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THE GEOLOGY AND ORE DEPOSITS OF GOLDFIELD,
NEVADA.

By FrEDERICK LESLIE RANSOME.

CHAPTER L
- INTRODUCTION.

FIELD WORK AND ACKNOWLEDGMENTS.

During the summer of 1905 a topographic map of the Goldfield district, on a scale of 2,000
feet to the inch (1:24000), and covering approximately 31} square miles (82 square kilometers),
was made by Mr. William Stranahan, topographer. With this map as a base, detailed geologic
work was begun in September of the same year. Messrs. W. H. Emmons and G. H. Garrey
assisted in the field work of the first season. In the main, the geologic mapping of that portion
of the district lying in Nye County (see Pl. II, in pocket) and extending from Blackcap Mountain
to Black Butte is the work of Mr. Garrey. The part lying south of a line drawn from Blackcap
Mountain to Goldfield and west of the Goldfield-Tonopah freight road (i. e., the southern and
western borders of the area) was mapped principally by Mr. Emmons. The field notes of both
geologists have been used whenever it was necessary to supplement my own observations with
details observed by them in their respective divisions of the field. ~All the geologic mapping
was done with traverse plane tables, each contact being followed and numerous points upon it
determined by intersections.

A preliminary report @ on the district was issued early in 1907 and the greater part of the
final report was finished by the end of the same year. The rapid development of the mines
during 1906 and 1907, the large number of new ore bodies found, and the important discoveries
made at depths not reached when the first field work was brought to a close, rendered it clear
that the disadvantage of a few months delay in the publication of final results would be amply
compensated for by a second visit to the field and by a study of underground workings opened
since the close of the year 1905. Accordingly a supplementary investigation of the district was
carried on from June 11 to July 27, 1908. It was found necessary, moreover, in consequence
of the many modifications in the cultural features (changes in roads, additional shafts and
buildings, etc.) to thoroughly revise the topographic map published in 1906. Mr. W. M.
Beaman, topographer, was occupied with this revision during September, October, and part of
November, 1908.

The assistance rendered us in the course of our investigation by all interested in the develop-
ment of the district was hearty and general. It is a pleasure to record gratefully the generous
cooperation of Mr. H. P. Henderson, geologist for the Goldfield Consolidated Mining Company,
and of our professional colleagues, the local mining engineers, particularly Messrs. E. A. Byler, |
George B. Church, F. A. Lucy, C. D. Wilkinson, A. E. Barnes, W. Stranahan, F. J. Siebert, and
Charles J. Moore. Very helpful also was the active interest of the owners and superintendents
of mines.

a Ransome, F. L., Preliminary account of Goldfield, Bullfrog, and other mining districts in southern Nevada: Bull. U. S. Geol. Survey No.

-+ .303, 1907.
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The various chemical tests and the analyses of minerals and rocks recorded in the following
pages were made in the chemical laboratory of the Geological Survey by Messrs. George
Steiger, W. T. Schaller, and Chase Palmer. : '

A full and representative collection of the rocks and ores of the Goldfield district has been
deposited in the National Museum, Washington, D. C., where it may be examined by anyone
on application to the curator of geology. It is hoped that arrangements may be made whereby
a smaller collection illustrative of this report may be placed on exhibition in Goldfield.

All plans of mine workings and all plats of claims accompanying this report have been
compiled from the maps of the various companies and are published with their permission.
The standard of mine surveying at Goldfield is generally excellent and there is no reason for
supposing that any of the maps here utilized are incorrect. The United States Geological
Survey does not, however, vouch for their aceuracy.

SITUATION OF THE DISTRICT.

The town of Goldfield, which, with the adjoining settlement of Columbia, has a population
estimated at about 15,000, lies near the eastern border of Esmeralda County, in southwestern
Nevada. (Seefig.1.) It is about 28 miles (45 kilometers) nearly due south of Tonopah and 7
miles (11 kilometers) a little north of east from the old mining camp of Montezuma. As may
- be seen from Plate I, the eastern part of the Goldfield district, including Black Butte, lies in
Nye County.

Three railroads of standard gage enter the district. A branch of the Southern Pacific leaves
the main line at Hazen and connects at Mina with the Tonopah and Goldfield Railroad, which
enters Goldfield on the north by way of Tonopah and Tonopah Junction. Through trains are
run over this route from San Francisco to Goldfield. The Las Vegas and Tonopah Railroad
leaves the San Pedro, Los Angeles and Salt Lake Railroad at Las Vegas, Nev., and passes through
the Bullfrog district, 60 miles (96.5 kilometers) south-southeast of Goldfield. The Tonopah
and Tidewater Railroad branches from the main line of the Santa Fe system at Ludlow, Cal., and
reaches Goldfield by way of Death Valley and the Bullfrog district. The northern route affords
communication with San Francisco, and particularly with the works of the Selby Smelting and
Lead Company where a large part of the Goldfield ore has been treated. The two southern
routes give access to Los Angeles and to the smelters of Utah. ‘

TOPOGRAPHY.

The hills in the vicinity of Goldfield form an irregular group (see Pl. I, in pocket), 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 altitude of the playa floors above sea level in this
region is about 5,000 feet (1,524 meters). Such a basin, approximately 10 miles (16 kilometers)
in width, separates the Goldfield Hills from Stonewall Mountain, a prominent landmark south-
east of the district and visible in Plate XIV, 4. 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 (32 kilometers) east-northeast from Goldfield. A similar incon-
spicuous divide, about 12 miles (19 kilometers) north-northeast of Goldfield, forms a slight
connection between the Goldfield Hills and the hills of the Southern Klondike and Tonopah
districts. iy

West of town a basaltic mesa (see PI. II), at this latitude about 4 miles (6.4 kilometers)
wide, 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 Montezuma lies near the
summit of the peak, which is 8,426 feet (2,568 meters) in height and 7 miles (11 kilometers) a.
little south of west from Goldfield.



TOPOGRAPHY.

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 (35.4 kilometers) north of town into the still larger
basin west of Tonopah. (See Pl. IV.) This pass, through which the railroad runs from Tono-
pah 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. I). The relief in this area ranges from 5,400 feet (1,646 meters) in its
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FI1GURE 1.—Index map showing the position of the Goldfield district.

northwest corner to 6,635 feet (2,022 meters) on the summit of Preble Mountain, near the
southeast corner. The culminating peak of the Goldfield Hills, however, known as Diamond

Peak, is just east of the area represented in the map and attains an elevation of nearly 7,000

feet (2,133 meters). A large part of the district may be described as a rolling plateau (see

Pls. IIT and VIII), ranging from 5,700 to 5,800 feet (1,737 to 1,768 meters) in general eleva-
tion and surmounted by many irregularly distributed peaks and knobs, of which Preble, Black-

_cap, Vindicator, Banner, and Columbia mountains are conspicuous examples. Not any of these

hills are volcanic craters or local volcanic upheavals, as has been asserted in some descriptions
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of the district. They owe their height above the surrounding country merely to the fact that
they are composed of material somewhat harder or more durable than the average rock of the
region, and have thus succumbed more slowly to the general erosion that has carved the existing
relief from a gently domed voleanic series. The superior resistance of the hills is in some cases
due to the original character of the rock of which they are composed; in other cases to a capping
of young and fresh lava, but by far the greater number of the smaller knobs that stud the dis-
trict, of which Black Butte, Plate III, B, is an excellent example, are prominent because the

rock has been hardened by intense local metamorphism in a manner that will be described in
~ connection with the ore deposits.

~ 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 accumulate on all but the steepest slopes.
In the Tonopah 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 Plate VIII, are so slicht that detritus
accumulates over much of the surface and interferes seriously with attempts to determine the
distribution and structure of the underlying rocks.

HISTORY OF MINING.

At the beginning of the present decade the state of the mining industry in Nevada had
so far declined as to appear but a feeble and flickering reminder of past splendor. The output
of the great Comstock, a lode which in forty years had yielded about $400,000,000 in gold and
silver, had dwindled in 1899 to the relatively paltry sum of $171,677.90; and the whole State
in that year produced only $3,740,790 (with silver reckoned at coinage value), nearly half of
this coming from Lincoln County, in which the Delamar mine was the only large producer.
Eureka, Pioche, Eldorado Canyon, and many places of less note had apparently passed from
activity into tradition.

With the opening of the year 1900, however, there were signs that some of the older camps
were preparing to shake off their dusty lethargy. On the Comstock, particularly, some prog-
ress was made in freeing the deep levels from water and the production from this famous lode
rose to $700,865. But the one event which transformed a gradual resuscitation of mining, the
natural accompaniment of great national prosperity in all other branches of industry, into a
movement almost explosive in its energy and suddenness, and resulted in the development of
Goldfield, Bullfrog, Manhattan, Wonder, Fairview, and many other new fields, was the dis-
covery, in 1900, of the Tonopah deposits by James L. Butler. In 1901 ore to the value of
$576,145 was shipped from the Tonopah district, and prospectors were not slow in acting upon
this striking demonstration of the fact that the State of N evada, owing largely to its uncom-
promisingly desert character, had hitherto been very inadequately prospected. From Tonopah
as a base prospectors scattered over the desert, and as the size and richness of the new bonanzas
became known the number of explorers increased. Many of these, as well as prospectors of
an earlier generation, must have walked over the low hills which lie east of Montezuma Peak, 24
miles (38.6 kilometers) south of Tonopah. They could scarcely have failed to remark the dark
siliceous outcrops, or combs, which are a notable feature of their topography and must have
suspected the connection of these with ore deposition. How gold ore of such unprecedented
richness, lying so close to the surface in a region of such obvious volcanic and chemical activity,
escaped detection when work was in progress at the old camps of Montezuma, Lida, and Silver
Peak, is difficult to comprehend. The explanation is probably to be found in the fact that the
earlier prospectors were looking for quartz veins of the normal type, particularly for silver-
bearing veins, and finding nothing of value in the projecting parts of some of these curious
rusty “blow outs” concluded that all were barren and passed on to what seemed more promis-
/ing localities. The gold pan was not at that time a recognized part of the outfit of a Nevada
prospector, and the first attempts to use it at Goldfield were not successful because the pioneers
panned the hard quartz broken from the croppings instead of the soft disintegrated material
which in this district generally contains the gold. e :
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A. GOLDFIELD; FROM POINT NEAR THE OLD BLUE BULL SHAFT.

Characteristic ledge outcrops in foreground ; Malpais Mesa behind the town; Montezuma Peak beyond. Looking west.

B. BLACK BUTTE; FROM POINT NEAR McLAUGHLIN’S WELL.

A typical knob of ledge matter rising above the general rolling surface. The white dump at the base of the butte
marks the portal of the main tunnel. To the right of it, extending obliquely up the slope, are the cuts on the
Flat vein.
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It was not until late in 1902 that ‘“float” gold was found on Columbia Mountain by Harry
Stimler and William Marsh. After seeking in vain for the source of this gold the two pros-
pectors worked northward, and on December 2 of the same year located claims on and near the
Sandstorm lode. A brief period of excitement followed their discovery, men thronging into
the district on foot and in wagons and automobiles. No important ore bodies were immediately
uncovered, however; interest flageed ; and all but a few of the more determined or more sanguine
prospectors left the distriet, then known as Grandpa. Stimler and Marsh’s original locations
appear to have lapsed, the ground being afterwards relocated by others. Among those who
remained were A. D. Myers and R. C. Hart, who, on May 24, 1903, located the Combination
lode. These two men had been “grubstaked” by eight others and were under contract with
their backers to do the assessment work. The early locations south of Columbia Mountain
were not based on direct discovery of ore, but were made with the view of securing claims as
near as possible to the point at which gold was first found. They were originally speculative
holdings merely. _ ~

Hart soon sold his interest to T. D. Murphy, who, with Myers, began to develop their prop-
erty. Their pertinacity was rewarded by the discovery of the Combination ore shoot, and to
them and their associates undoubtedly belongs the credit of the real opening of the district.
It was at this time (June, 1903) that J. E. Spurr, then studying the geology of Tonopah, paid
a hasty visit to the district and published a brief note? on the geology, which was supplemented
by a fuller statement ®* made after a second visit in November, 1904.

In October, 1903, after the existence of ore in the Combination ledge had been proved by a
short tunnel, the ground was bonded to the Combination Mines Company for $5,000 in cash and
$70,000 to be paid in later instalments. In the following December this company began the
shipment of ore. Prospecting was activdy 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.

~ With the exception of the Combinatio, all the mines which have attained any importance
were first opened and developed by the leasng system, and so near the surface and so rich were
many of the ore bodies that numbers of tle successful lesses made ample fortunes in a few
months or even in a few weeks. The royaltie; exacted usually ranged from 20 to 30 per cent of
the net value of the ore extracted. At one tme there were six sets of lessees working through
as many shafts on the Jumbo lode. The blocks were from 100 to 300:feet (30.5 to 91.4 meters)
in length, the most productive and best known being that generally referred to as the Bowes-
Kernick lease.

