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ABSTRACT

LOCATION AND SURFACH FEATURES

The Bristol Range, Highland, and Ely Range quadrangles
make up the larger part of a rectangular area 35 miles north
and south by 24 miles east and west, which lies 19 miles west
of the Nevada-Utah line and about 250 miles southwest of Salt
Lake City. The district lies within the Great Basin, a semi-
arid region of alternating mountain ranges and intermontane
plaing floored largely by outwash from the mountains.

The plain, which slopes away from the ranges, stands be-
tween 4,700 and 6,000 feet above the sea. The Bristol and
Highland Ranges, which are separated only by a low gap, form
an almost continuous north-south range that rises about 2,500
feet above the highest part of the surrounding plain, to gen-
eral altitudes of 8,000 to 9,000 feet, though the highest point,
Highland Peak, reaches 9,395 feet. A lower range, the Ely
Range, with a northwesterly trend, lies farther east and nearly

in touch with the Bristol-Highland Range. The town of Pioche -

lies midway on the eastern foot of the Ely Range.

ROCKS OF THE PIOOHE REGION

The rocks of the ranges are Paleozolic sediments, Tertiary ( ?)
lavas and intrusive rocks, and Pliocene (?) tuffs.

The Paleozoic sediments have a total thickness of nearly
18,000 feet. Over 8,000 feet of the Cambrian has been meas-
ured without reaching its base. The lowest Cambrian forma-
tion i3 a quartzite, of which only the upper 1,500 feet is ex-
posed, and this is followed by 1,200 feet of shale, 400 feet of
limestone, and 150 feet of shale. Above this second shale the
upper three-fourths of the Cambrian consists of limestone and
dolomitic limestone. It is in the quartzite and in the limestone
interbedded in and bounding the shales that the main ore
bodies of the district have been found. Above the Cambrian
comes 1,795 feet of Ordovician limestone, with some inter-
bedded dolomite and with a 50-foot quartzite a. third of the
way down from the top; 75 feet of Silurian dolomite; 3,000
feet of Middle Devonian dolomite with thin interbedded
quartzite near the top, followed by 550 feet of Upper Devonian
limestone; 3,776 feet of Mississippian limestone with a heavy
quartzitic sandstone just below the middle; then, at the top
of the series, 700 feet of Penngylvanian limestone.

The Paleozoic formations are tilted, bent, and faulted, but
sharp folding is extremely rare. Dips between 10° and 30°
are common, but there are few greater than 40°. The rocks
are cut by many large and innumerable small normal faults,
which in many parts of the area are difficult to recognize be-
cause they cut thick formations of similar rocks. A large
thrust fault occurs along the west side of the Bristol-Highland
Range.

A thick series of lavas with interbedded tuffs lies along the
flanks of the ranges and makes up a large part of the hilly
northwest corner of the Bristol quadrangle. The lavas lie un-
conformably on the Paleozoic sediments and consist mainly of
dacite, latite, and andesite, with some basalt and a little rhyo-
lite. About 6,000 feet of lavas and tuffs were measured in
Condor Canyon, near the south end of the Ely Range. The

age of the lavas is not sharply fixed; they may be early
Tertiary or even late Mesozoic. It is not unlikely that they
are the result of volcanic action extending over a long period.
The lavas are tilted and faulted, though their average dip is
less than that of the Paleozoic sediments,

At Blind Mountain, on the west side of the Bristol Range,

" stocks of quartz monzonite and dikes of similar composition

cut an infaulted block consisting of sediments, chiefly De-
vonian, and lavas. Both the sediments and the lavas are
metamorphosed, and a belt of marked metamorphism extends
south along the west base of the Bristol-Highland Range for
several miles. The quartz porphyry dikes of the region, in-
cluding those near Pioche, are believed to have come in at
the same time.

The plain west of the Bristol-Highland Range is a. valley of
interior drainage floored with outwash from the mountains,
coarser near the range but finer and making a clay flat along
the west side of the Bristol Range and Highland quadrangles.
The valley east of the Bristol-Highland Range, however, has
outside drainage by way of Meadow Valley to the Virgin and
Colorado Rivers. The stream in upper Meadow Valley and
its tributaries have cut through the surface wash from the
mountains and laid bare several hundred feet of white, yellow, .
and red water-laid Pliocene tuffs that lie in nearly the position
in which they were laid down. This erosion has developed a
striking badland topography in the Pliocene beds.

HISTORICAL SUMMARY

The general succession of events may be summarized as
follows: .

1. Sedimentation during most of Paleozoic time from Cam-
brian to Pennsylvanian.

2. Uplift, slight warping, and erosion.

3. Volcanism of perhaps late Mesozoic or early Tertiary
time, producing lavas and tuffs, This period of volcanism may
have lasted a long time and spanned one or more of the epochs
of faulting.

4. Tilting and normal faulting.

5. Thrust faulting.

6. Quartz monzonite intrusions at Blind Mountain.

7. Normal block faulting of the Basin Range type.

8. BErosion of the faulted blocks to maturity and to essen-
tially the topography of to-day.

9. Outbursts of volcanic ash, probably in late Pliocene time,
and the deposition of several hundred feet of water-laid tuffs
in the valleys.

10. In Meadow Valley, valley cutting, which has produced
a badland topography in the soft Pliocene tuffs and canyons
where the streams cross the harder Paleozoic limestones.

ECONOMIC GEOLOGY

The Pioche district during four years in the early seventies
was second only to the Comstock district in output of silver.
The bonanza ore of those stirring times came from fissure veins
in the Prospect Mountain quartzite, of Lower Cambrian age.

AL
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- In recent years the main interest has shifted to the bedded
replacement deposits of silver-bearing lead-zinc sulphide ore

occurring in the limestone members of the Pioche shale—a type '

of ore body which was discovered accidentally during the
prospecting of the fissure veins.

The ore deposits of the district comprise three groups—
(1) silver-bearing fissure veins in quartzite; (2) silver-bearing
mineralized granite porphyry; (3) replacement deposits in
limestone and dolomite. All of them a'ppear to have been
formed at about the same time, in the epoch of mineralization
that occurred shortly after the intrusion of the granitic rocks
and their allied dikes of granite porphyry and lamprophyre.

The entire present output of the district is coming from the
replacement deposits in limestone and dolomite, but explora-
tory work is still in progress on the fissure veins and mineral-
ized porphyry.

The replacement deposits include both replacement fissure
veins and stratiform (‘“bedded”) replacement deposits.

The replacement fissure veins dip steeply and cut across the
bedding of the carbonate rocks in which they are inclosed.
They are thoroughly oxidized, as deep at least as 1,100 feet,
for on none of them have the mine workings penetrated to
water level, and they are highly manganiferous and limonitic
and low in silica. At certain horizons stratiform replacement
deposits extend out as lateral branches from the fissure veins.
Deposits of this kind occur mainly in the Mendha limestone,
Highland Peak limestone, and Lyndon limestone. The strati-
graphic range is therefore at. least 5,500 feet, and as some of
the fissure veins extend down through the underlying Pioche
shale the indicated range may exceed 6,500 feet. The most
notable representatives of the replacement fissure veins are at
the Bristol mine, where they yield silver-bearing copper-lead-

_zine ores. So far unique among the ore bodies of the district
is the pipe of wad and pyrolusite ore at the Jackrabbit mine,
the periphery of the pipe consisting of a girdle of extraordi-
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narily coarse white calcite spar produced by the recrystalliza-
tion of the surrounding limestones.

The stratiform replacement deposits that are attracting most
attention occur at the intersections of steep fissures with the
limestone members of the Pioche shale. In recent years the
“bedded ” ore of the Combined Metals mine has been of main
interest. The ore is essentially an intimate intergrowth of
pyrite, sphalerite, and galena. Although above water level,
the ore is unoxidized. It extends on both sides of the mineral-
izing fissure as far as 100 feet. At the Prince mine ore beds
were formed at seven successively higher horizons in the
Pioche shale and the overlying Lyndon and Highland Peak
limestones. The ore “beds” above water level in the Prince
mine are thoroughly oxidized and consist of manganese-iron
oxides low in silver, lead, and zinc. About 800,000 tons of ore
carrying 2.5 to 3 ounces of silver to the ton, 3 per cent of lead,
35 per cent of iron, and 15 per cent of manganese has been
shipped. The Prince mine was in 1915-1918 the premier pro-
ducer of lead in Nevada. The ore “bed ” that occurs here be-
low water level consists of sphalerite, galena, and pyrite in a
gangue of manganosiderite and minor quartz. This is the only
locality in the district in which the primary source of the
abundant oxidized manganese minerals (wad, pyrolusite, and
braunite) has so far been found.

Some of the stratiform ore bodies—the ore beds, as they
are locally called—were formed adjacent to exceedingly in-
significant-looking fissures; and this dependence on incon-
spicuous mineralizing fissures is beyond doubt one of the most
impressive features in the geology of the district. It opens the
possibility that there may be many other bedded deposits
which, like the Combined Metals ore bed, do not crop out. To
find these ore bodies will be difficult, but their discovery will
be aided primarily by applying skillfully a knowledge of the
geologic column and by determining the faulting that has dis-
turbed or changed the normal sequence of the strata.



EOLOGY AND ORE DEPOSITS OF THE PIOCHE DISTRICT,

NEVADA

By Lewis G. Westeate and Aporrr Knopr

Parr 1. GENERAL GEOLOGY

By Lewis G. WESTGATR

INTRODUCTION
LOCATION

Pioche lies 240 miles southwest of Salt Lake City,
in southeastern Nevada, 19 miles west of the Utah-
Nevada line. It is the county seat of Lincoln County
and is at the end of a branch line 83 miles long which
connects at Caliente with the Los Angeles & Salt Lake
division of the Union Pacific system. The area shown
on Figure 1 is covered in part by the topographic
maps of the Highland and Bristol Range quadrangles
on the scale of 1inch to the mile. The Ely Range quad-
rangle, east of the Highland, has been mapped in part
only. The following report is an account of the gen-
eral geology of these three quadrangles and of the
economic geology of the mines of the district.

The field work was done in the summers of 1922,
1923, 1924, and 1926. In 1922 Lewis G. Westgate was
agsisted by Carle H. Dane; in 1923 and 1924 by Joseph
L. Gillson. In 1926 L. G. Westgate, assisted by H.
Andrew Ireland, completed the field work on the gen-
cral geology and Adolph Knopf worked on the geol-
ogy of the ore deposits. A brief preliminary report*
has been issued.

o
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PHYSIOGRAPHY

The Pioche district lies in the Great Basin, an arid
region of islandlike mountain ranges and intermon-
tane plains floored with outwash from the mountains.
Most of the ranges have a north-south trend, and one
of these extends the full length of the Bristol Range
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2 GEOLOGY AND ORE DEPOSITS OF THE PIOCHE DISTRICT, NEVADA

and Highland quadrangles. The higher part of this | Range. The Highland Range is continued in low hills
range extends from Bennett Pass on the south to | of similar geologic character from Bennett Pass to
Bristol Pass on the north and is separated by Stampede | Klondike Gap, at the south edge of the Highland
Gap into two parts—the southern part, known as the | quadrangle, and farther south in still higher hills.
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FIGURB 1.—Map of parts of Nevada and Utah, showing location of Pioche district and areas covered by previohs
publications of the United States Geological Survey (P, professional paper; B, bulletin; M, monograph)
Highland Range (pl. 3, B), and the northern part, | North of Bristol Pass lower and more irregular hills,
known as the Bristol Range. This double range is | largely of lava, carry the mountain belt northward
topographically and structurally a unit and when so | beyond the Bristol Range quadrangle. The Bristoi-
considered will be referred to as the Bristol-Highland | Highland Range reaches altitudes of 8,000 to 9,000



INTRODUCTION 3

feet or more (the highest point, Highland Peak, is
9,395 feet above sea level) and rises about 2,500 feet
above the upper edge of the surrounding plain.
Pioche lies at the east base of the Ely Range, a lower
range which has a northwesterly trend and rises about
1,000 feet above the flat. From its north end, 2 miles
east of the main Bristol-Highland Range, it extends
12 miles southeastward, dying out east of Panaca.
Two smaller ranges, the Ely Springs and West Ranges,
as well as groups of lower hills, lie west of the Bristol-
Highland Range.

The Bristol-Highland Range separates Dry Lake
Valley on the west from Meadow Valley and its tribu-
tary Lake Valley on the east. Dry Lake Valley is a
typical intermontane plain, without drainage to the
outside. In its lowest part, along the west side of the
Highland quadrangle, it is a clay flat 4,600 feet above
the sea and so level that in times of heavy rain it is
covered by a thin sheet of slowly moving water. The
plain rises toward the range to altitudes between 6,500
and 7,000 feet, and along the west base of the Bristol
Range it merges into the alluvial fans that extend out
from the larger ravines. The slope of the plain and
the coarseness of its material are dependent on the
gradient of the temporary streams after they leave the
mountains: slopes of 450 feet to the mile (514°) are
reached near the mountain base.

The broad valley east of the Bristol-Highland Range
is exceptional in the Basin Range region in having
outside drainage. The Meadow Valley Wash and its
tributaries, which drain into the Colorado River, have
cut in places several hundred feet into the earlier val-
ley filling, which proves to be water-laid Pliocene (%)
tuff of the Panaca formation; and the surface falls
away in a series of terrace flats to the axes of the val-
leys. At the north end of the Bristol Range quad-
rangle Patterson Wash, in Lake Valley, is in a flat
400 feet wide and 30 feet below the adjacent terraces.
This inner flat widens and deepens southward to the
point where Patterson Wash enters Hamlight Canyon.
Side gullies have been deepened to keep pace in down-
ward cutting with the main valley, and the lower
parts of the valley are in places rolling hills. The
cutting is deepest south of Condor Canyon. Here the
inner flat makes the cultivated lands at and below
Panaca (pl. 5, D), and back toward the bordering
ranges on both sides extensive areas of badland topog-
raphy have been cut in the Panaca tuffs (pl. 5, C).
These areas consist mainly of the terrace faces, but
numerous buttes have been formed by the isolation of
parts of the terraces. Along Patterson Wash bad-
lands show in but few places and even where they
show are much less prominent than farther south.

The ranges of the Pioche district originated in
block faulting of the Basin Range type, with the
faults striking in general north and most of the blocks

tilted to the east. Subsequent erosion has reduced
these blocks to maturity. (See pl. 2.) Along the
west side of the Bristol-Highland Range some of the
faults follow the west base of the range, but they are
now without topographic expression, and the divide
has been pushed to the east and follows the middle of
the range. The steeper slopes are not at the edge of
the range but near the crest, being controlled by the
stream gradient. Graded slopes as steep as 25°,
thinly veneered with rock débris, are common.
Steeper slopes are due to the outcrop of ledge-making

“or cliff-making beds of harder rock.

The deeply indented border of the rock formations
against the wash also proves that erosion has been long
at work. There is further an extensive development
of bordering rock benches along the base of the range
at many places. They are in sharp contrast with the
steeper slopes of the range but pass so gently beneath
the wash that it is difficult in places to map the
boundary of the wash. The benches are developed in
part on the limestones but are much wider on -the
softer lavas. ‘

‘The rock bench shows on the east side of the lava
hills near the north end of the Bristol Range quad-
rangle, near Wildhorse Bill Spring, where lava flats
slightly veneered with alluvium occur in places for
more than a mile out from the apparent base of the
range. The most extensive rock plains are shown on °
the lavas east of the Ely Range, from the upper en-
trance of Hamlight Canyon south to and beyond
Panaca. The recent downcutting of the valley fill
has left this plain at increasing height above drainage
level toward the southeast. The lavas here strike
north-northwest and dip 25° E. Opposite the upper
end of Hamlight Canyon the cut surface slopes north-
eastward at 125 feet to the mile for the 214 miles from
the base of the range to the railroad. The plain con-
tinues south to and beyond Condor Canyon. An ob-
server looking northwest from the south rim of Con-
dor Canyon (pl. 5, A) sees the near sky line on the
lavas as an almost straight line, interrupted here and
there by low ridges due to the outcrop of slightly
harder flows of lava.

There are no summit flats in the higher parts of the
ranges within the district which can be interpreted
as parts of former general erosion surfaces or pene-
plains.

A striking feature of the district is Condor Canyon.
followed by the railroad to Caliente. It has been cut
through the south end of the Ely Range by Meadow
Valley Wash, and its tributary Hamlight Canyon has
been cut by Patterson Wash. Both drainage channels
leave the broad valley of their upper course and pass
through narrow canyons to emerge in the plain at
Panaca. Condor Canyon is 5 miles long and about
600 feet deep. The upper entrance is shown in
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Plate 5, B. Patterson Wash enters the hills at a
point 4 miles east of Pioche, follows Hamlight
Canyon for 6 miles, and enters Condor Canyon mid-
way in its course. Both canyons are the result of
superimposed drainage. Formerly the Tertiary fill-
ing of the adjacent valleys rose above and covered
this part of the range. The drainage took its course
on the flat of this upper level regardless of the buried
hard-rock topography; but as the streams cut down
they reached the buried range, in which they cut
the narrow Hamlight and Condor Canyons while

working out the broad valleys in the softer Panaca

deposits above and below.
CLIMATE

Pioche is in the semiarid Southwest. Meteorologic
records for this district are incompleté and cover a
period of only 11 years,? but they are sufficient to give
a fairly accurate idea of the climate. The yearly rain-
fall ranges from 4.7 to 27.4 inches and averages 11.2
inches. The monthly rainfall is almost uniformly
distributed through the year, with December and
August maxima. The mean annual temperature is
50°; the highest recorded summer temperature is 98°,
and the lowest winter temperature —16°.

WATER SUPPLY

Pioche, with an annual rainfall of 11.2 inches, is
‘near the desert edge of the semiarid region. The only
permanent stream is in Meadow Valley, flowing
through Condor Canyon southward to Caliente. This
stream supplies the water for the Delmues ranch, at
the entrance to the canyon, and for the ranches at and
below Panaca. There is no permanent stream in Pat-
terson Wash, east of Pioche.

Springs are few and usually have little flow. The
only one in the Ely Range is Warm Owl Spring, at the

west base of the range, a mile northeast of Panaca,-

from which water is piped to the village. It was the
complete absence of water at Pioche that forced the
location of the early mills near Panaca.

Several springs with good flow issue on the east
side of the Highland Range near Highland; from one
of these, Floral Spring, water is piped to supply
Pioche. The Wheeler ranch, at High , is the only
one of any importance ir:(thred/isu%gcside of the
Panaca region. The Bennétt Springs, west of Panaca,
furnish a small flow.

The Ely Springs, in the Ely Springs Range, have a
good flow. Water is piped from them to a small ranch
2 miles from the base of the range. The springs else-
where in the Highland and Bristol Range quadrangles
have little summer flow and are of value only for

2 Henry, A. J., Climatology: of the United States: U. S. Weather
Bureau Bull. Q, p. 924, 1906.

 Pioche,

sheepmen in the cooler parts of the year. The Bristol
mine, before it began to pump water from a well in
Lake Valley, was getting water from Pioche by its
railway and aerial tram at a cost of 5 cents a gallon.

Water is found in wells in Lake Valley at depths of
20 to 40 feet. Most of the mines of the district do not
reach water level. The Bristol mine is dry at the
bottom of its 800-foot shaft, whose collar is on the
7,400-foot contour. The Combined Metals mine, at
does mnot reach standing water. Water
stopped the mining in the old Meadow Valley and Ray-
mond & Ely mines-at the 1,200-foot level. Water is
found at an old shaft in the east edge of Pioche at a
depth of about 75 feet. At the Virginia Louise water
is reached at 496 feet.

VEGETATION

The valley flats are covered with more or less closely
spaced sagebrush, with-a scattering of juniper toward
the base of the range. In the lowest and driest part of
Dry Lake Valley, which is without an outlet, there are
small areas of bare clay. Along Meadow Valley, above
and especially below Condor Canyon, water is avail-
able for irrigation, and good farms are being operated.

Some of the lower hills have little vegetation other
than sagebrush, but usually they are dotted with juni-
pers. In the higher parts junipers are abundant and
pines and other evergreens come in, and in the moun-
tain valleys there are conifers reaching several feet in
diameter. In early days lumber for local use was
obtained in part from this source, but there is prac-
tically no.timber supply in the district to-day.

HISTORY

The first year for which there is a record of pro-
duction from the Pioche district is 1869, when the
value of the ore taken out was $20,000. Six years
before, in 1863, Indians had shown silver ore, which
they called “ panacare,” to William Hamblin, a Mor-
mon missionary. Hamblin visited the place the same
year and located the “ Panacker ” claim. He revisited
the region the next spring with others, and on March
18 they organized the Meadow Valley mining district.
In May of this year the first settlement of Panaca was
made. Indian hostilities in 1865 put a temporary stop
to prospecting. ‘

In 1868 F. L. A. Pioche sent in Charles E. Hoffman,
a metallurgist, who bought the claims that later be-
came the nucleus of the Meadow Valley Mining Co.’s
property and who erected a smelter on the hillside
back of the present courthouse site. It is said that
bricks for this smelter, brought from Scotland around
Cape Horn, cost a dollar apiece. In 1869 another
smelter was erected, and ore was sent out on pack
animals. Also in 1869 William H. Raymond and
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John Ely came to Pioche and acquired possession of
the Burke claim, which was the nucleus of the second
of the two great mining companies whose history con-
stitutes the major part of the early history of Pioche.
Raymond, with the help of some of the Panaca
settlers, brought over from Pahranagat Valley a 5-
stamp mill and set it up at Bullionville, a mile west of
Panaca, where there was abundant water. The stamps
of this mill began to drop in February, 1870, on ores
hauled down from the Burke mine. In the fall of
1869 the Meadow Valley Co. commenced active oper-
ations, and its mill in Dry Valley started in July,
1870. The life of the camp had begun. Pioche was
made a post office in that year, and the production for
1870 amounted to more than $600,000. In 1871 Pioche
was voted the county seat of Lincoln County, and in
1872-73 it had a population of over 6,000.

proved a failure. They were then handled by the
Washoe process, both. wet and dry. Water was lack-
ing near Pioche, and the mills, to get water, were built
in Meadow Valley. The first mill was the original
Pioneer 5-stamp mill, set up by Raymond & Ely at
Bullionville, near Panaca, 10 miles south of Pioche.
This mill was successful from the start. It was en-

-larged and other mills added until 85 stamps were in

operation here. The mill of the Meadow Valley Co.
in Dry Valley, about 2 miles north of the entrance to
Condor Canyon, was a 30-stamp mill. The ore was at
first hauled by wagon from Pioche to Bullionville at
a cost of §5 a ton. To cut this cost a narrow-gage rail-
way, 18 miles long, was built from Pioche to Bullion-
ville by way of Condor Canyon and completed by 1873.
This line went within a mile of the Meadow Valley

o

(See pl. 4, B.)
The production chart of the Pioche

district (fig. 2) shows two periods of
large output. The first began in 1869,

wn
— ]
e

reached its peak in 1872, and showed first

a rapid and then a slower decline nearly
to zero in 1885. Then followed two dec-
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practically dead except for a slight rise
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period of large output began about 1906
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and has continued with marked ups and
downs to the present time. The produc-
tion of the two periods was dependent
on different kinds of ores and differences in transpor-
tation facilities.

During the first period the main part of the output
came from the high-grade silver clhloride ores in the
fissure veins at Pioche. There was at this time no
railway connection with the outside. The Central
Pacific, the western part of the first transcontinental
line, had been completed on May 10, 1869. The near-
est railway point to Pioche was Palisade, 273 miles
north on the new line. All mining machinery and
supplies had to be brought in and all ore and bullion
shipped out by wagon. Under such circumstances
only high-grade ores could be worked, and it was im-
portant that they should be reduced in the district, by
smelting or some other process, to the smallest possible
bulk for shipment. The ores were chiefly silver chlo-
ride ores, accompanied by lead as carbonate (cerusite)
and in much smaller amount as sulphide (galena).
They carried in addition considerable gold. Much of
the ore ran well over $100 a ton, and smaller lots very
much higher. One 20-ton shipment of “free” ore
sent out by the Meadow Valley Co. in 1870 gave $500
a ton and had over 75 per cent of the silver as chloride.
The ores ‘were too poor in lead sulphide for smelter
treatment, which was tried in the earliest days and

1875
Figurp 2.—Production of the Pioche district.
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Information for 1923-1928 furnished by
G. F. Loughlin, from Mineral Resources
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mill in Dry Valley, and the ore for that mill was
carted the rest of the way.

About 75 to 85 per cent of the assay value of the ores
was recovered at the mills. The Meadow Valley Co.
reported that to November 1, 1871, the average bullion
yield was $105.834 a ton, equal to 78.4 per cent of the
gross or assay value of the ore, and that on that date
the tailings amounted to 14,000 tons at $33.75 a ton,
and the slimes to 2,000 tons at $106.75 a ton. The re-
working of the tailings of the old mills at Dry Valley
and Bullionville has gone on at intervals from that
time nearly to the present.

Water was reached on the 1,200-foot level in 1874
by both the Meadow Valley Co. and Raymond & Ely.
The flow was strong, and the difficulties of pumping,
augmented by disputes over pumping between the
companies, prevented mining at that time to deeper
levels. Later the workings were carried down to the
1,400-foot level but abandoned. Exhaustion of most
of the ore from the higher levels rendered mining un-
profitable, and the two main companies quit, the
Meadow Valley closing down in 1879. After that the
production of the district was small until 1905, though
ore was hauled to Milford, Utah, in 1887, and to
Uvada, Nev., in 1901-2.
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At the same time that the fissure veins at Pioche
were being worked the outlying districts were being
explored. Mining was going on in the Highland dis-
trict, at Stampede Gap, and on the west side of Ari-
zona Peak (Mendha mine). More extensive develop-
ment was undertaken in the Bristol and Jackrabbit
districts, near the north end of the Bristol Range, 14
miles northwest of Pioche. Sixty locations were made
at Bristol in 1871, and the Bristol district was organ-

ized. The ores were oxidized ores in fissure veins.

carrying lead and silver and some copper and gold.
As early as 1872 a reverberatory furnace was erected

at Bristol Well, 4 miles from the Bristol mines, to

treat the Bristol ores. This was changed to a water-
jacket furnace in 1878 and ran for a long time very
successfully on the ores of the district and the Mendha
mine. In the early eighties a Washoe process mill was
erected here to treat the Mayflower ore from Bristol.
This also ran successfully for a considerable period.
About 1890 another smelter was built to treat copper
ores, which are abundant and of high grade in some of
the properties.® .

The ores were concentrated at a mill at the mines
and then taken to the smelter. No copper was recov-
ered. The iron ores from Stampede Gap and the
Mendha mine were used as fluxing ores. At this time
Bristol Well had a population of 400 and a post office.
The Jackrabbit district was organized in 1876, and the
‘Day or Jackrabbit mine became a large producer for
a few years. The Pioche-Pacific narrow-gage rail-
road from Pioche to the Jackrabbit mine was com-
pleted in 1890. ' '

The Bristol and Jackrabbit districts continued pro-
duction for a number of years after the practical ces-
sation of work at Pioche. _

The Comet mine, 2 miles west of Highland Peak,
was located in 1882 and produced small shipments of
ores at a later period (1913-1920).

The second period of large activity began in 1905 |

and has continued with marked ups and downs to the
present time. The production during this period has
been derived mainly from low-grade silver-lead ores,
carrying smaller amounts of gold, copper, and some-

times manganese, which occur as replacement deposits

of limestone beds at several horizons in the Cambrian
Highland Peak formation. Since 1912 much the
larger part of the output has come from the Prince
and Virginia Louise mines, but the Combined Metals
mine and the Bristol district have helped.

Railway connection with the outside made possible
this later period of production of low-grade ores.
The San Pedro, Los Angeles & Salt Lake Railway
was being built from Salt Lake City southwest, and
ore was hauled as far as Juab, Utah, on this line.

8 Abbott, J. W., The Arrowhead, vol, 4, July, 1907, p. 10.

An early attempt to connect Pioche with the main line
at Caliente was interrupted by the panic of 1893, and
it was only in 1907 that the present branch line, 33
miles in length, was built. The standard-gage track,
9 miles long, connecting the Prince mine with Pioche,
was built in 1912. '

GEOLOGY
SEDIMENTARY FORMATIONS

A series of Paleozoic sediments reaching a total
thickness between 17,000 and 18,000 feet is exposed in
the Pioche district. (See fig. 83.) About 200 miles to
the southeast, in the Grand Canyon, the total Paleo-
zoic section is only 4,000 feet thick. Longwell ¢ has
drawn attention to the thickening of these Paleozoic
sediments westward from the Grand Canyon to south-
ern Nevada, which in Paleozoic time was a geosyn-
cline. In a more northerly part of this geosyncline
the sediments of the Pioche district were laid down.

No Mesozoic sediments are found near Pioche, and
the only Tertiary sediments are the tuffs associated
with the Tertiary (?) lavas and the water-laid tuffs

of the Panaca formation (Pliocene?).

CAMBRIAN SYSTEM

Cambrian rocks cover a greater area than all the
other Paleozoic rocks taken together. They make up
almost the whole of the Bristol Range south of the
Bristol mine, the whole of the Highland Range, and
the whole of the Ely Range. Cambrian rocks occur
also in the smaller outlying ranges in the southwest-
ern part of the Highland quadrangle. The larger
mines of the district are all in the Cambrian. The
total thickness of the Cambrian formations is about
8,650 feet. (See fig. 3.)

LOWER CAMBRIAN SERIES

PROSPECT MOUNTAIN QUARTZITE

Name and distribution.—The lowest formation of
the Cambrian is a light to dark red vitreous sandstone
or quartzite which is correlated with the Prospect
Mountain quartzite of the Eureka district.® It was
from veins in this quartzite at Pioche, especially on
the Raymond & Ely and Meadow Valley properties,
that the larger part of the earlier production of the
camp came.

The largest single area of the quartzite, that in the
Ely Range, is a belt that crosses the range obliquely.
It makes the low hills along the northeast base of the
range for 314 miles northwest of Pioche. The promi-

¢ Longwell, C. R., Structural studies in southern Nevada and western
Arizona : Geol. Soc. America Bull,, vol. 37, pp. 555-557, 1926.

5 Hague, Arnold, Geology of the Eureka district, Nevada: U. S. Geol.
Survey Mon. 22, p. 35, 1892.
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nent hills immediately northwest of Pioche and Treas-
ure Hill, just south of it, are in the quartzite. The
belt widens southeast of Pioche

and in places prominent.

7

The bedding of the quartzite is everywhere distinct
In the outcrop the beds

Groy medium.bedded limestone; some layers cherty, fossils. 2,275 feet

Basal beds weathering yellow and rusty brown, very fossiliferous

Red-brown thick and thin bedded quartzitic sandstone; sonic shaly sandsfone. 700 feet

Outcrops mainly black aphanitic limestone, weathering gray or white; some bands weather rusty. Brown cal-
carcous shale i3 probably the more common facies, but outcrops are not so numerous, Interbedded gray thick-
bedded limestone in lower part. 500 feet

(Section incomplete) Gray limestone, slightly cherty, fossils. S00_feet

Bluc-gray medium and heavy bedded limestone, Medium-bedded, partly nodular limestone, weathering to yel-
lowish débris. Fossils. 500 fect

A Red and white quartzite, 20-100% fect

Chicfly gray dolonute with some ltmcstauc bdeds; alternately medium and thin bedded. Beds of brown **spa-

ghcm ” dolomite in middle and upper part of formation. Beds of quartzitic sandstone
in upper part. Sparingly fossiliferous. 3,000 feot

A Gray and brown dolomite. 75 fect

Dark thin to thick bedded dolomite or dolomitic limestone; some layers cherty. Fossils. 675 feet

White and pale-red vitreous quartzite, in places guartzitic sandstone. 200 feol

Gray limestone, thin bedded but commonly making thick ledges; fossils, Gray limestone, some conglomeratic, in
lower part; fossils abundant. 450 feet

Gray timestone with many layers of conglomerate throughout; weathers to gray or yellowish débris, Fossils

abundant. 670 feet

i| Blue.gray thick and thin limestone, somewhat cherty; layers of flat limestone conglomerate. 450 feet

to a maximum of 1% miles and N;"g
makes the main part of the range EE -
for 5 miles, disappearing about | t--- &
a mile south of the Pioche-Pan- |3 2 o
aca road. South of this locality | R &
the rangeis limestone. IntheEly |Z| §
Range the quartzite is generally E %‘ Py
separated from the other Cam- |°| § |#%
brian formations by fault con- N Feers,
tacts. 5?};?,
The next largest area of the T Pa;:u.
quartzite is along the west base Devi |imenione
of the Bristol-Highland Range,
where it lies in normal position | R
beneath the Pioche shale. The |2 § £
northernmost area, north of Blind g § 1: ===
Mountain Spring, is cut out by |° 8 | £ H=E=
faults on the northwest and south. Y | o
In the Highland Range the quartz- S|P B i
ite is exposed for 2 miles in the iz
vicinity of the Comet mine and 5"”%:,2{:; A
again near the south edge of the |%| - ddomieiress
Highland quadrangle near Klon- ‘g’""’”’é“" oartzii
dike Gap. A small exposure of |2/ i3 5'5:-5'1’;—"-
the quartzite lies at the west base  |° sg' %;é
of the small range known as The N T =
Bluffs, just west of the Black N .
Canyon Range. g 25 B2 fj,
Petrography—The fresh quartz- § §tE
ite ranges from white through 8 T OEE
buff to red; the weathered rock S R

‘ ll T YI
fI'Om llght to da:rk I‘ed. && lth the 1‘_1L|r|7‘3 - Heavy ledges of light-colored limestone near top of formation, making cliffs along crest of Bristol Range
hand lens sand grains are usu- H Lot it . 50t o less, interbedded i midale and wpper parta of setion
(o ] B
ally visible, but the rock breaks § ¢
. - + Light to davk gray limestone, heavier below, in places thin bedded and slabby above. Fossils rare
<
t}l.rough the grg'lgsé t I.J;;n(]i.er t};e 2 P§ E, Total thickness of formation 3,000+ feet
I a. Z 3
mlc. Oscope roundae evry . guar E Q '8 TnwpaireIn Pioche Hills ::usly-weg(hcring siliceous dolomite overlain by cherty limestone, total 100 feet, about 1,200 feet
grains from 0.05 to 0.5 millimeter o] § | 2 Fmmmmn ot ot
: : %0 < I
in size are seen to be cemented by | § e
z, which nl urs as S -
quﬂ’rt b Whlc commo y occurs a c’;f‘g?;m Yellow or ved-brown ar: ghale, with interbedded layers of li Foassils abund 180 feet

a secondary enlargement of the
detrital grains. Difference in size
of quartz grain produces a lami-
nation on joint faces, and cross-
bedding is not uncommon. At
many places lines of coarse sand
or small pebbles are seen. The
largest pebbles noted were an inch

Pioche
shale

ZowerCambriarn

Prospect

Mountain
quartzite

Heavy-bedded limestone, upper half light gray, lower half dark gray. 400 fect

=== Yellow or broicn, rarely red micaccous shale, with much interbedded li bedd

sparsely fossiliferous. (For detail, see figure 5.) 1,114 feet

and some i

Light to dark red vitreous sandstone or quartzite, in places well bedded with shale partings; thicker bedded at:
top. 1,500 ¢ feet

in diameter. No other minerals
than quartz are present in the
thicker beds, but some of the
quartzite is micaceous, and in places there are within
the main mass of the formation layers that resemble
the overlying micaceous Pioche shale.

FIGURB 3—-Columnar section of sedimentary rocks in the Pioche district.
indicate that the sequence is interrupted by faulting

Breaks in section

range from less than 1 foot to 4 or 5 feet in thickness.
Partings of thin-bedded and more micaceous quartzite
are present locally and bring out the bedding more
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distinctly. The beds about Pioche are near the upper
part of the formation and are unusually thick bedded.
Farther south, along the Pioche Hills, the quartzite
is thinner bedded and breaks into flatter débris. It
probably represents a lower horizon in the formation.

The micaceous quartzite that occurs in the Prospect
Mountain quartzite as partings and in places as layers
a foot or two in thickness resembles the Pioche shale.
It can be explained as a forerunner of the Pioche type
of sedimentation. At the Comet mine the main mass
. of the quartzite is overlain by 25 feet of shale of
Pioche type, and this in turn by about 10 feet of quart-
zite; then comes the main mass of Pioche shale: The
passage from the Prospect Mountain quartzite to the
Pioche shale is thus seen to be effected by interbed-
ding. Usually there is little difficulty in drawmg the
boundary between the two formations in mapping;
but in places it is difficult to decide whether the rock
is quartzitic Pioche shale or shaly Prospect Mountain
quartzite.

Age—No fossils have been found in the quartzite.
As the conformably overlying shale is fossiliferous and
has been assigned to the Lower Cambrian,
Prospect Mountain quartzite is regarded as Lower
Cambrian also.

Thickness—The bottom of the Prospect Mountain

quartzite is nowhere seen at. the-surface, nor has it

been reached in mining. The absence of sections
known to be unfaulted makes direct measurement of

the thickness of the formation exposed at the surface

impossible. Mining on the Raymond & Ely vein at
Pioche starts in the quartzite at an unknown distarce,
probably several hundred feet, below the top of the
formation. At the 1,400-foot level it is still in the
quartzite. Calculation based on dip and width of out-
crop southeast of Pioche gives an apparent thickness

of about 2,000 feet, but this is an approximation and.

ignores known but unmeasurable faulting. In the

House Range, Utah,® the Prospect Mountain quartzite, -

with which the quartzite at Pioche has been correlated
by Walcott, has a thickness of over 1,375 feet, but as
its base is concealed, its actual thickness is unknown.
In the Tintic district, Utah,” the Tintic quartzite is the
lowest known member of the Cambrian and is prob-
ably the equivalent of the Prospect Mountain quartz-
ite of Pioche. Its exposed thickness is 6,000 feet, but
its base does not show, and it may include some pre-
Cambrian beds.

The thickness of the exposed Prospect Mountain
quartzite in the Pioche district is somewhat arbitrarily
put at 1,500 feet, with the belief that the total thick-
ness of the formation is probably much greater.

¢ Walcott, C. D., Cambrian sections of the Cordilleran area: Smith-
sonian Misc. Coll., vol. §3, p. 184, 1908.

-7 Lindgren, Waldemar, and Loughlin, G. F., Geology and ore deposn:s
of the Tintic mining distrlct Utah: U. 8. Geol. Survey Prof. Paper 107,
p. 24, 1919. .

the

PIOCHE SHALE'

Name and distribution—The Pioche shale overlies
the Prospect Mountain quartzite and comprises about
1,120 feet of shales and thin interbedded limestones.
Walcott ® described as the Pioche formation certain -
“arenaceous and argillaceous shaly layers with some
thin layers and bands of limestone more or less irregu-
larly interbedded and limited in horizontal distribu-
tion, * * * southeast [west?] of Pioche, Nev., on
the road to Panaca, Utah [Nevada?].” These are
doubtless the shales which are well shown at and west
of the pass south of Pioche, along the old road (not
the present road) to Panaca. Earlier® he had de-
scribed a section on the west side of the Highland
Range that includes 23 members, of which Nos. 2 to
19 belong in the Pioche shale.

The largest and best exposure of the Pioche shale
is along the west base of the Bristol-Highland Range,
beginning 2 miles south of the Bristol mine and ex- .
tending, with one break of 3 miles south of Blind
Mountain, to a point 315 miles south of the Comet
mine, a total distance of nearly 15 miles. Through
most of this distance the shale has its normal position
between the Prospect Mountain quartzite and the over-
lying Liyndon limestone. The beds dip at low angles
east into the range; and the continued regularity of
shale slopes and limestone cliffs is exceptional in a
district where the relations of the formations are com-
monly obscured by faulting. Farther south the shale
reappears near Bennett Pass, in the same general
position in the west base of the range, and extends
to the south edge of the Highland quadrangle. A
small belt is found on the west side of The Bluffs, west
of Black Canyon.

In the Ely Range the shale occurs in two belts.
One can be traced from the northwest end of the
range along its northeast side to Pioche. This belt
crosses the range at the gap just above Pioche and is
cut out by faulting within half a mile southeast of
the gap. The Combined Metals mine, at Pioche, is
working replacement deposits in the interbedded lime-
stones in this shale. The more micaceous and quartz-
ose variety of the rock has been quarried to a slight
extent at Pioche, and in buildings dating back to the
early days of the camp it has withstood weathering
well. A second belt can be followed along the east
side of the middle section of the Ely Range for 4
miles south from the Alps mine. This belt also
crosses the range, and the valley made along it is
followed by the road to Panaca. Isolated areas of
Pioche shale occur at the Prince mine and at a point
1%% miles north. With the exception of the northern
2 miles of the range, all the areas of Pioche shale in

8 Walcott, C. D., Nomenclature of some Cambrian cordilleran sec-
tions : Smithsonian Mise. Coll., vol. 53, p. 11, 1908.

9 Walcott, C.. D., Second-contribution to the studies on the Cambrian
faunas of North America: U. 8. Geol. Survey Bull. 30, pp. 33-34, 1886.



. U. S. GEOLOGICAL SURVEY PROFESSIONAL PAPER 171 PLATE 3

A. TREASURE HILL FROM THE NORTHWEST

Combined Metals mine in the right foreground. Dumps along old fissure vein on lower slope of Treasure Hill in background. Pioche on extreme left, with
Panaca road going through the saddle.

B. WEST FACE OF HIGHLAND RANGE FROM THE SOUTHWEST

Highest point is Highland Peak. Lowest slopes are Pioche shale; above that Lyndon and Highland Peak limestones to summit. The Chisholm shale bench
does not show.



