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THE GOLD-QUARTZ VEINS OF NEVADA CITY AND
GRASS VALLEY DISTRICTS, CALIFORNIA.

By WALDEMAR LINDGREN,

CHAPTIER L
INTRODUCTION,

FIELD WORK AND ACKNOWLEDGMENTS.

The field work on which this report is based was begun September
20, 1893, and continued without interruption until Juue 28, 1894, The
topographic maps used were prepared in 1821 by Messrs. A. ¥, Dun-
nington and R. B. Marshall, with triangulation by Mr. E. M, Douglas,
on a scale of y31yg, or about 4 inches to the wmile. They comprise three
sheets, each embracing about 12 square miles, named respectively the
Nevada City, Banner Hill, and Grass Valley sheet. The geological and
topographic maps, the latter with the outline of mining claims indi-
cated, have been published as a folio of the Geologic Atlas of the
United States. Ior present purposes a map on the reduced scale of
s33oy has been prepared from the full-size sheets of the folio.

The clhemical analyses have been made by Messrs, W. F, Hillebrand,
H. N. Stokes, George Steiger, and Peter Fireman.

To the mine owners and superintendents of the districts many thanks
arc due for the courtesy and assistance extended by them in the work
of examiuing the mines. 1 also take great pleasure in acknowledging
my special obligation to Mr. E. C. Uren, of Grass Valley, and Messrs.
W, ¥. Englebright and W. W. Waggouer, of Nevada City, for much
valuable information and cooperatioun.

GEOGRAPHIC POSITION.

The important gold-mining districts here deseribed are located in
Nevada County, on the long western slope of the Sierra Nevada, at an
average elevation of 2,500 feet and about 15 miles north-northwest of
the town of Colfax, on the Central Pacific Railroad,

The map appended to this paper shows the topography and geology
on a Scale of about 2 inches to the mile. The northern part compriscs
the Nevada City sheet on the west and the Banner Hill sheet on the
east. The southern and smaller part counsists of the Grass Valley
sheet; the small area mapped outside of the northeastern corner of

this sheet is referred to as the Brunswick tract.
13
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14 GOLD-QUARTZ VEINS OF NEVADA CITY AND GRASS VALLEY.
TOPOGRAPHY.
RELIEF.

The dominating features in the northern part of the tract are the two
long ridges whose crests descend gently westward—the Harmony Ridge,
‘near the northern boundary, and the Banner Hill-Towntalk Ridge, near
the southern boundary. The northern ridge sinks with a graduaal slope
from,an elevation of 3,660 feet to 2,840 feet at the western boundary
line of the Nevada City map, and is ent in two by a gap north of Nevada
City. A conspicunous pyramidal hill, the Sugarloaf, with an elevation
of 3,075 feet, stands in the middle of the gap and reaches at its summit
the gradient of the ridge line. The southern ridge, beginuning at an
elevation of 3,600 feet, is somewhat wider than the northern, and has
at the western boundary line of the map an elevation of 2,700 feet.
Near Banner Hill this ridge is cut in two by the narrow canyon of
Little Deer Creek; farther west several gaps are cut across it, the most
prominent one being that at Towntalk. The average slope of theridge
line is 14, At the eastern boundary of the Banner Hill distriet the
ridges approach each other, and are in fact separated only by the deep
canyon of Deer Creek. In the southeast corner of the Banner Hill
tract, towering 500 feet above the ridges, stands the isolated and con-
spiciious Banner Hill (elevation 3,904 feet). From the edges of the
ridge tables steep slopes lead down to the watercourses, stecpest as a
rule near the summit, then flattening out somewhat, then again becom-
ing steeper toward the stream bed. The distance between the ridges
is greatest at the western edge of the Nevada City tract, and here, as
well as south of Nevada City, the relief is less accentuated.

