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GEOLOGY AND ORE DEPOSITS OF THE BULLFROG
'DISTRICT, NEVADA,

By Freperick LesLie Ransome, WiLriam H. EMmons, and
GeorceE H. GARREY.

1

INTRODUCTION.

By F. L. RansomE.

SITUATION AND ACCESS.

The name “‘Bullfrog district’’ is usually rather vaguely applied to
a large tract of desert hills and mountains extending far to the north
and west of the area here particularly described. For convenience,
however, the name as used in this report will refer as a rule to the
area mapped in Plate I, although account will be taken of a few
mines and some scattered prospects lying short distances beyond its
boundaries. ' :

The position of the district is shown on the index map (fig. 1). Rhy-
olite, the principal town, lies 60 miles south-southeast of Goldfield,
with which it is connected by the Las Vegas and Tonopah Railroad
(73.5 miles) and the Bullfrog Goldfield Railroad (81 miles). To the
south there is connection with Las Vegas, Nev., on the San Pedro,
Los Angeles and Salt Lake Railroad, over the Las Vegas and Tonopah
Railroad, a distance of 123.5 miles, and with Ludlow, Cal., on the
Atchison, Topeka and Santa Fe Railway, over the Tonopah and
Tidewater Railroad, 171 miles’in length. The town of Rhyolite is
situated at the south base of a short east-west range of hills that con-
nects the Grapevine Mountains on the west with Bare Mountain and
other irregular groups of peaks, ridges, and mesas on the east, and
. separates the Amargosa Desert on the south from a similar desert
basin that extends north past Stonewall Mountain toward Goldfield.
. The other towns in the district are Bullfrog, which adjoins Rhyo-

lite on the south, and Beatty, 4 miles east of Rhyolite, on the so-
called Amargosa River, a feeble rill of water that is fed by springs a
few miles north of the town and is finally absorbed in the sand and

gravel of the Amargosa Desert.
9



10 BULLFROG' DISTRICT, NEVADA.

FIELD WORK AND AUTHORSHIP.

In the autumn of 1905 a topographic map of the most important
part of the Bullfrog district, covering an area 7.25 miles from east
to west and 2.9 miles from north to south, was made by Mr. William
Stranahan, topographer, on the scale of 1:24,000, with contour inter-
vals of 20 feet. This map shows the town of Beatty near its eastern
margin and includes the Original Bullfrog mine on the west. .Geo-

6> 115 1142
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FIGURE 1.—Index map showing position of the Blillfrog district.

logic work was begun in December of the same year and carried on -
until March, 1906. Messrs. W. H. Emmons and G. H. Garrey
mapped the rocks and studied in detail their relations and character,
while Mr. F. L. Ransome devoted a shorter time to a general survey
of the field and to the examination of the ore deposits.

In consequence of a change in the boundaries of the topographic
map prior to the final engraving of the plate, Mr. Emmons revisited
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the district for a few weeks in January and February, 1907, and
mapped geologically such additional area as was required by the
modification of the original topographic base. Finally, in the sum-
mer of 1908, Mr. Ransome spent a week in the district studying mine
workings opened since March, 1906.

The study of the general geology was carried out jointly by Messrs.
Emmons and Garrey under the direct supervision of Mr. Ransome.

LITERATURE.

The Bullfrog Hills, lying aside from the routes followed by the
transcontinental railways and being inconspicuous features in com-
parison with the loftier ranges and remarkable valleys of the Great
Basin, appear not to have attracted the attention of the earlier geo-
logic explorers in Nevada. The following list of publications dealing
with the region is accordingly short, and those that appeared before
the year 1906 deal merely with the region as a whole. Brief articles -
in the mining press have contributed at various times information
regarding mining and milling progress, but these are not here listed,
since they afford no important geologlc information and are not of
lasting interest:

GiuBERT, G. K. Repmt on the geology of portions of Nevada, Utah, California, and
Arizona; examined in the years 1871 and 1872: U.S. Geog. Surveys W. 100th Mer
vol. 3, Geology, 1875, pp. 32-33.