U. 8. GEOLOGICAL SURVEY PROFESSIONAL PAPER 171 PLATE 4

. A. WEST FACE OF THE BLUFFS, HIGHLAND QUADRANGLE, FROM THE
SOUTH

Lower massive ledges are Lyndon limestone; the gentle slope below, Pioche shale: the
terrace above, in the center of the view, the Chisholm shale. Heavier upper beds to
right, Highland Peak limestone. Interbedded limestones show in Chisholm shale and
(faintly) in Pioche shale.

B. PIOCHE FROM COMBINED METALS MINE



U. S. GEOLOGICAL SURVEY

PROFESSIONAL PAPER 171 PLATE 5

A. EROSION SURFACE ON LAVAS NORTH OF CONDOR CANYON

View taken from south crest of the canyon, looking north. Even sky line is the dissected bench
cut on the lavas, which dip 30° E.

C. BADLANDS IN PANACA FORMATION

In valley west of Pioche-Panaca road, west from Condor Canyon, looking north. Ely Range
in background on right; Highland and Bristol Ranges on left.

B. UPPER ENTRANCE TO CONDOR CANYON FROM THE NORTHEAST

Ridge is composed of lavas dipping 25° toward the observer. The Pliocene (?) beds (Panaca
formation) originally filled the valley in the foreground and rose above the ridge through
which the canyon is cut, but perhaps not above the highest hill on the left. A superimposed

course.

D. VIEW EAST ACROSS MEADOW VALLEY

Village of Panaca, with white buttes of Panaca formation, in middle ground; Highland Range
in distance.



U. S. GEOLOGICAL SURVEY PROFESSIONAL PAPER 171 PLATE 6

A. PHOTOMICROGRAPH OF ENDOMORPHOSED QUARTZ
MONZONITE
Crossed nicols. Shows wedges of andesine and orthoclase in

plagioclase and the small pyroxene crystals which followed
the secondary feldspar. Enlarged 40 diameters

B. PHOTOMICROGRAPH OF ENDOMORPHOSED QUARTZ MONZONITE

Plane polarized light. Shows graphic texture at edge of a plagioclase grain due to its
partial replacement by potash feldspar. Several of the small anhedral grains of augite,
minute needles of apatite (Ap), and zircon grains (Z), characteristic of this metamor-
phism, are seen. Enlarged 200 diameters.
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the Ely Range are separated from the adj acent quartz-
ites and 11mestones by fault boundaries.

Petrography—The Pioche shale is a yellow or
brown, rarely red argillaceous shale. In places it is
so fine grained that individual mineral

some chance for error, but the dips are nearly uni-
form, and the error is beheved to be not large.

At Pioche, the type locality, the upper 170 feet of
the Pioche shale is shown above the old Susan Duster

grains do not show. Commonly, however,

it is distinctly micaceous, and the small

scales of mica are usually sufficient to dis-

Thick-bedded dark blue-gray limestone

Lyndon
limestone

tinguish the rock, even in small pieces,

Limestone, 2 feet

from the similar Chisholm shale. In the
Ely Range the rock is coarser, more mica-
ceous, and more quartzose, in some places
approaching a schist in appearance.

Quartzite, 5 feet
Limestone, 16 feet

Limestone, 4 feet
Shale, brown and yellow, in

Limestone, 12 feet places micaceous and slabby

Where quarried at Pioche it is a finely

laminated greenish-gray micaceous rock
that turns brown on weathering. The
microscope shows quartz, in small angular
grains as much as 0.04 millimeter in diam-

Limestone, 16 feet

Slabby micaceous sandstone, 5§ feet
2 Dark micaceous cross-bedded
sandstone, 14 feet

eter; chlorite, muscovite, and biotite,

Laminated olive-brown limestone, 4 feet

named in the order of abundance, in par-

Limestone, laminated above, massive and

allel flakes as much as 0.2 millimeter in
width; and calcite, with small amounts

crystalline below, 5 feet
Limestone, 2 feet

Impure limestone, 5 feet

of pyrite and kaolin and minute undeter-

mined accessories. The shale is banded
and foliated as the result of the parallel
arrangement of the detrital mica, and it
shows considerable change from its orig-
inal character.

The Pioche shale contains interbedded
limestones and sandstones, especially in

Pioche shale 1,114 feet

5 Limestone, 2 feet

Shale,in places uneven
or blocky .

{ Gray-brown limestone, 7 feet

Shale,argillaccoua

/Fossxls
Thin-bedded limestone weathering

olive-brown, b5 feet

its middle and upper parts. In the Lyn-

- Blue rusty-marked .

don Gulch section (fig. 4) there are three

limestone, 2 feet

sandstone layers aggregating 1114 feet in

thickness (1 per cent of the section) and

13 limestone layers aggregating 76 feet

Largely covered, shale débris

(nearly 7 per cent of the section). The

limestone is gray to olive-brown, lami-

nated, and nodular ; some of the layers are

fossiliferous. These limestones are lo-

cally replaced by sulphide ores, as in

Lyndon Gulch and at the Combined

Metals mine. They are the most produc-

tive ore zones in the vicinity of Pioche.
T'hickness and sections—The only place’
where the formation is unfaulted and
where its thickness can be accurately
measured is along the west base of the

quartzite .

Prospect Mountain

Red quartzitic sandstone

Highland Range. A traverse of the for-
mation 2 miles south of Bennett Pass gave
a thickness of 1,655 feet. A better exposed and prob-
ably more accurate section (fig. 4), taken on the ridge
north of Lyndon Gulch, gave a thickness of 1,120 feet.
As the soft shales are in part covered with débris,
especially in the lower part of the section, there is
89276—32——2

FIGURR 4.—Section of Pioche shale in Lyndon Gulch

shaft, and lower beds are found west of the divide, but
the rocks are much faulted, and it is impossible to make
out a continuous section. Individual limestone beds in
the shale can be used for mapping the details of fault-
ing in the vicinity of the. Combined Metals mine.



10

Age—Walcott * gives the following list of the
fossils found 8 miles north of Bennett Spring, on the
west side of the Highland Range:

Micromitra (Iphidella) pannula.
Obolus (Westonia) ella.
Billingsella highlandensis.
Callavia nevadensis,

Olenellus fremonti.

Olenellus gilberti.

Peachella iddingsi.
Crepicephalus augusta.
Crepicephalus liliana.

GEOLOGY AND ORE DEPOSITS OF

He also gives !* the following as found in the “lime-
stone and interbedded siliceous shales of the Pioche
formation just above the quartzite on the east side of
the anticline, near Pioche.” This is the locality on
the old Pioche-Panaca road already noted (p. 8) as
the type locality of the Pioche formation.

Micromitra (Iphidella) pannula,
Acrothele spurri.
Acrothele subsidua hera.
Acrotreta primaeva,
Billingsella highlandensis.
Hyolithes billingsi.
Bellerophon antiquatus.
Olenellus gilberti.
Olenoides sp.
Oryctocephalus primus,
Zacanthoides levis.
Crepicephalus augusta.
Crepicephalus liliana.
Ptychoparia sp.

This fauna Walcott assigns to the Lower Cambrian.

MIDDLE CAMBRIAN SERIES
LYNDON LIMESTONE

Name and distribution.—The ,Lyr;don limestone,
typically exposed in Lyndon Gulch, is present in the
Highland and Ely Ranges and lies between the Pioche
and Chisholm shales. It is best shown along the
western slope of the Highland Range, where it paral-
lels the Pioche shale for 8 miles and makes, by reason
of its greater hardness in contrast with the shales
above and below it, a conspicuous line of cliffs. It is
seen, in normal position, on the west side of the range
south of Bennett Pass and on the west side of The
Bluffs. ‘ _

Petrography and sections.—The Lyndon limestone
varies in character at different levels and almost in
successive beds. The lower half is a fine-grained
dark-gray thick-bedded limestone, much of which on
weathering breaks into thin layers and small chunky
débris. The upper half is a lighter-gray and more
coarsely crystalline rock, usually thick bedded but
showing distinct partings. Toward the north end of

10 Walcott, C. D., Cambrian Brachiopoda : U. 8. Geol. Survey Mon. 51,
p. 189, 1912.
1 Jdem, p. 192.

THE PIOCHE DISTRICT, NEVADA

the Highland Range this upper part of the Lyndon
shows as a white band along the west side of the
range.

The rock types included in the Lyndon limestone
are so much like those in the Highland Peak lime-
stone that it was not found possible in the field to
separate them on lithologic grounds alone. Fossils
are practically absent from both. The Chisholm
shale lies between them in the normal succession.
Where that is present the Highland Peak and Lyndon
limesiones can be mapped separately, but the Chis-
holm does not occur in the Highland Range north
of Stampede Gap. It is likely that north of Stam-
pede Gap and at places in the Ely Range faulting
has brought the Lyndon limestone against the High-
land Peak limestone. If so, the presence of the Lyn-
don has not been recognized and all the limestone
has been mapped as Highland Peak. In all places
where the Lyndon is shown on the geologic map it
has been recognized by its structural relations to one
or the other of the two shales. ,

The following section was taken on the ridge south
of Peaseley Canyon, on the west side of the Highland
Range: '

Section of Lyndon limestone on ridge south of Peascley Canyon

Feet
Thick-bedded gray limestone, finely crystalline, weather-
ing light gray___________________ o ____ 100
Light-gray to white limestone, finely to somewhat
coarsely crsytalline, in part a marble. Usually mas-
sive, but showing distinct, locally widely spaced
partings O 100
Blue limestone, thick bedded, with closely spaced
partings_________ B U 20
Blue-black limestone, massive but with closely spaced
partings and weathering into small débris____________ 120
Blue-black thick-bedded limestone, banded; a cliff
maker_________________________ - 60
400

Age—Fossils were not found in the Lyndon lime-
stone, but the formation is here assigned somewhat
arbitrarily to the Middle Cambrian, along with the
conformably overlying Chisholm shale, which con-
tains abundant Middle Cambrian fossils.

CHISHOLM SHALE

Name and distribuwtion.—The Chisholm shale, named
from its occurrence at the old Chisholm mine, on the
west side of the Ely Range 2 miles west of Pioche,
is a yellow or red-brown argillaceous shale, lying
between the Lyndon and Highland Peak limestones.
It occurs in regular sequence with the associated
formations along the west base of the Highland
Range. It is not. found north of Stampede Gap, but
whether this is due to actual failure of the shale to
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continue north or to disappearance through faulting
is uncertain; probably the latter explanation is the
true one. In the Ely Range the distribution is very
irregular, owing to the faulting. The shale can be
traced interruptedly from a point south of the water
tank above Pioche nearly to the north end of the range.
It occurs, again with interruptions, along the west side
of the limestone hills that are east of the Pioche-
Panaca road southeast of Pioche. The Chisholm
shale is easily recognized by its physical chavacter and
so makes an excellent guide in working out the struc-
ture of the vegion.

Petrom’apir/y —The rock is a fme grained yellow-
brown or red-brown laminated argillaceous shale,
which weathers to small flat débris. It appears
minutely micaceous under the lens, though not to the
unaided eye, and by this finer grain it can usually be
told from the Pioche shale. In the Chisholm shale, as
in the older Pioche shale, layers of limestone are
interbedded.

1" hickness—The Chisholm shale seems to vary con-
siderably in thickness. A measured section near the
south edge of the Highland quadrangle (given in
detail below) showed 180 feet. Along the west side
of the Highland Range it is 100 to 150 feet thick. In
the Ely Range it appears to be thinner.

Sections—One of the best sections seen was just
north of Klondike Gap, near the south edge of the
Highland quadrangle. This section is as follows:

Section of Chisholm shale north of Klondike Gap

Highland Peak limestone,

Chisholm shale: Teet
Shale 53
Olive-gray limestone - 3
Shale_ - — 10
Olive-gray limestone ' 2
Shale - : 25
Dark-blue, red-stained even-bedded limestone_______ 17
Shale, largely covered—__ - 70

Lyndon limestone.

180

Age~—The Chisholm shale is the most abundantly
fossiliferous of the Cambrian formations. The fol-
lowing species are listed by Walcott,** as found at the
Chisholm mine:

Micrometra (Iphidella) pannula.
Obolus (Westonia) ella.
Lingulella dubia.

Rocystites longidactylus.
Hyolithes billingsi.

Zacanthoides typicalis.
Ptychoparia piochensis.
Anomocare parvum.
Bathyuriscus howelli.
Bathyuriscus productus.

This fauna Walcott assigns to the Middle Cambrian.
As the Chisholm shale is only 400 feet above the

12 Walcott, C. D., Cambrian Brachiopoda : U. S. Geol. Survey Mon. 51,
p. 192, 1912,

Lower Cambrian Pioche shale it evidently belongs
near the base of the Middle Cambrian.

HIGHLAND PEAK LIMESTONE

Name and distribution.—The Highland Peak lime-
stone, named from Highland Peak, in the Highland
Range, in whose western slope the rocks are best
shown, is one of the thickest formations of the dis-
trict and occupies a larger area than any other forma-
tion.

It makes the main Bristol-Highland Range from
the south edge of the Highland quadrangle north to
a point about 215 miles south of Bristol Pass, where
the Cambrian formations are faulted out by the north-
east transverse Ida May fault. The chief exception
to the foregoing statement is the down-faulted belt of
Mendha limestone that lies east of the crest of the
range from a point north of Arizona Peak to a point
south of Dead Deer Canyon and reaches a maximum
width of 214 miles. The Highland Pealk limestone
also makes parts of the lower ranges southwest of the
Highland Range. In the Ely Range it makes most -
of the limestone area west and north of Pioche and
of the low limestone hills east of the new Panaca road
to the southeast, extending nearly to the Panaca-
Modena road.

Petrography and sections.—The rock is commonly
a light-gray to dark-gray or black rock on fresh frac-
ture and weathers gray or dark gray. It ranges from
a fine-grained rock that does not show individual
grains to a medium-coarse recrystallized rock. Many
of the beds on cross fracture are variously mottled in
shades of gray, owing to differences in coarseness of
grain or in degree of dolomitization. Most of the
beds, including all the black fine-grained beds, are
limestone and effelvesce freely with acid; but some of
the more crystalline beds are dolomitic. Flint or
chert is found in a very few places. The beds reach 4
o 5 feet in thickness, although parts are thin bedded.
Even these thin-bedded parts in places make ledges
oi considerable height, which weather to slabby débris.
The whole formation is a repetition of these variants,
co that it is difficult or impossible to determine verti-
cal position in the formation by the character of its
most common rock types.

The formation includes three exceptional rock types
which have at least a general significance as horizon
markers.

1. Light-gray siliceous laminated and thin-bedded
dolomites and dolomitic limestones, which weather
light gray or white, occur as interbedded members
from 2 or 3 feet to more than 60 feet in thickness. In
many of the beds the laminae are broken, making a
sort, of flat-pebble conglomerate, though the fragments
are angular and not rounded. These beds are found
in the middle and upper part of the Highland Peak
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limestone and are not found in any other Paleozoic
formation.

2. Thick ledges of well-bedded and thick-bedded
limestone, much of it white, with parting beds of
laminated limestone as much as a foot in thickness,
occur near the top of the formation. These beds are
too high in the formation to show in the Ely Range
but are conspicuous features along the crest of the
Bristol Range as viewed from the flat to the east.

8. A striking succession of beds was seen in the
Pioche Hills east of Panaca. From above down they
are as follows:

Section of Highland Peak limestone east of Panaca

Feet
Thin-bedded black limestone passing up into thicker-

bedded, finely mottled, rough-weathering beds; the
normal Highland Peak limestone.
Gray thin-bedded laminated limestones with large

masses of black chert and some white chert in the
"lowest layers — 17
Gray siliceous dolomite, weathering rusty brown; thin-
bedded above, giving thin platy débris; thicker below,
weathering to chunky pieces 40
- Dark to black thin-bedded and laminated limestone_____ 18
Gray limestone specked with calcite in beds as much as
6 feet thick, weathering light gray. Some layers at
the top are laminated. These beds are in places dark.
.and may have been so generally at the first__________ 23

The combination of the four lower members of this
section makes a zone that can be recognized with cer-

tainty. Iour miles southeast of Pioche it lies 1,200

feet above the Chisholm shale, but at this locality,
owing to faulting, exact measurement is probably im-
possible. The zone can be traced north from Panaca
for several miles and is again found in the hills west
of Pioche, north of the Prince mine, where it can be
used to work out the faulting. It was not seen in any
of the traverses of the west side of the Bristol-High-
land Range and probably does not occur there, though
it was found at one point at the east base of the range
near the Jackrabbit mine. ‘ '

The following section of the lower and middle parts
of the Highland Peak limestone was taken on the
divide south of Peaseley Canyon in the Highland
Range

Section of part of Highland Peak limestone south of Peaseley

Canyon

Feet

Dark-gray to black well-bedded limestones, making the
steep cliffs of the west face of Highland Peak_______ 950

Black limestones, well bedded and thinly parted, usually
breaking to flat slabs.___________ _— 960

Gray limestones, alternatingly lighter and darker, vary-

ing from fine grained to coarser grained and distinctly
crystalline, medium to thick bedded_ . _____________ 560

Massive dark-blue limestone, thinly parted; a cliff
maker 90

Chisholm shale.

2,560

-urement of the total thickness impossible.

The following section taken along the crest of the
Bristol Range due east from the Bristol mine shows
the character of the highest beds of the formation:

Section east of Bristol mine

Feet

Mendha limestone: Fossiliferous crystalline thin-bedded
limestone_______ e 25

Highland Peak limestone:

Massive gray-white, indistinctly banded limestone.
Partings more or less laminated 220

Gray crystalline limestone with thinly laminated
layers at several levels, especially toward the top-. 100

Dark-gray, more or less laminated limestone_______ 50
Qliff of massive, finely crystalline white .or light-

gray limestone. Partings of laminated limestone

as much as 10 inches thick, giving prominent

bedding . ________ . 110
Light-gray, somewhat mottled limestone___________ 90
Dark-gray to black mottled limestone______________ 70
Dark-gray to black mottled limestone with inter-

bedded light laminated limestone________________ 30
Rather coarsely crystalline light-gray, faintly

mottled limestone; dark at top——— . _______ 95
Gray-black limestone_.__ 30
Gray massive mottled limestone___________________ 45
Black limestone__.___ - 40
‘White, gray, and black limestones, in part mottled_. 180
White limestone 10
Blue-black, yellow-mottled hmestone _______________ 40

1,135

T hickness—Even the approximate thickness of the
Highland Peak limestone is unknown. Its lower
limit is the top of the Chisholm shale, and its upper
limit is a series of thin-bedded crystalline, in places
oolitic limestones with abundant trilobite débris
which makes the base of the overlying Mendha. '

The west face of the Highland Range seems the
most promising place to measure the section. There

" the base of the formation shows, and 2,500 to 3,000

feet or more of beds are exposed, but known faulting
of indeterminable amount makes any accurate meas-
A Southeast
of Panaca the Ely Range consists wholly of Highland
Peak limestone, the overlying Mendha not showing.
If the thickness of the formation is calculated from
the angle of dip and width of outcrop, it is consider-
ably in excess of 3,000 feet; but here again faulting
may affect the apparent thickness. Not only does
faulting make the measurement of any continuous sec-
tion impossible, but the absence of good guide horizons
within the Highland Peak precludes piecing up the
total thickness from partial sections. In the columnar
section (fig. 3) a rather arbitrary thickness of 3,000

- feet is given.

Age—The Highland Peak limestone is practically
without recognizable fossils. The Chisholm shale
just beneath has been placed in the Middle Cambrian.
The overlying Mendha limestone, however, has been
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identified as Upper Cambrian, and its lowest beds are
considered basal Upper Cambrian. (See p. 14.) As
the underlying Chisholm shale (p. 11) evidently rep-
resents only the lower part of the Middle Cambrian,
the Highland Peak limestone must represent the bulk
of the Middle Cambrian.

UPPER CAMBRIAN SERIES

MBENDHA LIMESTONE

Name and distribution—The Mendha limestone,
named from the Mendha mine, on the west side of
. Arizona Peak, which is entirely composed of these
rocks, includes nearly 2,000 feet of limestones and
dolomites which lie with apparent conformity above
the Highland Peak limestone. The formation is not
seen in normal position under the Ordovician, as the
contact with the Ordovician is everywhere a fault
contact.

The Mendha is not found in the Ely Range. It is
present in the Bristol Range quadrangle just north of
the Ida May fault west of the Jackrabbit mine and in
small infaulted masses along the crest of the range to
the south. The larger areas are all in the Highland
quadrangle, where they make three down-faulted
north-south belts. The eastern belt includes a small
area at the south end of the Bristol Range, Arizona
Pealk, and a large mass in the eastern slope of the
main Highland Range. This whole belt is struc-
turally a graben, separated by normal faults from the

Highland Peak limestone on the east and west. A |

second interrupted north-south belt lies along the west
side of the Highland Range and includes several areas
between the Ely Springs Range and the main range
near Manhattan Gap and, farther south, a large area
in the Black Canyon Range. The part of this belt
north of the Comet mine is a thrust-fault block. The
third belt comprises two areas, one on the west side
of the Ely Springs Range, the other about Monument
Canyon. The best sections of Mendha rocks are
found on Arizona Peak and in Dead Deer and Black
Canyons.

Petrographic character and sections—The basal
beds of the Mendha formation are thin-bedded gray
limestones, in places stained yellow or rusty-red on
weathering, which in the -hand specimen are rather
coarsely crystalline, locally oolitic and rusty-specked.
They contain abundant fossil débris, almost wholly
fragments of trilobites, most of which are specifically
unidentifiable. By reason of their contrast with the
underlying Highland Peak limestone these beds mark
an easily recognizable horizon, which has helped
greatly in working out the structure of the main
Bristol-Highland Range.

Above the basal beds just described lies the main
mass of the Mendha, which consists of thick and thin
bedded limestones and dolomites. The rocks are so
much faulted that it has not been possible to get a
continuous and complete section. Fossils are abun-
dant at many levels but chiefly as unrecognizable
débris. Beds that resemble the basal beds and carry
little but trilobite fragments are thought to be low in
the series. Beds in the middle and upper part of the
formation carry besides trilobite débris small chitinous
brachiopods, Hyolithes, and small gastropods. In
many places these beds are conglomeratic. Chert is
common in the middle and upper parts of the forma-
tion but is absent in the lower part.

The following sections show the physical character
of the Mendha. The first, taken south of Dead Deer
Canyon on the southwest 51de of the 7,318-foot hill,
is typical of the lower part of the formation.

Section of lower part of Mendha formation south of Dead Deer .
Canyon

Feet

‘White massive dolomite in beds as much as 8 feet thick.

The beds show close-spaced parting planes but break
into large blocks _ _— 85
Gray limestone, thinly parted, making the lower part of
the cliff at the top of the hill. Layers throughout
more or less oolitic and mottled. White chert in sheet-
like lenses is found from the base up_____ . ________
Thin sandstones and layers of alternating sandstone and
limestone, weathering to flat rusty débris___________ 10

Gray thick-bedded crystalline limestone oo ____ 230
Gray limestone, some beds 5 feet thick, much of it~
crystalline, oolitic and mottled..- 220
Gray, rather thick-bedded limestone, 60 feet tlnck passing
up into well-bedded limestone in beds 1 or 2 feet thick.
Layers commonly oolitic, rarely conglomeratic and yel-
low streaked. Breaks down easily into slaty débris_.. 165
Top of Highland Peak limestone. 045

The next section, taken on the east side of the ridge
northeast of Monument Canyon, is also measured up
from the top of the Highland Peak limestone:

Section of Mendha limestone 1 mile nmortheast of Monument

Canyon
Feet
Dark thin-bedded limestone, sparingly fossiliferous_... 400
Thicker-bedded black, somewhat cherfy dolomite, weath-
ering to pitted surface —— 150
Gray crystalline dolomite. - 150
In part covered; soft crystalline fossiliferous limestone,
weathering olive-brown. Mainly thin bedded but with
numerous thicker beds 925
Highland Peak limestone. 162

The next section (p. 14) does not reach to the base
of the formation;
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Section of part of Mendha formation on north side of Black

Cangon
Feet
Gray limestone, in thin to medium beds, single beds
reaching a maximum of 8 feet. Some layers aphanitic,
some crystalline and containing trilobitic material,
and some conglomeratic and rusty specked_________ 475
Black dolomite in distinct beds 3 to 5 feet thick. Some
beds contain chert in lenses and layers. Weathers
black. Many beds are irregularly streaked with
white dolomite, which may form 50 per cent of the
hed e 360
Massive light-gray crystalline dolomite in beds 3 to 4
feet thick. Weathers light gray and pitted._________ 250
1,075

The following section, made on the south face of
the steep cliff at the head of Dead Deer Canyon, 3,000
feet east-southeast of Highland Peak, likewise does
not reach the bottom of the formation:

Section of part of Mendha formation at the head of Dead Deer

Canyon
Feet
Soft crystalline limestone, some layers conglomeratic,
weathering rusty yellow. Not cherty or with very
little chert____ S SR 80
Dark massive cherty dolomite, some beds crystalline and
indistinctly fossiliferous. At base some coarsely
oolitic beds I - 560
‘White massive, thick-bedded dolomites__._______________ 275
Blue-gray medium-bedded, well-parted rusty mottled
limestone, some ‘layers conglomeratic. Some lenses
and bands of chert at top — 360
Sandy laminated limestone___________________________ 60
Massive soft, thinly parted limestone, in part oolitic and
yellow stained.___ S 220
1,555

Age—Many beds of the Mendha limestone contain
abundant fossil débris, but it is difficult to collect good
identifiable material.
oolitic and crystalline thin-bedded rusty-weathering
Iimestones that mark the base of the Mendha com-
monly contain Crepicephalus and are to be referred to
the base of the Upper Cambrian. Collections ob-
tained higher in the formation indicate Upper Cam-
brian age. Material collected on the east slope of
Arizona Peak, well up in the formation, shows what
appears to correspond to the Se¢ret Canyon fauna of

the Eureka district, and a lot collected on the crest"

of the Black Canyon Range immediately north of the
canyon contains Ewrekia, which marks a still higher
horizon.

ORDOVICIAN SYSTEM

Ordovician rocks are found in three areas—one
just south of Bristol Pass, another 114 miles northwest
of Monument Canyon, in the southwest corner of the
Highland quadrangle, and a third, the largest, making

18 Personal communication,

C. E. Resser *? states that the
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a north-south belt that extends the length of the Ely
Springs Range. The largest area has by far the best
exposures, which have served as a basis for the follow-
ing description of the Ordovician rocks.

YELLOW HILL LIMESTONE

The lowest beds of the Ordovician are here named
Yellow Hill limestone, from exposures in Yellow Hill,
near the center of the Ely Springs Range. The beds
dip northwest, so that the lowest beds are on the east
slope of the hill. They consist of medium-bedded
gray limestones, weathering light gray and in part
conglomeratic. Fossils are uncommon. These beds
pass up into fine-grained gray limestones in beds from

2 or 3 inches to a foot in thickness, which cap the hill
and are well exposed in its west face. Conglomerate
layers are common, and the formation weathers to
gray or yellowish slabs and débris. Thin-bedded lay-
ers alternate with thicker beds and give a fluted cliff
face on weathering. Fossils are common at a few
horizons. The total thickness of the Yellow Hill as
calculated from the dip of the rocks and the slope of
the hill is 670 feet. ‘

Faults bound the Yellow Hill limestone so that
neither the base nor the summit of the formation is
shown; it is therefore impossible to tell whether the
Ordovician lies conformably on the Upper Cambrian
or not. _

A fairly large fauna was collected in the saddle
southeast of Yellow Hill and at a somewhat higher
horizon about 114 miles farther north. As essentially
the same fauna is represented in the two collections,
they have been combined in the following list. This
fauna is representative of the uppermost beds of the
Yellow Hill limestone. The fossils were identified by
Edwin Kirk.
Calathium sp.
Syntrophia calcifera.
Taffia sp.

Orthis sp.
Tetranota sp.

Liospira sp.
Hormotoma sp.
Eccyliopterus sp.
Asaphua? curiosus.
Pliomerops sp.

This fauna, according to Kirk, is of late Beekman-
town age and is correlative with the upper part of the
lower or Beekmantown portion of the Pogonip lime-
stone of the Eureka district.

TANK HILL LIMESTONE

The Tank Hill limestone, here named from its ex-
posures on the west face of Tank Hill, in the Ely
Springs Range, makes a north-south belt the entire
length of the range. The lower part consists of gray
fine-grained thin-bedded limestones containing some
conglomeratic beds; the upper part is thicker bedded
and makes a line of high cliffs a little below the

- Eureka quartzite. The upper 50 feet of the formation
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consists of shaly limestone and sandy shale. Fossils
are abundant, and some layers contain many Leper-
ditia and Orthis.

An especially favorable place for the collection of
fossils from the Tank Hill limestone is near the north
end of the Ely Springs Range on the west side. Here
the lower portion of the formation as exposed is char-
acterized by an abundance of Receptaculites ellipticus,
R. mammnillaris, and Endoceras sp. Above this hori-
zon an abundant fauna is present, as shown in the fol-
lowing list prepared by Edwin Kirk:

Rauftella? sp.
Tetradium sp.
Batostoma. sp.

Orthis sp.
Plearotomaria lonensis.
Maclurites sp.
Lophospira sp.

Tetranota sp.
Modiolopsis sp.
Endoceras sp.
Leperditia bivia,
Illaenus sp.

Amphion near A. salteri.

In the uppermost portion of the formation, just
under the Eureka quartzite, certain layers carry large
numbers of Leperditia bivia, and others are crowded

with an Orthis very like O. tricenaria.

" The fauna of the Tank Hill limestone is stated by
Kirk to be of Chazy age and is essentially the same
as that of the upper part of the Pogonip limestone of
the Eureka district.

' BUREKA QUARTZITE

Above the Tank Hill limestone comes a very pure
quartzite which is here correlated with the Eureka
guartzite of Eureka, Nev* It is a white and pale-
red vitreous quartzite, in places a quartzitic sandstone,
showing sand grains under the hand lens. Where
unbrecciated, it occurs in distinet beds from 6 inches
to 6 feet thick. Measurements of the thickness of
the formation vary between 150 and 250 feet; 200
feet may be taken as an average.

The quartzile, repeatedly faulted, can be traced
from north to south through the Ely Springs Range,
its broad outcrop at the south end of the range being
a dip slope. It caps the low hill northwest of Monu-
ment Canyon. It is not found elsewhere in the region
unless it is represented by some of the quartzitic sand-
stones in the faulted area immediately south of Bristol
Pass.

The formation is unfossiliferous, but its relation to
the rocks above and below fix its Ordovician age.
Fossiliferous Ordovician rocks of the same type are
found below it throughout the Ely Springs Range,
indicating conformity. It is tentatively classified as
Middle (?) Ordovician.

HLY SPRINGS DOLOMITE

Name and distribution.—The Ely Springs dolomite
is here named from its exposures in the Ely Springs

1 Hague, Arnold, Geology of the Eureka district, Nev.: U. S. Geol.
Survey Mon. 20, p. §4, 1892.

Range. It lies apparently conformably above the
Eureka quartzite, makes a belt half a mile wide along
the crest of the range as far south as Ely Springs, and

occurs 1n smaller areas still farther south.

Petrography and sections—Lithologically the for-
mation is a dolomite or dolomitic limestone. Usually
it is a dark-gray dolomite, weathering smoky brown,
in beds of variable thickness to a maximum of 5 feet.
Some beds are laminated. It is cherty at a number
of levels, at some abundantly so. In the upper part
are some thick beds of gray dolomite.

The following section was measured at the north
end of the range, from the quartzite up through the
Ely Springs dolomite and into the overlying Silurian,
which is a very similar dolomitic limestone :

Section at north end of Ely Springs Range

Silurian : ) Feet
Gray dolomite in thick beds (at the top of the hill)- 25
Massive dark-brown dolomite, cherty in its upper

part - _— - 50

75

Ordovician :

Bly Springs dolomite—

Even-bedded light-gray dolomite, much of it

laminated. Some included layers of dark
dolomite — - 35
Dark-gray dolomite, medium to thick bedded,
cherty in its middle and lower parts________
Blue-black finely crystalline dolomite, weather-
ing smoky brown; beds average 2 feet thick;
somewhat thicker bedded above; sparingly
cherty, fossiliferous_.___ -
Eureka quartzite (white to pink quartzite in bed

as much as 5 feet in thickness).

325

525
The following section was taken up the east side of
the range half a mile south of its north end:

Section on cast side of Ely Springs Range

Silurian: Gray to brown thick-bedded dolomite, cherty
in the lower part. TFossil pentameroid Silurian brach-
iopods (Virgiana sp.) 150 feet below the top.

Ordovician:

Ely Springs dolomite— PFeet
Thick ledges of gray dolomite____._.__________ 40
Cherty thick-bedded dolomite - 290
Gray and brown dolomites - 240

Brown massive, more or less cherty dolomite;

poorly preserved brachiopods and corals in the
upper part_ o . 200

The section starts from some undetermined level
above the quartzite and is probably complicated by
faulting, but it shows the general character of the
formation. The rocks in this section are unlike the
Ordovician limestones beneath the Eureka quartzite
and resemble in bedding, color, and general dolomitic
character the lower part of the Silverhorn dolomite
of the Devonian as shown in the Bristol Range quad-
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rangle. They differ from the Devonian chiefly in the
abundance of chert. The “spaghetti” dolomites that
are characteristic of the Devonian are absent, except
in a few layers at the top of the section. Neither the
summit of the Silurian nor the bottom of the Devonian
is seen in the Pioche area.

A similar relation exists between the rocks of the
two periods in the Eureka district, where the Lone
Mountain limestone (Silurian and Upper Ordovician)

underlies the Nevada limestone (Devonian).?®
Age and fossils—At the north end of the Ely

Springs Range the following fauna was collected, as
determined by Edwin Kirk: ‘

Beatricea sp.

Streptelasma sp.
Lindstromia sp.
Plectambonites cf. P. saxea.
Rhynchotrema argenturbica.

Rhynchotrema capax.
Dalmanella sp.
Plectorthis sp.
Rafinesquina sp.

According to Kirk this fauna is widely spread
throughout the Rocky Mountain and Great Basin re-
gions. It is correlative with the Montoya limestone
of Texas, with part of the Fremont limestone of Colo-
rado, with part of the Bighorn dolomite of Wyoming,
and with an unnamed formation between the Eureka
quartzite and the Silurian of the Eureka district,
Nevada. It is of Upper Ordovician (Cincinnatian)
age. In the past it has been correlated with the Rich-
mond and is probably approximately of that age.

SILURIAN SYSTEM

The Ely Springs dolomite, as shown in the section
given on page 7, is followed by similar brown and
gray dolomites that carry Silurian (Niagaran) fos-
sils. These beds are found in a narrow strip along the
crest of the north end of the Ely Springs Range but
have not been recognized in any other part of the dis-
trict. They are indicated approximately on the geo-
logic map, but no formation name has been given to
them. o :
Poorly preserved pentameroid brachiopods, identi-
fied by Edwin Kirk as Viérgiana sp., were the only
fossils collected in the Silurian dolomites.
found 150 feet below the top of the section described

on page 15. Mr. Kirk comments on these fossils as

follows:

This pentameroid is found. in the Fusselman limestone of
the El Paso region,® with which the present formation cor-
relates. It has also been collected in Nevada from scattered
localities, no sections having been made and no formation
names having been given.

The formation is correlative with the upper or
Niagaran part of the Lone Mountain limestone of the

5 Hague, Arnold, Geology of the Eureka district, Nev.: U. S. Geol.
Survey Mon. 20, p. 63, 1892,

16 Richardson, G. B., U. 8, Geol. Suryey Geol. Atlas, El Paso follo

(No. 166), p. 4, 1909,

They were -

Eureka district and with the Fusselman limestone of
Texas and New Mexico.

DEVONIAN SYSTEM

Two. Devonian formations are distinguished in the
district—the Silverhorn dolomite, of Middle Devonian
age, and the West Range limestone, of Upper Devo-
nian age. These two formations are so closely asso-
ciated that they are described under one heading.

SILVERHORN DOLOMITE AND WEST RANGE LIMESTONE

C haracter—The Silverhorn dolomite was named **
from its exposures south of the old Silverhorn mining
camp, 4 miles northwest of Bristol Pass. It is a

| succession of varied dolomites with some beds of lime-

stone and in the upper part beds of quartzitic sand-
stone and a capping quartzite 20 to 100 feet thick, the
whole reaching a thickness of not less than 3,000 feet.

The West Range limestone was named from ex-
posures in the West Range, in the southwestern part
of the Bristol Range quadrangle, where it is well
shown in the south slope of a high conical hill 115
miles south of the north base of the range. The for-
mation here lies between the basal Mississippian cap-
ping the hill and the quartzite forming the top mem-
ber of the Silverhorn dolomite. Another good section
is found 6 miles to the north, on the west side of
Scotty Wash at Silverhorn, where 400 feet of lime-
stone succeeds the quartzite member of the Silverhorn.

The rocks of the West Range formation are blue-
gray fine-grained limestones, in some places nodular,
commonly weathering to a characteristic yellow color.
Certain layers are abundantly fossiliferous.

The following are the main rock types of the
Silverhorn dolomite:

1. Dark-gray or brown crystalline dolomite of me-
dium grain, weathering to a brownish gray that gives
the outcrop a sooty look. It is usually rather thick
bedded, making many conspicuous ledges. This rock,
like the rest of the series, has been in places broken
and then healed by seams of white dolomite. On the
edges of some of the beds such dolomite seams lie
parallel to the bedding and produce a peculiar banded
rock. The microscope shows an aggregate of grains
of dolomite, many of them showing crystalline bound-
aries, averaging 0.10 millimeter in diameter, also a
few small grains of quartz that average 0.02 milli-
meter but reach a maximum of 0.05 millimeter.

2. White-spotted or “spaghetti” dolomite, a strik-
ing variety of the brown dolomite which originally
contained small branching corals (Cladopora?).
These have been replaced by white crystalline dolo-

17 Westgate, L. G., and Knopf, Adolph, Geology of Pioche, Nevada,
and vicinity: Am. Inst. Min. and Met. Eng. Trans. [preprint] No,
1647, pp. 3-8, 1927. . ’
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mite, so that the rock is crowded with small curving
stems, 2 to 3 centimeters long by 1 to 3 millimeters
in cross section. This distinctive texture seems to be
confined to the Devonian.

8. A finely crystalline dark-gray, well-bedded, in
places laminated dolomite, weathering gray. The
beds reach a maximum thickness of 5 to 6 feet.

4. Dark-gray fine-grained noncrystalline limestone
in beds as much as 4 feet in thickness.

5. Sandy dolomite, light gray both on freshly
broken and on weathered surfaces. It contains abun-
dant quartz sand in well-rounded grains 0.5 millimeter
or less in diameter, which show well on the weathered
surface. The rock is commonly laminated, the lam-
inae differing in the amount of sand, and in places it
is cross-bedded. In the middle part of the formation
these beds, with increase of sand, may locally pass into
calcareous sandstones 2 to 3 feet thick.

6. Quartzitic sandstone occurs in the upper part of
the formation. Its purest variety is a white or pale-
red rock, which shows sand grains under the lens.
The rock lacks the deep-red color characteristic of the
Cambrian and Mississippian quartzites of the region.
In some places it is open textured, and at one point
it ranges within 40 feet along the strike from a porous
open-textured sandstone to a vitreous quartzite. It
occurs in beds from a few inches to several feet thick
and in places makes massive ledges. ' _

Distribution—The two Devonian formations are
found only in the Bristol Range quadrangle. They
occur in the Bristol Range from the vicinity of the
Bristol mine to Bristol Pass and in several areas in
the hills northwest of Bristol Pass as far as Fox
Spring and Silverhorn. The entire West Range, ex-
cept for small areas of lava, is Devonian, as well as its

continuation in the low hills north of the Cherry ;

Creek road. .

All the Devonian of the main Bristol Range north to
Bristol Pass, of the west third of the area north of the
pass and east of Fairview Wash, and of the east half
of the West Range is in an overthrust fault block.
(See p. 42.) The rocks in this block are brown and
gray dolomites, with gray limestones and quartzites
in lesser amount. They can be recognized as Devo-
nian on lithologic grounds, but they are so intricately
faulted and brecciated that it is impossible to deter-
mine structure or measure sections; nor have recogniz-
able fossils been found in them. The Devonian area
southeast of Blind Mountain and crossing the edge of
the Bristol Range quadrangle is believed to be a down-
faulted piece of the overthrust block.

On the west side of the West Range the Devonian
rocks, especially the Silverhorn dolomite, are better
exposed than anywhere else in the district. The south-
ern 4 miles of the range, north to the north boundary

of T. 2 N., shows the same thick brown dolomite and
“ spaghetti ” dolomite, gray dolomite, in places sandy,
and limestone like that found below the quartzite mem-
ber in the section at Silverhorn. At the south end of
the range the westward-dipping beds have a thickness
of 2,250 feet, unless there is repetition due to obscure
faulting. Farther north the beds dip to the north
and appear to be repeated by a succession of east-west
faults. North of T. 2 N. the top quartzite member
forms northward-sloping'cappings of the hills south
of the Cherry Creek road. No good section of the
quartzite shows, but its thickness here is estimated at
100 feet. Faults bring the quartzite, with associated
limestone, again to the surface in the hills just north
of the road.