The general relief of the Grass Valley tract is gentler and the out-
lines are more undulating than those of the region described above.
The elevations range from 3,080 feet on the summit of Osborne Hill to
2,080 in the bed of Wolf Creek, at the southern boundary. The north-
eastern part consists of a series of rather flat-topped ridges, 200 to 300
fect high, with comparatively steep slopes toward the watercourses.
The larger, southwestern part may be considered as an undulating
plateau, with somewhat irregular hills and ridges rising to a height of
100 or 200 feet above the geueral level. In this plateau the principal
drainage line has cnt a canyon, which in some places is narrow and
steep, and the depth of which does not exceed 300 feet. Rising high
above the other relief and occupyiug a position similar to that of
Banner Hill, stands the high ridge of Osborne Hill.

DRAINAGE.

The principal streamn is Deer Creek, which traverses the middle of
the region from east to west, and which, 12 miles farther west, empties
into the Yuba River, The total fall of the stream from the eastern
side of the Banner Hill tract (elevation, 2,840 feet) to the western side
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of the Nevada City tract (clevation, 2,160 feet) is 680 feet, or about 100
feet to the mile. The fall is by no means uniform, however. In the
steep canyon in the eastern part of the Banner Hill tract it is 150 feet
to the imile; thence down to Nevada City about 100 feet to the mile;
from Nevada City to the Providence mine, through another narrow
canyon, the fall 1s 150 feet to the mile; and from the Providence down
to the edge of the tract it is but 53 feet to the mile, the creek meander-
ing over gravelly flats. Lateral ravines, usually steep and narrow, lead
to the creek from north and south. A somewhat larger tributary is
Little Deer Creek, which heads in the vicinity of Bauner Hill. South
of Towntalk the drainage is toward Bear River, the ravines forming
the northern headwaters of Wolf Creek, a tributary of that river,
Southeast of Banner Hill the steep ravines lead down toward Green-
Lorn- Creek, also a tributary of Bear River. The larger part of the
area in the southern part of the tract is drained by Wolf Creek, a trib-
utary of Bear River. Irom the city of Grass Valley it runs south to
the limit of the tract without larger tributaries. At Grass Valley it
forks into two ereeks, which have a general east-west direction. The
fall varies from 50 feet to the mile in the Grass Valley basin to 130 in
the vicinity of the Omaha mine. The smaller tributaries to the creek
show a feature which is also marked in the other two tracts, though
to a less extent; they flow with gentle grade over the undulating,
platean-like country, even forming marshes at themrr sources, but on
approaching the main stream they descend to it with a steep, torren-
tial grade. East of Osborne Hill the dramnage s toward Rattlesnake
Creek, a tribntary of Wolf Creek. The extreme northwestern corner
drains to Deer Creek.

VEGETATION.

The vegetation is of generally uniform character throughout the dis-
trict, and consists predominantly of a second growth of yellow nine
(Pinus ponderosa), the much more luxuriant growth once covering a
large part of the ground having been cut for mining purposes since
1849. A few large white-oaks -are found on the more open flats, and a
strong bushy growth of chaparral (Manzanita and Ceanothus) covers
some of the hills. The serpentine ridges have a separate and peculiar
vegetation of digger-pine ( Pinus sabiniana)—elsewhere rarely growing
above 2,000 feet—yew, stunted oak, and thorny bushes.

LITERATURE.

N

The references to the mining industries of the districts are very scat-
tered and consist chiefly in descriptions of individual mines. The more
important of them are contained m the following list. In the prepara-
tion of this report the statementsin Bean’s Directory, Raymond’s and J.
Ross Browne’s reports, Burchard's mint reports, and the reports of the
State mineralogist have been frequently consulted and used. Beaw’s
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Directory is unquestionably the best and most extensive as well as the
most reliable report extant of the districts up to the year 1866. In
these publications the geological features generally occupy a very sub-
ordinate space, most observations being confined to character of veins
and ore shoots, production, and technical data.

