porphyry is associated with
granodiorite and appears to grade into it. The granodiorite porphyry
has a fine crystalline groundmass composed of quartz and ortho-
clase, in which there are phenocrysts of acidic plagioclase, resorbed
quartz, biotite, and hornblende. Orthoclasé and quartz are more
abundant in the porphyry than in the granodiorite.

o Ransome, I'. L., Prof. Paper U. S. Geol. Survey No. 21, 1904, pp. 56-73.
b Lindgren, Waldemar, Prof. Paper U. S. Geol. Survey No. 43, 1905, p. 8.
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The granodiorite of the Phoenix mine, at Tenabo, is cut by a quartz
porphyry, the microcrystalline groundmass of  which contains
abundant phenocrysts of orthoclase, quartz, and biotite, with little
or no plagioclase. A similar porphyry cuts the sedimentary rocks
in the Gold Quartz mine, near by. At the Two Widows mine, in the
same camp, a small dike of quartz diorite porphyry cuts the siliceous
sedimentary rocks. . In the Maysville district and at Dean, on the
north slope of the Shoshone Range, granodiorite porphyries cut the
sedimentary rocks. These have a coarsely microcrystalline ground-
mass and grade into granodiorite.

The granodiorite at Mountain City is cut by small, light-colored
dikes of fine-grained granite, some of which are typical aplite. They
are probably differentiation products of the granodiorite magma.

At Cortez and at Mineral Hill several dikes cut the limestone.
These are composed mainly of quartz, sericite, calcite, and iron
oxide and are too much decomposed for determination. They are
probably derived from the deep-seated intrusives.

A felsitic dike of quartz porphyry on the west slope of Lone Moun-
tain and an intrusive of somewhat similar character below the -
. Pittsburg mine, at Dean, are believed to belong to a period ‘of vol-
canism later than that during which the granodiorites and related
porphyries were formed. The groundmass of these quartz porphyries
is much the same as that of rhyolite, indicating that they cooled
near the surface. Quartz porphyries with rhyolites and andesites
are discussed on another page.

TERTIARY ERUPTIVE ROCKS.

RHYOLITE.

Rhyolites are glassy igneous rocks which have about the same
chemical composition as granites. In color they are white, pink,
purple, or dark brown. The dense pasty groundmass may contain
phenocrysts of quartz and orthoclase, with small amounts of biotite,
augite, and hornblende. A little soda-rich plagioclase may also be
present among the phenocrysts. They form surface flows and
many of them show streaking due to flowage. Some of them are
flow breccias formed of angular fragments of rhyolite in a matrix
of the same. Such rocks result when a crust forms over the flow
and is broken up by the movement of the still liquid portion, which,
solidifying, forms the matrix for the fragments. Some of the rhyo-
lites in the Gold Circle district are thin, fissile bands which resemble
shales. The shaly appearance is probably due to banding that
developed as the rhyolite flowed and was emphasized by subsequent
weathering along the parting planes Some of the rhyolites are
vesicular. The small blebby holes in these rocks represent the
places where imprisoned gases expanded when the pressure was
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removed from the magma at the time of eruption. In-some of
the rhyolites*in the Gold Circle district the vesicles are filled with
amygdules of amethystine quartz, deposited by water after the
rock had solidified.

The term rhyolite in this reconnaissance is used in a broad sense.
Some of the rocks so called are probably latites. Some of the
brown glasses which have been called obsidians contain, besides
quartz phenocrysts, acidic plagioclase, augite, and some magnetite
and in composition approach quartz-bearing andesites.

The rhyolites are the most abundant and most widely distributed
of the Tertiary eruptive rocks; there is not an important mountain
range which does not contain large bodies of them, but they are
most numerous in the northern and western parts of the area. They
are the oldest Tertiary eruptives and at many places rest directly
on the Paleozoic sedimentary rocks. They are cut by andesites
and overlain by flows of basalt. Their thickness has not been
measured but must reach a maximum of over 2,000 feet. From
many places they have probably been eroded. Thelr distribution
in the various mountain ranges is discussed in greater detail where
the rocks of the various ranges are described.

BASALT.

Basalts are dark basic igneous rocks with a dense compact ground-
mass which may be finely microcrystalline, but which nearly every-
where contains dark-colored glass. Basic plagioclase, olivine,
pyroxene, and magnetite are generally present, some of them as
crystals visible to the eye. The darker color and the presence of
the small crystals of greenish-yellow, glasslike olivine will usually
serve to distinguish the basalt from andesites. Some of the basalts
are dense and glassy and others are highly vesicular. In this area
the basalts are not so widely distributed as the rhyolites, but there
are several bodies of considerable size. One of these caps the
great flat-topped Shoshone Mesa northeast of Battle Mountain

- and another covers Whirlwind Mesa west of Beowawe. A broad

belt of basalt flanks the east slope of the Cortez Range for a dlstance
of about 30 miles.

The basalts oceur as flows which overlie the rhyolites and the older
rocks, and as dikes which cut them. At some places they are over-
lain by Pliocene lake beds and at other places they rest upon these
beds. The thickness of the basalt flows has not been. determined
at many places. The mass which caps Shoshone Mesa is, according
to King, more than 1,000 feet thick. They are not known to have
been intruded by the andesites nor have any ore deposits been found
in them. They were presumably extravasated after the period of
andesitic eruption and late Tertiary ore deposition.
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’ ' ANDESITE. '

Andesites are brown, gray, or greenish-gray rocks which are in-
termediate in composition between rhyolites and basalts. The
groundmass is very finely crystalline or glassy. Andesites may be
aphanitic, or without visible crystals, but as a rule they have pheno-
crysts of feldspar with a variable amount of augite, hornblende, and
biotite. If the phenocrysts are conspicuous the rock may be termed
andesite porphry. Magnetite crystals and dots of magnetite are
usually numerous in the groundmass and they occur as inclusions
in the phenocrysts. In the andesites of this area nearly all the feld-
spar phenocrysts are plagioclase, but a little orthoclase is present in
some. Andesine is the most abundant feldspar of the plagioclase
group; oligoclase is present in some specimens and labradorite in the
darker, more basic types. Some andesites carry small rounded
phenocrysts of quartz, but where quartz is present in considerable
quantity the rocks are called dacite. Although some of the andes-
ites of this area show vesicular phases, this character is not so fre-
quently developed as in the rhyolites and basalts. At Gold Circle,
Tuscarora, Cornucopia, and Good Hope the andesites are associated
with rhyolite. At Tenabo, Lander, and Lime Mountain they cut
through the Paleozoic sedimentary rocks or form flows above them.

The andesite at Tuscarora has a dense greenish groundmass con-.
taining highly altered phenocrysts of andesine, hornblende, biotite,
and magnetite, with some orthoclase. In an open cut at the Dexter
mine the relations of the andesite and rhyolite are clearly crosscutting,
and as the rhyolite is a flow, the andesite must have been intruded
into it. At Cornucopia the andesite intrudes rhyolites and is a
dark porphyry composed of a glassy groundmass which contains
many phenocrysts of basic andesine and pyroxene, with large chlo-
ritic patches that seem to have.resulted from the decomposition of
hornblende. ' :

At Gold Circle the andesite is relatively rich in augite and magnet-
ite. Andesine predominates, but some of the plagioclase is labra-
dorite. The andesite is mainly younger than the rhyolite, for dikes
of andesite cut the rhyolite and flows of andesite which are presum-
ably connected with the dikes overlie the rhyolite flows. At one
place in this district a rhyolite flow caps the andesite and an intrusive
mass of quartz porphyry which has the same composition as rhyolite
was noted cutting andesite. It appears that the eruptions of the
rhyolite took place in the main before the andesite was formed, but
‘that some rhyolite eruptions followed those of andesite.

The contact relations between the andesites and the basalts have -
not been determined. No andesitic intrusions have been noted in
the Pliocene lake beds (Humboldt formation) and the andesitic erup-
tions are therefore probably older than these beds. As the basalt
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effusive rocks are closely associated with these beds, it is highly
probable that the andesitic eruptions ceased before the basalts were
extravasated. }

Andesites cut the sedimentary rocks in the Shoshone Range and
are exposed in the Gem mine, at Tenabo, and in the Lovie mine, at
Lander. They have a dense glassy groundmass and at some places
are vesicular, and so it is assumed that they represent flows or in-
trusives formed near the surface. They are dark dense rocks with
an altered glassy groundmass containing phenocrysts of acidic plagio-
clase and some orthoclase.

An analysis of a specimen of somewhat altered andesite, collected
by S. F. Emmons between Wagon Canyon and Palisade, in the Cortez
Range, is given below.¢ ' X
Analysis of andesite near summst of Cortez Range, between Wagon Canyon and Palisade.

’ [By R. W. Woodward.)
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DACITE.

When andesite contains a few phenocrysts of quartz it is termed
quartz-bearing andesite, but if there is a considerable proportion of
quartz—as much as 3 or 4 per cent of the volume—then the rock is
dacite. The groundmass of dacite is glassy or fine grained, and the
phenocrysts commonly present are feldspar, quartz, hornblende,
biotite, and augite. The feldspars are mainly plagioclase and may be
a little richer in soda than the plagioclases of andesite. . The andesite
at the Zenoli mine in the Safford district, near Palisade, is richer in
quartz than the other andesites which form the country rock for the
ore deposits. Northeast of this region there is a body of typical dacite
containing a noticeable proportion of quartz. Another body of da-
cite is in the Cortez Range and extends southward from Palisade a dis-
tance of several miles. The dacites are closely related to andesites in
composition and occurrence and are believed to have been erupted
at about the same time.

SUCCESSION OF THE TERTIARY ERUPTIVE ROCKS.

The order of eruption or the succession of Tertiary igneous rocks

in the Great Basin, as given by Baron von Richthofen,?® is (1) pro-

6 U. 8. Geol. Expl. 40th Par., vol. 2, 1877, p. 587.
bRichthofen, F. von, Principles of the natural system of volcanic rocks: Mem. California Acad. Sei., vol.
1, 1868, p. 36; also Jahrb. K. k. geol. Reichsanstalt, vol. 11.

11444—Bull. 408—10—3
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pylite, (2) andesite, (3) trachyte, (4) rhyolite, (5) basalt. This
sequence in an amplified form was accepted by the geologists of the
Fortieth Parallel Survey, but for rhyolite and basalt the term neolite
was substituted. Subsequently, it was proved by G. F. Becker ¢
that propylite is in the Washoe district an altered phase of andesite.
Later still this form of alteration was shown to be common and so
the term propylite has ceased to be used for the primary rock, but
““propylitization” has been accepted for a certain kind of hydrother-
mal metamorphism. The trachytes, as determined by Zirkel for the
Fortieth Parallel Survey, have been shown by Hague and Iddings ?

to be in the main andesites and dacites. Spurr,® who has studied

the Tertiary lavas throughout a large part of the Great Basin, gives
this general succession: (1) Rhyolite, (2) andesite, (3) rhyolite, (4)
andesite, and (5) basalt.

In the area here considered the rhyolites were the first rocks
erupted. They were the most extensive, for they cover a large part
of the surface and their thickness is. very great. Subsequently the
andesites were erupted, but in much smaller amounts. They took
the form of dikes and large intrusive masses as well as flows, and in
that they differed from the rhyolites, which are flows. The eruption
of the basalts followed that of the andesites and seems to have closed
the period of volcanism in. northern Nevada. The Pliocene lake
beds (Humboldt formation), whose deposition followed the bulk of
the rhyolite eruptions, were formed during the eruptions of the
basalts, for basalt flows occur under them and interbedded with
them. Some of the rhyolite appears also to have been erupted during
the deposition of the Humboldt beds, for rhyolite pumice is inter-
bedded with them, and this does not seem to be a sand washed from

older thyolites, but volcanic dust which settled directly in water.

The periods of the extravasation'of the variouslavas are thus shown

to have been to some extent overlapping, but the general succession .

is' (1) rhyolite, (2) andesite, (3) basalt.
* AGE OF THE TERTIARY ERUPTIVE ROCKS.

In Eocene time the area covered by this reconnaissance was, as
already stated, dry land, but just east of it there was a great lake in
which the Eocene beds were deposited. In the Dixie Hills, east of the

Pinyon Range, some 25 miles southwest of Elko, these beds, accord- -

ing to S. F. Emmons,? are for the most part finely bedded calcareous
shales containing carbonaceous members which carry seams of impure
coal. Similar beds are found in Penn Canyon,¢ 14 miles north of

a Geology of the Comstock lode and the Washoe district: Mon. U. S. Geol. Survey, vol. 3, 1882, p. 88.
b Am. Jour. Sci., 3d ser., vol. 27, 1884, p. 453.

cJour. Geology, vol. 8, 1900, p. 621.

aU. 8. Geol. Expl. 40th Par., vol. 2, 1877, p. 562.

¢Idem, p. 595,

- — e
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Osino, and on the northwest slope of the Elko Range,® 4 miles east
of Elko. There is no record of volcanic ejectamenta interstratified
with these beds, and it is inferred that the country to the west of
this lake was free from volcanism throughout the Eocene.

The area here discussed was dry land also during Miocene time,
when there was a large lake to the west of it in which the Truckee
formation was deposited. As already stated, typical exposures of
these beds with fresh-water mollusks are found in the Kawsoh Moun- -
tains and along the south end of the Montezuma Range, and beds
of similar lithologic composition occur in the Reese River canyon
about 12 miles southwest of the southwest corner of the area.b
These beds contain much- volcanic material of rhyolitic character
and nearly everywhere are overlain by rhyolite. Wherever observed
in connection with basaltic eruptions they are cut through or over-
lain by the basalt.

In Pliocene time a lake occupied almost the whole territory be-
tween the Wasatch Range and the Sierra. In this lake were deposited
the Humboldt beds, which contain abundant volcanic material,
mainly of a rhyolitic character. These beds rest above basalts
and flows of basalt are included in them. '

The general succession of the eruptive rocks was, as already stated,
(1) rhyolite, (2) andesite, (3) basalt. The rhyolite eruptions probably
began in early Miocene time soon after the deposition of the Eocene
lake beds, and continued through the Pliocene, for there are rhyolitic
tuffs and lapilli in these lake beds. The andesites were intruded
after there had been very extensive rhyolite eruptions, for great
thicknesses of rhyolite are cut by andesite. As few if any andesites
intrude the Pliocene lake beds, it is believed that the andesites were
erupted mainly, if not altogether, late in Miocene time, probably at.
its close. The basalts were erupted during Pliocene tlme, for they
are interbedded with the Pliocene lake beds

DEFORMATION OF THE ROCKS.

The sedimentary rocks and lava flows are in few places found in
the horizontal position, but nearly everywhere are tilted and faulted.
In all the ranges where they are exposed the Paleozoic rocks are
thrown into broad open folds and have dips which for the most
part range from 15° to 45°. As shown by the atlas of the Fortieth
Parallel Survey, the Cortez and Pinyon ranges are in the main anti-
clinal, the Seetoya or Jack Creek Range is synclinal, and the Shoshone
Range is an eastward-dipping monocline modified by profound fault-
ing. The Centennial Range is a northward-dipping faulted mono-
cline modified by subordinate anticlines and synclines.

6 U. 8. Geol. Expl. 40th Par., vol. 2, 1877, p. 601,
bIdem, vol. 1, 1878, p. 412.
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The Tertiary lava flows are at no place closely folded. The con-
torted bands of some of the shalelike rhyolites suggest that these
rocks have been. deformed by compression, but a close inspection
shows that their convolutions are the result of movements which
took place before the rocks had completely cooled, and are not caused
by subsequent deformation. The lava beds are nearly everywhere
in a tilted position, however, and at many places they are faulted.
The tilting movements were evidently accomplished after the Paleozoic
sedimentary rocks had been folded, and the lavas do not show so
large an element of horizontal compression as the sediments.

The present attitude of the Paleozoic sedimentary rocks is doubt-
less due to various processes which operated at different times. As
already stated, there are in the area no bedded rocks which were
laid down between the close of the Carboniferous and the beginning
of the Miocene, and consequently there is no evidence within the area
itself which will show the time at which the deforming movements
took place. Information respecting what happened during this time
must therefore be gained outside of the area, at places where rocks
of suitable age are known. .

In California there is a general unconformltv between the folded
Jurassic beds and the Cretaceous beds, which are not so greatly folded.
The time of the folding is therefore known to be at the end of the
Jurassic. Folded Jurassic beds are found in northern Nevada as
far east as the Pahute Range, and, although these beds are not
covered by the Cretaceous, they were probably deformed at the time
of the extensive mountain-making movements in California.” It is
not known whether this movement extended eastward across the Great
Basin as far as the Wasatch Mountains, but at any rate the Wasatch
and Uinta mountains and the country extending far to the east of
them were strongly uplifted at the close of Cretaceous time. The
effect of the movement at this time was probably felt also in northern
Nevada. )

A few miles east of Elko? the Eocene beds are highly tilted and
overlain by volcanic materials of Pliocene age. In the Dixie Hills,
southwest of Elko, and in Penn Canyon, 14 miles north of Osino,
beds of the same age are highly tilted. The Miocene lavas are not
so greatly deformed, and so it is supposed that the movement took
place before Miocene time, or near the close of the Eocene. The
mountain-making movements which are recorded in the folded Paleo-
zoic sédimentary rocks seem therefore to have taken place at the end
of the Jurassic, at the end of the Cretaceous, and at the end of the
Eocene, but the extent and relative importance of each can not be
shown.

aU. 8. Geol. Expl. 40th Par., vol. 2, 1877, p. 595.



GENERAL GEOLOGY. 37

A period of deformation followed the eruption of the Miocene lavas,
for these rocks at many places are highly tilted and faulted. This
movement seems to have taken place without the strong compres-
sional stresses which produced the pre-Miocene folds, and practically
all the faults are of the normal type, in which the hanging wall ap-
pears to have dropped. Some of the mountain ranges were doubtless
elevated at this time. Blocks of the Paleozoic sedimentary rocks
which had been deformed by folding in pre-Miocene time were left in
relatively exalted positions when other blocks sank away from them
and formed the valleys. Since that time profound erosion has
obliterated the fault scarps, but has not evelywhele obliterated the
entire effects of faulting, for the elevated block is still at a higher
altitude than the depressed block.

A period of less intense crustal deformation followed the deposition
of the Pliocene lake beds, which are in places gently warped and faulted.

RESUME OF GEOLOGIC HISTORY.

In the area studied there is no record of pre-Cambrian events. The
oldest rocks exposed are the quartzites and grits which outcrop on
the crest of the Pinyon Range. Throughout Cambrian and early and
middle Ordovician time this part of Nevada was the floor of a sea
upon which quartzites, limestone, and shales were deposited, the
whole series of pre-Silurian rocks having & thickness of more than
10,000 feet. Near the middle of the Ordovician period the sea
became shallower and the Eureka quartzite was deposited. Subse-
quently the sea bottom was lifted above the water level without
tilting the beds. The land mass did not remain long above the water,
but sank slowly and gradually through late Ordovician time,* and
was again elevated at the close of the Ordovician, and throughout the
Silurian remained above sea level. In Devonian time approximately
6,000 feet of limestone, sandstone, and shale were deposited. Sedi-
mentation was uninterrupted between the Devonian and the Car-
boniferous, but in the early Carboniferous there was a shallowing of
the waters, and at some places as much as 3,000 feet of sandstone was
deposited. This was followed by the deposition of 3,800 feet of lime-
stone and shales, above which was laid down the Weber conglom-
erate, having a thickness of 2,000 to 6,000 feet. This was followed
by the deposition of the upper Carboniferous limestone, up to 2,000
feet thick.

During the Paleozoic era there were thus deposited between 30,000
and 40,000 feet of sedimentary rocks. These beds'carried a consider-
able proportion of conglomerates, sandstones, and shales and must
have been deposited, in part at least, in relatively shallow water and
not far from the shore. According to Clarence King,® the Paleozoic

a Hague, Arnold, Mon, U. 8. Geol. Survey, vol. 20, 1892, p. 57.
b U. 8. Geol. Expl. 40th Par., vol. 1, 1878, p. 247.
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sea was east of a land mass whose shore was in northern Nevada nesar
longitude 117° 30". West of that meridian and north of the fortieth
parallel there are no Paleozoic rocks in.northern Nevada, but pre-
. Cambrian or post-Paleozoic rocks instead. As already stated, the
sea bottom did not remain stationary, but oscillated from time to
-time and permitted a very great thickness of beds to be deposited.
At the close of the Ordovician period parts of it rose and were not
submerged again until the beginning of the Devonian. The close of
Paleozoic time was marked by profound but relatively gentle conti-
nental movements. In the vicinity of the Havallah Range, about
117° 30" west longitude, there was, according to King,® a pivotal line.
The area to the east of this line remained submerged in Paleozoic
time, and that to the west was above sea level. In Mesozoic time the
conditions were reversed—the country to the east became dry land
and that to the west sank below the level of the sea and received thick
contributions of Triassic and Jurassic sediments. According to King,?
immediately after the deposition of the Jurassic sediments they were
folded with much horizontal compression, producing great north-south
mountain ranges. The westernmost of these ranges was the Sierra
Nevada, and in the Great Basin ranges were formed probably at the
same time. The reason for this conclusion is that many of the
mountain ranges parallel to the mountains in the area studied, but
west of it, are composed of folded Jurassic rocks. The folding at this
time was most intense in the Sierra Nevada and decreased eastward
toward the Wasatch Range. At about this time, or else near the close
of -the Cretaceous, the granitic rocks, in the main granodiorites, were
intruded in the Paleozoic beds. - Many of the ore deposits were formed
at the time of this intrusion.

With the advent of Tertiary time began a period marked by exten-
sive inland lakes. The earliest of these in this region was the Gosiute
Lake, in which were laid down the Eocene beds. Its western shore
extended nearly to the eastern border of the area studied, this area
constituting a land mass from which the sediments were derived. In
this lake were deposited up to 2,000 feet of shales, clays, and lime-
stones, with some beds of impure coal. The deposition of these beds
was followed by mountain-making movements, in which they were
tilted at some places as much as 45°. In Miocene time a great
lake was formed west of the area. King has called this the Pahute
Lake and the beds are called the Truckee formation. They contain
much volcanic débris and record a time of great volcanic activity.

.- This period of igneous activity differed from that of the post-Jurassic,
as the rocks recording it are not granular rocks but are mainly lava
flows and andesites, formed relatively near the surface. The rhyolites
were first extravasated, and later these were intruded by andesites.

aU. 8. Geol. Expl. 40th Par., vol. 1, 1878, pp. 731, 759.. b Idem, p. 733.
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Many of the ore dcposﬂ;s were f01med in connection with the andesitic
intrusions. '

In Pliocene time, when volcanism was still at its height, an exten-
sive lake was formed which covered nearly the whole of the Great
Basin. King @ has called this Shoshone Lake and the beds that were
laid down in it the Humboldt formation. In the lake, which may
have contained lofty islands, a great thickness of sandstones, clays,
and calcareous and diatomaceous shales was deposited, with a mass
of volcanic material, principally of a rhyolitic character, which was
blown out of volcanic vents and settled in the water of the lake.
Extensive flows of basalt occurred at about this time.

The late Tertiary was marked by very extensive normal faulting, a
large part of which took place after the lava flows were extravasated
and after the second period of ore deposition. Many of the old moun-
tain ranges were probably raised, and new ones may have been formed.
In the Quaternary, mountain glaciers formed in the higher ranges
during the glacial period. Small lakes occupied some of the depres-
sions between the mountains, and extensive accumulations of débris,
eroded from the mountains, filled the valleys.

ORE DEPOSITS.
GENERAL STATEMENT.

It has been shown that the igneous rocks of the area studied belong
to two distinct periods of volcanism. The first of these was proba-
bly in Cretaceous time, and the rocks formed during that period
are intrusive granular rocks and deep-seated porphyueq in the main
granodiorites and _granodiorite porphyrles All these rocks were
formed at considerable depths, and since they were intruded this
country has been-greatly eroded and the capping which must have
covered them when they solidified has been removed. These early
intrusive rocks do not cut the Tertiary lake beds or lavas, but are
confined to the Paleozoic sedimentary formations.

A large number of the ore deposits are in or near the early intru-
sives. These include deposits at Bullion (Railroad district), Lone
Mountain, Edgemont, Columbia, Aura, Mountain City, Cortez, Mill
Canyon, Grey Eagle, Dean, and Lewis, and some of the deposits at
Tenabo. The deposits at Mineral Hill may also belong to this group.

The Tertiary lavas and- associated rocks are in the main rhyolites,
andesites, and basalts. These rocks are younger than the granodi-
orites and associated rocks and, for reasons given on pages 34-35, are
thought to be of Miocene and Pliocene age. The ore bodies associ-
ated with the later eruptives include the deposits at Tuscarora, Cor-
nucopia, Good Hope, Burner, Falcon, Stafford, Lynn, and Gold
Circle, and probably some of those at Tenabo and Lander.

a U. 8. Geol. Expl. 40th Par., vol. 1, 1878, p. 456.
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With respect to metal content, the deposits of both groups catry
silver, gold, copper, and lead. Sllver and gold are the most 1mpor—
tant metals of both groups, but the proportion of gold to silver is
greater in the earlier deposits than in those of the later group. The
deposits at Edgemont and at Dean belong to the earlier group, and
at these places the only metal won in important quantity is gold.
The copper and lead deposits are associated mainly with the older
intrusive rocks. These metals occur also with the silver and gold
ores of the later group, but in smaller proportion.

EARLIER DEPOSITS (CRETACEOUS?).

GENERAL STATEMENT.

The deposits associated with the older intrusive rocks are conserva-
tively estimated to have produced $22,000,000. < The minerals of
these deposits are given in the list below: '

Actinolite Chalcopyrite. Hornblende. Pyrrhotite.
Apatite. Chlorite. Kaolin. . Quartz.
Argentite. Chrysocolla. " Limonite. Sericite.
Arsenopyrite. Copper. Magnetite. Silver.
Aszurite. Cuprite. Malachite. Specularite.
Barite. Diopside. "Manganite. Stephanite.
Biotite. ° Enargite. Molybdenite. Stibnite.
Bismuthinite ? Epidote. Muscovite. Stromeyerite. -
Bornite. Freibergite. Polybasite. - Tetrahedrite.
Bromyrite ? Fluorite. Proustite. Tremolite.
Calcite. Galena. Pyrargyrite. Zinc blende.
Cerusite. Garnet. . Pyrite. Zoisite.
Cerargyrite. Gold. Pyrolusite.

Chalcanthite. Gypsum. Pyroxene.

Chalcocite. - Hematite. Pyromorphite.

With respect to the intrusive rocks, the Cretaceous (%) ore deposits
show various relations. The gold-bearing fissure veins at Edge-
mont and Bull Run are more than a mile away from the nearest
granodiorite intrusions, but most of the deposits, especially those
in limestone, are but a few rods away from the deep-seated intrusive
rocks, or else they are associated with' dikes which are probably
connected with the larger intrusive bodies. The deposits of this
group are (1) contact-metamorphic deposits, (2) irregular replace-
ment’ deposits or chambers in limestone, (3) replacement veins and
sheeted zones in limestones and shales, (4) fissure veins in quartz1tes,
and (5) fissure veins in igneous rocks.

CONTACT-METAMORPHIC DEPOSITS.