Sections—The -most complete Devonian section is
that in the hills south of Silverhorn. The traverse
was made from the south edge of the Devonian area
due north to hill 6440, thence west for 2,000 feet along
the crest of the hill, and thence northwest across the
valley 2,000 feet to hill 6247. The section is as
follows:

Section of Devonian rocks south of Silverhorn

Feet
West Range limestone (Upper Devonian): Medium-

bedded limestone ; many beds subdivided by wavy part-
ing planes into thin slabs and forming yellowish débris
and soil. Fossil lots 1080 and 1535 collected near bot-
tom. These beds pass up into gray thick-bedded
limestones which belong at the base of the Mississip-
pian
Silverhorn dolomite (Middle Devonian) :
Red thick-bedded quartzitic sandstone____________ 90
Gray, smoky dolomite, with some interbedded white
dolomite. . - 120
Two well-bedded quartzitic sandstones, the upper
15 feet, the lower 10 feet thick, separated by 8
feet of gray limestone 33
Massive smoky-brown dolomite, with many *spa-

550

ghetti” beds and minor amounts of gray dolomite.* 370
Thin-bedded, slabby limestone; fossil lot 1534-_____ 160
Brown dolomitic limestone - 120
Mainly dark dolomite, weathering dark brown.

Abundant “spaghetti” beds in the upper part.

Some interbedded gray laminated limestone.

Some of the thicker beds make ledges 15 to 20 feet

high along the hill. Capped by 5-foot sandstone

at summit 6440. Fossil lots 1550 and 1551 col-

lected 500 feet below the top ' 1, 390
Thin-bedded limestone. - 130
Massive and thick-bedded gray and smoky-brown

dolomite and limestone. - - 570

3,633

As the base of the Devonian is not seen in this sec-
tion, the total thickness given is a minimum.

A good section of the West Range limestone is
given in the south face of the high conical hill 0.1
mile north of the north line of T. 2 N. in the West
Range. This is the locality from which the formation
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was named. The quartzite member of the Silverhorn
lies near the foot of the south slope. The section is
as follows:

Section in West Range

Feet
Bristol Pass limestone (Mississippian): Well-bedded
dark limestone in beds 4 inches to 2 feet thick capping
the hill. No brown dolomite - 260
West Range limestone (Upper Devonian): Thin to
medium bedded limestones; fossil lots 99, 1554, 1555,
1857 615
Silverhorn dolomite (Middle Devonian) : Quartzite (not
measured).
875

Two good sections were measured outside the area
mapped. One, which shows only the Silverhorn dolo-
mite, was taken on the east side of the Pahroc Range,
14 miles west of Highland Peak and 5 miles west of
the west edge of the Highland quadrangle. This
section is as follows:

Section of Silverhorn dolomite on east side of Pahroc Range

Feet
Sandy quartzite, capping the hill______________________ 20
Thick and well hedded black fine-grained dolomite,
weathering chocolate-brown e 90
Thick beds of gray crystalline dolomite, making cliff
below the summit__________________________________ 80
" Like No. 7, but generally more or less laminated, with
some massive bands of Stromatopora-bearing dolomite,
8 to 10 feet thick, making ledges, and some inter-
bedded gray laminated limestone. Fossil lots 148, 149,
150, and 152 came from base of this division._._._____ 690
Thinner-bedded gray laminated dolomite, with some in-
terbedded brown dolomite P 150
Brown dolomitic limestone______ - 80
Thin-bedded gray laminated dolomite, with some inter-
bhedded brown dolomite_ __ . ____________________ 115
Brown dolomitic limestone_____________________________ 400
1,625
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Section on Dutch John Mountain

Bristol Pass limestone (Mississippian) : }
Gray crystalline limestone, with some black chert;
fossiliferous
Gray crystalline limestone in thick indistinet beds;
fossiliferous

IPeet

145

West Range limestone (Upper Devonian) : Gray medium
and well bedded limestone; abundant fossils________
Silverhorn dolomite (Middle Devonian) :

Gray-brown “ spaghetti” dolomite, with some beds
of dark-gray limestone; fossiliferous__-________

Gray, rather thick bedded dolomite passing up into
“ spaghetti ” beds. Top beds gray, massive well-
bedded dolomite. Some beds of laminated dolo-
mite occur -

Light-gray dolomitic limestone in beds as much as 5
feet thick i .

Mainly gray thin-bedded and platy limestone, with
a few bands of laminated dolomite, beds of brown
dolomite, and beds of “spaghetti” o

Blue-black limestone in beds as much as 4 to 5 feet
thick and in extreme cases 20 feet, weathering
blue-gray; some beds of gray laminated dolomite
weathering light gray; and some brown “spa-
chetti” beds. Few and indistinct fossils——oo—-_

Gray and blue limestones, weathering brown, with
some beds of dolomitic limestone..________-____

Massive ledges of thin-parted limestones. Near top
some layers are crowded with branching corals.
Stromatoporoids occur. Lowest * spaghetti ” beds
found in the section__ -

Gray limestones, thinly parted but making massive
ledges. Bedding in places obscure. Breaks into
fine débris. Indistinct fossils

Thinly parted limestone, becoming massive. Makes
cliff. Brecciated and seamed with calcite at top-

Fine-grained blue-black limestone in beds as much
as 2 feet thick, much of it in thin platy layers__

375

300

290

515

310

115

270

The rocks of the three formations in the section at
Dutch John Mountain resemble those of the corre-
sponding formations in the Bristol Range quadrangle

Silverhorn Jdolomite

FIGURE 5.—Section on Dutch John Mountain

The second section was taken on Dutch John Moun-
tain (see fig. 5), just west of the Pioche-Ely Road, 40
miles north of Pioche and 15 miles north of the north
edge of the Bristol Range quadrangle.
gently southwest and are apparently unfaulted. The
section is as follows:

The beds dip |

I

‘except for the absence of Quartzitic sandstone at the

top of the Silverhorn. The absence of the quartzite
may be due to failure of sand deposition to extend so
far north or to an unconformity between the Silver-
horn and West Range formations. No other evidence
of unconformity was recognized.
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Fossils and age of Silverhorn dolomite—Fossils
were found at many points in the Devonian rocks,
especially in the Upper Devonian West Range lime-
stone. The locations where collections were made are
noted in the sections described on the preceding pages.
Those of the Silverhorn dolomite are as follows:

At 1,600 feet above the base of the formation at
Silverhorn (lots 1550, 1551), silicified Stromatopora
and Cyathophylivm.

At 2,300 feet up in the same section (lot 1534),-

Atrypa reticularis and Cyrtia? cf. C. norwoodi.

Just below the quartzite at the top of the Silver-
horn in the West Range, at the south base of the high
hill 4,300 feet northwest of the 6,137-foot summit, the
following species (lot 1556) were collected :
Schizophoria striatula.
Stropheodonta sp.

Ambocoelia sp.
Atrypa reticularis,
Productella sp.
Several lots of the Pahroc Range section are also
considered by Kirk to be Middle Devonian and to
belong to the Silverhorn formation. They are as fol-
lows: Lots 148 and 149, stromatoporoids; lot 150,

Atrypa reticularis and Spirifer aff. S. argentarius;

lot 152, Cladopora? and Striatopora?

The few fossils collected in the Devonian portion
of the Dutch John Motuntain section were determined
by Edwin Kirk in the field. A block of float lime-
stone, apparently derived from beds near the base of
the Silverhorn dolomite as exposed, contained a speci-
men of Stringocephalus® The “ spaghetti ” noted in
the section is a slender branching coral probably
referable to Cladopora and is very characteristic of
portions of the upper part of the Nevada limestone
of the Eureka district and of the Jefterson limestone
cf Montana. In the lower 1,000 feet of the Silver-
horn as given digitate Favosites, cyathophylloid cor-
als, and Stromatopore are occasionally found. At
one or two horizons A¢rypa reticularis is abundant.

Mr. Kirk comments as follows on the age of the
Silverhorn dolomite:

The Silverhorn is of high (post-Stringocephalus) Middle
Devonian age. It may accurately be correlated with the upper
half of the Nevada limestone of the Eureka district (exclud-
ing the uppermost, Upper Devonian portion). It is probable
that the Jefferson limestone of Montana falls somewhere
within this interval.

Fossils and age of the West Range limestone.—The
following lots of fossils were collected from the lower
part of the West Range limestone of the Silverhorn
section, as determined by Edwin Kirk:

18 Kirk, Bdwin, New American occurrences of Stringocephalus: Anr.
Jour. Sci., 5th ser., vol, 13, p. 220, 1927.

Lot 1080. 4,500 feet S. 77° W. from Scotty Spring:
Athyris angelica.
Productella sp.
Spirifer whitneyi var.
Camarotoechia contracta.

Lot 1535. 1,500 feet 8. 25° W. from mineral monument
No. 225, at the base of the hill on the west side of Scotty
Wash:

Spirifer whitneyi var.
Athyvis sp.

Atrypa reticularis.
Bellerophon sp.

The lots listed below were collected in the West
Range limestone in the south face of the high hill that
lies 4,300 feet northwest of the 6,137-foot summit in
the West Range:

Lot 104:
Acervularia cf. A. palmeri.
Spirifer whitneyi var.
Athyris angelica.
Atrypa reticularis.

Lot 1554 :
Pugnax pugnus.
Spirifer whitneyi var.
Camarotoechia. sp.
Atrypa reticularis.
Athyris angelica.
Straparollus sp.

Lot 1557 :
Productella sp.
Spirifer whitneyi var.

In the West Range limestone of Dutch John Moun-
tain, north of this district, a small collection of fossils
was made. The species were identical with those
feund at the type locality, as follows:

Athyris angelica.
Pugnax pugnus.
Camarotoechia contracta,
Spirifer whitneyi var.

In regard to the age of the West Range limestone
Mr, Kirk states:

The West Range limestone is of Upper Devonian age and
correlates exactly with the uppermost portion of the Nevada
limestone of the Eureka district. It is of approximately the
same age as the lower or Devonian portion of the Ouray lime-
stone of Colorado, the Threeforks shale of Montana, and the
Upper Devonian part of the Martin limestone of Arizona.

CARBONIFEROUS SYSTEM

The following formations, named in descending
order, are referred to the Carboniferous:

Bailey Spring limestone.
Scotty Wash quartzite.
Peers Spring formation®
Bristol Pass limestone.
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The three lower formations are Mississippian. The
Bailey Spring limestone is upper Mississippian and
lower Pennsylvanian. ‘

In the area mapped Carboniferous rocks occur only
in the West Range and the hills north and west of
Bristol Pass; they are not found in the Bristol Range
itself. The formations in this area are generally sep-
arated by faults, so that there is some doubt of the
stratigraphic succession, but 40 miles north of Pioche,
in Dutch John Mountain (see fig. 5), they lie in ap-
parent normal succession.

MISSISSIPPIAN SERIES

BRISTOL PASS LIMESTONE

The Bristol Pass limestone is here named from its

occurrence at Bristol Pass, in the summit of the hill
immediately north of bench mark 6149. It seems to
lie conformably above the West Range limestone

(Upper Devonian) and holds the same position in its"

outcrop at Silverhorn and at two localities east of

Fairview Wash. It is a gray, finely crystalline lime- .

stone, with few cherty beds, and is sparingly fossil-
iferous. The greatest thickness measured (305 feet)
was at Dutch John Mountain, but southward along
the crest of this mountain higher beds occur that were
‘not measured, so that its full thickness is unknown.
Nowhere in the Bristol Range quadrangle is there
a section which includes both top and bottom of the
formation. (See fig. 5 and section on p. 22.)

The following fossil collections were made in the
Bristol Pass limestone of the Bristol Range quad-
rangle:

From the base of the formation in the West Range:

Lot 5747:
Triplophyllum sp.
Syringopora? sp.
Platycrinus? sp.
Schizophoria sp.
Schuchertella ?aff. 8. chemung- -

Reticularia aff. R. cooperensis

Ambocoelia? sp.

Cliothyridina aff. C. glenpark-
ensis. .

Eumetria verneuiliana.

ensis. Pleurotomaria sp.
Chonetes loganensis. Straparollus? sp.
Pustula sp. Phanerotinus? sp.

Loxonema? sp.
Phillipsia sp.

Dielasma sp.
Spirifer centronatus.
Spiriferina sp.

Lot 5748:
Cyathophyllum? sp.
Schuchertella? sp.
Chonetes sp.

Lot 5748a:
Chonetes sp.

Spirifer centronatus?
Huomphalus sp.
Loxonema? sp.

| Spirifer centronatus.

From the hill on the east side of Fairview Wash opposite
Fox Spring:

Lot 5477 :
Syringopora sp.
Amplexus? sp.
Triplophyllum sp.

Spirifer centronatus.
Martinia? sp.
Orthonychia sp.

'
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From a point 114 miles north of Bristol Pass and half a
mile east of Fairview Wash, on the east side of the valley
through the hills of Devonian rock:

Lot 6007 :
Syringopora sp.
Chonetes loganensis.

Productus ovatus.
Spirifer centronatus.

These faunas are assigned by G. H. Girty to the
Madison (lower Mississippian) horizon.
The following lots were collected at Dutch John

Mountain (see p. 22):

Lot 6006a:
Syringopora surcularia.
Amplexus? sp.
Triplophyllum sp.
Cyathophyllum sp.

" Rhipidomella sp.

Schellwienella? sp.

Schuchertella chemungensis. .

Chonetes loganensis.

Camarotoechia aff. C. metal-
lica.

Spirifer centronatus.

Lot 6006b :
Coral n. gen. aff. Syringopora.
Favosites n. sp.

| Reticularia cooperensis.

Spiriferina solidirostris.

Ambocoelia? sp.

Composita humilis,

Cleiothyridina crassicardinalis.

Eumetria verneuiliana.

Euomphalus sp.

Euomphalus aff. E. spergen-
ensis.

Loxonema Sp.

Phillipsia sp.

Cyathophyllum sp.
Spirifer centronatus.

Lot 6008:
Schuchertella chemungensis.
Chonetes loganensis.

Lots 6006a and 6006b were obtained near the base
of the formation; but 6008 near the top. All are con-
sidered of Madison age:

Camarotoechia metallica.

PEERS SPRING FORMATION

Name and character—The Peers Spring formation
is here named from its occurrence in the hills east and
north of Peers Spring, 3 miles northwest of Bristol
Pass. It is found in a small area southwest of Silver-
horn and is well. shown in its proper place in the
Dutch John Mountain section (p. 18).

The Peers Spring formation shows considerable
lithic variation. The most noticeable type is a black

‘dense, fine-grained limestone, much of it gray-white

on the weathered surface, very thin bedded, locally
almost shalelike in its lamination. Probably a more
common facies, though not so often seen in actual out-
crop because it is a softer rock, is a brown calcareous
shale that effervesces slightly in warm hydrochloric
acid. The formation as a whole weathers easily, so
that outcrops are scarce, the surface being covered
with fine gray, lavender, or rusty débris. Interbedded
in the shale and thin limestones of the lower part of
the formation are blue-black limestones, some layers
of which are 4 feet thick. These seem to form a
transition by intercalation to the underlying Bristol
Pass limestone. ,

The Peers Spring formation in the Bristol Range
quadrangle is separated from the other Carboniferous
formations by fault boundaries; in the Dutch John
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Mountain section its stratigraphic position between the
Bristol Pass limestone and Scotty Wash quartzite is
clearly shown.

T hickness—The Peers Spring formation east of
Peers Spring has a uniform northwest dip and. if
possible faulting is disregarded has a calculated thick-
ness of over 2,500 feet; but this calculation can claim
little accuracy. At Dutch John Mountain the forma-
tion is close to 450 feet thick. The thickness may
not have been originally the same at the two locali-
ties, or there may be an unconformity not otherwise
indicated at the base of the overlying quartzite. In
the columnar section (fig. 3) the thickness is given
as 500 feet, almost certainly an underestimate for the
Bristol Range quadrangle.

Fossils and age—Fossils are uncommon and are
mainly found in the thicker layers of interbedded blue
limestone. Lot 5479 came from thick blue limestones
east of Peers Spring, probably toward the bottom of
the formation. It contained the following species:

Triplophyllum Sp.

Schuchertella aff. S. chemung-

ensis.
Camarotoechia metallica.

Spirifer aff. S. mysticensis.
Spirifer aff. S. grimesi.
BEuomphalus? sp.
Paraparchites? sp.

This lot is assigned by Mr. Girty to the lower
Mississippian Madison horizon.

The top of the small hill just east of the road at the
northwest corner of the Bristol Range quadrangle
yielded the following species, assigned by Mr. Girty
to the upper Mississippian:

Lot 5488:

Lithostrotion? sp. Spirifer aff. S. cameratus.

Schizophoria sp. Nucula sp.
Productus semireticulatus? Leda sp.

Pustula? sp.

Lot 5492:
Fenestella sp.
Productus ovatus.
Productus semireticulatus.
Composita? sp.
Nucula aff. N. illinoisensis.
Leda sp.
Aviculipecten sp.

‘Worthenia? sp.

Bellerophon sp.
Phanerotrema? sp.
Orthonema? sp.
Buomphalus sp.
Loxonema? sp.
Orthoceras? sp.

SCOITY WASH QUARTZITR

The formation here named Scotty Wash quartzite,
from the fact that Scotty Wash passes through it east
of Silverhorn, is a quartzitic sandstone which appar-
ently conformably overlies the Peers Spring forma-
tion and is provisionally correlated with the Diamond
Peak quartzite of the Eureka district.® It is found
in two areas—the larger one south and east of Scotty
Spring and the other west of Silverhorn. The follow-
ing section was taken half a mile west-northwest of
mineral monument No. 225, on the west side of the
valley :

1 Hague, .Arno]d, Geology of the Eureka district, Nev.: U. 8. Geol.
Survey Mon. 20, p. 83, 1892.

Section west of Silverhorn

Bailey Spring limestone.

Scotty Wash quartzite : Feet
Largely covered and represented by surface débris;
probably thin-bedded or shaly sandstone, with

some quartzitic sandstone at the top—————_______ 185
Red-brown quartzitic sandstone, well bedded and at
certain levels in beds 4 or 5 feet thick. Banded
and cross-bedded. Bottom of formation not

shown : - 510

695

Probably a somewhat greater thickness occurs east
of Scotty Spring, though it would be difficult to get
an accurate measurement there. The section at Dutch
John Mountain, north of this district, gives a thick-
ness of about 1,000 feet.

The rock is red and breaks down to dark-red débris.
Sand grains can be seen with a lens, but the more
massive facies are almost a vitreous quartzite in ap-
pearance. It is well bedded, and in places the beds
are 5 or 6 feet in thickness. Individual beds are
closely banded and locally cross-bedded. Ripple
marks are seen in some places. The presence of some
limestone débris on the terraces that follow softer
parts of the formation points to interbedded lime-
stones.

The base of the quartzite is not shown, as it is sepa-
rated from the lower Mississippian formations by
fault contacts. The upper beds lie with apparent con-
formity beneath the Bailey Spring limestone. The
quartzite is without fossils, but its age is known as
Mississippian from that of the immediately overlying
and underlying fossiliferous limestones.

MISSISSIPPIAN AND PENNSYLVANIAN SERIES
BAILEY SPRING LIMESTONE

Name and general character—The formation here
named Bailey Spring limestone occurs in several large

| areas southeast of Bailey Spring, on the west side of

the Bristol Range quadrangle, and in smaller masses
associated with the Scotty Wash quartzite east of-
Silverhorn. The best section is that in the hill directly
east of Bailey Spring, where about 2,250 feet (possible
faulting being neglected) of dark blue-gray limestone
is shown. The lower beds are the thicker, attaining
3 or 4 feet in thickness. Black chert is common, in
lenses as much as 6 or 8 inches thick, in smaller, irregu-
lar knots, and in thin bands. The basal beds of the
formation are not seen in this section. They consist
of olive-brown fossiliferous limestone, weathering to
reddish débris, which lies immediately above the
Scotty Wash quartzite and passes up into gray-black
fossiliferous limestone that weathers to mottled red
and yellow. These basal beds are found at many
places in the Silverhorn area. How much they add to
the approximate thickness of 2,250 feet determined
east of Bailey Spring is unknown—probably not much.
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Sections.—At Dutch John Mountain, 40 miles north
of Pioche, the rocks are unfaulted, and the formations
are seen in their normal succession. The section is
sketched very roughly in Figure 5. The Devonian
section (p. 18) was measured at the north end of the
mountain. The beds dip to the south, so that the
Bristol Pass limestone, which caps the hill at its north
end, comes down to the mountain base at its south
end. Just south of Dutch John Mountain, across a
transverse valley, is another range that shows the Car-
boniferous formations in normal succession in its north
slope. The columnar section here is as follows:

Section near Dutch John Mountawin

Bailey Spring limestone : Thick ledges of gray fossilifer- TFeet

ous limestone, in places cherty. Fossil lot-6009 was
taken on the middle of the slope; lot 6009a at the
summit. At the base, just above the guartzite, is a
reddish crystalline fossiliferous limestone, with abun-
dant Spirifers (lot 6008). The southward dip of the
rocks in the nearly level-topped ridge gives a much
greater thickness than can be obtained at the north
end of the hill, where only the lower beds show and
where the measurement was made__________________
Scotty Wash quartzite: Red quartzitic and shaly sand-
stone, the thicker ledges making benches along the
slope. In thick ledges near the top the rock is cross-
bedded and ripple marked and has shaly partings____
Peers Spring formation: Dense fine-grained coal-black
limestone weathering rusty or gray-white, breaking
down to flat slabby débris. ~ A few beds of soft sand-
stone and layers of banded chert__ —_——
Bristol Pass limestone:
At south base of Dutch John Mountain (upper
beds) : Gray crystalline limestone like that at the
top of the Dutch John Mountain section (p. 18).
Fossiliferous (lot 6008). The gray limestones
become finer grained and darker toward the con- .
tact with the overlying Peers Spring formation.. 200
(Break in section.)
In north slope of Dutch John Mountain (lower

750

1, 0600

450

beds) :
Gray crystalline limestone, with Some black
chert. Fossil lot 60062 _________ 5
Same. Fossil lot 6006 _______________ 70

Gray crystalline limestone in heavy indistinet
. beds. Fossil lots 6006b, 6006c_____________
West Range limestone (Upper Devonian).

Fossils and age—There is some question as to the
age of the different parts of the Bailey Spring lime-
stone. The following fossil lots were collected at
Dutch John Mountain :

Lot 6009b. Just above the Scotty Wash quartzite:
Spirifer rockymontanus, Composita subtilita.
Spiriferina aff. S. transversa. ) .

Lot 6009. Several hundred feet above the quartzite:
Chaetetes milleporaceus. Productus pertenuis?
Triplophyllum sp. Pustula n. sp.

Fenestella sp. Pustula aff. P. semipunctata.
Rhombopora lepidodendroides. | Marginifera wabashensis?
Chonetes n. sp. Pugnoides sp.

Productus cora. . Cleiothyridina orbicularis.
Productus semireticulatus.

Lot 6009a.
Syringopora multiattenuata.
Triplophyllum sp.

Stenopora n. sp.

Fenestella sp.

Pinnatopora sp.

Rhombopora lepidodendroides.
Productus cora.

Productus semireticulatus.
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700 feet above the quartzite:

Productus pertenuis. .

Productus sp.

Productus n. sp. aff. P. semi-
striatus.

Spirifer rockymontanus.

Spiriferina n, sp.

Hustedia mormoni.

The two upper lots are considered by G. H. Girty

undoubtedly Pennsylvanian.

The lower is dpubtful

but seems rather Pennsylvanian than Mississippian.
In the Bristol Range quadrangle the reddish lime-
stones just above the quartzite yielded lots 5486, 5490,

and 5491.

Lots 5478, 5480, and 5481 seem to be low

in the series; lots 5479, 5483, and 5484 are apparently

higher.

The species in these lots are as follows:

© Lot 5486. Above the quartzite 1 mile east of Scotty Spring:

Productus ovatus.

Productus parvus.

Productus semireticulatus var,
Avonia aff. A. arkansana.

Diaphragmus elegans.
Diaphragmus elegans var.
Spirifer increbesceng var.

Lot 5490. Same locality as 5486:

Rhipidomella n. $p.

Avonia aff. A. arkansana.
Productus semireticulatus var
Productus ovatus.

Lot 5491.
Silverhorn :
Chaetetes radians?
Triplophyllum sp.

Crania sp.

Productus ovatus.
Productus aff. P. inflatus.
Avonia aff. A. arkansana.
Diaphragmus elegans.
Diaphragmus elegans var.

Diaphragmus elegans.
Marginifera sp.
Composita sp.

Immediately above the quartzite 1 mile west of

Camarotoechia purduei
agrestis.
Spirifer increbescens.
Spiriferina spinosa?
Ambocoelia? sp.
Composita subquadrata.
Cliothyridina sublamellosa.
Platyceras sp.

var.

Lot 5478. Just east of Bailey Spring:

Cyathophyllum subcaespito-
sum?

Stenopora sp.

Fenestella sp.

Streblotrypa? sp.

Rhipidomella nevadensis?

Schizophoria n. sp.

Pustula? sp.

Avonia aff. A. arkansana.

Productus aff. P. semireticu-
latus?

Spirifer increbescens var.

Dielasma sp.

Spiriferina n. sp.

Composita subquadrata.

Cliothyridina sublamellosa.

Pteria sp.

Lot 5480. Above the quartzite, 134 miles southeast of Bailey
Spring, at east base of hill marked by bench mark 6658 :

Productus ovatus.
Diaphragmus elegans?
Avonia aff. A. arkansana?
Spirifer increbescens var.

Lot 5481.

Spiriferina sp.
Composita sp.
Nucula sp.
Ostracoda.

South slope of same hill as lot 5480:
Cyathophyllum subcaespitosum?

Lot 5479.  Summit of hill 0.7 mile east of Bailey Spring:

Cyathophyllum subcaespito-
sum?
Stenopora Sp.

Fenestella sp.

Rhombopora sp.
Productus semireticulatus.
Spirifer aff. S. increbescens.
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Lot 5483. Top of hill 1.4 miles west of mineral monument
No. 225 at Silverhorn: : )

Avonia aff. A. arkansana.
Diaphragmus elegans?

Lot 5484. Half a mile west-southwest of locality 5483:
Tenestella sp. Productus parvus?
Rhombopora sp. Diaphragmus elegans?
Streblotrypa? sp. Cliothyridina sublamellosa.

Cliothyridina sublamellosa,

These faunas are considered upper Mississippian
by Mr. Girty.

Two lots of fossils taken from a hill just east of
the road 0.7 mile south of Bailey Spring are undoubt-
edly Pennsylvanian. The rock is a dark blue-gray,
rather thick-bedded limestone, not unlike the Mis-
sissippian east of Bailey Spring. As the area is com-
pletely surrounded by lava, the structural relations of
the limestone to the other Paleozoic rocks can not be

made out. The calculated thickness is 700 feet. At
the north end of the hill some quartzite shows. The
following fossils were obtained:

Lot 5483, at the bottom of the section:
Textularia sp. Syringopora sp.
Fusulina sp. Campophyllum aff. C. kan-
Chaetetes milliporaceus. sasense.

Lot 5482, at the top of the section:
Fusulina sp. Batostomella sp.
Triplophyllum? sp. . Cheilotrypa? n. sp.
Campophyllum aff. C. Mavrginifera splendens.

sasense. Spiriferina sp.
Syringopora sp.

This identification of the fossils collected above the
Scotty Wash quartzite raises a problem as to the age
of the Bailey Spring limestone. At Dutch John
Mountain fossils collected a few hundred feet above
the quartzite are undoubtedly Pennsylvanian, and
those just above the quartzite seem to be Pennsyl-
vanian rather than Mississippian. In the Bristol
Range quadrangle, however, the lots taken above the
quartzite are upper Mississippian, and unless the sec-
tion is complicated by faulting, which may very

kan-

well be the truth of the matter, the upper Mississip- .

pian extends for 2,000 feet above the quartzite. So far
as lithologic characters go, it was found impossible
to subdivide the limestones above the Scotty Wash
quartzite, which were therefore put into a single for-
mation and named Bailey Spring limestone.

The explanation of the paleontologic contrast may
be as follows. The Bailey Spring limestone is in its
lower part upper Mississippian, in its upper part
Pennsylvanian. Iven at that there seems to be a
much greater thickness of Mississippian above the
quartzite in the Bristol Range quadrangle than at
Dutch John Mountain. This may be due to an orig-
inal difference in thickness of the lower part of the
limestone in the two localities, which is not very likely,
or to an increase of the measured thickness at Bailey
Spring by faulting; or there may be an unconformity
within the Bailey Spring limestone, not recognized

in the field on structural or lithologic grounds, which
at Dutch John Mountain cuts out most of the Missis-
sippian and allows the undoubted Pennsylvanian to
come down close to the quartzite. No more definite
statement can be made without further and very de-
tailed field study.

Mr. Girty writes:

The problem presented by the age of the Bailey Spring
limestone is impressive and at the same time unsolved. The
foswil evidence seems to be quite conclusive that the lower
beds in one area have a Chester (upper Mississippian) fauna
and in another area a quite different fauna that is Pennsyl-
vanian in age. I wonder if there may not be two quartzites
referred to as Scotty Wash quartzite, the one that occurs in
Dutch John Mountain, which is 1,000 feet thick, not appearing
in the Pioche district, where the only known Pennsylvanian is
faulted in; and the Mississippian quartzite of the Pioche dis-
trict, which is only about half as thick as the other, being
represented in Dutch John Mountain by less clastic beds of
upper Mississippian age. This explanation has difficulties, I
know—difficulties that are less apparent to me than to Mr.
Westgate—but I certainly dislike to see an apparently flat
contradiction go on record without at least a plausible
explanation.

TERTIARY SYSTEM
PLIOCENE (%) SERIES

PANACA FORMATION -

General field relations—The Panaca formation,
named by Stock *° from exposures about Panaca, in-
cludes a series of water-laid tuffs of probable Pliocene
age, well shown in the badlands east and west of
Panaca and lying to-day in essentially the same posi-
tion as when they were deposited. They are exposed
only in Meadow Valley and its tributary Patterson
Wash, for these valleys have an outside drainage to
the Colorado River, and in them only have the present
streams cut through the modern wash and revealed the
underlying Tertiary valley filling. The best expo-
sures of the beds (see pl. 5, C, D) are in the south
half of the Ely Range quadrangle, where they are well
shown in the broad valleys cut.by the tributaries of
Meadow Valley and where a typical badland topog-
raphy is developed. Farther north, northeast of
Pioche, the formation appears in places along the
faces of the valley terraces. Here the valleys are
shallower, the slopes are generally mantled with wash
from higher levels, and exposures are much less satis-
factory. It was impracticable to map in detail the
Panaca deposits of this part of the valley; only the
more conspicuous exposures along the face of the ter-
races are shown. It is believed that all of the valley
east of the Bristol-Highland Range is underlain by
the Panaca tuffs, from the south border of the High-
land and Ely Range quadrangles north to the head

20 Stock, Chester, Late Cenozoic mammalian remains from the Meadow
Valley region, southeastern Nevada: Geol. Soc. America Bull,, vol. 32,
p. 147, 1921.
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of Patterson Wash, beyond the northern limit of the , plane in this bed are sandy lenses, reaching a maxi-

Bristol Range quadrangle. Dry Lake Valley, west of
the Bristol-Highland Range, has an interior drainage,
and modern wash covers its surface, concealing any
underlying deposits.

The present altitude of the Panaca formation ranges
from 4,600 to 5,800 feet. It is lowest at the south
edge of the Ely Range quadrangle, at the level of
the Meadow Valley wash. About 7 miles to the east
it is 500 feet higher (5,100 feet); to the west, in the
Highland quadrangle, the highest exposures on the
Bennett Springs road are 600 feet higher (5,200 feet).
At the north edge of the Ely Range quadrangle north
of the Spring Valley road, the Panaca formation is
found at an altitude of 5 800 feet, 300 feet above the
level of -the adjacent ﬁat of Lake Valley. Meadow
Valley drops to the south beyond the limits of the
mapped area, and the Panaca is exposed along its
course to the point where it enters the gorge section
above Caliente. v A

Petrographic character—The beds of the Panaca
formation range from snow-white through cream-color
and brown to terra cotta, but the most common color is
a light brown. Where changes in color take place
vertically they are widely spaced, and color bands
along the sides of the valley are broad. In grain the
tuffs range from an almost impalpable powder to
sand. Small, scattered fragments of volcanic rock and
narrow bands of such fragments in which the frag-
ments average an inch or more in diameter occur in
the tuffs. The beds range in coherence from loose
powder through rock that can be completely powdered
by the ﬁngers (the usual type) to coherent rock of
sandy or porcelainlike texture.

The tuffs, which at first sight seem massive and
thick bedded, on closer inspection are seen to be strati-
fied and Water-laid. In a few places they are dis-
tinctly bedded and even cross-bedded. Coarser layers
of sandy material lie interbedded in the finer-grained
material; locally these sandy layers are 2 to 5 inches
thick. There are lines of interbedded angular pebbles
of volcanic rock that reach rarely 1 inch in diameter,
or in extreme casés 6 inches. No fragments were seen
at all comparable in size with the rocks in the surface
wash. About 2 miles north of Panaca the tuffs lie
against a 30° slope of Cambrian limestone. For some
5 feet above the contact the tuffs contain angular lime-
stone débris derived from the Cambrian beds, and thin
horizontal layers of the same material trail out into
the tuffs for 100 to 150 feet. Yet at this place the tuffs
are in the main massive cliffs of fine-textured light-
brown rock, separated by few lines of stratification
and overlain by better-bedded white tuffs.

. A bed of white fine-grained, almost massive diatoma-
ceous tuff has been mlned by short tunnels at several
points a mile east of Panaca. Along one parting

" examined wunder the microscope.

(opal).

ruum length of 4 feet and a maximum thickness of 8
inches. Along the hill to the west, at a slightly higher
horizon, the tuffs are buff and cross-bedded and range
from fine silt to gravel one-fourth to one-half inch in
diameter. What appear to be rolled silt balls as much
as 8 inches in diameter are found here.

Specimens were sifted through a 100-mesh sieve and
The following
classes of constituents were found: v

1. Minéral fragments, commonly angular and fresh, mainly
plagioclase but also quartz, hornblende, and biotite. These
fragments are angular and show little if any mechanical wear.

2. Fragments of glass, some vesicular and pumiceous, some
nearly opaque with inclusions.

3. Aggregates of chalcedony.

4. Grains and granular aggregates of carbonates, chiefly
calcite (about one-half of the specimens show effervescence in
acid). . :

5. Diatoms. One-half of the specimens studied showed
diatoms, and a quarter had them in large numbers.

The mineral fragments are evidently primary and
not derived from the weathering of earlier igneous
rocks. The structural features noted above show them
to be water-laid. The diatoms indicate shallow ponds,
local and temporary, over the surface of the rising
flats and are found most abundantly in the more silty
parts. The carbonates may be chemical precipitates
contemporary with the formation of the tuffs, or, more
likely, later calichelike deposits by ground water.

Concretions.—Concretions are found in the middle
and upper parts of the Panaca tuffs in the buttes in
the northern part of the village of Panaca. They
occur as dark flinty bodies, rounded or oval in vertical
section, over a foot in maximum thickness, and passing
into irregular bands. Near the summit of the hill is a
zone 8 feet in thickness in which the concretions are
especially abundant. The inclosing green-gray to
white tuffs are fine grained to sandy and contain an
abundance of diatoms.

The concretions are gray or brownish gray and por-
celainlike and break with a conchoidal fracture.
Some are marked with small irregular areas or

. stringers of black flinty material.

The microscope shows the same angular mineral
fragments, granular carbonate aggregates, etc., that are
found in the tuffs. These materials lie in a brownish
matrix which is largely secondary hydrous silica
The small black stringers are the siliceous
fillings of the small openings found in the consolidated
but otherwise unaltered tuffs.

T hickness—It is impossible to give a close estimate
of the thickness of the Panaca formation. Valleys
cut 100 to 200 feet into it do not reach the underlying
rock. North of Panaca the beds rise from the valley
level nearly to the top of the Pioche Hills south of the
canyon and are thus at least several hundred feet thick.
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Position of beds—The tuffs dip gently from both
sides toward the axis of the present valley. Dips of
4° E. were noted on the west side of the valley below
Bennett Springs. East of Panaca, along the southern
border of the quadrangle and on the east side of the
valley, the beds are broadly and very gently undulat-
ing, locally with a slight dip-to the east. This points
to a slight warping since their formation but not
enough in most places to reverse the gentle original
slope toward the middle of the valley. The general
horizontality of the Panaca beds shows that they were
laid down in a broad valley under topographic condi-
tions essentially like those of to-day. The bedrock
topography of the Pioche region has not changed
appreciably since pre-Panaca time.

Age—Stock #* records mammalian fossils from the
Panaca formation near Panaca. He writes:

The mammalian fauna consists of a camel, possibly Pliau-
chenia, an advanced type of horse related either to Pliohippus
or to Hquus, and a rhinoceros. The fauna suggests that the
deposits are of Pliocene age. The mammal-bearing sediments
of Meadow Valley may be known as the Panaca beds.

No fossils were found during the present study
except the diatoms. Samples of tuffs containing dia-
toms were submitted to Dr. Albert Mann, of the Car-
negie Institution, whose report is as follows:

I have made a careful examination of the material from
the Pioche district of Nevada.

Sample 173. Light cream-brown consolidated tuff half a
mile south of Bennett Springs, Highland quadrangle. Very
scanty in diatoms; one species, Denticule elegans, the variety
called by Kutzing D. thermalis. The mineral matter is tabu-
lar flakes (quartz ?) not waterworn.

Sample 182. Gray-white powdery tuff from butte on the
north edge of Panaca village. Rich in diatoms, which are
slightly corroded by the action of alkaline water. Mineral
matter similar to former but with some waterworn grains,
indicating more or more violent transportation than sample
173.

Amphora libyca.
Amphora proteus.
Cymbella cesatii.
Cymbella cymbiformis.
Cymbella turgida.
Denticula elegans,
Epithemia argus.
Epithemia gibberula.
Epithemia sorex.

Iragilaria brevistriata.
Fragilaria construens,
Navicula major.
Navicula radiosa.
Navicula sculpta.
Nitzschia palea.
Rhopalodia gibba.
Synedra capitata.

Sample 183. Gray-white powdery tuff, same locality as 182.
Composed of fine, waterworn sand. Diatoms very rare.
Navicula radiosa.
Rhopalodia gibba.
Sample 1563. White friable powdery tuff, from mine in white
Pliocene [?] 1 mile east of Panaca. Diatoms largely broken
by pressure; somewhat corroded, indicating action of alkaline

o Stock, Chester, Late Cenozolc mammalian remains from the Meadow
Valley region, southeastern Nevada: Geol. Soc. America Bull., vol. 32,
p. 146, 1921,

89276--31—3

water; -also with misshapen individuals, indicating alkaline
state of water during growth.
Cocconeis placentula.
Cymbella casatii.
Cymbella cymbiformis.
Cymbella ehrenbergii.
Cymbella lanceolata.
Cymbella lunula.
Denticula elegans.
Fragilaria construens,
(=F. harrisonii).

Gomphonema lanceolatum.
Mastogloia grevillei.
Navicula bohemica.
Navicula elliptica.
Navicula major.

Navicula viridis.
Rhopalodia gibba.

var.

Sample 1566. White friable powdery tuff, from mine in
white Pliocene [?] just west of 1563. A high per cent diatom
earth ; mixed with a small amount of fine sand, slightly water-
worn.

Cocconeis placentula.

Cymbella americana.

Cymbella cymbiformis.

Cymbella ehrenbergii.

Cymbella mexicana.

Denticula elegans.

Epithemia sorex.

Fragilaria brevistriata.

Fragilaria construens, typical
and var. (=F. harrisonii).’

Melosira distans.
Navicula anglica.
Navicula elliptica.
Navicula menisculus.
Navicula nobilis.
Navicula rupestris.
Navicula semen.
Navicula viridis.
Rhopalodia gibba.
Surirella ovalis.

Sample 1583. Light-brown consolidated sandy tuff, north
edge of Ely Range quadrangle, sec. 29, T. 2 N, R. 68 E. Dia-
toms very scarce, one species, Denticula elegans. Fine silt and
sand, angular, not waterworn.

All the diatoms recorded are strictly fresh-water species.

As to drawing ‘any trustworthy conclusion from the fore-
going as to the geologic period of these strata, I have little to
say; nor is there any article known to me of service in mak-
ing a safe interpretation. I can merely state that a little over
half the species here recorded are abundant in the fossil
deposit at Montgomery, Ala.,, which has been assigned to the
Pleistocene. I do not know that they may not equally well
be referred to the Pliocene. The fact is there has been for
years an urgent need of fixing the geologic horizous of our
vast American fossil diatom Dbeds. But until that is done
there will be little chance of making effective use of these
persisting and significant fossil remains, the diatoms.

The general history indicated by the facts above set
forth is as follows: Immense quantities of volcanic
dust and sand were washed into the upper Meadow
Valley until the accumulating deposits covered the
south end of the Ely Range. After the cessation of
tuff accumulation, the streams began washing coarse
gravel from the adjacent mountains, covering the tuffs
with a veneer of alluvial-fan material, thicker nearer
the mountains, thinner near the axis of the valley.
Soon the main streams began to cut down into the
valley filling, . .

Two features then came into existence. First, in
certain places the new streams found themselves
superimposed on rock ridges and began to excavate
canyons in the older and harder rocks. The best ex-
ample is Condor Canyon, which is followed by the
railroad between Panaca and Pioche, and its tributary
Hamlight Canyon. The gorge above Caliente, fol-
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iowed by the same railroad, is of similar origin. The
earlier stream circled the south end of the Ely Range.
. The course of the earlier valley farther south, beyond
the mapped area, has not been traced.

A second feature of the later erosion period is the
succession of terraces cut into the body of the tuffs,
each terrace becoming veneered with a layer of coarse
gravel, in part brought from the mountains but in
larger part a redeposit of the material on the higher
terraces cut away in the formation of the newer and

lower flats. In many places slide gravel from the’

higher levels conceals the Panaca slopes connecting
successive levels.