The daily output from all of these workings n August, 1904, was estimated at $10,000, and
the total to the expiration of the leases, early 1n 1905, amounted to considerably more than
$1,000,000. Another famous lease was the Sweenyy lease on the Florence mine, which expired
on January 15, 1905, after a production amountng 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 tie leases just mentioned, was that granted
to B. J. Reilly and associates on No. 1 block of the Tlorence ground. This lease, after having
been successively abandoned by two earlier holders, was taken up by Reilly and his partners in
April, 1905. Ore was found in the following June, bit it was not until August that the true
richness of the body became apparent. In the short tme then available before the expiration
of the term, on October 19, 1905, nearly all of the ore which thelease produced was mined and
hoisted to the surface. The royalties paid to the Florene-Goldfild Mining Company represent
a total output of $475,000. Most accounts, however, gite 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, averaging, according to Mr. Frank Oliver, then
superintendent of the Florence mine, between $6,000 and % ,000 per tor. :

a Bull. U. S. Geol. Survey No. 225, 1904, pp. 118-119.

b Bull. U. S. Geol. Survey No. 260, 1905, pp. 132-139.

¢ The tons referred to in this report are in every case ¢ short tons” of 2,000 pounds. Since tie short ton is equivdent to approximately 0.9 metric
ton, conversion to the metric units is in most cases unnecessary.
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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 characteristic of a new mining district, the
population had somewhat declined.

The completion of a railroad from Tonopah to Goldfield in September, 1905, gave the
district a much-needed improvement in transportation, although freight charges were still
maintained at unduly high figures. Another important event of the year was the discovery of
a large body of rich ore in the Red Top mine, which had not previously been a productive
property. On the whole, the year 1905 witnessed a slight ebb in the tide of prosperity, due to
many causes. The rapid exhaustion of many of the rich shoots worked by lessees and the failure
to immediately find other rich bodies at greater depth aroused forebodings which not even the
record of the Reilly lease could allay. The Jumbo mine, after making fortunes for lessees, was
involved in litigation and became temporarily unproductive. The bottom level of the Combination
mine had been allowed to fill with water and the bottom level of the Florence mine revealed as yet
no shipping ore. New camps, particularly Manhattan, were coming into prominence and were
drawing men away from Goldfield, which under all these circumstances could not avoid some
reaction from the buoyant optimism of the preceding year. The entrance of the Red Top mine
into the rank of producers at the close of the year did much to restore confidence, although no
one yet realized what extraordinary riches still lay concealed within 250 feet (76 meters) of the
surface in the little area of about a quarter of a square mile (0.6 square kilometer) which contained
the Red Top, Combination, January, Jumbo, and Florence mines.

During the first quarter of 1906 no very important changes took place in the general situation
at Goldfield. Several new ore bodies were found and tke discovery of rich ore in the Sandstorm
between the 100 and 150 foot levels proved encouragirg in view of the shallow depth to which
stoping had hitherto been restricted in this mine. The development of the Laguna mine, east of
the Red Top, was begun, and a few tons of low-grade ore were found by lessees on the Mohawk
claim. The various local mills and reduction works were in active operation, including a new
Kinkead mill on Columbia Mountain. The Comdination mill was working 20 stamps and
installing tube mills.

In June differences between the mine ownersand the miners’ union threatened to become
acute, being complicated by the introduction info Goldfield of an organization of labor called
the Industrial Workers of the World. The latier had declared a strike against the Western
Union Telegraph Company which threatened fo involve all the workmen in the district. A
visit of Governor Sparks to Goldfield early in Juie, when he addressed the labor unions, appeared
to avert the threatened trouble, but the spiritof unrest still smoldered.

Ore was first discovered on the Hayes-Monnette lease of the Mohawk in April, 1906, at a
depth of about 250 feet (76 meters). By the end of the first week in June nearly 2,500 tons of
sulphide ore averaging 2.7 ounces of gold per ton had been shipped, and in the following month
the Mohawk ground began to attract much attention and was actively worked by several sets of
lessees. In the early days of the Hayes-Nlonnette lease considerable fruitless work had been
done on the 150-foot level; and there, as hter developments showed, the main drift missed the
great ore shoot by a few feet oniy. In September the ore shoot, there very rich, was opened
from that level, and this one lease block vas soon shipping up to $60,000 worth of ore a day from
two shafts. The original Hayes-Monnette lease covered an area 700 feet (213 meters) long by
373 feet (113 meters) wide. About twe-thirds of this was sold to other lessees who met with less
success than did the original holders o the retained third.

On some of the Mohawk leases the miners were paid $5 for six-hour shifts. Mere wages
in fact counted for little where the srime consideration on the part of the lessee was to raise
as much rich ore as possible in a gven time and where the obvious aim of many employees
‘and others was to stzal the greatet quantity possible. It is reported that miners in some
cases refused $20 a duy on developnent work in order to accept $5 a day with the opportunity
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for illegal perquisites in the Mohawk. The extent to which ‘“highgrading,” or the stealing of
rich ore, went on in 1906 is almost incredible. Two shipments of stolen ore, valued at $60,000
and $150,000 were seized on the cars. Scores of so-called assay offices sprang up, the main
iness of which was the traffic in dishonestly acquired ‘“highgrade.” It has been locally
estimated that over $2,000,000 was stolen from the Mohawk, Red Top, and Jumbo mines alone
to the latter part of 1907. About $250,000 worth of stolen ore is said to have been
recovered in 1906. While these figures may be exaggerated they give some idea of the magni-
tude of the thefts. The report of the Goldfield Consolidated Mines Company for the year
ending November 1, 1907, shows that stolen ore to the value of $30,896.98 was actually recov-
ered between May 1 and October 31, 1907. T. A. Rickard ¢ states that the total steahngs

0 buildings in course of construction. There were 56 mining companies in operation employ-
g 2,250 men. There were 27 leases on the Mohawk, of which 12 were shlpplng ore. The

of $1. Yet, notwithstanding this obvious overcapitalization these shares were quoted at one
ime at $1.80, corresponding to a total valuation of the property of $3,600,000. In October,
)08, the public, with chastened judgment, valued the same chance for finding an ore body

Overcapitalization is not confined to any one company, but is so common as to be generally
accepted as a matter of course. Prospects irrespective of all probabilities are generally capi-
dlized at $1,000,000 from the start, and it & a fair question whether the mines of one or two
the most important companies, in spite of their past productiveness, great known resources,
and reasonable expectations, warrant their very large capitalization. Even at a time of general
inflation, such as that at the close of 1906, some of the most valuable of these stocks did not
reach par, although others having no basis of value other than expectation were quoted at high
premiums. As an investment mining stock during the life of the mine should repay in divi-
dends to its holders the sum invested plus interest calculated at a rate considerably higher
than that customary in well-secured loans. The public, however, in buying mining stock is
influenced as a rule more by the prospect of immediate high returns than by the real value
of the investment. That the speculative side of the transaction should be usually dominant
ollows naturally from the great extent to which chance enters into mining operations, particu-
larly where, as at Goldfield, the ore bodies are both vich and irregular. The buyer expects to
sell at an advance or to dispose of his holdings after the receipt of rich dividends at something
ear their purchase price.

Friction between miners and operators continued through the latter part of 1906, the
vage scale and the problem of preventing ore thefts being prominent subjects of negotiation.
n August an eight-hour day was agreed upon for all wark with rates of $4 and $4.50 for ordi-
nary and $5 to $5.50 for skilled labor. The harmony, howsver, proved transitory. The attempt
of the operators to eliminate stealing by the use of change rooms for the men met with oppo-
sition from the miners and the regulation of wages becane a recurring point of contention.

b Lindgren, W., and McCaskey, H. D., Production of gold and silver in 1907: Mineral Resources U. 8. for 1907, pt. 1, U. 8. Geol. Survey,

L’l‘ha great gold mines: Min. and Sci. Press, vol. 96, 1908, p. 161.
1908, p. 122.
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On November 20, 1906, occurred the most important consolidation of interests yet effected
at Goldfield. The Mohawk, Jumbo, Red Top, and Laguna mines were consolidated under the
title of the Goldfield Consolidated Mines Company, incorporated under the laws of Wyoming and
capitalized at $50,000,000, in 5,000,000 shares, at $10 par value. In this transaction C. D. Taylor
received $1,330,000 for his shares in the Jumbo and Red Top companies, at a rate of $2 a share.
Mr. George Wingfield, who became president of the new corporation, with his associates received
250,000 shares as their commission for effecting the amalgamation. The consolidated company
also secured options on the Combination and January mines, which they subsequently acquired.
The price paid for the Combination mine in March, 1907, was reported to be $4,000,000.

The extent and development of the properties in the initial consolidation are shown in the
following table issued by the company early in December, 1906:

Acreage and workings of consolidated mines.

Mine. ‘ Area. ‘ Shafts. | Drifts. | Crosscuts. ’ Raises. | Winzes.
‘ i
Acres. Feet. Feet. | . Peet. ‘ Feet. Feet.
42,227 3,140 2,710 J 3,715 1,565 465
62. 440 300 1,670 1,545 530 35
18. 690 1,350 2,020 1,025 | 645 125
33.113 WL L | SO0RIE e

Sk L } 6,400 | 6,645 ” 2,740 { 625
|

To the above were subsequently added over 200 acres embraced in the Combination and
January holdings. The production credited to these properties at the time of consolidation is

as follows:
Production of consolidated mines.

Mine. Gross value. | Net value. | Royalties.

JUHEhe Ny O e e e $1,607,342 $813,098 $201, 771

Red Top 308, 515 BT 4y el

Mohawk 4,875,519 3,135,426 705,469
6,791,776 4,208,701 907,240 °

The market value of the Consolidated shares at the beginning of 1907 was about $7. On
November 21, 1907, they were quoted at $3.95. The Hayes-Monnette lease, after surpassing all
records in the district for the value of ore shipped in less than a year’s time, expired on January
11, 1907. According to a statement issued by she Goldfield Consolidated Mines Company, the
output of the Mohawk leases was as follows:

Production of Mohawk leases from April 18 to November 20, 1906.

Lease. Or%olgs(_iry %rlgses_ Net value. | Royalties. | Balances.
Lo SUER SRR s St TN Il SSE L J 20,909 $2, 507,845 $2,038, 398 $458,640 | 81,579,758
e e o S e S 6,422 993, 508 "784,490 | 176,510 | 607,980
A1 AR el ST TN SRS BRI L B RS D ;) T LT 7,466 484, 566 312,538 70,320 242,218
34,707 | 4,075,919 | 3,135,426 | 705,470 | 2,429,956

The foregoing table is not complete, as most of the leases still had from one to two months
to run. The total gross production of the Hayes-Monnette, according to a statement by Mr.
M. J. Monnette in the Goldfield News, amounted to $4,400,000. The gross output for October
alone was approximately $1,300,000. Shipments continued to be made from the dump of this
lease until late in 1907. The average freight and treatment rate on ores shipped to smelters in
1906 was about $23.50 a ton.

Throughout the year 1907 the ree development of the district ¢ontinued to be hampered
by friction between the mine operators and the unions. In April one of the many short-lived

l
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and partial strikes was settled on the reported basis of recognition by the operators of the Western
Federation of Miners and the withdrawal of the organization of the Industrial Workers of the
World from the district. In November the miners refused to accept part payment of their
wages in checks or exchange drafts—an expedient which the employers had adopted in conse-
quence of the exceptional financial conditions then prevailing throughout the country and the
congestion in the smelters of the siliceous Goldfield ores, which prevented prompt settlement
with the shippers. Local samplers, who act as middlemen between some of the mines and the
smelters, were compelled to refuse the purchase of ore or to accept it only upon the understand-
ing that payment therefor might be subject to delay. Under these unusual circumstances most
of the large mines were compelled to store their rich ore or to curtail production.

About 1,900 men struck on November 27. On December 6, at the request of the governor
of Nevada, in view of the fact that the State maintains no militia, 9 companies of federal troops
were ordered into the district from San Francisco and Monterey. No actual violence appears
to have been committed by the strikers prior to the call for troops, but the experience at Cripple
Creek and other mining camps in the West was held by the mine owners to justify the conclusion
that any attempt to reopen the mines with nonunion men would be followed by bloodshed and
by the destruction of property.

On December 9 the Goldfield Mine Operators’ Association announced the following changes
in the scale of wages:

Wages at Goldfield.

| |

[‘ 0ld New. | o1d New.
L e AR B SO e Gl e B S 1 30001800 || Oarpentarss oo o s il e nan gy $7.00 $5.00
T R e R S N 5.00 & 00 Mashinigte "l o mi s e 5.00-6. 00 5.00
Chuck tenders. 4 Enpinears i obe b dendn s R T 5. 00-6. 00 5.00
R T AT VS N 5.00 8.75 [l Eloctrioiampgst .0 0 GRS ARaAR e 7.00 5.00
i e WO I S R g s Blacksmithiato " -t S 0y AT R U S 5.00 5. 50
Top carmen. % 5.00 3.75 || Tool sharpeners............ 5.00 5.00
g e T BRI ERSE e (o0 5.00 4.00 || Blacksmith’s helpers 4.00 4.00
L]0 YT T PSR R SO RS | 5.00 4.50

The new scale, however, was not immediately put into effect. Resolutions were passed,
also, to the effect that no one affiliated with the Western Federation of Miners should be em-
ployed at the mines. 2

Some correspondence was carried on in Decsmber between the governor of Nevada and the
President of the United States concerning the propriety of the call for troops and of their con-
tinued presence in the district. Governor Sparks was urged to call the legislature together, in
order that the State might take steps to maintain order within its boundaries or else formally
call upon the Federal Government for assistance. On December 11 a federal commission con-
sisting of Lawrence O. Murray, Assistant Secretary of Commerce and Labor, Charles P. Neill,
Commissioner of Labor, and Herbert Knox Smith, Commissioner of Corporations, was sent to
the district to investigate the conditions there obtairing. Its members reached Goldfield and
began the taking of testimony on December 15, 1907. In the meantime some of the mines were
reopening with new men or with old employees who rerounced allegiance to the local union.