W. P. BLakk. Explorations and sarveys for a railroud route fromn the Mississippi
River to the Pacific Ocean, Vol. V, p. 268,

Notes made in 1833. Contains tatements in regard 1o the Empire and Gold Hill veins, etc.

JouN 8. HITTELL. Mining in the Qacific States of North America. San Francisco,
1861. 224 pages.
P. LAUur. Du gisement ¢t de Vexploration de 'or en Californie. Ann. des mines,
Vol, 111, 1863, p. 412,
Notes from many mines in the vicinity.. Advocates Tertiary age of quartz veins and gradual
decrease of tenor in depth. .
J. Ross BROWNE. Report upon the mineral resources of the States and Territories
west of the Rocky Mountains. Washington, 1867.
Contains uotes on many mines of the district. tables of production and stamps, statemcnts
on early mining laws, ete.; also a résumé by William Ashburner on the Grass Valley niines.
J. Ross BROWNE. Report upon the mineral resources of thie States and Territories
west of the Rocky Mountains. Washington, 1868.

Containsg notes of many mines iu the district, chiefly from Bean's Directory.

BEN SiLLIMAN, Jr. Notes on the Grass Valley wining distriet. Am. Jonr. Sci., 2d
series, Vol, XLIV, pp. 236-244. 1867,

Contains description and notes of several Grass Valley mines, notably of the Eureka: notes
in regard to the geology of Grass Valley, efc.  Professor Silliman speaks of the greenstones ns
probably altered sediments, refers to the presence of syneline and anticline, aud considers the
qnartz veins as conforming to the stratification. The jointing or sheeting has ¢vidently heen
mistaken for stratification. Occurrence of ore shoots is excetlently explained, and the view of
impoverishment in depth is combated.

BEaN’s TLISTORY AND DirrcTory orF NeEvapa Cousty, Compiled by Ldwin
¥. Bean. Nevada, 1867,

An excellent book, giving historical data of the development of the district, as well as
detailed notes in regard to nearly every vein and placer then worked, chiefly in regard toyield
and ownership. Out of print and very rare.

R. W. RaymMoxnp. Report on &hie mineral resources of the States and Territories
west of the Rocky Monntains, Vols. I to VIH, comprising 1869-1877.

Contains numerous notes in regard to mines of the district.

AMo0s BowMAN. Report on the properties and domain of the California Water
Company, situated on the Georgetown divide. San Francisco, A. L. Bancroft
& Co., 1874. Also in Raywmond reports, Vol. VII, 1879, pp. 441-470.

Contains a few notes on Grass Valley mines and many references to other localities in the
Gold Belt. Also contains a map showing strike of the most important veins of the Gold Belt.
Book very rare and out of print.

H. C. BurcHarp., Report of the Director of the Mint upon tle statisties of the pro-
dnction of the precious metals in the United States. 1881, 1882, 1883, 1884,
Containg nuwerous notes, chiefly on the production of Nevada City and Grass Valley mines,

J.D. WiTNEY. The auriferous gravelsof the Sierra Nevada of California. Memoirs.
Mus. Comp. Zool. Harvard Coll., Vol, VI, No.1. Cambridge, 1880.

Notes and description of gravel mines in the distriets, by J. D. Whitney uand W. IT. Pettoe.
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REPORTS OF THE STATE MINERALOGIST OF CALIFORNIA. Sacramento, Cal. Vols,
I to X1II, 1880 to 1895.

Numerons notes and descriptions of quartz and placer mines in the district, by Melvillte
Attwood, J. B. Hobson, and E. A. Wiltsee. Also & paper on tho *‘ Lithology of Walt-rocks,”
by Melville Attwood, describing tho Eureka and Idaho mines (8th Ann. Rept., pp. 771-784.)
Also a map by Ross E. Browne, of the Harmony gravel mines (12th Ann. Rept.).

J.ArTHUR PriLrips.” The mining and metallurgy of gold and silver. London, 1868,

Contains notes from personal obsorvation on some Grass Valley mines, and also excellent
chservations on oro shoots, etc. Shows thatthe gold ores do not decreasein tenor with depth.

