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PRELIMINARY ACCOUNT OF GOLDPIELD, BULLFROG,
AND OTHER MINING DISTRICTS IN
SOUTHERN NEVADA.

By Frebperick LesLie Ransome.

INTRODUCTION.

The following report aims to give in brief form such advance
results as are available from a detailed investigation of the geology of
the Goldfield and Bullfrog districts carried out during the autumn
and winter of 1905-6. Complete reports on these districts are now in
preparation and will be published as soon as possible. In the present
bulletin are included also such reconnaissance notes as were made on
outlying districts visited in connection with the principal work of the
field season. Messrs. W. H. Emmons and G. H. Garrey, who had
efficiently assisted in the work throughout the season, were instructed
at its close to visit the Manhattan district, mainly for the purpose of
ascertaining the area that should be included in future mapping and
study of this new gold field. Their notes on the geology of the dis-
trict are published as a separate section in this report.

During the summer and autumn of 1905 a topographic map, covering
8,500 square miles of southern Nevada and including the Goldﬁeld
and Bullfrog districts, was made by Messrs. R. H. Chapman and B. D.
Stewart, topographers. A copy of this map accompanies this report
(PL.I). Mr. S. H. Ball was attached to Mr. Chapman’s party as
geologist, and the results of his reconnaissance of the whole region,
made under the writer’s general supervision, will be pubhshed as a
separate bulletin (No. 308).

GOLDFIELD DISTRICT.

INTRODUCTION.

In June, 1903, Mr. J. E. Spurr paid a hasty visit to Goldfield, then

. known as the Grandpa district. Some indications of ore were known

at this time, but no important ore bodies had been found. Mr. Spurr
7



8 " GOLDFIELD, BULLFROG, AND OTHER DISTRICTS, NEVADA.

published a brief note< on the geology of the dlstrlct which was sup-
plemented by afuller statement,? made after a second visit in November,
1904.

During the summer of 1905 a topographic map on a scale of 2,000
feet to the inch and covering approximately 31% square miles of the
district was made by Mr. William Stranahan, topographer, and, with
this map as a base, detailed geological work was begun in September
of the same year by the writer, assisted by Messrs. W. H. Emmons and
G. H. Garrey. Field work was completed in December. ,

The following account has been prepared to meet the demand for
prompt information regarding a new and important district. It is
not intended as a complete or final report on the geology and ores of
Goldfield, but merely as a provisional advance statement, which will
be amplified and modified when all the material gathered durmg the
field work shall have been fully studied. Experience has shown that
preliminary accounts of new mining districts are usually of value, but
the benefit to the mining community may be gained at some cost to an
author’s professional reputation unless the object and limitations of
such a preliminary outline are clearly understood by the reader.
Therefore in this case it should be understood that the right to revise

.statements and conclusions is distinctly reserved, and when the final

report appears it should entirely supersede the earlier publication.
HISTORY.

‘The discovery of Tonopah in 1900 marked, for Nevada, the begin-
ning of a new era in its mining industry, which in the years following
the decline of the Comstock had sunk to a very low ebb. As the size
and richness of the Tonopah bonanzas became known new stimulus
was given to prospecting and the desert ranges of southwestern
Nevada were more thoroughly searched than ever before. Among the
dozens of new camps that have come into existence within the last few
years as a result of this activity, Goldfield, situated in Esmeralda
Courity, 24 miles nearly due south of Tonopah (see fig. 1 and PL I,
in pocket), has attained chief importance.

“TFloat” gold was found late in 1902 by Harry Stimler and William
Marsh on Columbia Mountain and, after seeking in vain for the
source of this gold, these early prospectors worked northward and on
December 2 located the Sandstorm lode. A brief period of excite-
ment followed the discovery of gold, but, as no important ore bodies
were immediately uncovered, interest flagged and only a few deter-
mined men remained in the district. Among these were A. D. Myers
and R. C. Hart, who, on May 24, 1903, located the Combination lode

¢ Bull. U. 8. Geol. Survey No. 225, 1904, pp. 118-119.,
5 Bull. U. S. Geol. Survey No. 260, 1905, pp. 132-139. °



GOLDFIELD DISTRICT, HISTORY. 9

and began at once to develop their property. In October of the same
year, after the existence of ore had been proved by a short tunnel, the
ground was bonded to the Combination Mines Company and in the
following December this company began the shipment of ore.
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Fi16. 1.—Index map of Nevada.

Prospecting was actively resumed over the district in January and
February of 1904, and before midsummer rich ore was being shipped
from the Jumbo, Florence, and January mines. |
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With the exception of the Combination, all the mines which have
attained any importance were first opened and developed by the leas-
ing system, and so near the surface and so rich were many of the ore
bodles that numbers of the successful lessees made ample fortunes in a
few months or even in a few weeks. The royalties usually exacted
ranged from 20 to 30 per cent of the net value of the ore extracted.
At one time there were six sets of lessees working through as many
shafts on the Jumbo lode. The blocks were from 100 to 300 feet in
length, the most productive and best known being that oenerally
referred to as the Bowes-Kernick lease.

The daily output from all of these workings in August 1904, was
estimated at $10,000, and the total to the expiration of the leases,
early in 1905, amounted to considerably more than $1,000,000.
Another famous lease was the Sweeny lease, on the Florence mine,
which expired on January 15, 1905, after a production amounting to
$650,000. The Patrick lease on the January mine, probably the first
important lease granted in the camp, produced about $500,000.
Later, and in some respects more sensational than the leases.just
mentioned, was that granted to B. J. Reilly and associates on No: 1
block of the Florence ground. This lease, after having been succes-
sively abandoned by two earlier holders, was taken up by Reilly and
his partners in April, 1905. Ore was found in the following June, but
it was not until August that the true richness of the body became
apparent. In the short time then available before the expiration of
the term, on October 19, 1905, nearly all of the ore which the lease
produced was mined and hoisted to the surface. The royalties paid’
to the Florence-Goldfield Mining Company represent a total output
of $475,000. Most accounts, however, give the production as $750,000.
Some of this ore was of extraordinary richness, a lot of about 4} tons,
taken out from the bottom of the workings during the last days of the
lease, avera,cring, according to Mr. Frank Oliver, superintendent of the
Florence mine, between $6,000 and $7,000 per ton.

Early in 1905 the district probably contained fully 8,000 people
over two-thirds of whom were in the town of Goldfield. Late in the
year, owing to the attractions of Manhattan and other recently
opened camps and to a decreasing activity in prospecting, in leasing,
and in the various more or less speculative transactions so character-
istic of a new mining district, the population had somewhat declined.

The completion of a railroad from Tonopah to Goldfield in Septem-
ber, 1905, gave the district a much-needed improvement in 4-anspor-
tational facilities, although freight charges are still maintained at un-
duly high figures. Another important event of the year was the dis-
covery of a large body of rich ore in the Redtop mine, which had
not previously been a productive property.
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PRODUCTION.

In 1904 the Goldfield district produced over $2,300,000. Statistics
for the year 1905 are not, yet available, but it is doubtful whether the
output for the second year of activity will exceed $2,500,000.

TOPOGRAPHY.

The hills in the vicinity of Goldfield form an irregular group (see Pl.
I), having no definite trend and belonging to no recognized mountain
range. On the north, east, and south these hills slope down to broad
undrained sterile basins, each with its characteristic central playa—a
gleaming level plain incrusted with salts, except when an occasional
shower has spread a film of water over its surface. The average alti-
tude of the playa floors above sea level in this region is about 5,000
feet. Such a basin, approximately 10 miles in width, separates the
Goldfield Hills from Stonewall Mountain, a prominent landmark
southeast of the district. A low, broad pass between this basin and
one to the north of it connects the Goldfield Hills with the northwest
end of the Cactus Range, Cactus Peak being 20 miles east-north-
east from Goldfield. A similar inconspicuous divide, about 12 miles
north-northeast of Goldfield, forms a slight connection between the
Goldfield Hills and the hills of the Southern Klondike and Tonopah
districts. o

West of town a basaltic mesa, at this latitude about 4 miles wide,
but becoming much broader toward the south, stretches to the eastern
base of Montezuma Peak, which is composed in part of rocks similar
to those of the Goldfield district. The old mining settlement of Mon-
tezuma lies near the summit of the peak, which is 8,426 feet in height
and 7 miles a little south of west from the town of Goldfield.

Goldfield is situated on the southern rim of one of the typical desert
basins of the region, which merges through a low pass 22 miles north
of town into the still larger basin west of Tonopah. This pass, through
which the railroad runs from Tonopah to Goldfield, is between the
Lone Mountain Range on the west and the Tonopah Hills on the east.

The portion of the Goldfield Hills which is particularly- described
in the present paper and which will for convenience be hereafter
referred to as the Goldfield district is shown in the accompanying
map (Pl II), a much reduced and simplified copy of the geological
map that will be published with the final report. The relief in this
area ranges from 5,400 feet in its northwest corner to 6,635 feet on the
summit of Preble Mountain, near the southeast corner. The culmi-
nating peak of the Goldfield Hills, however, is just east of the area
represented in the map and attains an elevation of nearly 7,000 feet.
A large part of the district may be described as a rolling plateau (see
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fig. 2), ranging from 5,700 to 5,800 feet in general elevation and
surmounted by many irregularly distributed peaks and knobs of
which Preble, Blackcap, Vindicator, Banner, and
Columbia mountains are conspicuous examples.
None of these hillsis a volcanic crater, as has been
asserted in some descriptions of the district, nor
are they due to local volcanic upheaval. They
owe their height above the surrounding country
_erely to the fact that they are composed of ma-
_terial somewhat harder or more durable than the
average rock of the region and have thus suc-
cumbed more slowly to the general erosion that
has carved the existing relief from a gently domed
wolcanic series. The superior resistance of the hills
1s in some cases due to the original character of the

T
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rock of which they are composed; in other cases, e
to a capping of young and fresh lava, but by far & = B
the greater number of the smaller knobs that stud A2
the district, of which Black Butte is an excellent £ | 3%,
BS 2 %

example, are prominent because the rock has been
hardened by local silicification in a manner that
will be described in connection with the ore de-
posits.

The fact that much of the district is a rolling
plain diversified by rocky knobs has an important
‘bearing in a region where detritus tends to accu-
mulate on all but the steepest slopes. In the Tono-
pah district, and especially in the Bullfrog district,
there is generally a fairly definite line between
steep, bare, rocky hills and the gentle alluvial
slopes.at their base. At Goldfield, however, the
general gradients, as may be seen from fig. 2, are so
slight that detritus accumulates over much of the
surface and interferes seriously with attempts to -
determine the distribution and structure of the ‘)
underlying rocks. : :
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GENERAL GEOLOGY.

INTRODUCTION,
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3

The geological structure of Goldfield compared J
with that of most districts in which deposits of the ’
precious metals are found is simple. The district
is essentially a low, domical uplift of Tertiary
lavas and tuffs resting upon a foundation of ancient granitic and
metamorphic rocks. The erosion of this flat dome has cxpesed the
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PRELIMINARY GEOLOGIC MAP OF THE GOLDFIELD DISTRICT.




GOLDFLELD DISTRICT, PRE-TERTIARY ROCKS. . 13

pre-Tertiary rocks at a number of places in the central part of
the district, and these outcrops are surrounded by wide conceritric
zones of successively younger formations. But while it is not diffi-
cult to recognize the broad, bare outlines of the structure, this
genéral idea requires modification in many particulars before it can
be accepted as a satisfactory conception of the geology of the
region, and it is in the study of these essential details rather than
in complexity of structure that the investigation of the district:
offers real difficulties. One of these obstacles, the extensive cloaking

of the surface by gravelly alluvium or ‘“wash,” has already been
referred to. Owing to the prevalence of this material the contacts

between the various underlying rocks are seldom well exposed and

are usually completely covered. While it would be a simple matter

to map this detritus wherever it is thick enough to conceal the rock

beneath it, the map thus made would be less useful to the miner than"
one in which an attempt has been made to show the distribution of

the possibly. ore-bearing rocks, observed facts being supplemented

wherever necessary by inferences based upon all available data. In

accordance with this general principle the areas of alluvium have

been entirely omitted from the preliminary map forming P1. II and

will be reduced to a minimum in the complete and final map. That

some adjustment of geological boundaries will be demanded when

mining operations determine the positions of contacts now concealed

is of course to be expected; but it is deemed more important to pre-

sent a helpful interpretation of hidden structure than to be content

merely with cautious and unsuggestive adherence to visible facts.

Another obstacle to accurate and successful study of the region is
the intensity, widespread distribution, and erratic -character of the
alteration that has affected rocks, some of which, even in a fresh
state, could be distinguished from one another only by refined petro-
graphic methods. '

PRE-TERTIARY ROCKS.

The oldest rocks exposed in the district are found on Columbia and
Vindicator mountains, and are particularly noticeable on the southern
slope of the former peak as conspicuous dark patches visible from Co-
lumbia or Goldfield. Originally thin-bedded limestones or calcareous
shales, with subordinate beds of sandstone, the formation is now -
much contorted and metamorphosed. The ‘calcareous beds have
been changed to compact aggregates of quartz (jasperoid) crowded
with microscopi~ black particles, probably carbonaceous, and the
sandstone to hard, vitreous quartzite.

The metamorphlsm is apparently due to the intrusion of these sedi-
ments by masses of a granitic rock composed essentially of quartz and
orthoclase, a type for which Mr. Spurr has proposed the name alaskite.
This rock is well exposed on Columbia Mountain and makes up a large
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part of Vindicator Mountain. Smaller areas occur in the vicinity of
Banner Mountain. Most of the alaskite contains a very little black
mica and some plagioclase. In most exposures the mica is decom-
posed and scarcely noticeable, but northeast of the summit of Vindi-
cator Mountain the alaskite mass grades into a biotite granite.

The age of the alaskite and intruded sediments, beyond the fact
that both are pre-Tertiary, can not be determined from any evidence
available in the Goldfield district. Mr. Spurr,® whose wide expe-
rience in southern Nevada renders his opinion of special weight, con-
siders that the metamorphic sediments may well be Paleozoic and that
the alaskite was intruded in post-Jurassic time. Mr. S. H. Ball}?
who recently made a reconnaissance over a large area around the
Goldfield district, found Cambrian fossils in beds which he is inclined
to correlate with those exposed in Columbia and Vindicator moun-
tains.

It is certain that the intrusion of the alaskite was followed by a
long interval during which the region was eroded to the surface of
moderate relief subsequently covered by the irruption of Tertiary
lavas. '

TERTIARY VOLCANIC ROCKS.

The sequence of Tertiary eruptions as shown by the rocks of the
Goldfield district was as follows, the oldest rock being at the bottom
of the column:

Olivine basalt; flow and small intrusive bodies.

Breccia and conglomerate.

“Rhyolite; flow.

Lake beds.

Quartz-bearing basalt; flowintercalated in lake sediments.

Lake beds. o

Latite and rhyolite; flows. '

Dacite; sheetlike and irregular intrusions, possibly in part a flow.

Andesite; flows with some tuff and small intrusive bodies.

Rhyolite; intrusive masses.

Rhyolite; flows and tuffs.

Andesite; flow.

The older or first andesite, as may be seen from PI. II, occupies an
.area a little over 2 miles in diameter in the center of the district, and
a smaller area south of Columbia. Its characteristic features may be
well seen in the vicinity of McLaughlan’s well, on Banner Mountain,
and on the southern edge of the town of Columbia. This rock has
not been found in a fresh condition. Its color is usually dull purplish
or greenish gray. A spotted or mottled appearance, due to flow-brec-
ciation, is rather characteristic and is well shown on a small hill half a
mile north of the summit of Banner Mountain. The freshest obtain-

aThe ores of Goldﬁeld, Nev.: Bull. U. 8. Geol. Survey No. 260, 1905, p. 133.
b Oral communication. "
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able specimens of the first andesite show phenocrysts of feldspar,

hornblende, and mica in a compact, streaky groundmass that was

evidently once a glass with well-marked flowage lines. . All the pheno-

crysts have the dullness that indicates more or less thorough alteration

. and the original glassy base is now devitrified. As a rule, the first
andesite, when it has not been subjected to the intense local altera-
tion connected with ore deposition, may be distinguished from the
later andesitic rocks by the absence of fresh phenocrysts and the pe-
culiar streakiness of its groundmass, which resembles the groundmass
of a rhyolite rather than that of most andesites.