On December 30 the three commissioners reported their findings to the President.c They
concluded that there had been no justification for the calling of federal troops and that the State
of Nevada should take upon itself the preservation of orde: in the district. On J anuary 4 a part
of the troops was withdrawn, 2 companies being left at Goldfield, On January 14 the state
legislature convened in special session, and on January 16 i\ passed u resolution asking that the
federal troops be allowed to remain until a suitable state orgunization could be effected to police
the district. On January 24 the legislature passed a bill for the creation of a force of state con-
stabulary consisting of a superintendent, an inspector, 25 suberdinate officers, and 250 privates,
and on the same day it requested the Mine Operators’ Assocation of Goldfield to abolish the
card system of employment which discriminated against certain labor organizations. This

a60th Cong., 1st sess., House Doc. 607, 1908.
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request was acceded to, with the result that competency and good repute became the sole
qualifications demanded of the employee. The following rules, copies to be posted at each mine,
were promulgated by the mine owners: i

This mine is to be worked under the open-shop policy of the Goldfield Mine Operators’ Association, hiring and dis-
charging men without regard to whether they do or do not belong to any labor organization, and under the following
rules and regulations:

1. The time of each man on every shift belongs to this company and to no one else.

2. No walking delegate or other representative of any labor organization is to be allowed upon these premises at
any time or for any purpose.

3. No soliciting of membership in any labor organization is to be allowed upon these premises at any time by an
employee of this company or by anyone else.

4. No discussion of labor questions, either for or against unions, or in any way connected therewith, is to be allowed
during working hours, or upon these premises at any time or under any circumstances. ;

5. No employee of this company is to be annoyed or interfered with by any other employee in his work in any
way whatsoever because he may or may not belong to any labor organization, or for any other reason, and all employees
are to work together harmoniously for the best interests of the company. :

6. No employee of this company is to harass, intimidate, or interfere with any working man of the Goldfield min-
ing district because he does or does not belong to any labor organization.

7. All employees are requested to report any violations of these regulations to the management, and any employee
found guilty of violating them, or any part of them, will be immediately discharged and be disqualified from any
further employment by this company.

8. Any outsider violating any of these rules will be immediately ejected from the premises and prosecuted by law
for trespass. ;

On March 7, 1908, the last of the federal troops were withdrawn, and in April the Gold-
field miners’ union declared the strike at an end.

Among the notable events of the year 1907 was the discovery of ore by lessees in the Little
Florence mine, near Milltown, at a point about 600 feet south of the Florence claim, and in the
Rogers lease on the Red King claim. These developments were important in that the new ore
bodies occur in andesite, while the mines which had previously proved so productive are in dacite.
Ore in andesite was found also in the Daisy mine, near Diamondfield. A promising feature of
this year’s development was the considerable depth, from 400 to 500 feet, at which some of the
newly opened ore bodies were found. The Las Vegas and Tonopah Railroad, connecting Gold-
field with the Bullfrog district, was completed in the latter part of October, giving the Goldfield
mines an outlet by way of Las Vegas to the smelters of Utah. A few months later the Tonopah
and Tidewater Railroad also built into the discrict. In this year Goldfield became the seat of
Esmeralda County. '

The year 1908 was mainly a period of sow recovery from the depression of 1907 and of
preparation for extensive operations in the future. The Goldfield Consolidated Mines Com-
pany confined its work chiefly to the dev:lopment of the Mohawk and Combination mines
and to the construction of its 100-stamp mill, on the west face of Sandstorm Ridge, at a cost of
$750,000. The 600-foot level of the Mohawk was opened, and there proved to be a large body
of good ore at that depth. The Florence Company did practically no underground work, but
completed a pipe line and a 20-stamp mil. :

Lessees continued to be fairly active. The Little Florence lease expired on April 26 and
the Rogers Syndicate lease on July 11, 1908. Both were highly profitable. The gross pro-
duction of the Little Florence is estimated at over $1,500,000 ($1,285,000 net) and of the Rogers
Syndicate about $500,000. The suczess of these lessees has led to thorough exploration of
the ground on the east, south, and wrst of Florence Hill and the sinking of more than a score of
shafts in this vicinity to depths rarging from 300 to 500 feet. Ome result was the discovery
of a small, although very rich, ore tody in the Engineers’ lease on the east side of the hill.

On May 1, 1908, the St. Ives Velvet, Potlatch, and Gold Horn mining companies con-
solidated as the Goldfield Merger Mines Company, with a nominal capital of $5,000,000. Up
to the date of consolidation the St. Ives had produced less than $100,000 and the Velvet
probably less than $25,000. i
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The character of the Goldfield deposits is such that endless litigation might easily result
were the law of the apex invoked with the same ingenuity and contested with the same bitter-
ness as in Butte. Fortunately for the district the mine owners have been wise enough to avoid
this danger by compromise or consolidation, A notable example of such foresight was shown
in July, 1908, when the Goldfield Consolidated Mines Company and the Jumbo Extension
Mining Company reached an agreement regarding the Wedge fractional claim of the latter
company, which lies immediately northeast of the Mohawk No. 2 claim. On February 18,
1908, the Jumbo Extension Company and its tenants were enjoined from working the Wedge
claim on the ground that the ore in this fraction had its apex in the property of the Consoli-
dated Company. On July 24 the Jumbo Extension Company deeded the Wedge claim to the
Goldfield Consolidated Mines Company and relinquished to the latter a one-fourth interest in
the Vinegarone fraction, lying immediately northeast of the Red Top claim. On its side the
Consolidated Company recognized existing leases on the Wedge claim and agreed not to claim
more than one-half of any ore that might in future be mined from veins on the Polverde claim
apexing on Consolidated ground. This agreement is creditable to all concerned—to the engi-
neers who established the facts, to the lawyers who interpreted the legal bearing of these, and
to the companies who accepted them. Its ratification deserves to rank as one of the important
events in the history of the district.

According to the secretary of the Mine Operators’ Association, the total number of miners
employed in the latter part of June, 1908, was about 1,800, the monthly pay roll having a total
of $200,000.

PRODUCTION.

The gross production of the Goldfield district from the beginning of mining to the end of
1907 is shown in the following table, the figures being taken from the reports on the production
of gold and silver published by the United States Geological Survey. The silver is calculated
at the average commercial value at New York for each year. As the figures represent gross
output, no deductions have been made for freight, treatment, or loss in smelting.

Production o the Goldfield district.

Gold. r Silver. A
Year. Ore. \ = 3;3 3;1 val ueg
Quantity. l Value. I Quantity. ‘ Value. perdans
. |
Short tons. | Fire ounces. ! Fine ounces. |

1903 335 3,412. 66 $70,670 287 $155 $70, 825 $211. 41
% 433’ 113,293.23 | 2,341,979 19,954 11,374 | 2,353,353 316. 60
19, 548 91087.76 | 1,882,951 8,589 5,188 | 1,888,139 96. 58
59, 628 339,‘590. 20 | 7,026,154 | 15,648 10,484 | 7,036,638 118.00
101,136 406,'56. 16 | 8, 408, 396 | 71,710 47,329 | 8,455,725 83. 61
188,080 954, 46. 01 ‘ 19,730, 150 1 116, 188 ‘ 74,530 | 19, 804, 680 105.29

The decrease in 1905 is accounted for mainly by the expiration of many leases at the close
of that year, by the necessity of more systematic wnderground development by the mining
companies as a preparation for mining on their own account, by the idleness of the Jumbo
mine, which had contributed over $1,000,000 to the p:oduction of 1904, and by the tendency
of the mine owners to hold their ore until railway traxsportation and better milling facilities
should decrease the cost of treatment. The remarkabls revival of successful leasing in 1906,
particularly on the Mohawk No. 2 claim, and the improved facilities for shipping and market-
ing ore are reflected in the greatly increased production far that year.
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The following approximate figures, taken from the current reports of local correspondents
to the mining journals, will give some idea of the size, value, and fluctuations of weekly ship-
ments in the latter part of 1907:

Weekly output from Goldfield, 1907.

Week ending— Tous ot Seaateg ' Week ending— Fom T

July 6. . 3,417 $500,000 |i; Bepbember 20, (... o, 39V, Ll SR NS SRS 3,492 $400, 000
July 13. L b IR T s et Beptember 27 ... . -fc: . i rs oo adel o 4,129 400,
July 20. S g R B TR SRR Qetobar B.: .o ... .00t .0, SRl O EE ie e, ERRGER L AT S
A e PR SRS o AR O T I 3,143 345,250 || October 12. .. S 3,877 382, 000
August 3.. g 3,930 470, 400 L October:19.. (... i 1n - 4R e O e T e R e O el
August 10. 3,709 s October 26. .. 5,390 508, 000
August 17. 3,810 400,000 || November 8. 1,950 204, 850
August 24. .. A R 3,417 350,000 || November 15. . . Vs 4,939 456, 450
P00 s BRSO Lt o e 00 el Vo D Ul A T Sl gt PNt - WoNamber 22 < . . g sus/ « o0 LGl Sl M SO 5,801 674, 200
Septetber 7o c ol il el B L T T 1,566 288, 0000 November 28, .5 . . e Sy 2 sk s ewaa aRes e 3,570 354,230
Sepiemibep Tl e T e me 2 e St 2, 466 290, 000 :

The following statement from the Mining and Scientific Press of November 9, 1907, shows
the sources of the ore treated in the district or shipped from Goldfield during the week ending
on November 3:

Output of Goldfield mines for the week ending Noweml{er 81907,

‘Tons. | Value. ‘ Tons. | Value.

ﬁoﬁawﬁ.c.. gl s e ggg mg,ggg “» By railroad.

chgwk-Combingtions: o co tuis | g Mo Ll 51
Begolelease........... 4 390 | © 29,000 %{ggﬁgﬁ;sé """"""""""""""""""""""" (15258 51(1)2’%
11?]0gers Syndicat i 22 g, ggg [ AT R e R 2

orence. . . ...
Combination m 560 39: 200 3,741 399,700
b o6y T B R IR e St SN e S 140 Ty

Of the 101,136 tons of ore treated in 1907, 17,782 tons, of an average value of $44.90 a ton,
were milled, yielding 434 tons of concentrates, which contained $195,231 in gold and $2,057 in
silver. The 83,354 tons shipped had an average valae of $91.86 a ton.

In June and July, 1908, the estimated value of the weekly shipments of ore and concen-
trates from Goldfield ranged from $175,000 to $200,000. Owing to causes noted in the pre-
ceding historical sketch, the output of the district for 1908 will probably be less than that for 1907.

LITERATURE.

The following list aims to include: (1) Publications of value for a general understanding
of the geology of southwestern Nevada, particilarly those which treat of formations represented
in the Goldfield district; (2) publications descriptive of mining districts in the region adjacent
to Goldfield; and (3) publications containing original and important contributions to our
knowledge of the geology or ores of the Goldfield deposits. Many short papers relating to
the district are not included in any of thesecategories and are therefore intentionally omitted.

(1) WORKS Of THE GENERAL REGION.

Kine, CLARENCE. Systematic geology: U. 8. Ged. Expl. 40th Par., vol. 1, 1878.
Contains a wealth of information on the geologic development of the whole region of which the Goldfield
district is a part.
SpUrg, J. E. Descriptive geology of Nevada sotth of the fortieth parallel and adjacent portions of California. Bull.
U. 8. Geol. Survey No. 208, 1905.
Deals with the generalregion and may }e regarded as supplementary to the work of King.
Barr, S. H. A geologic reconnaissance in saithwestern Nevada and eastern California. Bull. U. 8. Geol. Survey
No. 308, 1907. .
A further development and extensionof the reconnaissance work begun by Spurr in 1899 (Bull. U. S. Geol.
Survey No. 208, 1903).
The post-Jurassic igneous rocks of sathwestern Nevada. Jour. Geology, vol. 16, 1908, pp. 36-45.
Describes the petrography and relatbnships of the intrusive granular rocks of pre-Tertiary age.
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(2) DESCRIPTIONS OF MINING DISTRICTS IN THE GOLDFIELD REGION.

Spurr, J. E.  Ore deposits of Tonopah and neighboring districts, Nevada. Bull. U. S. Geol. Survey No. 213, 1903,
pp. 81-87.
Describes Southern Klondike, Silver Peak, Gold Mountain, and Hennepah districts. The Goldfield deposits
were not yet known.
The ore deposits of Tonopah, Nevada. (Preliminary report) Bull. U. S. Geol. Survey No. 219, 1903.
Preliminary report on the ore deposits of Tonopah, Nevada. Bull. U. S. Geol. Survey No. 225, 1904, pp. 89-110.
Ore deposits of Silver Peak Quadrangle, Nevada. Bull. U. 8. Geol. Survey No. 225, 1904, pp. 111-117.
Developments at Tonopah, Nevada, during 1904. Bull. U. 8. Geol. Survey No. 260, 1905, pp. 140-149.
Geology of the Tonopah mining district, Nevada. Prof. Paper U. 8. Geol. Survey No. 42, 1905.
The ore deposits of the Silver Peak quadrangle. Prof. Paper U. S. Geol. Survey No. 55, 1906.
Bawr, S. H. Notes on ore deposits of southwestern Nevada and eastern California. Bull. U. S. Geol. Survey
No. 285, 1906, pp. 53-73. 4
Ransoms, F. L. A preliminary account of Goldfield, Bullfrog, and other mining districts in southern Nevada; with
notes on the Manhattan district by W. H. Emmons and G. H. Garrey. Bull. U. 8. Geol. Survey No. 303, 1906.
Tarr, H. H. Notes on southern Nevada and Inyo County, California. Trans. Am. Inst. Min. Eng., vol. 37, 1907,
pp. 178-197.
Chiefly historical and descriptive of mining development and some notes on geology.