The contact-metamorphic deposits are represented at Bullion
(Railroad district), Lone Mountain, Lime Mountain, and Cortez.
In point of production these deposits are not so important as other



ORE DEPOSITS. 41

deposits which are usually associated with them, but with respect
to genesis they form a distinct and interesting type. At Bullion
the contact-metamorphic ore consists of garnet, calcite, actinolite,.
tremolite, epidote, quartz, pyroxene, pyrite, chalcopyrite, bornite,
galena, and zine blende. The metals arecopper,silver, and lead. All
the minerals are intergrown and were formed at the same time. They
are in limestone not more than a few rods from the contact with the
igneous rock and were formed by gaseous solutions from that rock
at the time of the intrusion. At Lone Mountain contact-metamor-
phic deposits occur near granodiorite but are not extensively devel-
oped. The ore consists of calcite, garnet, actinolite, magnetite,
pyrite, chalcopyrite, and other minerals and carries values in copper
and silver. At Lime Mountain some ore composed of calcite, white
and black mica, tremolite, and copper-bearing sulphides is presumably
of contact-metamorphic origin. The deposits of the Garrison mine,
at Cortez, are in the main chambers of siliceous ore in limestone, but
a small amount of contact-metamorphic ore is found near a dike of
decomposed porphyry. This ore consists of calcite, tremolite,
actinolite, quartz, and sericite, intergrown with which is a small
amount of pyrite. X

The contact-metamorphic silicates are developed at Mill Canyon,
in the Cortez Range, and also at Mountain City, but no contact-
metamorphic ore has been found at these places. So far as known
‘there are no contact-metamorphic zones in the Shoshone Range
along the border of the intrusive granodiorite, which nearly every-
.where breaks through quartzite, a rock that is not favorable for
contact metamorphism. Why the granodiorites of the central part
of the Centennial Range did not cause contact metamorphism is not
easilyunderstood, for all the conditions so far as known seem to besimi-
lar to those prevailing where contact metamorphism has taken place.

IRREGULAR REPLACEMENT DEPOSITS IN LIMESTONE.

The irregular replacement deposits or chambers in limestone are
among the most important ore bodies in .the area studied. They
include the silver-lead deposits at Bullion, the silver deposits at
Cortez and Mineral Hill, some of those at Mill Canyon, and probably
some of the inaccessible deposits at Lewis and Lone Mountain.
These deposits are found in areas which are intruded by the granitic
rocks or the related porphyries, and for the most part they have
the form of chimneys or ribbons that are related to the intersections
of fissures rather than to bedding planes. In all these deposits
silver is the most important metal, but there are important amounts
of lead and copper in the deposits at Bullion. Gold is ysually present,
but always in subordinate quantity. As a rule the ore is highly
siliceous. The gangue minerals are quartz, barite, and calcite.
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The principal sulphides are pyrite, galena, zinc blende, argentite,
and chalcopyrite. Stibnite, stromeyerite, gray copper, polybasite,
stephanite, and other minerals containing arsenic or antimony are
present in some of the ore. Contact-metamorphic silicates are
wanting. The ore bodies ‘of this group are without exception near
the deep-seated intrusives and are believed to have been deposited
by solutions which were given off from these rocks'as they cooled.

REPLACEMENT VEINS AND SHEETED ZONES IN LIMESTONE AND IN
SHALE. -

The replacement veins and sheeted zones in limestone and in shale
are in many respects similar to the.deposits just described, but
‘instead of chimneys and irregular masses they are thin tabular
bodies. The silver deposits at Columbia and Aura, in the Centennial
Range, and some of the deposits at Lewis, in the Shoshone Range,
belong to this class. The deposits occur in areas of calcareous sedi-
mentary rocks intruded by granodiorites and related igneous rocks.
Some of the veins are parallel to the bedding of the country rock,
but most of them cut across it. They are clearly related to fissures
and zones of movement and are apt to be wider in limestone than
in shale, because the limestone is more favorable for openings and
more readily replaced by the vein-forming solutions. The sheeted
zones are in most respects similar to the replacement veins, but were
deposited in two or more narrow, closely spaced, approximately
parallel openings, and they usually include more or less of the brec-
ciated country rock. ‘As a rule the ore is highly siliceous. The
gangue minerals are quartz, barite, and calcite; the sulphides are
pyrite, galena, zinc blende, chalcopyrite, stibnite, and gray copper.
Ruby silver and argentite are present in some of the deposits. At
Mountain City and Mill Canyon there are some undeveloped pros-
pects of ferruginous oxidized gold ore which probably belong to this
group. :
_ FISSURE VEINS IN QUARTZITE.

The fissure veins in quartzite are of considerable economic impor-
tance, for they include the gold deposits at Edgemont and at Bull
Run and some of those at Dean. These deposits occur in areas of
intrusive granodiorite or granodiorite porphyry, but those at Edge-
mont are more than a mile from known outcrops of igneous rocks.
The ore is simple in composition, the gangue is quartz, and the sul-
phides are present only in small amounts. The primary sulphides
are pyrite, galena, and arsenopyrite, with a small amount of chal-
copyrite. Silver is present in subordinate quantity, but there is
not enough copper to interfere with cyanide extraction. The gold
is in the quartz and sulphides and a large proportion .of it is free
milling. -
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FISSURE VEINS IN THE OLDER iNTRUSIVE ROCKS.

The group of fissure veins in the older intrusive rocks includes the
principal deposits ‘at’ Mountain City, Dean, ‘Grey Eagle, and Mill
Canyon. All of these deposits are in clear-cut fissures in granular
rocks or in their porphyries, and were formed presumably soon
after the intrusives had ‘solidified. The veins were deposited by
hot waters which probably rose from the deeper portions of the cool-
ing intrusive mass. Along all these deposits the wall rock shows
the effects of hydrothermal metamorphism: Pyrite, sericite, and
quartz are everywhere developed in the wall rock near the veins
and most extensively near the larger deposits. Calcite is usually
associated with the sericite and was presumably formed at the same
time. Adularia is not present. In the deposits at Mountain City,
Grey Eagle, and Mill Canyon silver is the principal metal, but the ore
carries also gold and lead. The sulphide ore is composed of quartz,
pyrite, galena, zinc blende, gray copper, argentite, gold, arsenopyrite,
and a little chalcopyrite. The deposits in granite at Mill Canyon
are of the same general composition as those at Mountain City.
At Dean the gold veins in granodiorite carry a very small amount of

ray copper.
& . P LATER DEPOSITS (MIOCENE).

After the early igneous activity had subsided there was a period

of relative quiet, during which the country was eroded and supplied

sediments for the lake lying just east of this area. In this lake the
Eocene beds were deposited. In Miocene time volcanism on a grand
scale was repeated. The first eruptions were rhyolites and later these
were intruded by andesites and at some places covered with basalts.
So far as the ore deposits are concerned the rhyolite and ande-
site only need be considered. Both of these form the country rock for
the deposits of this group, but the andesites seem in all places to be the
agents of mineralization. All the ore bodies of this group are in the
andesites or in rhyolite near intrusive andesite. As the andesites were
intruded into rhyolites, which are of Miocene age, and preceded basalts,
which are Pliocene, they must have been intruded at or near the close
of the Miocene. The ore deposits are therefore believed to be of late
Miocene age. Conservatively estimated, they have yielded about
$28,000,000. A list of the minerals of these deposits is given below:

Adularia. Chalcanthite. ~ Kaolin. . Pyromorphite.
Argentite. Chalcocite. ~ Limonite. © Quartz.
Arsenopyrite. ’ Chalcopyrite. ‘Malachite. Sericite.
Azurite. Chlorite. Manganite. Sphalerite.
Barite. Chrysocolla. . Muscovite. Stephanite.
Bornite. Enargite. Orthoclase. Stibnite.
Calcite. Freibergite. ° Pyrargyrite. Tetrahedrite.
Cerusite. Galena. Proustite. Turquoise. -

Cerargyrite. Gold. Pyrite. Zinc blende.

.
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The principal deposits of this age may be divided into the following
groups: (1) Fissure veins and sheeted zones in andesite; (2) fissure
veins and fracture zones in rhyolite.

" FISSURE VEINS AND SHEETED ZONES IN ANDESITE.

The deposits in andesite include the silver veins of Tuscarora and
the principal deposits at Cornucopia, Burner, Falcon, and Stafford.
They are banded siliceous veins which carry a variable amount of
sulphides. Some pyrite, galena, and zinc blende are present, and
in the richer deposits gray copper, ruby silver, stephanite, and
other antxmony and arsenic sulphides occur in appreciable quantities.
Silver is the prmmpal metal won, but the ore usually contains an
important amount of gold.

Hydrothermal metamorphism of the propylitic type is every-
where pronounced in the andesite near these deposits. It is more con-
spicuous because it produces striking color’ changes in the rock.
Sericite and pyrite are very extensively developed, and at Tuscarora
adularia forms in considerable quantities. Between the most-altered
phases of the andesite and the fresh, unaltered rock, chlorite, resulting
from the decomposition of biotite and hornblende, formsin great abun-
dance and some carbonates are deposited. At such places the rockis
dark green and grades into the brownish-gray andesite on one side and
into white decomposed sericitic andesite toward the ore deposits. The
hydrothermal metamorphism of the andesite is confined to the areas
of the ore deposits and was accomplished by the same solutions that
deposited the ore in the fissures. The amount of change is directly
proportional to the mineralization and the extent of the area affected .
depends on the distribution of the fissures. The bulk of the depo-
sition was made in the open spaces, but where the walls were strongly
fractured they were replaced by the ore minerals. Compared with
the alteration of the walls caused by the vein-forming solutions along
the veins in granodiorite, the changes along the younger veins in
andesite are more extensive and the area affected is greater. There
has been less erosion since the ores in andesite were deposited and
~ consequently the ore bodies exposed were formed under thinner
cover than the depos1ts associated with the older intrusive rocks.
Lindgren has explained the extensive alteration which is almost
invariably shown near the deposits in the younger eruptive rocks
by the fact that the light covering at the time of deposition favored
porosity and open spaces, which permitted the solutions to penetrate-
the rocks with greater freedom.

. FISSURE VEINS AND FRACTURE ZONES IN RHYOLITE.

"The ore bodies in rhyolite occur near intrusive andesite. The
group includes the deposits of the Dexter mine, at Tuscarora, the
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lodes at Gold Circle, and some prospects which have lately been dis-
covered in the Lynn district. Gold is the principal metal, but a
small amount of silver is present. Hydrothermal metamorphism is
noticeable, but as a rule it is less intense and much less conspicuous
than in the andesite. It consists in the main in the development of
sericite, pyrite, and secondary quartz, and at the Dexter mine con-
siderable adularia has been deposited. Chlorite is much less abun-
dant than in the altered andesite and carbonates are wanting. The
ore is very simple in composition. Most of it consists of quartz and
pyrite. The deposition has usually taken place in many small open-
ings in a broad zone of fracturing rather than in wide open spaces.

PLACER DEPOSITS.

Placer deposits are relatively unimportant in this area and have
not been discovered at most of the camps. They have been found at
Tuscarora, Aura, Van Duzer Creek, and Lynn. At Van Duzer Creek
and Aura they are derived from the disintegration of the lode de-
posits of the earlier group; at Tuscarora and Lynn from the younger
lodes in the Tertiary eruptive rocks.

The gold placers at Tuscarora were worked extensively in the
seventies and are said to have yielded about $7,000,000. At present
no work is being done except that carried on by a few Chinese: The
gold occurs as dust and as nuggets of considerable size. Its source
is presumably some gold lodes which occur in rhyolite and andesite
to the north and west of the diggings. A large acreage of ground
west of Tuscarora has been located and sampled with drills. Tt is
said that much of this ground will pay to work with dredges.

At Van Duzer Creek, which is between Aura and Mountain City,

~ placer mining was carried on during the summer months for a number
of years. Twgq small reservoirs have been built in this creek and
steel pipes have been laid from these to supply water for monitors.
There are few large bowlders in this gulch, and when the water sup-
ply is sufficient operations may be carried on with success. The
source of the gold consists of some undeveloped veins at the head of
the stream. The mines were not worked in 1908.

In the Liynn district some of the gulches which head in an area of
mineralized rhyolite carry placer gold and a few hundred dollars was
recovered in pans and rockers during the season of 1908.

An attempt has been made to work the gravels of Bull Run Basin,
near Aura, and an extensive system of ditches and flumes has been
installed. After a few hundred yards had been washed out the proj-
ect was abandoned. It is said that some gold was recovered, but on
account of the size of the bowlders in the gravels their exploitation
was unprofitable. Some notes on the placers are given where the
camps are described.
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PROSPECTING.

From what has been said it is clear that the deposits of the older
group are confined to the granular rocks and deep-seated porphyries
and to the sedimentary formations in areas which have been intruded
by those rocks. It would be worth while to scrutinize closely the
country along the margins of the granular intrusive rocks and espe-
cially the limestones and quartzites some distance away. These
rocks may be but little altered in the immediate vicinity.of the de-
posits, and except where garnet zones are developed there may be
in the country rock itself no conspicuous changes indicating minerali-
zation. Silicified outcrops, iron-stained rocks, or gossans may mark
the presence of the older deposits in sedimentary rocks. The ore-
bearing solutions seem to have been capable of traveling farther with
their burden when they were moving in fissures formed in quartzite
than in the limestone. Quartzite is not readily replaced, especially
by solutions rich in silica, and consequently the deposition does not
occur until the solutions are cold enough to deposit by simple pre-
cipitation rather than by interchange of molecules with the calcareous
wall rock.. Deposits in quartzite are therefore likely to be farther
from the intrusive granular rocks than the deposits in limestone. At
Edgemont the lodes fill open spaces in quartzite and are more than a
mile away from the nearest known intrusives. Along the lodes in
the granodiorites the country rock is usually altered and leached
white or pale green, but such alteration may not extend far from the
lodes. : '

As already stated, a large part of the area is covered by late Ter-
tiary lava flows, chiefly glassy rhyolites and vesicular basalts. The
basalts are not known to contain any ore deposits, and the rhyolites
are probably barren except where cut by later intrusives. The sur-
face-flows do not seem to have been agents of mineralization. If the
magmas which formed them carried ore-bearing solutions these must
- have escaped during eruption and were lost. The deposits associated
with the eruptive rocks of the younger period are in-the intrusive
andesites or in rhyolites cut by such intrusives. In prospecting for
these deposits search should be made for the andesite, a dark-gray
or brown rock easily recognized in the rhyolite areas. It is not so
dark as the basalt and does not contain the green olivine crystals
which are characteristic of that rock. ' '

The later Tertiary deposits are limited also to areas marked by
strong hot-water action. The prospector who is familiar with the
deposits in the later eruptive rocks is well aware that they are con-
fined to the leached areas. The ‘‘kindly look of the rock,” or the
dull white appearance resulting from devitrification, sericitization,
and kindred processes, is quickly recognized. At many places these
light-colored chalky areas may be distinguished far away, especially
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where they are located on bare slopes and are surrounded by the
darker andesite or by the glassy pinkish rhyolites or dark obsidians.
Such areas of mineralization may yet remain to be discovered, but
those which are now unknown are probably in obscure places par tly
covered by vegetation, soil, or rocky débris.

MOUNTAIN RANGES AND MINING DISTRICTS.
OWYHEE BLUFFS.
GENERAL FEATURES.

The Owyhee Bluffs, which are in the northwestern part of the area
covered by this reconnaissance, form a lofty ridge trending north-
eastward toward the Independence Mountains. Rose Mountaln
one of the highest summits of this ridge, reaches an elevation of 7,949
feet, or about 2,000 feet above the level of Squaw Valley, which lies
to the southeast of the bluffs. This valley is a broad expanse of
agricultural land almost completely shut in by hills and low mountain
ranges. Northward from the Owyhee Bluffs the country slopes very
gently to the-Owyhee Desert, a great expanse of level country which
extends northward far into Idaho. Through this great plain the
small tributaries to Little Humboldt River and to the forks of Owyhee
River have sunk their channels, and here and there small rounded
hills relieve the monotony of the otherwise featureless landscape.
Owyhee Desert is better watered than the name implies and during
a part of the year affords subsistence for live stock.

GEOLOGIC FEATURES.

The Owyhee Bluffs® are made up almost exclusively of eruptive
rocks of Tertiary age. The bedded rhyolites have by far the greatest
distribution, forming the larger part of the crest of the ridge and-
extending downward to the base of the slopes. The rhyolites belong
to the extensive series of flows which cover the larger part of the
area of this reconnaissance north of Humboldt River. About 5 miles
northeast of Midas, along the floor of a small canyon, there is a small
area of shaly limestones surrounded by rhyolite, and so it is inferred
that these flows rest upon the eroded-surface of sedimentary rocks.
The rhyolites are cut by andesite dikes and here and there are over-
lain by andesite flows, one of which is capped by rhyolite.

Squaw Valley borders the Owyhee Bluffs on the southeast and,
like many of the smaller areas of low land between the mountain
~ ranges, 1s covered for the most part with a deposit of Quaternary
gravels, but in the lower end of this valley there are some stratified
deposits of volcanic ash® which on lithologic grounds have been
referred to the Humboldt formation, of Pliocene age.

" ¢ Emmons, 8. F., U. 8. Geol. Expl. 40th Par., vol. 3, 1870, p. 612.
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MIDAS OR GOLD CIRCLE DISTRICT.

LOCATION AND HISTORY.

The ‘Gold Circle district is situated in the hilly country along the
southeastern slope of the Owyhee Bluffs, near the edge of Squaw
Valley. It is about 45 miles north of Battle Mountain and approxi-
mately the same distance from Golconda, and is connected with
both of these stations by stages which make round trips three times
a week. In the summer of 1907 gold was discovered on several-
claims, and in March, 1908, as a result of a number of rich strikes, the
district experienced one of the rushes which is characteristic of the
method of settlement of mining camps in Nevada. A town site was
laid out at Midas, and within a few weeks some 1,500 persons were
established in this town. After the first excitement had passed
away a majority of the newcomers left, and in September, 1908, the
population of the camp had decreased to about 250 persons. Several
of the claims were under development, and a number of lodes were
- being prospected with more or less success. A few tons of rich ore
have been shipped to smelters, but the bulk of the ore that has been
developed is not of a grade to pay the shipment charges, which are
necessarily high, as they include a long wagon haul. The deepest
shaft is sunk 200 feet; several other shafts are down 100 feet; and
three or four tunnels have been driven to depths approximately 100
feet below the surface. Ground was broken in September, 1908,
for a 10-stamp custom mill, which it was planned to erect at once,
and two mining companies were contemplating the erection of mills

in the near future.
~ GEOLOGY.

General outline.—The rocks of the Gold Circle district are rhyolite
flows and flow breccias which are cut by dikes of andesite and over-
lain here and there by andesite flows. The rhyolites, which are the
oldest rocks exposed in the district, cover the greater portion of the
area. They occur in considerable variety,; but the most common is a
light-colored, dense, streaked rock composed in the main of a glassy
or devitrified groundmass which contains scattered phenocrysts of
feldspar and quartz. Other phases of the rhyolite are perlitic and
some are vesicular. In the vicinity of Queen Canyon, east of the
"Esmeralda claims, the vesicles of rhyolite are filled with amygdules
of beautiful amethystine quartz. A

In Queen Canyon and at several other places in the Gold Circle
district the rhyolite is highly fissile and thinly bedded, presenting
the appearance of a silicified shale. The shaly appearance is prob-
ably due to banding that was developed as the rhyolite flowed and
is emphasized by subsequent weathering and the deposition of iron
oxide along the parting planes. The rhyolites include also flow
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breccias which contain many angular fragments of streaked rhyolite
cemented by a matrix of glassy rhyolite. This brecciation is due to
movement of the flow while it was still more or less fluid, but after a
crust had formed on the surface. The brecciated rhyolite, after
weathering or alteration by hot waters, may closely resemble a friction
breccia along a vein, and it may easily be mistaken for ore, unless the
fact that the cementing material is glass and not quartz is noted.

The andesite which outcrops at many places in the district is a
‘dark, fine-grained porphyritic rock, cutting through the rhyolite or
forming flows interbedded with it. Under the microscope it is seen
to be composed of a brown glassy groundmass containing crystals of
andesine and labradorite feldspar, a considerable amount of augite,
some magnetite, and a little: quartz. Augite and the brown ground-
mass are partly altered to serpentine, calcite, and sericite. The feld-
spars contain too much soda for basalts, and no olivine was found in
any of the thin sections. Dikes of andesite in rhyolite are well
exposed on the Dixie claim, about half a mile northwest of Midas. The
andesite caps the rhyolite, at some places forming only a thin veneer
above it, as is shown on the Iron Mask claim, 1 mile east of Midas, and
on the hillside to the south of this claim. Some of the andesite is
highly vesicular, and the larger portion of it undoubtedly forms sur-
-face flows, the dikes representing the vents through which the flows
rose to the surface, About 1§ miles N. 15° E. of Midas, a few rods
north of the Elko Prince Annex claim, there is a hill which is com-
.posed almost entirely of andesite. The rock forming the lower por-
tion of the hill is solid porphyritic andesite; the upper 50 feet is
highly vesicular and probably represents the upper portion of the
same flow. ~Above the vesicular portion of the andesite is a bed of
rhyolite, which represents a flow that was poured out subsequent to
the extravasation of the andesite. In the country to the north of
the Gold Circle district another bed of rhyolite was noted above
andesite. Although the main mass of the rhyolite was erupted before
the andesite, it is very clear that some of it is later than the andesite.
This sequence is suggested also by a dike of felsitic quartz porphyry
similar to rhyolite in composition which cuts andesite about one-
_ fourth mile northwest of the Midas mine.

Hydrothermal metamorphism.—In a view of the rugged .south-
eastern slope of the Owyhee Bluffs from the south, the Gold Circle
district, inchuding an area some 3 miles square, stands out in sharp
.contrast with the surrounding country. The rocks in this area are
leached to a chalky white, stained to a light brown here and there by
iron oxides. In the fresh glassy rhyolites which surround this area
shades of pink and greenish gray predominate, the coloring matter
being due to a very small amount of iron present in the glass. In
the region of the ore deposits, which is in a broad way coincident with
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the leached area, hot solutions have soaked into the country rock,
causing devitrification of the glass and other mineralogical changes.
Near the lodes, where the action was more intense, pyrite, quartz,
_chlorite, and sericite have been formed in the rhyolite. The few
slides studied indicate that these minerals are rather closely restricted
to the country rock within a few feet of the lodes and that devitrifica-
tion has taken place farther away. The changes in andesite are less
intense than in rhyolite; some feldspars are slightly sericitized and
augite is partly altered to calcite and chlorite. Calcite, which is
present in considerable quantity in the altered andesite, seems not
to have formed in rhyolite, and that in the andesite may have been
formed altogether by surface waters subsequent to the deposition
of the ores.

Fissuring and faulting.—There has been considerable fissuring and
faulting since the eruption of the rhyolite and andesite. All the ore
deposits are related to planes of movement. At the Rex mine, on
the Gold Circle claim, in the Sleeping Beauty tunnel and elsewhere,
andesite and rhyolite are in faulted contact. The geologic sketch
map (fig. 3) indicates the approximate distribution of the rhyolite

" and andesite. In work of a more detailed character the separate
rhyolite flows could probably be distinguished and the details of the
faulted structure could be worked out, but this was not done in the
few days which were given to the study of the district. The lodes
are plotted with a greater degree of accuracy than the boundaries of
the geologic formations, which, at many places, were not traversed.

ORE DEPOSITS.

General features.—The deposits in the main are replacement veins
and sheeted zones in rhyolite, which are located along prominent
slickensided planes of movement. All the fissures strike northwest-
ward and are with a few exceptions approximately. parallel. In
general they dip from 65° to 85° NE. In the commonest type a few
inches of high-grade iron-stained siliceous ore occurs here and there
along the slip planes, and in-places the surrounding country rock for a
distance of several feet is shattered and seamed with veinlets of
quartz carrying gold. Thin drusy cavities with well-formed crystals
- of colorless quartz are found locally in these veinlets, and at some
places this quartz is banded with a black silver-rich mineral, probably
argentite. The rhyolite near the vein is devitrified, silicified, stained
with iron oxide, and at many localities replaced by ore. In the St.
Paul mine, where dark silver-bearing sulphides and pyrite occur in
banded ribbons alternating with quartz and parallel to the walls of -
the vein, the deposit is a simple fissure filling, but in most of the
lodes where the sulphides are shown the original openings were small
and the deposition was mainly through replacement or impregnation
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of the rhyolite. - The primary ore minerals are pyrite, quartz, gold,
and probably argentite. The secondary minerals are quartz, iron
oxide, manganese oxide, and horn silver. The gold is almost without
exception associated with pyrite, with iron oxide, or with quartz
highly stained with iron or manganese. - At some places the sulphides
begin to appear within a foot or two of the surface. The depth of the
partly oxidized zone is from 100 to 150 feet below the surface. :

Prospecting the lodes—Well-defined fissures are very conspicuous
in many of the replacement deposits. Some of these weére formed
before the ore was deposited, as is shown by the thin tabular bodies
of oxidized ore which occur along some of the fissure planes and by
the surfaces of the planes, which are corroded so that they do not
show the polished striated surfaces that movement planes com- |
monly exhibit. Along some of the lodes there are, however, slicken-
sided planes which are clearly. later than the ore. These are usually
polished smooth and striated, and the ore along them is more or less
brecciated. In some of the lodes this ore is ground to a gouge con-
taining well-rounded fragments of quartz.

In developing a lode it is important to follow the fissures whlch
were formed .before the ore was deposited rather than those which
are of later origin. In the oxidized zone it is difficult to distinguish
the two classes of fissures, especially where there has been movement
before and after deposition approximately along the same plane.
The corrosion of the surface of the fissure and the presence of a thin
tabular body of uncrushed quartz may distinguish these fissures
from the slickensided planes of postmineral movement, which, in
places, may carry crushed ore. Probably most of the faulting that
brings the andesite into steep contact with the rhyolite took place
after the deposition of the lodes, for, as a rule, such fault contacts
show-slickensiding or stri®, in contrast with the etched or roughened
surfaces of fissures along which the uncrushed ore occurs. Where
the lodes are walled on one side by the andesite they are, as a rule,
highly crushed, but the andesite is relatively fresh, or at least is not
nearly so much altered as the rhyolite. A faulted contact between
these two rocks should be investigated with a view to finding a vein,
for many of the planes of later faulting followed the zone of earlier
“fissuring, but it is not good prospecting to drift for great distances
along faults which do not show mineralization or crushed ore, or
which do not pan gold in the soil along the surface. . Developments
thus far have not shown any faults which cut across the lodes and
displace the ore.

Ore shoots—Notwithstanding the continued activity of lessees
since the early discoveries, the search for shipping ore has thus far
proved disappointing. Rich pannings and small bunches of high-
grade ore are found near the surface in many places, but the present
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state of the mines indicates that the production will have to come
in’ the main from lower-grade deposits of milling ore. Some of
the fissures along which the ore is found are regular and persistent,
and have been opened here and there for half a mile or more along the
strike, but these, where developed, do not carry ore of milling grade
throughout their length, and development is not sufficient to show
how extensive the ore shoots are. In the Rex mine a body of good
milling ore 180 feet long has been developed on three sides to a depth
of 65 feet, and there is also a considerable tonnage, partly in the
sulphides, in the workings along the Gold Crown lode. A number of
leases are in ore of milling grade, but these ore bodies have not been
~ sufficiently developed to be regarded as ore in sight. On several of
the undeveloped claims the surface showings seem sufficient to
warrant further prospecting for milling ore.