Gives a diagram showing the structure of the west face of Bare Mountain south-
east of the Bullfrog district, with brief notes. Estimates that not less than 8,000
feet of bedded rocks is exposed. :

Seurr, J. E. Descriptive geology of Nevada south of the fortieth parallel and adja-
cent portions of California: Bull. U. S. Geol. Survey No. 208, 1903. (Second
edition in 1905.)

The route of this reconnaissance was north and west of the Bullfrog Hills. A
general geologic map of this part of Nevada and California, ‘‘compiled from all
available information,’’ on a scale of 15 miles to the inch, accompanies this report.
The area occupied by the Bullfrog Hills is shown as ‘‘fine-grained igneousrocks, ”
and the same color is extended over Bare Mountain.

Bawr, Syoney H. Notes on ore deposits of southwestern Nevada and eastern Cali-
fornia: Bull. U. S. Geol. Survey No. 285, 1906, pp. 53-73.

An advance report on part of the material embodied in the following publi-

) cation.

" Bawn, SypNey H. A geological reconnaissance in southeastern Nevada and eastern
California: Bull. U. 8. Geol. Survey No. 308, 1907, pp. 176-182.

Describes the general geology of the Bullfrog Hills and adjacent region. A geo-
logic reconnaissance map on a scale of 1 : 250,000 (approximately 4 miles to the
inch), covering 8,550 square miles, accompanies this report.

Krums, HENry. Report on the Montgomery-Shoshone Consolidated Mining Com-
pany, New York, 1908.

The report deals particularly with the ore reserves, but contains some geologic
data.
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Ransoume, F. L. A preliminary account of Goldfield, Bullfrog, and other mining
districts in southern Nevada; with notes on the Manhattan district by W. H.
Emmons and G. H. Garrey: Bull. U. S. Geol. Survey No. 303, 1906.

An advance report superseded as regards the Bullfrog district by the present
publication.

Eummons, W. H. Normal faulting in the Bullfrog district: Science, n. ser., vol. 26,
1907, pp. 221-222.

A brief discussion of the mechanics of the faulting.

HISTORY OF MINING- DEVELOPMENT.‘

Long prior to the discoveries at Tonopah and Goldfield the springs
in Oasis Valley, just north of the site of Beatty, proved attractive to
a few wanderers, who established .rude ranches along Amargosa
River, the only stream of-drinkable water within a radius of 40
miles. Occasionally prospectors traveling northeastward from Death
Valley or northwestward from the springs at Ash Meadow would pass

“the night at one of these ranches, perhaps spend a few days examin-
ing the hills in the neighborhood, and then again set out over the
desert plains.

The remarkable development of Tonopah and the finding of rich .
ore at Goldfield stimulated prospecting throughout all of south-
western Nevada, and the rapid advance of the material adjuncts to
civilization into this most inhospitable region greatly lessened the
hardship and danger that had hitherto attended a traveler far from
bases of supply and vitally dependent upon scattered and easily
missed springs. In the autumn of 1904 the Bullfrog claim was
located on a prominent outcrop of quartz (see Pl. I); about 3 miles
west of the site of Rhyolite. The name, which afterward became
that of the district, is said to have been suggested by the green color
of the ore, and the ironical humor that associated it with a place of

scorching aridity is characteristic of the Nevada pioneers.

The usual rush of prospectors followed the first discovery, and
most of the ground between the Bullfrog claim and Amargosa River
was soon covered with claims. A settlement of tents, known as
Amargosa City, sprang up near the Bullfrog claim, but when the
center of interest shifted eastward to Bonanza and Ladd mountains
the first town was abandoned for the settlements of Bonanza, Bull-
frog, and Beatty. In February, 1905, a town-site company laid
out the streets of Rhyolite and, by offering a'certain number of lots
free, succeeded in a few days in establishing this as the chief town of
the district.