(3) PAPERS ON THE GOLDFIELD DISTRICT.

Spurgr, J. E. Notes on the geology of the Goldfield district, Nevada. Bull. U. 8. Geol. Survey No. 225, 1904,
pp. 118-119. :
Notesoccurrence of alaskite and rhyolite on Columbia Mountain, and describes their intrusion into dark siliceous
sediments. Best assays then obtained (June, 1903) were $50 a ton.
The ores of Goldfield, Nevada. Bull. U. 8. Geol. Survey No. 260, 1905, pp. 132-139.

Describes conditions in November, 1904. Gives additional notes on geology. The peculiar shape of the deposits
and their mineralogical character are described in some detail. The ledges are regarded as products of meta-
morphism by hot ascending water.

Moorg, CEARLES J. The Goldfield mining district. Goldfield News, April 21, 1905.

Of interest as an early effort to interpret the geology of the district.

WincaeLL, Horace V. Notes on Goldfield, Nevada. Am. Geologist, vol. 35, 1905, pp. 382-385.

Describes the ore deposits as silicified rhyolite dikes. Recognizes the evidence of solfataric action.

Bosaqui, Fraxcis L. Ore treatment at the Combination mine, Goldfield, Nevada. Min. and Sci. Press, vol. 93,
1906, pp. 413-415 and 451-454.

An excellent description of processes employed, with results and costs.

Tarr, H. H. Notes on southern Nevada and Inyo County, California. Trans. Am. Inst. Min. Eng., vol. 37, 1907,
pp. 178-197.

Chiefly historical and descriptive of mining development with some notes on geology.

Hasrings, J. B., and BERkEY, C. P. The geology and petrography of the Goldfield mining district, Nevada. Trans.
Am. Inst. Min. Eng., vol. 37, 1907, pp. 140-159.

Presents a good account of the rocks and shows their distribution by a sketch map. The paper errs in citing
Columbia, Knickerbocker (Preble), Black Cap, and other hills as volcanic necks or cones, and contains scant
information on the age and structural relations of the various rocks.

RansouMg, F. L. A preliminary account of Goldfield, Bullfrog, and other mining districts in southern Nevada; with
notes on the Manhattan district by W. H. Emmons and G. H. Garrey. Bull. U. 8. Geol. Survey No. 303, 1906.

Coruns, E. A. The Combination mine. Min. and Sci. Press, vol. 95, 1907, pp. 397-399 and 435-438.

History of mine and methods of mining and treating the ore. Describes general character of the ore bodies.

Raxsoue, F. L. The association of alunite with gold in the Goldfield district, Nevada. Econ. Geology, vol. 2, 1907,
pp. 667-692. :

Describes the alteration of the dacite in connection with ore deposition. Establishes the abundant occurrence
of alunite as a characteristic mineral of the ores and altered country rock, and discusses the genesis of the deposits.

SEarwooD, W.J. Gold tellurides. Min. and Sci. Press, vol. 94, 1907, pp. 731-732.

Drawings of thin sections showing relations of telluride, gold, and quartz.

BrownE, R. Stuart. Cyanidation in Nevada. Min. and Sci. Press, vol. 95, 1907, p. 677.

Proposes to treat Goldfield ores by dry crushing, roasting, and final leaching with cyanide solution.

Rickarp, T. A. Goldfield, Nevada. Min. and Sci. Press, vol. 96, 1908, pp. 539, 664, 738, 774, 840.

General notes on the district. The articles on the history of the district, on the moral effect of rich ore, and
on metallurgical development are particularly good. )

BrckER, ARNoLD. Geological possiblities at Goldfield. Min. and Sci. Press, vol. 96, 1908, p. 846.

An attempt to show that there is a second sheet of dacite below the one in which the rich Mohawk ore bodies
occur and that this lower sheet may prove productive. The supposed lower dacite does not exist.
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King, Locrier M. Cyanidation in N evada. Min. and Sci. Press, vol. 96, 1908, pp. 123-126.
Advocates dry crushing, roasting, and cyanidation of crude ore,
Kirsy, A. G. Cyanidation in Nevada, Min. and Sci. Press, vol. 96, 1908, pp. 836-839.
Describes mill tests on Combination and Mohawk ores. Believes that ores can be more economically treated
by wet crushing, amalgamating, concentrating, and then roasting and cyaniding the concentrates in the district,
than by roasting and cyaniding the crude ore.

GEOGRAPHIC NAMES.

A search for geographic names to distinguish successive eruptions of lava of the same
petrographic character (there are in the district, for example, five rhyolites of different age)
soon-showed how few names in local use were available for this purpose. It became necessary
to apply names to certain topographic features in order that the rocks typically developed at
these localities might be appropriately designated. The difficulty of finding English names
which are appropriate, and which can at the same time be fitly applied to geologic formations,
becomes evident on trial. In names chosen from the Spanish the ordinary meaning of the
words is less obtrusive, and it is possible to find terms which are appropriate, euphonious, and
easily pronounced. The following list shows the new names employed in this report, with
their derivation and usage:

Names applied in this report to topographic features.

Name. Derivation and comment,. Geologic use.
Malpais Mesa............ Spanish mal pais (mil pah-ees’), bad country, Po%m.larly pronounced mil”-a-pi. | Malpais basalt.
l“gf feature, ere called Malpais Mesa is locally referred to as “the Malapai’ or
‘““the mesa.’
Spearhead Point....._...| Refers to hape obpoing oy o s e Sl B e Spearhead rhyolite.

Pozo Canyon. . -| Spanish pozo, well. Refers to fact that a well in this ravine was formerly the chief | Pozo formation (sedimentary).
source of water for Goldfield.

Mira Mountain -| Spanish mire (mee’-ra), look!; behold! Refersto view of Goldfield from thesummit.| Mira basalt.

Meda Pass..... = rom Goldfield Meda Mining Co., whose claims cover the pasg s Meda rhyolite.

Chisps Hills.... .. o002 S%a.ﬂish chispa, sparkle. Refers to the sparkling black mica on the surface of the | Chispa andesite,
ills.

Espina Hill............. Spanish espina (es-pee’na), spine. Refers to shaps of BIIL | < Lia sl ai e Espina breccia.

Morena Ridge........ .. Spanish morena (mo-ray’-na), brown. Refers to color of the rhyolite ......... .. | Morena rhyolite.




CHAPTER IL
PRELIMINARY OUTLINE OF THE GEOLOGY AND ORE DEPOSITS.

This chapter is not intended as a complete synopsis of the whole report. Its function is to
give the reader such a preliminary and general view of the field as will enable him to follow
more readily and, it is hoped, with greater interest, the ampler exposition of the succeeding
chapters.

The geologic structure of Goldfield, compared 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 lake sediments resting upon a foundation of ancient granitic and meta-
morphic rocks. The erosion of this flat dome has exposed the pre-Tertiary rocks at a number
of places in the central part of the district and these outerops are surrounded by wide concentric
zones of successively younger formations. Some of the later lavas were erupted after the dome
had been elevated and truncated.

The oldest rocks exposed in the district are found on Columbia and Vindicator mountains,
and from Columbia or Goldfield are particularly noticeable as conspicuous dark patches on the
southern slope of the former peak. 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 microscopic black particles, probably carbonaceous, and the sandstone to hard, vitreous
quartzite. These beds are probably Cambrian. :

The metamorphism is apparently due to the intrusion into these sediments of masses of a
granitic rock composed essentially of quartz and orthoclase, a type for which Spurr has proposed
the name alaskite. This rock is well exposed on Columbia Mountain and makes up a large
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 decomposed and scarcely noticeable, but northeast of the summit of Vindicator Moun-
tain the alaskite mass grades into a biotite granite.

The alaskite was probably intruded at about the close of Jurassic time. It is certain that
this event 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.

The sequence of Tertiary eruptions as exemplified by the rocks of the Goldfield district is
given in the following list, the oldest rocks being at the bottom. To prevent confusion between
rocks of like petrographic character erupted at different periods, recurrent kinds are distinguished
by local geographic terms derived from places at or near which the corresponding rocks may
be seen.

aThe word domal (from the Latin domus, a house) which means ‘“belonging to a house” was originally an astrological term, but was later
applied to the roof-like planes of certain crystal forms. It has unfortunately slipped into some currency in geologic literature as a substitute
for domical, which is the correct adjective in reference to a dome and is analogous to conical, spherical, and cubical.
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Sequence of the Tertiary eruptions.

S AL e s e 2 I RS e s R e N S
Formation or map ‘ i
name. r Petrographic name. Occurrence.

| T o SO el Y M 1 A T RS
Malpais basalt...... ... ’ Doleritecl oo V" op Flow or flows, with a few small intrusions.
Rabbit Spring formation._ | Breccia, conglomerate, and sandstone..| A variable and for the most part thin deposit; probably fluviatile.

Spearhead rhyolite....... L Balife v Sefly TR TR Flow or flows.
Pozo formation... .. ... | Conglomerate . Lo 0 Le T T Fluviatile deposit. Conformably underlies Spearhead rhyolite and unconform-
' ably overlies the Siebert formation.
Siebert formation.. ... . | Conglomerate, sandstone, tuffs, and | Lake beds.
| _diatomaceous earth.
Mirabasalt.. .. ........ Quartz-bearing doleritic basalt........ Flow intercalated in Siebert formation.
Siebert formation.. .. ... Conglomerate, sandstone, tuffs, ete. ...| Lake beds.
Espina breceia...... ... __| Dacitic breceia. . ... --| Roughly bedded deposit.
Andesite breceia.........| Andesite breceia, --| Roughly bedded pyroclastic deposit.
Meda rhyolite....... ... .. Rhyolite...... .. Flow.
Dacite vitrophyre...... . Dagcite vitrophyre. . . 518 Do.
Chispa andesite. . s jimdesite ;T T U --| One or more flows in the dacite vitrophyre.
Dacite vitrophyre -1 Dacite vitrophyre._ ... 1171 Flows.
Dgalte. . SO0 Gl PR AN s Sheet-like and irregular intrusive masses passing into flows and breccias east of

| the area mapped.
Milltown andesite......_. ’ RABET e s R e Mainly flows, but with some dikes and intrusive masses and with some tuff and
: breceia. Locally includes some effusive basaltic rocks which are not exposed
‘ at the surface.
Morena rhyolite...... . . Rhyolite -.| Intrusive masses.

Sandstorm rhyolite .| Flows.

Kendall tuaffi 50 T Obscurely bedded and in part lenticular deposits closely associated with the
Sandstorm rhyolite.

Latite.........._,.. Flow.

Vindieator rhyolite Do.

A few dikes of uncertain position in the sequence are not included in the foregoing list.

The Vindicator rhyolite rests on Cambrian sediments and alaskite on the flanks of Vindi-
cator Mountain and on the summit of Columbia Mountain. Much of it is greatly altered and
contains abundant alunite.

The latite, as may be seen from Plate II, occupies an area a little over 2 miles (3.2 kilo-
meters) in diameter in the center of the district, and a smaller area south of Columbia. Tts
characteristic features may be well seen in the vicinity of McLaughlin’s well, on Banner Moun-
tain, and on the southern edge of the town of Columbia. The rock, nowhere fresh, is normally
dull purplish or greenish gray. A spotted or mottled appearance, due to flow brecciation, is
rather characteristic and is well shown on a small hill half a mile north of the summit of Banner
Mountain. The freshest obtainable specimens of the latite show phenocrysts of feldspar, horn-
blende, and mica in a compact, streaky groundmass that was evidently once a glass with well-
marked flowage lines. As g rule, the latite, when it has not been subjected to the intense local
alteration connected with ore deposition, may be distinguished from the later andesitic rocks.
by the absence of fresh phenocrysts and the peculiar streakiness of its groundmass, which
resembles the groundmass of a rhyolite rather than that of most andesites.

The rock is a flow resting generally upon a clean and rather uneven surface of alaskite and
Paleozoic sediments, although on Vindicator Mountain it rests in part on the oldest rhyolite.
Its thickness is not known, but is clearly variable, as on Columbia, Mountain the succeeding
rhyolite rests directly upon the alaskite. The maximum thickness is tentatively estimated at
300 feet (91 meters); it may be considerably more.

Overlying the latite, or resting on the pre-Tertiary rocks where the latite is absent, is a.
series of thin, glassy rhyolite flows which is best developed in the rounded white hills northwest
of Columbia Mountain. This, the Sandstorm rhyolite, is closely associated with pale greenish
tuffs (Kendall tuff) of mingled latitic and rhyolitic character and is cut by masses of intrusive
Morena rhyolite. The effusive rhyolite is usually nearly white, has conspicuous flow lami-.
nation, 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, which gives the rock when somewhat
weathered a deceptive resemblance to indurated clay shale. 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 McLaughlin’s well.
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The Kendall tuff associated with these early rhyolitic eruptions may be best examined
along the southwest base of Columbia Mountain and directly west of the Kendall mine. Under-
ground it is exposed in the west workings of the 100-foot level of this mine.