Secondary enrichment.—The primary ore is auriferous pyrite and
quartz, with which are associated a silver-bearing sulphide and other
minerals. As the surface is worn away such ore is oxidized and the
sulphur, together with most of the silica and iron and some of the
gold, is carried away, but a larger proportion of the gold remains.
As a result of this process there is likely to be a concentration of the
gold in the upper part of the deposits, but to what extent such con-
centration has taken place in this district is not known. Some of
the little seams of rich ore are solid and appear to have suffered slight
change except oxidation. Some very good values have been found
in the sulphide ore about 200 feet below the surface of the Gold Crown
shaft, but there has been so little exploration in the primary sulphide
ores that it is not possible to compare its value with that of the oxide

ore.
RESUME OF GEOLOGY.

A study of the Gold Circle district shows the following geologic
history. In Tertiary time, probably in the Miocene, extensive flows of
rhyolite were poured out upon a surface of Paleozoic sedimentary
rocks. Subsequently the rhyolites were fissured and through these
fissures andesite flows rose to the surface and covered the rhyolite.
A portion of the magma remained in the fissures, forming dikes.
The andesite was in turn cut by fissures which were filled with an
acidic magma, of which one portion flowed out upon the surface and
formed rhyolite and another portion, solidifying in the fissures,
formed dikes of quartz porphyry. After the eruption of the andesite
_the country rock was strongly fissured, most of the planes of move-
ment striking northwestward and dipping steeply to the northeast.
Along some of these fissures auriferous pyrite and quartz with silver-
bearing sulphides were deposited, the solutions dissolving portions of
the country rock and replacing it where conditions were favorable
with ore and other minerals. From the fissures the solutions spread
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out into the country rock, causing devitrification and other changes.
A second fissuring with some displacement occurred after the ores
were deposited. These movements were mainly along the lodes and
brecciated the quartz and sulphides. As a result, the ore shoots, which
were already irregularly spaced along the earlier fissures, were strung
out along a plane of later movement. As the rocks were eroded the
ores were oxidized, pyrite changing to limonite, sericite and feldspar
to kaolin. Hydrous silica was deposited in crevices, where it is
associated with free gold and manganese oxides.

MINE DESCRIPTIONS.

Rex mine.—The Rex mine is on the eastern slope of a low ridge
about a mile east of Midas. A shaft driven at an inclination of 64°
is sunk to a depth of 65 feet. From the bottom of the shaft a drift is
run 30 feet to the north and 120 feet to the south, with short crosscuts
here and there. The lode is along a fault between rhyolite and
andesite. It strikes about N. 15° W. and dips 66° W. It is a zone
of crushed, silicified, iron-stained rhyolite from 5 to 16 feet wide and
carries, according to C. G. Rothschild, from $5 to $28 a ton. The
rhyolite is a dense, light-colored rock with a few phenocrysts of feld-

spar and quartz. In the lode it is silicified, iron stained, and cut by -

veinlets of quartz. The ore developed is highly oxidized, but a little
pyrite is present in the bottom of the mine. There is a well-defined
slickensided plane of movement along the foot wall between the
andesite and the ore, and other fissures approximately parallel to this
one cross the ore zone. The ore is restricted to the altered rhyolite,
and the andesite, even where greatly crushed, is said to be barren.
For this reason it seems probable that the displacement which brought
the rhyolite and andesite into contact occurred after the deposition
of the ore. Figure 4 is a plan of the Rex mine on the 65-foot level.
Gold Crown lode.—The Gold Crown lode between the Rex mine and
Midas has been developed in a number of shafts, pits, and tunnels for
a distance of nearly 3,000 feet along the strike. It is a zone of shat-
tered rhyolite which strikes N. 67° W. and dips about 65° N.  Wher-
ever the lode has been developed there is a well-defined fissure which
at some places is slickensided and carries gold values in crushed quartz.
At the Snowstorm lease, at the west end of the lode, half a mile east
of Midas, a vertical shaft is 84 feet deep and short levels are turned 70
feet and 84 feet below the surface. The shattered rhyolite for a
width of 25 feet is said to carry milling ore. In the Climo lease,
farther east on the lode, several pits and short tunnels expose a regular
fissure along which some gold values have been obtained. Still
farther east the lode is developed in the lower tunnel of the Gold
Circle Crown Mining Company, where it is a wide zone of shattered
rhyolite, through which considerable pyrite is disseminated. Kast
of this tunnel, along the strike of the lode and higher on the hill, is a
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second tunnel driven by the same company, and in this the lode is
most extensively developed. The upper tunnel is a crosscut for a
distance of 55 feet to a point where it encounters along the foot wall
of the lode a smooth fissure that strikes S. 60° K. and dips 65° NE.

This fissure is followed
in the tunnel for a dis-
tance of 400 feet, and a
shaft 200 feet deep is
sunkinthehangingwall
of the same fissure and
intersects the tunnel at
a depth of 80 feet.
Small bodies of rich ore,
from 1 to 10incheswide,

are found here and
there along the fissure
and the hanging-wall
rhyolite is shattered,
crushed, and cemented
with veinlets of quartz
and pyrite. A zone of
the crushed rhyolite
about 3 feet wide is
said to be good milling
ore. Some crushinghas
taken place since the
ore was deposited, for
fragments of quartz
rounded byattrition are
found here and there
along the fissure in a
mass of crushed leached
rhyolite. Theoxidized
ore extends below the
surface to a depth of
about 110 feet, where
the sulphides are en-
countered. Thevalues
in the oxidized and in
- the sulphide ore, so
far as developed, are

< T PR ¥
'\ ST ="
-1 VPR Sl N
NN "
L3 v 22
AV =Ny
//\/\
N ENE
tr 2N
77X .
RN
R
Ly N —
sl
DA
/—l»,
AWARN
A
‘\/\ ]
-7 4 4
.’
AP ary s tiag,
\\ \\h ”§¢ L N oy
el SeT7% Vos? 2y
05 "R BN
l‘/\‘ AT A
AV AN //\" ='/¢'§'4¢
U ; s o=y
,\/a\/ AN =‘.§'
/N7, / K AL W N
N N AV = =N AT,
= 1> RHYOuTE °7, ANDESITE =  °
QAR AVEPIIN h (g
T\ 7=~ =71=7N\% =y
e \//},\-\\/ N = =
IR AR N B NN
NI RALEAAN = %,
NI U N
/ - =~ (VINDN § 0=
\‘[//\\\/I = & O
\ N N S
ENASECTE I = % =
LN = N
MUAY R EAT N
V0TS =y ~~!3 - PR NN
VAN R NVAR S RAN - A o 7 B A
.\.l\/\li‘ ,\/ /\/\\/) :\ §l§ Ny o !
NI,
SN LTINS AT, S N 0
PR LA TV R S by
\"\'/\/\|\/\/\‘/i ¢
-/ s\~ Y
AT ,!\/\ AN -
’/‘—'///\’\\‘/"/ )
,’\\/‘l\/\/_‘l\\'\"v RN
NEANA VN I b R S N e
AL ENIATS IREID
N - N ’/\-.\I X
KA AT N RIS
N/ ’ \ //\\‘\ \l
//\./ =\\
W
¢ 2p '

FIGURE 4.—Plan of Rex mine, 65-foot level, Midas (Gold Circle)
district.

said to be approximately the same. The

Emancipation lease is about 1,500 feet east of the Crown shaft and on
the strike of the Gold Crown lode. Ninety feet below the collar of an
inclined shaft driven in rhyolite there is a fissure which strikes south-
eastward and dips 58° NE. and carries pockets of good milling ore.
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St. Paul-Banner lode.—The St. Paul mine is about a mile southeast
of Midas. A shaft inclined 76° E. is sunk on the lode to a depth of
132 feet and levels are turned 60 and 120 feet below the surface. The
country rock is rhyolite and rhyolite flow breccia. The rhyolite near
the lode is altered to kaolin and sericite and contains small crystals of
‘pyrite, but these are said to be barren. The lode is a simple fissure fill-
ing which has a maximum width of about 12 inches and carries high
values in gold and silver. It strikes northwestward and dips steeply to
the northeast. The ore is oxidized to a depth of 70 feet. Below this
depth it consists of banded quartz and dark argentiferous sulphides with
faint red bands that are probably ruby s1lver This deposit at the
St. Paul mine differs from the other ore bodies of the Gold Circle district,
the ore being a banded fissure filling rather than a replacement vein.
A few tons of ore carrymg $100 to the ton have been shipped to smelters.

To the northwest, in the line of the strike of the St. Paul lode,
exposures show values in several open ¢uts toward the Banner ground,
and in one of these a little horn silver was found. On the Banner
claim a fissure which is presumably the same as that of the St. Paul
is exposed in three shafts. In the north shaft fine-grained andesite.
occurs on the west side of the fissure, which just north of this point
passes through a flow of andesite that caps the rhyolite. On the
Ripsaw claim, still farther north and in the strike of the Banner lode,
a fissure with approximately the same strike is exposed in a long
trench, where it dips 60° E. The Reco lode (No. 5) is 1,300.feet
southwest of the Banner lode and approximately parallel to it. A
shaft is sunk on a fissure in rhyolite which dips 86° E. '

Golden Chariot claim.—On the Golden Chariot claim, 1 mile southeast
of the St. Paul mine, three pits are sunk on the Gibson lode, which
strikes a few degrees west of north and dips steeply eastward, Along
the lode the rhyolite is highly shattered and stained with iron oxide.
At the bottom of one of the pits there is a streak of rich ore composed
of soft, rotten rhyolite, black manganese oxide, and hydrous silica,
with numerous small flakes of free gold. On the Chariot vein near by
a 50-foot shaft is sunk in shattered decomposed rhyolite, which carries
pockets of rich ore.

Esmeralda mine.—The Esmeralda claim is about 3,500 feet south
of the Golden Chariot. On the Charters-O’Byrne lease on this ¢laim
a 45-foot shaft is sunk on the promising outcrop of a lode which dips
76° SW. The strongly shattered rhyolite for a width of 3 feet along
the lode carries low-grade gold ore. On the Riddle lease on the same
lode, about 300 feet to the southeast, a shaft is sunk 50 feet in shat-
tered iron-stained rhyolite, which is strongly mineralized and carries
pockets of high-grade gold ore.

Water Witch mine.—The Water Witch claims are about half a mile
north of Midas. In the‘Benan lease, on the Water Witch fraction, a. -
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shaft is sunk in rhyolite on a sheeted zone which strikes a few degrees
west of north. Along a prominent plane of movement there is from
1 to 12 inches of rich gold ore. A 3-foot zone of shattered rhyolite
is said to carry $20 to the ton. The screenings of the dump are said
to carry shipping values.

Elko Prince lode.—The Elko Prlnce lode, about 1 mile. northeast of
". Midas, is in altered rhyolite, strikes northwestward, and dips steeply
to the northeast. It is developed in a shaft about 100 feet deep and
in several surface pits near by. In places on the surface the lodeis a
sheeted zone of iron-stained rhyolite, but in the shaft it is a banded
siliceous filling of an open space about a foot wide. The ore is'said to
carry $20 a ton in gold and silver. ‘ '

Midas mine—The Midas claim is about 14 miles north of the town
of Midas. A shaft 100 feet deep is sunk in rhyolite on a sheeted zone

which is from 2 to 5 feet wide and is said to tarry $8 to the ton in gold.
The rusty ore from a small pay streak shows numerous specks of free
gold.

Gold Circle claim:—The Gold Circle claim is about 1,200 feet north-
west of the Midas. A zone of crushed silicified and hlfrhly iron-
stained rhyolite along a fault between andesite and rhyolite pans free

gold liberally. This deposit was discovered only a few days before
the camp was visited by the writer and not more than 10 feet of work
had been done.

Belvoir claim.—On the Belvoir claim, one-half mile south of the
Midas, a sheeted zone of rhyolite is exposed in small pits and trenches.
Some of the small fissures are filled with crushed rhyolite, cemented
with iron-stained quartz which carries gold and silver.

Eastern Star mine—The Eastern Star mine is on Frazier Creek
about 4} miles east of Midas, in an area of white devitrified rhyolite
which is similar in appearance to that of the Gold Circle district. The
two bodies of leached rhyolite are not directly connected, however,
for a large area of fresh vitreous rhyolite lies between. A tunnel is
driven northward for 160 feet along the strike of a.zone of silicified
iron-stained rhyolite which outcrops boldly on the summit of a low
ridge. It is cut by three or four parallel veinlets up to 10 inches
wide, which carry ribbons of quartz and argentite and in places show
a liberal amount of free gold. Between the veinlets and.for some
distance on either side the rhyolite is impregnated with finely divided
pyrite and other opaque minerals, so that a considerable mass of it is
as dark as andesite.

INDEPENDENCE RANGE.
GENERAL FEATURES.

The Independence Range is a compact group of lofty mountains
east of the Owyhee Bluffs and separated from them by a low pass

/
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which is crossed by the road from Gold Creek to Burner. The range
may be regarded as a northward extension of the Cortez Range, but
the two are separated by a relatively low saddle between the head-
waters of Soldier Creek and Independence Valley. Several of the
highest miountains reach elevations from 9,000 to 10,000 feet above
the sea, or about 4,000 feet above the level of Independence Valley.

As shown in the atlas of the Fortieth Parallel Survey, the range is
made up mainly of thick rhyolite flows which here and there are
eroded away to expose large outcrops of sedimentary rocks, chiefly
the Weber quartzite. The rhyolite extends westward a great dis-
tance from Tuscarora and covers a large area surrounding Squaw
Valley, including Gold Circle and other camps near by. At Tusca-
rora, Cornucopia, Good Hope, and Falcon the rhyolite is cut by large
bodies of intrusive andesite. A'body of granodiorite occurs near the
headwaters of Willow Creek.

The mining camps situated in the Independence Range are Tus-
carora, Cornucopia, Good Hope, and Falcon. The ore deposits are
silver-bearing fissure veins of the Tertiary group and are in andesite
or in rhyolite near intruding andesite. No deposits have yet been
discovered in the sedimentary rocks or associated with the granodio-
rite intrusive rock.

TUSCARORA.

HISTORY.

Tuscarora is situated on the southeastern slope of Mount Blitzen,
at an elevation of about 6,200 feet above sea level. It is near the west
margin of Independence Valley, a broad area of flat hay land drained
by Owyhee River, and is about 50 miles northwest of Elko, with which
it is connected by a daily stage that also connects at Tusc&rora with
* stages for Edgemont, Aura, Mountain City, and other northern points.

Placer deposits were found at Tuscarora in 1867, and several years
later rich silver veins were discovered. In the seventies and eighties
a number of silver mines were opened and a large production was sus-
tained for a number of years. Most of the ore was milled at Tusca-
rora; only the very high grade ore was shipped to smelters. The six
silver mills which were in operation employed the Reese River proc-
ess, by which the ore was dried, stamped, roasted with salt, and
amalgamated in silver pans.  The Grand Prize mill employed a com-
bination process, the ore being concentrated over vanners and the
concentrates roasted and subsequently amalgamated in pans with the
raw tailings. The silver mills had an aggregate of 80 stamps and are
said to have glven a satisfactory extraction.

The Dexter mine, which is a large deposit of low-grade gold ore, was
discovered after the silver mines had been producing for several years.
This mine was worked until 1898, when operations were discontinued
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on account of the great volume of water which was encountered.
The Dexter ore was treated in the Dexter mill, originally a 40-stamp
amalgamating mill operated by electric power. Subsequently four
Ellis tables and fourteen cyanide tanks with a capacity of about 450
tons were added to treat the tailings. In 1908 a second cyanide plant
was installed.

Since 1898 there has been some leasmg on the upper levels of the
old silver mine, but extensive mining operations have been discon-
tinued. In 1907 Arthur A. Brownlee obtained options on nearly all
the mines and organized the Tuscarora Nevada Mines Company. This
company spent considerable money sampling the mines and dumps,
and is said to have found a large tonnage of low-grade ore in the old
workings of the Dexter mine. The company plans to unwater the
‘mine, to build a large cyanide plant, and to undertake many other
improvements.

Accurate figures for the production of Tuscarora are not at hand.
Various estimates range from $25,000,000 to $40,000,000. Most of
this was obtained between 1872 and 1886 and the larger portion is
silver. The gold placers are reported to have yielded $7,000,000 and
the Dexter mine $5,000,000 in gold, the various silver mines being
credited with the remainder.

When the camp was visited in 1908, practlcally all the mines were
inaccessible. At the Dexter, which is situated at the lower edge of
the mineralized area, the water table was within 20 feet of the surface
and only some shallow workings and open pits could be entered. In
the silver mines, which are at slightly higher elevations, a few work-
ings above the 100-foot level were accessible.

The country rock of the Tuscarora mines is rhyolite and andesite
porphyry, which at many places are covered by a thin layer of
Quaternary gravel. Most of the deposits are in the porphyry, which -
in the vicinity of the mines is highly altered. It is the propylite of
the Fortieth Parallel Survey. High on the southeastern slope of
Mount Blitzen relatively fresh andesite outcrops at several places.
The freshest andesite is composed of a dense greenish groundmass
containing phenocrysts of andesine, orthoclase, hornblende, and
biotite. Toward the mineralized area the andesite is greatly altered.
At some distance from the veins chlorite is formed in great abundance
and the rock is dark green, but in the highly mineralized area and
within a few :yards of the veins sericite and iron pyrite have been
extensively deposited by replacement. On oxidation this rock alters
to a brown iron-stained porphyry, which constitutes a large part of
the various mine dumps. Some specimens of what seemed to be the
least-altered phases of the porphyry in the mineralized area proved,
on examination, to be rich in quartz and orthoclase. It will probably
be found that the porphyritic rock commonly regarded as andesite
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consists of several related kinds of rock, the separation of which will
require great patience even under favorable conditions.

The rhyolite is when fresh a white or greenish dense or almost
glassy rock; at many places it is a flow breccia. In the vicinity of the
ore bodies it is extensively altered, and even the freshest specimens
show, under the hand lens, a considerable amount of secondary
pyrite. : . .

In the open-cut at the Dexter mine the relations of the andesite
and the rhyolite are distinctly crosscutting, one rock intruding the
other in a very irregular manner. Owing to hydrothermal action
and subsequent oxidation it is not possible to ascertain which rock
intrudes the other, but if the rhyolite is a flow, as is indicated by the
banded shaly phases, then the andesite is the later rock and is intruded

into the rhyolite.
ORE DEPOSITS.
i

The ore deposits, so far as could be ascertained from the limited
observations which were possible when -they were visited, are silver
lodes in andesite, fractured zones or stockworks of gold ore in rhyolite,
and gold placers. :

Silver lodes.—The silver veins occur-in an area of highly altered
andesite, which contains small masses of rhyolite. Most of them
strike a few degrees west of north and dip toward the west. The
gangue is mainly quartz. The ore minerals are ruby silver, enargite,
and other silver. sulpharsenic and sulphantimony minerals, silver
glance, galena, pyrite, and arsenopyrite. A little chalcopyrite and
bornite were noted, but these are not abundant. Here and there
is a little malachite, but copper is present only insmall traces—as a
rule, much less than 1 per cent. Shoots of gold ore are found in some
of the silver lodes and most of the silver ore contains gold. - Near the
surface there was much horn silver and native silver. A single block
of horn silver from the Commonwealth mine is said to have sold for
$30,000. The veins are fissure fillings between the walls of porphyry,
and in some of them the ore surrounds numerous fragments of brec-
ciated .country rock. Locally the wall rock is replaced by workable .
ore, and at many places in the vicinity of the veins the ‘country rock
is said to carry low values in silver and gold.

The Navajo lode, which is about one-fourth mile west of Tuscarora,
was. the most productive system of veins. It strikes about N. 80°
W. in the Navajo ground and it has been followed northwestward for
about a mile. The deposits of the Navajo, Belle Isle, North Belle
Isle, Nevada Queen, Commonwealth, and North Commonwealth
mines are on this lode. At the North Commonwealth it bends and
strikes about N. 60° W. The total production of these mines is said -
to have been about $15,000,000. East of this lode, and situated in
the main on lodes which are approximately parallel to it, are the.
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dep031ts of the Independence, P. & P., Eira, Silver Prize, Buckeye,
De Frieze, Grand Prize, and other mmes Accordmg to report, most
of the larger ore shoots were at the junction of fissures and pitched
toward the northwest.

In the North Belle Isle, on the 70-foot Ievel, several narrow fissure
veins strike north and dip from 35° to 80° W. These carry values in
silver and gold up to several hundred dollars a ton, and where they
join, about 20 feet below the 70-foot level, they make a shoot of ore
several feet wide from which $1,000,000 is said to have been taken.

Gold deposits.—The most important gold deposit at Tuscarora is
that of the Dexter mine. This is situated near the contact of rhyolite
and andesite and dips northward at a low angle. A zone, mainly in
the rhyolite, is strongly fractured for a distance of 1,400 feet east and
west and about 200 feet north and south. Pockets of rich ore occur
here and there in this zone, and it is said that the whole mass of this
rock could bé worked profitably by cyaniding on a large scale. The
deposit is crossed by numerous closely spaced veinlets of quartz, which
strike in all directions. In many of ‘them the fissures are not com-
pletely filled, and the centers of.the veinlets contain long, narrow
druses lined on both sides with well-formed crystals of quartz half an
inch long. Locally there is considerable adularia in crystals up to
one-fourth inch long, deposited in drusy veinlets with quartz. These
‘veinlets are said to carry high values in gold. The rhyolite of the
fissured zone is strongly impregnated with pyrite, even the freshest
specimens showing much pyrite under the hand lens. The gold seems
to have been deposited through replacement of the rhyolite and also in
numerous small open spaces. The deposit is crossed by several faults
which strike northeastward and dip toward the northwest. The
throw of all these faults is said to be toward the south; the hanging
wall onthe west side of the fault has moved downward, causing an offset
of the ore zone toward the south. The faulting is therefore normal.

Some gold placers are located from 1 to 3 miles west of Tuscarora.
They were extensively worked in the seventies and are said to have

produced $7,000,000, but little work has'been done of late years
~ except that carried on by a few Chinese. The deposits were worked
mainly by ground sluicing. The gold occurs as dust and as nuggets
of considerable size. One of these, about one-half gold and one-half
quartz, weighed 9 ounces, and many nuggets have been found which
weighed more than an ounce. The source of the gold is presumably
some gold lodes which occur to the north and west of the diggings.

At the Rose mine, about 14 miles west of Tuscarora, several low-
grade quartz veins have been found, and the country rock, which is
altered porphyry, is said to carry appreciable values in gold.

On Beard Hill, 2 miles southwest of Tuscarora, the Surprise group
is situated just above some old placer workings. The country rock
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is shattered rhyolite, which is cut by many veinlets of iron-stained
quartz that pans gold freely. Some of the placers were probably
derived from these deposits.

A large acreage of ground west of Tuscarora has been located and
sampled with drills. It is said that much of this ground will pay to
work with dredges, and two companies are planning such operations.
- A large number of samples are reported to have given an average of
about 14 cents per cubic yard.

FALCON MINE.

West of Tuscarora there is a great area of mountainous country,
the higher peaks reaching elevations of 8,000 to 9,000 feet. The
rocks are in the main Carboniferous quartzites capped by rhyolite
and intruded by andesite and related rocks. A large mass of grano-
diorite, probably older than the rhyolite and porphyry but intrusive
in the sedimentary rocks, is exposed at the headwaters of Willow
Creek and Rock Creek.

The Falcon mine, at the head of a small tributary of Rock Creek, is
about 12 miles by wagon road ‘west of Tuscarora. The mine was
worked from 1879 to 1881 and the ore was hauled to Tuscarora. In
1884 a four-pan silver mill was built, but this was not operated and
is now in ruins. The deposit is a fissure vein from 2 to 5 feet wide
and is approximately vertical. Two deep shafts are sunk on it and
shallow pits are dug at several places. The country rock is andesite, -
which near the vein is altered to a light-gray rock composed largely
of white mica, but the fresh dark andesite is exposed at several places
within 300 or 400 feet of the vein. The ore is highly siliceous and

- contains a small proportion of finely divided pyrite and other dark
sulphides, which are banded with the quartz and show comb and rib-
bon structure. The values are said to have been in ruby silver.

CORNUCOPIA.

The mines at Cornucopia, about 8 miles southwest of the stage sta-
tion on Deep Creek, were operated actively in the seventies, when
they produced, it is said, over a million dollars in silver. The ore
was treated by pan amalgamation in a 20-stamp mill at Mill City, 2
miles below the town. The principal mines are the Leopard and the
Panther, which were operated through shafts. The Leopard shaft
is said to be 800 feet deep. When the camp was visited in 1908 all
the deep workings were caved and only some shallow pits and sur-
face stopes were accessible.

The country surroundmg the Cornucop1a district is a large area of
low hills, which in the main are capped with rhyolite and obsidian.
Under the microscope the denser rhyolite is seen to be composed of
a glassy microlitic groundmass which contains phenocrysts of quartz,
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oligoclase, pyroxene, magnetite, and a little hornblende. It is more
basic than most rhyolites of this area and approaches andesite in
compos1t10n Some phases of rhyolite are vesicular and some are
pumiceous. The rhyolite is cut by intrusive andesite, to which the
accessible ore deposits are restricted. - An exposure of the andesite
in a relatively fresh condition may be observed near the ruins of a
stone house at Cornucopia. The rock is a dark porphyry, composed
of a glassy groundmass which contains many phenocrysts of basic
andesine. and pyroxene, with large chloritic patches that seem to
have resulted from the decomposition of hornblende. At the expo-
sure named it may be noted grading into a highly decomposed seri-
citic phase of the andesite, which is white or stained with yellowish-
brown iron oxide. Everywhere in the vicinity of the ore deposits
the andesite is similarly decomposed. Masses of quartz porphyry
" occur in the area of the andesite and are probably intruded into it.
The quartz porphyry is light colored and is composed of a ground-
mass, presumably microcrystalline, which "contains white mica,
feldspars, and small phenocrysts of resorbed quartz. The rock out-
crops in the tunnel of the Leopard mine, but none of the deposits, so
far as known, is inclosed in it.

The ore deposits are sheeted zones in decomposed andesite. The

ore is white quartz, which carries a very small proportion of dark
sulphides, forming narrow ribbons in the quartz. Pyrite, argentite,
and gray copper are present, and ruby silver is said to have been an
important ore mineral. On the surface the ore minerals are mainly
horn silver and a yellow mineral which is probably pyromorphite.
The proportlon of the sulphldes present is-very small, but they must
* have been rich, for the ore is said to have carried 400 ounces of silver
to the ton for mill runs. In some of the ore the minerals are arranged
symmetrically with respect to the walls, the quartz crystals point-
ing to the center of a druse, showing that the ore was deposited in
open spaces. The country rock along the veins is, however, silicified
and otherwise altered by the vein-forming solutions, and at some
places carried workable values.

The Panther vein in the principal workings southwest of the
silicified outcrop shown in figure 5 strikes S. 78° W. and dips 83° N.
to 90°. Here underhand stoping has been carried down for a dis-
tance of 60 feet along the strike. The country rock is altered andes-
ite, a soft kaolinized mass cut through by veinlets of white quartz.
At the west end of the stope a smooth slickensided fault strikes
northwestward, cutting off the vein. The surface of the fault shows
striz inclined northwestward to a line along the direction of steepest
dip and making an angle of 15° with it. The country to the north
has been prospected for the vein, but it has not been discovered in
that direction on the southwest side of the fault. If the fault is
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normal, the vein to the west of it should be found south of the pres-
ent workings, where possibly it is represented by some poorly defined-
masses of quartz which outcrop at that place.

A few rods northeast of the surface stope is a promment ledge

which strikes a few degrees north of east. This ledge, which is several
hundred feet long, is the altered andesite somewhat silicified, fractured,
and seamed with quartz veinlets. To the east of the ledge a vein
in altered andesite has been developed for a few feet and some ore
has been stoped. This vein is probably the faulted continuation of
the silicified outcrop of quartz which lies between the two groups of
workings. ]

GOOD HOPE DISTRICT.