The rock is apparently a flow resting upon a clean and rather un-
even surface of alaskite and Paleozoic sediments. Its thickness is not
known, but is probably very variable, as on Columbia Mountain the
succeeding rhyolite rests directly upon the alaskite. The maximum
thickness is tentatively estimated as at least 400 feet, and it may be
considerably more. '

Overlying the first andesite, or resting on the pre-Tertiary rocks
where the andesite is absent, is a series of thin glassy rhyolite flows
which is best developed in the rounded white hills northwest of

" Columbia Mountain. This rhyolite is associated with pale-greenish
tuffs of mingled andesitic and rhyolitic character and is cut by masses
of intrusive rhyolite. All these rocks are shown together in PI. IT,
although they will be distinguished on the final map. The effusive
rhyolite is usually nearly white, shows conspicuous flow lamination,
and weathers in thin, shelly flakes. This is the rock of the Sandstorm
mine and of the hills lying west of the road from the mine to Columbia.
It all shows some devitrification and silicification, particularly in the
vicinity of the ore deposits. Certain varieties or portions of this .
rhyolite acquired by flowage a very thin lamination, causing the rock
when somewhat weathered to closely resemble indurated clay shale.
This appearance is very deceptive, as may be seen at the Tonopah
Club or Conqueror mine. The town of Diamondfield is partly under-
lain by this shalelike rhyolite, and small residual patches of similar
material are scattered over the surface of the first andesite. The
rhyolite appears to have been thickest in the vicinity of Columbia
Mountain and to thin out to the southeast. None of it has been
found southeast of McLaughlan’s well. N

~ The intrusive rhyolite occurs on the summit of Columbia Mountain,
where it has locally a sheetlike form and constitutes the ridge extend-

ing north of the mountain to the Adams mine. It is intrusive into the
shaly rhyolite at the Conqueror mine, and another small mass cuts the
first andesite, alaskite, and pre-Tertiary block jasperoid on the west
slope of Vindicator Mountain. Thin sections indicate that some of
this intrusive rhyolite occurs also on the east slope of Vindicator
Mountain, but owing to the intensity of the alteration in this vicinity
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it could not be separated in the field from the silicified first andesite.
The tuffs associated with these early rhyolitic eruptions may be best
examined along the southwest base of Columbia Mountain and directly
west of the Kendall mine. Underground they are exposed in the west,
workings of the 100-foot level of this mine.

After the eruptions of the earlier rhyolites came the eruptions of the
second andesitic period, which covered the region with successive
flows of andesite, accompanied by subordinate layers of andesitic tuff.
The products of these eruptions constitute the most extensive forma-

.tion in the district. (See Pl. II.) The total thickness of this deposit,
as of most of the other volcanic formations in this district, can not be
determined, owing to the slight deformation of the rocks, their poor
exposures, the comparatively slight topographic relief, and the absence
of persistent datum planes, such as may usually be found in stratified
rocks. It probably lies between 600 and 1,000 feet; but this is con-
fessedly little more than a guess and is hkely to be under rather than
above the truth.

The petrographlc study of the andesites has not been finished.

They contain in general phenocrysts of labradorite feldspar, horn-
blende, augite, orthorhombic pyroxene, and occasmnally biotite in
oroundma,sses ranging from hyalopilitic to vitrophyric in texture.
The hornblende exhibits various stages of magmatic resorption, the
abundance of the augite being in rough inverse proportion to the dimi-
nution of the hornblende by thls process: The second andesite
undoubtedly includes more than one flow, but it is quite 'Impracticable :
in this field to discriminate individual ﬂows in mappmg the whole
area. Preliminary examination of over 200 specimens and thin sec-
tions of the andesites indicates that any division based on the pre-
" dominance of certain ferromagnesian constituents—for example,
augite andesite or hornblende andesite-—would be artificial. In other
words, the relative proportions of these minerals appear to vary in any
one flow. Moreover, as the first andesite and pre-Tertiary rocks are
cut by dikes and small intrusive bodies of the second andesite, the
latter formation as a whole is probably a voleanic complex, in which
are involved intrusive bodies, as well as flows and beds of tuff and
breccia.

The dacite, whose eruption followed the second andesitic perlod is
in many respects the most interesting rock in the district and is cer-
tainly the most important from the economic standpoint. It occupies,
as may be seen by reference to PL. IT, a considerable area east of Gold-
field and Columbia and is the prmclpal country rock of the Combina-
tion, January, Jumbo, Redtop, and Florence mines. The surface at
the main Florence shaft is the second andesite, and it was at first sup-
posed that the ore also occurred in this rock. Microscopic study
shows, however, that most of the altered country rock of the Florence
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below the zone of complete oxidation, although finer grained than the
typical dacite, is really a variety of that rock, and consequently that
the shaft penetrates the flat-lying andesite and enters the dacite.
This mass of dacite appears to be an intrusive sheet dipping gently to
the west and south and cut off to the west by faulting. Its structural
relations will be more fully described in subsequent pages.

A larger body of dacite extends southward from Tognoni Springs
and forms some of the high hills just east of the mapped portion of
the district. This mass, as may be seen from Pl. II, makes up a large
part of Preble Mountain. Smaller bodies of dacite occur southeast
of Black Butte and in the central part of the district.

The dacite, of which typical and fairly fresh specimens can be col-
lected on the little hill 500 feet nortneast of the Transformer station,
has the appearance of an andesite. It is generally more conspicu-
ously porphyritic than the andesites of the district, but its essential
distinction from them is the presence of phenocrysts of quartz.
These are always rounded by magmatic corrosion and as a rule are
neither very numerous nor very conspicuous. The rock consists of
labradorite feldspar, hornblende, biotite, augite, and quartz in the
usual andesitic groundmass. Chemical analysis of the dacite shows
that it contains 60 per cent of silica, or only 2 per cent more than a
hornblendic andesite from the northeastern part of the district. Min-
eralogically and chemically the dacite at Goldfield is merely a quartz-
bearing andesite and is in no way similar to the more siliceous rocks
called dacite by Mr. Spurr in his report on the Tonopah district.

. The geological relation of the dacite to the andesite is not entirely
clear. Its comparatively coarse porphyritic texture, the irregular
outlines of its exposures (see Pl. II), and the occurrence of small
bodies of dacite within larger masses of andesite are all indicative of
the intrusion of the dacite into the andesite. As a rule, however, the
contact between the two rocks is not well enough exposed or the rocks
have been too much altered in its vicinity to afford definite proof of
this relation. At one point only, situated 1 mile N. 35° E. of the
summit of Preble Mountain, a sharp intrusive contact is exposed
between the dacite and the andesite. The dacite is glassy at the con-
tact and penetrates the andesite in a way that shows the latter to be

“the older rock. Of course this exposure merely proves that onemass
of the dacite is intrusive into a certain mass of andesite. The general
conclusion reached, that the dacite as a.whole closely followed the
andesitic eruptions and was intruded into the flows and subordinate
tuffs at moderate depth, is still in need of evidence for its complete
establishment. It is probable that this intrusion was accompanied

aMr. Spur; s reasons for using the name dacite for rocks which should strictly receive other names
are given in Geology of the Tonopnh mining district, Nevada: Prof. Paper U. 8. Geol. Survey No. 42,
1905, p. 59, footnote.

Bull. 303—07 —-—2
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- by some deformation of the region, and the andesite flows appear to
have been somewhat eroded before the next eruptions took place.

After the dacitic intrusion a rock provisionally classed as quartz
latite was erupted as a series of flows and is now extensively exposed
in the low hills in the southeast corner of the district. This rock,
which corresponds more closely than anything else-in ‘the Goldfield
region to some of the Tonopah dacite, is in most places a porous light-
gray or greenish rock with abundant glistening scales of black mica
and phenocrysts of fresh plagioclase, mostly oligoclase. In some
varieties quartz and orthoclase are present, and some thin flows of .
- vitrophyric rhyolite are associated with the quartz latite. Two areas
of rhyolite in the northeast corner of the district are provisionally
mapped with the latite in P1. II. The quartz latite is easily worked,
and a quarry opened in this material 13 miles south of Preble Moun-
tain has afforded stone for buildings in “Goldfield.

No traces of mineralization have been found in the latite, and the
ore deposits of the district were probably formed prior to its eruption.
This, however, is not definitely determinable, as none of the latite
occurs in the immediate vicinity of known ore bodies.
 After the latitic eruptlons the region was covered by an extensive
body of fresh water in which were laid down 500 feet or more of
bedded conglomerates, tuffs, tuffaceous sands pumiceous ash, and
diatomaceous earth. These deposits, the ‘cement rock” of the
miners, cover a large part of the district, particularly in its outskirts.
They underlie the town of Goldfield and stretch both northward and -
southward beyond the limits of the area studied. They also extend
beneath the “malapi” (malpais) mesa southwest of town and are well
exposed in the steep bluffs of the ravine in which are situated the city
waterworks. The beds here dip generallv westward at angles rang-
ing from 25° to 30°.

Although the lake beds appear to be locally conformable with the
quartz-latite flows, yet as these are present beneath them in only a
small part of the district, and as the formation of the lake indicates
some change in the configuration of the region, thereis at least a sugges-
tion of erosion between the quartz-latite eruptions and the lacustrine
condition. Volcanism continued active during the existence of the
lake, as shown by the prevailingly volcanic nature of the sediments and
the occurrence within them of a thick flow of quartz-bearing basalt
and thin flows of glassy rhyolite. The quartz basalt, as shown by
wells, underlies the southwestern part of Goldfield and is exposed on
the automobile road to Bullfrog.

In the eastern part of the district, northeast of Preble Mountain, are
some bedded breccias and tuffs from 200 to 300 feet in present thick-
ness. They rest upon dacite and andesite and are made up largely of
fragments of these rocks, particularly of dacite mingled with abun-
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dant fragments of volcanic glass and some sandy tuffs. These beds are
provisionally correlated with the lake beds just described.

Lacustrine conditions were ended by deformation of the region,tl.e
domical structure being accentuated or possibly initiated by this
uplift. After the lake beds had been beveled by erosion and prob-
ably entirely swept away from the central part of the district erup-
tions of rhyolitic lavas again began.

The latest rhyolite is a light-pink or pale-brown rock, rather porous
and containing abundant pumiceous fragments. It forms a flow
about 100 feet in maximum thickness, which is exposed in the bluffs
southwest of Goldfield, under the dark volcanic rock which caps the
mesa. It is this rhyolite that is quarried for building stone at Rabbit
Spring. It is in some places overlain by a few feet of unconsolidated
tuffaceous sand and volcanic gravel.

Finally, the volcanic history of the region was brought to a close by
the eruption of one or more flows of olivine basalt. This is the dark
rock that is conspicuous as the capping of the mesa southwest of town.
It also forms the summit of Myers Mountain, Blackcap Mountain, and
several hills south and east of the area mapped. The larger areas
~of this rock represent remnants of flows which rest upon a nearly
“ horizontal surface of older rocks; but some smaller masses, such as
that shown on the east slope of Vindicator Mountain, are intrusive
and majy fill orifices through which the basalt reached the surface to
spread out as flows.

CORRELATION.

While final correlation of the Goldfield rocks with those of Tonopah
and other districts can not be attempted in this preliminary report,
yet it may be suggested that the lake beds of the Goldfield district
probably correspond to the Siebert tuff¢ of the Tonopah district,
which Mr. Spurr regards as probably of Miocene age. If this correla-
tion proves to be correct, the Tonopah rhyolite dacite of Mr. Spurr
will correspond to the quartz latite of the Goldfield sequence. The
dacite of the Goldfield district has apparently no representation at
Tonopah and it does not seem possible at present to correlate the two
andesitic -formations at Goldfield with the “earlier andesite’’ and
“later andesite” at Tonopah. The oldest andesite at Goldfield is
petrographically unlike either of the Tonopah andesites and was suc-
ceeded by rhyolites having no representation in the northern district.

Olivine basalt occurs at one point in the Tonopah district, and as it
overlies the tilted Siebert tuff it is probably of the same age as the
olivine basalt of the Goidfield district. The intrusions of rhyolite
represented by Mount Oddie and of “dacite” represented by Butler,

a Spurr, J. E., Geology of the Tonopah mining district, Nevada: Prof. Paper U.'S. Geol. Survey
No. 42, 1905, pp. 51-53.
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Brougher, and Siebert mountains, as well as the ““latest rhyolite-
dacite’”” flow on the slopes of Oddie and Brougher mountains, appear
to be later than any of the volcanic rocks in the Goldfield district.

GEOLOGICAL STRUCTURE.,

It has already been said that the district has the general structure
of a low.dome, the younger formations dipping gcntly away from a
nucleus of shghtly upheaved pre-Tertiary rocks-that have been
exposed here and there by erosion. The concentric regularity of
outcrop of the various formations about the structural center of the
district, which may be considered to lie in the vicinity of Banner
Mountain, is modified by two main factors. One of these is the
intruded dacite; the other is a strong fault which extends from a point
east of Kendall Mountain southward along the east side of Columbia
Mountain to the vicinity of the Redtop mine. Here it is appar-
ently offset by a cross fault (Pl. II), but it continues southward
beyond this offset past the January mine until it disappears under
the lake beds and alluvium east of Goldfield. This dislocation may
be conveniently referred to as the Columbia Mountain fault.

The only body of the dacite whose structural relations can here be
considered in any detail is that lying just east of the towns of Gold-
field and Columbia and containing the Combination, January, Red-
top, and Jumbo mines. The general relations of the boundary of
this mass to the topography indicate that it is a rather irregular sheet
with a gentle southwest dip. It is supposed to be intrusive, but
present exposures of this particular mass afford no conclusive evi-
dence to support this view as against the idea that it is a flow. This
dacite, as indicated by the character of its southern contact and as
shown by the workings of the Florence mine, extends southward
under the andesite between Goldfield and Milltown. The small area
of andesite shown in Pl. II between the Combination and Jumbo
mines is probably an outlying remnant of the same andesitic flow
that laps up over the dacite at the Florence mine.

The thickness of this dacite sheet is not known. The Jumbo shaft,
sunk at a point where apparently very little of the dacite has been
eroded away, was 450 feet deep at the end of 1905 and was still in
this rock. Such data as are available indicate that the dacite sheet
has an average dip rather under than over 10°. If the sheet was of
uniform thickness prior to erosion, then the bottom of the Jumbo
shaft should be very near the bottom of the dacite. = It is to be hoped
that sinking at this point will be continued, as the determination of
the thickness of the dacite at this particular place will be of much
value in forecasting the probable changes in country rock that will be
experienced in the other mines with increased depth. Regularity in
an intruded sheet can not, however, be assumed, and the dacite may
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be much thicker in the vicinity of the principal mines east of Gold-
field than is indicated by its general relation to the topography.
The preparation and study of several geological structure sections,
such as are planned for the final report, will probably throw addi-
tional light on the form and thickness of the dacite mass. ‘
The Columbia Mountain fault dips to the east and has a normal
throw, dacite and andesite being dropped against the older rhyolite
and pre—Tertlmy rocks of Columbia Mountain, as shown in PIl. II
The fault is very poorly exposed. It is followed by an inclined shaft
at the Conqueror mine and is cut by the Columbia tunnel on the east
slope of Columbia Mountain. Between these two points the outcrop
of the fault is covered by loose material, and there are no mine work-
ings to reveal the character of the fissure. On the south slope of
Columbia Mountain the presence of the fault determines the position
of a little ravine eroded in the soft, crushed material of the fault
-zone. The distribution of the rocks south of Columbia Mountain
shows that the main fault is offset by a transverse fault having ap-
proximately the position shown in PL. II. The rocks in this vicinity,
however, are much altered and are so covered by detritus that no
exposures of this fault are known. It apparently passes just south-
west of the Redtop mine into an area where future mining develop-
ment will probably afford satisfactory proof of its presence. South
of Columbia the position of the main fault is only approximately
determinable as a general line of demarcation between the locally
much-altered first andesite on the west and the dacite on the east.
The fault must pass only a short distance west of the January shaft,
but it is not exposed at the surface. At the bottom of the January
mine, however, 280 feet below the surface, a very soft zone of crushed
and altered rock was encountered at the shaft. As this material was
practically & mud, the drift had to be heavily timbered and lagged,
and the fault zone can not therefore be fully examined. It is cer-
tain, however, that it dips to the east, that it separates dacite on the
- east from the oldest andesite on the west, and that it represents a
zone of considerable displacement accompanied by brecciation ‘of the
adjacent rocks. It is probably the Columbia Mountain fs wilt.