Up to the latter part of the year 1906 owners of claims were occu-
pied chiefly in the development of their properties, it being impracti-
cable to ship any but the richest ore under the conditions of trans-
portation then prevailing; moreover, the most important mine, the
Montgomery-Shoshone, was involved in litigation, which acted as
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Beatty

PANORAMIC VIEW OF THE BULLFROG HILLS FROM A POINT ABOUT 2 MILES SOUTH OF BEATTY.

The distant mountains to the left are the Grapevine Mountains, nearly due west of the observer; behind them is Death Valley. The hills geologically mapped on Plate |
occupy the upper half of the panorama. Due north of the observer is Beatty, on Amargosa River, which appears also at the extreme right of the lower half of the
panorama. East of the stream are the northern foothills of Bare Mountain. The relazively smooth, rounded hills in the foreground are composed of pre-Tertiary rocks.
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an additional check on production. In the latter part of 1906 the

.Las Vegas and Tonopah Railroad reached the district, and by the

middle of 1907 the Bullfrog Goldfield Railroad had been completed.
Before the end of the year the Tonopah and Tidewater Railroad and
the extension of the Las Vegas and Tonopah Railroad to Goldfield
were in operation. Thus in a little over a year the new camp passed
from desert isolation into the enjoyment of railway facilities superior
to those of many long-established and highly. productive districts.
With the completion of the railways the Bullfrog district began
the shipment of ore and by the end of November, 1907, the Mont-
gomery-Shoshone mine was producing ore and concentrates at the
rate of about $150,000 a month, gross value. This fell off about

. half in the summer of 1908. -

PRODUCTION. -

Up to the end of the year 1906, as already stated, work in the
district was confined mainly to prospecting and to blocking out ore.

- Prior to the beginning of that year the Montgomery-Shoshone, it

is said, shipped about 100 tons of rich ore, the Original Bullfrog
about 13 tons, and the Denver about 1,000 sacks. Small shipments
were made in 1906 also from the Montgomery-Shoshone, Skookum-
Bullfrog, Gibraltar, and Tramps groups of mines, but the amount is
not recorded. During 1907 the production was 9,050 tons of ore,
containing $132,428 in gold, $74,991 in silver, $112 in copper, and
$7 in lead, a total of $207,538.2

TOPOGRAPHY.

The Bullfrog Hills (Pl. IT) attain a maximum elevation of 6,095
feet above the sea, the highest point being about a mile beyond the
northern boundary of the area covered by the detailed map. The
hills, which are steep, rocky, and practically bare of vegetation, rise
sharply from the gently sloping desolate plains that border them on
the north and south. The marginal elevation of these plains ranges
from about 3,300 feet on Amargosa River at Beatty to about 4,500
feet at Mud Spring, 4 miles north of Rhyolite, and the local relief of
the hills is thus about 2,800 feet. Southeast of Beatty, Bare Moun-
tain, which culminates in a peak 6,235 feet high, presents a steep
southwest front to the Amargosa Desert and an eastern face almost
as precipitous to an embayment of the same plain. On the north,
however, the mountain, which is composed principally of schist, lime-
stone, and quartzite, merges into hills (see P1. II) which, in spite of
the topographic break due to the Oasis Valley, are structurally and
lithologically an eastern continuation of the Bullfrog Hills. To the

o Mineral Resources U, 8. for 1907, pt. 1, U. 8. Geol. Survey, 1908, p. 372,
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west the Bullfrog Hills extend without any definite topographic or
geologic break into the Grapevine Mountains.