The intrusive or Morena rhyolite that forms Morena Ridge extends north from the summit
of Columbia Mountain to the Adams mine and cuts the shaly Sandstorm rhyolite at the
Conqueror mine.

After the eruptions of the earlier rhyolites the region was covered with successive flows
of andesite, accompanied by subordinate layers of andesitic tuff. The products of these erup-
tions, the Milltown andesite, constitute the most extensive formation in the district. (See
P1.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 800 feet (183
and 244 meters).

The dacite, whose eruption followed the andesitic period, is in many respects the most
interesting rock in the district and is very important from an economic point of view. It
occupies, as may be seen by reference to Plate II, a considerable area east of Goldfield and
Columbia and is the principal country rock of the larger mines. This mass appears to be an
intrusive sheet about 700 feet (213 meters) in maximum thickness, but in most places much
thinner. :

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 body, as may be seen from
Plate IT, makes up a large part of Preble Mountain, where it is probably intrusive into the
Milltown andesite. East of the area mapped, however, the dacite is undoubtedly effusive and is
associated with volcanic breccia. Smaller masses of dacite occur southeast of Black Butte and
in the central part of the district.

Mineralogically 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 Spurr in his report on the
Tonopah district.®

Contemporaneously with, or shortly after, the dacite intrusion a rock classed as dacite
vitrophyre 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 is in most places a porous light-gray or greenish
rock with abundant glistening scales of black mica and phenocrysts of fresh plagioclase. The
dacite vitrophyre is associated with one or more intercalated flows of andesite (Chispa andesite).
The eruption of the dacite vitrophyre was followed by a flow of rhyolite (Meda rhyolite) and
by eruptions of andesitic breccia.

After these eruptions the region was covered by an extensive body of fresh water in which
were laid down 1,000 feet (305 meters) or more of bedded conglomerates, tuffs, tuffaceous sands,
pumiceous ash, and diatomaceous earth. These deposits 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 Malpais Mesa
southwest of town and are well exposed in the steep bluffs of Pozo Canyon. The beds here dip
generally westward at angles ranging from 25° to 30°.

As dacite vitrophyre and associated flows are present beneath the lake beds in only a small
part of the district, and as the formation of the lake indicates some change in the configuration
of the region, there is at least a suggestion of erosion between these eruptions and the lacustrine
condition. Volcanism continued active during the existence of the lake, as is shown by the
prevailingly volcanic nature of the sediments and the occurrence within them of a thick flow
of quartz-bearing basalt (Mira basalt) and thin flows of glassy rhyolite The Mira basalt, as
shown by wells, underlies the southwestern ‘part of Goldfield and is exposed on the automoblle
road to the Bullfrog district.

@ Spurr’s reasons for using the name dacite for rocks which strictly should receive other names are given in Geology of Tonopah mining district,
Nevada: Prof. Paper U. S. Geol. Survey No. 42, 1905, p. 59, footnote.
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In the eastern part of the district, northeast of Preble Mountain, are some bedded breccias
and tuffs from 200 to 300 feet (61 to 91 meters) in present thickness. They rest upon dacite
and andesite and are made up largely of fragments of these rocks, particularly of dacite mingled
with abundant fragments of volcanic glass and some sandy tuffs. These beds, the Espina
breccia, are possibly of the same age as the lake beds just described. ~

The dacite vitrophyre is cut by dikes of andesite. Whether these were erupted before,
during, or after the lacustrine episode is not determinable. »

Lacustrine conditions were ended by uplift of the region, the domical structure being then
initiated. After the lake beds had been beveled by erosion and entirely swept away from the
central part of the district eruptions of rhyolite lavas again began.

The latest rhyolite, called the Spearhead rhyolite, is a light-pink or pale-green rock, rather
porous and containing abundant pumiceous fragments. It comprises two flows about 100 feet
(30 meters) in total maximum thickness, which are exposed in the bluffs southwest of Goldfield.
It 1s this rock that is quarried for building stone at Rabbit Spring. The rhyolite is in some
places overlain by a few feet of unconsolidated tuffaceous sand and volcanic gravel, called the
Rabbit Spring formation. ,

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
Malpais Mesa southwest of town, and has accordingly been given the local designation of the
Malpais basalt. It also forms the summit of Myers Mountain, Blackcap Mountain, and of
several hills south and east of the area mapped. The larger areas of this rock represent rem-
nants 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 may fill
orifices through which the basalt reached the surface to spread out as flows.

The eruption of the Malpais basalt was followed by a period of erosion which, varied by

slight deformations of the rocks, has continued to the present.
: There is no paleontological evidence upon which to assign the Tertiary formations at Gold-
field to the recognized series of that system. For reasons later presented the prelacustrine
volcanic rocks are provisionally regarded as Eocene, the lacustrine formations as Miocene, and
the postlacustrine formations as Pliocene.

The sulphide ores of the Goldfield district are of complex mineralogical character, native
gold and pyrite being accompanied by minerals containing copper, silver, antimony, arsenic,
bismuth, tellurium, and other elements. In some ores the gold occurs free in fine particles,
which as a rule are so closely crowded together in the characteristic flinty quartz gangue as to
form yellow bands or blotches. The associated minerals are pyrite, marcasite, bismuthinite,
a reddish gray cupriferous mineral which appears to correspond more nearly to famatinite
than to any other known species, and a new cupric sulphantimonite, which has been named
goldfieldite. A concentric crustification is highly characteristic of the richest ores, fragments
of silicified, alunitized, and pyritized rock being covered by shells of gold and sulphides.

The most notable features of these ore bodies are their remarkable richness and their
equally remarkable irregularity. The ores are almost without exception associated with craggy
outerops of silicified voleanic rock, although only a very small proportion. of these outcrops,
which are extraordinarily numerous and constitute the most striking superficial features of
the district, have been found productive. Associated with the silicification other processes of
locally intense alteration, especially the formation of alunite, 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 fissur-
ing, 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 and alunitic material. Some of these probably represent intense alteration at the
point of intersection of two or more inconspicuous approximately vertical fissures. Others
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wre erosion remnants of nearly horizontal silicified zones and, as in the case of Black Butte,
merely cap the hills whose summits they form. :

The most important ore bodies thus far found are in dacite, although some small, very
rich pay shoots have been discovered in the Milltown andesite.

Oxidized ores have supplied a large part of the gold produced during the first two or three
years of exploitation, and in some mines, particularly the Sandstorm and Kendall, which are
n rhyolite, 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
sarthy mixtures of no definite mineral composition. Some of the rich ore, as in the Sandstorm
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 (25 millimeters) in length, is abundant in this ore. In the 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. In some specimens these scales form pseudomorphs
after bismuthinite. They are usually a sign of rich ore, but are occasionally found in low-
orade or barren material. In the mines at Black Butte the richest oxidized ore usually shows
little greenish-yellow specks of a ferric tellurite, either emmonsite or durdenite, and tellurite,
the oxide of tellurium, was noted in a partly oxidized telluride ore from ‘the Goldfield-Belmont
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 are not common. :

The time of deposition of the ores is not definitely known, but was probably Pliocene.
They were deposited from acidified solutions and the deposits now exposed are believed to have
been at no time covered by more than 1,000 feet (305 meters) of rock.



CHAPTER IIL

DESCRIPTION OF THE PRE-TERTIARY ROCKS.
CAMBRIAN SHALE.

The ‘oldest rocks exposed in the Goldfield district are certain dark, fine-grained, and thin-
bedded sediments forming parts of Columbia and Vindicator mountains. Those on Columbia
Mountain are most conspicuously displayed on the southwest slope, appearing as dark patches
which, by their contrast with the light-hued alaskite and rhyolite, constitute a striking feature
of the hill as seen from Goldfield or Columbia. In Plate V, A, which is a view of Columbia
Mountain from a point between the two towns, this difference in shade is much less evident than
in the actual view. :

The individual beds are thin, most of them less than 4 inches thick. The material is
prevailingly aphanitic and of a dense flinty texture. The color is gray, so dark as to appear
nearly black when seen in mass. The microscope shows that these beds are now composed of a
fine crystalline aggregate of quartz containing abundant opaque black microscopic particles,
which are probably carbonaceous, and some minute crystals of pyrite. It is the presence of
these inclusions that gives the rock its dark color. Some specimens show tiny grains and
veinlets of a colorless anhedral mineral which has not been definitely determined, but which has
. the general optical characteristics of zoisite.

This is the rock referred to by Spurr ¢ as ‘“jasperoid’’ and regarded by him as probably
a silicified limestone. While such a derivation is not impossible it is thought more probable-
that the rock was originally a siliceous shale containing considerable organic matter and probably
some calcite. On the south slope of Columbia Mountain these dark flinty shales are interbedded
with a few thin layers of quartzite. '

The shales occur in comparatively small masses which have been intruded by alaskite.
The original terrane of which they once formed a part has been greatly disrupted by the act of
intrusion, and it is doubtful whether any extensive remnants remain beneath the Tertiary
volcanic rocks of the Goldfield district. The visible bodies of shale in Columbia and Vindicator
mountains probably rest upon alaskite in intrusive contact. Their internal structure therefore
has little bearing upon the present tectonic features of the region. It is sufficient to say that
the beds have been greatly disturbed by the alaskite intrusion. Those on the west slope of
Vindicator Mountain have a general strike of N. 20° W. and dip west at an angle of 75°.
Whether this attitude represents folding prior to the granitic invasion there is no means of
telling.

No fossils have been found in these shales and the only local clue to their age is the fact
that they constitute a part of the eroded floor upon which the Tertiary rocks accumulated.
The studies of H. W. Turner,? J. E. Spurr,® and S. H. Ball¢ have shown, however, that north,
west, and south of the Goldfield district are extensive areas of sedimentary rocks referable to
the Cambrian period. These rocks are represented in the Southern Klondike district, 14 miles
(22.5 kilometers) north of Goldfield; in the Silver Peak Range, of which Montezuma Peak, 7
miles (11 kilometers) west of Goldfield, is a spur; and in some hills just east of the halfway
station, 6 miles (9.6 kilometers) south of Goldfield, on the stage road to Lida. Cambrian fossils

a Geology of the Goldfield district, Nevada: Bull. U. S. Geol. Survey No. 225, 1904, p. 119. The ores of Goldfield, Nevada: Bull. U. S. Geol.
Survey No. 260, 1905, p. 133.

b Silver Peak folio (unpublished).

¢ Descriptive geology of Nevada south of the fortieth parallel: Bull. U. 8. Geol. Survey No. 208, 2d ed., 1905, pp. 184-185.

4 A geologic reconnaissance in southwestern Nevada and eastern California: Bull. U. S. Geol. Survey No. 308, 1907.
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have been found at Silver Peak,® at Lida? near Cuprite® (about 16 miles (25.5 kilometers)
south of Goldfield), and at a locality 4 miles (6.5 kilometers) west-northwest of Montezuma
Peak.d These Cambrian rocks comprise, according to Ball,¢ fine-grained dark limestone, shale,
and quartzite, the shale and limestone in the Silver Peak Range being interbedded and grading
one into the other. As shown in Plate IV, which is compiled chiefly from the geologic map
(PL. I) accompanying Ball’s report, the situation of Goldfield with reference to the areas of
Cambrian rocks which partly encircle the district is such as to render it reasonably certain that
the metamorphosed beds of Columbia and Vindicator mountains are also Cambrian. They are
regarded as probably metamorphosed remnants of the shaly beds belonging to that period as
represented in the Silver Peak Range and elsewhere in this general region. i

ALASKITE AND GRANITE.
DEFINITION.

The name alaskite was proposed by Spurr” in 1900 to designate the group of holocrystal-
line quartz and alkali-feldspar rocks to which the name aplite had previously been rather
loosely applied by most petrographers. Aplite, however, had come into wide use as a textural
term applied to rocks of many kinds, usually occurring as dikes, and the name no longer had
any precise mineralogical significance. Rocks of granitic texture and habit, consisting essen-
tially of quartz with orthoclase or other alkali feldspar, have proved to be so widespread and
to constitute such important masses, particularly in Nevada, that Spurr’s proposal is amply
justified. The name alaskite is already familiar to the mining imen of that State.

By the addition of black mica alaskite may grade into biotite granite (granitite), a transi-
tion which, as will presently be shown, is exemplified in the Goldfield district. In a simple field
classification the alaskite might properly be called granite, this name in such usage designating
any quartz-feldspar rock of visible and even grain. '

DISTRIBUTION.

As may be seen from the geologic map (PL. II) the principal exposures of granitic rocks are
in the central part of the district, especially in the vicinity of Columbia, Vindicator, and Banner
mountains. Two exceptional occurrences deserve mention, although they are too small to’
appear on the map. One mass, discovered in a prospect on the north slope of Black Butte,
is apparently a block a few feet in diameter, inclosed in andesite. The other mass, the visible
portion of which is about 10 feet (3 meters) in diameter, occurs in the northwestern corner
of the area mapped in Plate II, close to the small patch of rhyolite crossed by the line of the
electric power company in section 15. This also may be a loose block, as it is surrounded by
the sedimentary deposits belonging to the Siebert formation, which is probably some hundreds
of feet thick at this point. This supposition seems more probable than the alternative one,
that the mass is the top of a sharp alaskite hill projecting through the sediments. The trans-
portation of large blocks of pre-Tertiary rock by the lava flows which inundated the district at
several periods in its later geological history is not inherently improbable. Underground,
alaskite has been cut in the Sandstorm mine on the 400-foot level, about 290 feet (88 meters)

southeast of the shaft.
PETROGRAPHY.