The throw of the fault is not yet determined, but its maximum is
certainly over 500 feet and may prove to be of twice that magnitude.
* It antedated the deposition of the lake beds and is thus older than at
least a part of the doming of the region.

After the lacustrine epoch the region was domed, but the elaborate
faulting which followed the deposmlon of the Siebert tuff at Tonopah
had no representation in the Goldfield region. Some faulting occurred
after the eruption of the olivine basalt, as may be seen south and west
of Goldfield (P1. II) but these faults are not of great structural im-
portance. The fact that the remnants of the olivine-basalt flows now
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stand at different altitudes and occasionally slope at angles somewhat
steeper than that of the broad mesa southwest of Goldfield suggests
that there probably has been some differential movement or W‘LI‘plng
of the region since the basalt was erupted.

ORE DEPOSITS.

GENERAL CHARACTER.

The deposits hitherto of most importance in the Goldfield district
are irregular bodies of rich oxidized gold ore. These have. been de-
rived from sulphide ores, of more or less complex mineralogical char-
acter, in which pyrite is accompanied by minerals containing copper,
silver, antimony, arsenic, bismuth, tellurium, and other elements.
The most notable features of the oxidized ore bodies are their remark-
able richness and their equally remarkable irregularity. The ores are
almost without exception associated with craggy outerops of silicified
volcanic rock, although only a very small proportion of these outcrops,”
which are extraordinarily numerous and constitute the most striking
superficial feature of the district, have been found productive. Asso-
ciated with the silicification other processes of locally intense altera-
tion have also been active; producing in many cases a softening of the
rock affected and thus serving to accentuate the silicified portions
under the selective action of erosion. - The deposits have formed along
zones of fissuring which for the most part are very irregular in trend,
are rarely traceable in any one direction for more than half a mile, and
are not planes of notable faulting. Branching and intersection are
very common. Many of the outcrops show no linear character, being
mere irregular knobs of siliceous material. Some of these proba,bly
represent siliciﬁca,tion at the point of intersection of two or more
inconspicuous approximately vertical fissures. Others are erosion
remnants of neéarly horizontal silicified zones and, as in the case of
Black Butte, merely cap the hills whose summits they form.

MINING DEVELOPME NT

The principal producing mines in the Goldfield district in the latter
part of 1905 were the Combination, Florence, January, Redtop,
Sandstorm, and Kendall. The Jumbo, one of the most important
properties in the district, was involved in litigation at this time and
had produced no ore since the early part of the year. The Quartzite
mine at Black Butte, now part of the Black Butte Consolidated prop-
erty, was also practically idle, although it had shortly before attained a
considerable production. The Rellly lease, although on the Florence
ground, was worked as a separate mine, and added about $475,000 to
the production of the district in less than two months’ time.

The Combination Mines Company owns 10 claims and 3 fractional
claims in the district, six of the claims forming an undeveloped out-
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lying group about a mile east of the mine. At the time of visit the
mine was worked through a steeply inclined shaft to a vertical depth of
about 280 feet. There are 5 levels, the first a short adit 30 feet below
the collar of the shaft and the others at intervals of 50 feet. The bot-
tom level is under water. A new vertical shaft, equipped with a
counterbalanced cage and a 30-horsepower electric hoist, was nearly
ready for use at the end of the year. The levels run approximately
northwest and southeast. and the total length of ground explored is
nearly 1,000 feet. On the northwest there is a connection with the
January mine and on the southeast with the Reilly slope. The mine:
is equipped with a 20-stamp mill and cyanide plant. A tube mill was
also being installed at the time of visit. Water for milling and other
purposes is pumped from "Alkali Spring, 10 miles northwest of the
mine. The mill is driven by electricity, with steam as reserve power.

The Florence mine has a vertical shaft 350 feet deep and 6 very
irregular levels. Most of the levels are at intervals of 50 feet, but be-
tween the 250-foot and 350-foot levels there is merely a short sublevel
not connected with the main shaft. The general trend of the workings
_is about north-northwest, and the total length of exposed ground at
the time of visit was, about 500 feet. Drifts were being rapidly ex-
tended northwestward, and possibly before this report appears the
main workings will have been connected with the Reilly levels.

Hoistirig at the Florence is done by electric power. The Reilly
shaft, which lies hetween the méain Florence shaft and the Combina-
tion shaft, is 210 feet deep, with four levels approximately 50 feet
apart. These, like the Florence levels, are very irregular.

The Jumbo shaft was 450 feet deep at the time of visit and sinking
was in progress. The shaft is west of the ore, and there were no cross-
cuts or drifts below the 250-foot level. Above this the rich ore of the
lode, which is unusually regular for this district, has been stoped by
lessees through half a dozen shafts for a length of about 600 feet. A
mill of two Nissen stamps was in process of building in December,
1905.

The January mine has a vertical shaft 280 feet deep, exclusive of
sump, with six levels at irregular vertical intervals. All the levels are
sharply curved at the shaft and run from that point about 100 feet
north-northeast and 160 feet southeast, both arms of the curve run-
ning toward the Combination ground.

The Redtop mine at the time of visit was in an early stago of devel-
opment, the shaft being 180 feet deep, with levels at 100 and 160 feet
below the surface.

The Sandstorm mine, being worked partly by the company and
partly by lessees, is rather unsystematically developed. The greatest
depth attained at the time of visit was 150 feet.

The Kendall shaft is about 200 feet deep, with levels at 60 and 100
feet below the surface.
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Until very recently gasoline engines of from 12 to 30 horsepower
have been almost universally used in the district for hoisting and other
purposes, the use of steam at the Combination and January mines
being the only exception to-this practice. Electric power, however, is
now coming into use. The electricity is generated on Bishops Creek,
98 miles west-southwest of Goldfield, at the east base of the Sierra
Nevada and is supplied by the Nevada Power, Mining and Milling -
Company to both Tonopah and Goldfield. The present capacity of
the main line is about 4,000 horsepower. The two districts together
were using about 1,500 horsepower at the close of the year 1905. The
rates in force at this time for continuous service, based on peak loads
measured on the motor side of transformers, were as follows: .

Rates for electric power per horsepower per month.

Net rate.
110 JO horsepoOwWer - - . . . oo $20. 00
11 t0 20 horsepower . .. . ...l 15. 00
21 to 50 horsepower, $15less 10 percent. . . ... L. ... ...... 13. 50
51 to 75 horsepower, $15]ess 15 percent. .. ... ... ... ... .. P e 12.75
76 to 100 horsepower, $15less 20 percent. . ... ... .l Lo li.... 12. 00
101 to 200 horsepower, $15]less 25 percent. . . ... ... . . liL.... 11.25
201 horsepower and upward, ®#15less 30 percent. .. ................ FUT ~... 10.50

Users of the power were required to furnish transformers and other
connecting apparatus. .

The present water supply of Goldfield is obtained from a well 90
feet deep, situated about three-fourths of a mile southwest of the
center of town in the lake beds that underlie the volcanic capping of
the mesa. The supply in September, 1905, was about 15,000 gallons
a day, but experience with shallower wells at this locality has shown
that the available water at any given depth tends to diminish, so that
a continual supply can be secured only by occasionally deepening the
well or by drifting through the water-bearing strata. The water sup-
ply of Columbia is obtained from Rabbit Spring. The general surface
of the ground water of the district is not so deep as might have been
expected in so arid a region. The 280-foot level of the Combination
mine is under water, and the January mine has water at the same
depth. This water, however, is entirely unfit for use in steam boilers.
Near Diamondfield the Spokane shaft affords a good supply of water
at less than 100 feet, and the Dewdrop or Highland shaft is in water
below the 100-foot level. The water from the Dewdrop shaft is
pumped to Columbia Mountain for use in milling. Most of the custom
mills in the district derive their water from individual wells up to 200
feet in depth, sunk in the lake beds west of town.

An adequate quantity of water can probably be obtained for many
years from wells and from the lower levels of the mines. Extensive
and long-continued pumping operations, however, are likely to bring
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to the surface more water than is supplied by precipitation, so that a
slow subsidence of the general level of underground water may be
expected. :

MILLING AND SHIPMENT.

According to an estimate made by Mr. Francis A. Thomson, super-
intendent of the New Western Reduction Company, and published in
the Goldfield Sun of September 14, 1905, the average daily production
of the Goldfield mines at that time was 70 tons of shipping ore of an
~ average value of $200 a ton and 100 tons of milling ore at an average
value of $40 a ton. In general, ore of lower grade than $100 a ton is
milled in the district. The Combination Mines Company mills all
of its ore except that exceeding $600 a ton in value, which is shipped.

The freight rates on ore to San Francisco, Salt Lake City, or Denver*
in 1905 ranged from $8 a ton for ore under $25 in value to $22 for $300
ore. For richer ores, from 3 to 5 per cent of the value per ton in ex-
cess of '$300 was added to the $22 rate. For example, on $2,000 ore
the freight would be $22 plus 5 per cent of $1,700, or $107 a ton.
Smelting charges were $10 a ton on all siliceous ores, with an addi-
tional charge of $1 a ton if the silica were unusually high.

With the exception of the Combination, none of the mines had
mills in operation at the end of 1905. The other mines either shipped
their ore directly or disposed of it to one of the four reduction or sam-
pling companies in the district.. Some ore of lower grade has also
accumulated on the various mine dumps.

The New Western Reduction Company pays 85 per cent of the
assay value for ore, subtracting a charge of $12 a ton for milling. Im-
provements in this plant were in contemplation at the time of visit
and these charges may since have been lowered. The Nevada Gold-
fields Reduction Company, popularly referred to as Frank’s mill, buys
ore outright and millsit or, in the case of ore from the Januarymine, pays
95 per cent of the assay less $12 a ton for treatment. The American
Milling and Water Company buys ore or mills it at an average charge
of $12 a ton. The Columbia Sampling and Ore Company acts as
sampler or purchaser only, shipping the ore out of the district for
treatment. The total maximum capacity of the three custom mills
running in 1905 was about 70 tons a day. The milling facilities have
probably since been increased by a new custom mill at Columbia, by
the new Jumbo mill, and by improvements in the older plants. The
Combination mill at the end of 1905 had just been increased to 20
Stamps, with an estimated capacity of 70 tons.

DISTRIBUTION.

The rock alteration directly associated with ore deposition has af-
fected all of the igneous rocks in the district that are older than the
latite. The alaskite, however, shows less metamorphism than the
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-older rhyolites, the two andesites, and the dacite, perhaps in part be-
cause of the comparatively small areas of this rock exposed. The
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Fi1G. 3.—Plan skowing distribution of siliceous ledges east of Goldfield.

most intense and
conspicuous altera-

. tion is manifestina

belt which begins in
the dacite south of
Columbia and just
east of the Colum-
bia Mountain fault,
and stretches in a
slight curve east-
ward over Preble
Mountain and for
some miles east of
the area mapped.
In this belt the
characteristic  sili-
ceous outcrops,
largely in andesite,
are more abundant
and more conspicu-
ous than in any
other part of the
district. Thereisa
general tendency
for the more persist-
ent fissures to con-

form in strike to the

trend of the zone,
but the departures
from this direction
are SO NUMErous
and varied as to
leave little more
than a suggestion of
system. A plan of
the principal out-
crops of silicified
rock in the western
part of this belt is
shown in fig. 3.
The exposures in
this part of the dis-

trict are better than elsewhere and probably over 90 per cent of
the zones and centers of silicification are visible in outcrop. These

’



GOLDFIELD DISTRICT, DISTRIBUTION OF ORE DEPOSITS. 27

outcrops have been plotted with a plane table. Their representa-
tion.is necessarily conventionalized, as there is usually no distinct
boundary between silicified and unsilicified rock and one center of
silicification may merge into another. There is no attempt in the
figure to represent relative size. A circular or irregular outcrop is
represented by a dot and a linear or lodelike outcrop by a line.
Many small outcrops are necessarily omitted, especially where the
metamorphism has been most intense and the centers of silicification
are closely crowded.

A second belt of alteration extends east and west across the northern
part of the district from Kendall Mountain over McMahon Ridge and
Black Butte. East of Black Butte the belt widens and becomes less
distinct. '

Between the two belts, siliceous outerops are scattered rather irreg-
ularly over the district, in some places, as on Banner Mountain and
near the Sandstorm mine, being clustered 1nto local groups of some
prominence or 1mportance

The distribution of ore is more restricted than that of the siliceous
outcrops. The most important ore bodies thus far found are in dacite
and are all within a small area, less than three-fourths mile square,

lying just east of Goldfield fmd Columbia. The ore bodies of the .
Combination, Florence, Jumbo, January, and Redtop mines are all
in this limited portion of the da,mte mass, and those of the St. Ives,
Simmerone, and Commonwealth mines occur farther east in the same
rock. The rich ore shoots of the Sandstorm and Kendall mines are
" in the oldest effusive rhyolite. No important deposits have yet been
found in the oldest andesite, although the occasional finding of small
bunches of ore has encouraged prospecting in this rock, particularly
in the area south of Columbia. The only large body of ore thus far
opened in the younger andesite is that of the Quartz1te mine at Black
Butte. Most of the smaller properties north of Diamondfield are,
however, in this andesite, which is also the country rock of the Gold
Bar mine, 1 mile northeast of Myers Mountain.

No cause has been found for the preponderance of ore in the
dacite. The two andesites have undergone similar alteration and
do not differ greatly in petrographic character from the dacite. It
is probable that the dacite is lithologically no more suitable for ore
deposition than the andesites and older rhyolites, and future pros-
pecting may considerably decrease the relative economic importance
of this apparently more favored rock.

As the latite, lake beds, youngest rhyolite, and basalts show no
evidence of siliceous alteration or of ore deposition, they are proba-
bly younger than the primary ores. This conclusion, however, is
less definite than it might be had not these younger volcanic for-
mations been eroded completely away from what appear to be the
areas of most intense alteration.
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There is no name in the literature of economic geology that is
ctrictly applicable to the deposits of the Goldfield district. They
can not properly be called veins, since in their formation fissure
filling has had a wholly subordinate, in fact, almost negligible, part.
In many cases they are not even approximately tabular in form
and are not genetically related to any single main fissure. Walls
are generally lacking except such slips as may have occurred since
the original ore deposition. -

In general, the deposits are irregular masses of dense flinty quartz
formed by the silicification of fractured or shattered rock of various
kinds by silica-bearing solutions. In describing them it will be
necessary to distinguish between these masses as a whole and the
bodies of ore that may or may not be associated with them. As
the silicified masses form characteristic rough outcrops they may be
conveniently referred
to asledges, ledge being
a word in common use
among miners for any
outcropping vein, lode,
or less regular deposit,
while the ore bodies
. proper will be desig-

o 1 28 L feat nated pay shoots. The

Fic. 4—Vertical section through an irregular flat ledgo as seen  pay  shoots, almost

in the west wall of the Black Butte tunnel.. without excep t on, oc-

cur in or near the ledges, but there are hundreds of ledges which,
so far as known at present, do not contain a pound of ore.