QUATERNARY SYSTEM
VALLEY ALLUVIUM

The lower parts of the area are filled with outwash
from the mountains. Near their bases the slopes are
steeper, reaching a maximum gradient of 450 feet to
the mile (51%°); away from the ranges the slopes
~ flatten until in Dry Lake Valley, 6 or 7 miles from
the mountains, they merge in the almost perfectly
level mud flat. The size of material varies with the
steepness of slope and distance from the mountains.
In Meadow Valley below Panaca rolled blocks of
quartzite, limestone, or lava over 2 feet in diameter
are found near the base of the range. On the playa
flat of Dry Lake Valley the material is fine silt.

In Lake Valley and Meadow Valley there is out-
side drainage to the Colorado River, and the streams
have cut deeply into the wash, which is seen to be a
relatively thin veneer covering the underlying valley
fill, and redistributed it on successively lower and
younger terraces. On the lower terrace east of Pan-
aca the gravel is but 5 feet thick; near the Newman
ranch, southwest of Panaca, it is 8 to 20 feet thick;
and back toward the mountains there are valleys
which cut 125 feet below the general wash level but
- have not reached the Tertiary. '

" The gravel is not usually cemented below the sur-
face, but in places the upper few feet is cemented to
a conglomerate or breccia that locally makes a hard
pavement level with the general surface of the wash.
In one or two places south of the Pioche Hills and
west of the Panaca-Pioche road loose débris of mod-
erate size makes a stony pavement a single layer of
pebbles thick, resting on fine tuffs. There has here
been concentration of pebbles during the production
of the flat surface on the Panaca deposits.

IGNEOUS ROCKS

The igneous rocks of this district include great
thicknesses of surface lavas and tuffs, covering large
areas, and intrusive stacks and dikes. The more

recent Tertiary tuffs (Panaca formation) are de-
scribed separately as sedimentary rocks (p. 23).

TERTIARY (?) LAVAS
GENERAL FEATURES

Surface lavas cover many square miles in the Pioche
district. Their age can not be closely determined
within the district itself, because of the absence of
sedimentary rocks of approximately the same date.
The only earlier sedimentary rocks are those of Paleo-
zoic age, the youngest of which belong to the Penn-
sylvanian. As the lavas rest unconformably on the
Paleozoic limestones they must have been enough later
than the Pennsylvanian to permit the tilting and deep
erosion of the Paleozoic rocks. They .are older than
the undisturbed Tertiary tuffs about Panaca (Panaca
formation), having been extensively tilted, faulted,
and eroded to nearly their present topographic form
before the Panaca tuffs were laid down. In previous
publications on the geology of the Pioche district 22
the lavas were referred to as Miocene (%), on the as-
sumption that this was the major period of volcanism
in the Great Basin region. However, as lavas in the
West Range were involved in the thrust faulting and
as in other areas of the Great Basin similar thrust
faulting appears to have occurred before Miocene
time,*® it is considered likely that at least a part of
the lavas are of pre-Miocene age. ‘

The lavas of the Blind Mountain area are older than
the granitic intrusions but are so highly altered that
they can not be identified with those of the rest of the
district. On the other hand, at the Hamburg mine
there is a dike of dacite of postmineral age (p. 75)
which has the same mineral composition as certain of
the normal surface lavas.

It is concluded, therefore, that a part of the lavas
are of early Tertiary or possibly even of Mesozoic age
but that the most recent, being later than the ores and
hence also later than the granitic intrusive rocks, may
be as young as Miocene.

The extensive erosion on the faulted lavas by which
the present surface features of the district were pro-
duced must have removed the lava cover from the sedi-
mentary rocks in many places, so that the present area
of the lavas is less than it formerly was.

There are several thousand feet of successive lava
flows and associated tuffs ranging in thickness from a

2 Westgate, L. G., and Knopf, Adolph, Geology of Pioche, Nev., and
vicinity : Am. Inst. Min. and Met. Eng. Trans., vol. 75, pp. 816-836,
1927. Gillson, J. I., Petrography of the Pioche district, Lincoln
County, Nev.: U. 8. Geol. Survey Prof. Paper 158, pp. 77-86, 1929.

23 Nolan, T. B., Geology and ore deposits of the Gold Hill district,
Utah: U, S. Geol. Survey Prof. Paper — (in preparation). Hewett,
D. F., Geology and ore deposits of the Goodsprings district, Nev.: U. 8.
Geol. Survey Prof. Paper 162, pp. 42-55, 1931. Longwell, C. R,
Structural studies in southern Nevada and western Arizona: Geol.
Soc. America Bull,, vol. 37, pp. 551-584, 1926.
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few feet to 1,000 feet or more and in character from

rhyolite to basalt. These lithic extremes are, however,

uncommon; by far the greater part of the material is
“of intermediate composition, an andesite or dacite.

The largest lava area of the district, covering about

45 square miles, is in the northwest quarter of the

Bristol Range quadrangle, north and west of
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tion, is probably repeated by faulting, and is here dis-
regarded. The following notes on the successive lavas
are given in order from below up.

1. Biotite dacite, S00 feet. A lilac-gray rock showing small

crystals of quartz, plagioclase, and biotite crowded in a light-
red groundmass. The microscope shows phenocrysts of

Bristol Pass, and extends northward for 10 or | SECTION _ [THICKNESS| No
15 miles beyond the edge of the quadrangle. [Zizizzivasl 199 |20 | Gray homblende-biotite dacite
A second large area starts 4 miles east of [& 190" | 19 | Gray hornblende-biotite dacite
Pioche and extends southeastward beyond the 160" | 18 | Red biotite andesite with obsidian base
limits of the Ely Range qua drangle. The 125 17_| Red biotite andesite with obsidian base
upper four-fifths of Condor Canyon is cut 250" | 1@ | Rhyolite tufl
through these lavas. A third lava area, con-
sisting of several large discontinuous patches, 440’ | 15 | Red-brown hornblende andesite
lies west of the Highland Range, from Blind
Mountain to the south edge of the Highland 240’ | 14| Red:brown andesite
quadrangle. In addition to these three areas '
numerous smaller occurrences of lava are §:§; oo | 5| Red andesie
scattered over the district. ==

Exposures within the lava areas are poor. Fmu—z
The lavas weather readily, as is shown by ===t o )
the fact that all the highest parts of the dis- o= 2% | ' | Cray pyroxenchomblenderbiotite andesite :
trict are on the Paleozoic sedimentary rocks.
Commonly the lavas make rounded hills cov-
ered with débris, with scattered outcrops or
exposed ledges of the harder flows. The poor 720" | At | Tufs and brecciag
exposures over large sections, the locally
unrecognizable effects of faulting, and the oo} Andesite vitrophyre
similarity of successive flows make it very i e
diflicult, if not practically impossible, to work ETm=mmal ... | o | Hees te andesite
out the structure of the lavas in detail. Cer- - | Dacite tuft
tainly there is not enough involved to jus-
tify the attempt, for nowhere do they carry 460" | 4 | Pyroxene andesite
ores. The lavas are therefore mapped as a , 4
unit, and their general structural relations 28| Latite tufl
are shown by the structure sections. Al- ) )
though a detailed structural account of the %007 | 7 | Andesiteporphyry Red flow
lavas is impossible, a description of the out- == =
standing features of the several areas will \f_—;"\,/\\
give a good idea of the different kinds of %\’—’w—_/ % ) o
flows and of their succession. ;’-,-;\7'\,‘7’\ 800" 1 | Biotite dacite -

CONDOR CANYON SECTION 3 ,‘7\ \’,3 ’;/ I
By far the best exposed section in the dis- Highland Peak limestone

trict is that in Condor Canyon. The lower
mile of the canyon is in the Highland Peak
limestone, which has an average dip of 40° E. Up-
stream from the limestone more than 6,000 feet of
lavas and tuffs, with an average dip of 25° E., are ex-
posed in the canyon walls. The measured section
shown in Figure 6 ends at the east entrance of the can-
yon half a mile south of the Delmues ranch. The lavas
extend east to the edge of the wash beyond the ranch,

but this part is discontinuous with the measured sec-

Figurp 6.—Columnar section of lavas in Condor Canyun

quartz, plagioclase (andesine), biotite, less commonly horn
blende, and rarely augite. Magnetite, less abundantly api-
tite, and in some sections titanite and zircon occur as acces
sory minerals, though the magnetite is so abundant that it
might be considered an essential phenocryst. Quartz occurs
in irregular grains or ecrystals as much as 2 millimetcrs in
diameter, many of them corroded and embayed. The biotite
it commonly fresh, though in places altered to an aggregate
bordered by and containing magnetite. The hornblende gen-
erally shows a similar change. The changes in the quartz,
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biotite, and hornblende are magmatic changes that accompa-
nied the final stages of consolidation of the rock. Weathering
changes are insignificant, and the feldspars are commonly
fresh., The groundmass is microcrystalline to cryptocrystal-
line, rendered brown by finely granular iron oxide and other
opaque products. Flow structure is present but not conspicu-
ous. Phenocrysts make 50 to 60 per cent of the rock. The
ratio of salic to femic minerals is 4 or 5 to 1. In some slides
the hornblende nearly equals the biotite, but usually it is
present in much less abundance. The augite is absent in most
sections and where present occurs in small amount. No sani-
dine was seen among the phenocrysts and if present in the
groundmass was hot recognized. The rock is then a quartz
andesite, or dacite. Flow 1 varies somewhat in color but
appears to be a single flow. A platy structure parallel to the
dip is an effect of flow. This rock is one of the most common
types in the district, especially in the Bristol Range and ngh-
land quddrangles.

2. Andesite porphyry, 580 feet. A red-brown rock, showing
small indistinet white feldspars in a red-brown aphanitic
groundmass. The miscroscope shows feldspar (andesine)
crystals as much as 1.5 millimeters in diameter and irregular
grains of magnetite in a cryptocrystalline groundmass of unde-
terminable material colored with minute granules of iron oxide
and streaked with somewhat coarser microcrystalline areas of
the same general character.
is common, especially about the magnetite grains. The pheno-
crysts make less than one-tenth of the rock. The exact rock
species can not be determined from microscopic study where
so large a part of the rock is undeterminable groundmass.
It can be called andesite. Flow 2 rests on the eroded surface
of flow 1. It shows three bands, but these are considered
parts of one flow.

3. Latite tuff, 95 feet. A pale lilac-gray, finely granular
rock containing scattered flakes of biotite, small crystals of
feldspar, and subparallel chips of pumice.

The microscope shows sanidine, less abundant plagioclase

(andesine), and a little biotite and magnetite lying in a

matrix that shows a tuffaceous texture but is now micro-
crystalline and cryptocrystalline as a result of devitrification.

4, Pyroxene andesite, 460 feet. Gray to greenish-gray and
gray-black rocks, weathering deep brown. Vesicular bands at
several levels, the terraced character of the outerop, and some
differences in mineral character indicate that No. 4 is com-
posed of several flows; but as the same general kind of rock
occurs throughout, it is treated as a unit. Specimens from the
lower part of the flow are fine-grained gray-black rocks with
- small and indistinet phenocrysts. The microscope shows
crystals of plagioclase (andesine-labradorite) as much as 2
millimeters in diameter, pyroxene (1 millimeter or less), and
magnetite in a groundmass composed of minute prisms of
plagioclase and grains of pyroxene and magnetite. Both
orthorhombic pyroxene (hypersthene) and monoclinic pyroxene
(augite) are present, the first in greater abundance. The
groundmass is estimated to form 52 per cent of the rock and the
phenocrysts of plagioclase 30 per cent, pyroxenes 15 per cent,
and magnetite 3 per cent. Specimens taken nearer the top of
No. 4 showed the same general textural and mineralogic char-
acters, except that hypersthene was not seen and some horn-
blende was present, in part secondary after pyroxene. One
slide shows olivine almost wholly changed to serpentine. It
is a question whether this rock should be called an andesite
or a basalt. It stands in sharp contrast with the other an-
desites of the district in darker color, more basic plagioclase,
abundance of pyroxene (much of it hypersthene), absence of
biotite and of primary hornblende, and finer texture of its

- pumice.

Apatite is present and hematite

groundmass. It is, somewhat arbitrarily, put with the an-
desites.

5. Dacite tuff, 50 feet. A creamy-white rock showing minute
flakes of biotite, crystals of feldspar, and a few small lava
inclusions in a stony groundmass. The microscope shows
quartz as much as 2 millimeters in diameter, plagioclase (an-
desine), and some biotite in a glassy groundmass that has a
tuffaceous structure.

6. Hornblende andesite, 295 feet. Flows 6 to 10 form a
series of massive red-brown lavas which extend northeastward
as far as the entrance to Hamlight Canyon. Flow 6, the
lowest, makes high ecliffs of much jointed red-brown fine-
grained lava which gequires a lens to bring out the small horn-
blende crystals. The microscope shows abundant crystals of
deep red-brown hornblende, ag much as 2 millimeters in diam-
eter, and magnetite in a vesicular groundmass in which
small plagioclase (andesine) laths 0.2 millimeter or less
across with subparallel orientation lie in a microcrystalline
to cryptocrystalline base containing much granular ferruginous
material.

7. Andesite, 45 feet. Terra cotta lava showing in the hand
specimen minute feldspar crystals and small patches of
The microscope shows rectangular plagioclase crys-
tals 1 millimeter or less in diameter and grains of magnetite
in a vesicular cryptocrystalline groundmass colored deep red
by crowded granules of iron oxide.

8. Andesite, 60 feet. Lilac-red lava with small scattered
crystals of feldspar. The microscope shows a few large and
more smaller crystals of plagioclase and grains of magnetite
in .a microcrystalline or glassy vesicular groundmass with
abundant iron oxide granules.

9. Andesite, 60 feet. Like No. 7 but is lighter in color and
contains more pumice inclusions. It was not examined in
thin section.

10. Andesite vitrophyre, 70 feet. Lilac-gray lava streaked
with narrow white plane-parallel bands. The microscope
shows scattered crystals. of plagioclase, a few grains of mag-
netite, and a very little biotite in a microcrystalline to crypto-
crystalline groundmass containing abundant iron oxide gran-
ules. Calcite and aggregates of tridymite occur in irregular
patches.

11. Tuffs and breccias, 720 feet. .Light-gray to white rocks
containing lava fragments 1 foot in maximum diameter.

12. Gray pyroxene-horublende-biotite andesite, 725 feet.
Near the bottom it. i a gray lava specked with crystals of
black biotite and pyroxene and white plagioclase. The micro-
scope shows plagioclase (andesine) reaching 3 millimeters in
diameter, biotite 2 millimeters, olive-green hornblende 1 or 2
millimeters, green pyroxene 3 millimeters, and grains of mag-
netite in a glassy, slightly -clouded groundmass. One small
grain of quartz was seen. The ratio of constituents is esti-
mated in percentages as plagioclase, 50; b1ot1te, 6; hornblende,
5; pyroxene, 4; glass, 25.

13. Red andesite, 300 feet. Lilac-red lava, slightly vesicular,
spotted with small feldspar crystals. No thin section. The
rock is very similar to flow 2

14. Red andesite, 440 feet. Weathering red-brown.

15. Red-brown hornblende andesite, 440 feet. Fine-grained
red ]avas north and south of the water tank. The same as
flow 6.

16. Rhyolite tuff, 250 feet thick on the railroad, thickening
northward and thinning to a few feet or nothing on the south
side of the valley. It is not clear whether this thinning is
due to faulting, to deposition of the tuffs on an uneven sur-
face, or to erosion after deposition and before the outflow
of the succeeding lava. The second explanation is. the more
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likely. A hand specimen is a light itlac-brown rock with
abundant phenoerysts of quartz and feldspar, a few crystals
of biotite, and many shreds of pumice. The microscope shows
abundant quartz in irregular grains 1.5 to 2 millimeters in
diameter, sanidine and plagioclase, the first much more abun-
dant, and a little biotite and magnetite in a glassy groundmass
showing tuffaceous structure.

17. Red biotite andesite with obgidian base, 125 feet. The
basal 10 or 12 feet of this flow iy a black obsidian porphyry,
a black glass specked with phenocrysts of feldspar. The
microscope shows rectangular crystals of plagioclase (ande-
sine) as much as 1 millimeter in diameter but commonly
smaller, with some biotite and magnetite, in a glass dark
with erowded granules. The phenocrysts make about one-
tenth of the rock. The obsidian passes abruptly into the main
red-brown rock, which shows in the hand specimen small
crystals of feldspar and biotite in a brown porcelainlike base.
The microscope shows small crystals of plagioclase measuring
1 millimeter or less, biotite as much as 5 millimeters, and
magnetite in a cryptocrystalline groundmass crowded with
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crysts, in greatest part feldspar, make up about 20 per cent
of the rock. Flow and vitroclastic structures are visible.

19. Gray hornblende-biotite dacite, 190 feet. Gray lava,
on hasty inspection resembling a granite, making massive
ledges in the canyon. The hand specimen shows abundant
crystals of quartz, plagioclase, biotite, and hornblende in a
white groundmass. No thin section was examined.

20. Gray hornblende-biotite dacite, 135 feet. This flow,
which is double, consisting of a lower layer 45 feet thick and
upper one 90 feet thick, makes the dip slope at the entrance
to the canyon. The rock is much streaked with small pumice
inclusions, which weather out, making pits. The hand speci-
men is a medium-grained gray rock with abundant crystals of
quartz, feldspar, biotite, and hornblende in a gray ground-
mass. The microscope shows numerous quartz grains, plagio-
clase, sanidine, biotite, hornblende, and magnetite in a glassy
or cryptocrystalline groundmass erowded with small granules.
The phenocrysts make one-third to one-half of the rock. The
plagioclase is much in excess of the sanidine, and the biotite
of the hornblende. )
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F1cUrD 7.—Sectlon of lavas south of Black Conyon

minute granules. This rock does not differ mineralogically
from the obsidian at its base. It has a distinct flow structure.
Lighter-colored microcrystalline bands contain tridymite.

Alternations of vesicular with compact lava through the flow
indicate that it may be a composite. '

Spherical bodies as much as 15 inches in diameter are found
mainly at the transition of the obsidian to the overlying red
andesite and in lesser numbers down to a horizon 2 feet below
the transition zone. They are dark on the outside and pre-
vailingly red within, or show rudely concentric alternations of
the two colors. There is commonly an irregular central open-
ing lined with chalcedony and in some more centrally with
calcite.

18. Red biotite andesite with obsidian base, 160 feet. This
flow is much like No. 7, but it is not considered the same
repeated by faulting. The basal part is a black obsidian
porphyry about 12 feet thick, which passes up into a red-
brown lava but a little more gradually than in flow 13. At
the contuct are numerous lenticular nodules reaching a maxi-
mum size of 9 inches but averaging 4 or 5 inches. They are
distributed vertically through 3 feet of rock and are found in
both the obsidian and the red rock. In the main red flow
there is an alternation of several beds of vesicular and compact
rock.

A specimen taken just below the top of the brown lavas
shows abundant crystals of feldspar and fewer of biotite in a
red-brown stony base. The microscope .shows plagioclase
(andesine) in good crystals as much as 2 millimeters in
diameter, biotite, magnetite, and a very few grains of green
pyroxene in & ecryptocrystalline groundmass. The pheno-

Ation, olivine basalt.

In summary, the following varieties of lava are
found in the canyon section:

Number of flow

Lilac-colored hornblende-biotite dacite 1

Gray hornblende-biotite dacite 19,20

Red-specked andesite porphyry (few dark minerals)____ 2,7,

8,9,13,14,17,18

Hornblende andesite 6,15
Gray pyroxene-hornblende-biotite andesite_____________ 12
Hypersthene andesite i - - 4
Tuffs - 3,5,16,11
Andesite obsidian _ _ 10

The same varieties occur in other areas and, in addi-
In the following descriptions
only the more general features will be given.

BLACK CANYON SECTION

A large field of lavas lies at the south edge of the
Highland quadrangle between Black Canyon and
Klondike Gap: The dip is 15° or 20° E. and the strike
north-northwest, swinging around to north at Black
Canyon. In the hills 114 miles west of Klondike Gap
the section shown in Figure 7 was taken. The total
thickness of the section, judged from width of outcrop
and dip, is 2,000 feet, but this represents the thick-
ness of the lavas in this section only, not the total for
the area. The approximate thickness of individual
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" beds is given for only a few of the members of the se-
ries. The sequence from above down is as follows:

13. Hypersthene-augite basalt.

12. Dacite tuff.

11. Olivine basalt, vesicular at top.
10. Latite tuff.

. Olivine basalt.

. Gray augite-hornblende dacite.
. Latite tuff.

. Red biotite latite.

. Latite vitrophyre (obsidian).

. Dacite tuff.

. Quartz latite tuff.

. Quartz latite. .

. Rhyolite vitrophyre (obsidian).

Flow 1 is a gray glassy rock, with phenocrysts of feldspar
and biotite. It is vesicular and carries inclusions of other
lavas. The microscope shows abundant quartz, plagioclase,
sanidine, and biotite, with magnetite and titanite, in a glassy
groundmass which is in part clear, in part brownish with
minute inclusions. The phenocrysts make up about 50 per

HINDWR IO =NPO

wW.

Augite andesite

54 A
05 QU Oy
Ver . O3 8¢, s &s;
g "Otite . Bigy - Qngelita; H°"'u,, “ tup NN S Vit
By 3 ho, Ute o ~Site Lupp~Llony Sit )
05> Oty¢, e) rng ~ho, Lury & 1507 Ze
¢ e 5 /e, ) r an, 'So
H°”l7b & e dacite il ; b/e”de SN :
fonge 10" B Jite %cirg % >
"Otite
ds""te

ward to the north edge of the Highland quadrangle.
The flows dip 10°-20° E. and strike approximately
north. ,

The section of lavas east from the east base of the
Ely Springs Range at Ely Springs is given in Fig-
ure 8. The lower beds, up to a prominent red andes-
ite, are the common lilac-colored biotite dacites, with
associated tuffs of similar mineral composition. Part
way up in the series is a 15-foot obsidian (biotite-
hornblende dacite vitrophyre), probably a glassy
facies of the overlying biotite-hornblende dacite, and
a little below the andesite two flows, augite andesite
below and hypersthene-augite andesite above.

The red andesite (augite andesite, 150 feet thick)
makes the largest of several parallel ridges. It is a
red or red-brown rock with small lenticular inclusions
of stony or glassy lava as much as 2 inches across.
The hand specimen has a flinty brown-red ground-

Augite andesite 30 E.
Obsidian 40’ .

Augite-hypersthene
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cent of the rock. The salic constituents are much more
abundant than the femic, and the sanidine than the plagioclase.

The second obsidian, flow 5, shows phenocrysts of plagioclase
(andesine), sanidine, biotite, green hornmblende, a very little
augite, magnetite, apatite, and zircon in a brown glassy base.
The plagioclase is much in excess of the sanidine. The pheno-
crysts make up about 25 per cent of the rock. The relation
of this obsidian to the overlying red biotite latite resembles
that of the two obsidians in the Condor Canyon series to their
overlying red lavas.

The two olivine basalts are unlike anything in the Condor
Canyon section. The upper basalt (flow 11) is a black apha-
nitic vesicular rock. The microscope shows as phenocrysts
plagioclase (labradorite, a single 1-millimeter crystal), olivine
(common, largely in good crystals), and a little augite. The
olivine crystals are wholly or partly altered to red-brown
iddingsite. The groundmass consists of plagioclase microlites
as much as 0.2 millimeter in diameter, in places subparallel,
augite, and magnetite. The lower basalt (flow 9) is a gray-
black aphanitic rock with no distinct phenocrysts. In the
thin section open spaces may represent plagioclases ripped
out. Olivine is common. The groundmass contains abundant
small prisms of plagioclase, grains of olivine, augite, and mag-
netite, in a black opaque base.

ELY SPRINGS AND DELMUES WELL SECTIONS

- A lava area, continuous except at the north where
its lower parts are covered by wash, lies along the
east side of the Ely Springs Range and extends north-

lavas east of Ely Springs

mass in which lie small feldspar crystals. The micro-
scope shows plagioclase (andesine), pale-green augite,
magnetite, and a little apatite in a deep-brown crypto-
crystalline groundmass: Phenocrysts, chiefly plagio-
clase, make up about 50 per cent of the rock, and there
are numerous small inclusions of other lavas.

The red augite andesite is near the top of this sec-
tion. It makes a ridge along the east side of sec. 26.
T. 1N, R. 65 E.,, and can be traced northward to the
high hill near the center of sec. 23. From this hill a
section was made east along the divide. (See fig. 9.)
As the red augite andesite lies at the bottom of this
section the flows here lie above those to the south.
There is in general a repetition of the rock varieties
found to the south, but the augite and hypersthene-
augite andesites are more abundant than in the lower
part of the section to the south.

In both of these sections the succession of flows and
tuffs is given, but, except for a few of the flows, no
attempt is made to give the thickness. The total
thickness of the two sections, if there is no repetition
by faulting, is about 3,000 feet.

The lavas about Delmues Well dip 10°-20° E. and
strike N. 10° W. They are in line with or a little east
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of the continuation along the strike of the more
southern beds.

A conspicuous red andesitic lava makes a line of
hills a quarter of a mile east of the N. 10° W. road at
Delmues Well, including the two hills just north and
south of the well. It is a red aphanitic rock which
under. the microscope shows plagioclase (andesine), a
few grains of an unknown femic mineral, and mag-
netite in a dark-brown vesicular microcrystalline
groundmass crowded with minute granules. The
phenocrysts make less than one-tenth of the rock and
in specimens collected to the north along the ridge are
quite lacking. The flow resembles in some ways the
main red augite andesite to the south but probably
not closely enough to be considered the same rock.

Below (west of) this red andesite and also above it
(for a mile east) the most common types of lava are
the dark augite and hypersthene-augite andesites

w.

biotite (not over 5 per cent of the rock) and magnetite
in a red-brown vitroclastic groundmass. Larger .sec-
tions of the groundmass are replaced by finely granu-
lar chalcedonic quartz; which becomes coarser grained
toward the center of the patches. This secondary
quartz makes from one-third to one-half of the whole
rock.

NORTHWESTERN AREA

The largest single area of lavas, covering nearly 45
square miles, extends north and west from Bristol
Pass. Over much of this area outcrops are poor or
lacking. It lies outside that part of the district where
a dominant north-south faulting has given a prevail-
ing eastward dip to the rocks; the dip and strike vary
widely, and faulting has taken place, but the rock
structure was not deciphered. The following general
statements are all that can be made.

Hornblende-biotite dacite

........

I,O‘OO FEET

FIGURE 9.—Scction of lavas east of Ely Springs Range

found in the upper part of the series to the south.
Interbedded with them are some red andesites. The
lavas near Delmues Well probably represent the upper
part of the series to the south or are still higher flows.

The high hill 2 miles west of Delmues Well con-
sists of dark-gray augite andesite dipping gently east,
whose relation to the rocks of the Delmues Well sec-
tion is unknown.

The lavas in the southwest quarter of the Highland
quadrangle would probably, if the intervening wash
cover were removed, prove to be continuous with those
south of Black Canyon. South of the Hiko road they
are chiefly the common red dacites and andesites. The
isolated hills north of the Hiko road for 5 miles north
of Monument Canyon contain abundant dacitic and
rhyolitic tuffs with some interbedded obsidian or vitro-
‘phyre. The general strike is north, and the dip 15°-
20° W. These more porous rocks have undergone silic-
ification to an extent unknown elsewhere in the lavas.
The three hills at the north reaching altitudes of 4,945
4,877, and 5,009 feet are on a layer of more or less dis-
tinctly tuffaceous andesite. ‘A specimen from the
4,945-foot hill is a red-brown rock with crystals of
biotite and plagioclase in a red aphanitic base, irregu-
larly streaked with gray chalcedony. Irregular cavi-
ties an inch or less in diameter are lined with crystal-
line quartz. The microscope shows plagioclase and

That part lying east of the Fairview Range and ex-
tending south to the fault north of Upper Fairview
Spring is occupied mostly by a thick series of the com- -
mon lilac-red biotite dacites, with some red andesites.
The general strike here is northeast and the dip 15°-
40° SE. The summit of the Fairview Range, altitude
7,509 feet, is capped by a flow of black vesicular hyper-
sthene-augite andesite, weathering brown, about 200
feet thick. If there is no faulting this andesite lies be-
neath dacites to the east. The succession on this peak
from the summit down comprises black hypersthene-
augite andesite, red vesicular andesite, gray biotite
dacite, and lilac-colored biotite dacite.

The marked and locally -abrupt differences in dip
and strike of the lavas west of meridian 114° 40’ mean
that this area as a whole is separated by faults from
the area on the east and that it is itself broken by
faults into blocks. Some of these faults can be located
in part, but it was impossible to make out the struc-
ture in any completeness.

A black hypersthene-augite andesite is common and.
as it is harder than the associated lavas, caps many of
the hills. Whether or not the different exposures rep-
resent the same bed separated by faulting is uncertain.
The general association of the andesite with the sim-
ilar red lavas suggests that if not one bed it represents
one general horizon. Immediately below the black
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andesite comes a red andesite, 50 feet thick, and then

a flow or flows of lilac-red biotite dacite which in the

north slope of Fairview Peak is at least 1,200 feet
thick. The basalt caps Fairview Peak and many hills
about Littlefield Spring and is very common in the
hills west of the Ely road between Littlefield and
Bailey Springs.

A third part of this northern area, from the east-
west fault north of the Fairview Springs south to
the sedimentary rocks about Silverhorn, is occupied by
what is in some ways a different and possibly a lower
series. The black andesite is absent. The commonest
rocks are still the lilac-colored and gray biotite dacites,
kut tuffs and pitchstones are conspicuous. A mile
southeast of Fairview Peak pitchstone occurs between
Iilac-colored dacite above and gray dacite below. Two
miles due south of Fairview Peak pitchstone is asso-
ciated with dacite. The rock under the microscope
shows phenocrysts of quartz, plagioclase, sanidine,
biotite, and magnetite in a glass with well-developed
perlitic structure. Along the south side of the ridge
north of Lower Fairview Spring is a 100-foot bed
of perlitic pitchstone with some stony bands and inclu-
sions, the bottom of the bed whiter and more chalky
because of alteration. The hand specimen is a blue-

gray glassy rock with indistinct phenocrysts, breaking .

with a conchoidal fracture but without perlitic struc-
ture. The microscope shows a flow-banded glass
crowded with small spherulites from 0.01 to 0.08 milli-
meter in diameter and with abundant small grains
and hairlike inclusions. A very few phenocrysts of
plagioclase and biotite are present.

South and west from the area of sedimentary rocks
about Silverhorn lava exposures are poor and are
ccmmonly dacites.

- RELATED DIKES

At the Hamburg mine (see p. 75) a 5-foot dike of
dacite vitrophyre cuts the Mendha limestone. The
rock contains abundant phenocrysts of biotite, horn-
blende, and andesine and a few of quartz in a glassy
base; it is so like certain of the lavas that it probably
belonos to the same series. Another dike of dacite
vitrophyre, about 80 feet thick, occurs on the Buck-
horn claim, half a mile northwest of Pioche; and a
dike of related rock occurs 800 feet north of the Alps
mine, south of Pioche. ‘

INTRUSIVE ROCKS

QUARTZ MONZONITE AND ASSOCIATED PORPHYRIES AT BLIND
MOUNTAIN 2

The Blind Mountain area of intrusive rocks, shown

on Plate 1, lies along the west base of the Bristol

Range from a point one-third of a mile north of the

3 This section, as far as the heading “Associated dike rocks™ (p. 35),
{8 contributed by Joseph L, @llson,

| Starﬁpede Gap road as far as Blind Mountain Spring,

a distance of 3 miles. The maximum width is nearly
a mile, and its eastern boundary is near the base of the
steep slope of the main range. This area differs
greatly from the immediately surrounding part of the
range in the abundance of igneous intrusions, in the
high degree of metamorphism of its rocks, and in the
tact that the sedimentary rocks within the area, as
shown by fossils and lithic character, are of Devonian
age, not Cambrian. The structure of both sedimen-
tary and intrusive rocks is so complex that it was not
decipherable in .detail. The Devonian of the over-
thrust block is found both to the north and south, and
consequently it is believed that this area is a part of
this overthrust block let down into the older rocks by

" normal faulting, the intrusion accompanying the

downfaulting.

The igneous rocks within the area comprise quartz
monzonite, monzonitic and dioritic porphyries, and
lavas, now highly metamorphosed.

QUARTZ MONZONITE

Distribution—A  granitoid rock approximating
quartz monzonite in composition occurs in two areas.
The southern area, 1% miles long, extends from a
point one-third of a mile north of the Stampede Gap

road north to a wash-filled valley just beyond the

edge of the Highland quadrangle. The other area,

less than a mile in length, lies along the west base of

Blind Mountain. These two areas are probably con-

‘nected beneath the wash and extend westward for

some distance beyond the base of the range.

Megascopic features—The granitoid rock is a light
gray to pink medium-grained, slightly porphyritic
rock, containing quartz, feldspar, and some ferro-
magnesian minerals, the most conspicuous of which is
biotite. The largest mineral grains are about 3 milli-
meters in diameter. The coarser facies of the por-
phyritic rock contain white plagioclase phenocrysts as
much as 2 millimeters in diameter and less abundant
dark-colored phenocrysts of the same size, set in a dark
groundmass. Quartz is not recognizable by the naked
eye except in the coarsest parts, as it occurs only in the
groundmass. The finer-grained facies are found in
the several apophyses of the mass, and they contain
numerous glassy plagioclase phenocrysts reaching a:
diameter of 1.5 millimeters set in a dark-colored
aphanitic groundmass.

Associated aplite dikes are light-colored fine-grained
rocks in which dark silicates occur only as scattered
crystals.

Large masses of true pegmatite do not occur, but
several small miarolitic cavities were found in which
are well-formed crystals of tourmaline, feldspar, and
magnetite. In the endomorphosed quartz monzonite
narrow pegmatite stringers are abundant. Locally
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these open up into larger druses in which euhedral
crystals of quartz and microcline as large as 9 centi-
meters are found.

In many places small druses containing crystals of
epidote and garnet and veinlike stringers of these
minerals occur. These belong to a late stage of
mineral formation.

Petrography.—The rock away from its margins is
subporphyritic and hypidiomorphic in texture and
contains the following minerals, in about the propor-
tions shown in the table.

Mineral composition of quartz monzonite

1 2 3
Quartz. o ea_o_._ 15 16 25
Mierocline. .o ___.__ 25 22 32
Plagioclase oo oo o oo Lo_ 46. 5 49 35
Biotite . - _ .ol __ 9 6 4
Hornblende . oo oo oo 2 3 2
Augite. o e -Rare. 2
ACCEBSOTIES - o o oo e e cemee e - 2.5 2 2

1. South slope of McCullough Hill. (See pl. 1, 1.)
2. North slope of 7,106-foot hill. (Seepl. 1, 2.)
3. South end of northern area. (See pl. 1, 3.)

The augite occurs as cores of the hornblende grains. The
accessories arve apatite, magnetite, zircon, allanite, and titan-
ite. Many of the grains of these minerals are probably
deuteric (formed during the later stages after the rock as a
whole had crystallized)—an inference suggested by their
shapes.

The rock making up the border portion of the intrusive mass,
it taken where it is almost free from endomorphic effects,
is in general similar to the normal type, but it is richer in
dark minerals, especially in pyroxene. The mineral compo-
gition of the border rock is as follows:

Maineral composition of border facies of quartz monzonite

1 2 3

Quarts . o oo 15 12 12
Microcline. ..o o o __L___ 24 18 24
Plagioclase oo oo moo oo 40 52 39
Biotite. - _ oo __ 7 7 9
ITornblende and pyroxene._.._.._.____ 11 7 13
ONVING. - e Rare. |._____
ACCeSSOries e o oo 3 3 3

1. South slope of McCullough Hill. (See pl. 1, 4.)

2. North slope of hill. (See pl. 1, 5.)

3. Bast slde of northern area. (See pl. 1, 6.)

This border facies is interpreted as being a chilled
margin, representing the composition of the rock
magma earlier in the process of differentiation than
that shown by the normal type. Hypersthene is al-
most as abundant as augite in some specimens of the
border rock.
belt of pyroxene diorite porphyry 75 feet wide, which
merges by imperceptible gradations into the normal
granitic rock of the interior part of the mass. In this
porphyry the phenocrysts are so closely crowded that

In places the border facies occurs as a .

the sparse groundmass can be seen only under the
microscope.

There is considerable variation in mineral composi-
tion in specimens taken from points within the area,
and there is a question whether the rock as a whole
should be called quartz monzonite or granodiorite.
In the first table above Nos. 1 and 2 are granodiorites
and No. 3 is a quartz monzonite. In the second table
all three representatives of the border facies are best
called granodiorites. Some thin sections of the nor-
mal rock from the interior of the area show orthoclase
or microcline in excess of the plagioclase, and one
from the east side of McCullough Hill has very little
plagioclase and is a typical biotite granite. The
average composition of the rock body as a whole is

‘represented fairly well by calling it quartz monzonite.

Only the granitoid facies of the quartz monzonite
has been analyzed. The results are as follows:

Analysis of the granitoid facies of the quartz monzonite of
Blind Mountain

[J. G. Fairchild, analyst]

Analysis Norm

Si0g 65.84 | Quartz________ mmeee 20. 64
AlLQsee 15.29 | Orthoclase______.______ 26. 69
Fe;0s 2.48 | Albite_________________ 29, 34
FeOo 2.26 | Anorthite_. _____.______ 12.79
MO 1.06 | Diopside________.___ -—— 1.33
CaOo 3.05 | Hypersthene___________ 2.60
Na,O 3.47 | Maguetite_______.______ 3.71
K.0 4.53 | Ilmenite___.____ ______ 1.98
HiO— e 01 | Apatite.._______._.____ .34
H O+ o .67
Ti02 e e 1. 00
PO o 19
MnO._ . 09

99. 94

Class 11, order 4, rang 2, subrang 3.

Most of the plagioclase has the average composition
of andesine, and the crystals are usually zoned.

- the outer rim being rarely more sodic than oligoclase.

Many of the crystals, however, contain a core of lab-
radorite, sharply set off from the andesine margin,
and the shape of the core is such as to indicate intense
corrosion of the labradorite grain by the magma in
which the crystal was floating. These labradorite
cores are made conspicuous by the presence in them
of tiny black microlites. In some grains these are
rod-shaped and definitely arranged ; in others they are
spherical and are not opaque, although their minute
size and high refractive index make them appear
opaque except when seen with high magnification.
The identification of the rock that proved to be in-
tensely endomorphosed quartz monzonite was made
certain partly by the presence in it of plagioclase
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crystals containing corroded cores of labradorite in [ andesine is invariably found around the edges of the

which these microlites occur.

The labradorite cores of the plagioclase crystals,
the augite cores of the hornblende grains, and the
abundant augite and rare olivine in the border facies
of the quartz monzonite indicate that the rock began
to crystallize as a gabbro, forming augite, labradorite,
and olivine. A rapid progressive acidification of the
melt occurred, and the early formed minerals, no
longer in equilibrium with the melt, were either
totally dissolved or partly corroded and made over
into new minerals that were in equilibrium under the
new conditions. This change is believed to have taken
place partly because cooling of the melt made the
more basic minerals, which are normally the first to
crystallize in a hot melt, unstable, and partly because
an acidification actually took place by the addition
of volatile emanations from below.

Another striking feature of the quartz monzonite is
the presence in it of minerals which, though mainly of
pyrogenetic origin, had continued to grow by addi-
tions from these emanations after the rock becamie
solid. Hornblende and especially biotite and hyper-
sthene show convincing evidence of having thus grown
by replacement of other minerals, but more conspicu-
ous than these is the potash feldspar, which replaced
plagioclase in an'irregular manner and formed graphic
intergrowths by replacement in quartz. In the en-
domorphosed facies this process was carried so far
that the quartz was almost entirely eliminated.

Endomorphosed quartz monzonite.— At several
places near the contact of the granitoid facies of the
quartz monzonite there is the medium to fine-grained
dark rock which in the field appears to grade into the
monzonite and is believed to be the monzonite endo-
morphosed. The largest exposure is on the north
slope of the 7,106-foot hill. (See pl.1,7.) The same
rock is found just across the wash valley to the north-
west, and a small amount occurs on the south slopes
of McCullough Hill.

The hand specimen shows glistening phenocrysts of
plagioclase, reaching 2 or 3 millimeters in diameter, in
a dark groundmass containing a good deal of biotite.
Quartz can be seen in some specimens. Under the
microscope the plagioclase phenocrysts, averaging 1
millimeter in length but reaching 3 millimeters, lie in
a groundmass composed largely of clear anhedral
equidimensional grains of potash feldspar, which has
replaced the plagioclase to different degrees. (See
pl. 6.) The plagioclase, however, is not replaced by
the potash feldspar except where there had been a
previous replacement by a glassy andesine. This was
not magmatic corrosion, for where the replacement has
gone so far that the plagioclase crystals are reduced
to small irregular corroded residuals the margin of

| titanite.

grains and also in the interiors.