F. G. CorNING. The gold quartz mines of Grass Valley, Cal. Eng. and Min. Jour.,
Dec. 11, 1886, p. 418.

E. ReveEr. Ueber die Goldgewinnung in Californien. Zeitsch. fiir Berg- , Hiitton-
und Salinenwesen im preuss. Staate, Vol, XXXIV, pp. 1-28, 1886.

Geological sketch of Grass Valley and Nevada City; notes on Eureka and Idaho mines.
The dotermination of rocks is not altogether satisfactory; data presented apparently show-
ing gradual decrease in value of ores in depth.

W. M. CourTis. Gold quartz. Trans. Am. Inst. Min. Eng., Vol. XVI1I, pp. 639-644,
Oct., 1889.

Describes microscopic sections of gold-bearing qunartz from Grass Valley and other places.

NEvapa COUNTY MINING REVIEW, Published by the Daily Morning Union. Grass
Valley, 1895.

Contains short descriptions of the various mines in operation at the present time.

HISTORY.!

Previous to the middle of the present century this region, as well
as the whole Sierra Nevada, was an nnbroken.wilderness; the region
above an clevation of 2,000 feet was covered with magnificent forests
of sugar pine, yellow pine, and fir. Nevada City and Grass Valley
were located at the lower 1imit of this luxnriant and virgin forest.

Ouce opened up by the army of gold seekers, the progress of the
country was rapid; marvelous indeed are the changes wrought in the
short forty-eight years elapsed sinee the discovery of the gold in 1848,

The first discovery of gold in the Sierra Nevada is, as is well known, -
credited to J. W. Marshall, who on January 19, 1848, found some nug-
gets in the mill-race while constructing a sawmill at Coloma, Eldorado
County, for General Sutter, of Sutter’s Fort, now Saeramento.

The first gold found within the boundaries of Nevada County is said
to have been panned out by Jonas Spect on Rose Bar, on the Yuba
River, north of Smartsville, June 2, 1848. Marshall himself is stated
to have visited Nevada County in the summer of 1848, while escorting
a party of immigrants across the mountains, He camped on Deer
Creek, near where Nevada City now stands, and tried a few pans of
dirt, finding gold each time. In October, 1848, two prospectors came
up Wolf Creek and camped a short time near where the Eureka and
Idaho mines are now located.

‘During the summer and fall of 1849 the miners gradnally worked up
along the Middle and South Yuba, Bear River, Deer Creek, and their

1Tn the compilation of this brief historical review the sources memtioned above have been freely
drawn upon.
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principal tributaries. Several men were camping at Boston Ravine
and Badger Hill, Grass Valley. Dr, Caldwell built the first store where
Nevada City now stands, and sawmills were erected 4 miles south of
Grass Valley. Trom that time the development of the districts, at first
based principally upon the alluvial placer mines, went rapidly forward.
In March, 1850, an alcalde was elected under the Mexican law at Cald-
well’s store, and the camp received its name of Nevada. In.Aprilof the
same year the first hotel in Nevada City was erected. It was built of
rifted pine boards, the whole house, 8 feet front and 48 in depth, being
taken from one tree. The house opened on May 1 with 40 guests, the
moderate price of board and lodging being $25 per week.

A town, called Coyoteville, grew up on the gravel hills in the north-
western part of the present Nevada City as soon as it was found that
the hill gravecls were rich. Several thousand men rushed in during
1850. Sawmills were erected, and the lumber sold at $200 per 1,000
feet. 1n the summer of 1850 a church was organized, and a paper
appeared in 1851. In 1853 the first brick building was erected, and tel-
egraphic commnnication with Sacramento and Marysville was estab-
lished. Im 1856 there were 907 occupied houses in Nevada City.