In plan, particularly as shown in outcrop, the ledges may be
roughly circular, crescentic, rectilinear, or wholly irregular. Some
of the circular or irregular masses are approximately horizontal rem-
nants capping small knobs. Black Butte furnishes a good example
of this type, a tunnel run through the hill having shown conclusively
that the great silicified mass forming the summit of the butte is
merely superficial and that similar but thinner zones of silicification
traverse the kaolinized andesite beneath it. A section of one of
these minor ledges as exposed in the wall of the tunnel is shown
in fig. 4, the mode of branching and pinching being thoroughly char-
acteristic of these deposits. Others may, as Mr. Spurr suggests,®
have the form of pipes or chimneys, although mining operations have
not yet demonstrated the descent of pipelike masses to any great
depth. Many of the irregular ledges, such as miners would ordi-
narily term blow-outs, are situated at the intersections of lines of
fissuring and silicification. ’

a Bull. U. S. Geol. Survey No. 260, 1905, p. 134.



GOLDFIELD DISTRICT, FORM OF ORY DEPOSITS. 29

The most important ledges, those upon which most work has been
done and ‘which have produced the greater part of the ore, are more
or less linear or lodelike in plan. Notwithstanding the great irregu-

LTS
Country rock  Ledge matter Pay shoots N
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F1aG. 5.—Ledges and pay shoots in the Goldfield district: 1, Plan of pay shoots and ledge on the first
level of the January mine; 2, plan of pay shoots and ledge on the sccond level of the January mine;
3. diagrammatic cross section of the January ledge and pay shoots, looking north; 4, plan of pay
shoots and ledge on the second level of the Florence mine.
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larity of their associated pay shoots, the ledges of the Sandstorm,
Kendall, Redtop, January, Combination, Jumbo, and Florence
mines, as well as those of many less prominent properties, have this
-general lodelike character. The Sandstorm-Kendall ledge can be .
followed over the surface as a continuous outcrop of intensely silici-

sw Surface NE

Adit level

~
\

A level

Blevel

Scale
[] 30 60 feet

F16. 6.—Cross section through the Combination
mine, showing change in dip of the Combina-
tion Jedge.

fied rhyolite for a distance of fully
1,500 feet. The Combination,
Reilly, and Florence workings are
all situated on a ledge of silicified
daciteand andesite, which, although
not quite continuous at the surface

-and somewhat curved, apparently

represents one general zone of fis-
suring nearly half a mile in length.
The Jumbo ledge has a fairly reg-
ular linear outcrop for a distance of

600 feet. The January ledge is

sharply curved in plan,and the Red-
top, owing to its width and the
shortness of its outcrop, is less lode-
like than the ledges of the other
mines mentioned. Inspection of
fig. 3 will show that a linear out-
crop is not peculiar to the ledges of
known economic importance, butis
characteristic of many whose value -
is as vet unproved. The width of
the ledges is variable, as may be
séen from fig. 5, ranging in most
cases from 10 to 100 feet.
Asnone of the ledges has yet been
explored below a depth of 400 feet,
less is known of them .in vertical
section than in plan. Moreover,
below the zone of-oxidation the dis-
tinction between ledge and country
rock in some cases becomes very
indefinite. Oxidizing solutions, as
a rule, penetrate the brittle, shat-
tered ledge matter morereadily than

they do the soft unsilicified country rock. Consequently, within the
zone of oxidation there is usually a remarkably sharp change in color
and texture from the rusty siliceous material of the ledge to the gray,
-soft, pyritized country rock, locally referred to as porphyry. The
lack of definiténess of some of the ledges at a depth of a few hundred
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feet is not entirely a matter of oxidation, however. In some cases
silicification u'nquestionably decreases gradually with increase in
depth.

Changes 1n dip are common. The Combination ledge has a dip of
81° to the southwest down to a depth of 80 feet. Below that it dips
northeastward. At a depth of 230 feet the ledge, as shown in fig. 6,
becomes very flat and exhibits little silicification. Unfortunately this
part of the ledge, being under water, could not be seen at the time of
visit. The Rcﬂly ledge, which is continuous with What is known as
the “No. 2 shoot”’ of thc Combination
mine, dips to the northeast for the first
160 feet below the surface, but then
turns and dips in the other direction,
as illustrated in fig. 7. The rollin the
ledge is not regular or horizontal, as
is shown by the fact that the levels of
the Reilly workings, seen superposed = c0-foot teve!
in plan, are not parallel, but cross one 5
another at considerable angles. This
irregularity is the more remarkable,
as the “No. 2 vein,” in the Combina-
tion mine, contains one of the most = 0o ever
regular pay shoots in the district.
Similar changes of dip are very pro-
nounced features of the ledge exploited
in the main Florence workings.
Although most of the levels are only
50 feet apart, a general plan of the
mine shows them crossing and recross- Coomcry rotn
ing one another at angles of 30° or |o  *'™
more, indicating abrupt changes’in
di and strike. oy

Iin general, all the underground == o
work done in the district shows that Fia.7.—Cross seetion of the Reilly ledge,
the ledges, although they have some showing changes in dip.
lodelike features, are subject to such remarkable changes in dip and
strike that methods of mining based on the behavior of ordinary
veins and lodes are not applicable to them. -Such eccéntricities, as
are shown in figs. 4 to 7, illustrate the uncertainties attendant upon
underground exploitation and indicate that any attempt to carry
development work far ahead of the known ore becomes largcly a
game of chance.

* If the ledges are irregular, the pay shoots are even more so. In
most cases these occur within and are completely inclosed by ledge
mat}ter but there are some exceptlons to this rule and some ore bodies

Surface

PRASWAIRS
Ledge matter 60 -foot level
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are directly in contact with unsilicified country rock. Some of the
pay shoots are mere bunches or “pockets.” On the Velvet claim, for
example, several thousand dollars’ worth of rich ore was found at the
surface, but efforts to find a continuation of this shoot in depth have
thusfarbeenfutile. The St.Ives, Simmerone, and Conqueror(Tonopah
Club) mines have had similar histories, although this in itself does not
warrant the conclusion that deeper ore bodies may not yet be found in
these properties. The Kendall mine at the time of visit had produced
about $100,000, all from ore within 60 feet of the surface, and the
deeper workings at that time showed no ore worth shipping. The
rich ore of the Sandstorm mine has all come from very irregular pay
shoots, which in many cases rest on flat floors of hard, barren, silicified
rhyolite. These bodies are usually
found at the intersection of later
cross fissures with the main silicified
ledge. Although some rich ore has -
recently been opened at a depth of
100 feet, the bulk of the production
has come from ore within 50 feet of the
-surface. The ore bodies first worked
in the Combination mine occurred in
short irregular shoots, most of them
'+ at points of intersection of two or
more fissure zones and with a tendency
to a vertically elongated or pipelike
form. A sketch plan of one of these
shoots on level A is showh infig. 8,
and in fig. 9 are represented plans of
shoots on the level below. At
greater depth these irregular pay
F1a. 8.—Sketch planof pay shoot on A level shoots appear to come together, and
of the Combination mine. on level D the deposit is lodelike,
with a length of about 250 feet. About 100 feet of this is shipping
ore, the rest being of milling grade.

The ‘so-called “No. 2 shoot” of the Combination mine is, with
the possible exception of the Jumbo pay shoot, the longest and most
regular body of ore known in the district, having been stoped on the
130-foot or B level (fig. 9) for over 300 feet. Moreover, it is separated
by only a short, barren interval from the Reilly ore body, which is
on the same line of fissuring. This pay shoot is the hanging-wall
portion of a shattered silicified ledge, 30 to 40 feet wide, which
strikes northwest and dips northeast at angles ranging from 75° to
80°. The ore, which is up to 6 feet in width, has no walls and
can not always be distinguished by the eye from the barren or
low-grade ledge matter. It lies near, but not always in contact

0
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with, a persistent gouge, which sepa,rates'the oxidized silicifiéd ledge

matter from soft kaolinized and pyritized dacite. Although this pay

shoot is so regular and per- , . .
sistent on the B level it
~ apparently extends to the
surface at only one point
as the pipelike shoot of un-
usually rich ore which was
followed in the No. 3 pros-
pect shaft. Below this
level the relations of the

LAVHS TVIILYTA MIN

No. 2 pay shoot to the ‘\EE
original Combination pay g
shoot are yet to be deter- e \9:"
mined. As shown in fig. 8w \(%
9, the two shoots probably . S
come together, although, 5
as already pointed out, no o / ‘ B
constancy of direction can o %
be safely assumed in this i
district, even for so appar- \S J=
ently regular a ledge and ! \ A
pay shoot as the No. 2 of i " i
the Combination mine, es- [ (/' KV
o ! k N

pecially as the same ledge
in the Reilly workings is
subject to remarkable
changes in dip. In fact,
attempts to find the No. 2
shoot on the D level of the
Combination mine have
thus far been unsuccessful.

In the January mine the
_erratic distribution of ir-
regular pay shoots within
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distribution of pay shoots

in the Florence mine (fig. , -

5) 1s also without recognizable plan. The main ore body, from which
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foot and 150-foot levels, and the stope opened in it is the largest in
the district. This pay shoot is a rudely lenticular mass dipping
from 35° to 40° to the southwest. The stope is fully 75 feet long and
up to 18 feet wide. The ore continues for a short distance below the
200-foot level, steepening to a dip of 70°. It consists of much shat-
tered dacite (or possibly andesite), partly silicified, full of fine pyrite
and traversed by countless seams of kaolin or similar soft white
material. It grades into ledge matter without any definite walls.

MINERALOGY.

The unoxidized ore of the district, as exemplified in the Combina-
tion, Florence, Jumbo, and January mines, consists of pyrite, bis-
muthinite, and a reddish-gray copper mineral with the general com-
position of tetrahedrite. Native gold is usually associated with these
minerals and in the rich ore may be easily visible. These minerals
are at some places arranged in successive layers or crusts and in others
are irregularly dispersed through a siliceous gangue, which usually
shows evidence of being shattered and silicified rock.

The brown copper-bearing mineral contains antimony and sulphur
and will be provisionally referred to as tetrahedrite. The absence of
crystal form, however, makes it impossible to make a definite deter-
mination, as some rarer minerals, such as famatinite, have a chemical
composition similar to that of tetrahedrite but differ in crystallization.
Whether the tetrahedrite from Goldfield contains notable quantities of
silver or gold has not yet been determined. It is usually an indication
of rich ore.

Bismuthinite, the sulphide of bismuth, occurs as slender lead-gray
prisms and needles and is regarded by the miners as a certain sign of
good ore. ,

The richest unoxidized ore of the Combination, January, ahd Flor-
ence (including the Reilly) workings consists of free gold, usually in
particles so fine that the auriferous portions of the ore look, at first
glance, as if they were stained with ocher. The gold is intimately
associated with tetrahedrite and bismuthinite. Pyrite is usually
present also, but there is apparently no relation between the abun-
dance of this mineral and the richness of the ore.

Concentric shells of ore minerals about silicified rock fragments are
rather characteristic of the rich ore. Specimens from the Combina-
tion mine show an inner zone of free gold and quartz, up to an eighth
of an inch in thickness. = This is covered by a shell of tetrahedrite
and this by an outer crust of radial iron sulphide, probably pyrite and
not marcasite. In the Florence mine similar fragments show, first, a
shell of pyrite, then one of tetrahedrite, and, finally, a thick crust of
quartz speckled with native gold, tetrahedrite, and pyrite, and trans-
fixed by needles of bismuthinite. Some of the particles of gold are
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embedded in the compact quartz, others are inclosed in the bismuth-
inite. The different crusts are not in every case sharply defined nor
are they necessarily continuous. . :

Tellurides occur sparingly in the Goldfield ores. A so-called tel-
luride ore from the Reilly lease was found by Dr. W. T. Schaller, of the

"chemical laboratory of the Survey, to contain only a trace of tellurium.
A dark-gray mineral occurring in small specks in compact white quartz
and silicified andesite, in the Jumbo Extension mine near Diamond-
field, is a telluride of gold, but the mineral is not sufficiently well crys-
tallized for satisfactory determination of its species. As Dr. Schal-
ler reports the absence of silver, the telluride can hardly be petzite.
A similar mineral from the Goldfield-Belmont mine, three-fourths
mile north of Diamondfield, contains gold and tellurium, but no silver
or lead. The material, however, is not sufficiently abundant or well
enough crystallized to permit specific identification. Tellurium has
also been detected by Dr. W. F. Hillebrand in ore collected by Mr.
Spurre from the Combination and January mines.

A small speck of sphalerlte was found by Mr. W. H. Blackburn in
the Goldfield-Belmont mine, but galena has not been noted in any of
the mines so far as known. Chalcopyrite, a common mineral in most
mining districts, was not found at Goldfield in the course of the pres-
ent investigation, but it is probably not entirely absent, and is said to
occur sparingly in the Sandstorm and Florence mines.

The common gangue of the unoxidized ore is quartz. This is usu-
ally compact, almost flinty in texture, and in most cases bears unmis-
takable evidence of having resulted from the silicification of dacite,
rhyolite, or andesite. Large wvugs and conspicuously crystalline

“quartz, such as are found in typical veins all over the world, are prac-
tically absent from the Goldfield district, where the free development
of quartz crystals in open spaces'is represented only by drusy films
lining pores left by the solution of phenocrysts or incrusting small
interstitial cavities in brecciated material.

Associated with the quartz in much of the ore are soft white sub-
stances, such as are usually termed ““talc’” by the miners. In some
cases the white material is kaolinite (hydrous silicate of aluminum),
in others it is sericite (silicate of aluminum and potassium), but one
interesting result of the examination of the so-called “talc’” is that
a large part of it is composed of the mineral alunite, a hydrous sulphate
of aluminum and potassium. Gypsum, while not known with actual
sulphide ore, does occur crystallized with quartz and pyrite below the -
zone of oxidation in the Goldfield-Belment mine. _

No sulphantimonites or sulpharsenites of silver were noted in the
mines at the time of visit. A specimen of rich ore from the Florence
mine, in the possession of Mr. F. O.. Altinger, an assayer in Goldfield,

aOres of Goldfield, Nev.: Bull. U. 8. Geol. Survey No. 260,1905, Dp. 137 and 138.
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showed, however, a small speck of ruby silver (proustite) and some
tabular crystals which were apparently polybasite or stephanite.

Cinnabar is distributed rather abundantly through a mass of
intensely altered andesite about 2 miles east of Black Butte in crys-
talline particles and aggregates up to an inch in diameter. The
deposit has not been developed, but appears to be at least 150 feet
long and 50 feet wide, so that it may prove to be of commercial impor-
tance. Native sulphur occurs in a similar manner, but in bunchesup to
6 inches in diameter, in a bleached andesitic breccla about a mile east
of Tognoni Springs. Small quantities of sulphur have also been found
in the croppings of the Blue Bull mine. It is doubtful whether the
mineral is abundant enough to be of economic importance.