In the Good Hope district, which is about 12 miles southwest of
Cornucopia, mining was carried on in the early eighties, when the
camp is said to have produced over $100,000 in silver. The principal
mines are the Buckeye and Ohio, the Snyder, and the Page &
Kelley, All these mines were inaccessible in 1908 except the Buck- -
eye and Ohio, which was under water above the adit level. The
+ deposits are in the main sheeted zones in rhyolite flow breccia, but
altered andesite is exposed at several places and it is probably the
country rock for some of the ore deposits. The leaching of the coun-
try rock is extensive near some of the deposits, but is not so general
as at Cornucopia. Pyritization is, however, more pronounced in the
wall rock and the ore at Good Hope contains a much greater amount
of the sulphides. The Buckeye and Ohio mine is on Fourmile Creek
near its junction with Atlantic Cable Gulch. The mine was oper-
ated from 1882 to 1884, and the ore was run through a 5-stamp
mill 1} miles below the mine. This mill was equipped with roaster,
pans, and settlers and employed the Reese River process. A small
concentrator was built in 1903, but the treatment employed was
presumably unsuccessful, as only a small amount of ore was put
_through it.

On the surface above the adit level obsidian and other varieties
of glassy lavas outcrop at several places In the mine the rhyolite
is a light-colored flow breccia, which is locally altered to a white
claylike mass. “Along a zone of movement it has been converted
to gouge. x

The lode is composed ‘of veinlets of quartz and sulph.ldes, whlch
include masses of the country rock highly altered and partly silicified.
A tunnel driven on the vein for 300 feet southwestward gives a depth
below the surface of about 65 feet. At some places stopes are carried.
to the grass roots and several winzes are sunk upon the vein. The
ore is composed of quartz, pyrite, arsenopyrite, frelberglte, stlbmte
and dark ruby silver.

11444—Bull. 408—10—35
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The vein, as shown in figure 6, is followed by the adit for a distance
of 300 feet. At the breast, where it dips steeply westward, it is cut

o] 50 100 Feet
-

FI1GURE 6.—Plan of adit level of Buckeye\and Ohio mine,
Good Hope district.

off by a fault which strikes
37° E. This fault follows a
vein also and carries much
crushed ore and some banded
ribbons of unbroken ore. A
stope from this vein is carried
to the surface. Near the
junction of the two veins a
second fault, which deviates
from the principal fault about
5°, cuts off the west vein.
The ore therefore forms a let-
ter V, which points to the

- south. If the faults are nor-

mal the continuation of the
principal vein will be found
south of the present workings,
on the west side of the fault.
- Near the head of Atlantic
Cable Gulch, about 1 mile
above the Buckeye and Ohio
mine, several prospects show
brecciated rhyolite silicified
and cemented by quartz and
dark sulphides. One of the
lodes outcropping boldly on
either side of the gulch strikes
N. 10° E. and dips 35° W,
and its outcrop forms a V
pointing up the gulch. In
places it carries a considera-
ble quantity of dark pyritic
ore which has been crushed
and recemented by white and

barren-looking quartz. At one place an abandoned incline is driven

on the lode to a depth of about 30 feet,

of quartz and sulphides.

exposing a considerable mass

¢

BURNER HILLS.

GENERAIL FEATURES.

The Burner Hills, which are some 10 ‘miles west of Good Hope,
rise about 800 feet above the broad undulating plain of the Owyhee
Desert, which lies to the east and north. From Good Hope to the
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Burner Hills this plain is covered by beds of rhyolite and rhyolite
pumice. Nearly everywhere these beds are flat or dip at low angles:
in variousdirections, but as they approach the hills the marginal fringe
of rhyolitic pumice becomes steeply upturned and dips away on the
east side at angles up to 35°. Still higher on the hills siliceous shales
with beds of intercalated limestone outcrop at many places. These
beds are highly tilted and show a considerable variety of attitudes,
but the prevailing dip appears to be away from the central axis of
the hills, the summit of which is a fresh andesite showing massive
columnar jointing. The andesite intrudes the sedimentary rocks
and probably rhyolites also, although the contact at this place was
not seen. A number of claims are located on these hills, but the
Mint mine is the only one on which any considerable amount of
work has been done. This mine was operated in the ecarly eighties

and shipped about $30,000 worth of lead-silver ore to smelters.
Active operations were suspended in 1893, and since that time but
little work has been done.

MINT MINE

At the Mint mine a tunnel is driven southwestward for 175 feet
to the lode, which it follows for 300 feet. The lode strikes S. 25° W.
and is approxunately vertical. Fere and there stopes have been
carried upward and a ‘winze is driven on the lode below the adit
level. The ore consists of galena, sphalerite, pyrite, arsenopyrite,
and chalcopyrite, in a gangue of quartz and calcite. Near the surface
lead carbonate and iron oxide are present. The sulphides and
quartz occur as ribbons parallel to the walls or as masses impregnating
the andesite, which is somewhat altered by the vein—forming solutions.
The high-grade ore is said to be irregular and bunchy in the vein,
but a zone up to 4 feet wide is re(rarded by the owners as available for
concentrating, as a considerable proportlon of the silver values is in
galena.

South of the Mint mine are several small veins of 1ron—sta1ned
siliceous silver ore. Some of these cut across the sedimentary rocks;
others occur as stringers parallel to the bedding.

CENTENNIAL RANGE.
GENERAL FEATURES.

The Centennial Range, which lies between Deep Creek on the south
and East Fork of the Owyhee on the northeast, is about 20 miles
long and from 5 to 10 miles wide, its principal axis trending northeast-
ward from Lime Mountain to Montana City. The higher summits
rise from 3,000 to 4,000 feet above the Chellis Valley, which topo-
graphically is a part of the Owyhee Desert, a great rolling plain of
sagebrush that extends northwestward far into southern Idaho.
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. The range is separated from the Jack Creek Mountains, to the south-
- east, by Bull Run Basin, which is drained by Bull Run Creek. This
stream flows westward through a deep V-shaped canyon that sepa-
rates the central mountain mass of the Centennial Range from a
narrow, lofty ridge which extends southward toward Deep Creek.
The highest part of the range is a compact group of mountains that
lie between Bull Run Creek and Blue Jacket Canyon and cluster
about Porter Peak, the loftiest summit. North of Blue Jacket Canyon
the hilly country extends to Mountain City and beyond that north-
ward into Idaho. The topographic expression of the range is due
to faulting modified by erosion and to a trivial extent by glaciation.

The rocks are mainly Paleozoic quartzites, limestone, and shales.
On the slopes of Porter Peak the prevailing dip is northward, almost
at right angles to the principal axisof the mountains. The great
faults on which the chief structural features depend have so broken
the geologic column that in the absence of fossils it was not possible
to determine the age of the rocks' satisfactorily in the limited time
devoted to the work, but from the lithologic descriptions published
by the King Survey for the country to the south it seems highly
probable that the Carboniferous formations have the widest distribu-
tion. The great quartzite beds which form the southern portion of
Porter Peak and which include the ore deposits at Edgemont and at
Bull Run are tegarded as Carboniferous. This is a medium-grained
quartzite, which through great thicknesses shows comparatively slight
variations. At the Bull Run mine there are some thin-bedded siliceous,
shaly layers, and on the north slope of the hill south of Edgemont some
fine conglomerates were noted, but the great mass of the formation
is a dull gray or pink quartzite, massive, thick bedded, and strongly
jointed, at many places showing too little evidence of stratification
to define its attitude. On the ridge north of the stream which flows
westward from Porter Peak through Edgemont the quartzite is over-
lain by a great series of limestones. This series is several thousand
feet thick and on the north slope of Porter Peak grades into black
shales which still farther north are overlain by a thick series of
limestones and shales. The great expanse of hilly country between
White Rock and Mountain City was not traversed in this reconnais-
sance, but at a distance it appears to be composed i in the main of
sedimentary rocks capped with rhyolite.

At a number of places, including Blue Jacket Canyon on the south-
east side of the range and the ridge south of White Rock Canyon
‘on the northwest side, the limestones are intruded by medium-
grained granitic rocks. None of the outcrops of these intrusive
masses are very extensive, but at the north end of the range they
are numerous, and pos51bly they are connected.in depth. A char-
acteristic specimen from one of the larger masses on the ridge south
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of White Rock Canyon is a granodiorite composed of oligoclase,
quartz, orthoclase, biotite, and hornblende. No garnetization of
limestone was noted near these intrusions. At Mountain City the
sedimentary rocks are intruded by a granodiorite, which is more
coarsely crystalline and carries more quartz and orthoclase than
the average granodiorite. North of Aura and also on California
Hill, 2 miles above Mountain City, garnet, epidote, tremolite, and
actmohte have formed extensively near the contact of granodlorlte
with limestone.

Here and there in the Bull Run Basm protrudlng through the
cover of granite, are outcrops of rhyohte and basalt, and in the
country to the east, extending to a great but unknown distance,
are thick beds of rhyolite with a subordinate amount of rhyolite
flow breccia. Very extensive beds of rhyolite occur also in the
lower country to the west and south of the Centennial Range. This
rhyolite is much younger than the sedimentary rocks composing the
main mass of the Centennial Range, and if it were in its original posi-
tion it would now be above the sedimentary rocks instead of forming
the floors of the lowest depressions, such as Bull Run Basin. The
present structure was brought about by faulting and tilting. North
of Bull Run Creek, on the south slope of the high mountains which
form the central portion of the range and near the trail from Aura
to the Bull Run mine, there are bluffs of volcanic agglomerates and
tuffs composed of rhyolite fragments with a large proportion of
diorite porphyry. At the base of the exposed portions of the beds
there are some layers of shaly coal. The agglomerate beds are of
Tertiary age, and as they dip toward the Paleozoic rocks which form
the central and most elevated portion of the range, there must be
a fault of several thousand feet between the two systems of rocks.

ORE DEPOSITS.

In 1869 a party composed of Cope, Dixon, and others, going from
Silver City, Idaho, to White Pine, Nev., made discoveries and located
claims near Columbia and in Blue Jacket Canyon near by. These
discoveries attracted considerable attention to the district, and in
the early seventies silver mills were built in Blue Jacket Canyon.
and at Mountain City. In 1875 Edward Stokes built a mill at
Columbia to treat the ore from the Revenue, California, and Infidel -
mines. All these mills employed the Washoe or the Reese River
process, and the conditions for operation were most trying, as it
was necessary to haul ‘the bulky supplies required for silver milling
75 miles or more by wagon road. Although a considerable tonnage
of chloride ore, taken from the upper parts of the deposits, was
put through these mills, it is a question whether much profit was
made from the operations. Owing to the insuperable difficulties in
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the way of getting cheap transportation, together with the faulted
condition of the lodes, the operators lost heart and turned their
attention to other fields. In the nineties the mining industry was
revived by the discoveries of gold ores at- Edgemont, and in 1906
the country again felt the stimulus of enthusiasm for prospecting
which swept over Nevada from the southwest. In that year several
gold veins were discovered near Aura and elaborate preparations
were made to reopen some of the silver mines at Mountain City, but
these operations were stopped in 1907 when it became difficult to
obtain money for prospecting or development work.

The ore bodies are fissure veins which cut across the bedding of
sedimentary rocks, bedding-plane deposits which follow the strati-
fication, and fissure veins in granite. The sulphide ores fall into
two general classes—(a) gold deposits of highly siliceous ore carrying
a small percentage of pyrite and galena and (b) silver deposits carry-
~ ing these minerals in greater abundance, together with a small
proportion of arsenic and antimony minerals. At Edgemont and
Aura the deposits are in the sedimentary rocks, but at Mountain
City they are mainly in the granodiorite. They were formed before
‘the faulting took place. In every mine where any considerable
amount of development work has been done faults have been encoun-
tered. These are nearly everywhere of the normal type, which
implies a dewnward movement of the hanging wall.

The rhyolites that flank the mountains are probably younger than
the deposits which have been developed in the Centennial Range.
At Gold Circle, Lynn, and elsewhere this rhyolite carries gold deposits
that are of a different type from those of this range, and there is
no reason why it should be avoided by the prospector, especially
where it is intruded by dark rocks (andesite) and in areas where it
is leached white by hot waters.

LIME MOUNTAIN.

Lime Mountain forms the southern extremity of an elevated ridge
about 6 miles long, which lies between Bull Run Basin and Chellis
Valley. This ridge, which may be regarded as a southward exten-
sion of the Centennial Range, is separated from it by the very steep
canyon occupied by Bull Run Creek. The rocks at Lime Mountain
are in the main dark-gray limestones, which at the summit of the
mountain dip from 20° to 40° W. The limestone is cut by dikes
and other intrusions of igneous rocks, which include quartz porphyry,
andesite, and diabase. Locally the limestone is metamorphosed to
a coarse-grained marble, but the metamorphic action is not intense
and very little garnet or hornblende has been developed. The
principal workings are at the Eldorado mine, where a 200-foot tunnel
driven westward into the mountain is connected with a shaft 115
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feet deep. At their intersection and upward to the surface much
of the workings is in ore that is said to average several per cent of
copper, with values in gold and silver. The ore consists of pyrite,chal~
copyrite, and bornite, which are intergrown with white and black mica,
calcite, and quartz. The deposit, which is probably of contact meta-
morphic origin, has been fissured since deposition, and there has been
some secondary chalcocite enrichment of the copper-iron sulphides.
The rock that caused the metamorphism could not be determined.
About 1,000 feet northwest of the mine is a considerable area of
quartz porphyry, and a diabase dike, outcropping on the crest of
the hill, 500 feet above the mine, strikes toward it. On the crest
. of the ridge, at places which are much nearer to those rocks than the
Eldorado, the limestone is not greatly metamorphosed, except in
some localities where it is a very coarse marble.

COLUMBIA AND AURA.

GENERAL STATEMENT.

Columbia, which is situated at the north end of Bull Run Basin,
was in the seventies the headquarters for prospecting and mining in
the central part of the Centennial Mountains. In the boom times of
1906 Aura was founded a mile or two below Columbia, and it is now

.the post-office and supply point for the east side of the range.

Several mines are located near Columbia, but all of them except the
Big Four have long been idle. This mine, which was discovered in
recent years, made several shipments of ore in 1908 and is commonly
regarded as a property of some promise. The silver mines which
were abandoned years ago were relocated recently, but httle work
has been done except enough to hold the ground

In the canyon of Blue Jacket Creek, which joins Columbia Creek
in the north end of Bull Run Basin, there are several mines and pros-
pects, but none of them have been extensively exploited except the
Blue Jacket, which was worked in the seventies. Two 5-stamp
amalgamation mills were built in Blue Jacket Canyon to work the
gold ores, utilizing the water power of Blue Jacket Creek. Both
were idle when the camp ‘was, visited in 1908. Some years ago a
company was formed to mine the gravels of Bull Run Basin, which
are said to carry gold, and considerable money was spent.in ditches,
flumes, and pipe. The effort was presumably not successful, and the
project was abandoned after a few hundred yards of material had
been put through the sluice boxes.

MINE DESCRIPTIONS.

 Infidel mine.—The Infidel mine, which is located on the hill above
Columbia, was worked from three tunnels driven northward into the
hill. The mine has been idle for many years and the middle tunnel
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only was accessible in August, 1908. The rocks near by are mainly
limestones and shales, but between the Infidel and Big Four mines is
a body of granodiorite of considerable size. The lode strikes 30° W.
and lies approximately parallel to the bedding of the country rock,
a dark shaly limestone. It is a sheeted zone composed of three or
four veinlets of white quartz closely spaced and nearly parallel.
The ore is white quartz, containing a very small proportion of galena,
pyrite, and other dark sulphides, said to carry high values in silver.
Big Four mine.—The Big Four mine is on the east bank of Colum-
bia Creek, about one-fourth of a mile above Columbia. . The deposit
is a flat vein which follows the bedding of a shaly limestone dipping
from 10° to 15° S. Three tunnels, each about 100 feet long, are
driven on the vein, exposing an ore body that has a maximum width
of about 5 feet. The lode is a sheeted zone in the shaly limestone,
and the ore is composed of quartz, calcite, pyrite, galena, zinc blende,
and chalcopyrite, with iron oxide and some green copper carbonate.
It is said to carry high values in both silver and gold, the cobbed ore
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FIGURE 7.—Cross sectlon of Big Four lode, Columbia.

being rich enough to pay for shipment. Near the lower tunnel the
vein and the inclosing limestone are in faulted contact with granodi-.
orite, as shown by figure 7.

Columbia Queen mine.—The Columbia Queen mine, formerly the
Bonanza, is on the west side of Columbia Creek, about 300 yards west
of the Big Four mine. Like the Infidel and Revenue, it was the
property of the Stokes Company, which operated it in 1875. The
deposit, which resembles that of the Infidel, is a sheeted zone in lime-
stone. Thelode is 3 feet wide and carries galena, zinc blende, pyrite,
and gray copper, with high values in silver and some gold. As shown
by figure 8, the deposit dips toward the south and is displaced by
three northward-striking faults, each of which offsets the lode toward
the north. S _

Blue Jacket mine.—The Blue Jacket mine is located at the head of
Blue Jacket Creek near the divide between this stream and Silver:
Creek. The deposit was worked through two' tunnels and a deep
shaft, all of which were inaccessible when the imine was visited. The
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country rock, is limestone and, to judge from the dump, the ore is
similar to other silver deposits near by. It is composed of white
quartz carrying a small percentage of galena, pyrite, and zinc blende,
with copper carbonate, iron oxide, and other minerals. The ore was
carried over a wire tramway to a 20-stamp pan-amalgamation mill,
the ruins of which may be seen below the mine at a bend of Blue
Jacket Canyon.

Jack Pot mine.—The Jack Pot mine is on the south side of Blue
Jacket Canyon, about 300 yards below the lowér tunnel of the Blue
Jacket mine. It was discovered in 1906 by Blewett Brothers, who
have done about 800 feet of development work. The country rock is
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FIGURE 8.—Plan of tunnel level, Columbia Queen mine, Columbia.

limestone, which, some 200 yards south of the mine, is intruded by a

broad dike of granodiorite. The lode, which is developed by four

tunnels driven one above another, strikes northwestward and dips
35° SW. and carries shoots of ore which have a maximum width of
about 5 feet. The ore is in the main decomposed, silicified limestone,
stained with iron oxide. Galena, pyrite, chalcopyrite, and zinc
blende are found in the lower workings. About 60 tons of the ore
has been put through the Walker mill, but the saving by amalgama-
tion was not satisfactory. A considerable tonnage on the dump and
in the mine is said to be rich enough in gold to yield a profit on
cyaniding.
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California mine.—The California mine is located on the east slope
of Porter Peak, near the head of a small tributary to Blue Jacket
Creek. The lode is a siliceous replacement vein, which cuts across
the bedding planes of limestone and dips southwestward at-a high
angle. The ore consists of white quartz, galena, and iron oxides,
with some green copper carbonate. Where exposed in the principal
working pit the lode is 4 or 5 feet wide.

Tiger lode.—The Tiger lode is on the north slope of Porter Peak,
at the head of Silver Gulch, which drains westward from the central
axis of the range. The lode dips 60° W. and is opened along the
surface by five short tunnels driven one above another. Some ore

from this mine is said to have been packed by mules to Mountain
- City in the seventies. The lode is a 3-foot vein of ore, very high
_in silica, and contains galena, pyrite, and a small amount of zinc
blende. The surface ore carries copper carbonate, pyromorphite,
and irgn oxides and -is said to be rich in silver. North of the Tiger
lode, at the head of Silver Creek, there are a number of abandoned
shafts that were driven on lodes of siliceous ores in limestone. North-
west of these shafts, on the ridge between White Rock and Silver
Creek, dark limestones dip from 45° N. to 90°. Three or four silver
veins striking northeastward cut across the limestone, and on the
crest of the ridge these veins outcrop boldly at several places. With
better transportation facilities these deposits should be regar&ed as
worthy of more careful prospecting.

Humboldt mine.—The Humboldt mine is at the head of Polaris
Gulch, about half a mile southeast of the Blue Jacket mine. The
country rock is contorted shaly limestone, and the vein, which is
1} to 3 feet wide, is composed of white quartz, galena, pyrite, chal-
copyrite, and gray copper. An incline is driven southeastward at
a low dip, but when the mine was visited most of it was under water.
About 100 yards east of the Humboldt shaft a surface pit in grano-
diorite shows a strongly sheeted and leached zone, which is said to
carry up to $3 a ton in gold.

Polaris mine.—The Polaris mine is in Polaris Gulch, about one-
fourth mile southeast of the Humboldt. An incline is sunk about
200 feet deep and from it two levels are turned. A fissure dipping
32° SE. cuts across the bedding of the limestone. Here and there
along the fissure are masses of quartz and silver-bearing sulphides.
This mine supplied some ore to the Columbia mill in the seventies.

Aura King mine.—The Aura King mine is in Blue Jacket Gulch,
between the Walker and the Aura King mills. The vein, which is in
limestone, dips 30° SW. and has been followed on the strike for 200
feet. It is from 3 inches to 1 foot wide and is said to carry high
values in gold.
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EDGEMONT.

Lucky Girl group.—Edgemont is an active little mining camp
located on a branch of White Rock Creek, on the west slope of the
Centennial Range. It is supported in the main by the mining and
milling operations of the Montana Gold Mining Company, owning
the Lucky Girl group of claims, which includes all of the deposits
which have been extensively developed on the west side of the
range. These claims were purchased in 1898 by Alex. Burrell, and
a 20-stamp mill was built in 1902 and has been in continuous suc-
cessful operation ever since, treating about 60 tons of ore a day.
Electric power is transmitted from a plant installed on a tributary
of White Rock Creek, 4 miles north of Edgemont. The mines of
-this company comprise about 5 miles of underground workings and
extensive ore bodies have been developed. The deposits include
the Lucky Boy, Lucky Girl, and Big Bob veins. The Lucky Boy
vein is the most extensively developed and has supplied most of the
. ore to the mill. This group of mines and the Bull Run mine on the
south slope of the mountain have yielded since they were opened
about $1,000,000, chiefly gold

As now arranged, the ore is dropped to the fifth-level adit and is
drawn by mules to the portal, where it is fed automatically to a bucket
tramway, 3,600 feet long, which carries it to the mill 800 feet below.
" At the mill the ore falls on grizzlies and the large rock goes to a 9 by
11 Gates crusher. There are four batteries of five stamps each. The
fine rock goes to the outside stamps, which weigh 750 pounds, and
the coarse rock to the inside stamps, which Welgh 1,000 pounds.
The stamps drop 8 inches eighty-five times a minute. About 50 per
cent of the values are caught on amalgamation plates, from which
the pulp passes to three Wilfley tables and one Pinder concentrator,
where the galena and pyrite are removed. To utilize a water supply
from a gulch north of the mill, the tailings are passed through a flume
to a dam about 2,000 feet below. Here the slimes are drained from
the sands and the sands are loaded into nine 50-ton cyanide tanks.
The slimes are collected at a second dam below and are loaded dry
into a mixer, where they are broken and mixed with water to the de-
sired consistency. From this they pass to the agitators and thence
to decantation tanks. The total extraction is from 90 to 95 per cent,
the ore carrying from $5 to $10 in gold and 1 ounce of silver to the ton.
The ore yields about 0.6 per cent in concentrates that carry about
$115 in gold, silver, and lead. '

The deposits are fissure veins in siliceous sedimentary rocks which:
are steeply tilted, folded, and faulted. The country rock is a brown
or gray quartzite of rather uniform grain, with here and there thin
beds of siliceous shale, which at some places is dark gray or nearly
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black. Near the veins a little sericite or white mica has been devel-
oped in the quartzite, together with a small amount of pyrite, but,
compared with deposits in the porphyries, the wall rock is but slightly
changed in composition. Between the shaft of the Lucky Girl and the
portal of the low-level tunnel, conglomerate beds are interstratified
with the quartzite. These beds are only a few feet thick and consist
in the main of well-rounded pebbles of uniform size, about one-half
inch in diameter. Most of them are white quartz, with here and
there a pebble of red jasper. In the Lucky Boy mine small folds may
be observed at several places on the surface and underground, and
the difficulties of interpreting the structure are increased also by pro-
nounced sheeting across the bedding in the same general direction as
the lodes and by jointing in other directions. The prevailing dip of
the sedimentary rock is 30° or more northwestward, but at some
places the dip is about 40° NE. Some of the quartz was deposited
before the deformation of the rocks was completed, as is shown by the

FI1GURE 9.—Sketch of wall on level 8, 1,200 feet from portal, Lucky Boy mine, Edgemont.

fractured ribbons of quartz indicated in figure 9. The principal de-
posits, however, are little affected by folding and their deposition
must have followed the greater deforming movements.

The veins, which at most places cut across the bedding of the quartz-
ite, outcrop plainly on the surface, where they are composed of white
quartz slightly stained with iron oxide. The three lodes that are
most developed strike northeastward and dip from 15° to 45° SE.,
The ore is highly siliceous and carries more than 90 per cent of quartz.
The sulphides are pyrite, galena, and arsenopyrite. The gold is asso-
ciated mainly with the sulphides or with their oxidation products.
The oxidized and sulphide ores carry approximately the same values,
from $5 to $10 a ton, and there is no evidence of secondary enrichment -
other than that due to the removal of soluble constituents; this, owing
to the comparatively firm condition of the ore, is small. Copper car-
bonates are rare or altogether lacking, and no zinc minerals were noted.
Considerable fissuring with slickensiding must have taken place before
deposition, as is indicated by the section shown in figure 10, where



CENTENNIAL RANGE. i

slickensided fissures stop at the vein, which they do not disturb or
cross. Movement subsequent to deposition has produced much
gouge along the walls, but this is barren except where it contains
crushed quartz. The sharp contact of country rock and vein quartz

10Feet
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FIGURE 10.—Section S. 40° E. through Lucky Girl vein, Edgemont.

and the dependence of vein fillings on previous openings are illus-
trated by figure 11.

The Lucky Boy vein has been developed along the strike for a dis-
tance. of about 3,200 feet and through a vertical depth of 400 feet.
On the fifth level a fault which strikes approximately with the vein

FIGURE 11.—Sketch of the northwest wall on level 8, Lucky Boy mine, Edgemont,

and dips in the opposite direction, from 40° to 80° NW., may be"
located for a distance of 2,000 feet, being exposed at five places in
various drifts and raises. The throw of the fault is about 30 feet,

measured vertically, as shown in the section given in figure 12. It
. - o :
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results in a duplication of the vein on level 5. At some places the
wide zone of faulting earries much gouge, and it is difficult to locate
the main fault plane precisely or to determine the direction of dip, but
in the main the slicken planes dip to the depressed side, indicating
that the fault isnormal. In a block of ground about 1,000 feet north-
east of the portal of level 5 and extending for 500 feet toward the
breast the vein has not been discovered, and on levels 6 and 8 in this
block of ground its position is unknown. Presumably it has been
- shifted by faults which cross the great strike fault above mentioned
and which may displace it also. To the northeast of this block of
ground the vein continues with its usual dip and strike for 1,500 feet.