Pale-green augite is abundant in small anhedral
grains and locally in subspherical crystals from 0.01
to 0.3 millimeter in diameter. The augite occurs
throughout the groundmass and accompanies the an-
desine and the potash feldspar in their penetration of
the plagioclase phenocrysts. Larger, irregular grains
of hypersthene are found in the moderately metamor-
phosed facies. A small amount of green hornblende
of a late generation occurs in some places. Irregular
sievelike biotite grains 1 to 2 millimeters across are
common and inclose the other minerals of the ground-
mass. Biotite is absent, however, from the specimens
that show the most intense metamorphism. Quartz is
present in some sections, but is absent from the most
intensely metamorphosed facies, having been replaced
by potash feldspar. In specimens showing partial
elimination of the quartz graphic textures showing re-
placement of the quartz by the potash feldspar are
striking.. Small grains of magnetite and ilmenite are
widespread, and larger irregular grains of these min-
erals are found inside many of the biotite grains.
Finely divided titanite is abundant locally, and many
of the ilmenite grains are surrounded by a halo of
Minute crystals of apatite occur by the thou-
sand in most of the sections. Zircon is present in
numerous small grains. ‘

The most intense endomorphism resulted in a rock
consisting of potash feldspar in anhedral grains, 0.05
millimeter in diameter, in which are some residuals of
plagioclase and abundant anhedral grains of green
augite and magnetite. Quartz, biotite, and hyper-
sthene are absent, and the apatite is not so abundant as
in the less metamorphosed stages. ‘

The black border facies was identified as the meta-
morphosed quartz monzonite because it contains pla-
gioclase crystals of the same type attacked in the same
manner by potash feldspar, with corroded labradorite
cores in which occur similar black microlites. The
presence of hypersthene in the two rocks corroborates
the other evidence, inasmuch as that mineral is not
found in any of the other metamorphosed rocks.

Porphyritic facies—The porphyritic facies de-
scribed above have phenocrysts of labradorite feldspar
(without black microlites) and a groundmass of sodic
plagioclase and interstitial quartz and microcline, and
they contain also brownish-green hornblende and
brown biotite, both as small phenocrysts and in the
groundmass. Pyroxene occurs in a few of the horn-

“blende grains as cores, and some pseudomorphs prob-

ably were pyroxene. Biotite is less abundant in the
narrow dikes of this rock than in the larger masses.
The orthoclasization described above as characteristic -
of the endomorphosed quartz monzonite has affected
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all specimens of the porphyritic rock studied, and
graphic structures formed by replacement are abun-
dant. The augite and the hypersthene formed during
the endomorphism of the granitoid facies were not seen.

That type of alteration loosely described as “ hydro-
thermal ” has been much more intensely developed in
the porphyritic rock than in the granitoid. The pri-
mary hornblende has been replaced by an actinolitic
variety, and the chlorite and epidote are in places so
abundant that the rock has a greenish tint in the hand
specimen. A carbonate was formed in some of the
n:ore intensely altered zones, and a zeolitelike mineral
of very low refractive index and strong birefringence
was found in many of the altered plagioclase grains.

ASSOCIATED DIKE ROCKS

North and east of the northern area of quartz mon-
zonite and irregular intrusions and dikes of darker,
finer-grained porphyritic rocks which, though vary-
ing in structure and mineral composition, have a
general likeness among themselves and to the mon-
zonites. ‘

The large intrusion at the north edge of the area
is at its west end (pl. 1, 8) a series of dark-gray rocks.
The coarsest variety shows in the hand specimen scat-
tered black patches as much as 4 millimeters in diam-
eter in a gray groundmass.
crystals of plagioclase (andesine-labradorite) 3 or 4
millimeters in length and irregular grains of pyroxene
and biotite lying in a granitic groundmass consisting
of plagioclase, biotite, hornblende, pyroxene, mag-
netite, quartz, and orthoclase. Green hornblende com-
monly rims the pyroxene and occurs in smaller and
larger grains without pyroxene. Accessory titanite,
apatite, and zircon arve present. The plagioclase
shows the same zonal structure, corrosion, and pene-
tration by sodic plagioclase and orthoclase as are seen
in the monzonite.

This large northern mass is continued southeast-
ward along the east side of the area as a broad dike-
like body. Where this crosses the crest of Blind
Mountain (pl. 1, 9) it is a dark-gray rock with in-
distinet feldspar crystals and scattered black patches
of chlorite and epidote. The microscope shows plagio-
clase (labradorite) 2 millimeters or less in diameter,
chlorite and granular products secondary after biotite,
and green fibrous hornblende (actinolite), probably
derived from pyroxene, in a groundmass of plagio-
clase crystals, chlorite, epidote, magnetite, apatite, and
interstitial quartz.

The large mass that crosses the south slope of Blind
Mountain (pl. 1, 10) is a gray rock that shows light
feldspars and indistinct black crystals lying in a gray,
fine-grained groundmass. The  microscope shows
plagioclase (andesine-labradorite) as much as 4 milli-
meters in diameter and rare crystals of colorless

The microscope shows.

pyroxene lying in a groundmass composed of plagio-
clase, biotite, chlorite, magnetite, green hornblende,
and quartz, averaging 0.2 millimeter in size of grain.
The groundmass has a granitic structure with a ten-
dency to idiomorphic development of the smaller
feldspars.

The smaller bodies yield finer-grained varieties. A
specimen taken from a small intrusion on the west
flank of Blind Mountain was a dark-gray indistinct
porphyritic rock. The microscope shows crystals of
plagioclase (andesine) 2 millimeters in maximum
diameter and of some darker constituents, now wholly
altered to an aggregate of calcite, chlorite, green horn-
blende, and magnetite lying in a very fine-grained
granular feldspathic groundmass which containg
abundant scattered grains of the other minerals listed.

GRANITE PORPHYRY DIKES

Granite porphyry dikes occur near Pioche and in
other parts of the district. The larger dikes are
shown on the general geologic map (pl. 1) and those
near Pioche in Plate 7. The best known is the Yuba
dike, which can be traced almost continuously in the
quartzite south of Pioche from the Alps mine, at the
edge of the wash, in a direction N. 70° W. to a point
just east of the Combined Metals mine. It is found
in the shale just west of its contact with the quartzite
but does not extend into the limestone. It ranges in
width from 10 to 100 feet, averages about 75 feet, and
dips steeply south. A series of smaller dikes with a
northeasterly trend cut the east face of the limestone
hill just west of the old Susan Duster mine. Several
small outcrops on the west slope of the hill seem to
mark a continuation of this group of dikes. The
failure of the dikes to continue in unbroken outcrop
is clearly due to intermittent occurrence at the sur-
face rather than to concealment beneath the débris.

Pack % reports that a quartz porphyry dike occurs
on the west side of the Ely Range, 2 miles west of
Pioche, at the Abe Lincoln mine, in line with the
general course of the Yuba dike. Farther west, due
north of Highland, a 20-foot porphyry dike crosses
the low eastern spur of Arizona peak. Still farther
west a similar dike crosses the south end of the Bristol
Range and can be traced, with offsets, to a point west
of the divide at Stampede Gap. These last-mentioned
occurrences are in a general way in alinement with the
Yuba dike and suggest a transverse zone of fissuring
along which either intrusion took place at widely
spaced intervals or for considerable distances the in-
trusive mass failed to reach the surface.

The petrographic character of the granite porphyry
dikes is fairly uniform. A specimen taken at the east
end of Arizona Peak is a medium-grained gray rock
that weathers brown and shows abundant crystals of

= Pack, F. J., Geology of Pioche, Nev., and vicinity : School of Mines
Quart., vol. 27, p. 299, 1926.
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quartz and feldspar. The microscope shows rounded
quartz crystals as large as 8 millimeters (the hand
specimen has one 7 millimeters across) and feldspar,
probably originally orthoclase but now completely
altered, chiefly to mica. One feldspar grain is plagio-
clase. The small amount of dark minerals was origi-
nally chiefly if not wholly biotite but is now com-
pletely altered to aggregates of chlorite, iron oxide,
and undetermined granular products. The ground
mass is a fine-grained aggregate of quartz, orthoclase
and mica. .

The granite porphyry dikes are believed to have had
no active part in forming the ore deposits. Most of
the mines of the district are in areas where no dikes
are known to occur. The Yuba dike cuts the quartz-
ites almost vertically, and as a structural element it
determined the course of some of the ore-bearing
solutions as they ascended from great depth; it did
not itself furnish those solutions.

MINOR OCCURRENCES OF GRANITIC ROCK

At several points small exposures of granitic rocks
or scattered granitic boulders where there are no out-
crops suggest concealed masses. The most noteworthy
occur just southwest of the road at Bristol Pass, at
the junction of a small east-west spur with the low
north-south ledge, where there are scattered boulders
but no outcrop; in a pit just north of the Ely mine,
where highly sericitized granite is exposed; and 2
miles north of Bristol Pass, on the east side of Fair-
view Wash, in the west base of the Devonian ridge.

LAMPROPHYRE

A few narrow dikes of lamprophyre have been
found, chiefly in Lyndon Gulch, where they cut the
limestones. They consist of blackish, even-grained
microgranular rocks made up largely of augite and
biotite. The augite occurs in two generations, the
first generation being represented by sparse micro-
phenocrysts. The biotite shows the deep-tinted bor-
ders so common to the biotite in lamprophyres. The
rocks are much altered, and carbonate is the principal
product. There is some evidence to suggest that these
‘rocks are minettes, but it appears best to call them
biotitic augite lamprophyres.

DIABASE OF THE ELY RANGE

Two dikes of diabase cut the quartzite of the west
base of the Ely Range 8 miles southeast of Pioche.
The northern dike runs in a southeasterly direction
for a mile and then disappears beneath the wash.
It has a maximum width of nearly 700 feet and dips
steeply northeast. The other dike is parallel but
smaller.

The rock is dark greenish gray and fine grained
and weathers rusty brown. The microscope shows

irregular crystals of plagioclase, augite, and mag-
netite lying in a groundmass of the same minerals,
with some quartz. The rock is much altered and has
large amounts of secondary epidote, chlorite, calcite,
and granular material (leucoxene?).

A second specimen is dark gray and finer grained
and is spotted with amygdules 1 or 2 mnillimeters in
diameter. The microscope shows plagioclase (an-
desine) and augite measuring 0.5 millimeter or less
scattered through a groundmass consisting of plagio-
clase laths as much as 0.2 millimeter in diameter
lying in a groundmass of augite, magnetite in skeleton
crystals, and abundant alteration products, especially
chlorite, epidote, and -leucoxene. The round amyg-
dules are composed chiefly of chlorite, but one shows
calcite and quartz at the center.

The quartzite immediately adjacent to the dike is
slightly altered. The original rock consisted mainly
of quartz grains, with a few grains of plagioclase and
microcline. A very little biotite, which is mostly
altered to chlorite and iron oxide and which may have
been introduced at the time of intrusion of the dike,
lies between the quartz grains and in the cracks in the
feldspar. There is nothing in the character of the
adjacent rocks to indicate that these dikes may be ore
bearers. o

CONTACT METAMORPHISM

By JosEpH L. GILLSON

The endomorphism of the quartz monzonite pre-
viously described may be considered a final stage of
the igneous intrusion. Contemporaneous changes were
taking place in the surrounding rocks, both sediments
and lavas, which are here treated separately under
the general head of contact metamorphism. This
metamorphism that accompanied the Blind Mountain
intrusions is only a part of the metamorphism in the
district, although all is probably connected with a
deep-seated intrusive body of which that small mass
is simply a cupola. There is an area of intensely con-
tact-metamorphosed rocks farther south near Man-
hattan Gap, extending eastward into the valley north
of the Mendha mine and westward nearly to the base
of the Highland Range. At least two other areas
of metamorphism are known, but in these the process
was carried only so far as to marmarize the limestones,
One of these areas is on the west side of the Bristol
Range, a mile north of the Bristol mine; the other is
on the north side of the Ely Range at and a little
west of the Ely Valley mine. Besides these local
areas of severe contact metamorphism the Cambrian
limestone at certain horizons has been marmarized to a
white rock of velvetlike appearance consisting entirely
of calcite, although much of the original rock was a
dolomite. These velvet beds are widespread, and their
whiteness makes them conspicuous even at a distance.
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BLIND MOUNTAIN AREA

SIZE OF AREA AND ROCKS AFFECTED

The rocks around the intrusive mass of quartz
monzonite are intensely metamorphosed through a
zone half a mile in width on the south, east, and north.
The west side, being for the most part covered by

wash, does not well show the altered zone. The rocks

in the zone of metamorphism include the Liyndon and
Highland Peak limestones and Pioche shale of the
Cambrian, and, in the down-faulted overthrust block,
Devonian limestones and Tertiary (%) lavas. The
hasal formation of the Cambrian, the Prospect Moun-
tain quartzite, although exposed near the intrusion,
seems to show no effect of metamorphism, nor do small

- isolated blocks of the Devonian quartzite in the over-
thrust block.

The most intense metamorphism is confined to a
narrow belt near the intrusion; the more distant
netamorphism is merely a marmarization of the lime-
stones and slight changes in the shales.

LIMESTONES

Owing to the lithologic similarity of the Lyndon
and Highland Peak limestones and the limestones
interbedded in the Pioche shale the metamorphism of
the limestones will be described under a single
heading.

The marmarization of the limestones requires little
comment. Any original dolomite in the limestone was
removed and calcite deposited in its place. Locally
veins of dolomite were formed at a late stage in the
metamorphism. A striking feature of the marble beds
is that much of the carbonate is optically biaxial.?®
Some beds of the marble contain disseminated sili-
cates in amounts too small to be noticed on megascopic
examination. Such a bed from limestone in the Pioche
shale south of McCullough Hill yielded, on solution in
acid, a considerable residue, mostly grossularite with
a little diopside. A bed of Highland Peak limestone
east of McCullough Hill contained disseminated grains
of a pale mica.

Garnet is common in' the limestone adjacent to the
quartz monzonite, though it is not present in large
quantities. It occurs in small masses along the east
side of the quartz monzonite mass north from McCul-
lough Hill. A small mass was found on the ridge east
of the 7,106-foot hill, where a small prospect hole has
been opened. The rock is a vuggy mass of small

honey-yellow garnets, quartz crystals, a green amphi- -

bole, and subordinate epidote, serpentine, chlorite, and
magnetite. The garnet is distinctly zoned, and many
of the zones are birefracting. ‘

= Gillson, J. L., Blaxzial calcite: Am. Mineralogist, vol. 12, pp. 357—
360, 1927,

A garnet rock was found at a small copper prospect
east of the north end of the igneous area. (See pl. 1,
11.) The garnets are yellow and zoned and have an .
index of refraction of 1.87. The rock also contains
vesuvianite, a little diopside, quartz, green serpentine,
and a fibrous mineral resembling the szaibelyite found
at another prospect and described below.

Float in the vicinity of Blind Mountain Spring con-
tains. grossularite, pyroxene, green vesuvianite, wol-
lastonite, and a little epidote. .

Olivine (forsterite), largely altered to serpentine,
is disseminated as minute specks in a coarse marble
east of McCullough Hill.

A bed of banded limestone was found near the south
contact of the igneous rock on McCullough Hill. It
contains quartz, potash feldspar and plagioclase,
zircon, titanite, and apatite in the shaly partings and -
tremolite, diopside, epidote, and garnet in the lime-
stone bands. At a point east of the 7,106-foot hill a
banded rock from the Highland Peak limestone con-
sists of dense green limestone layers 1 centimeter thick
separated by white shale partings from 1 millimeter
to 1 centimeter thick. Quartz, orthoclase, and a mica
are the principal constituents of the shaly partings;
the green bands are made up of diopside, probably
vesuvianite, and calcite. A similar bed on the south
slope of Blind Mountain contains quartz and finely
divided orthoclase in the shaly partings, and epidote
is the principal mineral in the originally calcareous
bands.

PIOCHE SHALE

A gradual transition from unmetamorphosed to in-
tensely metamorphosed shale beds is found by walk-
ing north toward McCullough Hill from the road
leading down the west side of Stampede Gap. At the
road the rock shows no visible metamorphism, but
as the ridge north .of the road is climbed the shale is
found to be harder, to break into larger fragments,
and to show small dark-green spots and larger “eyes ”
of a dark-brown color. Nearer the intrusion the rock
is a fine-grained, nearly black flintlike rock that
breaks with a conchoidal fracture. o

A study of these progressive changes was made
with the microscope. The rock at the road, though
apparently unmetamorphosed, contains disseminated
magnetite, a mineral absent from the unmetamor-
phosed rock. In the moderately changed rock dis-
seminated minute grains of potash feldspar and
biotite are abundant. These have formed at the ex-
pense of the quartz and sericite, probably with some
addition of material. In some slides the change of
the sericite into feldspar is clearly seen in grains in
which the process has not been carried to completion.
The biotite has a deep-brown color and a refractive
index for 8 of 1.680. Scattered grains of tourmaline
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in the moderately metamorphosed rocks might be con-
sidered of detrital origin, although the mineral is
absent from the slides of unmetamorphosed rock exam-
ined. That the tourmaline was formed in the shale by
metamorphism, at least in many places, is proved by
its abundance in some rocks near the igneous contact.
In a bed near Blind Mountain Spring tourmaline
makes up 5 per cent of the rock, and some of the
grains are three times as large as the original quartz
grains. :

Muscovite of a second generation is found in the
more metamorphosed beds. Sheaf-like aggregates,
associated with biotite, form the “spots” or “eyes?”
seen in the field. Some of these mica aggregates con-
tain a corona of a very finely divided mineral, of high
relief. Its identity was not established.

The severely metamorphosed beds of the Pioche
shale exhibit at least two mineralogic varieties. The
more common variety is made up of cordierite, labra-
dorite, andalusite, and biotite; the other variety con-
tains none of these minerals and consists of corundum
and tourmaline. Both contain quartz, potash feld-
spar, apatite, and magnetite. Both varieties are finely
crystalline and made up of interlocking aggregates of
anhedral grains. No sequence of mineral formation
could be established, owing to the small size and inti-
mate interlocking of the grains.

As an example of the rock produced by the more
common type of metamorphism, a bed from the south
slope of McCullough Hill may be described. Under
the microscope it is seen to consist of poikilitic patches
of cordierite, 0.3 to 0.5 millimeter in diameter, holding
countless small round blebs, partly of potash feldspar
and partly of quartz. Common also are blebs of magne-
tite 0.015 millimeter in diameter. The biotite contains
scattered larger grains of magnetite and also scat-
tered grains of a plagioclase near labradorite. In this
cordierite-quartz-feldspar groundmass are metacrysts,
many of which are themselves poikilitic, of biotite,
muscovite, and andalusite. The andalusite occurs as
square prisms, with irregular terminations. Many
grains show a beautiful rose pleochroism. Apatite
occurs in small quantity; zircon is still less abundant.

A bed on the spur west of Blind Mountain Spring
near the contact with the quartz monzonite differs in
containing very abundant sillimanite and rare anda-
lusite. Another bed, near by, consists of labradorite,
quartz, and cordierite, with potash feldspar not abun-
dant. Rutile needles are widely disseminated. Some
grains of this mineral are mere hairs; others are
0.003 millimeter in diameter and 0.1 millimeter long.
Zircon is more abundant than in the other beds.

A bed of the corundum-tourmaline hornfels was
also found on the west spur of Blind Mountain. It
consists of metacrysts of corundum and tourmaline

long as 0.15 millimeter, and a few even longer.

set in a groundmass of quartz, potash feldspar, and
white mica. The corundum grains are anhedral, have
a blue pleochroism, average 0.3 millimeter in diameter,
and are surrounded by a mica-free halo of potash
feldspar. Tourmaline makes up 5 per cent of the rock.
The grains are predominantly prismatic; many are as
White
mica forms 50 per cent of the rock and occurs as a
rnass of minute foils in random orientation. Tiny
grains of magnetite or ilmenite are so abundant that
10 to 15 per cent of the rock is composed of them.
Apatite is not rare. A brown serpentine or chloritic
mineral, of very weak birefringence, forms dissemi-
nated large grains. Patches of minute grains of
titanite are disseminated irregularly. Quartz is not

abundant.
LAVAS AND TUFFS

Metamorphosed lavas and tuffs are found in the
northern part of the Blind Mountain area. Their dis-
tribution is shown on Plate 1. They range from small
masses 50 feet across to the large area, over 1,000 feet
long, which caps Blind Mountain; but whether large
or small, it is singularly difficult in the field to make
out their structural relations. It is not certain on
structural evidence alone whether they are intrusive
or extrusive. At many points their intimate associa-
tion with rocks that are apparently dikes suggest that
they are intrusive; but their resemblance to lavas and
tuffs under the microscope and the common presence
of flow structure favor the inference that they are
extrusive. They are limited to the downfaulted De-
vonian block at Blind Mountain and are believed to
be infaulted parts of the badly broken overthrust
block.

Many of the metamorphosed volcanic rocks have a
cream or a brownish brick color on weathered sur-
faces and a light-greenish color on the fresh fracture.
Others are very dark brown to nearly black. On close
inspection small feldspar phenocrysts can be recog-
nized in most of them. ‘

The old volcanic breccias are recognized most easily.
They contain angular to rounded fragments of dense
dark chocolate-brown rock in a mottled greenish
groundmass. Closer examination shows abundant
small rounded or irregular masses, green or black in
color, bordered with white, formed by aggregates of
secondary minerals. In places the breccias have small
open cavities containing garnet, epidote, magnetite,
and amphibole.

In general the process of metamorphism involved
the elimination of all the original ferromagnesian min-
erals and the formation of a new generation of potash
feldspar and new ferromagnesian silicates, the latter
commonly very finely divided. To illustrate the prec-
ess a description will be given of the metamorphism
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of some lavas—andesite and basalt—and then of some
tuffs and breccias.

East of the 7,106-foot hill (pl. 7, 12) a considerable
area is covered with fragments of a nearly black rock,
weathering light brown and containing scattered
plagioclase crystals reaching 1.5 millimeters in length.
When seen under the microscope only the old plagio-
clase phenocrysts, quartz, apatite, and pseudomorphs
of original ferromagnesian minerals indicate the
original character of the rock. An intense orthoclasi-
zation of the groundmass and an attack on the pheno-
crysts have nearly eliminated the original minerals.
In the orthoclase clouds of minute grains of biotite,
pyroxene, and magnetite, with smaller quantities of
other minerals, are present, and these have given the
dark color to the rock. The plagioclase phenocrysts
are zoned and contain labradorite cores. The labra-
dorite has a dark tint due to the presence of inclusions
which are almost submicroscopic. All the phenocrysts
show to a greater or less degree an attack by the
orthoclase. In the first stages the orthoclase has
entered the plagioclase as narrow irregular veins, in
many places following cleavage cracks. With further
attack large portions of the original plagioclase are
completely replaced by orthoclase. In the orthoclase

replacing the old plagioclase grains the quantity of

the finely disseminated biotite, pyroxene, and mag-
netite is small, except near the edge. In the ground-
mass these minerals are so generally distributed as to
appear under moderate magnificition as a cloud of
minute specks. Accumulations of nearly solid masses
of the minute dark silicates and magnetite represent
imperfect psendomorphs of old ferromagnesian min-
erals. Many have the form of old augite crystals.
Larger grdins of magnetite are fairly abundant.
Most of these have the form of deuteric magnetite
found in igneous rocks and are presumably of a late
period of formation. A finely divided deep-brown
mineral associated in subordinate amounts with the
biotite and pyroxene is probably rutile. In specimens
of this rock showing the most intense alteration the
plagioclase phenocrysts have been so thoroughly re-
placed by orthoclase that they almost escape recogni-
tion. They are most conspicuous between crossed
nicols, where the finely divitled nature of the ortho-
clase makes the remnants of large crystals of plagio-
tlase stand out because of the higher interference
colors. Aggregates of pyroxene grains are numerous.
The individual grains average about 0.003 millimeter
in diameter; the aggregates are as large as 0.25 milli-
meter. In general the shape of the aggregates is very

irregular. Many contain cores of magnetite grains. |

Biotite also forms aggregates, many of which contain
a single large grain of magnetite in or near the center.
In such aggregates the projecting fingers of the mag-

netite indicate that it was formed later than the
biotite. Some grains of the opaque mineral are prob-
ably ilmenite, as many are surrounded by a halo of
minute titanite grains.

Another lava from the large area near the summit
of Blind Mountain shows similar alteration, although,
in addition to the finely divided augite, an amphibole
of actinolitic habit was formed. Epidote and titanite
are also generally distributed, and a few small grains
of allanite were found. The rock contains numerous
elliptical spots from 1 to 5 millimeters in greatest
diameter. These have a black core and a white rim.
The black core in some is an augite but in others is

“an amphibole (8=1.690), with weak birefringence

and distinet dispersion (p>») and optically negative.
With the amphibole is a brown isotropic garnet, hav-
ing an index of about 1.87. The white rim is ande-
sine, which shows partial replacement by orthoclase.
These spots are peculiar in that they seem to have no
relation to the general mineralization of the rock, the
individual grain size of which is very much smaller.
The spots are so large that only rarely is one seen in
thin section, and there it is as a rule sharply set off
from the rest of the rock. :

The apatite is so abundant in many of the meta-
morphosed lavas as to suggest that some is a new
generation, representing an introduction of material.
In a few slides very long needles crosscutting the
boundaries of several grains were seen, and it is
reasonably certain that this apatite at least is a new
generation,

In some of the lavas in which considerable quartz

‘occurred as one of the pyrogenetic minerals graphic

textures made by replacement of the introduced potash
feldspar with the quartz are numerous.

The metamorphosed volcanic breccias represent a
similar process of metamorphism but offer wider vari-
ations, inasmuch as the original rock was not uniform.
The tuffaceous nature of the groundmass is in general
readily apparent under the microscope. The irregular
streaks and angular fragments of original glass are
preserved as pseudomorphs, although they are now
raade up almost entirely of orthoclase containing
abundant grains of dark-colored silicates averaging
0.001 millimeter in diameter. Pseudomorphs of
twisted and bent biotite, common to tuffs, and angular
fragments of foreign rocks testify to the original char-
acter of the rock. Spherical aggregates and druses of
secondary minerals are widely distributed in these
rocks. Original plagioclase phenocrysts are generally
more or less replaced by orthoclase. Several grains of
original ferromagnesian minerals remain, but for the
most part these minerals have been entirely eliminated.
One section of an old hornblende was found, rather
generally altered to a carbonate and surrounded by
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a rim of finely divided pyroxene. In another specimen

a large augite had begun to break down into small
grains of the same mineral. Aggregates of small
augite and amphibole grains are widely distributed in
these metamorphosed rocks, and many seem to be
pseudomorphs having a general shape similar to an
original augite or hornblende grain. Many such ag-
gregates contain numerous small grains of magnetite.

In another rock a number of the aggregates of augite

grains contained cores of small grains of the same
mineral, surrounded by larger grains, and all sur-
rounded by a narrow rim of a mineral of higher relief,
probably titanite.

The rock fragments in the volcanic breccias show a
great variety of mineralogic features. Most of these
are similar to the contact-metamorphosed lavas and
consist of a groundmass of finely divided potash feld-
spar, large plagioclase grains severely attacked by
the solutions which had formed the potash feldspar,
and disseminated ferromagnesian grains of small
size, among which epidote and titanite are more abun-
dant than in the lavas themselves. Biotite, which is
commonly disseminated widely in the beds of lava, is
absent from .most of the metamorphosed volcanic
breccias.

Green or black spots Wlth a white core are abundant
in the volcanic breccias. In a rock from the top of
Blind Mountain the green cores consist of aggregates
of augite or of an actinolitic hornblende, the g
index of refraction of which is 1.650. The white rim
to the spots in this rock is made up of calcite, many
of the grams of which are biaxial.

Garnet is irregularly distributed in the volcanic
breccias. Many grains 0.5 centimeter across are seen
with the naked eye, and under the microscope scattered
crystals were found in many sections. It seems
to have been one of the last minerals to form. Where
tested, this garnet has a very high index of refraction
(near 1.90) and a reddish-brown color.

Druses partly filled with pretty crystals are also
widely distributed in the metamorphosed breccias. In
one rock these have a lining of minute pyroxene
grains, and the druse is partly filled with a nearly
- isotropic chlorite, an acicular green amphibole, and
some magnetite. In another a druse was found inside
of a lens, 2 centimeters long, formed of massive acicu-
lar grains of an amphibole. The margin of the lens
is lined with octahedrons of magnetite on which are
perched acicular needles of the same amphibole.

MIXED ROCKS

" On the north slope of the 7,106-foot hill (pl 1, 13)
an inquisitive prospector has opened a cut in a 5 foot
veinlike mass of green diopside and spinel. Twenty
feet from this trench is the true quartz monzonite, and

» wollastonite.

lar crystals reaching 1 centimeter in diameter.

this rock occurs in place on the right side of the.vein
and grades sharply into it. Between the vein and the
main mass of the quartz monzonite no outcrops are
found, but the surface is littered with float of unusual
rock types. The diopside-spinel rock consists of only
these two minerals. The pyroxene has a 8 index of
1.692, and the subhedral crystals, which reach 1 centi-
meter in diameter, have a grass-green color. The
spinel is black, though deep green in color by trans-
mitted light, has a refractive index of 1.740, and reacts
chemically for Mg, Al, and very little for Fe. Most
of the grains have curved surfaces, but they do not
appear to have been corroded. A few are octahedrons.
The quartz monzonite grades sharply into a nearly

" white, dense rock consisting of a white pyroxene, the

B index of which is 1.690, and an isotropic garnet
(grossularite), index 1.75. Th1s rock also grades into
another greenish rock with a reddish tint, containing
Vesuvianite and locally a very consid.erable amount of
In several specimens with the colorless
pyroxene is another augite, green in section, that has
a B index of refraction of 1.705. Calcite occurs more
or less abundantly with these silicates. Another
variety, not found in place, is an aggregate of pyrox-
ene, vesuvianite, calcite, and a greenish mica, colorless
in section. The mica occurs as pseudohexagonal tabu-
The
indices of refraction are «=1.555, 3=y=1.588. The

‘mica is intergrown with or altered to another mica-

ceous mineral, colorless in section, the indices of which
are «a=1.530, B=y=1.555. The diopside-spinel rock
and the vesuvianite-wollastonite-calcite rock seem to
have been the result of the metamorphism of limestone
masses in the quartz monzonite. The other varieties
may have been derived from the quartz monzonite
itself by solutions which had soaked through the
limestone.

Another unusual aggregate of minerals was found
at a copper prospect on the west base of Blind Moun-
tain. (See pl. 1, 14.) Here borate minerals had
formed in considerable quantity. In a zone 20 feet
across, bounded by white marble, a peculiar subspher-
ically banded black and white rock occurs, followed
successively by a green rock of diopside and spinel
similar to that at the other locality, endomorphosed
quartz monzonite, and normal quartz monzonite. The
peculiarly banded black and white rock contains the
borate minerals ludwigite, szaibelyite, and fluoborite,
associated with magnetite, serpentine, dolomite, and
hydromagnesite. The occurrence has already been de-
scribed.?” At the time this description was published
the mineral now considered to be fluoborite was not
identified, as the grains were too small to be separated

2 Gillson, J. L., and Shannon, E. V., Szaibelyite from the Ploche,
Nev., district : Am. Mineralogist, vol. 10, pp. 137-139, 1925.
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‘for analysis and the optical properties did not check
with those of any other known mineral. More recently
Geijer *® found a similar mineral association in a
specimen from the Norberg district in Sweden and
identified a new mineral which he called fluoborite,

having the composition 3MgO.B,0:3Mg(F,0H),.

The optical properties of this mineral agreed with
those previously reported by Gillson and Shannon, and
Doctor Geijer 2 has suggested that this mineral in the
Pioche occurrence is the same. Small amounts of
bornite and chalcopyrite, now partly oxidized, had
attracted the prospector, whose work had opened up a
deposit that might easily have passed unnoticed.

MANHATTAN GAP AREA

An area centering at Manhattan Gap, half a mile
north and south by a third of a mile east and west, is
underlain by a brown-weathering rock consisting
chiefly of garnet. The garnetized area is surrounded
by a rather wide zone of marmarized limestone, and
the near-by Pioche shale is also somewhat changed.
The metamorphism did not extend as far north as
Stampede Gap, so that nearly 2 miles of unmeta-
morphosed rock separates this area from the intrusive
rocks of Blind Mountain. No igneous rock is exposed
in the Manhattan Gap area other than the west end
of the porphyry dike mentioned on page 35, which is
not believed to be the cause of the metamorphism.

At the north end of the metamorphic area the
almost unaltered blue limestone is cut by veins along
which iron-bearing solutions of surface origin have
stained the rock. Nearer the center of the zone the
rock is a velvetlike marble that contrasts sharply with
the unmetamorphosed blue limestone with which it is
locally in contact. The marble is cut by many pink,
iron-stained calcite veinlets, and both the marble and

the limestone are cut by white veins of sugary |

dolomite.
The more intensely marmarized limestone is coarsely

granular and contains minute disseminated grains of*

garnet, quartz, a little colorless mica, a chlorite, mag-
retite, and pyrite. The magnetite and pyrite have
been altered to hematite at the surface, and where such
8, rock has weathered and the carbonate has been
leached a porous, cellular mass of iron oxide has been
formed. It was by such a process, accompanied by
some redistribution of the iron, that the surficial
bodies of iron ore formerly mined were produced.
The garnet rock is dark brown and consists essen-
tially of coarsely crystalline subhedral brown garnets,

=8 Geljer, Per, Some mineral associations from' the Norberg district:
Sveriges geol. Undersokning, ser. C, No. 343, pp. 26-27, 1927.
o Pergsonal communication.
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with disseminated amphibole, quartz, augite, epidote,
calcite, magnetite, and pyrite. The composition of
the garnet varies from place to place. At one place it
is light brown by transmitted light, weakly birefract-
ing, and distinctly zoned and has an index of refrac-
tion of about 1.90. In another place it is yellow-green
in thin section, anisotropic, and zoned but has an index
of only 1.83. At still another place two varieties of
garnet were found in the same hand specimen, one
having indices of 1.787 and 1.792, the other an index
of 1.815.

The augite in the garnet rock has a greenish color
in section and a B index of 1.705.
- The amphibole had several stages of growth. The
first one to form had the following properties:

v=1.679 2V about 60° X=yellow-green
B=1.672 ZAc 25° Y=green
a=1.655 . Z=blue

This amphibole is surrounded by a later one having
paler pleochroic tints and lower indices of refraction,
B being about 1.653. Both varieties have in part been
replaced by a yellowish mineral of fibrous habit, lower
indices, parallel extinction, and a strong birefrin-
gence. It is probably a mineral similar to bowlingite.
This in turn is locally replaced by a carbonate of
fibrous habit.

The succession of mineral formation appears to
have been garnet, pyroxene, epidote, hornblende, cal-
cite, magnetite, and sulphides. Quartz appears to
have formed through a long period of time, as scat-
tered through this metamorphic zone are large veins
¢f massive quartz and jasper rock. These veins were
fermed later than the silicate zones in the limestone,
anrd much of the jasper was probably formed recently
by surface solutions. On the other hand, some of the
quartz in the silicified limestones appears to have been
earlier even than the garnet.

The Pioche shale occurs within this area, but at no
place was it strongly metamorphosed. Except that
the beds are more resistant to erosion than the un-
metamorphosed beds, the rock shows little megascopic
evidence "of metamorphism. Under the microscope
the grain size is seen to be about the same as in the
unmetamorphosed shale, but instead of consisting en-
tirely of quartz and sericite, the rock contains 40 per
cent of biotite and in addition finely granular -potash
feldspar and quartz, scattered long needles of tourma-
line, and disseminated minute grains of magnetite.

The Chisholm shale is also slightly metamorphosed
in this area. From 25 to 30 per cent of the rock is
biotite, and a like amount of muscovite is present;
finely divided potash feldspar and quartz make up
most of the rest of the rock, but there are scattered
grains of tourmaline and of magnetite and ilmenite.
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CONCLUSIONS

The study of the contact zones described above has
led to the conclusion that the main part of the meta-
morphism followed the solidification of the cupola
of igneous rock now exposed. The cupola itself has
been changed by solutions that passed up through it
during and after consolidation. These caused the
greatest recrystallization along the margins of the
igneous rock or in its roof.

It is concluded, therefore, that the metamorphism
of the sediments and lavas surrounding the igneous
rock was not caused by the act of intrusion of this
relatively small mass, nor by solutions given off by
it at the time of intrusion, but rather by solutions
given off from some igneous body deeper down and
still concealed. Similarities in the formation of new
minerals in the exomorphic and endomorphic zones,
the most significant of which are the occurrence of
orthoclasization in both zones and the widespread
formation of micas, pyroxene, magnetite, and apatite
make it reasonable to connect the exomorphism with
" the endomorphism and to refer both to a deep-seated
body of igneous rock.

It would seem that in the Pioche district the evi-
dence is very convincing that the volatile emanations
given off after the magmatic intrusion have been of
the greatest importance in determining the final char-
acter of the exposed intrusive itself, and that they
account also for the contact metamorphism which is so
striking. :

The possible connection between the intrusive rocks

-and the mineralization of the region requires com-
ment. The Yuba dike has long been considered the
cause of the mineralization of the veins in the quartzite
at Pioche. The field facts, however, do not bear out
this idea.
morphism in the rocks adjacent to them, especially the

limestones, but this metamorphism has -consisted

chiefly in coarsening the grain of the limestones. The
granitic mass at Blind Mountain has produced ex-

tensive metamorphism in the adjoining shales, lime- .

stones, and igneous rocks. At a few points small
amounts of metallic sulphides occur at the contact,

~ but no économically important ore bodies were formed
in this way. At Manhattan Gap, south of the Blind |
Mountain area, the limestone is completely replaced by |
No igneous rock -

garnet, pyroxene, and iron oxides.
shows at this locality, but it would not improbably be
found in depth. The iron ore here has been mined.
Yet, in general, the statement is true that the presence
of igneous rocks is not a specially favorable indica-
tion of ore deposits of value. Broadly considered, the
ores were probably formed by solutions that came
from buried igneous rocks, but these are not to be con-

Certain dikes have caused a little meta- |

. nected with the igneous rocks now exposed at the-

surface.
STRUCTURE

The rocks of the Pioche district are tilted and gently
folded and at a few places show single sharp folds.

‘They are everywhere faulted, so that the structural

problems of the district center in the faulting. Many
faults, including most of the major faults, are shown
on Plate 1, and the structure of the region is shown
in Plate 2. The much greater number of faults that
are mapped along outcrops of beds at well-defined
horizons, such as the Cambrian shales, the beds at the
Highland Peak-Mendha contact, and the quartzite of
the Ely Springs Range suggests that many of the
faults in areas of thick monotonous formations; like
the Highland Peak, Mendha, and Silverhorn, have
not been detected. The faulting occurred at different
times and included both normal and thrust faulting.
The lack of a sufficiently complete sedimentary series
renders it difficult to interpret the fault history. The
series includes the following members:

1. The Paleozoic sediments, Cambrian to Pennsyl-
vanian, which can be taken as a unit. It probably
contains unconformities, though none were certainly
recognized ; if present, they .are disconformities, and
the deposition of the Paleozoic formations was not

| interrupted by folding or faulting. All the faults of

the district are post-Pennsylvanian.

2. The Tertiary (?) lavas and associated tuffs,
which contain disconformities and probably were a
long time in accumulation. Faulting probably pre-
ceded and certainly followed the eruption of the lavas,
but most of the faults are later than the lavas.

3. The Pliocene (?) sedimentary tuffs. All the

| faulting of the district was completed before their

deposition.
' THRUST FAULTING

Thrust faulting was not the earliest faulting in the
Pioche district, but for the sake of clearness of pres-
entation it is considered before the normal faulting,
as its recognition makes possible the assignment of
the normal faulting to more than one period.

-Thrust faulting is best shown at the north end of
the Bristol Range and on the east side of the West
Range. (See pl. 1.) In the main range the line that
separates the dark massive rock of the overthrust
block from the well-bedded lighter rocks below is well
seen from the road approaching Bristol Pass from
the east. The dip of the fault plane here is 8°-9° W.
West of the divide streams have cut through the over-
thrust block into the underlying rock, and south of
the Bristol mine the overthrust exists as cappings of
@ few isolated hills. The overthrust rock here is
Devonian; the underlying rocks are Cambrian and
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Ordovician. The Devonian of the overthrust block
is the dark-colored dolomite and capping quartzite of
the Silverhorn formation, almost completely unfos-
siliferous but easily recognizable by its lithologic
character. It is greatly brecciated, so that the bed-
ding rarely shows, and no structure can.be made out
within the block. This is true also where the quartz-
ite masses occur; even with their aid it is impossible
tc determine the structure. The underlying lime-
stones arc noticeably brecciated. The thorough brec-
ciation of the overthrust block suggests that it was
not under a heavy-load at the time of faulting.

The overthrust in the West Range shows the same
brecciated Devonian (Silverhorn) dolomites and
quartzite that are shown in the Bristol Range:. Here,
however, the dip of the fault plane is to the east. In
the southern two-thirds of its course the overthrust
rests on the Devonian, but for over a mile at the north
end of the range it rests on the Tertiary (?) lavas and
tuffs. A little over a mile south of the north end of

the range a lens of Tertiary (%) tuff has been caught

between two slabs of the overthrust.

The southern continuation of the overthrust block
is found in several areas of badly broken Upper Cam-
brian (Mendha) limestone which occur west of Stam-
pede Gap, between the Highland and Ely Springs
Ranges, and extend south from Simpson Spring for
5 miles. On the east side of these areas the overthrust
block is separated from the Cambrian by a low-angle
westward-dipping fault. On the west side the block
does not come into contact with the other rocks except
for about a mile at the south end, where it is in contact
with the lavas east of the Ely Springs Range and
where its structural relations to the lavas are not clear.

On the east side of the Black Canyon Range, 2 miles
north of Black Canyon and just north of the narrow
wash-bottomed valley that cuts across this range,
Upper Cambrian (Mendha) limestone seems to lie
on top of the tuffs, repeating the conditions in the
West Range. If so, this is a fragment of the over-
thrust block. At the extreme west base of the Ely
Springs Range, on the point 1 mile N. 30° E. from
bench mark 4754, the structural features strongly sug-
gest but do not definitely prove that the end of the
point is an overthrust block, with fault plane dipping
west.