Oxidized ores have supplied a large part of the gold produced, and
in some mines, particularly the Sandstorm and Kendall no sulphide
ores are as yet known. As a rule the oxidized ore is a soft shattered,
more or less earthy material, usually stained brown by oxide of iron.
Fragments of rusty porous quartz are mingled with kaolin, alunite,
gypsum, alum, oxide of iron, and various earthy mixtures of no
definite mineral composition. Some of the rich ore, as in the Sand-
storm mine, is a nearly white, impure kaolin, gritty from the presence
of minute crystals or grains of quartz and containing all through it
abundant specks of free gold. Barite, in crystals up to an inch in
length, is abundant  in this ore. In the Redtop mine some of the
richest ore is a firm gritty ocher, of bright yellow color, containing
abundant very fine particles of gold. In January and Combination
mines some of the most characteristic rich ore consists of porous rusty
quartz (silicified dacite), in which the pores and crevices are partly
filled with yellow, earthy limonite and tiny pearly scales of bismite,
the oxide of bismuth. Insome specimens these scales form pseudo-
morphs after bismuthinite. They are usually a sign of rich ore, but
are occasionally found in low-grade or barren material. Native alum,
or kalinite, and alunite are.rather abundant in the oxidized ore of the
January mine. In the mines at Black Butte the richest oxidized ore
usually shows little greenish-yellow specks of a ferric tellurite, which
Dr. W. F. Hillebrand has determined to be either emmonsite or dur-
denite. The presence of this mineral shows that the original sulphide
ore contained one or more tellurides. Tellurite, a honey-yellow crys-
talline mineral, which is the oxide of tellurium and should not be con-
fused with the salts of tellurous acid known to chemists as tellurites,
was noted in a partly oxidized telluride ore from the Goldfield-Bel-
mont mine near Black Butte. Melanterite (hydrous ferrous sulphate),
in some cases mixed with a very little chalcanthite (hydrous copper
sulphate), occurs in the partly oxidized ore of the Combination and
Florence mines.

The valuable constituent of the oxidized ores is native gold. Native
silver or halogen compounds of silver have not, so far as known, been
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recognized in the Goldfield district. The gold, which has undoubtcdly
undergone some concentration in the process of oxidation, is in most of
the ores very finely divided, and even in the richest ores might easily
be overlooked by one not accustomed to its appearance. Some of the
Sandstorm ore on close examination resembles a fine, somewhat rusty,
sandstone having gold as the cementing material.

GENESIS OF THE ORES.

Much office and laboratory work remains to be done before the
genesis of the Goldfield deposits can be satisfactorily discussed. A
few suggestions bearing upon this problem are all that can be offered
at this time.

The formation of the ledges was initiated by extensive fissuring of
all the rocks of the region with the probable exception of the latite and
younger formations. The fissures formed a complex network, in which -
there is no obvious system, and although the disturbance was of a kind
to produce broad zones of cracked and even shattered rock it did not in
general dislocate the formations by persistent or structurally impor-
tant faults. This network of irregular fissures furnished channels
more or less devious to hot ascending waters carrying silica, hydrogen
sulphide, or alkali sulphides, and possibly sulphurous or sulphuric acid.
The waters held in solution also gold, silver, bismuth, copper, anti-
mony, arsenic, and other metals, as well as small quantities of tellu-
rium. A large part of the pyrite associated with the ores was undoubt-
edly formed by the action of sulphur-bearing solutions on the ferrugi-
nous silicates of the country rock, but some of the iron was probably
brought up in solution also. The effect of these waters was to convert
large masses of the fissured rocks to quartz—rhyolite, andesite, and
dacite all being altered by molecular replacement to siliceous masses
very similar in general appearance and in places where the alteration
was most intense retaining but faint traces of original igneous texture.
Other portions of the same rocks were changed to soft aggregates of
kaolin, sericite, alunite, and pyrite, the two kmds of alteration appar-
" ently going on side by side. The practical absence of carbonates
from the ore deposits is noteworthy

It has been a common practice in the district to refer to the silicified
portions as dikes of rhyolite and to the soft, pyritized country rock as
porphyry. - This is misleading, as ledge and country rock were in all
cases originally the same eruptive rock. ,

The ledges are complex structures. The first silicification seems in
no instance to have produced the ore as mined to-day, but was fol-
lowed by at least one other period of fissuring and brecciation, as is
shown by the fact that the rich sulphide ore often coats fragments
that are themselves veined and silicified.

How far this rich ore was deposited by ascending solutions and how
far by solutions that percolated downward through a zone of oxidation
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is a question still under investigation. It is probable that to a large
extent the ores were the result of deposition from rising solutions.

Another question of great practical importance relates to the
changes in the ore with increase of depth. There is considerable
evidence in favor of the conclusion that ores of the grade now required-
for shipment are not likely to extend to as great a depth as 1,000 feet.
Available workings certainly show a tendency of the sulphide ores to
decrease in value below a depth of 300 feet. It should be said, how-
ever, that the mines as a whole are too shallow to establish this tenta-
tive conclusion as a fact.

VALUE OF THE ORES.

As a whole the ores thus far mined at Goldfield are unusually rich.
Prior to January 1, 1905, the Combination mine shipped a total of
1,166 tons of ore having an average assay value of $419 per ton. This -
ore averaged 20.22 ounces of gold and 2.68 ounces of silver per ton.
The best ore from the mine was taken from the small No. 3 shaft,
which afforded about 309 tons valued at $159,000, or $514 per ton.
Approximately 59 tons of this averaged, according to Supt. Edgar A.
Collins, 54.8 ounces of gold per ton, which is equivalent to a value of
nearly $1,100. This ore, which was oxidized, contained only 1 ounce
of silver to each 20 ounces of gold.

Mr. J. E. Spurre estlmated in 1904 that the average value of the
ores mined in the Goldfield district was from $200 to $300 per ton or
more. In 1905 the average value of shipping ore was about $200 per
ton and of milling ore from $40 to $50 per ton.

Shipments averaging over $1,000 per ton are by no means uncom-
mon. One of 14} tons from the Kendall mine is said by Mr. Spurr ¢
to have yielded $45,783 net in the preliminary milling, while the
tailings still contained about $1,000 a ton. A shipment of sulphide
ore from the Florence mine, made in 1905, just before the date of
visit, averaged 100.8 ounces of gold, 3.5 ounces of silver, and 3.5 per
cent of copper, giving a gross value of over $2,000 per ton. The silver
in this shipment was unusually high for an ore from this part of the
district. An analysis of a sample of Florence ore published in the
Goldfield News of April 7, 1905, is as follows:

Analysis of sample of Florence ore.

L6 ounces per ton.. 70.21
ST do.... 7.8
L0707 5T e percent.. 6.9
Tron... ... .. .. ... e e e il do.... 285
ZINC. - il do 3
Arsenic. . ...l do.... .3
Sulphur - il do.... 13.20
I T T do.... 43.44

e Loe. ¢it., p. 136.
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This analys1s is evidently neither accurate nor complete If, as is
probable, the copper was present as tetrahedrite, there should be con-
siderable arsenic or antimony in the ore. The figures cited, however,
in connection with those previously glven serve to indicate that the
silver is largely combined with the copper in the mineral tetrahedrite.

Some extremely rich ore was obtained from. the Reilly lease, occa-
sional specimens several inches in diameter being nearly one-half gold.
Several shipments from this lease are said to have assayed $20,000 a
ton, and, according to Mr. Frank Oliver, one lot of over 4 tons was
worth from $6,000 to $7,000 a ton.

Some of the ore from the vicinity of Diamondﬁeld carries a greater
proportlon of silver than that from the mines near Goldfield. A
specimen containing tetrahedrite, taken from the Quartzite mine
of Black Butte, yielded on assay 11.06 ounces of gold and 115.70
ounces of silver per ton. Samples of ore with tetrahedrite from the
Goldfield-Belmont mine assay, according to Mr. W. H. Blackburn,

" yielded from 1 to 2 ounces of gold and from 30 to 60 ounces of silver
per ton. A similar high proportion of silver is found in the ore.of
the Jumbo Extension mine. Some bunches of ore in the Blue Bull
mine also show a very high proportion of silver, one assay giving three
hundred and eighty-two times as much silver as gold.?

Although, as is to be expected in a new district, much of the very

. rich ore has been oxidized, yet some of the sulphides in the mines near

Goldfield have exceeded in value anything found in the oxidized zone

above them.
MINE MAPS.

Very few of the mines at Goldfield have satisfactory maps of their
underground workings, and it is consequently in many cases difficult
to understand the relation of one ore body to another in the same
ledge or even to ascertain the shape and dimensions of individual pay
shoots. This condition will doubtless be improved as the mines
become older and as work is systematized, but the present dévelop-
ment work in the larger mines could undoubtedly be laid out to better
advantage if good plans of the levels were supplemented by numerous
accurate sections and if important fissures, ledge matter, and ore were
plotted upon the mine maps. Models constructed of sheets of glass,
such as are used by the largest mines at Cripple Creek, would be espe-
cially useful as aids to understanding the relations of the ore bodies to
one another in space, and if kept up to date and intelligently studied
would doubtless furnish suggestions for exploration. Where ore
bodies are so irregular in shape and distribution good maps and prac-
tical models are necessities rather than luxuries and cost less than
many a crosscut driven at random into barren ground.

@ Spurr, J. E,, loc. cit., p. 137 (footnote).
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BULLFROG DISTRICT.
'~ INTRODUCTION.

In the autumn of 1905 a topographic map of the most important
part of the Bullfrog district, covering an area about 7 miles from east. .
to west and 2% 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 just includes the Original Bullfrog mine on the west.
Geological work was begun in December of the same year and com-
pleted in March, 1906. Messrs. W. H. Emmons and G. H. Garrey
mapped the geological formations and studied in detail the relations
and character of the rocks, while the writer devoted a shorter time to
a general survey of the field and to the examination of the ore deposits.

The present account of the district is merely a prehmma,ry sketch,
in adyance of a complete report, now in preparation. -

SITUATION OF THE DISTRICT.

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 particularly investigated. For convenience of
description, however, the name as used in this report will refer in most
cases to the area mapped, which includes nearly all the ore deposits
thus far developed although' there are some scattered prospects of
considerable promise lying without.its boundaries.

The position of the district is shown in the index map (ﬁg 1) on
page 9. It lies 60 miles south-southeast of Goldfield, with which it is
connected by stage and automobile lines from 70 to 80 miles in length
and about 20 miles northeast of the great trough of Death Valley.
Railroads are in course of construction into the district from the south,
one from Las Vegas on the San Pedro, Los-Angeles and Salt Lake Rail-
road, and one from Ludlow, Cal., on the Atchison, Topeka and Santa Fe
Railway, by way of Death Valley. Railway connection is projected,
also, between the Bullfrog and Goldfield districts. :

The principal town is Rhyolite, situated at the south base of a qhort
east-west range of hills that connects the Funeral or Grapevine Moun-
tains 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 extending northward
past Stonewall Mountain toward Goldfield.

The other towns in the district are Bullfrog, which ad] oins Rhyolite
on the south; and Beatty, 4 miles east of Rhyolite, on the so-called

" Amargosa River, a feeble trickle 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. *®
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HISTORY. . d

Long pnor to the discoveries of ore at Tonopah and Goldfield the
springs in Oasis Valley, ]ust north of the site of Beatty, proved
_ attractive to a few desert wanderers who took Indian wives and estab-

lished rude ranches along the Amargosa River, the only stream of
drinkable water within a radius of 40 miles. Prospectors traveling
northeastward from Death Valley or northwestward from the springs
at Ashi Meadow would pass the night at one of these ranches, perhaps
spend a few days examining the hllls in the neighborhood, and then
again brave heat and thirst on the shadeless plams

“The remarkable development of Tonopah and the finding of rich ore
at Goldfield stimulated prospecting throughout all of southwestern
Nevada, and the rapid advance of the material adjuncts to civiliza-
tion 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 springs, often long distances
apart and not always readily found. In the autumn of 1904 the Bull-
frog claim was located on a prominent outcrop of quartz, about 3 miles
west of the site of Rhyolite. The name, which afterwards became
that of the district, is said to have been suggested by the green color
of the ore. The ironical humor of associating a paludinous fauna

_with 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 the Amargosa River was
soon covered with claims. A settlement of tents, known as Amargosa
City, sprang up near the Bullfrog claim, but as the center of interest
shifted eastward to Bonanza and Ladd mountains the first town was
abandoned for the settlements of Bonanza, Bullfrog, 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. Whether it will
remain so in spite of the inducements offered by other town-site com-
panies and the proposal to carry the main railway lines past Beatty
remains to be seen. It has, however, an advantage of position with
regard to the mines that is much in its favor.

PRODUCTION.

Work in the Bullfrog district up to the end of the year 1905 had
been confined mainly to prospecting and to blocking out ore. The.
Montgomery-Shoshone mine is said to have shipped about 100 tons
of rich ore, the original Bullfrog about 13 tons, and the Denver at
the beginning of the year 1906 had shipped 1,000 sacks. As all ore
at the time of visit had to be hauled by wagons to Goldfield or Las
Vegas, the general tendency among the mine owners was to delay
shipping until the entrance of a railroad should afford better facilities.
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TOPOGRAPHY.

The Bullfrog Hills attain a maximum elevation of 6,095 feet above
sea, the highest point being about a mile beyond the northern boun-
dary 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 desert plains that border them on the north and south.
The marginal elevation of these plains ranges from about 3,300 feet
on the 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 Mountain, which culminates in
a peak 6,235 feet high, presents a steep southwest front to the Amar-
gosa Desert and an eastern face almost as precipitous to an embay-
ment of the same desert. On the north, however, the mountain,
which is composed principally of schist, limestone, and quartzite,
merges into hills which, in spite of the topographic break due to Oasis
Valley, are structurally and lithologically an eastern continuation of
the Bullfrog Hills. To the west, the Bullfrog Hills extend without
any definite topographic or geological 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 alluvium character-
istic 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 high
point suggests at once that the panorama spread out before the
observer owes its main features to the cooperation of faulting and ero-
sion 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 while their
northeast faces exhibit merely the irregular pinnacles and ravines
characteristic of the erosion of a dip slope of a single rock layer of
generally homogeneous texture. Moreover, as one follows with his
eye along one of the ridges the individual white, gray, green, pink,
brown, or black bands that represent the edges of different flows,
he finds that they can never be traced far before they are sharply
offset or cut off entirely in a manner that can be due only to faulting.
Thus it is evident that the faults are not parallel but intersect one
another, and the irregularity of the relief, the absence of continuous
lines of parallel ridges and valleys, is seen to be 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 the Amargosa River, but erosion, though fitful in its
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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 are elaborately carved by running water, and the so-
called “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. :

GENERAL GEOLOGY.
INTRODUCTION. -

Although the writer has personally supervised the general geolog-
ical work in the district and has himself thoroughly traversed the
area, most of the facts in the following brief description of the gen-
eral geology are derived from the notes of Messrs. Emmons and- Gar-
rey, to whom credit should be given for the actual working out of the
intricate faulting and for the discrimination and correlation of the
various lithological units. Their complete geological map and a more
thorough discussion of the geology than is here possible will form parts
of the final report on the district, which is now in preparation. They
are not directly responsible for this preliminary outline, some of the
statements in which may require modification as the material gathered
in the field is more thoroughly studied.

+ . THE ROCKS.

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, presumably of Tertiary age. Much older rocks, however,
are exposed in the southwestern and southeastern parts of the dis-
trict and these will first be briefly described.

Three miles west-southwest of Rhyolite, south of the stage road
(P1.III), is a little group of low, rounded, whitish hills, composed of
schistose and gneissic rocks cut by numerous irregular dikes of peg-
matite. Some of the schists are practically quartz schist. Others are
quartz-muscovite schists, dand there are a few bands of amphibole
schist. At one place there is a small exposure of dolomitic limestone,
which appears to be an integral part of the crystalline formation,
although itis not notably metamorphosed. It is possibly a small
residual of a limestone bed that once covered the schistose rocks.
Intimately associated with the schists are bands of biotitic gneiss with
drawn-out, eyelike feldspars. The pegmatite dikes are very numer-
- ous.and very irregular. In most of them quartz is more abundant
than feldspar, and no essential difference could be detected between
the white vitreous quartz that forms part of pegmatite dikes and the
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 similar quartz that, without - the accompaniment of feldspar, forms
bunches and irregular lenticular veins in the gneiss and schist. Both
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carry a little pyrite. The metamor-
phic rocks are cut by a dike of
rhyolite, probably once connected
with one of the flows to the north,
and by two varieties of dark horn-
blendic porphyry.