SW NE

LODE_HAS °
SAME DI1P
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FIGURE 12.—Cross section of Lucky Boy vein, Edgemont, looking southwest, 775 feet southwest of inter-
section of vein with Gossip adit Line of section trends N. 35° W. )
The Lucky Glrl vein, which lies several hundred feet northwest of
the Lucky Boy, strikes N: 50° E. and dips from 35° to 45° SE. On
the surface its outcrop is clearly exposed below the company bunk
house. It cuts across massive quartzite which on the foot wall dips
22° NE. An incline is driven on the vein from which two levels are
turned and a considerable portlon of the lode above the lowest level
has been removed. The vein is from 2 to 7 feet wide and resembles
the oxidized portion of the Lucky Boy vein, being composed of banded,
sheeted quartz, stained yellow with iron oxide and carrying several
dollars to the ton in gold with about 1 ounce of silver. A section of
the vein is shown in figure 10.
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The Big Bob vein, which is similar to the Lucky Boy and Lucky
_Girl veing, outcrops a few yards above the mill, where it dips about 15°
SE. It is opened on five levels, the lowest of which is driven about
130 feet vertically below the outcrop. The larger part of the work-
ings on this vein were under water in 1908.

Bull Run mine.—The Bull Run mine is located high on the south
slope of Bull Run Mountain, which lies just north of the great canyon
through which Bull Run Creek flows to Owyhee River. In 1902 a
10-stamp amalgamating mill and cyanide plant were built near the,
portal of the lowest adit, but according to report the successful opera-
tion of this mill was impossible owing to the prohibitive expense of
freighting fuel and supplies up the steep hill to the mine. About
$120,000 was recovered in 1902 and 1903, before the mill was shut
down. The developments comprised about a mile of underground
workings on the lode. The country rock is quartzite which carries
thin layers of slightly micaceous shales. The quartzite, which re-
sembles that of the Lucky Boy, is strongly sheeted and locally the

NTOW. 5.70°.

100 Feet

FIGURE 13.—Generalized section through Bull Run mine, S.10° E. from tunnel 1 to tunnel 4.

shales have been contorted by compressive movements that took
place before the deposition of the ore. The deposit is a well-defined
fissure vein which has a maximum width of about 6 feet. It strikes
northeast and dips from 22° to 38° SE. '
The quartzite-is sheeted parallel to the vein and in places its ap-
parent stratification is parallel to the vein, but on the surface, where
the true dip may more easily be made out, it strikes nearly eastward.
The ore is composed of white quartz, stdined here and there with
iron oxides. In the lower levels pyrite and galena are present in
small quantities, these sulphides having been leached out in the upper
workings. The ore is said to carry several dollars to the ton in gold,
a large proportion of which is free. The silver present is practically
negligible. The composition of the ore, the country rock, and the
structural features of the vein resemble very closely those of the
deposits of the Lucky Girl group at Edgemont, which is not more
than 2 miles to the north. The lode outcrops plainly”in the steep
chiffs of the mountain and may be followed through a vertical range
of about 400 feet. As shown in figure 13, the lode is displaced by
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two faults, both-of which cross tunnels 2 and 3. The faults strike
about N. 15° E. and displace the lode from 30 to 60 feet. The first
one encountered in tunnel 3 dips 60° W. and the second is a wide
crushed zone which shows slickensided planes dipping toward both
walls with numerous fragments of quartz and much clay gouge. In
both faults the west wall has dropped. '
Between the Lucky Girl group of veins and the Bull Run mine
there is a steep canyon which is occupied by a small stream that
flows westward to Bull Run Creek. A good deal of this country
is covered and so the conditions for prospecting are not favorable,
but its position in the line of strike of the Bull Run and Edgemont
veins would seem to warrant a closer scrutiny than it has received.

MOUNTAIN CITY.
LOCATION AND HISTORY.

Mountain City is situated in the northeastern part of the Centennial
Range on the north fork of the Owyhee, about 14 miles east of the
boundary of the Duck Valley Indian Reservation, some 40 miles by
stage from Tuscarora. The first discoveries were made in 1869 by
Jesse Cope and others who were on their way from Silver City, Idaho,
to the White Pine district, Nevada, and from this circumstance the
Mountain City region is called the Cope mining district. In the
seventies there was considerable activity in mining and three silver
mills were in operation. These were small amalgamation mills of
the Washoe pattern, equipped with stamps, pans, and settlers. It
is said that over $1,000,000 in silver was recovered prior to 1881,
mainly from surface and shallow workings. Since 1881 considerable
prospecting has been done, but the production of ore has been small.
In late years three gold mills have been built and are still in good
condition, but they were not running in the summer of 1908, when

the camp was visited.
GEOLOGY.

The rocks at Mountain City are limestones and shales intruded
by granodiorite and overlain by rhyolite and basalt. On the summit
and south slope of California Hill, 2 miles south of Mountain City,
and extending northwestward from that point, is a thick bed of light-
buff marbleized limestone. On the north slope of this hill, near
intruding granodiorite, tremolite, actinolite, epidote, white mica,
garnet, and other silicates of contact-metamorphic origin are de-
veloped in the limestone. The granodiorite is composed of plagioclase,
orthoclase, quartz, mica, and hornblende. In the coarser varietiés,
as at the Protection mine, some of the crystals of feldspar are 1 inch
long. - The granodiorite is cut by aplitic dikes composed of quartz
and orthoclase. Around the border of the mineralized areas there
are extensive flows of rhyolite, the commonest variety of which is a
purplish-pink rhyolite with phenocrysts of quartz, feldspar, and a
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little black mica. Other varieties of the rhyolite are flow breccias,
brown glass, and black obsidian. . Vesicular basalt, rich in olivine and -
pyroxene, was noted on the surface east of the Resurrection claims.
The granodiorite is younger than the limestone, which it intrudes,
causing contact metamorphism. Where the rhyolite flows were -
noted above the granodiorite the contact relations could not be made
out, but from consideration of areas elsewhere the rhyolite and basalt .
are regarded as of later origin than the granodiorite, and at Mountain
City they are probably later than the deposition of the silver ores.

ORE DEPOSITS.

The ore deposits are fissure veins in granite and in metamorphosed
limestones. They outcrop plainly at the surface, where some of them
carry good values in silver. The veins do not fall into well-defined
parallel systems but strike in various dlrectlons, the prevailing dip-

being toward the south.

Some of  the veins, as shown on California Hill, are later than the
aplitic phase of the granite which cuts the normal coarse-grained
granite. None of the developed deposits are in rhyolite or basalt,
‘although some gold-bearing veins in rhyolite are said to occur in the
country east of Mountain City. In the Nelson 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 clear
cut and angular fragments of the country rock are included in the
veins. Where the wall rock is granite the dark silicates have been
leached out and sericite and pyrite have been developed in the
granite by secondary processes.

The unoxidized ore is composed of quartz, pyrite, galena, zinc
blenide, gray copper, argentite, gold, and arsenopyrite, with a little
chalcopyrite. All of the ore is highly siliceous, quartz constituting
as much as 90 per cent of the rock. The oxidized ore is composed
. of quartz, chalcedony, horn silver, pyromorphite, iron oxides, native
gold and silver, lead carbonate, copper carbonate, and copper silicate.
Brittle silver and dark ruby silver are said to be present also. The
" oxidation of the deposits is erratic, the sulphides occurring at some
places within a few feet of the surface, while some of the minerals
of oxidation are to be found as deep as the lodes have been ex-
plored, or about 250 feet below the surface. The greater proportion
of the silver values are in decomposed chloride and lead carbonate -
ore. Specimens of rich ore show large flakes of greenish-yellow horn
silver deposited in the cavities of dark quartz. Some of the iron-
stained siliceous ore pans gold liberally.

The lodes are fractured and faulted, and locally the ore is reduced
to a white sand, in which there are numerous small rounded fragments
of quartz about the size of a hazel nut. The faults that cross the

11444—Bull. 408—10——6
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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 a
mile below Mountain City, was one of the early discoveries of the
district and was worked in the early seventies, when considerable
chloride ore is said to have been treated in a silver mill near by. In
late years the mine has been reopened and considerable exploration
work has been done. A 10-stamp amalgamating and concentrating
mill was built near the portal of the tunnel to treat the ore. At
present part of the mine is leased and is being worked in a small way,
but the mill is shut down. The principal vein is a fissure filling in
granodiorite and has a maximum width of about 4 feet. The sul-
phide ore is composed of quartz, pyrite, galena, zinc blende, gray
copper, brittle silver, and ruby silver. The surface ore is stained
with iron and manganese oxides and contains horn silver, a little
copper carbonate, pyromorphite, and a- yellowish-green mineral,
said to be silver bromide. The sorted ore carries $100 a ton in silver
and gold. At some places near the vein the granite wall rock is but
little altered; at others it is a light-colored decomposed rock, the
ferromagnesian minerals having been leached out and the feldspar
sericitized. A shaft is sunk to a depth of 62 feet and a 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 vein strikes a few degrees west of north and has
been followed into the hill on the adit level for a distance of some 750
feet to a point where it abuts against a fault that strikes eastward
and dips about 40° 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 fault a vein with the
same general dip and strike as the Protection vein is 35 feet farther
south and is possibly the same vein, but if so the fault is reverse—
a rare type of faulting in this part of Nevada. Along this fault
there are stringers of quartz in place, and in the level above both the
Protection vein and the faults are mineralized on both sides of their
intersection. The relations indicate that the Protection fissure was
displaced by faulting before deposition of the ore and that there has

. been considerable movement subsequently.

Resurrection mine.—At the Resurrection mine, a few rods north of
Mountain 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 was visited in 1908. The country rock is granodiorite, to
the east of which are flows of rhyolite and basalt. The granodiorite,
which is highly altered, is sheeted by closely spaced fissures that strike
northeastward, Several narrow quartz veins cut the granodiorite
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parallel to the sheeting. The surface ore is composed of quartz, horn
silver, lead carbonates, and iron oxide; the sulphides are galena, gray
copper, a little pyrite, and chalcopyrite. In the seventies consider-
able rich chloride ore was taken from the surface pits and worked in
silver mills near by.

Nelson mine.—The Nelson mine is on a branch of the north fork of
the Owyhee, about 14 miles above Mountain City. Some 4,000 feet
of workings have been run, mainly on two adit levels driven at a dif-
ference in elevation of about 100 feet. When the mine was visited
in 1908 only the lower adit was accessible. A mill recently built at
the portal of the lower adit is equipped with Blake crusher, nine
stamps, amalgamation plates, and three Wilfley tables,and has treated
a small amount of ore. The country rock of the mine consists of
granodiorite, limestone, and aplite. The granodiorite intrudes the
limestone and cguses contact metamorphism with the development
of epidote, actinolite, garnet, and mica in the limestone. In places
this rock is so rich in actinolite that it has the appearance of a basic
igneous rock and has been mistaken for diabase. The granodiorite
is cut' by aplite, which occurs as dikes and irregular intrusive masses.
The ore deposits are fissure fillings from 1 to 3 feet wide and occur in

- granodiorite, limestone, and aplite. Several veins outcrop boldly on
the hill above the mine, cutting across beds of metamorphosed lime-
stone. The veins cross the contact of igneous and sedimentary rocks
unbroken, but have been developed mainly in the granodiorite. The
sulphide minerals present are quartz, pyrite, galena, zinc blende,
gray copper, chalcopyrite, and arsenopyrite, with here and there a
small amount of ruby silver and argentite. Native silver and horn
silver are present near the surface, where the ore is stained with cop-
per carbonates, iron oxides, and manganese oxides. Free gold, some
of it with the crystal form, is associated with quartz and brown iron
oxide. The sorted ore carries good values in both silver and gold,
some specimens containing a high percentage of horn silver.

The Standard vein, which is developed in the lower tunnel, strikes
southeastward and has been followed for about 1,000 feet, with over-
head stoping here and there. This vein is faulted at three places by
faults that strike eastward and dip northward at various angles.
One of the faults shows a horizontal displacement of about 150 feet,
the other two of less than 15 feet. All are of normal type, the hang-
ing wall having dropped with respect to the foot wall.

Mountain City mine.—The Mountain City mine is located about 1
mile southwest of Mountain City, at the top of a low, flat ridge that
rises some 200 feet above Owyhee River. The country rock is a
metamorphosed black, shaly limestone which strikes eastward and
dips 50° N. The lode i3 a fissure vein which cuts across the limestone,
striking N. 50° W, The ore is highly siliceous and is a simple ﬁssure
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filling, cementing angular fragments of the altered limestone. It
carries silver chloride and native silver, and in the seventies, accord-
ing to report, several hundred thousand dollars’ worth of silver ore
was taken from the deposit through a shaft now inaccessible. About
500 feet S. 75° E. of the principal workings of the old Mountain City
vein and lower on the hill are a number of open pits, some of which
have been sunk on a vein which strikes N. 32° W. Possibly it is
the faulted continuation of the Mountain City vein, but this has not
yet been determined. This ground has recently been acquired by
J. Hall and others, of Mountain City, and is called the New Yorkeys
claim. The country rock of the lower deposit is a dark-gray meta-
morphosed limestone flaked with tremolite crystals. A tunnel is
driven 95 feet N. 70° W. to the vein, which dt follows for 90 feet,
and a winze is sunk on the ore body 60 feet below the adit level. The
deposit is a fissure vein and at some places a sheeted zone composed
of several narrow veins with slabs of limestone between. Much
movement has occurred since deposition, for at places the quartz is
brecciated almost to powder. The ore is composed of quartz, iron
oxide, copper carbonates, and silicates, and a little pyrite is present
at the bottom of the winze. The vein strikes N. 32° W. and dips
. from 56° to 85° S. It has a maximum width of 5 feet, and is said to
carry good milling values.

VAN DUZER CREEK PLACERS.

Van Duzer Creek ‘is a small stream which flows eastward, joining
the north fork of the Owyhee some 6 miles south of Mountain City.
About 2 miles above the point where the stage road crosses the stream
and extending westward up the main fork for about a mile portions
- of the channel have been washed for placer gold. Two strips of the
channel, from 20 to 60 feet wide, have been worked out, one of these
for.a distance of 1,200 feet and the other for about 1,000 feet. Two
hydraulic plants with 10-inch pipe and monitors are installed along
the stream about three-fourths of a mile apart. The depth of work
is nearly everywhere less than 15 feet. The ground is mainly fine
gravel with few small bowlders, and the bed rock is presumably lime-
stone. The gold is said to vary from fine dust to nuggets of 5 or 6
ounces and sells for $17 an ounce. The mines, which were discov-
ered by R. M. Woodward in 1893, have been worked in some seasons
for about fifteen years, but in 1908 were idle. The source of the
gold is presumably some undeveloped veins at the head of the stream.

LONE MOUNTAIN.

Lone Mountain, which is called Nannies Peak in the reports of the
King Survey, is a striking topographic feature rising conspicuously
above the main axis of the Seetoya Range to an elevation of 9,046
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feet. The mountain mass is composed in the main of Carboniferous
limestone—dark-blue or gray massive beds locally metamorphosed
by intruding igneous rock. The prevailing dip of the limestone is
from 30° to 80° W. The crest of the mountain is composed of
quartz monzonite and quartz monzonite porphyry, which cut through
the limestone and inclose small blocks of it. On the west slope of
the mountain, from 200 to 700 feet below the summit, is a long, nar-
row intrusive mass of felsitic quartz porphyry which trends nearly
due north. Certain phases of the porphyry are almost as dense as
rhyolite; others resemble the common types of quartz porphyry.
The quartz monzonite and the porphyry locally grade one into the
other and are probably phases of the same intrusion. The quartz
monzonite, which is of medium grain, is composed of feldspar, quartz,
hornblende, and biotite. An analysis of this rock is given on page
" 26, where the granitic rocks are described. The porphyry has a
finely crystalline groundmass composed of quartz and orthoclase,
in which are embedded phenocrysts of acidic plagioclase and resorbed
quartz, biotite, and hornblende.

Both the quartz monzonite and the quartz monzonite porphyry
have caused contact metamorphism of the limestone. At some
places the limestone is changed to a garnet-calcite rock, at others to
a green actinolite rock, at others to a hard cherty hornstone, and at
still others to a coarse-grained marble.

The Merrimac district is situated on Lone Mountain about 28 miles
by wagon road northwest of Elko. More or less prospecting has |
been done in this district since 1879, and from various claims about
1,000 tons of ore has been shipped, with a total value of over $30,000.

The ore bodies, so far as observed, are deposits of lead and copper
ore in marbleized limestone and contact-metamorphic deposits of
copper ore in garnetized limestone. When the camp was visited by -
the writer nearly all the. workings were inaccessible. The lead and
copper ores in marbleized limestone are near the intruding igneous
rocks and are usually highly shattered and oxidized. Some of them
are at the contact of quartz monzonite or porphyry with lime-
stone, and some of them are several hundred feet from it. The
common minerals are galena, pyrite, chalcopyrite, and their oxida-
tion products. Most of the ore consists of iron-stained limestone
and quartz containing lead carbonate and green and blue copper
carbonates, with copper oxides and yellow pyromorphite. Such ore
is exposed at several places at the south end of the mountain on the
Baltimore group of claims, and also on the Floradora and Ajax
claims, a mile or more northeast of the summit. This ore is said to
carry high values in silver, with $1 to $2 in gold to the ton. A num-
. ber of shafts have been sunk and short tunnels have been driven
on the deposits, but the present accessible workings do not show
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the extent or shape of the ore bodies. Some promising lead-silver
deposits in limestone are said to be located on the north end of the
mountain just outside of the area shown in the outline map (fig. 2).

The contact-metamorphic deposits occur in the garnet zones near
the intrusive igneous rocks. The large dumps from workings now
inaccessible on the Baltimore and Cuag claims show a wide zone of
decomposed limestone, with some garnet rock stained with iron
oxides and copper carbonates. A low-level tunnel was driven north-
~ eastward for 850 feet to explore the ore bodies in depth. It cross-
cuts westward-dipping limestone for 750 feet, to a point where it
encounters quartz monzonite porphyry similar to that which forms a
large part of the mountain crest. Near the contact the limestone is
metamorphosed to garnet, actinolite, and other silicates, with which
are intergrown iron and copper sulphides. Pyrite, arsenopyrite, and
chalcopyrite are present, and locally copper carbonate.

A zone of metamorphosed limestone is situated on the east slope of
the mountain and trends northward approximately parallel to the
crest, and there are a number of pits and short tunnels which are
driven in ore. On the Morgan claim and north of it for several hun-
dred feet, the porphyry lies to the east and metamorphosed limestone
to the west of the contact. Highly oxidized copper and lead ore,
some of it associated with garnet gangue, is exposed at several places.
On the Pacific claim, which lies to the south of the Morgan, there is a
good-sized body of iron ore at the contact of limestone and porphyry.
This ore is composed of magnetite, limonite, garnet, and copper
carbonate. Some of the limonite is pseudomorphous after pyrite,
indicating that the original deposit was composed of intergrown
magnetite and pyrite. This ore is said to carry a small percentage
of copper, and if it were accessible to smelters it would make a good
fluxing rock.

CORTEZ RANGE BETWEEN THE CARLIN AND DALTON PEAKS.
GENERAL FEATURES.

The Cortez Range, north of Humboldt River, is a lofty ridge about
45 miles long and from 5 to 20 miles wide. The highest summits are
the Carlin Peaks, which reach an elevation above 7,700 feet, and the
Dalton Peaks, about 25 miles farther north, whose highest point is
9,232 feet above the sea. Rye Meadows, a broad area of gently roll-
ing sagebrush plain, lie to the west of this portion of the range, and
on the east side is the broad, gently sloping valley of Maggie Creek,
trending southward approximately parallel to the range. The Car-
lin Peaks? are composed in the main of extensive flows of rhyolite,
which on the west slope of the highest summit surround a large mass

¢ Emmons, S. F., U. S. Geol. Expl. 40th Par., vol. 2, 1877, p. 587.
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of andesite. The rhyolite series is probably not so thick as would
appear from the extent of the flow and from the differences in the
elevations at which it is found, for here and there small areas of sedi-
mentary rocks outcrop where the rhyolite has been eroded. These
may be observed in the Richmond district and on either side of Mag-
gie Canyon, where the stream cuts through the low ridge that joins
Carlin with Maggie Peak. Granodiorite and other coarse-grained
rocks which are probably intrusive in limestone were noted in the
Richmond district on the east slope of the range, 8 miles north of the
Carlin Peaks. The north end of the range, between the Lynn dis-
trict and Soldier Gap and including the main mass of the Dalton
Peaks,? is made up of the Weber quartzite; which dips toward the
west and is bordered on the east by rhyolite. In this area there are
several mines and prospects, none of which are extensively developed
or have produced more than a few tons of ore.

MINE DESCRIPTIONS.

Nevada Star mine.—The Nevada Star mine is located 9 miles north-
west of the town of Carlin, on the ridge just west of Maggie Canyon.
The deposit is a small replacement vein in limestone, dips steeply
eastward, and contains bunches of galena and lead and copper car-
bonates said to carry good values in silver. A shaft is sunk on the
lode to a depth of 60 feet, and at the bottom a drift is driven south-
ward for 80 feet. Near by a two-compartment shaft has been sunk
to a depth of 110 feet, but from it no crosscutting has been done.

Copper King claim.—At the Copper King claim, which is about 2
miles southwest of the Nevada Star, the country rock is banded,
fissile rhyolite, which dips about 40° N. The rhyolite is shattered,
leached, and cut by slickensided movement planes that carry bunches
of oxidized copper ore here and there. A well-equipped two-com-
partment shaft has been sunk to a depth of 150 feet, Wlth short levels
turned at intervals of 50 feet.

Rickmond district.—There are several small prospects of silver ore
* in the Richmond district, which is on the east slope of the Cortez
Range, 14 miles northwest of Carlin. The rocks exposed in this dis-
trict are limestones and quartzites intruded by granodiorite. In the
limestones near the intruding rock there are several small outcrops
of siliceous silver ore which contains a small proportion of galena,
gray copper, and lead and copper carbonates. Shallow pits are sunk
on several of these outcrops.

Lynn district.—The Lynn district, just-east of a low divide at the
crest of the Cortez Range, is about 20 miles northwest of Carlin.
Gold was discovered in this district in April, 1907, and during the fol-
lowing summer the camp was the scene of one of the rushes which

a Emmons, S. F., U. 8. Geol. Expl. 40th Par., vol. 2, 1877, p. 608.
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often follow discoveries in Nevada. The excitement had subsided
in 1908, and the district was deserted by all except about a dozen
miners who remained to develop their claims.

The country rock is bedded rhyolite, and in the vicinity of the
. principal deposits it dips westward at low angles. On the west side
of the divide, a few hundred yards away, an outcrop of decomposed
andesite was noted. At the Big Six mine the bedded rhyolite strikes
S. 30° W. and dips from 20° to 35° W. Along a zone of shattering
the rhyolite is silicified, is stained with iron oxide, and carries bunches
of rusty ore which pans gold freely. Three inclines, 20, 40, and 65
feet long, are driven down the bedding planes of the rhyolite, and a
few tons of ore has been shipped from these workings.

At the Gold Dollar mine, about 200 yards N. 10° E. of the Big Six
inclines, a zone of shattering strikes northwestward across the rhyo-
lite, and along this zone veinlets of quartz and silicified iron-stained
rhyolite carry high values in gold. Four deep trenches are dug
across the zone of shattered rhyolite. ’

Several placer claims are located in the gulches which drain east-
ward from the Big Six and Gold Dollar mines, and at a number of
~ places the gravels carry placer gold. On the Hilltop claim, belong-
ing to Hugh Jones, a block of gravel 60 feet long, 8 feet wide, and
about 5 feet deep yielded $150. During the summer of 1907 about
$1,000 was taken from this gulch. In the upper part of the gulch
the bed rock is rhyolite, but this has been cut away lower down,
locally exposing the underlying limestone. It is thought that water
to be used for sluicing could be collected on the slopes of the Dalton
Peaks, if the deposits prove extensive enough to warrant it.

PINYON RANGE.
GENERAL FEATURES.

The Pinyon Range is a long, narrow group of hills and mountains
which extends southward from Humboldt River to a point near
Eureka. Its highest point, called Ravens Nest, is 8,386 feet above
sea level, or more than 3,000 feet above Pine Valley, which lies to the
_ west of the range.

The rocks that constitute the range are in the main Paleozoic sedi-
mentary rocks, including the section from the Ordovician to the
Carboniferous. In the vicinity of the Bullion mining district these
sedimentary rocks are intruded by granodiorite. At the north end
of the range and at many places along its flanks the sedimentary
rocks are covered over by rhyolite, basalt, and the Humboldt forma-
tion. ’ . '

As shown by the analytical map of the Fortieth Parallel Survey
(PL. X1, vol. 1), the structure of the range is anticlinal from Ravens
Nest to Pinyon Pass. From Mineral Hill to Diamond Valley the
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rocks are compressed into an open syncline, the axis of which trends a -
- few degrees west of north. South of this point the structure is that of
an eastward-dipping monocline. In connection with the studies at
Eureka, Nev., C. D. Walcott made a section across Pinto Peak for
the purpose of comparison with the section at Eureka.® This sec-
tion (fig. 14) is given herewith and shows that the anticlinal structure
of the range is modified to an important extent by faulting.
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FIGURE 14.—Cross section through Ravens Nest, Pinyon Range. After C. D. Walcott.

Northwest of Pinto Peak, just above the valley flat, is a dark-
blue limestone which carries Devonian fossils. This rock is faulted
against Carboniferous quartzite that contains conglomerates and black
siliceous pebbles. These dip northwestward and are underlain con-
formably by blue limestone which carries Upper Devonian fossils.
High on the mountain, northwest of its summit, the limestones are
faulted near the crest of the anticline. To the northwest of this
fault the beds dip westward, but southeast of it they dip east. East
of the fault is dark ferruginous Eureka quartzite, overlain by light-
gray siliceous limestone, which contains Halysites and is probably of
Ordovician age. The beds overlying the Ordovician carry an early .
Devonian fauna and above these Upper Devonian species. Above
the Devonian is a great thickness of quartzites and sandstones with
some argillaceous beds. The Upper Devonian and the Carboniferous
dip away from the fault at the crest of the anticline on either side.

BULLION.

GEOLOGY AND ORE DEPOSITS.

Bullion, which is the principal settlement in the Railroad mining

' district, is about 28 miles southwest of Elko and 12 miles southeast
of Palisade. It is situated at the base of the east slope of the Pinyon
Range near the headwaters of the west fork of Dixie Creek, at an
elevation of about 6,600 feet. The mines were discovered in the late
sixties and were successfully worked in the seventies and eighties,
when two small smelters were in operation. In 1906 some of the
mines were reopened and since that time a moderate tonnage of ore
has been taken from the old workings, together with several carloads

o Hague, Arnold, Geology of the Eureka district, Nevada: Mon. U. S. Geol. Survey, vol. 20, 1892, p. 201.



90 - RECONNAISSANCE OF MINING CAMPS IN NEVADA.

of slag from the slag dump of the lead smelter at Bullion. The
district is said to have produced about $3,000,000 in silver, lead, cop-
per, and gold. At present the principal holdings are owned by or are
under option to three companies, each of which is actively engaged
in mining or in exploration work. They are the Nevada Bunker Hill
Mining Company, the Trimetal Mining Company, and the Delmas
Copper Company. Two of these companies are driving long low-

level tunnels below the old workings, -giving vertical depths up to
1,500 feet below the surface. From these tunnels it is planned to .
prospect a considerable area of promising ground At present the
ore from the Standing Elk and near-by mines is hauled by wagon
28 miles to Elko. From the Delmas property on the west side of the
range ore is hauled 12 miles to the Eureka and Pahsade Railroad, to
be reloaded at Palisade into broad-gage cars.

The mines are situated high on the slopes of Bullion Hill, a spur of
Ravens Nest. This'mountain is composed in the main of Ordovician
limestone, which is for the most part a gray marbleized limestone
with a general westward dip. ~On the northeast slope of the moun-
tain there is considerable faulting and the abrupt changes of dip
indicate a complex geologic structure. The limestone is intruded by
granodiorite and by quartz porphyry.