The hills in the area particularly described in this report constitute

a very irregular group, partly buried by the thick stony alluvium

" characteristic of the broad, undrained basins of arid Nevada. The

upper limit of the alluvium, unlike that at Goldfield, is remarkably -

definite, and above it the rocky structure of the hills is laid bare to
a degree highly satisfactory to the geologist. A view over the district
from any commanding summit suggests at once that the region owes
its main features to the cooperation of faulting and erosion acting on
a thick series of lavas. Many of the ridges are obviously fault blocks,

most of them tilted to the east, so that their western scarps show the -

horizontal banding of successive flows (see P1. III), while their north-
east faces exhibit merely the irregular pinnacles and ravines charac
- teristic of the erosion of a dip slope of a.single rock layer of generally
homogeneous texture. Moreover, the individual white, gray, green,

pink, brown, or black bands that represent the edges of different -

flows can never be traced far before they are sharply offset or cut
off entirely in a manner that can be due only to faulting. The faults,
accordingly, are not parallel but intersect one another, and it is evident
that the irregularity of relief and the absence of continuous lines
of parallel ridges and valleys are the visible expression of a complexly
faulted structure. How far this expression is direct and how far it
has been modified or transformed by erosion will be considered in
another place. There are no perennial streams in the district except
Amargosa River, but erosion, though fitful in its activity, proceeds
at times with great energy, and the water that falls upon the hills
undoubtedly accomplishes more erosive -work than would the same
quantity under the conditions prevailing in a humid country well
covered with vegetation. The arid, stony slopes of the Bullfrog Hills
(see PL II) are elaborately carved by running water, and Box Canyon,
a mile west of Rhyolite, is striking testimony to the power of a stream
that is probably active for only a few hours or a few days in the year.

\
PRELIMINARY OUTLINE OF THE GEOLOGY AND ORE
DEPOSITS.

The prevailing rocks of the area studied—the ones that give char-
acter to the topography and that contain the ore deposits—are rhyo-
litic flows of Tertiary age. Much older rocks, however, are exposed
in the southwestern and southeastern parts of the district. These
constitute a crystalline complex of quartz-biotite and quartz-musco-
vite schists, quartzite and quartz schist, marble, and injection gneisses,
the last-named inclosing small masses of schistose greenstone derived
from rocks originally of dioritic character. The complex as a whole
represents ancient sediments (sandstones, shales, and limestones),
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A. RAINBOW MOUNTAIN FROM THE HOBO SHAFT ON BONANZA MOUNTAIN.

The highest point is Black Peak, capped with quartz latite. The Montgomery-Shoshone mine is in the saddle
to the right.

B. VIEW TO THE EAST FROM THE MONTGOMERY-SHOSHONE MINE.

On the left is Burton Mountain, in which rhyolites Nos. 11, 12, and 13 are repeated by a strike fault. The high
hills to the right are part of Bare Mountain.
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which have been crumpled and kneaded under high pressure and

temperature in the zone of rock flowage. Remnants of a much less
metamorphosed limestone, probably of Silurian age, rest in some
places on the schist.

Probably more than one period of erosion was required to lay bare
these once deeply buried schists. It is fairly safe to conclude that at
the close of the extensive denudation to which western Nevada was
subjected during Cretaceous time these schistose rocks with areas of
the overlying Paleozoic limestone formed part of the worn surface
over which the earliest Tertiary lavas spread. Although the schists
now exposed in the district are found only in fault contact with the
Tertiary rocks, there is little question that they are the fundamental
terrane of the region and that, with some locally intervening Paleo-
zoic limestone, they underlie the volcanic series of the Bullfrog
district.

The Tertiary rocks, Whlch have an aggregate thickness of at least
6,000 feet, cover most of the area and contain all the known ore bodies
of importance. The greater part of the series is rhyolite, and sixteen
successive formations of this rock have been recognized and mapped
by Messrs. Emmons and Garrey. These formations are not neces-
sarily individual flows. Some of them are really parts of a single
thick flow, and others are certainly composed of several flows. Inter-
calated between the rhyolites are five flows of plagioclase basalt, one
flow of quartz latite, some stratified tuffs, and finally, capping the
series, a flow of quartz-bearing basalt. The effusive rocks are cut by
intrusions of rhyolitic porphyry, plagioclase basalt, and leucite basanite.
Most of the basalt dikes occupy fault fissures.