North of the stage road and a
short distance west of the Original -
Bullfrog mine, the schists are over-
lain by gray limestone.  Fossils

“collected by Mr. Garrey from a simi-

lar limestone about a mile west of
the area mapped are regarded by Mr.
E. O. Ulrich as of Silurian age.
The schists are thus probably pre-
Silurian.

For the distance of nearly a mile
east of the Original Bullfrog mine
the rocks are concealed by alluvium,
but on the eastern edge of this
alluvial embayment -a little of the
schist and limestone is exposed.
East of this exposure the alluvium
of the Amargosa Desert laps up over
the Tertiary volcanic rocks.

About 4 miles east of Rhyolite
and due souih of Beatty, schistose
rocks are again exposed between the
alluvium and the rhyolite, forming
relatively low hills in the southeast

orner of the district and extending
eastward into Bare Mountain, which
affords magnificent sections of their
structure. These rocks are clearly
métamorphosed limestones, shales,
and quartzites. The schistosity is
gencrally parallel with the beds,
which " are bent into gentle folds
and somewhat faulted. In a few

places, however, the cleavage crosses the bedding planes. The lime-
stone is recrystallized and where originally it graded into calcareous
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shales it now shows a gradual passage from crystalline limestone

through calcite schist into mica schist. The quartzite has in part
been changed to quartz schist. The schists are cut by a few pegma-
tite dikes, but these are not nearly so abundant as in the southwest
corner of the district. At one place bunchy lenticular quartz veins
in the schist are cut by a pegmatite dike. Veins of white quartz
are fairly abundant, but are short and irregular. Some of them
carry a little galena, but no other sulphide was noted. '

In Bare Mountain the schists are apparently overlain by thick light-
gray limestones, which are not particularly metamorphosed and are
probably younger than the thin-bedded yellow limestones in the

schists. Whether the schists are of the same age’ as those west of

Rhyolite is an open question, although such general evidence as is
available seems to favor an affirmative answer.

The total thickness of the rhyolite flows, including a few relatively
thin layers of basalt, is estimated at from 7,000 to 8,000 feet. The
provisional columnar section (fig. 10) will give some idea of their
sequence and relative thicknesses. As shown in this section, 16
different rhyolitic formations are distinguished ahd will be repre-
sented on the final geological map. These formations are not all indi-
vidual flows: Some probably consist of several superposed sheets of
rhyolite of similar lithological character. Others may be portions of
flows which by reason of pronounced difference in color or texture are
conspicuous elements in the landséape and. are important aids in the
investigation of the faulting which is the principal feature of the local
structure. It is obvious that for the purposes of description and refer-
ence each of the rhyolitic units must receive some distinctive designa-
tion. The usual practice is to apply to each formation the name of the
place where it is most typically developed or exposed, as, for example,
the “Beatty rhyolite;”” but even were there sufficient geographic
names available, their application to so large a number of geological
units,of the same general kind of rock would heavily burden the
reader’s memory and would probably lead to confusion. It seems

" best, therefore, to number the various rhyolitic formations from the

base upward. Four flows of feldspathic olivine basalt will be similarly
distinguished from one another. Should detailed work in adjacent

* areas require the 1nterpellatlon of additional flows between those here

recognized, they might if it is desired to retain the numbering now
ploposed be designated “rhyolite No. 2 a,” “rhyolite No. 13¢,” and
so on. It will plobably be long, however, before any such expedient
will be necessary. The estimates of thickncss indicated in the colum-
nar section are rough approximations and are likely to ‘be somewhat
modified in the ﬁna,l report.
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The basal member of the Tertiary volcanic series, rhyolite No. 1, is
best exposed in and near the deep ravine locally known as the “box
canyon,” about 11 miles west of Rhyolite. It is here much cracked
and jointed and weathers in rather rounded yellowish masses. Rhyo-
lite No. 1 undoubtedly includes more than one flow and shows con-
siderable variation in texture. Much of it is fine grained and
slightly porphyritic, often showing abundant.small spherulites in the
groundmass. Such spherulitic varieties rarely contain phenocrysts of
quartz. In places the rock grades into aphanitic glassy rhyolites in
which the laming due to flowage are so thin and regular that slightly
weathered exposures have a remarkably close resemblance to out-
crops of shales. Other facies are regularly banded flow breccias
which in places simulate coarse sandstones or grits. At one point,
about 2% miles northwest of Rhyolite, a lens of dark-gray limestone
occurs in rhyolite No. 1, showing that this formation is not a single
flow, but represents at least two eruptions separated by an interval
within which limestone to a thickness of several feet was deposited
in a probably local basin. '

In addition to*the large area in the vicinity of the “box canyon,”
rhyolite No. 1 is exposed on the western edge of the district near the
Original Bullfrog mine and on the east side of the Amargosa River at
Beatty. The maximum thickness of this formation is provisionally
estimated at 2,200 feet.

Rhyolite No. 2, which directly overlies rhyolite No. 1, is a flow
breccia, usually light gray, but in some places of dull purple or pinkish
color, and consists of a glassy groundmass, generally showing lines of
flowage, in which are embedded fragments of rhyolite and basalt.
The fragments are generally less than 2 inches in diameter and in
most cases are darker than the matrix. This rhyolite is well exposed
on the hill just north of the Original Bullfrog mine and on the slope
above Buck Spring. Its thickness is estimated at 500 feet.

Between rhyolites No. 2 and No. 3 a flow of basalt intervepes at a
few places, particularly near Buck Spring, 2 miles northwest of Rhyo-
lite, where the flow attains a maximum thickness of 40 feet. The
rock is an ordinary olivine-bearing feldspar basalt and may conven-
iently be referred to as feldspar basalt No. 1.

Rhyolite No. 3, which forms the greater part of the hill between
Buck and Sulhvan springs, 2 miles northwest of Rhyolite, resembles
in its lower part the flow breccia of rhyolite No. 2, but grades upward
into a somewhat vesicular glassy rock with pronounced flow lines.
Its thickness varies from 300 to 500 feet. None of this rpck is exposed
in the eastern half of the district, although it probably occurs below
the present surface.

Rhyolite No. 4 is variable in color, the common tints being greenish-
white, pale bluish-gray, pink, dull purple, light buff, and cream. It
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“is of porous texture and rarely shows conspicuous crystals. This flow
is’about 200 feet thick in Bullfrog Mountain (U. S. land monument
170), north of the Original Bullfrog mine. It is exposed also on the
north edge of the district northeast of Buck Spring, but is not known
east of this point.

Rhyolite No. 5 is a characteristic and important member of the
volcanic sequence. It forms the summit of Bullfrog Mountain, where
it is approximately 500 feet thick. The west slope of Bonanza Moun-
tain is made up of this rock, as is also the lower western slope of Ladd
Mountain, just east of Rhyolite. The same rhyolite is the principal
rock of the southern and eastern slopes of Sutherland Mountain, of
which Bonanza Mountain is a southeastern spur. It is thus the
country rock of the Denver mine. : ‘

The principal lithological characteristics of this formation are the
presence of phenocrysts of black mica and the frequent occurrence of
spherulites, some of which, on Sawtooth Mountain, are over 18 inches
in diameter and others east of Beatty attain a diameter of 5 feet. The
lower part of the formation is in most places a well-defined band of
brown spherulitic or perlitic glass up to 50 feet in thickness, and a
similar band occurs at some localities about 200 feet above the base of
the formation, which has a total thickness of from 500 to 800 feet.
In the vicinity of the Denver mine the rock is compact, shows very
few porphyritic crystals, and is prevailingly buff in tint. TFarther
west, however, this variety grades into rather more typical facies.

Rhyolite No. 6 is in most places a nearly white, porous, somewhat
pumiceous flow breccia, with-occasional pale-greenish or pinkish tints.
It is this formation that makes the prominent white band visible from
Rhyolite on the slopes of Busch Peak and of Ladd and Sutherland
mountains. It is also exposed along the western bases of many of
the hills between Ladd Mountain and the Amargosa River. The
thickness of rhyolite No. 6 varies from a few feet in Bullfrog Mountain
to about 300 feet on the southwest slope of Montgomery Mountain.

One notable feature of rhyolite No. 6 is the occurrence within it of
masses of basalt. Some of these are irregular. Others are thin tabu-
lar bodies which stand nearly vertical and which, did they occur alone,
might easily be mistaken for dikes. Close examination of the con-
tacts, however, shows that the rhyolite was fluid after the basalt had
solidified. Little tongues of rhyolite penetrate the darker rock. The
flow banding of the rhyolite, moreover, conforms locally to the sur-
faces of the basalt masses. That the apparent dikes are really inclu-
sions is certain, but no satisfactory explanation has yet been found
for their vertical attitude in a flow that must have had a generally
horizontal movement or for the source of the basaltic material. These
inclusions are best seen near the trail from Rhyolite to Sullivan Spring,
where it passes through the saddle in the ridge south of Busch Peak.
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East of Rhyolite the white No. 6 rhyolite is directly overlain by a
very persistent and characteristic pink rhyolite, which is No. 7 of
the rhyolitic sequence. In the ridge west of the town, however, a
basaltic flow, feldspar basalt No. 2, intervenes between the two rhyo-
lites. This basalt is well exposed on the trail from Rhyolite to the
Eclipse and Denver mines, and forms a conspicuous black band
around the upper part of Sutherland Mountain. It is vesicular in
some parts, and the base of the overlying rhyolite is in most places
crowded with basaltic fragments apparently picked up from the
scoriaceous upper surface of the flow.

The pink rhyolite forming the seventh of the lithological divisions of
the rhyolitic series is exposed at many places throufrhout the district.
It is particularly conspicuous in the west face of Ladd Mountain and
in the corresponding slopes of the various hills between Ladd Moun-
tain and Beatty. Its maximum thickness is probably about 60 feet.
By reason of its characteristic color and the wide distribution of its
exposures it has proved a very useful formation in the study of the
faulting undergone by the district, and in Pl III is distinguished
from the other formations in order to illustrate in part the general
structure.

Rhyolite No. 8 is the most w1despread and extensively exposed of
the many rhyolitic formations in the distriét. It forms the eastern
_slope of Bullfrog Mountain, the main part of Busch Peak, the sum-
mits of Sutherland and Bonanza mountains, and the summit and
east slope of Ladd Mountain, and occurs in most of the short ridges
between Montgomery Mountain and the hills of pre-Tertiary rocks
south of Beatty. This rhyolite is generally dark gray but in many
places, as on Busch Peak, has a dull purple tint and, like most of
the siliceous members of ‘the volcanic¢ series, exhibits considerable
color variation. Quartz phenocrysts are abundant and the matrix
being usually rather compact the rhyolite appears to resist erosion
better than most of the flows. The lower 60 feet of the formation,
whose maximum thickness appears to be about 600 feet, is in some
places a volcanic glass.

Rhyolite No. 9 is a gray or nearly whlte rather pumlceous flow
breccia varying from 25 to 150 feet in thickness. It rests in most
places directly upon rhyolite No. 8, but in the hills just north of Rhyo-
lite and on the northeast slope of Ladd Mountain a flow of basalt
(feldspar basalt No. 3) intervenes. This flow breccia is eroded with
comparative ease and is seldom conspicuous, occurring for the most
part in saddles or on the smooth slopes in the eastern half of the
district. .

Rhyolite No. 10 is a brownish-gray flow- breccia containing frag-
ments of rhyolite, basalt, and, rarely, schist. The matrix contains
abundant phenocrysts of quartz and clear feldspar,” The base of
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the formation is in many places a rhyolitic glass. The formation is
extensively exposed in the eastern half of the district. It occursin
the hills due north of Rhyolite, being in most cases the summit rock,
and forms the summits and most of the eastern slopes of Montgom-
ery, Paradise, and Velvet mountains. Its greatest thickness is prob-
ably over 400 feet. ' )

Overlying this rhyolite on the northeast side of Velvet, Paradise,
and Montgomery mountains, and probably also in the valley west of
Rainbow Mountain, is the thickest flow of basaltic rock known in
the district. Its maximum thickness may be provisionally esti-
mated at 200 feet. In the field this rock was not supposed to be
essentially different from the other basaltic flows in the district.
Microscopical study shows, however, that it is a fresh, typical leucite

basalt, a type of rock that is not common and that apparently has

never been recorded in Nevada. The specimen upon which the pres-
ent determination rests was taken from an exposure five-eighths of a
mile west of Black Peak or about 14 miles north of Rhyollte The
dark basaltic rock crossed at various pomts on the road from the
Montgomery-Shoshone mine to Beatty is probably of the same type,
and a small mass, three-fourths of a mile south of Beatty, is known
to be leucite basalt.

The leucite basalt is overlain between Beatty and the Montgom-
ery-Shoshone mine by thin-bedded shales, some of which show worm
casts, and by other fine-grained sediments. The total thickness of
these beds is probably under 200 feet. They appear to be composed
mainly of glassy volcanic detritus and to represent a brief inter-
volcanic period of sedimentation, possibly in a-small basin.

Above these sediments lies rhyolite No. 11, a series of flow breccias
which near the base show a very close resemblance to tuffs or mud
flows. Indeed, it is not always possible in the field to decide whether
a given layer flowed as a molten mass crowded with fragments or as
a hot pasty mud. The thickness of this formation is 500 or 600 feet.

Rhyolite No. 11 and the remaining members of the local geological
section are all exposed on the west slope of Rainbow Mountain and
on Black Peak. ,

Rhyolites Nos. 12 and 14 are both perlitic glasses, not unlike dark-

green bottle glass in appearance. ‘The upper, more prominent band
is perhaps 200 feet in thickness. They are separated by rhvohte_i

No. 13, which is also very glassy but is brown. instead of green.

e

Rhyohtes 15 and 16 are both nearly ‘white flow brecclas, distin- .

guished mainly by the fact that bunches of dense voleanic glass or .
obsidian arée much more abundant in 16 than in 15. No. 16 was the .
lasp of the. rhyohtlc outﬂows so far as any record has-been preserved-

n. thls dlstrlct It was followed, without any: recognized erosion

'mterv&l by a ‘thin flow of bmsalt ~which apparently dld not, ent1rely~

Bull. 303—07——4.
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cover the rhyolite. Resting partly on the basalt (No. 4 of the feld-
spar basalts) and partly on rhyolite No. 16°is the dacite flow which
caps Black Peak, whose name was evidently suggested by the somber
contrast of the dacite to the hght and brightly tinted rhyohtlc bands
of Rainbow Mountain. -

Above the dacite, and exposed in the saddle east of the summit of
Black Peak, lie some thin beds of sandy tuff, probably not over 20
feet in thickness-. These are overlain by a flow of quartz-bearing
basalt, the youngest effusive rock in the district. In ‘the district
studied the dacite and quartz basalt occur only on the eastern slope
of Black Peak. There is reason to think, liowever, that they have
a greater distribution to the north. '

No large bodies of intrusive rock occur in the Bullfrog district, but
dark, basaltic dikes, usually narrow, are fairly abundant. Some are
ordinary olivine basalts, but no microscopic study of the dike rocks
has yet been made, and it is possible that leucite or nepheline may
occur in some.of them. These dikes cut the rhyolitic flows and,
although perhapsnot all of thesame age, they are on the whole so closely
related to the faulting as to indicate that they are the latest prod-
ucts of volcanic action preserved in the region. Some of their pecul-
iarities will be described in connection with the structural features
of the district in the following section.