The rock of the Columbia Mountain areas is evenly granular, consisting wholly, so far as
can be seen without the microscope, of xenomorphic? crystals of quartz and feldspar. The

a Walcott, C. D., Second contribution to the Cambrian faunas of North America: Bull. U. 8. Geol. Survey No. 30, 1886, p. 38.

b Spurr, J. E., Descriptive geology of Nevada south of the fortieth parallel: Bull. U. S. Geol. Survey No. 208, 2d ed., 1905, p. 185.

¢Ball, 8. H., A geologic reconnaissance of southwestern Nevada and eastern California: Bull. U. 8. Geol. Survey No. 308, 1907, p. 66.

d Ball, S. H., op. cit., p. 57.

e Op. cit., pp. 51, 56, 66.

F Classification of igneous rocks according to composition: Am. Geologist, vol. 25, 1900, pp. 229-232.

¢So far as practicable the textural terms applied to rocks in this report are thosé proposed or recommended by Cross, Iddings, Pirsson, and
‘Washington in their paper ‘“The texture of igneous rocks’’ (Jour. Geology, vol. 14, 1906, pp. 692-707). S
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average diameter of the grains is rather less than 5 millimeters, although some of the feldspar
crystals are occasionally larger and show a slight tendency toward porphyritic development.
The prevailing color is light reddish, the tint being due to microscopic flecks of hematite in the
feldspars. Some of the rock, however, is nearly white.

Thin sections show that over 95 per cent of the rock consists of quartz and microperthitic
orthoclase. In addition to these minerals there is a little sodic oligoclase and small scattered
plates of what was probably once biotite, but is now an aggregate of a faintly greenish mica
with the birefringence of muscovite, and epidote. The feldspars are fairly fresh and the rock
has undergone no appreciable dynamometamorphism since its original solidification. It is a
typical alaskite.

The alaskite of Columbia Mountain is cut by occasional aplitic dikes of lighter color and
finer grain than the mass of the rock. Such of these as were microscopically examined show
essentially the same mineralogical composition as the alaskite, although oligoclase is perhaps a
little more abundant in them. v

The main mass of Vindicator Mountain is composed of a moderately coarse reddish alaskite,
closely resembling that of Columbia Mountain and made up chiefly of quartz and orthoclase.
In many places the rock is silicified or kaolinized. On the eastern slope of the mountain the
alaskite passes gradually into biotite granite. This granite, which is well exposed along the
road half a mile (0.8 kilometer) northeast of the summit of the mountain, shows a pronounced
tendency toward a porphyrtitic texture, large rounded anhedral crystals of quartz and orthoclase
being closely crowded in a rather fine-granular groundmass consisting of the same minerals
with oligoclase and biotite. Some of the quartz crystals show the embayed outlines character-
istic of granite porphyries. Much of the granite is considerably decomposed, the biotite being
altered to chlorite and epidote. The latter mineral has also developed extensively in the
feldspars. Titanite and zircon occur as accessory minerals.

A similar porphyritic variety, really a granite porphyry, is exposed in a shaft which goes
through Vindicator rhyolite into the granite at a point half a mile (0.8 kilometer) east of the
summit of Vindicator Mountain. This facies has a reddish tint from the abundant phenocrysts
of red orthoclase. The other visible crystals are quartz and small dull greenish specks, evidently
in part hornblende. The microsope shows large turbid crystals of microperthitic orthoclase,
rounded and embayed ones of quartz, some automorphic green hornblende, abundant pseudo-
morphs of chlorite and epidote after biotite, some irregular grains of titanite, and a little
plagioclase. There is also some pyrite. The orthoclase shows incipient sericitization.

The alaskite of Vindicator Mountain, particularly on the ridge south of the summit,
contains numerous small dikelike masses of an aphanitic rock which has a much-altered
-and bleached appearance. The microscope shows a compact aggregate of quartz and other
secondary minerals with no recognizable igneous characteristics. The masses may possibly
represent rhyolitic dikes but their original character can only be surmised.

The rock of the various smaller areas shown on the geologic map (PL II) is in most cases
too decomposed for satisfactory microscopical study. Most of them are composed of typical
alaskite, with no mica. Biotitic facies occur, however, in the masses exposed north of Banner
Mountain and east of Vindicator Mountain. :

GEOLOGIC RELATIONS.

The alaskite and granite are intrusive into the Cambrian shale. (See Pl. V, B.) The
intruding magma appears to have been highly viscous and some of the exposures on Columbia
Mountain indicate that the alaskite had in some places solidified in contact with the shale
before the general movement of the magma had ceased. In other words, the contact, while
clearly of intrusive character, is accompanied by brecciation of both shale and alaskite. What-
ever rocks may have overlain the shale at the time of intrusion were removed by erosion prior
to the outbreak of Tertiary volcanism. The opening of that epoch found the Goldfield region
eroded to a tract of low relief floored with alaskite and granite, within which lay a few residual -
patches of Cambrian shale.
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A. COLUMBIA MOUNTAIN; FROM THE SOUTH.

The top of the mountain is Vindicator rhyolite. The two sharp knobs at the right are silicified dacite. Dark areas
near the base of the mountain are Cambrian shale.

B. CAMBRIAN SHALE (DARK ROCK) CUT BY ALASKITE (LIGHT ROCK).

South slope of Columbia Mountain.
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AGE.

The age of the alaskite and granite intrusion is not definitely determinable from local
relations. These indicate merely that the rock is post-Cambrian and is older than the Tertiary
eruptives. Clarence King® many years ago advanced the opinion that the ranges of western
Nevada and the Sierra Nevada are of contemporaneous origin and that their granitic intrusions
are of early Cretaceoug age. The post-Jurassic age of the Sierra Nevada batholith has long
been well established, and the reconnaissances made by J. E. Spurr® and S. H. Ball ¢ with the
study of the Humboldt| region by G. D. Louderback ¢ all support the view of King as to the
contemporaneous age of the principal granitic intrusions of the Nevada ranges. The alaskite
of the Goldfield district| can therefore be considered with some confidence as belonging to the
early Cretaceous period.

aU. 8. Geol. Expl. 40th Par., vol. 1, 1878, pp. 733-754. .

b Descriptive geology of Nevada south of the fortieth parallel: Bull. U. 8. Geol, Survey No. 208, 2d ed.,1905. See also, The ores of Goldfield,
Nevada: Bull. U. 8. Geol. Survey Np. 260, 1905, p. 133. .

¢ A geologic reconnaissance in sopithwestern Nevada and eastern California: Bull. U. S. Geol. Survey No. 308, 1907.

d Basin Range structure of the Humboldt Region: Bull. Geol. Soc. America, vol. 15, 1904, p. 336.




CHAPTER V.

DESCRIPTION OF THE PRELACUSTRINE TERTIARY IGNEOUS ROCKS.
INTRODUCTION. :

Definite assignment of all of the various lithologic units composing the volcanic series
at Goldfield to the standard divisions of Tertiary time is not yet possible and may never be
effected. The general post-Mesozoic age of the volcanic rocks of the Great Basin has, however
been so firmly established by von Richthofen, King, and later investigators as to be generally
accepted as one of the basal facts of the geologic history of the region: In the vicinity of the
fortieth parallel, King ¢ was able, by reference to the Miocene sediments of Pahute Lake and
the Pliocene beds of Shoshone Lake, to determine the divisions of the Tertiary to which many
of the lavas belong.

In the Tonopah district Spurr,? by the help of the Siebert sediments, whieh he tentatively
correlated with those of King’s extinct Miocene Pahute Lake, was also able to reach some con-
clusions as to the age of the several eruptions.

The extent to which similar results are attainable in the Goldfield region will be fully
discussed in a subsequent chapter. For the present it is enough to keep in mind the fact that
a group of lake sediments, equivalent to and very probably once continuous with the Siebert
tuff of Tonopah, occurs in the Goldfield district. They record a distinet lacustrine epoch initiated
and terminated by deformation and erosion. It is thus possible to divide the Tertiary rocks
of the district into three natural groups divided by conspicuous unconformity. These are:
(1) the prelacustrine flows and intrusions, (2) the lake beds and associated volcanic rocks, and
(3) the postlacustrine volcanic rocks. The correlation of these groups with the rocks of other
districts and the discussion of their geologic chronology will be deferred until the rocks them-
selves have been described.

The prelacustrine rocks in the order of their eruption are: (1) the Vindicator rhyolite,
(2) latite, (3) the Kendall tuff, (4) the Sandstorm rhyolite, (5) the Morena rhyolite, (6) the
Milltown andesite, (7) dacite, (8) dacite vitrophyre and the Chispa andesite, (9) the Meda
rhyolite, and (10) andesite breccia. -

In the preliminary report ¢ on the district, written in advance of chemical and full petro-
graphic study, the latite was called the ‘“first or earlier andesite’”’ and was made to include most
of the altered rock now called Vindicator rhyolite. . , %

In the present stage of the science of petrology the consistent treatment in an economic
report of any varied eruptive series presents peculiar difficulties. The ordinary classification and
nomenclature of igneous rocks which has grown up in the half century since Sorby applied the
microscope to their study has the recognized defects of most structures built from old materials
and added to at various times. It has become unsatisfactory both to the general geologist

“and to the petrologist. The modern quantitative system of classification, while logical, refined,
and accurate, is adapted rather to the needs of the specialist than to those of the field geologist
or engineer. On the other hand, simpler schemes for classifying rocks without the use of the
microscope, such as that recently presented by Pirsson,? are not adequate to express the facts
developed in an investigation like the present, in which field observations have been supple-
mented by microscopical and chemical work. In view of these considerations the older petro-
graphical classification, exemplified in the Elemente der Gesteinslehre and Mikroskopische

e U, 8. Geol. Expl. 40th Par., vol. 1, 1878.

b Geology of the Tonopah mining district, Nevada: Prof. Paper U. 8. Geol. Survey No. 42, 1905,
¢ Bull. U. 8. Geol. Survey No. 303, 1907.

@ Pirsson, L. V., Rocks and rock minerals. New York and London, 1908.
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Physiographie of Rosenbusch, has, nothwithstanding its defects, been generally followed in
this report. In addition, the position in the quantitative system has been given of such unaltered
rocks as have been chemically analyzed.

VINDICATOR RHYOLITE.
GENERAL CHARACTER AND OCCURRENCE.

The oldest member of the volcanic series derives its name from Vindicator Mountain and
is most extensively exposed on the flanks of that peak. As may be seen from Plate II, the
central pre-Tertiary mass of the mountain is surrounded by the rhyolite on all sides except
the southeast, the exposure attaining a width of nearly half a mile on the north. A small
mass of much-silicified Tock, probably a remnant of the rhyolite, rests on the summit of the
peak. What is supposed also to be a larger residual of the same flow caps Columbia Mountain.

The rock is nowhere fresh, and as a rule contains abundant alunite, the mineral being in
many localities distinetly visible in freshly broken fragments of the rock as small pale-pink
crystals. Much of the altered rhyolite is very hard and forms prominent outcrops, often with
characteristic pitted surfaces, due to the solution and removal of the pseudomorphs of alunite
after feldspar. : '

As the basal member of the Tertiary volcanic series the Vindicator rhyolite rests upon
an undulating surface of alaskite and Cambrian shale. The character of the rock shows it to
have been effusive. The base of the flow is well exposed half a mile northeast of the summit
of Vindicator Mountain, where a nearly white altered rock may be seen lying upon a slightly
rolling surface of biotite granite. The latter shows only slight superficial weathering and
appears to have been swept clean of loose detritus before the first Tertiary eruptive. The
basal portion of the flow contains many fragments of the underlying granite as well as of the
dark Cambrian shale. Considerable alteration has taken place in the volcanic rock near the
contact, it being bleached to a delicate pale-green tint and in places intensely silicified. This
silicification is related to a fairly regular system of fissures which strike about N. 30° W. and
dip northeast, giving a sheeted structure to the rhyolite. These fissures do not show in the
underlying granite. The solutions which effected the silicification probably worked their way
along the contact between the two rocks and ascended in the parallel fissures. The most
intense alteration borders these cracks, which are in many places very narrow and were not
themselves filled with quartz.

The rhyolite on the summit of Columbia Mountain was originally supposed to be part of
the intrusive mass of Morena rhyolite which forms the ridge to the north. It is, however,
distinetly a capping, and prospect shafts near its edge have shown it to rest on the Cambrian
shale. At the north end of the oval cap (Pl II) a small pit, open in 1905, exposed the base
of the rhyolite, which is here separated from the shale by a foot or more of gravelly material
containing fragments of alaskite and shale, evidently old surficial detritus. Petrographically
the rock of the summit is identical with that on the west slope of Vindicator Mountain, near
the Lucky Boys shaft. On the other hand, no very distinct contact has been found between
the rhyolite capping Columbia Mountain and the somewhat similar Morena rhyolite to the
northwest, which is known to be intrusive. The boundary as drawn on the geologic map
(Pl. II) corresponds to an obscure line of separation which is admittedly unsatisfactory.
Nevertheless the preponderance of evidence favors the view that the capping of the mountain
is the Vindicator rhyolite which has been intruded on the west by the younger but locally
similar Morena thyolite. A close, irregular intrusive contact between two similar rhyolites
might be difficult to recognize even were the surface swept clean of all detritus.