The general structural relations of the overthrust
are not clear. No exposures of the fault plane were
seen, and the overthrust block itself is separated by
erosion into several parts and is apparently without
roots in the immediate region. In the Bristol Range
quadrangle the formation boundaries show that the
fault plane dips west in the Bristol Range and east
in the West Range. The most probable interpretation
of the overthrust between the Highland Range and

the Ely Springs Range is that here too the fault plane
dips in from each side, though the field evidence for
this is not clear along the west side. This synclinal
form of the fault plane is due either to downwarping
or downfaulting.

It is not certain whether the movement of the over-
thrust block was toward the east or west. There is
no noticeable drag in the underlying rocks. At one
or two points there are inconclusive indications in the
base of the overthrust block that the movement was
toward the west. Longwell,** however, has described
thrust faults in the Las Vegas and St. Thomas quad-
rangles, 75 miles south of Pioche, which occur through
a belt 50 miles wide and bear north-northeast, directly
toward Pioche, and along which movement was to the
east. It is therefore probable that when the inter-
vening arvea is studied the Pioche thrust faulting will
prove to be an extension of that to the south, with
a movement of the overthrust block to the east.

EARLIER NORMAL FAULTING

The earlier normal faults can be recognized only in
the Bristol Range quadrangle, where they occur along-
side the thrust faults. In the West Range several
approximately east-west faults cut the Devonian lime-
stones of the west side of the range but do not displace
the thrust fault. The Ida May fault crosses the north
end of the Bristol Range in a northeasterly direction
and has itself a large displacement; it meets the thrust
fault under the alluvium, but the position of the plane
of the thrust fault north and south of the Ida May
fault shows little if any displacement. i

With these faults, which clearly antedate the thrust
faulting, are probably to be associated the series of
east-west faults which cut the Bristol Range with up-
throw on the north side and which thus have kept the
heavy white upper beds of the Highland Peak lime-
stone at the crest of the range, in spite of a general
northerly dip. These faults are clearly recognized
along the crest, where they cut the heavy white lime-
stone and the Highland Peak-Mendha contact, but
they are not traceable across the lower slopes of the .
range through the monotonous middle and lower beds °
of the Highland Peak limestone.

Possibly some of the faults in the Silverhorn region
belong in this earlier period. The area within which
the earliest faults, trending between east and north-
east, occur is marked also by a general dip of the
rocks to the north and northwest and stands in both
respects in contrast to the Highland quadrangle, in
which both the trend of the faults and the strike of
the rocks are roughly north-south.

20 Longwell, C. R., Structural studies in southern Nevada and western
Arizona : Geol. Soc. America Bull., vol. 37, p. 561, 1926.
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LATER NORMAL FAULTING

Most of the normal faults of the district, including
the main north-south faults, are later than the thrust
faults. Evidence for the later faulting lies in a minor
degree in the faulting of the overthrust block at the

pnorth end of the Bristol Range, where it is cut by-

several small faults that average N. 60° E. and by a
larger northwest fault along the east base of the range
near the Lucky Star mine, which drops the overthrust
plane several hundred feet, to a level below that of
the adjacent wash. The synclinal character of the
thrust fault between the West Range and the Bristol
Range is also due to later disturbance, either folding
or faulting, probably the latter. '

The chief evidence for later faulting, however, lies
in the close relation of these faults to the present
topography of the district. The later faults in the
southern part of the Bristol Range quadrangle and in
the Highland quadrangle trend roughly north and
south, and it is the movement that produced these
faults which has determined the north-south trend of
the topography. Any topographic effects of the
earlier normal faulting or of the thrust faulting are
lost so far as the present large topographic features
are concerned. '

Many of the larger faults, those which have pro-
duced the main ranges, are concealed beneath the
valley wash, but border faults, parallel to them, are
found, particularly along the west side of the High-
land and Bristol Ranges. Others of the series lie well
within the range..

The latest normal faulting was of the typical Basin

Range type. On the west side of the Ely Springs
Range, in the Monument Canyon region, and at the
south end "of the West Range the rocks dip west.
Elsewhere they dip east. But, as shown on Plate 1,
there is in this area of eastward-dipping strata a suc-
cession of outcrops of the lower formations of the
Cambrian which requires a succession of fault blocks
dipping east. Besides the monoclinal blocks of this
type there are structural grabens, well shown by the
- infaulted block of Mendha limestone that makes much
of the east side of the Highland Range from Arizona
Peak to a point south of Dead Deer Canyon. A small
~ structural horst shows along the west base of the
Bristol Range north of Blind Mountain Spring.

The date of this last faulting is probably late
Tertiary. It was later than the Tertiary (?) lavas,
for they have everywhere been tilted by it. It was
earlier than the Panaca water-laid tuffs, for they lie
essentially unchanged in their original position. It is
possible that the tuffs may have undergone slight
warping, but no evidence of faulting was seen in
them. TFurther, it is clear, as shown in the discussion
of physiography (p. 3), that the latest faulting ante-
dated the Panaca formation by a sufficient time to per-
mit erosion to reduce the fault blocks to maturity and
to essentially the form which the cb‘untry has to-day.
Sc far as concerns the Pioche district, faulting is not
now in progress and has not been in progress in recent
geologic time—perhaps not since the beginning of the
Pleistocene.

The Ely Range, both topographically and struc-
turally, is out of alinement with the Highland Range
to the west. As a range it trends northwest. In gen-
eral the strike of the rocks is northwest and the dip
northeast. The neighboring lavas agree with the
sedimentary rocks in dip and strike. The main faults
parallel the range or cut across it at a slight angle;
other faults cross the main faults nearly at right
angles. Taken as a whole, the Ely Range is regarded
as having taken its present form under the influence
of the same later faulting that shaped the Highland
Range.

BRECCIATION

Brecciation, with later cementation, often accom-
panying faulting, has commonly occurred in both
quartzites and limestones. A good example in the
quartzite is seen along the east base of the Ely Range
at the Wide Awake mine. Here a fault separates the
Pioche shale from the Prospect Mountain quartzite
on the west of it, and the quartzite is thoroughly
brecciated for perhaps 20 to 40 feet from the fault
plane. The breccia was later cemented by quartz to
a hard rock which rises as rough ledges above even
the unbroken quartzite just to the west.

Brecciation of the limestone, often apparently. with-
out faulting, has in many places caused the replace-
ment of the bedded rock by massive rock. The ledge
of massive jasperoid east of Scotty Wash, just south
of Silverhorn, which has been unsuccessfully mined,
was probably formed by a siliceous replacement of a
limestone breccia.
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By ApoLrEH KNOPF

GENERAL FEATURES OF THE ORE DEPOSITS

The ore bodies of the Pioche and surrounding dis-
tricts comprise both oxidized and unoxidized deposits.
The oxidized deposits predominate in number, but
during recent years the unoxidized deposits have
yielded the most ore. The distinction between the
two classes is natural to malke, because the deposits
differ greatly in appearance and composition. The
unoxidized or primary deposits consist chiefly of
silver-lead-zinc ores. As a result of oxidation the
primary ores have been much changed, and the
changes produced have been influenced by the nature
of the country rock in which the ore deposits are
inclosed. The oxidized deposits that are inclosed in
quartzite are silver-lead ores, for the zinc they origi-
nally contained was largely eliminated during oxida-
tion. Copper in commercial amount occurs with the
other metals in some of the ores, as at Bristol, and
tungsten in the form of wolframite is a minor con-
stituent in others.

Manganese oxides, derived from the oxidation of
manganiferous siderite, are common in the ore de-
posits in limestone. Some ores, in fact, are valuable
chiefly as manganese-iron fluxes, and the ore of the
Jackrabbit mine contains so much manganese and is
so low in silver, lead, and zinc that it is utilized as a
manganese ore in iron smelting.

For descriptive purposes the ore deposits fall more
conveniently into three groups—fissure veins in quartz-
ite, mineralized granite porphyry, and replacement
deposits in carbonate rocks. All of them appear to
have been formed at the same time, in the epoch of
mineralization that occurred shortly after the granitic
rocks and their allied dikes of granite porphyry and
lamprophyre were intruded.

First in point of historic interest and total output

are the fissure veins that are inclosed in the Lower
Cambrian quartzite. They are the veins on which the
prosperity. of Pioche was based during the boom days
of the early seventies. They occur mainly at the town
of Pioche. The ore is highly oxidized and consists of
silver chloride, argentite, cerusite, and galena in a
quartzose gangue, which is chiefly brecciated quartzite.
It is comparatively low in lead.

The second group of ore bodies consists of lenses
in a highly sericitized granite porphyry of the Yuba
dike.
veins in the quartzite, but the gangue is soft seri-
citized porphyry. As the fissure veins in quartzite are

The metalliferous minerals are like those in the |

situated near the Yuba dike, this association of the
veins with the ore-bearing porphyry has strongly col-
ored local ideas on the origin of the ores and has
influenced prospecting campaigns in search of undis-
covered ore. : .

The third group comprises the replacement deposits
in limestone and dolomite. This group can be sub-
divided into replacement fissure veins and bedded re-
placement deposits.

The replacement fissure veins dip steeply and cut
across the bedding of the carbonate rocks in which
they are inclosed. They are thoroughly oxidized so
far as disclosed by the workings, none of which have
penetrated to water level, and they are highly man-
caniferous and limonitic and low in silica. Their size
in many places was obviously determined by the in-

"tensity of brecciation of the limestone which the fis-

sures traverse. At certain horizons bedded replace-
ment deposits extend out as lateral branches from the
fissure veins. Deposits of this type occur mainly in
the Liyndon limestone, Highland Peak limestone, and
Mendha limestone—a stratigraphic range of 5,500 feet.

The bedded replacement deposits that are attract-
ing most attention have been formed by replacement
of the limestones that are inclosed in the Pioche shale.
Some of the most productive of these ore bodies, such
as the Combined Metals ore bed, do not crop out, and .
were found accidentally during mining; but after the
fact was understood that there are ore bodies in the
district of a kind radically different from the fissure
veins in quartzite, on which the early prosperity of
Pioche was based, other bedded replacement deposits
were discovered by systematic diamond drilling. '

The geologic position of the bedded replacement
deposits, or ore beds, as they are locally called, was
determined by the intersections of certain steeply dip-
ping fissures with the favorable limestone beds. These
fissures themselves may carry some high-grade ore
but are commonly poorly mineralized and thin; con-
sequently they are of inconspicuous or insignificant
appearance. Bedded deposits may make off from
these fissures at the several successive limestone hori-
zons. At the Prince mine there are at least six such
horizons of bedded ore one above another—four in the
Pioche shale, one in the overlying Lyndon limestone,
and another still higher, at the base of the Highland
Peak limestone.

The ores of the region show no particular relation
to the mass of intrusive granitic rocks (quartz diorite,

43
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granodiorite, and quartz monzonite) that occurs north
of Stampede Gap. A broad belt of contact-meta-
morphic rock surrounds the mass, but no productive
mines have been developed near it. The immense body
of andradite garnet rock at the Manhattan mine is
manifestly a result of the intrusion. The nearest in-
trusive granite to Pioche is a small body of white,
highly sericitized rock northwest of the Ely Valley
mine, 2 miles northwest of Pioche. Dikes of granite
porphyry occur but are scarce. The best-known dike
is that called the Yuba, which has been highly serici-
tized and in places rendered ore-bearing. A few lam-
prophyre dikes also have been found.

The granitic rocks and the dikes of granite porphyry
and lamprophyre were intruded during a single epoch
of igneous activity, at the end of which the ore de-
posits of the region were formed. The precise geo-
logic age of the epoch of mineralization is not known,
but it may have been Tertiary.

At a much later time dikes of glassy dacite and
rhyolite were injected, but this epoch of igneous
activity was not followed by an aftermath of ore
deposition. .

The Pioche region is greatly faulted, and the fault-
ing occurred at several different times. That there
were three epochs of faulting has been proved, and
probably there were more (pp. 42-44). With refer-
ence to the ore deposits, premineral, mineral, and post-
mineral faults can be recognized. In the search for
ore the distinction between these three classes is likely
to be of importance.

The displacement along the fissures occupied by the
veins is generally small; in few does it exceed some
" tens of feet, and in others, as in the Mendha vein, no

displacement has occurred. As in many other mining .

districts, the master faults, however, are not mineral-
ized. Postmineral movement has broken the conti-
nuity of some of the ore bodies by closely spaced step
faults. It is probable that movement has recurred
along certain faults during two or even more epochs
of faulting.

OXIDATION AND WATER LEVEL

The water level in the mines is deep. It is shal-
lowest at the Prince mine, being there at a vertical
depth of 496 feet, but this relative shallowness is due

- to the fact that the mine is out on the flat. At the
Raymond & Ely mine the water level when cut in the
early seventies stood at 1,200 feet, but in later years as
a result of drifting operations it sank to 1,400 feet, the
water having evidently been drained off through a
fissure that was cut by the later workings. All the
cther mines are dry.

The ores in the fissure veins are oxidized down to
water level. The bedded replacement ore bodies in

limestone, most of which dip at low angles, have also -

as a rule been thoroughly oxidized, but some of them,
such as the Combined Metals ore bed, have remained
intact, although they are hundreds of feet above the
water level. This immunity to oxidation is due to
their being inclosed in shale, which forms the foot and
hanging walls, and their ends and sides are sealed off
from percolating water by impervious postmineral
gouge. v

Other replacement deposits, as those of the Prince
mine, are so thoroughly oxidized that no relicts of
the primary mineral from which the abundant manga-
nese oxides were derived can be found in them. Only
in the analogous replacement deposits that occur below
water level in the Prince miine has the primary manga-
nese mineral so far been found—a highly manganifer-
ous siderite, or manganosiderite.

Sphalerite has disappeared from all oxidized ores;
in the siliceous ores the zinc that was liberated by the
cxidation of the sphalerite has disappeared completely,
but in those ores which are in a limestone or dolomite
environment the zinc occurs as smithsonite and cala-
mine. Pyrite has altered to limonite and hematite.
The galena has in part altered to cerusite and locally
to the soft ocherous plumbojarosite, and in part it has
remained intact. Copper appears as chrysocolla, car-
bonate, and copper-pitch ore. The silver, unknown in
its primary form, occurs as chloride. ’

The prevalence of basic sulphates among the oxida-
tion products is noteworthy. The basic ferric lead
sulphate, plumbojarosite, has already been mentioned,
but jarosite is much more common. Potassium was
obviously present in effective concentration in the
oxidizing solutions. Probably the general limestone
environment kept the acidity of the oxidizing solu-
tions low and so favored the formation of basic sul-
phates.

The abundant manganese oxides that occur in many
of the ore bodies of the area are the result of the oxida-
tion of manganosiderite, as is suggested by the occur-
rence of that carbonate in the deeper workings of the
Prince mine below water level. The iron oxides and
hydrates—* limonite,” goethite, and hematite—that
are associated with the manganese oxides are also in
part the result of the oxidation of the mangano-
siderite and in part of the oxidation of pyrite.’

During the oxidation of the ores of the Pioche dis-
trict the opportunities for enrichment appear to have
been small. The siliceous ores were somewhat raised
in grade by the removal of zinc and part of the iron,
but this appears to be the extent to which the ores
were enriched. The silver was altered to cerargyrite,
apparently without supergene enrichment. In the ores
in limestone the abundance of calcite appears to have
prevented any extended migration of metals and hence
any enrichment. However, zinc may have migrated
into the footwall country rocks of some of the ore
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bodies while they were oxidizing, and therefore the :

possibility that bodies of zinc carbonate may occur
in the limestone that underlies an oxidized lead-silver
body should be kept steadily in mind.

MINERALOGY
Some notes on the minerals that occur in the ore
deposits are given below.

Andradite—A brown garnet of the calcium-ferric variety,
andradite, occurs in immense quantity at the Manhattan mine.
Microscopically it is seen to inclose some magnetite. Pyrite
is commonly associated with the andradite, but most of it has
been oxidized to limonite. In the hand specimen the andradite
appears to be oxidizing and yielding limonite; under the
microscope it is found to be altering to a deep yellowish-red
mineral, which is in part isotropic and in part shows aggre-
gate polarization.

Andradite is known to be easily susceptible to attack by a

‘dilute solution of sulphuric acid, and such solutions are likely

to occur in an environment of oxidizing pyrite. In the pres-
ence of copper-bearing solutions andradite thus attacked
vields chrysocolla. At Movenci, Ariz., the andradite decom-
poses to quartz and limonite, presumably as the result of
oxidizing acid attack.™

Arsenopyrite—Arsenopyrite has been found by J. L. Gillson

to occur as a minor constituent of the fissure ore of the Prince |

mine,

Breunite.—The manganese silicate braunite (3Mn:0;MnSiOs)
was identified by Gillson as an abundant component in the
oxidized ores of the Prince mine. It was not recognized before
polished sections of the ore were microscopically studied, -as
the largest grains are so small as to be entirely overlooked
even with the microscope except when high magnification is
used. The braunite occurs as minute crystalline masses and
stringers in the limonite. Under the reflecting microscope its
color is like that of hematite, but its relief is lower. It is
slightly harder than the limonite in which it occurs. Ore con-

taining 14 per cent of manganese and consisting only of |

braunite, limonite, and gangue will give gelatinous silica when
treated in a test tube with hydrochloric acid.

Dufreynosite.—According to Gillson, “In one specimen of
siliceous ore from the Prince mine dufreynosite probably
occurs in very minute amount. When the polished surface
of the ore was examined under the reflecting microscope a
few grains of a galena-white mineral were distinguished at
points ot contact of the blebs of tennantite or the other probable
silver-bearing minerals. The contrast in color at such points
made the galena-white mineral distinguishable from the galena.
KOIH is the only one of the usual reagents that reacts with
the mineral. It darkens the surface faintly. These chemical
tests and the hardness and color are those of the rare mineral
dufreynosite (Pb:As:Ss), but this identification could not be
confirmed hecause of the small quantity of the mineral
available.” .

Hematite—IHematite occurs abundantly as a pseudomorph
after pyrite in oxidized manganese-iron ore of the Prince and
Virginia Louise mines. As a brick-red ocher it is commonly
associated with the Hmonite in the oxidized ores in limestone.

A hard blackish iron oxide forming porous pseudomorphs
after a carbonate (calcite, or more probably a manganosider-
ite) is extremely abundant; its red or red-brown streak sug-

s Knopf, Adolph, Geology and ore deposits of the Yerington district,
Nev.: U. 8. Geol. Survey Prof. Paper 114, pp. 33, 48, 1918,
= Lindgren, Waldemar, The copper deposits. of the Clifton-Morenci
. dlstrict, Arlz.: U. 8. Geol. Survey Prof. Paper 43, pp. 109, 177-178,
1905.

gests that it is hematite, but as it gives some water in the
closed tube it is probably “ turgite,” or hydrohematite.

Hydrovincite—A soft dull-white mineral, hydrozincite,
ZnC0..2Zn(0OH):, occurs in the oxidized zinc-bearing ores at
a number of localities. The tests relied on to establish its
identity are its effervescence in hydrochloric acid, yield of
water in the closed tube, and zinc content.

Hydrozincite is abundant in ore from the 300-foot level of
the Gypsy workings of the Bristol mine. Examined in oils the
powder shows fibrous, radial aggregates, giving fan-shaped
sectors. The fibers give parallel extinction and positive elonga-
tion; the indices exceed 1.64.

At the Fortuna prospect, just north of the Jackrabbit mine,
the hydrozincite checks after exposure on the dump. It proves
to be isotropic or locally shows faint aggregate polarization;
its refractive index is 1.66. Evidently this hydrozincite is just
crystallizing from the gel state.

Jarosite—Jarosite, a basic sulphate of potassium and ferric
iron, K.Fe.(OH)1.:(S0:)s, is common in the oxidized ores of
the district. It is generally in the form of a soft yellow ocher
of unctuous feel; in places it occurs as hard, compact masses
It is most common in the veins that are inclosed in limestone
and is particularly abundant in the surface ore of the May Day
vein, in the Bristol area.

The prevalence of jarosite as an oxidation product of the
ores in limestone is perhaps somewhat surprising, as to form
jarosite potassium must necessarily have been present in the
oxidizing solutions, and limestones are not particularly prolific
sources of potassium. However, as jarosite is a basic salt,
and as the formation of basic salts is favored by hydrolysis,
which in turn is favored by a neutral or alkaline condition of
the solution from which the salt is precipitated, jarosite is
likely to be produced in a limestone country, where the sul-
phuric acid formed during oxidation will necessarily be rapidly
neutrialized. Neutralization of the acid will facilitate the
oxidation of the iron to the ferric condition and its subsequent
precipitation in basic compounds. As a matter of observation
jarosite is more common in arid than in humid regions and is
most abundant in limestone country.®

Leverrierite—A white mineral of exceedingly smooth feel
and high waxy luster occurs in considerable abundance in
the oxidized copper-lead-zinc ore of the 950-foot stope of the
Bristol mine and is locally called tale. Under the microscope
it is seen to be a finely felted aggregate that resembles sericite.
The fibers give parallel extinction and positive elongation;
y=1.575 and a=1.55. It does not swell in water or become
plastic. After being dissolved in hydrofluoric acid it does
not give a potassium flame, though it gives a weak copper
flame, probably owing to a minute amount of adsorbed copper.
It is accordingly identified as leverrierite.

Manganosiderite.—See Siderite.

Phosgenite.—~The rare mineral phosgenite (chlorocarbonate
of lead, PhCO:;PbCl.) was identified by J. L. Gillson as occur-
ring in the fissure ore of the Prince mine. It forms a coating
on massive pyrite, and in this coating are embedded innu-
merable small crystals of pyromorphite.

Plumbojarosite.—As a yellowish ocher of smooth, talclike
feel plumbojarosite in small amounts is common in the oxidized
ores of the district. It resembles the much more abundant
jarosite, from which it can not be distinguished by visual in-
spection. The plumbojarosite mentioned in this report has
been verified by the blowpipe test of yielding lead beads and
by its optical properties. In this way it was found to occur
notably at the Comet mine associated with galena, sphalerite,

® Locke, Augustus, Leached outcrops as guides to copper ore, p. 107,
1926,
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and wolframite, and in lesser quantities elsewhere in the
district.

In recent years plumbojarosite has been shown to occur in
many of the mining districts of Nevada—in the Goodsprings
- district, Clark County, especially at the Boss mine, famous
for its platinum-palladium ore; in the Arabia district, Pershing
County ; and in the Simon district, Mineral County.

Pyrargyrite—According to Gillson, two other minerals be-
sides tennantite form minute blebs in the galena of the Prince
mine, both in the fissure ore and in the residual galena in the
oxidized bedded ore. The only one of these identified is pyrar-
gyrite. Its certain recognition was hindered by the fact that
the polished surface of the mineral when tested with KOH
~under the microscope is not affected, whereas most pyrargyrite
is attacked by KOH. It was identified by comparison with
standard material by the use of a comparative ocular. The
other mineral remains unidentified. When examined under
the reflecting microscope it shows a dark grayish-white color
and reacts only with KCN, like the pyrargyrite. Also like
the pyrargyrite, it is sectile but does not give a red powder
when scratched. It is probably a silver-bearing mineral.

Pyrargyrite was also identified as occurring in the high-
grade silver-bearing lead ore of the Greenwood fissure in the
Combined Metals mine.

Pyrolusite—Pyrolusite (MnO:) is one of the most abundant
manganese minerals in the oxidized manganiferous ores. At
the Black Metals mine it is well crystallized, commonly occur-
ring as fan-shaped and radial groups, some of which are as
much as an inch or two in diameter.

Siderite.—A manganiferous siderite occurs in the primary
sulphide ore of the Prince mine on the 835-foot level, which
is 300 feet below the top of the water table., It is a white
carbonate having moderately curved cleavage surfaces. The
index ¢’, measured on the cleavage rhomb, is about 1.72, which
indicates a manganiferous siderite.
" made analysis gives the actual composition.

Analysis of manganiferous siderite from Prince mine
[Philip D, Brass, analyst]

FeO 27. 50
MnO -__ 24. 35
MgO 9. 42
CO; 36. 20
HO - -—— .59
Insoluble — .14
PbS ——— R, 2.12

100. 32

Calcium was proved to be absent. The PbS represents a
small amount of galena finely disseminated through the
carbonate. . ’

This manganiferous siderite, or manganosiderite, is regarded
as typical of the carbonate from which the manganese and
part of the iron in the manganiferous iron ores of the Prince
and other mines were derived by oxiddtion.

Tennantite—Tennantite (CusAs.S;) was detected by Gillson
as a microscopic constituent of the fissure ore in the Prince
mine. It proved to be a variety that is affected in polished
section by KCN, an unusual property for that mineral. )

Vanadinite—Vanadinite occurs very rarely as a yellow
coating or bloom on the galena of the Prince mine. It is
abundant in minute sharp hexagonal prisms in some man-
ganiferous ore found in a prospect pit near the Combined
Metals shaft.

Willemite.—Willemite (Zn.SiO.) was found by Gillvon to
gccur abundantly as a coating of millimeter-sized crystals on

.The following carefully

" but locally expanded to 9 feet.

oxidized ore in a prospect on the east side of the crest of
Arizona Peak. .

Wolframite—The tungsten ore mineral wolframite,
(Fe,Mn) WO;, occurs in the Comet vein and in the Panaca
vein, a few hundred feet north of the Comet. It is embedded
in the quartz gangue of the Comet vein as tabular crystals
that are half an inch thick and as much as 2 inches in diam-
eter. It is associated with galena and a brilliant black
sphalerite which closely resembles it. In the Panaca vein
wolframite is the only metalliferous mineral that occurs with
the quartz; galena, sphalerite, and pyute appear never to have
been present.

VEINS IN QUARTZITE

The silver-bearing veins in the Lower Cambrian
quartzite were the basis of the astonishing results
achieved during the early seventies. Raymond could
write in 1872 that never in the history of the world
had such an output been attained. For a brilliant
four years Pioche was second only to the Comstock
lode. The ores carried from 75 to 150 ounces of silver,
or $100 to $200 to the ton. From 40 to 85 per cent
of the silver in the ores occurred as chloride. As a
rule the ores were low in lead.

The chief veins that occur in the quartzite are at
Pioche and in its immediate neighborhood. The only
exception is the Comet vein, 9 miles from Pioche,
which is interesting and peculiar in that it contains

- wolframite in noteworthy amount along with galena,

sphalerite, and pyrite.

The most productive vein in the quartzite was the
Raymond & Ely. It was as a rule of moderate width
By 1874 it had already
been practically exhausted down to water level at
1,200 feet; subsequently it was worked to an extreme
depth of 1,400 feet. It strikes nearly west and dips
75° 8., traversing quartzites that dip 20° N. East of
shaft 8 it splits into two branches, known as the
‘Meadow Valley and Burke veins, the angle of di-
vergence between which is 20°.

The filling of the veins in quartzite consists chiefly
of angular fragments of quartzite, and the metallif-
erous minerals occupy the interspaces between the
fragments. In the upper levels the ore is porous owing
to leaching, probably in the main. the result of the
removal of sphalerite and pyrite; it contains lead
carbonate, silver chloride, and other oxidation prod-
ucts in minor quantity. Galena appears in less thor-
oughly oxidized ore, and black sphalerite occurs in
ore below water level.

In recent years the most brilliant result attained by
working the fissure veins in quartzite was at the Stindt
& Donohue lease, on the Wide Awake group, 2 miles
south of Pioche. In 1919 $120,000 worth of ore, aver-
aging $60 a ton in silver and lead, was shipped from
this lease. The ore, although in a fissure vein in
quartzite, is unusual in that it dips at angles as low
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as 20° to 30°. Because of this low dip, the ore has
been erroneously called “ bedded ore,” but it occupies
& fault fissure, probably a thrust fault, which cuts
through the quartzites, here dipping 45° N.

Considerable development work is now being done
by the Pioche Mines Co. in cleaning out and extending
the old workings on some of the quartzite fissure veins
that are associated with the Yuba dike, such as the
Mazeppa and Chapman.

ORE BODIES IN GRANITE PORPHYRY

Shoots of ore occur in a granite porphyry dike

known as the Yuba dike, which cuts through the
quartzite on Treasure Hill south of the town of Pioche.
It has often been asserted that the Yuba dike is the
source of all the ore in the district and that conse-
quently the ore bodies are poorer the farther they are
from the dike. Were this assertion strictly believed,
it would powerfully deter much legitimate prospect-
ing. One of the results of a broader interpretation of
the belief that the Yuba dike is an ore bringer is that
much expensive exploration has been done in the
vicinity of other dikes that have been mistakenly re-
garded as similar to the porphyry of the Yuba dike.
For example, certain dikes of glassy andesite, dacite,
and rhyolite have been thought to be like the granite
porphyry of the Yuba dike and hence likely to.be
ore bringers; but as a matter of fact they were in-
truded long after the time at which the ore of the
district was formed. That these dikes are younger
than the ore is best shown at the Hamburg mine, where
a glassy dacite (technically a hornblende-biotite dacite
vitrophyre) cuts through the ore body.

The Yuba dike contains shoots or pods of ore dis-
tributed irregularly through it; they occur sporadi-
cally at both contacts or anywhere in the interior of
the dike. The dike is 40 feet thick, trends east, and
dips 80° S. It cuts through the quartzite, which
dips 25° N., and it has been traced as far east as
the Alps mine. The dike consists of biotite granite
porphyry whose most conspicuous feature is its por-
phyritic quartz. It has been called a “quartz por-
phyry,” which is an excellent noncommittal descrip-
‘tive name for it, and “rhyolite porphyry,” which is
less appropriate. It has been highly seéricitized, and
practically the only original mineral left is the quartz
that occurs in the groundmass and as many small
porphyritic crystals. Where unoxidized the por-
phyry contains finely disseminated pyrite, which was
manifestly put into the porphyry at the time it was
sericitized. '

In general the dike is shattered, and at intervals
it contains thin lenses of ore lying in its plane and
bounded by well-defined walls. The quartzite along
the contact of the dike is shattered, and in places
“ quartzite fissures ” extend out into the quartzite from

the dike at angles of roughly 45° with its course.
Genetically it is clear that the Yuba dike was shattered
after it had solidified and that it then served as a
channelway along which hot solutions ascended.
These solutions deposited galena, sphalerite, pyrite,
and a silver-bearing mineral in the dike and altered
all its feldspar and biotite to white silky mica
(sericite).

A large amount of work was done on the Yuba dike
and its related quartzite fissures by the “old timers”
and subsequently by lessees. Most of it was done on
small tracts, on many of which deep shafts were sunk,
some as deep as 1,200 feet. As a result the ore that
was taken out could have been found with one-third of
the work that was actually done. At the present
time most of the ground is owned by the Amalga-
mated Pioche Mines & Smelter Corporation and is
under lease to the Pioche Mines Co., which has begun
more systematic development than was possible under
divided control. '

REPLACEMENT DEPOSITS IN CARBONATE ROCKS

GENERAL FEATURES

The replacement deposits in carbonate rocks (lime-
stone and dolomite) are of two kinds—replacement
fissure veins, formed by replacement along fissures
that cut across the bedding; and tabular ore bodies
that lie parallel to the bedding and are generally re-
ferred to locally as bedded ore bodies, formed by re-
placement of certain limestone or dolomite beds. In
some mines both kinds are associated in a single ore
system, for at certain horizons tabular masses of ore
extend out from the ore-bearing fissure into the lime-
stone like branches from the main trunk of a tree.

The replacement ore deposits where unoxidized are
silver-bearing pyrite-sphalerite-galena bodies. They
range from solid sulphide masses to ores that are more
or less manganiferous. The manganiferous ores are
highly oxidized, consisting of pulverulent oxides of
iron and manganese and containing negligible amounts
of lead, zine, and silver. In fact, at the Jackrabbit
mine pyrolusite (MnO,) is so abundant and lead, zinc,
and silver are so nearly absent that the material is
shipped to the iron smelter near Provo, Utah, as man-
ganese ore.

Around the periphery of many of the replacement
deposits in limestone is a zone of coarse interlocking
white calcite, in which the individuals of calcite show
cleavage surfaces as much as 6 to 8 inches in diameter.
This coarse calcite has resulted from the recrystalliza-
tion of aphanitic limestone; the explanation seems to
be that the spent or depleted ore-forming solutions,
though no longer able to replace the limestone that
surrounds the ore bodies by ore, were able to re-
crystallize it.
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The following analyses show the great purity of this
calcite:

Analyses of calcite from Pioche district

[J. G. Fairchild, analyst]

1 2 3

CaO_ oo 55. 77 55. 33 54. 66
MgO__ . _TTTIIIIIIIIIIIIIT .20 .70 .27
MnO._ o .07 | Trace. 1. 11
FeO . None. | None. None.
COz J 44, 09 44, 23 43. 92
Insoluble_ - o _- .21 .05 . 16

. 100. 34 | 100. 31 100. 12

1. Virginia Louise mine, west drift, 400-foot level,
2. Jackrabbit mine, 800-foot level.
3. Tempest mine, dump.

FISSURE VEINS

The replacement fissure veins are most notably rep-
" resented in the Bristol area. The May Day, Gypsy,
Tempest, and Hillside veins are among the most
prominent. . They yield silver-bearing copper-lead-
zinc ores, all highly oxidized. Galena in small
amounts is the only sulphide found.

The veins occupy steeply inclined fissures that cut
through the gently dipping beds of the Highland
Peak limestone. The ore occurs in shoots, whose posi-
tion appears to have been determined, in part at least,
by the places at which fault breccia was developed
along the fissures. Angular fragments of limestone
occur in the ore, and they become larger and more
abundant toward the ends of the shoots. That these
breccias were not produced by mineralization stop-
ing % is indicated by the fact that breccia also occurs
in portions of the faults where there is no ore.

Contrary to an opinion expressed that these ores
were deposited from downward-moving solutions,?
there is no reason to doubt that the primary ores
were deposited from ascending solutions. During
oxidation, however, there has been some rearrange-
ment of the metals, but not much, on account of the
prevalence of limestone. The copper has tended to
move toward the footwall, where it was precipitated
as chrysocolla and copper pitch; the iron, manganese,
and zinc have also probably moved a little, but the
lead, altered from galena to cerusite, has remained in
place.

TABULAR REPLACEMENT DEPOSITS (“BEDDED ORES”)

In recent years the bedded ore of the Combined
Metals mine at Pioche has been of main interest. Dur-
ing 1926 this mine was producing at the rate of

# Locke, Augustus, The formation of certain ore bodies by minerali-
zation stoping : Econ. Geology, vol. 21, pp. 431-453, 1926.

% Hill, J. M., Notes on some mining districts in eastern Nevada:
U. 8. Geol. Survey Bull. 648, p. 129, 1916.

_ directions.

4,000 tons a month. The ore is practically a solid sul-
phide aggregate that consists of an intimate inter-
growth of pyrite, sphalerite, and galena. The pyrite
predominates, and the zinc content is 14 per cent, lead
7 per cent, silver 7 ounces to the ton, and gold 0.03
ounce to the ton. This ore was worthless until a
proper flotation was devised. So intimately are the
sulphides intergrown that the ore must be ground to
200-mesh in order that the lead and zinc can be sepa-
rately concentrated by selective flotation.

The ore body occurs at the intersection of a steep

“fissure (the Greenwood) and a limestone bed dipping

20° that occurs in the Pioche shale. It extends out
laterally on both sides of the fissure as much as 100
feet. The ore has clearly been formed by replace-
ment, as all the peculiarities of the original rock, such
as its distinctive nodular character, are retained and
preserved. The ore body is a tabular mass 30 to 40
teet thick, thickest adjacent to the Greenwood fissure
and tapering away from it. The downward extension
of the ore body is determined by. the angle of inter-
section that the Greenwood fissure, which strikes N.
65° E. and dips 65° N., makes with the limestone bed,
which dips gently southwest.

The Greenwood fissure has yielded some high-grade
silver-bearing lead ore near the replacement ore bed.
It is known as a result of recent diamond drilling that
the Greenwood fissure has caused replacement by ore
in another limestone bed lying 118 feet above the
main ore bed, but the amount of this ore is not yet
determined. It is an interesting fact that the Green-
wood fissure and the Raymond & Ely fissure are closely
adjacent, trend nearly parallel, and dip in opposite
Whether the Raymond & Ely vein has
caused the development of replacement ore where it
intersects the limestone beds in the Pioche shale ap-
pears not to be known.

The bedded replacement ores at-the Prince mine,
3 miles southwest of the Combined Metals mine, differ
considerably in composition and degree of oxidation
from that at the Combined Metals mine. Those above
water level are thoroughly oxidized and consist of
manganese-iron oxides low in silver, lead, and zinc.
About 800,000 tons of ore carrying 214 to 3 ounces of
silver to the ton, 3 per cent of lead, 35 per cent of iron,
and 15 per cent of manganese has been shipped. Ore
of this kind contains also 1 per cent of zinc, which
vitiates its possible use as a manganiferous iron ore.
The bed known as the Twenty-foot bed, which is in
the Pioche shale near the top of that formation, has
been the most profitable. It was mined for a length of
1,500 feet and for a maximum width of 400 feet. The
bed was mined on the contract system, and the ore
was delivered at the shaft for 40 cents a ton. Besides
the Twenty-foot bed four other beds of manganiferous
flux were worked.
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Unoxidized sulphide ore was found by diamond
drilling to have replaced one of the lower limestones
in the Pioche shale. This bedded ore is 340 feet below
water level, which stands at 496 feet below the collar
of the Prince shaft. The ore consists of sphalerite,
galena, and pyritein a gangue of manganiferous sider-
ite and minor quartz. Oxidation of such a man-
ganiferous siderite and pyrite would account for the
abundant iron and manganese in the bedded ores that
ave above water level. Another sulphide bed 245 feet
below this one is indicated as the result of diamond
drilling and appears to be only 10 feet above the
Prospect Mountain quartzite (Lower Cambrian).

The mineralizing fissure from which these seven suc-
cessive horizons of bedded ore were developed appears
to be the Great Western fault. Along this fault con-
siderable vertical movement took place, part of which
was postmineral; it did not, however, exceed 400 feet,
for the Liyndon limestone, which is only 400 feet thick,
occurs at the surface on both sides of the fault.

SILVER-BEARING JASPEROID AT SILVERHORN

Immense outcrops of jasperoid occur near the now
abandoned mining camp of Silverhorn, 4 miles north
of Bristol Pass. The largest are hundreds of yards
long and hundreds of feet wide, forming conspicuous

dull-brown masses that make the ridge tops. A coarse
" gray fossiliferous limestone of Mississippian age is
the prevailing country rock.

In places the seams that traverse the jasperoid are
splotched with films of hon silver, and the high

assays that were obtained from sampling these films

led to the boom that ran its short-lived course in 1921.
Much bona fide prospecting in the form of long tun-
"nels and inclines was done. The longest tunnel cuts a
mass of jasperoid at a depth of 200 feet below the
outcrop; it shows a body of jasperoid 80 feet thick,
which was formed along a fault contact, the hanging
wall being shale and the footwall limestone. This
jasperoid is the normal fine-grained siliceous rock that
is formed as the result of the replacement of limestone
by minutely crystalline quartz.

GENESIS OF THE ORE DEPOSITS

The ore deposits of the region appear to be all of
essentially contemporaneous origin : although there are
slight differences in age among them they were all
formed during one epoch of mineralization. They
were formed in the interval between the injection of
the dikes of granite porphyry and lamprophyre and
the injection of the Tertiary dikes of glassy dacite.
That is the positive evidence. Other, less certain evi-
dence indicates that they were formed shortly after
the granite porphyry and lamprophyre dikes were in-

)

truded. According to Ferguson,*® there were four
metallogenetic epochs in Nevada—(1) epi-Jurassic,
contemporaneous with that in the Sierra Nevada;
(2) Eocene; (3) pre-Esmeralda (before upper Mio-
cene); and (4) post-Esmeralda. It is the writer’s
belief that the mineralization in the Pioche region was
either epi-Jurassic or Eocene.

The pyritic andradite mass at the Manhattan mine
is an ore body of high-temperature origin, and con-
sequently the conditions necessary to form it could
have been brought about only by the intrusion of the
quartz monzonite mass of Blind Mountain. Between
the andradite deposits and the productive ore deposits
there is a genetic gap, for it is true in general that
the minerals that occur in the productive ore deposits
are not of particular genetic significance. The quartz
in the fissure veins in the quartzite, however, is of the
coarse milky-white kind, and this feature, together
with the thoroughness with which the ore-forming
solutions have sericitized the granite porphyry, indi-
cates that the ores were formed under conditions of
moderate temperature and pressure; they are meso-
thermal deposits.

The main elements carried by the ore-forming solu-
tions were Ag, Pb, Zn, Cu, S, Fe, Mn, Si, and K.
This is a conventional generalization, however, and
it is unlikely to be true of the solutions that rose
along every trunk channel. ‘There were individual
differences; at Bristol the solutions probably carried
more copper, for they precipitated more copper, and
at Comet they carried tungsten. The silica was de-
posited in the form of quartz in the fissure veins that
lie in quartzite, but quartz was rarely deposited in the
limestones. The manganese, on the other hand, was
not deposited in the veins in the quartzite but was
deposited abundantly by replacement of the lime-
stones. Possibly as the ore-depositing soluticns be-
came cooler the precipitation of the manganese was
accelerated, as appears to be the explanation at Butte,
Mont., where the manganiferous ore was precipitated
in the outermost, coolest zone of ore deposition; and
as the manganosiderite in the primary deposits of
the Pioche district is of replacement origin, which
implies that the manganese was supplied from the
trunk channels by diffusion, the temperature at the
frontiers of replacement as the ore body grew laterally
from the feeding fissure was considerably lower
than in the trunk channels up which the ore-forming
solutions rose through the quartzite.