The youngest formation in the district is the gravelly alluvium or
wash, which, as may be seen from Pl. III, covers a large part of the
area. The superficigl part of this deposit is composed mainly of
angular or imperfectly rounded rock fragments derived from the .
neighboring hills. Little is known, however, of the character of its
basal portion, as the conditions under which: the material accumu-
lates are not favorable to the development of deep gorges, such as
would furnish natural sections. A shaft has been sunk in the allu-
vium, about three-fourths of a mile south of the summit of Ladd
Mountain, to a reported depth of 330 feet. The dump, which con-
tains some rounded bowlders a foot or more in diameter, indicates
that the bottom of the shaft had not reached solid rock when work
was stopped.

. STRUCTURE.

°

At the close of the Tertiary rhyolitic eruptions the schists, gneisses,
quartzites, and limestones forming the ancient platform upon which
the lavas were extravasated had been buried beneath approximately
8,000 feet, of nearly horizontal volcanic flows. Over the area of the
Bullfrog district these flows appear to have been fairly uniform in
thickness. How far beyond this they once extended is not yet known,
nor has it been definitely determined whether Bare Mountain, com-
posed of pre-Tertiary rocks, owes its elevation entirely to postvolcanic
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.movement or whether it originally stood above the general surface
over which the lavas spread. In the one case the volcanic rocks have
been stripped from it by erosion. In the other it may never have been
- completely buried. The former suggestion is regarded as the more
probable.

After the volcanic outflows ceased the rocks. were subjected to
stresses which were finally relieved by faulting. There is no evidence
that the volcanic formations were folded. They appear to have been
cut by numerous fissures into many blocks, which were individually
tilted by the dislocations. The main fissures trend from north and
south to northwest and southeast. They dip to the west in most cases,
while the fault blocks are tilted to the east. The faulting is thus
normal in character, and one of its most striking results is the repeti-
‘tion, across the whole district, of blocks containing the same assem-
blages of eastward-dipping formations, as may be seen in Pl. III.

In addition to the dominant faults just referred to there is another
set, characterized by nearly northeast-southwest trends. In gen-
eral the throws of the northeast faults are less than those of the north
or northwest faults, but a few northeast faults show profound dis-
placement. Both systems of faults are represented in Pl. III, but
the structural importance of the north to northwest faults is some-
what masked by the facts that they are in some cases partly or wholly
covered by alluvium and are less numerous than those of the other
system. ~The structure shows that under the band of alluvium be-
tween Bullfrog Mountain and the ‘“box canyon’” must lie concealed the
greatest fault in the district. -Another important dislocation must be
covered by the alluvium between Ladd and Montgomery mountains.

Most of the faults are nearly vertical, 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 ex-
. posed, but seems to be a-plane of some disturbance. As the various
rhyolitic formations of Bullfrog Mountain dip to the east at consid-
erable angles and are successively cut off at this contact, they must
therefore have flowed against a steep slope of Paleozoic rocks or else
they have been dropped by a fault. The latter seems on the whole
more probable, although it is difficult to understand how normal fault-
ing could take place on a plane so slightly inclined unless the dis-
placcment had a large horizontal component.

South of Beatty the relation of the Tertiary voleanic rocks to the ,

pre-Tertiary metamorphic rocks is similar to that just described.
The contact is probably a fault, although the evidence for this conclu-
sion is not as satisfactory as could be desired. East of Beatty, how-
ever, the rhyolites are clearly faulted down against the limestones
and quartzites of Bare Mountain. The fault here dips northward at

[ |
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angles between 50° and 65° and the rocks adjacent to the fissure are
more or less 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 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 downthrown mass
has been lelded by other faults into numerous small blocks.

A large number of the faults are accompanied by basaltic dikes.
In some cases the dike fills the fault fissure and is not itself disturbed.
In other cases the faulting is in part Jater 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 probably 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. .

ORE DEPOSITS.
MINING DEVELOPMENT.

The Montgomery-Shoshone, situated about 134 miles northeast of
Rhyolite on the road to Beatty, is the best known mine in the dis-
trict, on account of both the size and richness of its blocked-out
ore body and the legal contests that have been waged for its pos-
session.. Negotiations, which afterwards terminated in the sale of
the mine, were entered into during the geological study of the dis-
trict, and were unfortunately considered by the former owners a
sufficient reason for withdrawing permission to enter the under-
ground workings. The occurrence of the Montgomery-Shoshone ore
has therefore not been carefully studied, although Messrs. Emmons
and Garrey, who entered the mine before permission was withdrawn
made some preliminary notes, which have been utilized in the pres-
ent report. The main Montgomery-Shoshone shaft was 150 feet
deep at the time of wvisit, with three levels. The Polaris mine
adjoins the Montgomery-Shoshone on the west, the Polaris shaft
being about 700 feet southwest of the Montgomery-Shoshone shaft.
Northeast of the latter is the Providence shaft, 100 feet deep. The
Steinway shaft, about 2,300 feet west of the Montgomery-Shoshone,
and the Yankee Girl, in the flat just northeast of Rhyolite, are
prospects which at the time of visit were about 200 feet deep. On
the south slope 6f Montgomery Mountain are the Rand and Crystal
shafts, 100-feet deep in January, 1906, but not in ore.

On the west slope of Ladd Mountain the most important work--
ings are those of the Bullfrog National Bank: Company, a shaft 200.
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feet deep with two levels, and of the Bullfrog Mining Company, a
tunnel that was about 550 feet long on January 19, 1906.

On the steep south slope of Bonanza Mountain is the Gibraltar
mine, opened by three tunnels a few hundred feet in length. The
upper tunnel (No. 3) is on what is known as No. 4 vein, the one
below it (No. 2) is partly a crosscut and partly on the same vein,
while the lowest (No. 1) tunnel is a crosscut. No. 1 tunnel enters
the east slope of Bonanza only a few feet above the alluvium, No. 2
tunnel is about 85 feet higher, and No. 3 about 60 feet above No. 2.

North of the Gibraltar, and lying mostly on the west slope of the
mountain, are the properties of the Eclipse Mining Company and
two claims, known as the Tramp No. 1 and Tramp Extension, which
are under neally the same ownership as the Eclipse group. The
Eclipse ground is opened by the Eclipse shaft, 125 feet deep; the
Hobo incline, 155 feet deep; the Lester shaft, 60 feet ‘deep, and
the Tiger tunnel which was between 300 and 400 feet long at the
time of visit. This tunnel enters Bonanza Mountain near its west-
ern base and is intended to crosscut the Eclipse and Lester veins
below the bottoms of existing shafts. The Eclipse and Tramp groups
are still in an early stage of development no stoping and very little
drifting having been done

About 1,500 feet northwest of the Echpse shaft is the Denver
mine, opened by three tunnels separated by vertical intervals of
70 to 80 feet. A fourth tunnel has been started 100 feet below
No. 3. The tunnels in general follow the vein, none of them at
the time of the visit being over 300 feet in length.

The principal workings of the Original Bullfrog mine comprise a
tunnel with several hundred feet of branching drifts and crosscuts and
two shafts, one of which is 140 feet in depth.

The Gold Bar, about 4 miles northwest of Rhyolite, lies outside of
the area covered by the detailed map of the Bullfrog district. The
main shaft is 150 feet deep, and there are several hundred feet of
drifts on two tunnels. Another promising outlying prospect is the
Mayflower, situated about 7 miles north of Rhyolite and opened by a
shaft which at the time of visit was 100 feet deep. The Happy Hooli-
gan mine, 9 miles a little south of west from the town of Rhyolite and
developed by a tunnel and a 40- or 50-foot inclined winze, presents
some interesting geological features, which will be referred to later.

There are many other prospects in the district, some of which may
ultimately prove more important than one or two of those named.
Most of them, however, have been very little developed as yet or are
not in ore, and it is not necessary to enumerate them in a brief report
of this character.
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GENERAL CHARACTER OF THE DEPOSITS.

Attention has already been drawn to the elaborate network of
“faults that constitutes so important a structural feature of the dis-
trict. The ore deposits are for the most-part nearly vertical mineral-
ized faults or fault zones in rhyolite. Of the many faults shown in
P1. ITI comparatively few have proved ore-bearing, although it must be
remembered that the district is young and that a considerable number
of the faults discovered in the course of the geological 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 or to the amount of
dislocation along the fissures, but appears to be mainly a matter of
locality. In certain restricted areas, such as Bonanza Mountain, sev-
eral fissures will show more or less mineralization, while elsewhere the
same and other fissures are barren. As none of the mines has yet
gone below the zone of oxidation, direct observation of the original
character of the lodes is nowhere possible. All accessible portions of
them have been more or less altered by the oxidation of the sulphides,
by the solution of some of the gangue constituents, and by later move-
ments along the fissures. .

Most of the lodes instead of being simple veins are fissure zones
containing numerous 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 irreg-
ular cross veinlets, and similar small stringers extend for varying dis-
tances into the country rock. - The lodes range in width from a few
inches to 10 or even 100 feet. They are in many places accompanied
or followed by well-defined regular planes or walls that have resulted
from movement along the fissure zone after the original formation of
the vein. Such a secondary wall may be seen in the Eclipse and
Tramp shafts on the Eclipse vein.

Originally the stringers consisted of quartz and calcite carrying
finely disseminated auriferous pyrite. - The calcite, possibly associated
in some places with other carbonates, varies in abundance. It forms
a large part of the Hobo and Louisville veins on Bonanza Mountain,
while it is nearly or quite absent from the National Bank vein on Ladd
Mountain. The larger stringers, such as those of the Hobo vein, at
many places exhibit regular depositional banding or c¢rustification.
Many of the stringers are distinct fissure fillings, with a definite con-
tact between them and their rhyolite walls. Cases 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 beencarried to
anything like the extent observable at Goldfield. Much of the quartz,
including some good ore, has a fine granular texture and has evidently
formed by the silicification of shattered or crushed rhyolite. Typical
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vein quartz, such as is characteristic of the gold veins of the Appa-
lachians or Sierra Nevada or such as is found in the pre-Tertiary
schists of the Bullfrog district, does not occur in the mines near Rhyo-
lite, with the exception of the Original Bullfrog. The quartz is pre-
-vailingly fine grained, often of a porcelainlike texture, and is usually
intercrystallized with calcite.

The presence of so much calcite in veins traversing rhyolites, rocks
exceptionally low in lime, is not yet fully accounted for. It is known,

“however, that a considerable part of the pre-Tertiary terrane upon
which the volcanic rocks were poured out consists of limestone.
There is a suggestion, therefore; that the vein-forming solutions gath-
ered the calcareous constituent of the gangue from these underlying
limestones.

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 pseudo-
morphs of quartz. In this alteration the silica attacks first the out-
side of the calcite grain or crystal and works inward along cleavage
planes. - The final result is a shell of quartz divided by thin quartz
septa or partitions, parallel groups of which are in many cases inclined
to one another at the characteristic angles of the cleavage rhombohe-
dron of calcite. Between the septa there is usually more or less
black or brown earthy material, in part oxide of manganese. The
development of earthy hydrous oxide of manganese is very character-
istic of the oxidation of the calcitic veins of the district, and large
portions of the lodes are made up of soft, dark, manganiferous earth
associated with residual masses of the original quartz and calcite and
containing vugs and druses of secondary deposits of these twominerals.

The ore bodies of the Montgomery-Shoshone and Original Bullfrog
mines are both somewhat exceptional. The principal ore body of the
Montgomery-Shoshone is a great, irregular mass of soft kaolinized
rhyolite at the junction of a series of nearly north-south fissures with
the basalt dike that occupies the Montgomery-Shoshone fault. The
Original Bullfrog deposit is a large, nearly horizontal body of coarsely
crystalline and chalcedonic quartz which lies in the fault zone between
the rhyolite and the Paleozoic limestone.

The association of some of the ore bodies with basaltic dikes raises
the question whether the latter have in any way influenced ore
deposition. TField study shows that the dikes were intruded prior to
the introduction of the gold-bearing solutions and indicates they are
related to mineralization only through the fact that they occupied
some of the fissures which were subsequently reopened sufficiently to
permit ore deposition. There is no reason to suppose that the ores
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are genetically connected with the basaltic intrusions and it is by no
‘means certain that eruptions of dacite and rhyolite did not continue
after the last basaltic dike had been injected.

THE ORES.

All the ore thus far mined or opened up is more or less oxidized and
in most cases 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 dep051ts is pyrite. Native
gold, alloyed with various proportions of silver, is the only valuable
constituent of most of the ores, although cerargyrite or horn silver is
fairly abundant in the rich ore of the Montgomery-Shoshone mine and
more detailed study may reveal the presence of some of the halogen
compounds of silver in the other deposits. The gold is finely divided,
and is almost invariably found in the quartz, notin the calcite. Its
characteristic association with little limonitic specks, representing oxi-
dized pyrite, has already been referred to. In the rather exceptional
Montgomery-Shoshone ore the gold and cerargyrite occur in a soft,
impure kaolin formed by alteration of rhyolite. The Original Bull-
frog ore consists of quartz carrying free gold, chalcocite, chrysocolla,
malachite, and azurite. The quartz occurs in great variety of crys-
tallization and color. Coarsely crystalline radial masses and banded

chalcedonic forms are both common, and the colors range from clear’

white or pale amethyst to.translucent yellow, brown, or green. In
some parts of the vein calcite is crystallized with the quartz.

The ores, as sacked, range from $100 to $700 a ton, but the deposits
on the whole are very much lower in grade than those at Goldfield. It
is evident that the future prosperity of the camp must depend upon
the successful working of ore much inferior in grade to that sacked for
shipment under present conditions. Just what will be the lower limit
in value of profitable ore and what is likely to be the general average
value of ore for the whole camp under the more favorable conditions
expected to follow the completion of a railroad into the district can
not yet be determined.

The proportion of silver varies greatly in different mines even when

these are close together. In the Denver ore, for example, the silver

_is said to be almost negligible, whereas the pale gold or electrum from
the Gibraltar mine may contain equal parts of gold and silver by
weight, although the average proportion of silver is considerably less.
In the ore from the Montgomery-Shoshone mine, according to Mr.
Ralph I. Johnson, assayer, the average ratio of gold to silver in 160
samples was 1 ounce of gold to 25.44 ounces of silver. This agrees
fairly well with the statement made at the mine that about 45 per cent
of the value in the $700 ore is in silver.

-
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NOTES ON {NDIVIDUAL MINES.
MONTGOMERY-SHOSHONE,

The Montgomery-Shoshone workings are in rhyolite on the south-
east side of a basalt dike. The dike occupies a structurally very
important fault which dips northwestward. As a result of this dislo-
cation the rocks exposed on Rainbow Mountain and Black Peak,
northwest of the fault, which belong to the upper part of the volcanic
series, are brought into juxtaposition with the older flows making up
Montgomery Mountain, on the southeast side of the fault. The
throw of the fault has not yet been carefully calculated, but provi-
sional estimates show that it probably exceeds 2,000 feet. The summits
of Black Peak and Mont-
gomery Mountain both lie
on the general line of strike
of the eastward-dipping
flows, but while Black Peak
is capped with quartz
basalt (see Pl. III), Mont-
‘gomery Mountain is cap-
ped by rhyolite No. 10.
At the mine itself the effect
of the fault is to bring
i s lo,.\ | rhyolite No. 10 on the
At 5| southeast side of the fault

Rk | and dike against rhyolite
No. 16 on the northwest
side. The geological rela-
tionsof theore arediagram-
3 izl matically indicated in fig.
o ‘ 200 aoofeet. s 11. The basalt dike is
F16. 11.—Diagrammatic plan showing mode of occurrence much broken near its walls

of ore in the Montgomery-Shoshone mine. and a considerable part of
the faulting is later than the intrusion. How much of the total throw
was effected before the injection of the dike can not be determined.
In the Providence mine the basalt has been crosscut and a drift has
been run along its hanging wall, which is a remarkably regular surface
of rhyolite polished by the movement of faulting. All of the basalt is
fractured and disturbed, and near the hanging wall the squeezed frag-
ments have curved, glossy surfaces, recalling those common in many
large bodies of serpentine.