There are no exposures from which the thickness of the Vindicator rhyolite can be directly
measured. It is evidently far from uniform, as a glance at the map will show. The maximum
thickness, as estimated from the general relations and structure illustrated by sections A-A’
and D-D’, Plate VIII, is probably about 200 feet (61 meters).
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PETROGRAPHY.

The weathered surfaces of the Vindicator rhyolite are generally some shade of light gray,
although in places they are stained buff or brown by iron oxide. A pitted appearance, already
referred to, is characteristic of the harder silicified outcrops. On fresh fracture the rock is
white or light gray, usually with a faint pink tint due to the abundant alunite. Some varieties
northeast of Vindicator Mountain are pale greenish gray. The rock is everywhere much
altered, the only primary mineral recognizable, as a rule, being quartz in fairly abundant
anhedral phenocrysts up to 5 millimeters in diameter.

Under the microscope the Vindicator rhyolite shows rounded and embayed phenocrysts
of quartz and pseudomorphs of alunite after feldspar, presumably orthoclase. Some thin
sections show alunite pseudomorphs also after phenocrysts whose outlines are suggestive of
mica. The groundmass has the general structure characteristic of rhyolitic glasses, but has
undergone complete devitrification and is now a fine-grained aggregate of quartz and alunite,
accompanied in some varieties of the rock by smaller quantities of kaolinite. Diaspore has
been found in some thin sections, and calcite oceurs in a richly alunitic variety of the rhyolite
from the east slope of Vindicator Mountain. The general texture of the rock as it appears
under the microscope is shown in Plates XXVIII and XXXI.

A good place to study the alunitic alteration of the rhyolite is on the east shoulder of
Vindicator Mountain, about a quarter of a mile from the summit. Some of the rock here is
nearly white, mottled with spots and rings of pale-pink alunite. Some specimens also show
minute, faint-blue specks which have not been identified with any mineral observed in thin
section. A chemical analysis of this rhyolite (specimen G. 333) is given on page 183 in connec-
tion with a full discussion of the character of its alteration. The rock capping Columbia
Mountain also illustrates particularly well the pseudomorphous development of alunite after
feldspar. (See Pl. XXVIII.)

In the simple field classification suggested by Pirsson the Vindicator rhyolite would be
called a felsite. The rock is too much altered to be assigned a place in the quantitative system.

LATITE.q
GENERAL CHARACTER AND OCCURRENCE.

The latite, as may be seen from Plate IT, occupies the greater part of an area a little over
2 miles (3 kilometers) in diameter in the center of the district, and a smaller area south of
Columbia. Its characteristic features may be well seen on Banner Mountain, in the vicinity
of McLaughlin’s well, and on the southern edge of the town of Columbia. This rock has not
been found in a fresh condition. Its normal color is dull purplish or greenish gray. A spotted or
mottled appearance, due to flow-brecciation, is rather characteristic and is well shown on a
small hill half a mile (0.8 kilometer) north of the summit of Banner Mountain. The freshest
obtainable specimens of the latite show phenocrysts of feldspar, hornblende, and mica in a com-
pact, streaky groundmass that was evidently once a glass with well-marked flowage lines. All
the phenocrysts have the dullness that indicates more or less thorough alteration, and the
original glassy base is now devitrified. As a rule, the latite, when it has not been subjected to
the intense local alteration connected with ore deposition, may be distinguished from the later
andesitic rocks by the absence of fresh phenocrysts, and especially by the peculiar streakiness of
its groundmass, which resembles the groundmass of a rhyolite rather than that of most andesites.
Even intense alteration does not always obliterate this feature. The much-altered latite has
frequently been mistaken for dacite, and probably no amount of experience will insure even a
keen observer against occasional errors of this kind. The altered latite may contain blebs of
secondary quartz, but these are usually of lighter tint and less homogeneous than the primary
quartz of the dacite. Little vugs, with projecting quartz crystals, are rather characteristic of the
alunitized and pyritized latite.

@ The *“earlier andesite’’ of the preliminary report.
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The rock is apparently a flow resting upon a rather uneven surface of alaskite, Cambrian
sediments, and Vindicator rhyolite. Its thickness is not known, but is probably very variable,
as on Columbia Mountain the succeeding rhyolite rests directly upon the alaskite. The maxi-
mum thickness is tentatively estimated at 300 feet (91 meters). Although the latite is pre-
vailingly massive or exhibits only moderate flow brecciation, a west crosscut on the 612-foot
level of the Combination-Fraction shaft has exposed some altered pyroclastic rock which appears
to belong to this formation.

The latite underlies a large part of the district, but is exposed only where deformation
followed by extensive erosion has stripped away the rocks that once covered it. As might be
expected from its place in the local geologic column and the general domical structure of the
district, the rock occurs in the central part of the area studied, encircling the exposed masses of
alaskite, Cambrian shale, and Vindicator rhyolite. Banner Mountain lies almost in the center
of the largest expanse of the latite. This tract, while roughly circular, has a very irregular
outline expressive not only of the usual inequalities of erosion, but also of the nearly hori-
zontal undulating contact between this rock and those that overlie it..

A smaller area of latite is exposed just south of the town of Columbia, and a very small
exposure at the northwest end of the same town is worthy of mention, since it shows the latite
overlain by the Sandstorm rhyolite.

When the district was studied in 1905 the presence of latite under the andesite south and
southeast of Florence Hill could only be inferred. At present several shafts go through the
andesite into the latite. The Yellow Tiger, situated a mile southeast of Milltown, went into
latite at a depth of about 510 feet (155 meters), showing that this formation extends southward -
beneath the andesite for at least three-quarters of a mile (1.2 kilometers) from its nearest surface
exposure. The developments of the past three years have proved, moreover, that the latite in
general underlies the dacite of the Mohawk, and other important mines near Goldfield at a
maximum depth of about 700 feet (213 meters). ,

The only part of the district where the base of the latite is visible is in the vicinity of Vin-
dicator Mountain. The contact with the underlying rocks, however, is so poorly exposed and
so obscured by alteration that no detailed observations on its original character are possible.
The fact that the latite in some places, as on Banner Mountain, is in direct contact with the
alaskite suggests that there may have been considerable erosion whereby the Vindicator rhyolite
was in part removed prior to the latitic eruptions. On the other hand, the Vindicator rhyolite
may never have covered all of the old alaskite surface. It is possible, moreover, that the jux-
taposition of the latite and alaskite along the south slope of Vindicator Mountain may be due to
a fault nearly parallel to and northwest of the one shown (P1. II) half a mile northwest of Banner
Mountain. While the relation of the rocks suggests such a fault the evidence for its existence
is hardly sufficient to warrant placing it on the map.

In regard to the relations of the latite south of Columbia to the older rocks little definite
information is available. The mass is overlapped on the west, south, and partly on the east
by the younger Siebert formation, under which it is known to extend for over half a mile (0.8
kilometers) to the south. On the north it is in contact with Kendall tuff, the contact corre-
sponding to a fault.

PETROGRAPHY.

The normal tint of the latite is dull gray with a suggestion of lilac or purple. Some varie-
ties, however, are dull mottled green and where local alteration has been intense the rock may
be yellow, pale pink, light green, or white. More or less alteration has invariably taken place,
and none of the rock has the dark-gray color and glistening phenocrysts characteristic of the
later andesitic and basaltic rocks of the region. Surfaces of fresh fracture show numerous
small dull-white phenocrysts of feldspar, with much less conspicuous darker phenocrysts rep-
resenting some altered femic mineral, in a dense finely streaked groundmass, which on close
inspection reveals the pasty flow-texture frequently found in rhyolite, but not common in
latitic or andesitic rocks. At many localities, particularly in the vicinity of McLaughlin’s
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well and north of Banner Mountain, the rock is decidedly mottled, and close examination
shows it to be a flow breccia in which the fragments are of the same general character as the
matrix, although some slight difference in texture is sufficient to produce delicate color dis-
tinctions in weathering. In this respect also the rock resembles rhyolite.

Under the microscope the latite shows a vitrophyric texture, phenocrysts of plagioclase,
biotite, and hornblende lying in a glassy groundmass which shows the characteristic wavy
and curled flowage lines associated with this textural type. Apatite, magnetite, and zircon
are accessory constituents.

The phenocrysts are never quite fresh. The plagioclase, which is andesine-labradorite
with approximately the composition Ab,An,, is changed to quartz, alunite, calcite, sericite,
and kaolinite. The relative proportions of these secondary minerals as well as the degree
of alteration or replacement varies in different specimens, even in those from the same locality.
Quartz is the most abundant mineral formed at the expense of the feldspars, although calcite
is scarcely less common. Sericite is decidedly subordinate to quartz and calcite, and kaolinite
is rather rare except with alunite in cases of special alteration in the vicinity of ore bodies.
1t is apt to be more abundant in the altered groundmass than in the phenocrysts. As a rule,
the feldspar is only partly altered, a portion of the crystal being replaced by quartz or calcite
or both, while another portion remains as limpid and fresh in appearance as in the younger
basalts of the region. The replacement is usually sharp and complete, with no intervening
stage or zone of turbidity in the feldspar as seen under the microscope. The alteration does
not necessarily proceed from the periphery of a crystal toward its center. Many feldspar
phenocrysts, especially those which originally contained glass inclusions, are changed to quartz
and calcite in their central parts while still retaining an outer shell of fresh andesine. :

Only a very few remnants of fresh biotite and no hornblende were found in the 40 to 50
specimens of this rock microscopically examined. The most characteristic change in the biotite
is a bleaching, whereby the mineral becomes pale green or colorless and resembles muscovite
in birefringence. This form of alteration is associated with the development of particles of
magnetite and hematite, which in some pseudomorphs are so thickly crowded as to render
them practically opaque and in others are gathered into a dark peripheral shell. This shell,
defining the outline of the former phenocryst, is as a rule persistent and may remain when
the rock has been wholly altered to a granular aggregate of quartz. The common alteration
of biotite into chlorite interlaminated with lenses of epidote is also represented in some
specimens. ‘

The former presence of hornblende as an original constituent of the rock is indicated by
pseudomorphs of quartz, calcite and iron oxides possessing the characteristic prismatic sections
of that mineral. Most of these pseudomorphs, like those after biotite, are enveloped in dark
shells of iron oxides. It is possible that some pyroxene may also have been present in the
original rock, but no pseudomorphs definitely referable to this mineral have been detected.

The groundmass of the latite was originally glassy, containing only incipient crystal
forms. In the rock of the small outcrop at the northwest end of Columbia the groundmass
shows a faint spherulitic structure. Elsewhere it exhibits the ordinary flow banding of a
pasty microlitic glass. Very little, if any, of this glass now remains. It has not only devit-
rified, or become crystalline, through lapse of time and through conditions of pressure and
temperature favoring such molecular rearrangement, but has also been altered by the same
agencies that have changed the phenocrysts to aggregates of secondary minerals. The boun-
dary between endogenous devitrification and the processes that have altered the phenocrysts
is not a sharp one. Simple devitrification, however, involves no essential change in the com-
position of the rock, whereas in the more pronounced phases of general alterations, such as
have in some places changed the latite to an aggregate of quartz with very subordinate kao-
linite and pyrite, there has been a notable change in the chemical constitution of the rock
as well as in its mineralogical character.

The most abundant secondary mineral in the groundmass is quartz. Calcite also is com-
mon, while kaolinite and sericite are rather rare. Alunite is abundant in the vicinity of the
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ore deposits. Where the alteration has not been extreme, the groundmass shows little bunches
of quartz and calcite interspersed through a faintly crystalline groundmass in which the con-
stituent crystals are too minute for identification. Where alteration has been most thorough,
this groundmass is transformed to a distinctly crystalline granular aggregate of quartz.
Owing to its generally altered condition the latite has not been subjected to complete
chemical analysis. A partial examination by Dr. E. C. Sullivan, however, of a specimen
- collected 1 mile northwest of McLaughlin’s well affords the following results:

Partial chemical analysis of latite.

R RIS URDR AR r MK R GE s o e 3 | I BB S 1 4 R 61. 14
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The specimen analyzed (G. 348) has a dull olive-gray tint and is fresher than most of the
rock. It contains phenocrysts of andesine or labradorite (Ab,An,) partly altered to calcite; of
biotite changed to chlorite, quartz, epidote, and calcite; and of hornblende (and possibly augite)
replaced by pseudomorphs of calcite, quartz, and magnetite. The groundmass is the usual
obscurely crystalline aggregate resulting from the devitrification of a glassy base. The rock
contains a few minute crystals of pyrite.

The partial analysis shows that it is a latite rather than an ordinary andesite, and the use
of the special name is convenient to distinguish the rock from the andesites proper that occur
higher in the volcanic series. t

The general alteration which the latite has undergone, while probably broadly related to
the economic mineralization of the district, is not always intimately associated with individual
ore deposits, nor is it confined to those particular parts of the district where ore bodies are
known to be present.

On the southern edge of the town of Columbia the latite has been altered to a white, porous
chalky rock which has been quarried for building stone. Under the microscope this shows
~ almost no trace of its original igneous texture, but is chiefly a very fine-grained aggregate of
kaolin with some quartz, alunite, and sericite.