Ore is not known to have been deposited as a result
of the Tertiary volcanic activity. The considerable
niass of opal that occurs north of the Ely Valley mine

% Ferguson, H. G., Regional relations of Nevada ore deposits [ab-
stract] : Washington Acad. Sci. Jour., vol. 17, pp. 121-122, 1927 ; The
mining districts of Nevada: Econ. Geology, vol. 24, pp. 115-148, 1929,
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is the only evidence of any mineralizing activity later
than the epoch of ore deposition, and it may have
been formed at the vent of a hot spring.

The ore bodies in the limestone and dolomite are
essentially replacement deposits. In the fissure veins
it was fault breccia that was replaced, with some con-
comitant replacement of the wall rocks. In the
bedded orés certain limestone and dolomite beds were
replaced laterally from mineralizing fissures. The
Combined Metals ore bed, so far as yet known, is the
most “favorable ” bed. What determines the favor-
ableness of a carbonate rock for replacement by ore
is one of the profound enigmas of geology. It can
not be chemical composition, for dolomite, which
differs greatly in composition from limestone, has
also been replaced by ore, as at the Mendha mine.
Furthermore, it can not be the thinly bedded nature
of the Combined Metals ore bed, for in reality that
bed is tripartite, consisting of a lower massive mem-
ber 3 feet thick, an intermediate barren layer 3 feet
thick, and an upper thin-bedded nodular limestone 30
feet thick. In places only a part of the ore bed has
been altered to ore, but in some such places it is the
lower portion of the thin. beds that has been trans-
formed to ore and in others it is the lower massive
member. Locally certain thin beds are nearly solid
galena; it would be a normal mental reaction to say
that these beds “ were obviously more favorable to
replacement by galena than the adjacent beds,” but
nothing is really explained by that restatement. The
“favorableness ” of a limestone as a repository of ore
is a purely inductive fact, a conclusion based on obser-
vation, and can not be foretold.

The Combined Metals bed is stratigraphically the
lowest favorable bed. There is a suggestion that this
ore bed conforms to one of the generalizations an-
nounced by Prescott®” for the limestone replacement
deposits of Mexico: “The first favorable limestone
encountered by the ascending mineralizer is often by
far the most productive.” The development of the
Pioche district, however, has not yet progressed far
enough to give'much weight to this suggestion. Pos-
sibly the ¢ zinc bed ” at the Prince mine, so far known
only by diamond drilling, which is stratigraphically
below the Combined Metals bed—in fact, is only 10
feet above the Lower Cambrian quartzite—may prove
to be of economic value. Ore occurs also in the other
limestones higher in the Pioche shale, as well as in the
overlying. Lyndon limestone, Highland Peak lime-
stone, and Mendha limestone—a total stratigraphic
range of 5,500 feet. At no one mine, however, do
beddeéd ores occur through such a range. The maxi-

57 Prescott, Basfl, The underlying principles of the limestone replace-
nrent deposits of the Mexican province : Eng. and Min. Jour., vol, 122,
p. 247, 1926. : .

mum range so far demonstrated at any one mine is
1,500 feet at the Prince, where at seven horizons, rang-
ing from near the base of the Pioche shale to the base
of the Highland Peak limestone, rock has been replaced
by ore. The deposits at the higher horizons have here
been removed by erosion, and the evidence that they
might have given as to the maximum possible number
of ore beds at any one locality has been destroyed.

The evidence that the ore was formed by replace-
ment is best displayed in the thin-bedded portion of
the Combined Metals ore body, where every detail of
the nodular beds is faithfully preserved in the ore.
Toward the periphery the ore is somewhat higher in
pyrite. In the Silver ore bed at the Prince mine,
which is undoubtedly the equivalent of the Combined
Metals bed, the sequence of minerals is manganosid-
erite, quartz, and sulphides. This order of deposi-
tion appears to be the result of the inability of
manganosiderite to persist during the process of ore
deposition in too hot an environment; at first man-
ganosiderite was deposited near the feeding fissure,
but as the temperature gradually increased by con-
duction it wasreplaced by quartz and sulphides, moved
outward, and was reprecipitated. It thus constituted
the vanguard of the replacing minerals. Under appro-
priate conditions of temperature and concentration of
the manganese, however, large bodies of manganiferous
ore were deposited.

That many of the ore bodies are surrounded by a
thick shell of coarsely crystalline calcite has already
been mentioned, and it was suggested that this was
the work of the ore-forming solutions after they had
been depleted of their metalliferous constituents; pos-
sibly such coarsely crystalline calcite was the most
advanced member of the vanguard in front of the
growing ore body. At any rate this prevalence of
coarse spar helps to explain the common poikilitic
texture shown by much of the leaner manganiferous
ore in such ore bodies as the Twenty-foot bed of the
Prince mine. During the oxidation of the primary
ore the manganese and iron have migrated somewhat
and, coming into contact with the coarse spar, have
partly replaced it, sufficiently to blacken and disguise
its calcitic nature but not enough to destroy the cal-
cite cleavage; hence the luster-mottled surfaces so
common in the ore. '

What is the nature of the feeding fissures through
which the ore-forming constituents of the tabular re-
placement were supplied? This'is a matter of much
practical importance, for the feeding fissures are sure
guides in the search for other ore bodies. It is by no
means easy to establish whether or not a given vein
or fissure was the feeding channel. Some veins are
younger than the bedded ores and merely intersect
them; and some fissures, on the other hand, are post-
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mineral faults. A greater difficulty in interpretation
arises if the mineralizing fissure has also been the site
of severe postmineral movement.

The best-known mineralizing fissure is the Green-
wood, up which were brought the substances from
which the Combined Metals ore body was formed.
The evidence that it was the mineralizing fissure lies
in the facts that the downward extension of the ore
body is governed by the angle of intersection of the
fissure with the ore bed and that ore occurs adjacent
to it where it cuts a limestone bed approximately 100
feet above the Combined Metals bed. The Greenwood
fissure itself contains some ore, both above and below
the ore bed, but in general is a very insignificant-
looking fissure. Further details are given in the
description of the Combined Metals mine (pp. 55-56).

SUMMARY AND CONCLUSIONS

The bonanza output of the Pioche district came
from the fissure veins in the Lower Cambrian quartz-
ite. In the space of four years the two mines that
worked the principal vein—the Raymond & Ely
vein—were able to disburse $4,981,000 in dividends,
so successful were they despite the great handicaps
placed on them by what was then a remote desert
mining camp. The known ore was rapidly exhausted,
but it was mined skillfully in spite of its richness, and
the ground was carefully explored for more ore.*®
The upper levels were gone over several times. Al-
though the ore then mined was of much higher grade
than would now be necessary for profitable working,
yet in view of the explicit emphatic statements in
Raymond’s reports on the skill and thoroughness
with which the ore was extracted and of the history
of other Nevada camps, in which it has been found
that most or all of the ore has been carefully mined
out by the “old-timers,” it seems overoptimistic to
expect to find bodies of bonanza ore or large quantities
of moderate-grade ore in the old-time workings.

There is a possibility that some of the fissures that
are thin and feebly mineralized in the Pioche shale
may become stronger and carry ore where they extend
down into the underlying quartzite. The bonanza ore
of the Raymond & Ely vein did not come to the sur-
face at the Lightner shaft but was cut at a depth
of 200 feet, after the shale which there overlies the
quartzite had been penetrated. The ore shoot whose
top was thus cut yielded several millions. At other
localities the distinctly adverse effect of the Pioche
shale on the veins is likewise clearly shown. On the
other hand, veins like the Greenwood fissure, which
-carry high-grade ore near their intersections with
limestone, are conspicuously barren in the quartzite.

8 Raymond, R. W., Mineral resources of the States and Territories
west of the Rocky Mountains for 1872, p. 180, 1873.

The recognition in recent years that large replace-
ment ore bodies have formed in the limestones inter-
bedded with Pioche shale where the limestones are
cut by certain mineralized fissures has greatly en-
hanced the possibilities of the district. The limestone
(the “ Combined Metals ore bed ) 250 feet above the
base of the shale has so far been found to be the most
productive stratum. As demonstrated at the Prince
mine, a single fissure can have caused replacement ore -
bodies to form at six or seven successively higher
limestone horizons. s

The successive limestone beds thus replaced occur

-not only in the Pioche shale but also in the overlying

Lyndon limestone and the still higher Highland Peak
limestone. Accordingly, it may be worth while to
explore to considerable depths those mineralized fis-
sures that yield ore in the formations above the Pioche
shale on the chance that the lower favorable lime-
stones, especially those in the Pioche shale, have been
replaced by ore. )

The practicability of prospecting these lower lime-
stone beds depends on several factors, one of which
is their depth below the surface or below the deepest
workings of the particular mine in which such pros-
pecting is contemnplated. The geologic column show-
ing the order of superposition and the thickness of
the several formations is therefore of supreme prac-
tical importance. Because of the acutely faulted con-
dition of the region, especially in the immediate
vicinity of Pioche, the construction of this column be-
came possible. only after the extended areal surveys
of the whole region by Professor Westgate, and it
is one of the chief objects of this report to make this
column available for such exploratory work. Itshows
that the Combined Metals bed, so far the most favor-
able bed known, is 870 teet below the top of the Pioche
shale and about 1,400 feet below the bottom of the
Highland Peak limestone,

That large valuable bodies of bedded replacement
ore have formed adjacent to insignificant fissures has
already been pointed out; it is beyond doubt one of
the impressive features in the geology of the district.
It opens the possibility that there may occur many
such bedded deposits that do not crop out. To find
these ore bodies will be difficult, but their discovery
will be facilitated primarily by applying skillfully a
knowledge of the geologic column and by determining
the faulting that has disturbed or changed the normal
sequence of the strata.

THE MINES
COMBINED METALS MINE
The Combined Metals mine, in recent years the most
productive mine in the Pioche district, is at the west
edge of the town of Pioche. It is operated on a
royalty basis by the Combined Metals Reduction Co.,
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under a lease from the owner, the Amalgamated
Pioche Mines & Smelter Corporation. The mine is
connected by a narrow-gage railroad with the Union
Pacific terminus at Pioche. The ore is shipped to the
company’s flotation plant at Bauer, Utah, where lead
and zinc concentrates are made, which are then sent
to the smelter. Experimental work is now going on
at this plant to extract the lead and zinc directly
from the complex ore by a hydrometallurgical proc-
ess using newly devised machinery and chemical
methods.
driven and is fired by Utah coal, which costs $6 a ton
delivered at the mine. Early in September, 1926, the
power plant and head frame were destroyed by fire,
but they have since been replaced. :

The mine is worked through a vertical 2-compart-
- ment shaft, the No. 1 shaft of the old Raymond & Ely
Co. The collar of the shaft is 6,346 feet above sea
level. The shaft is 1,272 feet deep, and from it seven
levels have been drlven the boftom level, at a vertical
depth of 1,272 feet, is known as the 1,200. Other
workings, which, however, are excluded: from the
present lease, extend down by a number of winzes to
the 1,400-foot level.

Dunno 1926 ore was being ‘hoisted from the 350,
420, and 720 foot levels, and exploratory drifting and
crosscutting was being done on the 1,200-foot level.
Diamond drilling also was used to locate faulted seg-
ments of the main ore body and to discover whether
any stratigraphically higher ore beds occur.

Water level was originally struck on the 1,200- foot
level, but subsequently it dropped to the 1,400-foot
level.

HISTORY

The ore body worked is a tabular replacement mass
consisting of intimately intergrown pyrite, sphalerite,
and galena, named in the order of decreasing abun-
dance. It is called bedded ore. Such complex sulphide
material was of no value until selective flotation was
invented. According to S. F. Whitney, manager of
the Amalgamated Pioche Mines & Smelter Corpora—
tion, this ore had been found by the early operators
but, being without value at that time, was of no inter-
est to them. Much later it was rediscovered by a Mr.
Greenwood in a long crosscut driven from what is
now known as the Greenwood shaft. After a celebra-
tion in honor of the discovery it was found that the
ore was not on the property controlled by Greenwood.
The discovery locality is on the present 420-foot level
of the Combined Metals mine.

To E. H. Snyder belongs the credit of demonstrat-
ing that the bedded ore is an economic asset. This
was done by proving the extent of the deposit by
exploring it from the Greenwood workings and then

The power plant of the mine is steam .

driving back to No. 1 shaft. Furthermore, under his
direction proper flotation procedure was devised,
without which the material would have remained
metallurgically worthless.

Ore was first shipped to the Combined Metals Re-
duction Co.’s plant at Bauer, 1 mile from Stockton,
Utah, on May 19, 1924. During the first seven months
of 1926 the output was 4,000 tons a month, but owing
to the disastrous fire the rate was seriously curtailed
during the remainder of the year. The output to the
middle of September, 1926, aggregated 112,000 tons-
of a gross settlement value of roundly $1,500,000. This
ore has been remarkably constant in composition,
averaging 14 per cent of zinc, 7 per cent of lead, 7
ounces of silver to the ton, and 0.03 ounce of gold
to the ton.

Composition of Combined Metals ore

Gold Silver ;
. Lead (per | Zinc (per
vear oanee, |coguness, | “oonty | ont)
1926 . ___ 0. 037 7. 96 6. 74 14. 41
19268 ___ ____ . __ . 030 6. 85 6. 27 13. 48

e First 5 months.
GENERAL GEOLOGY

The ore bodies are in a belt of Pioche shale that
trends northwest and lies between two master faults.
On the northeast the shale is bounded by the Prospect
Mountain quartzite and on the southwest by the Lyn-
con limestone. The main ore body is the result of a
replacement of a certain limestone member in the
Pioche shale, 250 feet above the base of that forma-
tion. The replacement, however, occurred only where
the limestone member is intersected by a steeply dip-
ping fissure known as the Greenwood. The belt of
shale within which the ore bodies occur is dislocated
by many transverse faults, which have broken the
continuity of the ore body.

The Pioche shale in the vicinity of the mines has
the normal character of that formation. The shale
1s arenaceous—in fact, in places it contains so much
quartz that it is a fine-grained sandstone. It is shim-
mery on the shale fracture surfaces, from the abun-
dance of detrital flakes of muscovite. The formation
contains intercalated limestone members which range
in thickness from 1 foot, as near the Greenwood shaft,
to 40 feet. This thickest member is of most interest
because the portion of it that was replaced by ore
constitutes the main ore body ; it is therefore generally
known as the Combined Metals bed. About 118 feet
stratigraphically above the Combined Metals bed is
a 15-foot member of limestone, which is rather thickly
bedded, the thickest bed measuring 3 feet. A few
quartzite beds also are intercalated in the Pioche shale.
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The average strike of the formation is N. 30° E. and
the dip 20° NW., but the attitude varies considerably
in different fault blocks,

The base of the Pioche shale, exposing the under-
lving Prospect Mountain quartzite, is seen at several
places in the mine. It is shown.in a winze level 250
feet below the Greenwood crosscut, which yields the
valuable fact that the Combined Metals ore bed is
250 feet above the base of the shale. It is shown also
on the 600-foot level, near the powder-house crosscut,
and the approximate base appears in the extreme
southwest workings on the 1,200-foot level, where it
hias been dropped by a fault trending N. 20° W., dip-
ping 65° SW., and marked by a fault breccia of
shatterved quartzite 40 feet thick.

The Combined Metals bed is of paramount impor-
tance. It consists of .three parts—a lower portion
consisting of 3 feet of massive limestone; a calcareous
sandstone 8 feet thick, which in the ore body is unre-
placed and hence is a barren layer that is called the
“rib”; and an upper portion consisting of thin-bedded
nodular limestones, 30 feet thick. This upper portion
is the most distinctive, comprising a series of beds
that as a rule are only 2 to 8 inches thick and are com-
monly so nodular as to suggest that they are made
up of layers of more or less flattened potatoes. These
nodules are coated with a thin black carbonaceous (¢)
skin.

Beneath the Combined Metals bed is a quartzite
stratum, 6 feet thick, fine grained, vitreous, and ob-
scurely bedded. It has been regarded by some as a
limestone silicified by the ore-forming solutions, and
the mica flakes in it were thought to have been pro-
duced by the same agencies. However, the microscope
shows conclusively that it is not a jasperoid but is a
quartzite of detrital origin, and the ends of the mica
flakes show the contusions characteristic of mica flakes
of detrital origin.

Granite porphyry occurs in a small outcrop at the
portal of the Zero tunnel, and a steeply dipping dike
of granite porphyry, 60 feet thick and trending
N.70° W., was cut 300 feet from the portal. It is shat-
tered and hydrothermally altered, and both contacts
ave fissured and mineralized. It is reported that sim-
ilar porphyry was found on the 1,200-foot level and
deeper workings.

Numerous cross faults have greatly dislocated the
continuity of the ore body. Step faulting and trough
faulting have occurred, but the resultant effect is to
cuuse the ore body to be at deeper and deeper levels
toward the southwest. How much of the faulting was
of premineral origin and how much was postmineral
has not been determined. The practical effect on the
continuity of the ore body from the point of view of
the operator would be essentially the same, whether
the faulting was premineral or postmineral, because

premineral faulting would have sliced the replaceable
bed into segments, each of which could have been
independently replaced from the mineralizing Green-
wood fissure. Postmineral faulting, however, in addi-
tion to cutting the ore body into separate segments,
would have caused a lateral severance of the Green-
wood fissure, and such breaks in the continuity of the
fissure by transverse faulting have in fact been recog-
nized. This lateral shifting is therefore clearly the
result of postmineral movement, but it may be merely
renewal of movement along a premineral fault. Other
evidence of postmineral movement is the drag ore that
occurs in the cross faults.

The Greenwood fissure is a fault of slight displace-
ment; it is generally of insignificant appearance and
is a thin seam of gouge, though locally attaining a
maximum thickness of 5 feet. It trends N. 70° E.
and dips 65°-70° N. It strikes nearly parallel to the
Raymond & Ely vein, which, however, dips 75° S.;
according to Mr. A. W. Williams, superintendent,
the position of the Raymond & Ely vein in the Com-
bined Metals mine is not definitely known. The Green-
wood fault is reported to be a pivot fault; in the
western part of the mine the footwall has been
dropped 25 feet relatively to the hanging wall, but
this displacement diminishes toward the pivot, and
east of the pivot the footwall has gone up relatively
to the hanging wall. The Greenwood fissure has been
cut off 350 feet below the collar of the shaft and 38
feet east of it by a fault striking N. 80° W. and
dipping 65° SW. Its eastward extension is probably
shown in thé Zero tunnel, where it is a normal fault
that causes a horizontal displacement of 30 feet as
measured along its strike; and adjacent to it 8 to 4
feet of manganiferous silver ore has formed in the
Combined Metals bed of limestone.

ORE BODIES

The main ore body is a tabular mass of sulphides,
extending out laterally into the limestone layer. It
is thickest, 30 to 40 feet, adjacent to the Greenwood
fissure and tapers down away from it. It extends at
a maximum 100 feet on each side of the Green-
wood fissure. The greatest horizontal length (“stope
iength ”) of the ore body along the fissure was 500
feet. As the ore body is of replacement origin it
can easily be shown that

_ 40
" sin « sin z
where
L=horizontal length of the ore body.
« =angle of dip of limestone.
@ =angle between the strike of the Greenwood
fissure and that of the limestone.
40=thickness of limestone in feet.
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As the average angle of dip of the limestone is 15°,
the shortest possible stope length is 150 feet where the
fissure cuts the bed at right angles; and the closer
the strike of the fissure coincides with the strike of
the limestone the longer the ore body.

As indicated in the description of the limestone
member, the ore body is tripartite; it consists of an
“upper bed,” 30 feet thick, which is separated by a
barren stratum, the rib,” from a lower massive bed,
4 feet thick. The practical problem of mining this
ore body has been solved by mining the upper bed
first, allowing the ground to cave, and then mining
the lower bed.

The ore of the upper bed preserves the nodular
character of the limestone for which-it has been sub-
stituted. The stopes in it are remarkable examples
of replacement, for the ore breaks parallel to the
periphery of the nodules, and as the black selvage sur-
rounding the nodules is preserved the ore looks like
country rock

The ore is an intimate 1nterfrlowth of pyrite, sphal-
erite, and galena, named in the order of decreasing
abundance. Chalcopyrite is uncommon. The inter-
growth is so intimate that it is necessary to grind the
ore to 200 mesh in order to obtain clean concentrates
from the sulphides by selective flotation. Pyrite
makes up roughly 60 per cent of the ore, sphalerite 22
per cent, and galena 8 per cent. Gancue minerals are
practlcally absent :

The ore of the lower bed is massive and not nodular
The bottom of the ore body is not sharp, for the
underlying quartzite for a foot or two downward has
been irregularly replaced by pyrite and sphalerite.
Another peculiarity of the basal portion of the ore
body is that in places it has a sort of mock porphyritic
" texture due to the presence of large well-formed pyrite
crystals and irregular, large sphalerite individuals in a
fine-grained matrix of sphalerite.

The ore is unoxidized. On fracture surfaces crystals.

of cerusite appear sporadically. The ore bodies them-
selves are dry, although some of the mine levels are
fairly wet from downward-seeping water. Mani-
festly the faulted segments of ore body are impervious,
and in spite of being marooned as much as 900 feet
above water level they have remained unoxidized.

As already mentioned, the composition of the ore
body is remarkably constant. ‘The range is indicated
by the following extreme limits as given by settlement
assays: Zinc, 10 to 17 per cent; lead, 5.2 to 8 per cent;
silver, 6 to 8.5 ounces to the ton; gold, 0.03 to 0.05

ounce to the ton. At the extreme edges of the ore body

it becomes somewhat higher in pyrite.

Diamond drilling has recently shown that ore occurs
in the Fifteen-foot bed of limestone adjacent to the
Greenwood fissure. This bed is reported to be 118 feet
stratigraphically above the main ore bed. Some years

ago sulphide ore was found in the Fifteen-foot bed
on the 300-foot level of the Susan Duster incline. It
is of low grade, but it is believed by Mr. E. H. Snyder
to be of low grade because it is in a part of the ore
body that is distant from the feeding fissure. :

Although in general the Greenwood fissure is of
unencouraging appearance, being for hundreds of feet
in length in the quartzite not more than a thin gouge-
filled fissure hardly exceeding 6 inches in thickness,
yet near the bedded ore body it contains some high-
grade ore. It has been stoped as far as 130 feet below
and 65 feet above the bedded ore. This ore was much
richer in galena than the bedded ore and was high in
silver. Both proustite and pyrargyrite occur in this
ore and account for its high content of silver.

Former operators discovered on the 1,200-foot. level
the Black ledge, so called on account of the prevalence
of black sphalerite in it. It is in the Lower Cambrian

- Prospect Mountain quartzite and dips 45° S. It was

worked down to the 1,400-foot level. The ore was
quartzose, and as mined it carried from 12 to 20 per
cent of zinc, practically no lead, and from 5 to 21
ounces of silver to the ton. During 1914 and 1915 the
Amalgamated Pioche Mines & Smelter Corporation
operated a gravity concentration and flotation mill
with a daily capacity of 150 tons, using this ore. Op-
erations were stopped because of the great difference
between the assay value of the concentrate produced
(about $100 a ton) and the smelter settlement value
($33).

PIOCHE MINES CO.
MINES ON TREASURE IILL

The Pioche Mines Co. owns the Ely Valley mme,
West End group, and Wide Awake mine and holds a
15-year lease on all the Amalgamated Pioche Mines
& Smelter Corporation’s ground that lies east of the
No. 1 shaft and extends down to the 1,200-foot level,
the datum being the collar of No. 3 shaft (the main
shaft of the old Meadow Valley Co.). The Ely Val-
ley, No. 10, and Wide Awake mines are described
elsewhere in this report; the workings on Treasure
Hill are described below. '

The leasehold comprises the extensive old workings
on the eastward extension of the Raymond & Ely
vein and on the Yuba dike and the fissure veins in
quartzite near it, such as the Chapman, Mazeppa, and
others on Treasure Hill. The proposed plan of de-
velopment contemplates putf“ ing electric power at the
mouth of the Mazeppa shaft, using that shaft as a
central hoisting shaft, hoisting the ore to the level of
the Burke tunnel, and hoisting the waste to the sur-
face. The ore is to be trammed to the portal of the
Burke tunnel, whence it is to be carried by aerial tram
to the reduction plant that has been built at the ter-
minus of the Union Pacific branch line.
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Much of the ground has been worked in small tracts,
and an astonishing amount of shafting and drifting
has been done by the “old-timers” and lessees. The
present operations have so far been devoted chiefly to
cleaning out the old workings and putting them into
condition for economical working under centralized
control. Some new exploratory work has been done,
such as drifting eastward on the Yuba dike from the
face of the Burke tunnel. In 1926 the old No. 3 shaft
on the Raymond & Ely vein was retimbered for the
purpose of examining the deeper workings on the
Burke and Meadow Valley branches of the vein.

The Burke tunnel, which is situated on the north
slope of Treasure Hill and overlooks the town of
Pioche from an altitude of 6,250 feet, trends S. 13° E.
and crosscuts the Lower Cambrian quartzite, which
dips 20° N. It intersects the Burke vein (a “ quartzite
fissure ’), then another vein in the quartzite, and
finally the Yuba dike. Extensive lateral workings
west of the tunnel have explored several of the fissure
veins in quartzite (the Chapman vein, the Mazeppa
vein, and others) and also the Yuba dike. The so-
called quartzite fissures, of which the Chapman vein
is a typical representative, are veins in which. the fill-
ing ranges from a loose rubble of angular quartzite
fragments to a breccia cemented by lead carbonate,
limonite, and jarosite. They range in thickness from
a few inches to a few feet; the high-grade streak is
admittedly narrow. They are obviously of highly
siliceous composition, and whether they are of ore
grade can be determined in advance of extraction only
by systemfttlc sampling and assaying. It is reported
that in the Chapman workings 50,000 tons of ore, of
unknown grade, has been put in sight.

Farther east the Yuba dike is cut at a considerably
lower altitude by the Pacific tunnel, which is 1,200
feet long. At the intersection the dike was crosscut
for 25 feet, and a shoot of ore was found, 4 or 5 feet
thick, the remnants of which are said to be milling
ore. The east end of the drift on the dike is at the
150-foot station of the shaft of the Mascot Silver
Mining Co., the successor of the Boston-Pioche Min-
ing Co. It is reported that in this part of the dike a
shoot was found that was 100 feet long and 2 to 3
feet thick and that carried 57 per cent of lead and 157
ounces of silver and $10 in gold to the ton. This ore
was found by following a “quartzite fissure ” into the
porphyry, a circumstance that falls well in line with
the reasonable belief that the porphyry dike after it
had been shattered was a trunk channel along which
ore-forming solutions rose. The general features of
the Yuba dike, which are remarkably constant over
the exposed portion of the dike, are described on
page 49.

80276—31——5

ELY VALLEY MINE

The Ely Valley mine, owned by the Pioche Mines
Co., is 2 miles northwest of Pioche. It is developed
by an inclined shaft 515 feet long, sloping 63° SW.,
from which three levels have been turned, at vertical
depths of 123, 268, and 428 feet. From the 300-foot
level (vertical depth 268 feet) a winze, starting on
the vein, was sunk vertically 300 feet, and from the
bottom of this winze a crosscut was being driven

_ southwestward in 1926 to intersect the quartzite con-

tact. The power plant consisted of a 40-horsepower
gas engine, but during 1926 an additional engine of
100 horsepower was 1nsta11ed

The Ely Valley vein crops out in the Lyndon lime-
stone, but in depth, just above the 300-foot level, it
passes into the underlying Pioche shale. As seen in -
the old shaft just south of the present shaft the vein
1s 20 feet thick and consists of a porous cavernous mass
of siliceous manganiferous *limonitic” ore, which is
reported to carry $20 to the ton in silver, lead, and
gold. It is clearly shown that the ore was formed by
the replacement of a brecciated limestone. Some
bodies of sand carbonate were found in the upper
workings. The vein is quartzose on the 200-foot level,
the gangue consisting largely of milk-white quartz,
and after passing into the underlying Pioche shale, 35

~feet above the 300-foot level, it pinches to a few inchés

in thickness, though still quartzose. It trends N. 75°
W. and is nearly vertical.

The west workings of the 300-foot level show much
bedded siliceous manganiferous iron material carrying
little or no lead and silver; this material has been
formed by the replacement of limestone. Much of the
iron oxide is porous hematite, apparently pseudo-
morphic after a carbonate, probably siderite. A bed
of siliceous manganiferous oxide 20 feet thick was cut
in the winze, 72 feet below the 300-foot level.

The Pioche shale encountered in the deeper work-
ings of the mine consists of hard siliceous beds, best
described as shaly sandstones. On bedding surfaces
they have a marked silvery shimmer from abundant
small flakes of detrital muscovite; hence they are
locally called “mica schists.” The bedsdip 10°-30° N.

The fault that separates the Lyndon limestone from
the Prospect Mountain quartzite, 500 feet southwest
of the shaft, is a major fault on which the dip slip
has been about 1,700 feet. It was cut in depth by the

 shaft, which disclosed a crushed zone 6 to 30 feet thick.

Near the fault contact some copper ore carrying
chrysocolla was found.

NO. 10 MINE

The No. 10 mine, owned by the Pioche Mines Co., s at
the foot of the Ely Range, 2 miles northwest of Pioche.
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It is opened by an incline and an adit. About 200
tons of ore was mined for experimental purposes.

The ore body is a banded vein that conforms in
strike and dip to the inclosing rocks; it is a bed vein.
It strikes N. 80° E. and dips 10°-20° NW. It is
inclosed in the Pioche shale; the footwall is shale, and
the hanging wall is a quartzite bed 5 feet thick that

GEOLOGY AND ORE DEPOSITS OF THE PIOCHE DISTRICT, NEVADA

POORMAN MINE

The Poorman mine is 1 mile south of Pioche and
-is east of the Caliente road. It is owned by the Pioche
Mines Co. and is reported to have produced $300,000.
During 1926 it was idle and its workings were mostly
inaccessible,

The country rock at the mine is the
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Prospect Mountain quartzite. The
most notable surface feature is the
immense knob of quartzite breccia
that occurs west of the main shaft.
The chief vein strikes N. 70° E. and
dips 30°-45° S. Besides this vein an
irregular series of small veins were
worked, which strike N. 40°-70° W.
and dip 45° E. The ore is of the
siliceous silver-lead variety, in which
the lead occurs as carbonate.

WIDE AWAKE MINE

The Wide Awake mine is 114 miles
south of Pioche, on the west side of
the highway to Caliente. It is owned
by the Pioche Mines Co. ‘

The principal development is an
inclined shaft (the Wide Awake)
sloping 81° NW., from which five
levels have been run, the bottom, or
500-foot level, at a vertical depth of
402 feet. The development below the
500-foot level is accomplished by -
means of a winze 196 feet deep sunk
from this level at a point about under
the Dupont shaft. From the bottom
of this winze a drift is being run

. northward to cut the Yuba dike. The
chief mechanical equipment is a 40-
horsepower gasoline. hoist and a 60-
horsepower semi-Diesel direct-con-
nected compressor. '

The main output has come from the

- workings generally called the Stindt
& Donohue lease. During 1919 these
two lessees took out about 2,000 tons
of stliceous lead-silver ore, valued at

30°
X" Strike and dip
@ Shaft

100 200 Feet

FIGURB 10.—Areal geqlogy at the Wide Awake and Alps mines

underlies one of the limestone layers in the Pioche
shale. The vein is like the Abe Lincoln but occurs
in a much lower stratigraphic position. The vein
averages 6 inches in thickness. The ore is generally
oxidized, but galena occurs in places. It is reported
to assay $20 a ton, carrying $6 in gold and 7 ounces
of silver to the ton and 6 per cent of lead.

$120,000, or $60 a ton. . The following
smelter returns on 40-ton lots indicate
the character of the ore:

. ) .
Smelter returns on ore from Wide Awake mine

Gold Silver . .
Copper| Lead Iron, Silica Zince {Sulphur
(gunce | (ounces |\ “(per | (per | (ver | (per | (ver | (per
‘ton) ‘ton) cent) cent) cent) cent) cent) cent)
0.045 72.8 0.18 11. 55 14.00 39.8 4.15 0.35
.13 151. 4 .30 57.15 3.05 15.4 [oo._.. 4. 50
.34 241 j..._... 10. 70 14. 40 58.1 joeeooeos .56
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The formation at the mine is the Prospect Moun-
tain quartzite. (See fig. 10.) The quartzite is as a
rule of the normal hard glassy variety, but in places
it is feldspathic and sericitic and hence is somewhat
" soft, even punklike. In the mine workings the quartz-
ite is in general regularly bedded and undisturbed,
striking N. 30°-40° W. and dipping 45°-65° E. At
the surface, however, there are many large outcrops
of recemented quartzite breccia, which, being harder
than the formation itself, weather out in relief as
bold masses. The explanation of this prevalence of
breccias at the surface is probably that the surface
rocks are a shattered mass that overlies a thrust fault.
The superposition of the brecciated quartzite on the
underlying bedded quartzite is well shown at the
Spring shaft. . '

A normal fault that lets down the Pioche shale
against the quartzite is exposed 120 feet east of the
Wide Awake shaft; it trends northwest. It has been
crosscut on the 200-foot level; here the workings are
already below the base of the shale, and consequently
both the footwall and hanging wall of the fault are
quartzite. The fault dips 60° E., and the fault zone
is a clay gouge 4 feet thick. This fault has also been
cut on the 500-foot level, where the quartzite in the
footwall of the fault is regularly bedded and dips
60° E., whereas that in the hanging wall is highly
disturbed and dips 0°-20° E., and this disturbed con-
dition persists as far as the quartzite was penetrated,
300 feet. _ .

The ore body is a vein that dips 20° SE. Because
of its low dip it has been called a bedded vein, but
this term is wholly unjustified, for the quartzite beds
below the vein dip 25° more steeply eastward than
the vein. The overlying quartzite is so highly dis-
turbed that its dip can not be measured. The low dip
of the fault along which the ore occurs suggests that

the fault is an overthrust whereby the quartzite beds

of the hanging wall were shoved over the footwall
beds and severely brecciated.

The ore consists of lead carbonate in a quartzite
gangue. One edge of the Stindt & Donohue ore shoot
approached close to the surface and was thus discov-
ered; the upward extension of the remainder was cut
off by a fault that strikes N. 30° W. and dips 70° E.
This fault is clearly a normal fault, as the vein
steepens against it. (See fig. 11.) The ore shoot ex-
tended at a maximum 90 feet down the dip (east-
ward) from the fault. Below this the extension of
the vein has not yet been certainly determined.

Some ore of similar kind has been found on the
300-foot level; it is at most 114 feet thick. It appears
to be nearly horizontal and is overlain by 3 to 4 feet
of brecciated quartzite.

ALPS MINE

The Alps mine is on the Caliente road 114 miles
south of Pioche. It is one of the oldest mines in the
district; in 1871 the shaft had already been sunk to a
depth of 115 feet.®® The ore was of high grade and
yielded $80 a ton in silver and gold. The total output
to date is said to be about $800,000. The mine is
owned by the Alps Mining Co., which is controlled by’
the Lloyd estate. In recent years it has been idle.
It is developed by a 2-compartment vertical shaft, 300
feet deep, from which levels extend at depths of 150,
200, and 300 feet.

The general country rock is the Prospect Mountain
quartzite, which strikes N. 20° W. and dips 30°—40° N.
The shaft penetrates 30 feet of wash, 20 feet of shale,
25 feet of quartzite, and 15 feet more of shale and
then enters quartzite containing no intercalated shale.
The upper quartzite layer is severely brecciated, and

50 o
L

50 FEET
! 1 1 I I

Ficurp 11.—Section through Stindt & Donohue ore
shoot. 1, Prospect Mountain quartzite; 2, brec-
ciated quartzite; 3, vein

the shales are commonly reduced to gouge. A thrust
fault dipping 85° NE. is shown on the 150-foot level,
and all the rocks above it have been reduced to a
Lreccia or gouge. This thrust fault suggests that the
damaged condition of the rocks in the shaft is likewise
due to thrust faulting.

The mine workings are almost entirely in the quartz-
ite, which as a rule is regularly bedded. In the bottom
level the Yuba dike of granite porphyry has been cut
150 feet southwest of the shaft; it is here 40 feet wide,
dips 70° S., and, as everywhere else along its course,
is highly sericitized. Another drift on this level fails
to show this dike, although it intersects the strike of
the dike only 100 feet farther east, so that the dike
appears to have been cut off by a fault.

The ore occurs in fissures and brecciated zones in
the quartzite and consists of lead carbonate in a quartz
gangue. It is unusually white, which indicates that
the primary ore did not contain much pyrite.

® Raymond, R. W., Statistics of mines and mining in the States and
Territories west of the Rocky Mountains for 1871, p. 248, 1872.
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The main vein strikes N. 80° E. and dips 70° S.
It ranges in general from 1 to 4 feet in thickness,
though in places it has been stoped out to a width of
7 feet. The ore has been largely removed from the
surface down to the bottom level. Recently some $200
ore was found in an east-west vein on the bottom level,
but stoping had hardly begun when the workings
holed through to the bottom of a stope that extends
downward from the level above. On the east the vein
is cut off by a fault that strikes N. 55° W. and dips
55° NW. In depth the vein terminated against shale.
This shale is an intercalated member of the quartz-
ite formation, such as occurs elsewhere in the district,
but it is of no great thickness. The contact of the
shale with the overlying quartzite is shown in the
bottom level; it strikes north and dips 35° E. A
gouge, from which a little water issues, has formed
along the contact, which, therefore, has been a plane
of movement. This movement has probably dislo-

cated the vein. It appears reasonable to expect that

by judicious exploration the downward extension of
"the vein may be discovered.

PRINCE AND VIRGINIA LOUISE MINES

The Prince and Virginia Louise are two adjoining
mines that are now controlled by the Prince Consoli-
dated Mining Co. More than a million tons of
crumbly black material carrying 15 per cent of man-
ganese, 30 per cent of iron, 3 per cent of lead, and
2 or 3 ounces of silver to the ton has been shipped
from these mines. The Prince mine was for several
years the premier producer of lead in Nevada. The
ore so far mined was obtained above water level, and
most of it occurred as oxidized replacement deposits
in a series of limestone beds that are separated from
one another by siliceous low-grade ore or by barren
shale. Below water level bedded sulphide ore has
been found but has not yet been worked.

" LOCATION AND OWNERSHIP

The mines are on the southwest side of the Ely
Range, 214 miles southwest of the town of Pioche, in
sec. 83, T. 1 N, R. 67 E. The altitude of the Virginia
Loulse shaft i 1s 5,830 feet, and that of the Prince ver-
tical shaft is 5,855 feet. The mines are connected with
the Union Paciﬁc system at Pioche by a standard-
gage railroad that extends around the northwest end
of the Pioche Hills.

The Prince mine consists of 4 patented claims, 1
patented fraction, and 14 unpatented claims, alto-
gether covering 386 acres. The Virginia Louise owns
one patented claim and two unpatented claims, 50
acres in all, immediately south and west of the Prince
property. The company owns in addition the Pioche

. tained a judgment of $27,334 for trespass.

King grdup of nine claims and 1,000 acres of patented
land at Dry Valley and 200 acres of patented land at

Bullionville.

OUTPUT

- The output from the Prince mine by the Prince
Consolidated Mining & Smelting Co. up to 1920
amounted to 746,804 dry tons, which yielded 1,806,188
ounces of silver, 43,588,850 pounds of lead, and
$145,395 in gold, of a total value of $7,000,000 gross.
Operations were suspended in August, 1921.

‘The output of the Virginia Louise Mining Co. from
1915 to 1921 was 65,410 dry tons, which yielded 190,997
ounces of silver and 4,484,000 pounds of lead. The
mine was idle in 1922, but in April, 1923, it was leased
to the Virginia Louise Development Co., work was
renewed and up to September, 1924, about 30,000 tons
of ore had been shipped.

HISTORY

The property was first located in the early sixties
and is said to have shipped much fluxing ore to the -
old Pioche smelters and occasionally some high-grade
ore to the Utah plants. An old shaft, open cuts, and
trenches were made by the early-day miners in search
of the richer pockets of galena in the iron-manganese
oxide ore.

The Prince Consohdated Mining & Smelting Co.
was organized in 1907 by James L. Hackett, of Louis-
ville, Ky., and the Godbe Brothers, of Salt Lake City.
Ore was hauled by teams to Panaca, on the branch
railroad from Pioche to Caliente, which had been
built in 1907. The Godbe Brothers also controlled
the tailings from the old mills at Bullionville, and in
1911 they built a spur from Bullionville to the Caliente-
Pioche track near Panaca. They then shipped a large
tonnage of the tailings to Salt Lake City smelters.

-With the money made by this venture a standard-gage

railroad 8.71 miles in length was built from Pioche
to the Prince mine and finished on June 30, 1912.
The Virginia Louise Mining Co. was incorporated
in 1912 and began work late in that year, sinking a
shaft to reach the supposed extension of the Prince
cre beds. The shaft and upper levels were completed
before the end of 1913, and a large amount of ore was
blocked out, but the World War closed the market for

 this low-grade fluxing ore, and it was not until Sep-
tember, 1918, that shipment began. Earlier in 1918

the property had been entirely reequipped and de-

~ velopment work resumed. Litigation between the

Virginia Louise Mining Co. and the Prince Consoli-
dated Mining & Smelting Co. during 1917 and 1918
ended in favor of the Virginia Louise Co., which ob-
A compro-
mise was then effected whereby the Prince Consoli-
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dated Mining & Smelting Co. dismissed the apex suit
that it had filed against the Virginia Louise Mining

Co. and granted to that company the right to ship

ore over the Prince private railroad in return for
release from the trespass judgment.
The Prince Consolidated Mining & Smelting Co.

"was very active in the years from 1912 to 1921.