The fissures that have determined the ore deposition in the Mont-
gomery-Shoshone mine strike, in general, a little east of north. They
appear to terminate at the basalt, since no continuation of them has
been found on the northwest side of the dike. Along these fissures

-
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the rhyolite has been altered to soft masses of kaolin separated, as
shown in fig. 11, by ribs of comparatively unaltered rock. Near the
basalt the kaolinized zones widen and, in some cases, coalesce. Here
occur the largest and richest ore bodies, the principal one, said to aver-
age $700 a ton, being approximately 60 feet in horizontal diameter.
Along the line of the fissures southward, away from the basalt, the ore
becomes of lower grade and there is less kaolinization, the soft mate-
rial changing gradually into crushed and somewhat silicified rhyolite.
The determination of the relative age of the north-south fissures
and of their mineralization, on the one hand, and-of the basalt dike
and the faulting on the other, is a problem of some practical impor-
tance. Are the fissures older than the dike and have their northern
- continuations been displaced by the great northeast-southwest fault?
Or are they younger than the dike and have they no continuation
beyondit? Unfortunately the careful study that might have afforded
some answer to these questions was rendered impossible at the time
of visit by the attitude of the company then in control of the mine. It
is thought, however, that the mineralization and probably the fissur-
ing along which ore deposition took place are younger than the dike.
The absence of ore from the basalt itself and from the main fault,
except where the north-south fissures meet it, offers no serious objec-
tion to this view, whereas the coalescence of the ore bodies and the
increase in their size and rlchness near the dike are distinctly in its
favor. : :
NATIONAL BANK.

As exposed at the surface and on the 100-foot level, the National
Bank vein is a rather indefinite zone of fissuring in rhyolite No. 5. It.
strikes about N. 15° E. and dips west at 60°. The hanging wall is
a basalt dike with an average width of 3 to 4 feet. The lode has no
recognizable foot wall and consists of somewhat silicified rhyolite cut
by many small and inconspicuous veinlets of quartz. The gold is not
confined to the veinlets, but occurs also in the rhyolite, particularly
where the latter shows little limonitic specks representing oxidized
pyrite crystals.

The ore is bunchy and good assays are sometimes obtained from the
rhyolite at a distance of 30 or 40 feet from what is considered the main
lode. The best assays obtained prior to the date of visit were about
$230 a ton, mostly in gold. In the lower grade ore the silver may
exceed the gold, in one case there belng about 5 ounces of silver to 3
of gold.

Considerable work has been done on the 200-foot level, mainly on a
narrow seam which dips eastward at an angle of 45° to 50° and which
is probably the contact between two rhyolitic flows. The dip of the
National Bank lode from the surface to the 100-foot level would, if
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continued to the 200-foot level, carry the vein from 50 to 60 feet west
of the shaft, or from 15 to 20 feet west of any crosscut in existence on
this level at the time of visit.

GIBRALTAR.

There are six veins recognized in the Gibraltar property. Their -
strikes range from N. 15° W. to N. 20° E. and they dip to the west.
The veins are numbered from east to west. No. 4, on which most
work has-been done, strikes about N. 10° W. and dips west at angles
varying from 45° to 55°. No. 2 vein is the most nearly vertical, its
dip at the surface being about 80°. The croppings of the veins are -
spaced at various distances apart, ranging from 50 to 150 feet.

The general country rock of the mine is a rhyolitic flow breccia con-
taining.occasional inclusions of basalt up to 3 feet in diameter. It has
been correlated with rhyolite No. 6, although the many faults in
Bonanza Mountain render the interpretation of the structure less sat-
isfactory than in other parts of the district. The rock is considerably
altered and contains much secondary quartz.

The veins are small and occupy fault fissures of slight throw. No.
4 vein, which has been opened by two tunnels and has supplied all the
ore so far found, is in most places less than a foot wide, although local
widths of 3 to 4 feet occur. It consists of quartz and a soft, dark,
earthy material, which is in part oxide of manganese. A cavernous
and platy structure, due to the solution of carbonates from an origi-
nally banded vein, iscommon. The best ore lies near the foot wall and
usually includes a little of the rhyolite. The gold, which contains so
much silver as to constitute electrum, occurs in the mode character-
istic of the district, usually in little limonitic specks in quartz or silici-
fied thyolite. These rusty specks in rare instances show small residual
grains of pyrite.

The veins in general cut two older structures in the rhyolite. One
of these is a set of planes dipping east at angles ranging from 30° to
35° and parallel to the flow bands in the rhyolite. These may be part-
ings between separate flows, or possibly cracks formed by the cooling
of the rhyolite. The other structure is a fairly regular sheeting strik-
ing N. 30° W. and dipping southwest at an angle of 60°.. When the
lode fissures were formed they appear to have occasionally followed

_one or the other of these earlier fissures for short distances, so that the
lodes are unusually crooked, as may be well seen in No. 3 tunnel on

No. 4 vein.
ECLIPSE AND TRANP,

The principal veins in these properties are the Hobo, Lester, and
Eclipse. Their general relations may best be understood from fig. 12,
for which no pretense of accuracy is made. The Hobo shaft, situated
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on the crest of Bonanza Mountain, is an incline on the Hobo vein,
which at this point appears to strike a little west of north and dips
west at angles ranging from 50° to 55°. Just north of the shaft the
vein is cut by a fault, marked by a smooth, regular slip plane which
strikes N. 10° E. and dips west at nearly the same angle as the vein.
Too little work has been done to determine how this fault affects the
Hobo vein, but the latter shows much disturbance in its vicinity, and
is probably cut off obliquely north of the shaft. The same fault can
be traced morthward along the east slope of Sutherland Mountain and
over the slopes east of Busch Peak. Little masses of basalt occur here
and there along its course, and it probably represents an old fissure
which, after being filled by a dike, became again a zone of faulting.
Thus the Hobo vein may never have extended north of the point
where it now terminates against a plane that, while it shows at least
some movement since the vein was formed, may also have been a bar-
rier to solutions when the ore was being
deposited. The conditions, in other
words, are similar to those at the Mont-
grove st | gomery-Shoshone mine.

South of the Hobo shaft the vein can
be followed for a short distance along the
ridge and then it turns down the west
slope of the mountain toward the mouth
of the tunnel shown in fig. 12. On the
ground this curve is exaggerated by the -

' relation of the dip of the vein to the slope
@ OB wefen \ of the hill. Near the portal of the tunnel
the fault and the vein again come to-
Fie. 12.—Sketch plan of the veins of gether South of the tunnel a very large
the Eclipse and Tramp groups. vein continues along the west slope of
Bonanza Mountain and down the south slope toward Bullfrog. This
vein, as may be seen from fig. 12, has the general course of the Lester
vein, but it appears to be continuous with the Hobo vein..
‘ As exposed in the Hobo shaft the vein consists of a broken mass of
quartz, calcite, and earthy oxide of manganese, the last being a residue
from the solutlon of a manganiferous carbonate and the quartz and
calcite being partly secondary The vein is small near the surface,
but becomes larger and more disturbed with depth. The best ore,
which affords assays up to $400 a ton, is a fine-grained, opaque, white
quartz in which free gold occurs in small limonitic specks. South of
the tunnel the vein is less disturbed, and in places shows from 25 to 50
feet of fissured and shattered rhyolite full of banded veinlets of quartz
and calcite. This part of the lode is apparently of low grade. -

The Lester vein is a zone of'fissured and veined rhyolite a foot or

two wide, with a regular hanging wall. It strikes N. 48° W. and dips

Trarnp shaft

ilrunnes
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west at 52°.  An inclined shaft 60 feet deep has been sunk on the vein,
but no shipping ore has yet been found.

The Eclipse vein coincides with an important fault which passes
through the saddle north of Sutherland Mountain. The general
course of the fissure is thus nearly north-northwest, but between the
Eclipse and Tramp shafts the vein runs north and south. At the
Eclipse shaft the lode, which is practically vertical, has a maximum
width of 12 feet. Samples across this width are said to give assays of
$34 a ton. The vein is similar in general character to the Hobo and
has no very definite walls. The lode itself, however, is traversed by
a smooth and regular plane of Taulting.

DENVER.

The Denver vein occupies part of a fault or fault zone that can be
traced northward over Busch Peak. The fissure that has hitherto
furnished the ore strikes from N. 5° to 10° E. and dips east at angles
ranging from 65° to 70°. This, however, is merely one of several
branching fissures, some of which strike nearly northwest. All the
fissures traverse rhyolite No. 5, which is much cracked and somewhat
silicified in their vicinity. The Denver lode is generally similar in
character to the Hobo and the Eclipse. The streak of shipping ore
varies in width up to a maximum of 18 inches.

ORIGINAL BULLFROG.

The Original Bullfrog lode outcrops more conspicuously than the
other deposits in the district. It is a huge mass of nearly solid quartz,
which, as a whole, dips north at 18° to 20° and is at least 60 feet thick.
This quartz rests in most places upon a much sheared shaly material,
greenish or reddish in color, which was probably originally a glassy
rhyolitic flow. It is now so soft and altered, however, that its original
character must remain somewhat in doubt. This material is not of
great thickness and in some places the quartz rests directly upon the
Paleozoic limestone. The lode has no definite hanging wall, but is
overlain by rhyolite No. 2, which is fissured and contains stringers of
quartz for some distance above the mass of the lode. The deposit
represents a mass of rhyolite that has been greatly fissured and shat-
tered. The fissures have been filled with quartz and with minor
amounts of calcite and ore minerals, and to a considerable extent the
shattered rhyolite has been completely silicified.

Some bunches of rich ore have been found, but the mass as a whole
is of very low grade. The fissuring that provided opportunity for the
deposition of.so much silica was probably caused by movement along
the fault which has here brought the rhyolites against the pre-Tertiary
rocks: A deposit having some analogous features with the Original
Bullfrog and known as the. Wildcat occurs. about a mile southeast of-
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Beatty on the line of the fault between the rhyolitic series and the
older rocks. Here, however, it is the limestone that is irregularly
silicified and stained with malachite. The ore, which is apparently
only a small bunch, carries silver and a little copper. It is noteworthy
that the only occurrences of copper minerals noted in the district
should be situated so far apart on the same zone of faulting between
the. rhyolites and the pre-Tertiary rocks. :

GOLD BAR.

The Gold Bar lode is a zone of irregularly fissured and brecciated
rhyolite fully 100 feet wide. The hanging wall is fairly regular and.
persistent and is apparently due to a slip later than the formation of
the lode. No foot wall has yet been found. The general strike of the
hanging wall is N. 50° E. and the dip is northwest at 65°. Most of the
stringers making up the lode are filled with quartz, although calcite -
and siliceous pseudomorphs after calcite occur, particularly near the
hanging wall. ' .

The best ore occurs near the hanging wall and is said to average
about $30 a ton, but occasional small bunches are very much higher
in grade.
HAPPY HOOLIGAN., .

At the Happy Hooligan mine, limestone, probably Paleozoic, is
overlain by a flow of basalt estimated to be 40 to 50 feet in thickness.
The basalt is in turn overlain by a much thicker flow of rhyolite. The
surface of the limestone is hummocky, slopes of 20° to 30° being not
uncommon. A little oxidized sedimentary material occurs at some
points between the basalt and the limestone.
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F16. 13.—Diagrammatic section through the Happy Hooligan mine.

The ore forms a thin, soft undulating blanket deposit between the
Dbasalt and the limestone and consists of a waxy white and brown

- material (probably kaolin, although it has not yet been chemically

examined) carrying free gold. Some of the ore appears to be altered
basalt and some may represent the alteration of tuffaceous material
that lay on the limestone when the basalt was poured out. The ore
is rarely more than a few inches in thickness.
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The deposit outcrops along the east slope of a small hill and has
been followed westward by a tunnel to a point where the ore is cut off
by a fault. The fault plane dips west at an angle of 60°. A winze
on the fault was 20 feet deep at the time of visit and showed a basalt
hanging and limestone foot wall. The structural features of the
deposit are diagrammatically shown in fig. 13.

The source of the gold that has been locally concentrated along the
contact between the Tertiary volcanic rocks and Paleozoic limestone
is not known. The gold is flaky and has none of the characteristics’
of placer gold. The character of the matrix, moreover, suggests depo-
sition from solutions capable of effecting considerable alteration in
the rocks traversed by them.

No ore has yet been shipped, and future developments depend
largely upon the conditions that may be disclosed by the winze now
being put down on the fault.

SEARCHLIGHT AND ELDORADO DISTRICTS.
INTRODUCTION. V

The Searchlight and Eldorado districts were visited early in Feb-
ruary, 1906, partly in response to a petition from all of the principal
mine owners or mine managers to the Secretary of the Interior asking
for detailed geological work in the vicinity. The main object of the
visit was to procure such general information as would enable future
topographic and geological work to be laid out to the best advantage.
In all about four days were spent looking over the Searchlight district
and ‘one in Eldorado Canyon. The following notes are necessarily
fragmentary, but may be worth recording as a preliminary sketch of
~ a region concerning which very little has been published and in which
active development is now in progress.

SITUATION.

. The Searchlight district is in the extreme southern point of Nevada
in Lincoln County, 12 miles west of the Colorado River and about 50
miles north of Needles. Two stage lines, approximately 25 miles in
length, connect the town of Searchlight with the nearest railway sta-
tions in California, which are Nipton, on the San Pedro, Los Angeles
and Salt Lake Railroad, 56 miles south of Las Vegas, Nev., and Man-
vel, on the Ivanpah branch of the Atchison, Topeka and Santa Fe
system, 30 miles north of Blake on the main line. Railways are pro-
jected from both Nipton and-Manvel into Searchlight.

Eldorado Canyon heads about 22 miles north of Searchlight and-
is 10 miles in length. It extends east and west, embouching on
the Colorado River. There are no regular means of communica-
tion with the Eldorado Canyon district, which, however, is con-
nected by a good road with Searchlight. A weekly mail service
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was formerly maintained between Chloride, the terminus of the
Arizona and Utah Railroad, which connects with the Santa Fe sys-
tem at Kingman, Ariz., but whether a stage was running over this
route early in 1906 could not be ascertained.

No recent surveys have been made of this part of Nevada, and
existing maps are all more or-less obsolete and inaccurate. On
most of them the town of Searchlight is either not shown or is only
approximately located. The general positions of Searchlight and
Eldorado Canyon are indicated, as nearly as can be determined, in
the accompanying index map (fig. 1, p. 9), and the relations of the
two districts to each other and to the Colorado River are shown in
the sketch map forming PIL. IV.

HISTORY..

Mining in Elderado Canyon is said to date from about the year
1857, and the Techatticup (an Indian name, said to signify “plenty
for all”’), one of the principal mines, is reported to have been in
intermittent operation since 1863. In 1883 the same mine was
worked with 23 men, the ore being treated in a 15-stamp mill. The
district bears evidence of having been extensively worked for many
vears past, large bodies of ore having been stoped from the Quaker
City, Mocking Bird, Wall Street, and Techatticup mines. Latterly,
however, the only work on this group, now under one ownership,
has been confined to prospecting the Techatticup lode below the
old stopes. :

It is a little surprising that a district once alive with activity
should have attracted so little outside notice. This, however, is
partly accounted. for by the overshadowing predominance of the
Comstock, Eureka, Ely, and other districts noted in the early his-
tory of mining in Nevada and by the isolation of Eldorado Canyon.
The rich ore shipped from the canyon in early days was taken down
the Colorado by boat to Needles, Yuma, or the Gulf of California.

The Searchlight district is of comparatively recent development.
Ore was discovered early in 1898 on the Searchlight claim, now part
of the Duplex mine, and some of the richest ore found in the dis-
trict came from the stopes above the 200-foot level on this lode.

"The principal mine at present, the Quartette, was opened in the
same year, and in 1902 a 20-stamp<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>