Certain phases of intense or local alteration of this and other rocks, in the immediate
vicinity of the ores, are reserved for fuller treatment in a later chapter in connection with the
description of the ore deposits.

KENDALL TUFF.

The Kendall tuff, which takes its name from the Kendall mine, is of uniform character
and as a rule is easily distinguished from the much younger tuffaceous beds of the Siebert for-
mation, with which it is in places in contact. As taken from mine workings where oxidation
has not penetrated, the body of the tuff is rather dark gray and has an andesitic appearance.
This gray matrix is flecked with irregular pale-green spots, usually less than half an inch in
diameter, of a soft waxy material which sometimes contains small scales of biotite. When
slightly weathered the tuff is a shade lighter in color and the green spots become yellowish.
As exposed and quarried on the north edge of the town of Columbia, the tuff is light gray with
a rather faint greenish mottling instead of the more distinct spots seen elsewhere. As a rule
the tuff contains few visible Tock fragments, but pebbles of alaskite, andesite, and rhyolite
have been found in it and in some places are moderately abundant. Well-rounded bowlders
of alaskite up to 6 inches (15 centimeters) in diameter were observed embedded in the tuff on
the dump of the Winston lease shaft, on the Mohawk No. 1 claim, southeast of Columbia.
Similar bowlders, as well as fragments of rhyolite, are common also at a depth of 213 feet
(65 meters) in the tuff of the Gold Sovereign prospect, half a mile (0.8 kilometer) north of
McLaughlin’s well.

The largest area of the tuft associated with the Sandstorm rhyolite is that partly under-
lying the town of Columbia. Another body is inclosed in the rhyolite at the Kendall mine
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and some smaller included masses occur on the lower western slope of Columbia Mountain.
Tuffaceous beds or layers are also found in some of the shafts sunk in the Sandstorm rhyolite.

The microscope shows the tuff to be everywhere more or less altered and to consist of
fragments of glassy rhyolite and of latite or andesite. The rock is apparently of mixed deriva-
tion and can not properly be called either a rhyolite or a latite tuff. On account of the alter-
ation it is not possible to identify the latitic fragments with certainty, but it is probable that
they were derived from the latite of the district. The rhyolitic eruptions presumably broke
through this rock at certain points with explosive violence and comminuted fragments of the
latite were thus mingled with rhyolitic particles. The finding of occasional fragments of
alaskite in the tuff lends support to this view. Many of the rhyolite particles in the tuff con-
tain abundant quartz phenocrysts, and as such phenocrysts are not common in the Sandstorm
rhyolite these particles may also have been derived from an older rock, probably from the
Vindicator rhyolite. On the other hand, the tuff also contains angular fragments and blocks
up to a foot (0.3 meter) or more in diameter of the Sandstorm rhyolite, as may be seen in the
Black Rock shaft about 500 feet (152 meters) west of the Conqueror mine.

The rhyolite-latite tuff is very closely associated with the Sandstorm rhyolite, next to be
described, and is to be regarded as a practically contemporaneous deposit. It is apparently
not a continuous formation, but probably accumulated in local basins at more than one period
during the rhyolitic eruptions. The greater part of the tuff, however, is near or at the base
of the rhyolite, and for this reason is first described.

The large area of tuff near Columbia is considered to occupy an approximately basal posi-
tion with reference to the Sandstorm rhyolite, although were this the only body of the Kendall
tuff it would be difficult to say whether it overlies or underlies the rhyolite to the north of it.
It is possible that the contact between the two may in part be due to faulting. The two small
patches farther north, on the west slope of Columbia Mountain, appear to be small lenticular
masses in the rhyolite. The body of tuff at the Kendall mine may also be a lens with Sand-
storm rhyolite beneath it as well as above it but the base was not exposed in the mine workings
at the time of visit. (See fig. 29, p. 237.) The main Sandstorm shaft, not accessible at the
time of visit, is reported to have gone from Sandstorm rhyolite into Kendall tuff at a depth
of 200 feet (61 meters) and to have continued in this rock for another 200 feet to the bottom.

A shaft close to the road, about 500 feet (152 meters) east of the Sandstorm shafts, pene-
trates 100 feet (30 meters) of glassy banded rhyolite and exposes 25 feet (7.5 meters) of tuff at
the bottom. The tuff is overlain nearly horizontally by the rhyolite but its base is not reached
by the shaft.

The Black Rock shaft, 500 feet west of the Conqueror mine, exhibits a similar relation of
rhyolite to tuff. The bottom of this shaft, which was about 100 feet (30 meters) deep at the
time of visit, is in rhyolite-latite tuff, here containing large angular blocks of rhyolite. The
tuff is overlain by about 80 feet (24 meters) of glassy spherulitic rhyolite and rhyolite flow
breccia, including layers of the shalelike variety of the Sandstorm rhyolite. The rocks are
devitrified and altered and the planes separating tuff from flow breccia and voleanic glass are
indistinet, much of the glassy rhyolite having a clastic, sedimentary aspect.

At the Gold Sovereign mine, already referred to, the shaft after going through a slight
thickness of shaly Sandstorm rhyolite continued for 200 feet (61 meters) in greenish bedded
tuffs which on account of their lithologic character and stratigraphic position are correlated
with the Kendall tuff. The material here contains abundant fragments of alaskite and rhyo-
lite with small particles of Cambrian shale in its lower part and rests on an uneven surface of
granite or alask’te. As exposed in a crosscut east of the shaft on the 213-foot level the contact,
which apparent y is not a fault, dips to the west at about 45°. The relations of the tuff to the
latite and Vin-icator rhyolite in this locality are not fully understood. While the oldest
rhyolite appearz, in this part of the district, to have never covered or to have been eroded away
from the granit > before the eruption of the latite, it is difficult to account for the local absence
of the latter fo-mation at the Gold Sovereign mine, particularly as the latite is the prevailing
rock for more “han a mile (1.6 kilometer) north of McLaughlin’s well (see P1. IT) and prior to




PRELACUSTRINE TERTIARY IGNEOUS ROCKS. 43

the sinking of the shaft was supposed to continue under the small residual areas of Sandstorm
rhyolite. It seems necessary to conclude: (1) That revision of the mapping would show some
Kendall tuff outcropping around the edges of the small patches of Sandstorm rhyolite, a fact
easy to overlook on account of the poor exposures and the general similarity of the weathered
+uff to some varieties of the latite. Such overlooked areas can not be large, inasmuch as typi-
cal latite occurs north of McLaughlin’s well and both east and north of Banner Mountain.
(2) That the old granitic surface is locally irregular and was in part exposed after the erup-
tion of the latite and before the deposition of the Kendall tuff, the latter being laid down on
a surface that was also diversified by hillocks and hollows.

Excellent exposures of the Kendall tuff may be studied in the railway cuts along the south
slope of Columbia Mountain. The beds here have a dip of 45° SW.

SANDSTORM RHYOLITE.
GENERAL CHARACTER AND OCCURRENCE.

Overlyiné the latite and most of the Kendall tuff or, in places where the earlier volcanics
are absent, resting on the pre-Tertiary rocks, are some thin, originally glassy rhyolite flows
which attain their greatest deyelopment in the rounded white hills northwest of Columbia
Mountain. This effusive rhyolite is usually nearly white, shows conspicuous flow lamination, and
weathers in thin, shelly flakes. It is the rock of the Sandstorm mine, whence its name, 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 exceedingly decep-
tive, as may be seen at the Conqueror (Tonopah Club) mine. The town of Diamondfield is
partly underlain by this shalelike rhyolite, and small residual patches of a similar material
are scattered over the surface of the latite northeast of Banner Mountain. (See Pl. IT.) The
rhyolite appears to have been thickest in the vieinity of Columbia Mountain and to thin out
to the southeast. None of it has been found southeast of McLaughlin’s well.

The largest area of the Sandstorm rhyolite is that extending from the vicinity of the town of
Columbia northward to the south base of Kendall Mountain. Another body, probably con-
nected with the Sandstorm mass under the intervening Milltown andesite (see Pl. II), contains
the Adams and Tonopah Club mines, southeast of Kendall Mountain. The northwestern
half of the roughly circular main area of latite is fringed with small patches of the Sandstorm
rhyolite. This is for the most part the shaly variety and its outerops are inconspicuous, the
presence of the rock being indicated in most instances merely by the thin loose flakes, resem-
bling gray shale, into which the rhyolite disintegrates on weathering.

A rather more resistant variety forms some low hills about half a mile southeast of Black
Butte, and a few small residual outliers, chiefly of the shaly form, are scattered over the latite
north of McLaughlin’s well. The area between Diamondfield and Black Butte, on the other
hand, is probably an inlier, a small rhyolite hill projecting through the younger Milltown
andesite. '

That the Sandstorm rhyolite is younger than the latite was a conclusion reached in 1905
from the relative distribution of the two rocks as shown in Plate II. At that time also the
dumps of two abandoned shafts—one half a mile S. 5° E. from the summit of Vindicator
Mountain and just south of the road to McLaughlin’s well, the other on the west slope of the
mountain—indicated that the shaly Sandstorm rhyolite had been penetrated and latite found
below. In 1905 a shaft half a mile (0.8 kilometer) southeast of the top of Vindicator, after
going through about 50 feet (15 meters) of Milltown andesite, had continued for another 50 feet
into soft, altered, rhyolitic flow breccia with strea of dark devitrified glass, the whole looking
remarkably like a gray tuffaceous sandstone with thin layers of shale. The bottom at the
time of visit was in shaly rhyolite. In 1908 this shaft had been abandoned, but the dump
showed that the rhyolite had been penetrated and latite found beneath it.
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The Sandstorm rhyolite north of Columbia probably rests for the most part on Kendall
tuff, which in turn appears to occupy one or more depressions in the alaskite. The irregularity
of the pre-Kendall surface is well shown at the Mayne shaft, 1,500 feet (457 meters) northwest
of the summit of Columbia Mountain, near the eastern edge of the largest area of alaskite.
(See PL. II.) Although only about 200 feet (61 meters) from the outcrop of the alaskite, this
shaft was sunk 100 feet (30 meters) before reaching that rock. In the southeast crosscut on
the 400-foot level of the Sandstorm mine the Kendall tuff, according to Mr. H. C. Cutler, the
superintendent, was found resting upon a slope of alaskite, which dipped about 50° W. To
what extent this irregularity is the result of faulting since the eruption of the Sandstorm rhyolite
can not be determined from the scanty data available. At the northwest end of Columbia town
one small and rather obscure exposure shows rhyolite of the shaly variety dipping west and
apparently overlying latite. The relation of these rocks to the Kendall tuff at this place is
not clear.

At the Sandstorm shaft the rhyolite has a thickness of 200 feet (61 meters). This is not
a maximum, as at least another hundred feet is represented by the hill which rises southwest
of the shaft. A single measurement, moreover, owing to the uneven surface upon which the
rock rests and the disturbance introduced by the subsequent intrusion of the Morena rhyolite,
throws little light upon the average thickness. It is thought probable that the Sandstorm
rhyolite may attain a maximum thickness of 300 to 400 feet (91 to 122 meters) northwest of
Columbia Mountain. Around Vindicator and Banner mountains it thins to less than 100 feet
(30 meters), and southeast of McLaughlin’s well disappears, the Milltown andesite resting upon
the latite. !

Although the Kendall tuff and Sandstorm rhyolite are separately mapped and successively
described, their intimate relationship should not be lost sight of. They probably belong to the
same eruptive epoch and are to some extent intermingled.

PETROGRAPHY.

As exposed in the principal area, northwest of Columbia Mountain, the Sandstorm rhyolite
is a nearly white rock with fine, often much contorted flow banding. Under the influence of
weathering, the rhyolite splits along this flow lamination into thin shelly flakes, somewhat
resembling disintegrated shale. Much of the surface of the low, rounded, white hills between
Columbia and the Sandstorm mine is covered with this flaky detritus, Locally, as near the
Sandstorm and Kendall mines, the rhyolite is intensely silicified and outcrops as cellular masses
of nearly pure quartz. Phenocrysts are small and inconspicuous, consisting chiefly of feldspar.
The abundant groundmass was once highly glassy, and in some localities still shows small
spherulites and lithophyses. The delicate fluxion lines in this groundinass are very character-
istic of the Sandstorm rhyolite and, in connection with the paucity of quartz phenocrysts,
serve to distinguish the rock from the younger and intrusive Morena rhyolite. The general
dull-white appearance of the rhyolite is sufficient to show that the rock no longer retains its
original glassy condition, but has crystallized into secondary aggregates. Microscopical inves-
tigation confirms this conclusion. e :

Seen in thin section under the microscope, the Sandstorm rhyolite shows phenocrysts of
sanidine in a groundmass which, in addition to the wavy flow lines visible in hand specimens,
frequently exhibits delicate reticulating and spiral cracks, the typical perlitic structure of
siliceous volcanic glasses. The glass itself, however, as may be seen between crossed nicols,
has devitrified and is now represented by an exceedingly fine-grained aggregate, consisting
chiefly of quartz, but containing also some chalcedony or opal, kaolin, and probably other
minerals not optically determinable. Some specimens show remnants of mica, probably biotite,
and occasional altered crystals of sodic plagioclase. Quartz phenocrysts, while not entirely
absent, are rare and inconspicuous. Zircon ooccurs sparingly in the usual small rounded grains
and prisms. i

A large part of the rhyolite s