Large ore bins were built in 1912 and the large ove
body was developed. The first mining was done by
caving methods, but the shrinkage or filling system
was later adopted. Some diamond drilling had been
done before 1913 and was continued later. Altogether
four cores were obtained in the Prince ground. At a
depth of 835 fect from the surface the No. 3 drill
cut 5 to 6 feet of silver-zinc-lead ore of good grade.
This body was also cut at a like depth by another hole
250 feet distant, indicating that the body is a bedded
deposit. At a depth of 1,113 feet the No. 3 drill cut
another body of ore that carries considerable zinc.
In order to reach these ore bodies a vertical shaft was
begun in 1918. Early in 1920 the water level was
reached at a depth of 496 feet and pumping equip-
ment was installed.

Meanwhile the bedded ores above the water level
were energetically mined. Most of the ore came from
the so-called Big bed and the Twenty-foot bed. In
order to obtain all of the ore in the much faulted cen-
tral section of the ore body, where it was difficult to
sustain the roof, the overburden was removed and two
large glory holes were made. By the beginning of
1920 these ore beds had been largely exhausted, and
the bulk of the output in 1920 came from the Davidson
ore body, which had been taken over in July, 1918,
and principally from a big stope that was 1,000 feet
from the hoisting shaft. Mules were used for
tramming. '

Dividends of $124,924 were paid in 1915, $250,000
in 1916, and $200,000 in 1917. It was during these
years that the mine was the leading producer of lead
in the State. At the end of 1920 the company was not
strong enough financially to continue development,
and, consequently, as the stock was nonassessable and
there was no money in the treasury the company in-
creased its share capital and sold 440,000 additional
shares of stock to its stockholders. By September 1,
1921, the company was again in financial difficulties
and again increased 1ts share capital, at the same time
authorizing a $300,000 bond issue. In December, 1922,
the vertical shaft had attained a depth of 850 feet
and some drifting had been done on the 835-foot level,
but not enough to reach the silver-zinc-lead ore bed
that had been indicated by the drill holes. The pump-
ing equipment was unable to handle the large flow
of water, 350 gallons a minute, and all work was sus-
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pended in 1923. A special stockholders’ meeting on
August 22, 1923, authorized the appointment of a
reorganization committee and a new company, the
Prince Consolidated Mining Co., was organized.

The Virginia Louise mine had been active during
1919, 1920, and 1921 but was shut down in 1922.
Early in 1923 it was leased to a new concern, the Vir-
ginia Louise Development Co., which began very
active mining. In 1924 the owners of the Virginia
Louise Development Co. acquired control of the new
Prince Consolidated Mining Co. As by this time the
Virginia Louise mine had been nearly worked out
above water level, elaborate preparations were made to
unwater both mines. The workings -on the 835-foot
level of the Prince mine were extended, and the
Sulphide ore body and the Silver bed, as they are
called, were developed. A flotation plant with a daily
capacity of 250 tons and a power plant costing $300,-
000 were projected. In March, 1926, pumping ceased
pending the raising of the necessary capital to build
the flotation and power plants. Mining of the man-
ganiferous flux continued on a very reduced scale
during the early part of 1926 and finally ceased, as
the demand for flux of that kind by the Utah smelters
had fallen off, because of the abundant supply of
pyrite as a by-product from the flotation treatment of
mixed sulphide ores.

 DEVELOPMENT

The Prince mine was originally developed by a 65°
incline, 550 feet long, from which six levels were
driven. The present working shaft is a 2-compartment
vertical shaft, 850 feet deep. From it five levels have
been driven, at vertical depths of 168, 245, 343, 477,
and 835 feet, and the drifts aggregate several miles in
length. :

The Virginia Louise mine was worked through a
vertical 2-compartment shaft 475 feet deep, from
which five levels extend. The fifth or bottom level is
450 feet below the collar. From it an incline sloping
17° was sunk and a sublevel was driven. '

The Prince and Virginia Louise workings are con-
nected on only one level. The third level of the Prince
connects with the second level (vertical depth 268
feet) of the Virginia Louise. -

GENERAL GEOLOGIC FEATURES

The formations exposed in the immediate vicinity
of the principal shafts are the Lyndon limestone at
the Prince mine and the Highland Peak limestone at "
the Virginia Louise mine. The Chisholm shale and
the Pioche shale also occur near by. The distribution
of these formations in the area surrounding the mines
is shown in Figure 12.
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The rocks as a rule dip at low angles. Faults are
numerous and are of practical consequence. The End
Line fault, so termed because it corresponds approxi-
mately in position with the end line separating the
Prince ground from the Virginia Louise, separates
the Lyndon limestone in the ore zone from the High-
land Peak limestone. North of the fault, in the Prince
ground, the strata dip 5°-20° E.; south of the fault
they dip much more steeply, as much as 45°. The
Great Western fault is prominently shown in the
glory holes; it trends N. 18° W. and dips 65°-70° W.
It can be traced a short distance north of the Prince
incline but not much farther, although exposures of
bedrock are excellent. The vertical displacement on
this normal fault is not accurately known, but it is
certainly less than 400 feet (the thickness of the Lyn-
don limestone) and appears to be 200 or 300 feet. In
general it marks the westward limit of manganifer-
ous ore on the surface, except north of the Prince in-
cline, where manganiferous ore borders the west side
of the fault. Underground many other faults have
been found, which break the continuity of the ore
bodies.

GENERAL FEATURES OF THE ORE BODIES

The ore zone is 1,500 feet long and 500 feet wide
in its widest portion, although no one of the ore beds
was workable or was continuous over these maximum
limits. The ore zone trends N. 20° W.

The ore bodies above the water level consist of five
beds of soft black oxidized material, which grades
into material that is nearly similar in appearance but
is too siliceous to be’a fluxing ore. The ore bodies
occur successively one below another; the highest—
the Davidson ore body—is at the base of the High-
land Peak limestone. Between the Davidson ore
hody and the next ore bed below it, which is in the
" Lyndon limestone, there intervenes the barren Chis-
holm shale, and the remaining stratigraphically lower
ore beds have replaced limestone beds in the under-
lying Pioche shale. In the bulk of the ore no silver,
lead, or zinc mineral can be recognized, and the grade
can be determined only by analysis. The insoluble
portion, essentially silica, is a vital factor in determin-
ing the grade of the ore as a flux, as the ore is sold
on the basis of the excess units of total lime; iron, and
manganese over the units of insoluble matter. Resid-
ual bits of galena occur locally in the oxidized ore,
and lenses of cerusite and anglesite are occasionally
found. Horses of unreplaced limestone occur in the
cre and are especially large in the marginal parts of
the ore bodies.

Besides the beds of black oxidized ore two veins of
siliceous ore occur in the Prince mine and a body of
similar ore was found in the Virginia Louise mine in

the large stope in the Big bed on the 500-foot level.
It is considered by some that the fissures occupied by
these veins were the feeding channels of the bedded
ore, but the evidence is not strong. The general coin-
cidence of the best ore with proximity to the Great
Western fault and the parallelism of the ore belt and
the fault suggest that this fault was the main mineral-
izing fissure.

DETAILS OF THE ORE BEDS AND VEINS

Davidson bed—The Davidson bed, the uppermost
of the several ore beds, occurs only south of the End
Line fault, for it has been removed by erosion from
the block of ground that lies north of the fault. It
comprises the bottom 50 feet of the Highland Peak
limestone and therefore rests directly on the Chisholm
shale. Its average dip where mined is 40°—45° ESE.
Its position was such that this dip brought the bed
against the End Line fault, which limited the ore
approximately on the 300-foot level, and consequently
the Davidson bed was mined only on the upper levels
of the two mines. The hanging wail of the ore bed
is a limestone that was not acted upon by the ore-
forming solutions and remained unmineralized.

The ore in the Davidson bed was the most desirable
bedded ore in the two mines, as it was lower in silica
and carried a proportionately greater excess of iron
and manganese oxides. Averages of samples taken by
W. H. Weed on the 200-foot level of the Virginia
Louise mine gave the following contents:

A ounce per ton__ 0. 86
Pb [ per cent__ 1.6
Insoluble . ___ do.__. 6.24
Fe e do___-19.9
Mn_ do-—.- 9.5
Ca0.---- - _—do.___- 8.7
Zn - — do..__ 5.7

Big bed.—The Big bed is the mineralized portion
of the upper part of the Lyndon limestone—that por-
tion which immediately underlies the Chisholm shale.
Its thickness shows a wide range, and an average is
difficult to give. The hanging wall is usually the
Chisholm shale. The ore body has no definite foot-
wall, as the portion of the Lyndon limestone that
underlies the minable ore was mineralized to material
much like the ore and differs from the ore only in
containing more insoluble matter than the maximum
that is profitable to mine. The boundary separating
the ore from this lower siliceous material is not sharp
nor readily recognized.

In the portion of the ore body in the Prince mine
the Big bed was much faulted and was therefore
found on several levels. Some of the ore occurred on
the first level and was called the “100-level bed.”
The main portion of the Big bed accurred through
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the central part of the Prince mine and was worked
from the 200-foot level. In the southern part of the

Prince mine a large stope 70 to 80 feet high was

opened above and below the 400-foot level: The main
production of the Prince mine from 1915 to 1918
came from the Big bed. '

In the Virginia Louise mine the Big bed was found
on the 200-foot and 300-foot levels; on the 300-foot
level a large body of ore was mined out from a stope
75 feet southeast of the shaft. South of this body
of ore the Big bed was only very slightly mineral-
~ ized, and no other ore was found on that level. From
the 400-foot level a large mass of good.ore in the
Big bed was worked down to the water level below
the 500-foot level. In this part of the mine the bed
dips steeply south. From this body came the principal
output of the Virginia Louise mine during the years
1921-1924. The Big bed carried more insoluble matter
than the Davidson bed, and hence the ore did not
bring so high a return per ton. The ore on the lower
levels of the Virginia Louise mine, however, was
lower in insoluble matter and carried more silver,
some carrying as high as 6 ounces to the ton. Average
samples of the Big bed on the 300-foot level of the
Virginia Louise mine taken by Weed show the follow-
ing contents:

ounces per ton__

Ag___ 2.1
Pb_ per cent__ 2.6
Insoluble ___ do_-__ 32.6
Fe —— do 311
Mn - —e——do_-—_ 10.44
CaO — _do_—__ 4.17
Zn i ——m-do____ 2.66
On the 400-foot level Weed found:
Ag ounces per ton_- 2.94
Pb____ ———-per cent__ 2.57
Insoluble ___ do____ 16. 34
Fe — do____ 32.35
Mn e do__._- 11.83
Ca0 - do 1.6
Zn ___ do—-—- 2.5

Twenty-foot bed.—The Twenty-foot bed is near the
‘top of the Pioche shale and is separated from the Big
bed by a variable thickness of mineralized Lyndon
limestone too siliceous to mine and the uppermost part
of the Pioche shale. -

In the Prince mine the Twenty-foot bed was found
on several levels, owing to its faulted condition. It
was mined on the 200 and 300 foot levels in the center
of the mine, but in the southern and western parts of
the mine it occurred at great depths and was worked
on the 400 and 500 foot levels. It was mined on the
400-foot level in a block of ground that extended
farther northeast than any other ore bed. The Twenty-
foot ore bed is overlain by shale and underlain by a
thick bed of micaceous sandstone or quartzite, as.is
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well shown west of the shaft at the station of the 200-
foot level. It has been mined for a length of 1,500
feet, with a maximum width of 400 feet and.an aver-
age thickness of 14 feet. The upward extension of the
ore is limited by a fault called on the company’s map
the Great Western. This bed yielded the best grade
of manganiferous iron flux ore that was found in the
Prince mine. Pillars of leaner material have been left
to support the hanging wall of the ore body, and such
leaner material shows a coarse luster mottling, which
is produced by innumerable oxide inclusions that
interrupt the rhombohedral cleavage surfaces of the
coarse blackish calcite in which they are inclosed.

Five-foot bed—The Five-foot bed represents a
limestone layer in the Pioche shale about 150 feet
below the top of that formation. It is underlain by
a layer of quartzitic sandstone. It occurs in the
Prince mine north of the inclined shaft on the fourth
level, where it was stoped to a moderate extent. The
ore carries as high as 6 per cent of lead and 8 ounces
of silver and $1 in gold to the ton.

Fourteen-foot bed.—The Fourteen-foot bed (also
called the Twelve-foot bed) is another bed of man-
ganiferous flux in the Pioche shale and is about 100
feet below the Five-foot bed. It is underlain by shale,
instead of massive quartzite, and is thus readily dis-
tinguishable from the Twenty-foot bed, an important
natter in such highly faulted territory. It occurs in
the Prince mine north of the vertical shaft on the
300-foot level. It is considered a poor bed; locally
the bottom portion is richer, as shown by the fact that
lessees have stoped out the basal 2 feet.

Silver, Sulphide, and Zinc beds—By diamond drill-
ing a bedded sulphide ore body was found below the
lowest oxide bed. The vertical shaft was deepened
and the ore body was explored by means of the 835-
foot level. It is reported that the ore replaces a lime-
stone member in the Pioche shale “about 42 feet thick.” -
The upper 12 feet has been oxidized, although sub-
merged more than 300 feet below water level, and as
silver is the main valuable constituent this portion of
the ore body is called the Silver bed. The lower 30

-feet is unoxidized, and this part of the ore body is

lmown as the Sulphide bed. It is estimated by the
company that 235,000 tons of ore carrying 5 ounces
of silver to the ton, 4 per cent of lead, and 12 per cent
of zinc is indicated by the work so.far done.

At the time of examination in 1926 the workings on
the 835-foot level were under water. There is little
doubt that the ore body here disclosed (the Silver
bed plus the Sulphide bed) corresponds to the Com-
bined ‘Metals ore bed, for the two agree in strati-
graphic position within the Pioche shale and they are
of the same thickness. The ore consists of pyrite,
sphalerite, and galena, named in the order of decreas-
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ing abundance, and contains a white carbonate with
curved cleavage surfaces, which the chemical analysis

given on page 48 shows to be a magnesian mangano-

siderite containing nearly as much manganese as iron.

By deeper diamond drilling another ore bed is indi-
cated as occurring about 250 feet below the Sulphide
bed. It is 8 feet thick and carries 11 per cent of zinc
and traces of silver and lead; hence it is known as
the Zinc bed. Below the Zinc bed 10 feet of shale
was drilled through and then the Prospect Mountain
quartzite was reached, as shown by the diamond-drill
cores of white vitreous quartzite, and was penetrated
for 36 feet. '

Fissure weins—Two fissure veins containing sili-
ceous ore have been found underground in the Prince
mine. They are known as No. 1 and No. 2 fissures.
They occur in the Liyndon limestone below the Big bed,
but when traced up into the Big bed their identity be-
comes lost. Downward they extend into the Pioche
shale, and most of the workings on them are in that
formation. The two veins are roughly parallel, stand
nearly vertical, and trend on the average N. 25° W.
On the third level they come within 30 feet of each
other. No. 1 fissure or vein, which is from 1 to 5 feet
thick between walls, has been traced for a horizontal
distance of nearly 600 feet. Its northeast or hanging-
wall side has been dropped only 2 or 3 feet; conse-
quently the vein does not lie along a notable fault.
The ore in No. 1 vein is completely oxidized, whereas
that in No. 2 vein on and below the 300-foot level
carries some sulphide ore. No. 2 vein has been traced
for a vertical distance of 232 feet. It dips 80°-85° E.
and has been opened for a horizontal distance of 400
feet. Like No. 1 it occupies a fissure formed by a
normal fault. The displacement along the fissure was
inconsiderable, however, for the fissure has faulted
the Fourteen-foot bed only 5 feet, as measured by the
dip slip.

The ore in the fissure veins is erratic in distribution.
In places it occupies the whole vein, elsewhere it is
limited to one or the other wall, and in still other
places it occurs only in the center of the vein. The
sulphide ore in No. 2 vein carries between 10 and 25
per cent of lead, and the better ore carries 35 ounces
of silver and $2.50 in gold to the ton. Another small
fissure vein was found on the 300-foot level of the
Prince mine. It contained oxidized ore of low grade.

The deepest workings on the fissure veins are on the
fourth level (vertical depth 476 feet). Here vein
No. 2 has been drifted on for 300 feet; its course is
N. 45° W.—considerably more westerly than on the
upper levels. It consists of 2.5 feet of red oxidized
material; the gangue contains a little quartz, but is
mainly altered shale. The metal content is spotty; in

places, according to report, it runs as high as 100

ornces of silver to the ton.
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The fissure veins have not yet been prospected on
the 835-foot level. It would be interesting to see how
they behave in the underlying Prospect Mountain
quartzite below the Pioche shale, which as a rule has
been unfavorable to the formation of veins within it.

In the Virginia Louise mine no distinct fissure veins
were ever found. However, a mass of siliceous ore
stoped in the Big bed at the top of the incline on the
500-foot level assayed 89 ounces of silver and $8 in
gold to the ton and 23 per cent of lead and certainly
represented fissure ore.

MINERAL COMPOSITION OF THE OXIDIZED BEDDED ORES
By J. L. GILLSON

The earthy black oxidized material that makes the
bulk of the bedded ore is an aggregate of minerals
d:fficult to identify owing to the fineness of the indi-
vidual grains. Such ores were studied in two ways—
first, by studying polished sections of the material
that had been previously cooked in Canada balsam
and bakelite to prevent crumbling; second, by grind-
ing the rock to powder, separating the constituents
in heavy solutions, and examining with the petro-
graphic microscope the fractions so separated.

The several beds of oxidized ore are so similar in
mineralogy that no separate discussion of the individ-
ual beds is thought necessary. The Davidson bed is
lower in quartz than the others, possibly because it is
the highest bed in the sedimentary series and was
consequently less affected by silicification.

The principal minerals of the oxidized bedded ore
in the Prince and Virginia Louise mines are goethite,
limonite, hematite, braunite, pyrolusite, quartz, sev-
eral carbonates of the alkaline earths, cerusite, cala-
mine, and plumbojarosite. Certain other minerals
occur locally or are disseminated in the ore in small
quantities. Vanadinite, pyromorphite, and phosgenite
were found on a few specimens. A mineral analysis
of the rarer constituents in the ore disclosed several
minerals, the presence of which is only of scientific

.interest. Two that were identified are apatite and
amphibole. They make less than 0.5 per cent of
the ore.

The more abundant of these minerals are considered
individually below in the order of the time of their
formation so far as this is known.

In the oxidized ore hematite forms crystalline masses that
are pseudomorphs after pyrite. The hematite was the first
mineral to form by the .process of oxidation. In some ore
its general dissemination gives the black ore a reddish tint.

Goethite is the crystalline form of limonite and is probably
the principal form in which the hydrated iron oxide occurs
in the mines. As small grains of goethite can be distinguished
from limonite only by optical examination, it is not feasible
to differentiate the two minerals quantitatively, Together
they form the most abundant minerals in the ore. They are
invariably soft and crumbly, never hard, and in solid masses.
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Braunite (a manganese silicate) appears to be the most |

abundant manganese mineral. It is disseminated in such
minute form that it can be shown to be present only by the
use of high magnification. i

Pyrolusite occurs in nearly all of the ore examined. The
grains are usually so small that they can be distinguished
only with the microscope. Examination of fragments of the
powdered rock under the petrographic microscope reveals very
minute needles of a mineral that are so nearly opaque that
the only light visibly transmitted through them is that of
‘the so-called Becke line. These needles are pyrolusite. In
polished sections of the ore examined with the reflecting micro-
scope aggregates of grains of pyrolusite were recognized in
some specimens with high magnification. The softness of the
mineral hindered its recognition in polished sections, as minute
grains were difficult to polish when surrounded by hard
minerals.

No other manganese mineral was identified. The grains
of all the minerals are so small that the criteria for dis-
tinguishing them are but few. - Manganite grains when
examined by the petrographic miecroscope are perceptibly
transparent and have a high index of refraction. Grains
of psilomelane are about as opaque as the pyrolusite, but
their index of refraction is lower than 1.73. No grains of
manganite or psilomelane were found, although many samples
of the powdered ore immersed in a liquid of the index 1.73
were examined with the petrographic microscope.

Quartz is present in all the bedded ore to a greater or less
amount. Three generations occur. The first was formed by
the ascending solutions that brought in the primary ove, the
second was caused by precipitation from surface waters that
had leached the silica from overl&ing beds exposed to weather-
ing, and the third is represented by a superficial drusy coating
along seams that had formed at a late time by surface waters.
The hypogene quartz is characterized by containing minute
inclusions of high-index minerals, among which apatite is
the only one that can be readily recognized. The second
generation can be distinguished .with certainty from the
first, however, only when quartz is found inside of pseudo-
morphs of hematite after pyrite. Ore in which the second
generation of quartz is abundant is usually reddish from in-
cluded hematite, and this color and the fine grain of the
quartz give it the appearance of jasper.

Carbonate minerals form at least three generations in the
bedded ore.” The most conspicuous example of these min-
erals in these two mines, as in other mines in the Pioche
district, is a coarsely crystalline white “spar” that occurs
both in the ore and in the unoxidized country rock surround-
ing the ore bodies. This spar is a hypogene mineral (see p.
49), as it occurs in unoxidized ore and is commonly replaced
by the products of oxidation. It is shown by chemical analy-
sis and by optical examination to be nearly pure calcite. An
analysis of a spar of this kind from the Virginia Louise mine
is given on page 50. . . ) )

Dolomite and another generation of calcite are two very late
minerals that were formed during the oxidation of the ore.
The dolomite occurs as white drusy aggregates along seams.
These are coated by later and larger calcite crystals of a flat
or tabular habit. '

Cerusite is probably the principal oxidized iead mineral,
although its presence could not always be proved in the
crumbly ore known to carry 2 to 4 per cent of lead. In a
few places in the Prince mine masses of oxidized ore were

©At the time of examination by Mr. Gillson the occurrence of the
genetically important carbonate, th¢ manganosiderité described on p.
48, appears not to have been known.—A. K.

found that were richer in lead and lower in manganese.
Such material consisted chiefly of hematite, quartz, and
cerusite.

Calamine is probably the principal zinc mineral and was
readily identified, but like the cerusite it could not always
be found in the finely crystalline black crumbly ore, although
analyses of such ore have shown a zinc content of as much as
5 per cent. Two 20-gram samples of this kind of ore—one
from the Davidson bed and one from the Big bed—were
ground and sized, and the powder was floated in Cleriei’s
solutions adjusted to a density to float calamine, but not a
single grain of calamine was collected. The calamine, if
present, must therefore be in a very finely divided form.
The zine may occur, however, as smithsonite and hydro-
zincite, ’

Plumbojarosite was found in many of the specimens of
oxidized siliceous ore. In the earthy fluxing ore it was not
found but is very probably present.

‘Vanadinite and pyromorphite occur as crystalline druses
along seams in the oxidized ore. The minerals may be dis-
seminated through the ore but were not observed there.

Apatite and an amphibole were recognized by optical
methods in the powder of oxidized ore. Repeated tests were
made to insure that the grains so found had not come into
the powder through accidental contamination in the labora-
tory. In age these minerals probably belong with the primary
quartz and with the sulphides that have been destroyed by
oxidation. .

Silver is very low in the oxidized bedded ore, and the silver
mineral or minerals have not been identified. -‘The silver is
probably present as the chloride.

Gold is known only from assays. It probably is present in
the native state. )

MINERALOGY OF THE FISSURE ORE

As the good ore in the fissures was largely mined
out by 1923, the unoxidized fissure ore of the mines
could not be studied in place. Specimens of such ore
were supplied by officials of the company. Oxidized
fissure ore was seen underground. A small fissure on
the 300-foot level of the Prince mine consists of
leached silicified limestone with cavernous quartz, in
the cavities of which plumbojarosite occurs. The ore'
in No. 2 fissure was seen on the 250-foot level and is

a soft reddish material consisting of quartz, sericite,

hematite, cerusite, and plumbojarosite. .

Specimens of unoxidized fissure ore supplied by the
company consist of banded quartz with a moderate
amount of sericite. Pyrite, a black variety of sphaler-
ite, and galena are the most abundant metallic min-
erals. Arsenopyrite occurs but is more rare. Several
other metallic minerals occur, but the grains are too
small to be distinguished without the microscope.
They occur as a rule as minute blebs in the galena, and
the grains are so small that their positive identifica-
tion is difficult.

The minerals in the fissure ore above described are
all primary or hypogene minerals, formed by hot
ascending solutions. Other minerals that are the re-
sult of surface oxidation and downward sulphide en-
richment occur in some or all of this ore. They are
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pearceite, anglesite, quartz, cerusite, covellite, chalco-
cite, hematite, jarosite, several manganese minerals,
pyromorphite, and vanadinite. Among these minerals
the pearceite and the oxidized lead minerals are the
only ones of economic value. The pearceite represents
enrichment by silver, and ore containing it assays from
80 to 100 ounces of silver to the ton. The pearceite
replaced the galena along the margins and in cleavage
cracks. It is nowhere found in disconnected blebs
distributed throughout the galena like the pyrargyrite
and associated minerals.

HALF MOON AND ABE LINCOLN MINES

The Half Moon and Abe Lincoln mines are 114
miles west of Pioche, on the west side of the Ely
Range. The property consists of 42 claims aggregat-
ing about 600 acres; 29 claims are patented. The com-
pany owns 125 acres outright, and the remainder is
held under options.

Ore was found here in the late sixties. About 1880
ore was hauled to Milford, Utah. It is reported that
23,758 tons of ore carrying $9 in gold and 18 ounces
of silver to the ton and 17 per cent of lead has been
shipped, but this ore obviously was sorted before it
was shipped.

The ore body, a flat-lying bed vein, is opened by
adit tunnels. One group of workings on the vein is
known as the Half Moon, and the other, which opens
on the next gulch south, as the Abe Lincoln. The
avea stoped is reported to measure 1,000 by 300 feet.

The vein is in the Chisholm shale at the contact of
the shale and a 3-foot bed of limestone that occurs 20
feet below the top of the Chisholm. It is parallel to
the bedding, and the limestone bed forms its hanging
wall. The vein dips at a gentle angle in the Half
Moon workings and is nearly flat in the Abe Lincoln.
It is cut off on the east by a fault trending N. 30° W.
and dipping 65° E.; along the fault is a gouge of
shale 5 feet thick. As the Highland Peak limestone
malkes the hanging wall of the fault and the rela-
tively downthrown block is thus on the east side, the
fault is a normal fault. It is regarded by some as
having been the mineralizing fissure up which the
ore-forming solutions ascended, but there is no con-
clusive evidence to prove this; it is certain that there
has been strong postmineral movement along the fault.
This fault is itself cut by a northeastward-trending
fault which has dropped the Half Moon portion of
the vein relatively to the Abe Lincoln portion.

The vein averages about a foot in thickness; in
places it attains a maximum thickness of 2 feet. The
gangue is a milk-white quartz, which has a well-
defined banded structure. The bands are from half
an inch to 3 inches thick; they have a comb structure,
and the quartz crystals extend inward from the bound-
aries of each band to its center,
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The principal sulphide is galena, which is fairly
common in blebs and locally occurs in veinlets that
cut across a number of the quartz bands. A little
pyrite was seen, but most of it has been oxidized to
limonite. :

The vein because of its stratiform character has here-
tofore been considered to be the result of the replace-
ment of the lower part of the limestone bed that over-
lies it. The coarse comby nature of the quartz, in con-
trast to the minutely crystalline “ jasperoid ” habit of
quartz that has formed by the replacement of lime-
stone, makes this idea improbable, and the presence of
shale fragments in the quartz and slabs of shale locally
between the bands proves it to be erroneous. The most
probable explanation is that the successive bands of
comby quartz were formed by the filling of cavities
that were opened as a result of successive movements
parallel to the bedding.

FAIRVIEW MINE

The Fairview or Nevada Lead mine is 25 miles
northwest of Pioche, a short distance west of the Ely-
Pioche road. The vein was discovered 50 years ago,
but until 1922 nothing but assessment work was done.
Since then it has been developed by D. C. Robinson
under a lease and option from the Ellis estate, of Salt
Lake City. ’

The mine is opened by an incline averaging 52° E.
Levels have been driven at 193 and 420 feet, and the
incline was being deepened in 1926. The equipment
includes a 10-horsepower hoist and a 30-horsepower
semi-Diesel engine to operate a compressor.

The country rock comprises Devonian limestone and
quartzite, the limestone predominating; it strikes north
and dips 25° W. The vein strikes north and dips
eastward slightly more steeply than the slope of the
incline, which at the surface was sunk on it. The vein,
which is highly quartzose, is reported to have carried
20 per cent of lead through a thickness of 14 feet. In
the deeper workings the vein so far as yet disclosed
is lean.

BRISTOL SILVER MINES CO.

GENERAL FEATURES

The claims of the Bristol Silver Mines Co., covering
824 acres of patented land, are chiefly on the west slope
of the Bristol Range, 16 miles north of Pioche. They
are 25 miles by road from Pioche, as the road in order
to reach the west side of the range crosses through
Bristol Pass, at the north end of the range. The camp
and main workings are at an altitude of 7,250 feet.
The mine is connected by an aerial tram 2 miles long
with the terminus of the Pioche Pacific Railroad at
Jackrabbit, on the east side of the range. Over this
tram are brought the mine supplies and the water
necessary for domestic use and for the compressor
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plant. A transmission line supplies electricity from
the power plant at Jackrabbit. _
The chief mines are the May Day, Gypsy, Hillside,
Tempest, and Iron. The May Day and Gypsy mines
are connected; and their deeper workings are generally
known as the Bristol mine. The ore deposits were
discovered in the late sixties, and they supplied ore
to the smelter that was built in the seventies at Bristol
Well, 5 miles west of the camp. Ore has been mined
more or less continuously since the early days.** In

the course of time consolidations have been effected,-

and most of the more productive mines are now owned
or controlled by the Bristol Silver Mines Co., incorpo-
rated in 1919 in Nevada. Through ownership of a
major part of the issued stock the company controls
the Black Metal Mines (Inc.), whose ground adjoins
the Bristol property on the east and extends down
the east slope of the Bristol Range to Jackrabbit.
The recent installation of the power plant at Jack-
rabbit and of new machinery at the Bristol mine has
greatly improved operating conditions.

The Bristol mine is worked through the Snyder
skaft, an incline sloping 69° S. Ore was being ex-
tracted during 1926 chiefly from the 950 and 1,050
foot sublevels. The shaft was being deepened and had
attained a depth of 1,300 feet. In addition to the
work being done by the company itself a lessee was
crosscutting from the May Day tunnel to intersect the
Tempest fissure at a point below the workings of the
Inman mine.

The monthly output was increased from 343 tons
in January, 1926, to 800 tons in July. The value of
the ore fluctuated between $10 and $16 a ton in silver,
copper, lead, and zinc. Average figures of composi-
tion are of little significance, as the proportion of
metals fluctuates widely according to what veins are
supplying the ore.

The total output to 1926 is reported to be $3,000,000.
Of this, the Hillside mine is said to have produced
- $2,000,000, and the May Day and Gypsy most of the
remainder. The Tempest, Vesuvius, National, and
Great Eastern have not produced much ore.

. The May Day vein was opened by an incline 500

feet long, sloping 40° SE. The bottom or 500-foot
level of the May Day mine corresponds to the 200-
foot level of the Gypsy mine. The Gypsy vein was
developed by a vertical shaft 600 feet deep. The
Gypsy and May Day workings are now. abandoned,
except that some exploratory work is being done on
the May Day tunnel, or 100-foot level. The total

41 Hill, J. M., Notes on some mining districts in eastern Nevada:
U. 8. Geol. Survey Bull. 648, pp. 127-128, 1916.

workings on the May Day and Gypsy veins exceed 2
miles of drifts, crosscuts, and raises. (See pl. 8.)

AREAL GEOLOGY

The rocks in the vicinity of the May Day and
Gypsy workings consist of limestones of the High-
land Peak formation. They strike east and dip on
the average 20° N. Two key beds, 150 feet strati-
graphically apart, are easily distinguishable and serve
as valuable guides to determine the displacement on
the faults that have dislocated the strata. The lower
of these key beds, which is readily found at the
Snyder shaft, is a cherty layer 3 feet thick and con-
tains peculiar concentric thinly banded structures,
many of which have been partly or wholly replaced
by chert. The upper key bed consists of 6 inches of
conglomerate (%), probably an edgewise conglomerate,
and a few feet of cherty limestone, in which the chert
occurs as more or less discontinuous layers.

The exact stratigraphic position of the collar of
the Snyder shaft is a matter of considerable practical
importance, as the shaft is being deepened in order
to intersect the favorable limestones in the underlying
Pioche shale. 'When the bottom of the Highland Peak
limestone is reached—it had not been reached at 1,300
feet, and its position can not be accurately predicted—
there remain 150 feet of Chisholm shale and 400 feet
of Lyndon limestone to be penetrated before the top
of the Pioche shale will be cut.

The limestones are cut by numerous steep faults,
prevailingly of north-south strike. The vertical dis-
placement of these faults ranges from less than a foot

.in the smallest to 90 feet in the fault that is well ex-

posed 400 feet east of the Snyder shaft. The fault
fissures range from tight fractures to breccia zones
several feet thick. The extent and intensity of brec-
ciation, as measured by the degree to which the lime-
stone was crushed to a breccia composed of small-sized
fragments, were evidently, as will be shown later,
important factors in determining the position of shoots
of ore.

At the base of the range west of the Bristol mine
Devonian rocks have been thrust over the older Paleo-
zoic rocks (Mendha limestone and Ordovician lime-
stone). The Ordovician limestone includes some shaly
beds, which before this survey were thought to be part
of the Pioche shale but which are now known from
the fossils that have been found in them to be of
Ordovician age. All these rocks, including the over-
thrust Devonian beds, are separated from the High-
land Peak limestone at the mine by a normal fault,
which has dropped them.
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ORE BODIES OF THE BRISTOL MINE
GENERAL CHARACTER

The ore bodies were formed by the replacement of
limestone and brecciated limestone in or adjacent to
fissures. The ore bodies that were mined in the May
Day and Gypsy mines and are now being mined in
the deeper workings through the Snyder shaft con-
stitute an evidently related system, the relationship
being determined in part by intersecting or contem-
poraneous fissures. At the mine several series of fis-
sures are recognized—the May Day, striking N. 80° E.
and dipping 45° S.; the Tempest, striking N, 80° E.
and dipping 70°-80° S.; the Gypsy-National, striking
north to N. 25° E. and dipping 70°-80° E.; and the
Lead-Zine, striking north to N. 20° W. and dipping
from vertical to 85° E. or W. These series of veins
are thought to be characterized by containing ores of
different kinds. “Mixed ores” occur at intersections
or junctions. The different ores are believed to have
been formed during different epochs of mineralization,
but the evidence available in 1926 was not absolutely
conclusive, for the ores are all thoroughly oxidized,
and there was bound to be some rearrangement of the
copper, zinc, and iron during the time the primary
(sulphide) ore was being oxidized. This redistribu-
tion is most plainly shown by the tendency of the
copper to occur in the form of chrysocolla and copper
pitch in the footwall portions of the ore bodies. The
general limestone environment of the ore bodies would
prevent, however, any long-distance migration of the
metals during oxidation.

MAY DAY VEIN

The general features of the May Day vein are well
shown at the discovery outcrop. The vein here strikes

N. 70° E. and dips 45° S. Both hanging-wall and

footwall rocks are massive fine-grained (aphanitic)
limestones. In the footwall is a fault trending N. 70°
E. and dipping 55° S.; the fault zone contains 4 feet
of brecciated limestone under a well-defined hanging
wall. It appears to be a fault of some magnitude, as
the two key beds can not be traced across it; but it
has no known bearing on the occurrence of the ore
bodies.

At the outcrop the May Day ore body was about
40 feet long and 6 feet in greatest thickness, tapering
abruptly at both ends along the strike. The ore was
thoroughly oxidized; jarosite is visible, and more or
less chrysocolla occurs in films and veinlets in the
footwall. The outcrop proved to be the top of a
large irregular ore body; it was opened by the May
Day incline, which was sunk on the dip of the vein.

The tunnel level, which cuts the vein 86 feet below
the outcrop, is particularly instructive. The ore

shoot, which has here lengthened to 250 feet and
thickened to a maximum of 30 feet, is clearly the
result of the replacement of a breccia, for in places
angular blocks as much as 2 feet in diameter are
sharply outlined by the oxidized ore that surrounds
them. The May Day fissure has been followed by a
drift (not shown in pl. 8) for 600 feet east of this
great shoot of ore in the hope of finding another shoot,
and in most of this distance it is not thicker than
a knife blade. : :

On the 300-foot level of the May Day shaft the
May Day shoot lies just east of the junction or inter-
section of the vein with the Gypsy vein; it has formed
as the result of the replacement of a brecciated mas-
sive limestone, _

The May Day vein .intersects or joins a steep vein
of the Tempest series below the 700-foot level of the
Snyder shaft, and the ore has continued downward
along this steep vein. It was held by some that the
Tempest fracture had faulted the May Day vein,
dropping it 200 feet, but the failure of the Tempest
vein to displace the key beds on the surface definitely
disproves this idea. A huge shrinkage stope was ex-
tracted on the 800-foot level of the Snyder shaft,
from which $600,000 in ore was taken out. Notable
is the abrupt way in which the ore body ends on the
east; 5 feet beyond the margin of the ore body the
Tempest fissure is only 2 inches thick and a few feet
farther along it apparently dies out. The factors that
determined the formation of this great body of ore
are enigmatic. Along the Tempest fissure on the level
above this one the thick-bedded limestone that forms
both the footwall and hanging-wall rock has been
brecciated, and the larger fragments of the resultant
breccia have remained unaltered. Around the edges
of the ore body the breccia is cemented by coarse car-
bonate spar, and the limestone fragments inclosed in
this cement are partly recrystallized. If the volume of
brecciation and the degree to which the limestone was
reduced to an angular rubble were the controlling
factors that determined the position of a great ore
shoot in the Bristol mine, then the cause for the abrupt
or localized development of the brecciation is still ob-
scure. The occurrence of such great podlike masses of
cre is a powerful incentive to explore the fissure |
systems thoroughly.

The ore that was being mined in 1926 on the 950-
foot sublevel was a mixed ore-—that is, it contained

_silver, copper, zinc, and lead. It was highly oxidized,

but in places it contained a little galena. It was some-
what manganiferous. It showed relics of breccia
structure, for angular fragments of limestone could be
found in the ore. Galena-bearing ore occurred in a
transverse vein at its intersection with the Tempest
vein. Calamine and zinc carbonate made white coat-
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ings on the. fracture surfaces of the ore. When
" “boulders ” of limestone (unreplaced blocks of lime-
stone) begin to appear in the face, they presage the
end of the ore shoot.

Large bodies of limonitic iron oxide containing con-
siderable jarosite occur in the Tempest vein on the
1,000, 1,050, and 1,100 foot levels. Much of the iron
oxide on the 1,100-foot level has the structure of car-
bonate. Theseé barren masses presented this problem
to the operators: Do they represent a leached zone
from which the copper and lead have been carried
away? On account of the well-known immobility of
lead in oxidized ores and the presence of an abundant
precipitant in the form of calcite, it is improbable that
the metals were carried away. The probable answer
is that the iron-oxide bodies represent a zone in which
the primary ore had been abnormally high in iron
minerals, chiefly pyrite, and low in galena and copper-
bearing sulphide. Some of the iron in the oxidized
mass may have come from a zone higher up, as indi-
-cated by the prevalence of jarosite.

GYPSY VEIN

The Gypsy fissure strikes north and dips 80° E.
Little or no displacement has occurred on it. On the
north it ends against the May Day fissure, being either
cut off by that fissure or of contemporaneous origin.
According to Hill,*

from the 250-foot level to the greatest depth attained at the
time of visit [1913] there was a nearly continuous shoot of ore
20 to 40 feet wide and averaging about 150 feet long which
pitched 45° S. on the vein. This ore body occurs above the
May Day-Gypsy intersection and has been mined in the Perry
and Glieen stopes and the Lloyd winze. In the stopes in this
ore shoot nearly pure léad carbonate ore was found near the
hanging wall and copper ores next the footwall.

The Gypsy ore shoot was probably formed by min-
eralizing solutions that were flowing upward along the
May Day fissure and that escaped into a hanging-wall
fracture (the Gypsy fissure) and there produced an
ore body. The greatest lateral exploration on the
Gypsy fissure was undertaken on the 200-foot level,
where the fissure was followed by a drift for 500 feet
south of the ore shoot, which occurred near the inter-
section or junction with the May Day vein. Through-
out this distance the fissure is marked by a well-defined
hanging wall, but shows little or no mineralization.
This drift, like the long drift on the May Day fissure
on the 100-foot level, emphasizes the fact that large

ore shoots may occur in this district along seemingly -

inconsequential fissures.

NATIONAL MINE

The National mine is 450 feet east of the Snyder
shaft. The workings consist of a large open cut and a

shallow winze. The mine is reported to have pro-
duced 5,000 tons of ore before 1906. Since then only
one shipment has been made, in 1914, which assayed
15.9 ounces of silver and 0.025 ounce of gold to the
ton and carried 6.5 per cent of lead, 10 per cent of
copper, 7.3 per cent of zine, 16.4 per cent of lime, 9.5
per cent of iron, and 9.8 per cent of insoluble matter.

The National workings are on the south side of the
gulch that extends eastward from the Snyder shaft.
The ore body strikes north and dips 60° E. The
wall rocks have been recrystallized to a coarse calcite
that shows cleavage rhombs an inch in size. Locally
the ore extends short distances out from the fissure
vein into the limestones parallel to their bedding.
The ore is completely oxidized, chrysocolla being the
only obviously recognizable constituent, but the gen-
eral character of the ore is indicated by the analysis
just quoted.

VESUVIUS MINE

The Vesuvius mine is a short distance northeast
of the National mine and higher on the mountain.
The openings are on what are essentially 