The granodiorite, which is of medium grain, is composed of quartz,
feldspar, and biotite. Under the microscope the feldspars are seen
to be oligoclase and andesine, with only a little orthoclase. The rock
approaches quartz diorite in composition and is poorer in potash than
most granodiorites. It forms extensive outcrops near the summit of
the range and causes considerable contact metamorphism of the
Ordovician limestone which it intrudes. Near the granodiorite the

limestone is changed to a rock composed of garnet, tremolite, actino-
lite, calcite, andalusite, and white mica, which at some places are
intergrown with pyrite, chalcopyrite, and zinc blende.

The intruding quartz porphyry is a light-colored rock which con-
tains abundant rounded phenocrysts of quartz and a smaller number -
of feldspar phenocrysts, in a light-colored, fine-grained groundmass.
Muscovite and some biotite are present, but the dark-colored silicates
are very sparingly developed and are much less abundant than in the
granodiorite. The quartz porphyry forms large intrusive masses on
the northeast slope of Bunker Hill and is exposed at several places
in the btanding Elk and Tripoli mines, where it is greatly altered by
hot waters, white mica and carbonates being extensively developed
in the groundmass. The limestone near the quartz-porphyry intru-
sions is somewhat marbleized, but garnet zones are not developed
along its contacts.

The most 1mportant ore bodies are replacement deposits of lead,
silver, and copper ore in marbleized limestone, and copper deposits
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of contact-metamorphic origin. At some places the quartz porphyry
is impregnated with copper minerals and possibly some of this rock
could be worked under favorable conditions. There are also aurifs
erous quartz veins in the granodiorite, but these, so far as developed,
are of small economic importance. The replacement deposits of -
lead, silver, and copper ore in marbleized limestone are commercially
of greatest importance, and most of the production from the district
has come from ore bodies of this character. Most of these deposits
were inaccessible when the mines were visited, but those which were
exposed appear to be nearly vertical chimneys of ore situated at the
intersection of two or more relatively narrow replacement veins.
The maximum depth to which the ore is exposed is about 500 feet
below the surface and the ore is almost completely oxidized. The
principal ore minerals are lead carbonate, horn silver, pyromorphite,
malachite, azurite, chrysocholla, cuprite, pyrite, chalcopyrite, galena,
bornite, copper glance, and a copper-antimony mineral that is prob-
ably gray copper. The gangue is composed of quartz and calcite.
The ore is nearly everywhere stained by red and brown iron oxides,
which, together with calcite and quartz, form the most abundant
minerals. A little manganese oxide is present.

The deposits outcrop as iron-stained gossans where the surface
is strewn with ‘craggy bowlders composed of iron oxides, with cop-
per carbonates here and there. Some of the gossans have not been
explored in depth, and none of the deposits have been followed
down to pure sulphide ores. Owing to the relief of the country
and the shattered condition of the rocks, ox1dat10n has extended to
considerable depth. . _

The replacement deposits of copper ore of contact-metamorphic
origin have received serious attention only within the last two years,
probably because the mass of this ore is of too low grade to stand
excessive freight and treatment charges. The Delmas Copper Com- *
pany has lately sunk a number of shallow pits and has driven several
short tunnels on these deposits, exposing a considerable quantity
of this ore, some of which has been shipped to Utah smelters.

On the summit of the ridge which divides the drainage of Pine
Creek from that of Dixie Creek the intruding granite porphyry is in
contact with the Ordovician limestone. The line of contact stretches
northeastward and may be followed for nearly 2,000.feet down the
southwest slope of the ridge and for a considerable distance down
the northeast slope. The zone of limestone along the margin for a
width of 125 to 400 feet has been converted into a rock composed of
garnet, actinolite, calcite, epidote, quartz, tremolite, zoisite, and
pyroxene, and at many places copper-bearing sulphide and zinc
blende are intergrown with the iron-bearing silicates. The prin-
cipal ore minerals are pyritc, chalcopyrite, bornite, chalcocite, galena,
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and zinc blende. These are locally altered to malachite, azurite,
copper oxides, iron oxides, and chrysocolla. The ore of the better
grade is said to carry from 3 to 8 per cent of copper with good values
in silver. Although much of the garnet rock is barren of copper
minerals, the work that has been done seems to show that some of the
ore bodies are of considerable extent. The boundaries of the ore
zone are very well defined. The contact between the garnet rock and
the marble which cuts across the bedding is usually rather sharp
and clean cut. Near the top of the ridge a vein of garnet rock about 1
foot wide cuts across the bedding of the marble, and just below this vein

Gray marbleized limestone
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FIGURE 15.—Sketch showing the relation of the ore zone to granodiorite and limestone on th‘e Sweep-
stakes claim of the Delmas group, Bullion district.
small patches of the garnet rock are surrounded by the marble. The
garnet, in its relations to the marble, resembles some deposits of sili-
ceous ore in limestone and indicates that in this particular locality
the garnetization follows fissures in the rocks. In the main, how-
ever, the garnet rock follows the contact of the limestone with the
granodiorite, and no garnet veins were noted more than a few hun-
dred feet away from the igneous rock. Figure 15 is a sketch showing
the relations of granodiorite and garnet rock on the Delmas. claims.
The deposits of quartz porphyry impregnated with copper min-
erals which have been developed through exploration: for lead-silver .
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ores are too low in grade to work under present conditions. In
the Standing Elk mine, in tunnel 5, the quartz porphyry intrudes
the limestone. It contains much hydrous silica and is, for a dis-
tance of about 20 feet, extensively altered by hot solutions that:
have replaced the feldspars and the groundmass with sericite or
white mica, which is now stained with copper carbonate. The feld-
spars have been leached out and their spaces are now filled with
fibrous malachite and with chalcanthite. The rock is said to carry
2 per cent of copper and a small amount of silver.

The auriferous quartz veins in granite porphyry are, so far ag
developed, small and of too low grade to work. On the Delmas
ground one of these is exposed here and there for a distance of some
500 feet along the strike. It is from 2 to 4 feet wide, is composed
of white quartz, limonite, and pyrite, and is said to carry about $3
to the ton in gold. Several smaller veins of this character outcrop
in the areas of granodiorite between the Delmas claims and the
Copper Belle, but none of them have been extensively explored.

MINE DESCRIPTIONS.

Standing Elk mine.—The Nevada Bunker Hill Mining Company
controls the Standing Elk, Tripoli, Red Bird, and other mines, and
is driving a crosscut tunnel to intersect the several lodes in depth.
This tunnel in July, 1908, was 1,500 feet long but was still several
hundred feet from the nearest lode The Standing Elk, the most
important mine of this group, is opened on seven levels, mamly adits,
having altogether a vertical range of 600 feet. There are, several
thousand feet of workings on this claim, the principal level being
adit No. 5. When the camp was visited the workings above this level
were not, accessible. ‘

The ore bodies are irregular replacement veins in limestone, which
intersect to form chimneys. of ore, the largest being about 50 feet
" in diameter. The country rock varies from a hard gray limestone
to a massive marble which locally is very ‘coarsely crystalline. The
limestone is sheeted, brecciated, and filled with white calcite. In
a few places garnet rock is developed in the mine, but none of the
Standing Elk deposits consist of the typical garnet ore. The intrud-
ing quartz porphyry is much decomposed and is locally silicified,
and a considerable mass of it carries copper. Nearly everywhere the
-ore is highly oxidized. The principal ore minerals are lead and
copper carbonates, copper and iron oxides, bornite, pyrite, chalco-
pyrite, and a copper-antimony sulphide, which is probably gray
copper. Calcite and quartz are the important gangue minerals; a
little fluorite is present in Inch‘OSCO])lC crystals, intergrown with quartz. -

Tripoli mine.—The Tripoli mine, about 800 feet northeast of the
Standing Elk, is owned also by the Nevada Bunker Hill Mining Com-
pany. A tunnel is driven into the mountain for 100 feet to an engine



94 RECONNAISSANCE OF MINING CAMPS IN NEVADA.

station, where a winze is sunk to a depth of 175 feet. Levels are turned
at vertical intervals of about 50 feet and a second winze is sunk from
the lowest level, giving a maximum depth of 300 feet below the sur-
face. The country rock is marbleized gray limestone which on the
surface strikes N. 20° W. and dips from 85° SW. to 90°. The lime-
stone is intruded by an acidic phase of granodiorite. The incline
and drift are driven on a fissured zone, which strikes about N. 25° W.
and is approximately vertical. The zone of crushed limestone is
crossed by two fissures, approximately ‘at right angles, and these
dip steeply toward the northwest. Chimneys of rich silver-lead ore
are formed at or near the intersections. Lead carbonate and pyro-
morphite are mixed with galena and copper carbonates, and the
ore is highly oxidized as deep as development goes. In the bottom
of the winze, 300 feet below the surface, garnet and tremolite are
extensively developed. At this place the metamorphosed rock is
crushed and greatly altered, and it is said to carry about $25 in
lead and silver.

At the surface to the east of the Tripoli claim the limestone is
medium-grained marble containing reefs and patches of garnet rock,
with which are intergrown small masses of pyrite and chalcopyrite,
stained here and there with copper carbonates. :

Red Bird mine.—The Red Bird mine, of the Bunker Hill group, is
about half a mile northeast of the Standing Elk and nearest the
portal of the low-level adit. A tunnel is driven for 250 feet on a
steeply dipping lode, and 80 feet below this a second tunnel is driven
for 200 ‘feet. About 150 feet from: the portal of the lower tunnel
a raise connects the two levels. The lode, which at some places is
4 feet wide, carries good values in lead and silver.

Copper Belle mine.—The Trimetal Mining Company controls a
large acreage which joins the Nevada Bunker Hill holdings on the
northwest. This- group includes the Copper Belle, Copper King,
and Philippine claims, on each of which considerable development
work has been done. The Copper Belle mine is about half a mile
northeast of the Standing Elk. The principal tunnel is driven for
325 feet S. 60° E. to the ore body, which is a large irregular mass of
oxidized ore carrying lead, silver, and copper. It is said to have
produced about half a million dollars’ worth of ore, which was
smelted in the copper smelter at Bullion. The ore body, which is
nearly everywhere inaccessible, resembles the depositsof the Standing
Elk in that it is a replacement of marbleized limestone. On the
surface above the ore body and at several other places near by the
rock is stained with iron oxides and copper carbonates.

Delmas mine.—The Delmas Copper Company owns several claims
which are located near the crest of the mountain range and extend .
southwestward from it. '
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On the Sweepstakes claim, which is the most extensively explored,
are the copper deposits of contact-metamorphic origin which have
been mentioned above. These deposits, as already stated, are

composed of garnet, tremolite, and other contact-metamorphic

minerals, which at some places are intergrown with pyrite, chalco-
pyrite, bornite, galena, and zinc blende. Locally the copper-iron
sulphides, which are unquestionably primary, are coated over with
secondary copper glance. Here and there the copper sulphides
have oxidized to copper carbonates and iron oxides, but the oxida-
tion is not complete, even at the surface, and at some places less
than 10 feet below the surface the sulphides are much more abundant
than the carbonates and oxides. Shipments of 210 tons of ore from
this claim averaged 70 ounces of silver to the ton, 10.4 per cent of
copper, and 2.8 per cent of lead. There is a cons1derable tonnage

of low-grade ore partly developed. It will probably be found that
the high-grade ore is restricted to that which carries chalcocite-
coated sulphides, or to that which has resulted from the oxidation
of such ore. Figure 15 is a sketch of the Delmas property.

Other claims.—The Kenilworth claim, north of the Standing Elk;
the Sylvania claim, west of the Standing Elk; and the Blue Belle,
northwest of the Sylvania, have each produced considerable ore
from workings which were inaccessible when the camp was visited
by the writer. The principal deposits of these mines appear to
resemble those of the Standing Elk rather than the contact-meta-
morphic. deposits of the Delmas group.

MINERAL HILL.

LOCATION AND HISTORY.

Mineral Hill is a mining camp situated about 5 miles southeast of
Mineral, a station on the Eurcka and Palisade Railroad. It is at the
north end of a small ridge of the same name which rises some 700 feet
above the floor of Pine Valley and forms a foothill on the west slope
of the Pinyon Range.

The deposits, which outcrop along the summlt of Mineral Hill,
were discovered by a party of prospectors from the Reese Rlver
district in 1868 and were sold soon afterward to a San Francisco
company. In the early seventies the mines were sold again to a
London corporation, which operated them with some success until
1878. Parker, Spencer & Co., who were mining at the south end of
the hill, acquired the holdings of the London company in 1880 and
operated the mines and mill until 1887. Since that time the mines
have not been worked actively. The total production of Mineral
Hill, so far as it can be estimated from various reports, is probably
a little more than $6,000,000, practically all of which is silver. The
‘mines are now in the hands of the Mineral Hill Consolidated Mining

N
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Company, with headquarters in New York, and this company plans
to work the low-grade ore that remains in the dumps and mines.

The ore was treated in two silver mills, one of which was equipped
with 15 and the other with 20 dry-crushing stamps. The 15-stamp
mill was in operation for a number of years, but the larger mill was
sold and removed after it had been running for only a short period.
The mills were equipped with Stetefeldt roasters to work the ore
by the Reese River process, but it was found that the additional cost
of roasting was greater than the increased saving effected, and so the
Washoe process with dry crushing and raw amalgamation was early .
adopted. The details of treatment are given by M. Eissler in the
“Metallurgy of silver,” page 154. The present owners plan to treat
the ore by concentration and cyanidation.

GEOLOGY.

The Pinyon Range to the east of Mineral Hill is made up of steeply
dipping sedimentary rocks consisting of Paleozoic limestones,
quartzite, and shales. The ore deposits are in a gray crystalline
limestone, which, along the crest of Mineral Hill, dips from 45° to

ioo 300 500 FEET

\

\k\\\\\\\ \

\k\\\sq\a)e

\\\}
FIGURE 16.—Sketch‘illustrating the structure at Mineral Hill,

75° E. This limestone rests upon a dark shale that is exposed along
the west slope of the hill and in the Taylor tunnel below the ore
bodies. On the ‘west slope of the Pinyon Range, east of the south
-end of Mineral Hill, the shales, which here are at least 600 feet thick,
dip westward below the limestone and rest upon a great series of
quartzites which are mapped as Ogden (Devonian) in the atlas of
the Fortieth Parallel Survey. Figure 16 is a sketch in cross section
drawn westward through Mineral Hill.

The structure appears to be synclinal, the axis of the syncline -
lying somewhere to the east of the crest of Mineral Hill and east of
the outcrops of the ore deposits. The limestone that contains the
ore bodies is about 400 feet thick, but it is probably only the lower
part of a formation which may be thicker, the upper portion having
been eroded away at this place. The limestone is cut by three
narrow dikes of a decomposed intruding igneous rock, the least-
altered specimens of which are composed ‘of quartz, sericite, calcite,
and limonite. These dikes are approximately parallel, strike east- -
ward, and dip to the south at high angles.
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The principal workings of Mineral Hill are open cuts and shallow
stopes which are closely spaced along a zone from 200 to 300 feet
wide and about 1,200 feet long. The open cuts are from 25 to 75
feet long and their width is somewhat less. The stopes range from
10 to 40 feet in width and do not extend downward more than 150
feet below the surface. The Queen tunnel is driven southward from
the north end of the workings, exploring a large part of the ore zone,
and ore chutes are raised to the ore bodies hear the surface. About

s\ A\ a . |
\N& ‘ MASSIVE th—:sroN‘E

0 . S50 10ofeet.
1 i) ) p
, L . SILICIFIED LIMESTONE
//%(__':___—:’j‘u: TAYLOR TUNNEL
///;:.;\\\ X ~
NN\

FIGURE 17.—~Cross section of Star Chamber stope, Mineral Hill.

150 feet below the Queen adit the Taylor tunnel is driven westward
to intersect a winze from the Queen.

The deposits are very siliceous and are eroded less rapidly than
the country rock; consequently they form bold .outcrops, and the
zone along which a maximum of mineralization has taken place has
remained longer at the surface, the hard rock tending to monopolize
the outcrop. - The configuration of the hill is probably due to the
resistance offered to erosion by the large masses of quartz. The ore
bodies are chambers or irregular replacement deposits which cut

11444—Bull. 408—10——7
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across the bedding of limestone. Along the line of the principal
deposits the limestone dips steeply eastward, as shown in figure 17.
In places near the ore the limestone is strongly sheeted or brecciated,
the open spaces being filled with white calcite, which contrasts strik-
ingly with the gray limestone bands of the original rock, producing
gneisslike banding. At some places the limestone is replaced by the
quartz and sulphides and the ore grades into the country rock; else-
where the limestone is brecciated, and the small angular fragments of
limestone, whigh are cemgnted by white quartz, show no evidence of
having been dissolved, the sharp edges remaining intact. The rela-
tions indicate that the composition of the solutions changed while
the deposits were being formed—that they had spent their power to
replace the'limestone before deposition ceased. The ore, depos1ted
by solutions which were capable of replacing the hmestone, is richer .
in the sulphides and in silver than the quartzose material that simply
filled the open spaces.

The minerals of the ore are quartz, calcite, barite, silver chloride,
argentite, gray copper, galena, zinc blende, copper carbonates, pyro-
morphite, lead carbonate, pyrite, and iron and manganese oxides.
According to Eissler,? polybasite, stephanite, bromide of silver, and
molybdenite are also present. Some of the ore carries a considerable
quantity of galena, but in most of it the proportion of sulphides is
small, the gangue minerals constituting considerably more than 90
per cent of the bulk of the rock. A large proportion of the ore car-
ried from 100 to 200 ounces of silver to the ton, although ore which
carried as low as 25 ounces was worked. The ore bodies are closely
spaced along a zone of fracturing that strikes northward and has
been extensively explored for a distance of about 1,500 feet. So far
as developed, the ore 13 in the main at the surface or less than 100
feet deep. Most of the ore bodies dip about 45° E.; some are vertical
and one dips steeply westward. The silicified zone is cut by a num-
ber of fissures which strike east and dip about 60° N., and in two of
the ore chambers these fissures form the south wall of the ore body.
Possibly these fissures have faulted the ore, but the limestone has
been silicified on both sides of them and the ore zone is not displaced
by them to any great extent.

From the Star Chamber stope was removed a wide mass of ore,
extending from the surface to the level of the main adit with a dip
of about 40°. This stope, which is shown in figure 17, is practically
continuous toward the south with the Giant stope, a huge cavity
about 50 feet in diameter from which small tortuous stopes extend
in several directions. Still farther southi along the zone of silicifica-
tion are the Live Yankee, the Austin, and several other stopes of
smaller size. The localization of the ore bodies is due to the intensity

e Eissler, M., loc, cit.
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of fracturing and sheeting in the ore zone, the larger deposits having
formed where there was a maximum amount of shattering. -

- The shales which underlie the limestone are crumpled, fissured, and
cut by small veins of white quartz, but are not known to carry
deposits of economic value. Below the ore bodies some development
work has been done in the shales, but this prospecting was not
thorough and the present owners plan further exploration at the
lower level. Work to the east of that already done in the Taylor
tunnel may prove more productive. To judge from the dip of the
beds the limestone will probably be found at greater depth at that
place than in the ground directly below the outcropping deposit.

ALPHA.

Alpha is a small camp about 15 miles south of Mineral Hill and 5
miles east of Alpha station on the Eureka and Palisade Railroad.
The principal claims are the Arizona, Utah, Oregon, and Idaho.
These claims have been developed by a number of shallow inclines
and short tunnels, driven for the most part in silicified limestone
which carries a considerable amount, of barite and a small amount of
the metalliferous sulphides. A concentration plant equipped with
ten stamps and five vanners was built at Chimney station, about 3
miles west of the mines, but the treatment was presumably unsatis-
factory, as only a small amount of ore was put through the plant.
The country rock is Devonian limestone. It dips from 30° to 40° E.
and presumably rests upon the quartzite which outcrops as a mar-
ginal band in the low hills west of the mines and is mapped as Ogden
by the Fortieth Parallel Survey. The ore deposits outcrop boldly at
the surface, some of them forming more or less noticeable reefs. The
metalliferous minerals iriclude freibergite, galena, zinc blende, pyrite,
and copper carbonates, and in some places barite forms more than
half of the ore. | The lodes are sheeted zones and replacement deposits
in imestone, of which some follow the stratification and some cut
across the bedding. '

CORTEZ RANGE SOUTH OF HUMBOLDT RIVER.
GENERAL FEATURES.

The Cortez Range extends from Carico Peak northeastward about
50 miles to Humboldt River and from this point northward some
40 miles to Independence Valley in the region of Tuscarora. The
range north of Humboldt River has been described. That portion
which lies south of the Humboldt includes a part of the Safford dis-
trict, near Palisade, and the Mill Canyon and Cortez district, on the
slopes of Tenabo Peak. The country between Mill Canyon and
the Safford district was not traversed in this reconnaissance, and the'
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notes referring. to that portion of the range are taken from the
descriptions given in the report of the Fortieth Parallel Survey.®

The south end of the range as outlined above is 50 miles long and
about 12 miles wide. The highest summits are Railroad, Tenabo,
Cortez, and Papoose peaks. Of these Tenabo Peak is the most ele-
vated, its summit being 9,240 feet above sea level, or about 4,000
feet above the valley flats. The range is crossed by several low
passes, among them Wagon Canyon, Agate Pass, and Cortez Pass.
Crescent Valley, a great gravel-covered sagebrush plain, borders the
range to the northwest; Pine Valley and Garden Valley lie to the
southeast. - '

GEOLOGIC FEATURES.

The rocks of the Cortez Range south of Humboldt River include
limestone, quartzites, and shales, which are intruded by a great
variety of igneous rocks and overlain by basalts and rhyolites. No
fossils have been found in this portion of the range, but on lithologic
grounds the sedimentary rocks have been referred to the Carbon-
iferous. The “intruded rocks include granodiorites, quartz mon-
zonites, quartz diorites, dacites, and andesites. It has been suggested
that the granular rock of Agate Pass® is probably Archean, but the
granitic rock in Mill Canyon and at Tenabo Peak is certainly later
" than the sedimentary rocks called Carboniferous, for the latter are
metamorphosed at the contact. Neither the granular nor the
sedimentary rocks have the schistose structure commonly found in
pre-Cambrian formations.

The sequence or relative age of the eruptive rocks in this part of
the range has not been determined, but probably all are later than
the Carboniferous. The granular rocks are older than the rhyolites
and basalts. On the east flank the range is bordered by a wide belt
of the Humboldt formation which trends southward from Palisade
for about 30 miles. Above the Humboldt and extending high on
the east slopes of the range, at some places almost to the summit,
there is a wide belt of basalt. The rocks along thé crest of the
western slope of the range from the Safford district to Mill Canyon
include limestones, quartzites, granodiorites, diorite, rhyolites, and
dacites. The prevalhng dip of the bedded rocks is eastward

CORTEZ AND MILL CANYON DISTRICT.
‘ LOCATION AND HISTORY.
Tenabo Peak, near the southwest end of the Cortez Range, is about

30 miles south of Beowawe, the nearest station. on the Southern
Pacific Railroad. Cortez, on the southwest slope of this peak, was

a U.'S. Geol. Expl. 40th Par., vol. 2, 1877, p. 570. bIdem, p. 575.
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one of the most productive minil\lg camps in this part of Nevada.
There are also a number of mines and prospects in Mill Canyon on
the north slope of Tenabo Peak and on the slopes of Bullion Hill at
the head of Mill Creek. The mines of Cortez and Mill Canyon were
discovered in 1863, and rich ore yielding several hundred dollars to
the ton-was hauled to Austin for metallurgical treatment. Simeon
Wenban, one of the early locators, obtained control of the Garri-
son, St. Louis, Arctic, Fitzgerald, and other important claims and
organized the Tenabo Mill and Mines Company, which operated the
mines for a number of years and still owns them. A small stamp mill
with roasters and silver pans was built in Mill Canyon in 1864 and
for three years was employed in treating the ore from various mines
near by. This mill was bought by Wenban in 1867 and the ore was
hauled to it from Cortez by wagon and pack trains.

The mines on the Cortez side of the mountain were exploited by
Wenban with some, success for many years. In 1886 a leaching
plant with a daily capacity of about 50 tons was built at Cortez and
this plant was in constant service for eight years. Water was piped
from the mountains to the south, a distance of 7 miles, and the fuel
supply was pine timber, a scattered growth of which is found on the
mountain slopes.  From the best sources of information that are
available the production of Cortez and Mill Canyon since discovery
is estimated at $10,000,000, the larger part of which was taken from
the Garrison mine.

In the summer of 1908 cyanide tanks were bu1lt to treat the tailings
from the Cortez mill, which are estimated to amount to about 120,000
tons. At this time the mines were not producing. ‘

GEOLOGY.

Tenabo Peak is composed of limestone and quartzite which are
intruded by granitic rocks and porphyries. The southwest slope of
this mountain is one of the most striking features of this portion of
Nevada. High on the slope a massive ledge of quartzite from 200
to 300 feet t]:uck forms an abrupt wall, which for a distance of about
2 miles is practically vertical. This bed strikes a few degrees west

of south and dips about 23° E. On the southeast slope of Tenabo
" Peak it descends steeply toward the valley flat and is covered by
flows of Tertiary lavas. Underneath the quartzite is a series of gray
limestones, presumably the Pogonip, which are conformable with the
quartzite in dip and-have a thickness of not less than 2,000 feet. At
the top of the mountain above the massive ledge is a seriessof gray
limestones, possibly the Lone Mountain, which are cherty near the
base and pass upward into thinly bedded limestones with some
silieeous bands. The relations- are indicated by figure 18. The
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massive wall of quartzite appears to be uninterrupted by faulting
except at the St. Louis mine, where a short block of ground is faulted
above the ledge about 100 feet. On the northwest slope of the

7
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FIGURE 18.—Section drawn eastward through Tenabo Peak, showing underground workings at Garrison mine.

mountain a great granite intrusive cuts across the sedimentary beds
and forms a broad precipitous spur which is cut by a number of
ravines that drain westward to Crescent Valley. This granitic mass
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extends northeastward for several miles, forming the summit of the
Cortez Range to the north of Tenabo Peak and occupying its western
slope. In Mill Canyon, where the granitic mass is in contact with
the sedimentary rocks, it sends out small apophyses into the lime-
stone. In some places tremolite is formed in the country rock near
the contact, but garnet zones seem not to have been developed.
The granitic intrusive varies in composition from a rock composed of
- quartz feldspar and only a little biotite to one in which the dark
silicates are present in considerable quantity. A thin section of a
specimen taken from the western slope of Tenabo Peak and from the
upper portion of the mass is composed of quartz, orthoclase, oligo-
clase, biotite, and muscovite, and is therefore quartz monzonite.
In Mill Canyon a more basic phase of the intrusive rock contains
considerable hornblende and less orthoclase and may properly be

called granodiorite.
CORTEZ MINES.

Garrison mine.—The mines on the south and west slopes of Tenabo
Peak belong to the Tenabo Mill and Mines Company. The Garrison
mine, which is the most extensively developed, is located about a
mile northeast of Cortez and in it centers a labyrinth of closely
spaced intersecting workings from which a number of long crosscuts
are driven to prospect the various claims near by. The level that is
most 'extensively developed has an elevation of about 7,000 feet
above sea level. A tunnel is driven eastward for 4,000 feet and
from this several long crosscuts are run to the south. At 1,600 feet
from the portal a raise inclined 85° N. connects the main tunnel
with the seventh-level adit, and from this raise six levels are turned
at unequal vertical distances. On the main adit, 1,500 feet east of
the raise and just below the quartzite, an incline is driven eastward
at an angle of 23° to a depth of 145 feet below the adit level, and
three other short inclines are driven from crosscuts on the adit level.
On level 5 the Garrison mine is connected by a long crosscut with the
St. Louis mine and on level 6 with the Fitzgerald, but these con-
nections had caved when the mines were visited.