The Tertiary lavas and tuffs are generally conformable to one
another, but at a few places slight erosional unconformity has been
detected. :

The entire series of volcanic rocks is divided by faults into a large
number of blocks in each of which the flows are in general tilted to
the east at angles up to 40°. The fault planes strike from northwest
to northeast and dip generally to the west. The displacement, as a
rule, is normal; that is, the hanging wall in each case has slipped
down relatively to the foot wall. In consequence of this structure
anyone traveling across the district from west to east will see the

- edges of the same flows repeated again and again in the successive

western fronts of the ridges. To the production of this structure
two types of deformation have contributed, according to Messrs.
Emmons and Garrey. (See p. 82.) These were (1) a general tilting
toward the east, such as would result from the development of a broad
arch or monocline of which the eastern limb coincided with the Bull-
frog district; and (2) step faulting with progressive downthrow to
the west. The two processés were simultaneous and compensatory.
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Their cooperation tended to minimize the actual vertical displace-
ment of the flows from their original nearly horizontal position.

In that part of the district between Sawtooth Peak and Beatty
the angle at which the flows are tilted is such as to carry them down
toward the east more rapidly than they are brought up by the suc-
cessive step faults. Consequently some of the older flows are here
concealed and younger flows, not present in the western part of the
"district, make their appearance. East of Beatty, however, a fault
of very great throw brings to the present surface the oldest of the
rhyolite flows.

In addition to the dominant faults just referred to, there is another
and possibly in part younger set, characterized by nearly northeast-
southwest trends. In general the throws of the northeast faults are
less than those of the north or northwest faults, but a few northeast
faults show profound displacement. The northeast faults are partic-
ularly noticeable on the geologic map (Pl. I), owing to the manner in
which they offset the outcropping edges of the various flows. The
structural importance of the north to northwest faults is somewhat
masked by the facts that they are in some cases partly or wholly cov-

ered by alluvium end are less numerous than those of the other sys-

tem. Thestructure (see Pl. I) shows that under the band of alluvium

between Bullfrog Mountain and Box Canyon must lie concealed one
of the greatest faults in the district. Another important dislocation

must be covered by the alluvium between Ladd and Montgomery
mountains.

Most of the faults dip at high angles, but there are apparently two
notable exceptions to this rule. The contact between the rhyolites
and the pre-Tertiary rocks in the vicinity of the Original Bullfrog
mine dips to the north at an angle of 18° to 20°. It is not well
exposed but seems to be a plane of great disturbance. The various
rhyolitic formations of Bullfrog Mountain dip to the east at consid-
erable angles and are successively cut off at this contact. (See Pls.
I and IX, 4.) It is difficult to understand how normal faulting
could take place on a plane so slightly inclined unless-the displace-
ment had a large horizontal component.

South of Beatty the relation of the Tertiary volcanic rocks to the
pre-Tertiary metamorphic rocks is similar to that just described.
The contact is probably a fault, although the actual exposures of it
are not as satisfactory as could be desired. East of Beatty, however,
the rhyolites are clearly faulted down against the limestones and
quartzites of Bare Mountain. The fault here dips northward at
angles between 50° and 65° and the rocks adjacent to the fissure are
crushed.

~ In general, the rhyolites of the Bullfrog Hills appear to be bounded
on the south by a nearly east-west fault’ or fault zone, which appar-
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ently has dropped them against a pre-Tertiary metamorphic terrane,
forming the mass of Bare Mountain and exposed in a few low hills
along the northern edge of the Amargosa Desert. The entire vol-
canic mass has been divided by other faults into numerous small
blocks.

- Many of the faults are accompamed by basaltic dikes. Insome cases
the dike fills the fault fissure and is not itself disturbed. In other
cases the faulting is in part later than the intrusion, so that the dike.
has been fractured or crushed by the movement. A very common
feature of these dikes is their lack of continuity, the basalt occurring
here and there along a persistent fissure. This peculiarity is prob-
ably in part due to movements subsequent to the intrusion, but along
many of the fissures the basalt appears to have been intruded only at
intervals.

At no one place in the district is a complete section of the Tertiary
lavas shown. This is not due to lack of exposures, but to the close
spacing of the faults by which the country is dissected into blocks.
Each flow or bed is, as arule, exposed in two or more blocks, and since
these partial sections can be correlated, it is possible by piecing
them together to effect a restoration of the whole. '

The deformation of the series by tilting and faulting was followed by
extensive erosion, which sculptured the rocks into their present
forms and has supplied the abundant débris now filling the valleys.

The ore deposits are for the most part nearly vertical mineralized
faults or fault zones in rhyolite. Of the many faults shown in Plate I
comparatively few have proved ore bearing, although it must be
remembered that the district is undeveloped and that a number
of the faults discovered in the course of the geologic mapping have not
yet attracted the attention of prospectors. The presence or absence
of mineralization bears no evident relation to the particular variety
of rhyolite constituting the country rock and does not appear to be
proportional to the degree of dislocation along the fissures, but appar-
ently is governed mainly by locality. No ore is known, however, in
any formation younger than rhyolite No. 12.

Most of the lodes are not simple veins, but are fissure zones contain-
ing numerous veinlets or stringers of vein material and in most cases
-showing no definite walls. The principal stringers are parallel with
the sides of the lode as a whole, but they are linked by numerous
irregular cross veinlets, and similar small stringers extend for varying
distances into the country rock. The lodes range in width from a few
_ inches to 10 or even 100 feet.

Originally the veinlets consisted of quartz and calcite carrying
finely disseminated auriferous pyrite. The calcite, possibly asso-
© ciated in some places with other carbonates, varies in abundance.
The larger stringers, such as those of the Hobo vein, at many places
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exhibit regular depositional banding or crustification. Many of the
stringers are distinct fissure fillings, with a definite contact between

them and their rhyolite walls. Examples of transition from vein filling-

to country rock, due to the silicification of the latter, are by no means
lacking, however, although this process has not been carried to any-
thing like the extent observable at Goldfield. Much of the quartz,
including some good-ore, has a fine granular texture and has in part
been formed by the sﬂlclﬁcatlon of shattered or crushed rhyolite.
Typical vein quartz, such as is characteristic of the gold veins of the
Appalachians or Sierra Nevada or such as is found in the pre- Tertiary
schists of the Bullfrog district, does not occur in the mines near
Rhyolite, with the exception of the Original Bullfrog. The quartz is
prevailingly fine grained, often of a porcelain-like texture, and is
usually intercrystallized with calcite.

In the process of oxidation, which in most of the lodes has been
facilitated by movements that have fissured or shattered the original
filling, the crystals of pyrite are changed to specks of limonite, within
which may occasionally be seen particles of native gold. The calcite
is partly dissolved and partly changed to fragile cellular pseudomorphs
of quartz. The development of earthy hydrous oxide of manganese is
very characteristic of the oxidation of the calcitic veins of the district,
and large portions of the lodes are made up of soft, dark, manga-
niferous earth, associated with residual masses of the original quartz
and calcite and containing vugs and druses of secondary deposits of

_these two minerals.

All the ore thus far mined or opened is more or less oxidized and,
as a rule, contains no sulphides. In the Original Bullfrog mine there
is a little chalcocite, or copper glance, and in some undeveloped veins
in the schists south of Beatty there are specks of galena, but the only
sulphide thus far found in the other deposits is pyrite. Native gold,
alloyed with various proportions of silver, is the only valuable con-
stituent of most of the ores, although cerargyrite, or horn silver, is
fairly abundant in the rich ore of the Montgomery-Shoshone mine.
The gold is finely divided and is almost invariably found in the
quartz, not in the calcite. Its characteristic association with little
limonitic specks, representing oxidized pyrite, has already been
referred to.

The ores, as sacked and shipped in the first year or two of activity,
ranged from $100 to $700 a ton, but the deposits on the whole are
very much lower in grade than those at Goldfield and the future of the
district depends on the milling of material that will not av<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>