Nearly all the workings of the Garrison mine are in limestone and
below the quartzite cliff which forms the escarpment of the mountain.
The usual strike is S. 11° W. and the dip is 24° to 27° E. Although
there is some minor warping and puckering of the strata, their atti-
tude is fairly constant over a considerable area.

A dike of decomposed igneous rock cutting through the limestone
strikes S. 75° E. and dips northward at a hlgh angle. On the adit
level this is exposed here and there for 2,000 feet or more from a point
west of the main upraise to the east incline. Three dikes, similarly
decomposed and with approximately the same strike and dip, are
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crosscut in the Boss tunnel on the adit level and small exposures of
the same rock may be noted at several places on the surface above
the mine. These dikes, which are everywhere highly altered, are
now composed mainly of quartz, sericite, and calcite; the original
mineral constituents can not be made out. The dike, which is
exposed here and there along the main adit, is not continuous, and
from the lack of continuity it presumably did not everywhere fill the
fissure into which it was intruded but was injected here and there
from below. At some places along the dike the limestone near the
contact is metamorphosed to a rock composed of quartz, calcite,
tremolite, actinolite, orthoclase, pyrite, sericite, and biotite. In
certain phases enough sulphides are present to constitute an ore, but
the developments along the dike, though they include altogether
several thousand feet on the six levels, have not been profitable.
After the dike solidified it was sheeted and shattered, the fissures
being in a broad way parallel to the intrusive but extending into the
limestone wall rock also. These fissures were filled with banded sul-
phide ore, but most of those which are exposed on the lower levels
are of too low grade to work.

The principal deposits of the Garrison mine are very irregular
chambers of ore in limestone. The minerals are quartz, calcite,
galena, stibnite, pyrite, zinc blende, stromeyerite, gray copper, and
other minerals containing antimony and arsenic. The oxidized ore
is composed of silver chloride, copper carbonates, and iron and man-
ganese oxides. The galena is very rich in silver, especially where it is
coated with dark films of a sooty black sulphide that is presumably

-argentite. The ore in mill runs ranges from 30 to 80 ounces of silver
and $3 in gold to the ton. Where pyrite is abundant the mill runs
range up to $15 in gold to the ton. The completely oxidized ores were
very much richer. According to J. D. Hague,* 88 tons of ore taken
from the St. Louis mine in 1868 yielded $600 to the ton.

The ore body which led to the discovery of the mine outcropped
at a place near the top of an air shaft, which is raised to the surface,
400 feet in from the portal of the main adit. From the point of dis-
covery the ore, which carried galena and silver chlorides, was followed
almost vertically along a vein striking N. 60° E., to a point near the
tunnel level, where the ore made out in irregular chambers in the
limestone. A long, flat ribbon of ore was followed not far above the
tunnel level to the Red Breast stope, a distance of about 700 feet.
From the top of the Red Breast stope the ore dipped about 12° S.
and was followed down a low-angle incline for 275 feet, to a point 60
feet below the tunnel level. ' ‘

Eastward, along a fissure which strikes N. 20° W. and dips 55° NE.,
this ore joined the northwest ore body, which dips about 38° SE., as

a U. 8. Geol. Expl. 40th Par., vol. 3, 1870, p. 406,
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shown in figure 19. The northwest ore body is a ribbon of ore 350
feet long and from 25 to 100 feet wide, which cuts across the lime-
stone. As shown by the maps of the company and indicated in
figure 18, it extended upward almost vertically from level 5 to level
7, formmg a large flat-lying mass, which made against the quartzite
roof. Farther east the middle ore body, which was approximately
in the same plane, joined the large mass near the base of the quartzite
ledge. At the Capps breast, about 800 feet southeast of the main
upraise, an ore body which pitches westward at a high angle is fol-
- lowed upward through very tortuous workings to level 5.

The fissure veins that occur in the zone of sheeting parallel to the
dike are stoped here and there on the tunnel level and on two levels
driven from the east incline, shown in figure 18. The large stopes
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FIGURE 19.—Section through Garrison mine, Cortez. Line of section trends N. 15° W, along northwest .
ore body, ahout 10 feet north of main winze.

above the fifth level, which were inaccessible when the mine was vis-
ited, are said to be in the plane of the sheeted zone. They are above
the intersections of this zone and the ore bodies, which in the lower
part of the mine are called the northwest and northeast ore channels.

On the south and west slopes of Tenabo Peak there are several
smaller mines which the Tenabo Company exploited many years ago.
On the Arctic claim, above the wagon road between the Garrison
mine and the mill, a short incline is driven down a bedding-plane
deposit, making off from a narrow fissure vein which cuts across the
bedding of the limestone. Iigure 20 is a cross section of this deposit.
On the mountain trail between Cortez and Mill Canyon there are a
number of small deposits of highly siliceous silver ore in limestone
and in quartzite.
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Valley View mine.—The Valley View mine is 3 miles northwest of
Cortez, on the border of the Crescent Valley. The country is an
area of tilted limestone overlain by rhyolite and cut by. porphyry
dikes similar to those of the Cortez mine. Between Cortez and the
Valley View mine are numerous small outcrops of ore showing copper
carbonates, and in the vicinity of the Valley View are several small
-veins of lead ore. The Valley View vein follows in a general way a
dike of altered porphyry. A shaft is sunk on this vein at an inclina-
tion of 58° to a depth of 103 feet, and at a depth of 50 feet a level is
turned on the vein for 50 feet to the east; at the bottom of the shaft
a second drift is run for 100 feet to the east. The vein is from 1 t0 5
feet wide, strikes southeastward, and consists of white quartz, galena,
pyrite, and silver chloride. The values are in lead, silver, and gold.

White Horse turquoise mine.—About half a mile south of the Valley
View mine some small open cuts show a white decomposed rock which
is presumably an altered rhyolite. This rock contains many small

FIGURE 20.—Cross section of Arctic mine, Cortez district, near top of incline, looking north.

veinlets of turquoise from one-sixteenth to one-quarter of an inch
wide. Some good gem material is said to have been obtained from.
this mine. c :

MILL CREEK MINES. )

General features.—Mill Creek, the largest of several small streams
which flow northwestward from the crest of the Cortez Range, drains
the northern slope of Tenabo Peak through a steep-walled canyon.
The mouth of this canyon is deeply incised in limestone, which about
a mile above is intruded by granodiorite. To the northeast of the
canyon are massive beds of quartzite and near the head are limestones
that are presumably of the same age as the beds which form the sum-
mit of Tenabo Peak. Although the veins on this side of the mountain
have not been so productive as the mines near Cortez, the country 1s
highly mineralized and there is a great variety of deposits, some of
which have produced considerable ore. The ore bodies are fissure
veins of silver ore in granodiorite, silver-lead replacement deposits in
limestone, and ferruginous deposits of gold ore replacing limestone.
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The fissure deposits, which are the most important of the canyon,
include the Aurora, Benjamin Harrison, Rhoda, Empire State, and
other veins on Bullion Hill, a lofty spur Whlch extends northward .
from Tenabo Peak. Most of the veins strike a few degrees west of
north and dip eastward at moderately low angles. The ore consists
of banded quartz and sulphides and carries from 30 to 200 ounces of
silver and considerable lead. The walls along the veins are strongly
leached by the hot waters which deposited the ores. Pyrite, sericite,
calcite, and quartz are formed in abundance, replacing the ferro-
magnesian minerals and feldspars. The minerals of the ore are
quartz, calcite, galena, zinc blende, pyrite, argentite, stephanite, gray
copper, and stibnite. Along the outcrops and in some places as deep
as 100 feet below the surface the veins are altered to spongy ferruginous
quartz carrying silver chloride, lead carbonate, and other minerals.

The silver-lead deposits in limestone occur in the main within 300
feet of the intrusive granodiorite and are of the irregular replacement
type, forming in the limestone along zones of fissuring and at some
places following the bedding of the limestone. The minerals are
calcite, quartz, galena, pyrite, zinc blende, -and chalcopyrite. The
values are mainly silver, but some of the deposits carry considerable
gold.

Bullion Hill mines—The Aurora vein of the Bullion Hill group
strikes a few degrees west of north and is opened here and there on the
surface for a distance of about 2,000 feet. The Water tunntel on this
vein follows it for about 600 feet along the strike. The lode dips east-
ward and in places is a sheeted zone from 6 inches to 5 feet wide, with
slabs of country rock between the ore shoots. The Aurora tunnel,
375 feet long, is driven in decomposed granodiorite 58 feet above the
level of the Water tunnel, and part of the workings are west of the
Aurora vein. Here and there stopes are carried up from the Water
tunnel to the level of the Aurora tunnel. The ore minerals are quartz,
calcite, galena, zinc blende, pyrite, chalcopyrite gray copper, and a
sooty black powder on galena which is probably silver glance. A
little ruby silver was found in the bottom of. the winze on the Water
tunnel level. ' The vein is 2 feet wide and carries about 75 ounces of
silver to the ton. It has produced $50,000 since 1883, when it was
first located. ,

The Rhoda fissure parallels the Aurora vein and lies 30 feet to the
east on the Water tunnel level. It is a great zone of crushed granite
with rounded friction fragments of granite and quartz. The Rhoda
shaft, which is now inaccessible, was put down 250 feet on an incline
80° W. A shoot of rich ore found in this shaft is said to have been
cut off by a fault, which is possibly the same as one exposed in the
Water tunnel 30 feet east of the Aurora vein. The Bullion tunnel,
260 feet below the Water tunnel level, has been driven for about 1,000
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feet westward to tap the Rhoda and Aurora veins. Several small veins
parallel to the Aurora have been found, but nothing of great value
has yet been discovered in this tunnel.

The Benjamin Harrison vein, which lies to the east of the Aurora
vein, on an adjoining claim, has been developed in tunnels and pits
for a distance of about 2,000 feet. This vein is in quartz monzonite,
strikes N. 25° W, and dips toward the east. The ore and the altera-
tion of the wall rock are similar to those of the Aurora, but the vein
is narrower. It belongs to the Bullion Hill Company and is said to
have produced $8,000 in silver.

Empire State mine.—The Empire State mine, one-fourth mile above
the Mill Canyon mill, was located in 1872 and has produced about
$2,500. The deposit is a fissure vein in granodiorite that strikes
S. 55° W. and dips 35° SE. The lode is exposed in three tunnels, the
highest one about 100 feet above the lowest. In the lower tunnel the
vein, which is about 2 feet wide, is stoped here and there at several
places and is offset by small normal faults which dip southwestward.
About 50 feet.from the face a fault nearly parallel to the vein offsets it
afew feet toward the west. The ore is somewhat similar to the Bullion
Hill ore, but contains less galena and has higher gold values. The
minerals of the sulphide ore are pyrite, zinc blende, galena, stibnite,
and gray copper. ‘

Hidden Treasure mine.—The Hidden Treasure mine is one-half mile
S. 30° E. of the Rhoda shaft of Bullion Hill. From a short tunnel a
60-foot incling is driven S. 23° W. at an angle of 25°, on a lode of highly
oxidized iron-stained gold ore. The hanging wall is limestone and the
foot wall a white decomposed igneous rock which is probably leached
quartz monzonite. At the top of the winze the ore is several feet

wide and carries $35 in gold to the ton. It thins out at the bottom of
the incline, but the face of a drift along the contact for 75 feet west
from the bottom is in silicified iron-stained limestone, which is said
to carry $20 in gold to the ton. .At 150 feet west of the portal of the
tunnel a second incline 70 feet deep is driven in limestone and inter-
sects the same contact at the bottom.

Lewis Canyon claims.—Near the. contact the limestone carries
bunches of oxidized gold ore. In Lewis Canyon, on the west slope of
Bullion Hill, granodiorite cuts through limestone and sends off dikes
into it. A number of fissure veins strike northward and dip from
50°to 80° E. They are in granodiorite, in limestone, and at contacts
between the two rocks. The veins are up to 4 feet wide, are com-
posed of quartz, calcite, galena, and pyrite, and carry values in silver.
At the Isaacs mine a silver-bearing vein strikes north, dips 80° E.,
and is opened in several short tunnels. In the only accessible tunnel
the vein is 3 feet wide and is composed of ribbors of quartz and sul-
phides forming bands parallel to the walls. :
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At the Cynthia mine, on the northwest slope of Bullion Hill, a lode
which in places is 4 feet wide strikes south and dips 68° E. It is
opened by short tunnels, shafts, and underhand stopes for several
hundred yards along the strike. The ore is composed of quartz,
calcite, galena, and pyrite and is said to carry 60 ounces of silver to .
the ton. .The vein was one of the first discoveries in the camp and
has produced a considerable quantity of ore, which in the sixties was
sent to the Canyon mill. - o ) '

Falconer and Berlin mines.—About one-fourth mile below the .
Canyon mill the contact of limestone and granite strikes N. 53° E.
and dips northwest at a high angle. The limestone, which lies north-
west of the granodiorite, is locally rather closely folded and in general
dips away from it at a moderately steep angle. The granodiorite
sends out small dikes, which cut -across the bedding and form thin
sheets in the bedding planes. Along the contact, extending for a
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FIGURE 21.—Cross section of ore body of Falconer mine, Mill Canyon.

distance of several thousand feet, a number of small veins and
irregular shoots of silver-lead ore are ‘developed in the limestone
within a few yards of the granite, and there is an almost continuous
chain of small deposits up the canyon sides from the bottom of the
gulch. The ore shoots are not. large, but some of them are said to
have produced ore.of very high grade. S :

The Falconer mine is.on the northeast side of the canyon about 300
feet above Mill Creek. The country rock is a dark-gray limestone
which strikes S. 60° E. and dips 30° NW. The ore body is a replace-
~ment deposit that cuts.the bedding at a small angle and here and
. there small masses follow bedding planes and the small fissures which

cross them to join the main ore body. Figure 21 is a cross section of
- this mine. . From .a.40-foot tunnel near the apex of the ore a 120-foot
incline is.sunk on the ore and small stopes are carried up from the
incline at several places in the deposit. At the bottom of the incline
the ore shoot flattens and dips about 20° E. It is followed in a drift
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for 40 feet along the strike, at the end of which a winze is sunk 40
feet on a dip of 30° N. A crosscut tunnel 125 feet below the upper
tunnel is driven northeastward for 375 feet. At 330 feet from the
portal a raise is turned to the ore body to connect .with the incline.
from the upper tunnel. The minerals of the ore are quartz, calcite,
galena, pyrite, chalcopyrite, and zinc blende. Much of the ore is a
black sooty powder, probably pyrite in the main. The ore is said to
carry $35 to the ton in silver, lead, and gold. _

The Berlin mine, on the southwest side of the canyon, has supp].led
about $40,000 in gold, silver, and lead. Most of the ore bodies are
small and some seem to be related to fissures which strike northeast-
ward and dip flatly to the southwest. '

On the New York claim, which joins the Berlin on the northwest,
a shaft is down 28 feet on a vein stnkmg northwest and dipping 80°
SW. At the face of a short drift this vein shows a foot of lead and
iron sulphides which run high in gold. A car of ore has been shipped
from this level. A 200-foot tunnel about 90 feet below the collar of
the shaft has been run to intersect the ore below, but has not en-
countered it.

Caledonia mine.—The limestones on the northeast slope of -Mill
Canyon near its mouth strike N. 65° W. and dip 44° NE. A shoot
of ore trending approximately with the bedding has been followed for
50 feet down an incline. A carload of ore taken from this incline and
from a short drift from the bottom is reported. to have yielded 120
ounces of silver and $20 in gold to the ton and 13 per cent of lead.
Approximately 300 yards farther north, at about the same horizon
in the limestone, two drifts are run on a thin bedding-plane deposit
which is said to carry $25 in gold to the ton.

SAFFORD DISTRICT.
GENERAL FEATURES.

The Safford district includes a number of small mines and prospects
situated in the vicinity of Barth, a small camp on Humboldt River
about 6 miles west of Palisade. The district takes its name from
James Safford, who discovered the Onondaga mine in 1881. The mines
of the district have produced about $200,000 in silver, nearly all of
which was taken from the Onondaga and Zenoli mines. The West
Mining Company is 'exploiting an iron deposit at Barth and ships from
100 to 300 tons of iron ore daily to the Utah plants of the American
Smelting and Refining Company, where the ore is used for flux.

In the report of the Fortieth Parallel Survey the rccks of the
Safford district are represented as trachytes, which are said to overlie
andesites. The rocks collected by the writer proved to be varied in
composition and included fine-grained diorites that carry some
orthoclase and quartz, glassy vesicular andesites, and dacite por-
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phyries. These species are probably the eruptions or the intrusions
from a center of Tertiary volcanism which has been deeply eroded by
Humboldt River, but which in the higher country on both sides of
the river is nearly everywhere surrounded by rhyolite. The deposits
are fissure veins of silver ore, which carries among other minerals
some antimony and arsenic compounds—a type of deposit which is
common in the Tertlary eruptive rocks. The wal rock is somewhat
altered near the veins, the feldspar having been partly changed to
sericite and calcite, and the ferromagnesian minerals are nearly
everywhere altered to chlorite. These changes, which are presumably
the result of the action of the vein-forming solutions on the wall rock,
are not so intense as the hydrothermal action at Tuscarora and at
- some other places in the later Tertiary lavas. -

MINE DESCRIPTIONS.

Zenoli mine.—The Zenoli mine is about 1 mile southeast of Barth,
. a small gulch which joins the Humboldt Valley. The mine was
discovered by Italian prospectors in the eighties and was held by
them for a number of years, yielding a small amount of shipping ore.
In 1907 the Zenoli Silver Copper Company was organized and since
that time has been producing ore steadily and employing a force of
about ten miners. The values are in silver, with important amounts
of copper and lead, and the ore shipped carries from $60 to $70 to the
ton. An inclined shaft sunk on the principal deposit to a depth of
about 100 feet below the surface is intersected by an adit 220 feet
from its portal, and levels are turned from this shaft at vertical
intervals about 10 feet apart, making altogether about 2,500 feet of
underground workings. The country rock .is an andes1te which
carries here and there a crystal of resorbed quartz and approaches
dacite in composition. The deposit is a well-defined fissure vein
from 1 to 5 feet wide. The sulphide ore is composed of quartz,
calcite, barite, stibnite, gray copper, galena, pyrite, and chalcopyrite.
In the upper levels there is considerable iron oxide, copper carbonates,
and horn silver. The ore, which is sorted in the stopes, is shipped to
Utah smelters. The principal lode strikes about north and near the
surface dips 23° E.; on the 50-foot level the dip steepens to 45°.
Nearly everywhere on the foot wall of the vein there is a smooth, well-
_ defined slickensided surface carrying more or less gouge. On the
tunnel level this plane of movement departs from the foot wall,
cutting across the vein and displacing it to an undetermined extent.
A second vein, known as the Lead Stope vein, has also a north-south
strike, but dlps eastward at a higher angle, joining the main lode near
the surface Some high-grade ore was found above the junction of
the two veins. '

Onondaga mine.—The Onondaga mine is located on the south side
of the gulch, about 500 yards southeast of the Zenoli mine. Two
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lodes outcrop boldly on top of the hill. The principal one strikes
northwestward and dips from 60° to 80° SW. It is developed for a
distance of 700 feet by several short tunnels and underhand stopes
driven downward from the grass roots, the workings having a vertical
range of 250 feet. A tunnel is driven northwestward for 600 feet and
intersects the bottom of a shaft 200 feet in depth about 565 feet from
the portal. The country rock is andesite, which is altered near the
vein, and the joint planes are covered with a dark coating that is prob-
ably a mixture of iron and manganese oxides. The ore consists of
quartz, iron oxide, calcite, and barite, with copper carbonates and
oxides, and is said to carry from 30 to 100 ounces of silver to the ton.

In the gulch below the mine on the Malachite claim a crosscut
tunnel is driven northward for 350 feet toward the Onondaga vein.

Ruby claim.—The Ruby claim, which is a few rods east of the
Zenoli mine, adjoins the Malachite claim on the northwest. Four
tunnels, from 50 to 250 feet long, have been driven to explore three -
veins which strike northwestward. The principal lode is an iron-
stained zone of crushed porphyry, which here and there carries banded
ribbons of ore composed of quartz, chalcopyrite, pyrite, gray copper,
and iron oxides, with a little ruby silver. A carload of selected ore,
running about 100 ounces of sllver to the ton, has been shipped to
smelters.

Humboldt mine.—The Humboldt mine is located on the north side
of Humboldt River, about 3% miles below Palisade. Andesite, which
is locally vesicular, outcrops at the surface, and copper-bearing sul-
phides have been depos1ted in a zone of brecciation. Some ore taken
from a shallow pit shows bornite, chalcopyrlte, and chalcocite, partly
altered to copper carbonates and iron oxides. A crosscut tunnel 200
feet long has been driven at the level of the river, but has not yet
encountered the lode. -

Bonanza mine.—The Bonanza mine is about three-fourths of a mile
S. 70° E. of the Humboldt mine. The lode is a zone of crushed and
altered eruptive rock, cemented byiron oxides. In theshattered zone,
which can be traced for about 200 feet, thin sheets of galena, rich in
silver, may be found here and there at the surface, filling the crevices
in theshattered rock. Two shallow pits have been sunk on the deposit.

Pittsburg and Palisade tunnel—On the Pittsburg and Palisade
group of claims, which join the Humboldt on the west, a crosscut
tunnel has been driven for 600 feet and is intended to intersect a
small vein that outcrops on the hill above.

" West iron mine.—The West iron mine is located at Barth, 6 miles
~below Palisade. An open cut 200 feet in diameter and 80 feet deep
" igdug in the red hematite ore, which is shipped to Salt Lake and used

for flux. The rock is quarried from the pit, hoisted up an incline,

‘ z;md“l"oaded into railroad cars.
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The cut is approximately the size of the known area of iron ore.
The rock to the north and east is covered by gravels, which at the pit
~ are about 20 feet deep, and on the south and west the iron ore is in
contact with a fine-grained diorite. About 100 feet south of the pit
the fine-grained diorite.is in contact with an altered rock, probably
a metamotrphosed limestone. The iron ore, which is in the main red
hematite, carries a very small amount of magnetite and specularite
and is cut by many small veinlets of apatite. The deposit is pre-
sumably of contact-metamorphic origin and not the capping of a sul-
phide ore. The sulphides alter mainly to hydrated- iron oxide, and
not to hematite and magnetite, like the ore of the West mine. Out-
crops of iron deposits are reported to have been found also in the
Cortez Range about 15 miles south of Palisade.

SHOSHONE RANGE.
GENERAL FEATURES.

-The Shoshone Range extends southwestward from Humboldt River
near Beowawe for 50 miles or more. The present reconnaissance
covered only the northern part of the range, which includes a group
of lofty mountains, among them Shoshone Peak, 9,760 feet above the
sea, the most elevated portion of the mountain mass. The central
portion of the north end of the range is a group of steep-walled moun-
tains with deeply incised amphitheaters, which are clearly the result of
mountain glaciation. Northeast of the group of elevated peaks is the
Whirlwind Mesa, which extends about 15 miles to Humboldt River.
This mesa, which is over 7,000 feet above sea level, slopes gently
northward and is divided by the Whirlwind Valley, which joins the
Humboldt Valley near Beowawe.

As the central mountain mass is higher than the neighboring moun-
tains, it is better watered and it supports a scattered growth of timber
useful for local needs. The mining camps of the north end of the
range are Tenabo, Lander, Mud Springs, Grey Eagle, Hilltop, Mays-
ville, Pittsburg, Dean, and Lewis; all of these are on the east and
north slopes of the mountains and are included in a rectangular area
6 by 16 miles. In the eighties there was considerable mining in some
of these camps, especially at Lewis, Dean, and Lander. The Battle
Mountain and Lewis Railroad, a narrow-gage line, was built from
a point on the Nevada Central Railroad through Lewis to Quartz
Mountain, at the north end of the range. This road was never profit-
able and it was dismantled many years ago. At present the trans-
portation to the various camps is by wagon road from Beowawe and
from Battle Mountain.

4 Bancfoft, H. H., Works, vol. 25, Nevada, p. 238.
11444—Bull. 408—10——38
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Development, work was being carried on at several of these camps
in 1908 and some of the mines were shipping a little ore. The Dean
mill, the only one in working condition, was idle at that time.

GEOLOGIC FEATURES.

The most abundant rocks of the northern part of the Shoshone
Range are quartzites, siliceous shales, and limestones. Interbedded
with these are conglomerate beds which are exposed, among other
places, on the north slope of Shoshone Peak. On lithologic grounds @
the sedimentary series has been termed Carboniferous, but a con-
siderable thickness of other rocks may be represented. At most
places the sedimentary rocks dip toward the east or southeast from
20° to 50°, but locally they dip at high angles in other directions.
The structure, as shown in the atlas of the Fortieth Parallel Survey,
is that of an eastward-dipping monocline crossed by normal faults
which dip westward. The sedimentary rocks are intruded by large
masses of granodiorite and granodiorite porphyry. Such intrusive
rocks are exposed at Tenabo, Mud Springs, Grey Eagle, Hilltop, and
Dean, and the largest one of them forms the central part of Shoshone
Mountain. An analysis of this rock, made by R. W. Woodward, is
given on page 25, where the granodiorites are described.

Some actinolite -and doubtless other contact-metamorphic min-
erals are developed in the quartzite, but no garnet zones were found
in the few places where ‘the contacts were observed. The siliceous
sedimentary rocks are the most abundant and these, as is well
known, are not so favorable to contact metamorphism as the cal-
careous rocks. Many of the ore deposits are in or near the grano-
diorite.

Dense andesites outcrop at Tenabo and at Lander, where they are
surrounded by sedimentary rocks. The andesites have a glassy
groundmass and in some places they are vesicular. It is assumed
that they represent a magma which consolidated as an intrusive
near the surface or as a flow. A broad belt of rhyolite borders the
range low down on the east slope. . A small intrusive mass of dense
quartz porphyry was noted on the north slope of the gulch below
the Pittsburg mine.

' TENABO.

N

GENERAL STATEMENT.

Tenabo 1s situated on the east slope of the Shoshone Range, near
‘the edge of Crescent Valley, about 21 miles southwest of Beowawe.
It is in the Bullion mining district, which was organized many years
ago to cover locations at Lander, but when a number of ore deposits
were discovered in 1907 at some distance from that camp the new

a U, S. Geol. Expl. 40th Par., vol. 2, 1877, p. 619.
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town Tenabo was established 2 or 3 miles away, more conveniently
situated for them. The town is well laid out and has some sub-
stantial wooden buildings, but is without a regular water supply.
Early in 1907, when there was a rush to the mines, about a thousand
persons were living there, but within a year all except a few score
had left. A stage is run thrice a week between Tenabo and Beo-
wawe, and during times of prosperity automobiles and a steam
traction line were operated. The name Tenabo is not well chosen,
as it is likely to be confused with that of Tenabo Peak, on the oppo-
site side of the Crescent Valley, where the Tenabo Mill and Mines
Company carried on extensive operations for many years.

GEOLOGY.

The relief at Tenabo is slight and consequently the natural expo-
sures are not so good as at camps which are situated in more com-
manding positions, but owing to the large number of location pits
recently dug a fairly satisfactory knowledge of the geologic features
may be obtained. The rock formation which occupies the greater
part of the area is composed of quartzites and fine-grained siliceous
shales that have a general eastward dip of 15° to 40°. There are
no pure limestones in the area near Tenabo, but some of the sandy
layers of the quartzitic formation contain calcium carbonate which
cements the grains of quartz. Certain fissile layers on the ridge
above the Gem mine are dark and very fine grained and in the field
resemble carbonaceous shale, but under the microscope they are
seen to be composed of very fine particles of quartz with a small
amount of sericite between the grains. The series is termed Car-
boniferous’ in the reports of the Fortieth Parallel Survey. The
sedimentary rocks are intruded by porphyritic granodiorite, which
is best exposed in the Phoenix mine. This rock in hand specimen
has a dense gray groundmass, in which -are embedded phenocrysts
of feldspar, quartz, biotite, and hornblende. Under the microscope
the groundmass is seen to be composed of quartz and orthoclase
crystals which are distinctly smaller than the phenocrysts but larger
than the constituents of the groundmass of the ordinary porphyries.
The feldspar phenocrysts are in the main oligoclase and andesine,
and many of them are zonally built. At the Two Widows claim a
quartz diorite porphyry, which is probably a phase of the grano-
diorite magma, intrudes siliceous shales. Near the contact small
veinlets of actinolite are developed, presumably as a result of con-
tact metamorphism, but in the sections studied no garnet or other
contact minerals have been found.

A dark, dense rock with an altered glassy groundmass containing
phenocrysts of orthoclase and acidic plagioclase is exposed at the
Gem mine and on the hills above the shaft. This rock will be called
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andesite, but its determination is unsatisfactory owing to the decom-
posed condition of the material at hand;. the slides studied contain
more orthoclase than the other andesites described in this report,
and possibly the rock should be classed as latite. It is vesicular in |
places and is everywhere finely crystalline and obscurely porphyritic,
and it is therefore probably a flow or an intrusive formed near the
surface. The andesite is believed to be younger than the other
porphyries and appears to have formed at less depth. Near the lodes
the country rock is hydrothermally altered, but the altered rock is
restricted to a relatively narrow zone. Sericite, calcite, and pyrite
have formed in the granodiorite, and chlorite, sericite, and pyrite
are developed in the andesite.

ORE DEPOSITS.

The ore deposits are sheeted zones in quartzose sedimentary rocks
and in andesite and fissure fillings in granite. The lodes do not
fall into well-defined groups or parallel systemns, but dip to all points
of the compass. On the surface the ore is iron-stained quartz,
carrying some chloride, and is usually kaolinic. Some of the surface
ore gives very high pannings in gold.  Sulphides appear in depth
from 50 to 100 feet below the surface, and include arsenopyrite,
pyrite, chalcopyrite, bornite, galena, zine blende, and chalcocite.
The gangue is quartz and calcite. Thin films of molybdenite appear
on the joint faces of the country rock in the Violet shaft. Since the
deposition of the ore there has been considerable movement, and
practically all the lodes are sheared by slickensided planes parallel
to the vein or are faulted by cross faults. These are small as far as
developed and do not cause loss of the vein in any of the mines

" visited.
MINE DESCRIPTIONS.

Little Gem mine.—The Little Gem mine, located about 1% miles
west of Tenabo, was discovered in 1907 and is the most extensively
developed property in the area. A shaft is driven southwestward on
the lode at inclinations of 20° to 30°. This shaft is 400 feet long
and on the four levels turned from it there are altogether about 900
feet of drifts. In 1907 eighteen carloads of ore was sthped and
yielded about $30 a ton.

The country rock is a dark, fine-grained andesite, showing very
few phenocrysts even where most porphyritic. On the hill just
above the mine it is vesicular. The andesite is strongly sheeted par-
allel to the lode and is altered near the lode, but at most places it is
not strongly leached; chlorite and pyrite, with some sericite and
calmte, are developed by secondary processes, chlorite being formed
in the greatest abundance. The ore outcrops near the collar of the
shaft and at the outerop is composed of i iron oxide and quartz carry-
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* ing copper carbonates, silver chloride, and free gold. The sulphide
ore, which appears about 75 feet below the surface, is composed of
quartz, arsenopyrite, pyrite, chalcopyrite, galena, and zinc blende,
with -a little bornite and a sooty black film which covers other
sulphides and is probably chalcocite. On level 1 the lode strikes
north of west, but on the second level, the most extensive in the
mine, it bends and strikes south of west. It dips about 30° S, a little
more steeply than the incline, which is driven on the lode but to the
right of the line of steepest dip. The lode is from 1 to 6 feet wide
and, in the main, is a zone composed of several closely spaced parallel
sheets of quartz and sulphides, between which the country rock.is
highly fractured and seamed with veinlets crossing the general strike
of the vein. Thin drusy ca\vities parallel to the walls are lined with
sulphide coatings, and these are in turn covered with quartz erystals
pointing to the center. Since it was formed the vein has been much
crushed and shattered by movement, which in the main was parallel
to the walls. It is also crossed by several small normal faults, the
offsets of which are not great enough to throw the vein out of con-
tinuous view in regular workings. The mine is reported to have in
sight 7,000 tons of ore, with an average value of $2 in gold and 10
ounces of silver to the ton and 3 per cent of copper. :

Phoeniz mine.—At the Phoenix mine, 1} miles southwest of Tenabo,
a two-compartment vertical shaft is 250 feet deep, and an adit driven
northward for 280 feet intersects the shaft about 100 feet below the
collar. This adit is continued northward for 220 feet beyond the
shaft, and short drifts are run on two veins at this level. A second
level is turned from the shaft 60 feet below the adit. The country
rock is porphyritic granodiorite, cut by a mass of intruding quartz
porphyry, which measured on the adit level is about 100 feet thick.
The south contact of the quartz porphyry, where it is encountered
in the main adit, 70 feet from the portal, dips about 20° S. Three
veins are exposed, two of them in granodiorite and one at the north
contact of the quartz porphyry and granodiorite. They are from
4 to 18 inches wide and all strike westward. The deposits are
banded fissure fillings, and the country rock near the lode is strongly
sericitized. The sulphide ore, 100 feet in depth, is composed of
quartz, pyrite, arsenopyrite, chalcopyrite, galena, and blende. In
the granite sericite, calcite, chlorite, and pyrite have been deposited
by ore solutions. There has been much movement since the veins
were formed, and in places the lodes consist of 2 feet of white seri-
citized decomposed granite, containing here and there broken masses
of quartz and ore up to a foot thick.

Gold Quartz mine.—The Gold Quartz mine is 700 yards south of the
Little Gem. A vertical two-compartment shaft is down 308 feet,
with short'levels turned at intervals of 35, 100, 150, and 275 feet
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below the collar. The country rock is quartzite, cut by an intruding
quartz-bearing porphyry and by basalt. In a shallow opening near
the main shaft some rich gold ore was encountered, From this and
from the main shaft a shipment of ore, with an average value of $80
a ton in gold, has been made. The ore is highly oxidized; about 75
feet below the surface the sulphides appear, arsenopyrite and pyrite
predominating. In the main shaft, between the -35-foot and 100-
foot levels, there is a body of shattered, altered quartzite, which is
cut by stringers of iron oxide carrying free gold. This ore body is
4 feet wide, strikes N. 20° W., and dips 35° NE. Between the 35-
foot and 100-foot levels an incline follows it for 30 feet; at the bot-
tom of the incline the lode breaks into several small stringers, and this
deposit has not been encountered below the 100-foot level.

Violet claim.—The Violet shaft, about 1 mile southwest of Tenabo,
is down 208 feet in siliceous shale and quartzite. A crosscut is
being run below an outcrop which has been opened in a surface pit.
In the jointing of the country rock there are some small seams of
molybdenite.

Two Widows claim.—On the Two Widows claim, half a mile west
of Tenabo, an incline is sunk 110 feet at an angle of 70°, and from the
bottom shoit crosscuts are run east and west. The country rock
is fine-grained quartzite cut by intruding quartz diorite porphyry.
Veinlets of actinolite cut the quartzite near the intruding porphyry.
The joint planes of the quartzite are filled with copper carbonates

“and iron oxides, which are said to carry 40 ounces of silver and several
dollars in gold to the ton.

LANDER.

GENERAL FEATURES.

Lander, 2 miles northwest of Tenabo, is the oldest camp in the
Bullion district and was the milling center for the district in the
seventies and eighties, when the Lovie mines were being worked.
The rocks of the area are siliceous and carbonaceous shales inter-
bedded with quartzite and limestone and have a general southeast-
ward dip. The sedimentary rocks are capped with andesite and cut
by intrusive quartz porphyry. The principal mines are the Bonnie
Jean, the Silver Prize, and the Silverside.

MINE DESCRIPTIONS.

Bonnie Jean mine.—The Bonnie Jean, known also as the Lovie
mine, is 13 miles northwest of Lander and is opened by four tunnels
which have a vertical range of 250 feet. In the gulch below these
workings a shaft was being sunk in 1907 to explore the vein in depth.
This mine was worked in a small way for many years, and the ore
was treated in the 5-stamp pan-amalgamation mill at Lander. It
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is currently reported to have produced some $300,000 in silver, the
chloride ore mined near the surface of the deposits runningseveral
hundred ounces to the ton. The ore body is a fissure vein in siliceous
shales and quartzite. Near the apex and northwest of the deposit
is an outcrop of andesite similar to that of the Little Gem mine at
Tenabo. The lode, which lies approximately with the bedding,
strikes N. 65° E. and dips 20° to 50° SE. The outcrop of the deposit
is exposed at the surface for about 400 feet along the strike and has
been followed down the dip for about 300 feet. The oxidized ore
is composed of quartz, iron oxides, silver chloride, and lead and cop-
per carbonates. The values are principally in silver. There is a
considerable tonnage of low-grade silver ore blocked out which the
present owners consider concentrating ore.

Silver Prize vein.—On the Silver Prize claim, half a mile north of
the Bonnie Jean, the country rock is decomposed andesite, and to
the northwest, near the crest of the hill, are outcrops of massive
quartzite. The lower vein, which is opened in three short tunnels,
strikes northwest and is approximately vertical. The lode locally
carries 2 feet of highly oxidized ore, and galena and zinc blende
appear in depth. Higher on the hill and about 75 feet to the north-
east of this lode a second lode strikes N. 50° W. and dips 58° SW.
A 40-foot incline is driven on the lode, which carries 20 inches of
rich silver-bearing galena and lead carbonate. The two veins prob-
ably join on the slope of the hill.

Silver Side mine—At the Silver Side mine, in Lander, a tunnel is
run 625 feet southward on a vein which dips 20° to 38° E., and from
this stopes are carried here and there above and below. The vein,
which is about 3 feet wide, is at most places approximately parallel
to the bedding. The deposit with respect to its structural features
resembles that of the Bonnie Jean, but the ore is not so rich.

MUD SPRINGS.
GENERAL FEATURES.

Mud Springs is on the east slope of the Shoshone Range, about 4
miles north of Lander. In the summer of 1907 a number of claims
were located, and recently a few tons of ore has been shipped. "The
country rock consists of quartzite, with fine-grained, shaly beds
and is cut by granodiorite and andesite. The deposits are fissure
veins in the sedimentary rock and in granodiorite. The minerals of
the ore are quartz, limonite, lead carbonate, silver chloride, and gold.

MINE DESCRIPTIONS.

Triumph mine.—~At the Triumph mine a narrow lode carrying
oxidized gold and silver ore cuts across siliceous shales, strikes
N. 60° W., and dips 45° SW. It has been followed for 40 feet down

an incline from which a 50-foot drift has been run, and from this a
] :
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stope has been raised east of the incline. On the surface 300 yards
farther west a vein which is presumably the same cuts through a
mass of undetermined igneous rock, probably an altered granodiorite.
From this mine in the summer of 1908 a shipment of 18 tons of ore
~ was made. This ore carried silver, lead, and gold, and is said to have
yielded $60 a ton. The lode is from 1 to 3 feet wide, and the ore
minerals include iron oxide, lead carbonate, and silver chloride.

Big Bug claim.—At the Big Bug claim two tunnels, each about
100 feet long, are driven.to intersect a lode cutting across quartzite
which dips steeply southeastward. The lode is about 6 inches wide,
strikes N. 55° W., and dips 80° S. The decomposed iron-stained
quartzose ore carries low values in gold and silver.

Bridal Wreath claim.—On the Bridal Wreath claim, which joins
the Big Bug claim on the northeast, a 30-foot shaft is sunk on a -
crushed vein in quartzite which strikes S. 65° W. and dips 70° N.

Uncle Sam claim.—The Uncle Sam shaft, half a mile below the Big
Bug, is sunk 50 feet on a silver lode which dips 76° S. A small vein
of quartz and sulphides is located near a contact of granite and

quartzite. -
GREY EAGLE MINE.

The Grey Eagle mine, a mile or two west of Mud Springs and
about 22 miles in an air line southeast of Battle Mountain, is located
near the summit of a high granodiorite ridge, which is separated by a
deep valley from the main axis of the Shoshone Range. The mine
was worked in the seventies and eighties, lay idle some twenty years,
and was worked again in 1905. It produced about $25,000 in 1906
and 1907. The main shaft.is down 250 feet, and levels are turned at
60, 115, and 215 feet in depth. When the mine was visited in 1908
only the 60-foot level was accessible. The deposit is a fissure vein
of banded quartz and sulphide, strikes N. 70° E., and dips 70° N.
The. country rock is a coarse granodiorite composed of oligoclase,
andesine, quartz, hornblende, and biotite. Near the vein the grano-
diorite is strongly altered by hydrothermal metamorphism. The
- feldspars, biotite, and hornblende are replaced by sericite and by
numerous small crystals of pyrite. The minerals of the ore include
quartz, zinc blende, galena, pyrite, and gray copper, which near the
surface are altered to oxides, carbonate, and chloride. The mine is
reported to have produced since its discovery several hundred thou-
sand dollars in silver, gold, and lead. It is commonly regarded as a
property which possesses considerable promise.

HILLTOP.
Hilltop, or Marble Canyon, is a small camp which has recently

been established on the east fork of Rock Creek, about 18 miles
southeast of Battle Mountain. The country rock is quartzite,
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which includes fine siliceous shales with here and there some fine
conglomerates containing small fragments of angular jasper. The
sedimentary rocks are cut by dikes of green chloritic porphyry
which under the microscope shows phenocrysts of quartz, orthoclase,
and some oligoclase with ferromagnesian minerals altered to chlorite
and sericite. This rock is presumably an altered granodiorite
porphyry. '

The principal mines are the Independence and Hilltop, which
were located in 1906. Two 50-foot shafts and two short tunnels
are driven on a zone of fractured quartzite, which trends northward
and is exposed at intervals for about 2,000 feet. Small intrusive
masses of leached porphyry cut this zone of quartzite at three or four
places, the intrusive rock including fragments of the quartzite. At
some places the shattered quartzite is seamed with stringers of
quartz and iron oxide carrying a large amount of free gold. Here

.and there are small bodies of pyrite and galena in the fracture planes

~

of quartzite and minute stringers of gray metallic mineral which is
said to contain bismuth. Assays show the presence of silver, by
weight equal to the gold. The quartzite near the ore is impregnated
with pyrite and is locally decomposed to a soft white claylike sub-
stance .which is said to carry high values in gold.

When the camp was visited the amount of high-grade ore in sight

. was small and developments were not sufficient to show the extent

of mineralization .in the fractured zone.
MAYSVILLE MINE.

The Maysville mine is on the east slope of Shoshone Peak about
1 mile west of Hilltop. The country. rock is quartzite, which near
the lode dips east of south about 35°. The principal vein cuts across
the quartzite, striking N. 80° W. and dipping 80° S., and is opened
by three short tunnels and a shaft sunk on the deposit. In places
it is stoped to the grass roots, the surface ore consisting of yellowish-
brown siliceous rock -which carries silver chloride. The ore about
50 feet .below the surface is composed of quartz, pyrite, galena,

" chalcopyrite, and gray copper. The vein, where accessible, is about

2 feet wide and shows banded quartz and pyrite parallel to the walls.
The quartz and sulphides are highly crushed and at places mixed
with much pulverized quartzite. " About 1,500 feet northwest of the
shaft a crosscut tunnel is driven southward for 215 feet to a vein,
which is presumably the same lode. From this tunnel drifts are
run 150 feet east and 75 feet west. The lode here strikes N. 60° W.
and dips southward at a high angle. On the east drift some stoping
has been done, but at most places the vein is small. A four-pan
silver mill in the canyon below the mine was used some thirty years

ago to treat the ore.
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LEWIS AND DEAN.
LOCATION AND HISTORY.

Lewis is situated about 12 miles southeast of Battle Mountain, on
the north edge of the elevated portion of the Shoshone Range, at the
mouth of Lewis Canyon. Dean is 4 miles above Lewis, in the bot-
tom of Lewis Canyon, which at this place is one of the most rugged
and picturesque mountain features in northeastern Nevada. Silver
deposits were discovered in Lewis Canyon in the seventies, and
elaborate preparations were made by a company well provided with
capital to develop the Eagle, Starr Grove, and other mines. A rail-
road which has long been dismantled was built from Lewis Junction
to Lewis, and afterward was extended up Lewis Canyon to the Starr
. Grove mine. At Lewis a small silver amalgamation mill was built
on the east side of the canyon, and considerable silver ore is said to
have been put through this plant. Subsequently a 40-stamp mill
equipped with roasters, pans, and settlers was built on the west side
of the canyon, but was not long in operation. Extensive develop-
ment work was done in several mines and some ore was stoped, but
it is doubtful whether the mining and metallurglcal operations were
ever on a paying basis.

The gold deposits .of the Morning Star, and Pittsburg mines were
opened soon after the silver deposits at Lewis. According to reports’
of the Director of the Mint both of these mines were being developed
in 1882. The Pittsburg mine is located near the summit of a ridge
east of Lewis Canyon, and in the eighties a mill was built in the can-
yon east of this ridge and connected by a tramway with the mine.
This mill reported a production of $46,000 in 1887 and was in suc-
cessful operation until 1891. The Morning Star mine, on the same
ridge and southwest of the Pittsburg, was sold in 1892 to W. E.
Dean, of San Francisco, who built a 10-stamp amalgamating mill in
Lewis Canyon and ran an adit from the mill to the lode. This mine
was worked for many years under the management of D. J. Bous-
field. After tedious litigation with the owners of the Pittsburg mine
that property was acquired in 1904 by the owners of the Morning
Star and the two mines were consolidated as the Cumberland mines.
The Morning Star mill has not been in operation since 1906 and the
company is devoting its attention to a long adit which it is driving
to develop the lodes below the present workings.

GEOLOGY AND ORE DEPOSITS.

The rocks in the vicinity of Lewis and Dean are in the main quartz-
ites, limestones, and shales, which, on lithologic grounds, were termed
Carboniferous by the geologists of the Fortieth Parallel Survey. The
quartzite beds are more extensive than the other sedimentary rocks,
although some of the limestone and shale members have a thickness
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of several hundred feet. High on the north slope of Shoshone Peak
there are some rather coarse conglomerates, which presumably are
the Weber. The sedimentary rocks have a general northeastward
dip, but locally dip in other directions. They areintruded by grano-
diorite porphyry, the somewhat altered specimens of which are
grayish-green rocks composed of a dense greenish paste carrying
phenocrysts of feldspar, quartz, hornblende, and biotite. Under
the microscope the groundmass is seen to be a microcrystalline aggre-
gate of colorless minerals and the phenocrysts are oligoclase, andesine,
and quartz, with hornblende and biotite altered to chlorite, sericite;
and other minerals. This porphyry may have the composition of
the rock from Shoshone Peak analyzed by R. W. Woodward and
described on page 25. The sedimentary rocks are also cut by quartz
porphyries, some of which are glassy devitrified rocks which were
formed presumably very near the surface. That below the Pitts-
burg mine has the dense pasty appearance of rhyolite.
The ore deposits are fissure veins of pyritic gold ore in quartzite
and in granodiorite porphyry and replacement deposits of siliceous
.silver ore in limestone. The gold deposits are the Morning Star and
Pittsburg lodes and the silver deposits include the lodes of the Eagle,
Starr Grove, Betty O’Neil, and other mines which have long since

caved.
MINE DESCRIPTIONS.

Morning Star and Pittsburg mines.—The Morning Star and Pitts-
burg mines of the Cumberland group -are developed on different
lodes. They are close together and were worked through the same
adit. The Morning Star with connecting adits has over 2 miles of
underground workings, which have a vertical range in elevation of
925 feet. The Concert and Mayo inclines are sunk on the Morning
Star lode about 300 feet apart to the level 230 feet below the collar of
the Concert.incline, and from this level a crosscut adit connects with
the surface on the east side of the ridge. A second adit is driven
from the mill northeastward for 1,500 feet to the lode, which it inter-
sects on the 460-foot level. A vertical winze, 1,335 feet from the
portal of this adit, is sunk 465 feet to connect with the lowest adit,
which is driven eastwardfor 3,500 feet to thewinze. Anincline,driven
on the lode near the foot of the Mayo incline, connects the 460-foot
level with the 230-foot level, and three levels are turned between.

The country rock is quartzite and granodiorite porphyry. The
quartzite is of medium grain, gray or buff in color, and includes some
thin-bedded siliceous shales. The granodiorite porphyry is a mass of
large areal outcrop- which intrudes the quartzite and sends off thin
dikelike apophyses intoif. Thelode is a fissure vein which cuts both
-the quartzite and the porphyry and is mineralized in both. The
country rock is greatly altered at some places for 50 feet from the
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vein. The porphyry has suffered greatest alteration and is changed
to a mass of sericite and pyrite with a little calcite. Farther
away chlorite and calcite are formed as an alteration of hornblende,
‘biotite, and other minerals. The quartzite also is altered by the
vein-forming solutions, the change being in the main the development
of pyrite and sericite. Small amounts of galena and chalcopyrite are
intergrown with the pyrite of the porphyry.

Y .
AY
=y GRANODIORITE |

1S4 = 4’ PORPHYRY _

s =
\?-."';’
~ Ed
] =
N
JPeeTe T,
7\ A} =
=\ 7 V=,
Ny N7 o
VEI_Z N E TN
T T L
Y \,\\ W #Z =
2 V== 2 2\ \\,\
- PN §n =
~ V. 2?0t
(S = Ve, \/
' - = \=0\ L4 LEREN
= = - \\\/\//
vale?t NeNI_/
Z = = o
L= n? == o NN/ . ) = 2N_1,
- I~z ="y =0 T granobioriTE S b
N Wy, 07 PORPHYRY " i
NT o V1= 2 x0 NS 2
A A N
j”§////“ = rae !
/“ \‘\\\\\ll Nz 2
L= LI N
rooN oy [y 0\
7 = Ay A
ho=y=7 .
- AT S,
4 AN AIPE S BN
[} [
W # > > * '
[Z5 2 AR Sy NS

FIGURE 22.—Cross section along Mayo incline, Morning Star lode, Dean.

The lode outcrops at the surface on the east slope of the ridge
and the main fissure was followed downward to the 380-foot level.
It splits below this level and both branches carry good ore. On
the 460-foot level there are six veins approximately parallel and in
places three of them carry ore shoots. On this level the lode is com-
posed of branching and forking, anastomosing fissures, the whole
series being confined within a relatively narrow zone which strikes
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north and dips about 60° W. A vertical cross section of the lode
in the plane of the Mayo incline is shown by figure 22. The ore is
chiefly quartz, pyrite, and arsenopyrite, all of which carry free gold.
Calcite and barite are-present in subordinate quantities in the gangue
and a little galena and zinc blende are associated with the pyrite.
The quartz and sulphides are locally banded. In places comb
structure is shown and drusy cavities with quartz crystals pointing
to the center represent the filling of open spaces. At some places
the wall rock near the ore carried working values, but the filled
portion of the vein is much the most important part. Near the
surface at the outcrop of the deposit, but not below a depth of 100
feet, the ore is oxidized to a brownish-yellow mass carrying con-
siderable iron oxide and some lead carbonate. A little native copper
was found on the 128-foot level in the oxidized ore, and a small
amount of ruby silver is reported from the 380-foot level. The
veins vary from the thickness of a knife-edge to 10 feet. The prin-
cipal ore shoot which was opened between the Concert and Mayo
inclines had a maximum length along the level of about 300 feet
altogether and pitched approximately down the dip of the vein.
It split between the 380-foot level, forming an inverted Y with ore
on both legs.

The waters of the mine are amd and this condition, together with
the somewhat crushed state of the ore, would favor secondary en-,
richment, but little is evident from the exploration done. The sul-
phide ore on the 430-foot level is said to be as rich as the ore higher
up and of about the same value as the oxidized ore, which did not
extend more than 100 feet below the surface.

The Pittsburg mine, which joins the Morning Star on the north-
east, is opened on seven levels, which have a vertical range of 550
feet and include about 4,500 feet of horizontal workings, principally
drifts on the Pittsburg vein. The vein strikes west, dips 60° S.,
and is composed of quartz, calcite, pyrite, and arsenopyrite, with a
little galena, blende, chalcopyrite, and gray copper. The country
rock is quartzite and granodiorite porphyry, the latter predominat- .
ing. The wall rock is altered by hot waters, as in the Morning Star.
The ore carries free gold which is mainly .associated with quartz and
pyrite, and a small amount of silver is present, with less than 1 per
cent of copper.

The principal ore shoot pitches westward m the vein at an angle-
of about 45° and has been stoped from near the grass roots to
levels about 400 feet vertically below the surface. On the levels
this ore shoot is from 50 to 150 feet long and from 2 to 10 feet wide.
Another stope to the east of this ore body lies between the fifth and
sixth levels and extends downward to level 7, having a vertical range
of 175 feet and a length on the levels of about 140 feet.
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As the Morning Star lode strikes about N. 30° W. and the Pitts-
burg lode strikes west, the two should intersect in the Morning Star -
workings on the adit level 460 feet below the Concert incline. Some
small fissures which have about the same attitude as the Pittsburg
vein have been exposed in the east end of the Morning Star workings,
but it can not be shown now whether they represent the Pittsburg
lode or sheeting parallel to it.

Starr Grove mine.—The Starr Grove mine is one-eighth mile south- -
west of the compressor plant of the Cumberland mines, which is
one-fourth mile below the portal of the lowest adit of the Morning
Star. A crosscut tunnel is driven for 150 feet to an ore body which
is followed through irregular drifts and crosscuts, some 200 feet of
which are still open. A deep shaft and other workings below- the
tunnel are inaccessible. The country rock is dark-gray limestone,
which above the mine is overlain by massive quartzite beds. The
deposit is a large flat body which lies approximately parallel with
the bedding of the country rock, but locally cuts across it. Where
developed it strikes southward and dips at a very low angle toward
the west. The ore body is composed of barite and quartz, carrying
here and there a small amount of pyrite, galena, and zinc blende, .
finely disseminated in the white gangue. At some places there is as
much as 10 feet of nearly pure barite. The quartz and sulphides
are in part of later origin than the barite, for at some places the
crushed fragments of barite are surrounded by the quartzose ore
and cracks of the ore cross the barite. On the dump some quartzose

- ore carrying ruby silver was found.
Betty O’ Neil mine.—The Betty O’Neil mine, about half a mile
. west of Lewis, was worked through a 225-foot shaft which was under
water when the mine was visited. A shallow adit is driven for 70
feet southwestward to the vein, which it follows for 300 feet. The
vein strikes S. 30° E. and dlps from 20° to 50° E. The country
rock is quartzite with shaly black siliceous beds, and fragments of
porphyry were noted on the dump. The vein is from a few inches
to 3 feet wide and is composed of banded quartz and sulphides,
chiefly pyrite, galena, and zinc blende. In 1908 a crosscut tunnel
was being driven to drain the old workings.
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