In Grass Valley several stores were opened in 1849 and 1850. The
first town electior. was held in November, 1850. The first church was
organized in 1851, and a school with 12 pupils opened in a log cabin the
same year. After 1851 the growth of the town was very rapid. Like
Nevada City, it was, however, subject to many fluctuations, caused by
several rushes of the miners to newly reported gold regions, and by
periods of depression and activity in the quartz-mining business.

In 1880 there were 20,833 inhabitants in Nevada County; in 1890,
according to the last census, 17,369, This decrease is directly dne to
the cessation of hydraulic mining, prohibited shortly after the census
of 1880 by the Federal courts, on account of damage wrought to the low-
- lands of Sacramento Valley.

Grass Valley township had in 1880 a population of 6 688 in 1890,
6,798. The population of the city is not given sepamtely Nevada
Gity township had in 1880 a population of .5,506; in 1890, 4,013, The
population of Nevada City is given as 4,022 in 1880, and 2,524 in 1890,
Since 1890 both citiés have increased not inconsiderably in population,
due to the renewed interest in quartz mining.

DEVELOPMENT OF MINING INTERESTS.
PLACER MINING.

During the first years the alluvial placer mines furnished the largest
amount of gold; in both districts such mines were actively worked
during the tirst and even the second decade after the discovery. Very
soon, however, the older, Tertiary hill gravels were discovered; the
deposits of these were far richer and more abundant at Nevada City
than in Grass Valley. Between 1856 and 1860, and between 1865 and
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1870, the old channels on the Alta, Towntalk, and Independent hills,
near Grass Valley, were worked by the drifting process. Very little
hydraulic work was done about Grass Valley. At the present time
there are practically no placer mines working in that vicinity.

As early as 1851 the hill gravels above Nevada City, both on the
sonth and on the north side of the Sugarloaf, were discovered, and the
town of Coyoteville, already alluded to, was established on the eastern
end of Lost Hill. The methods of mining were at first primitive, small
shafts being sunk and low drifts run in different directions. Sluices,
the first improvement on the pan, rocker, and long-tom, were first used,
it is said, in the Coyoteville diggings. In 1853 the first experiments
in hydraunlic mining, or sluicing with water under high pressure, were
made in Nevada City, on American Hill, by E. G. Matteson. During
the sixth and seventh decade hydranlic mining was carried on exten-
sively ‘about Nevada City. Writing in 1866, Bean remarks in his
directory: ¢“The placer mines are still worked quite extensively and
are the main reliance of a large proportion of the population. . There are
a few companies conducting operations on a large scale, and gener-
ally with success, besides numerous independent miners working the
gulches and ravines.” At this time hydraulic plants were in oper-
ation on American Hill, Wet Hill, and Lost Hill; extensive ground
sluicing was carried on on the head waters of ‘Brush Creek, about
Selby IFlat, where the shallow gravels were extraordinarily rich. In
1858 to 1860 the rich Nebraska ground of the Manzanita channel was
drifted. In 1870 the hydranlic mine on the Manzanita channel was
being worked. The last hydraulic work about Nevada City at the time
of the suppression of hydraulic miuing was in the extreme northwest
corner of the large hydraulic area on American Hill, and is referred
to as Hirshmann’s Cut. Since 1890 several drift mines have been in
operation on the Harmony Ridge, notably the East and the West
Harmony mines.

QUARTZ MINING.

The first find of gold-bearing quartz was made on Gold Hill by a
German in September, 1850. The piece was sold for $5, and proved' to
be worth $100.! These and other finds were at first not thought much
of. Butin November, 1850, a rich ore shoot was struck on Gold Hill
by miners digging a hole for their cabin chimney; pieces of this vein
proved to contain $500 per ton. A great excitement followed, and in
this and the two following years most of the quartz veins in the vicinity
were located. At first the quartz was crushed in mortars with spring
pole, and the Huft company took out $20,000 in this way in the winter
and spring of 1851.

The first mill was put up in January, 1851. It was a rude aflair and

1Letter by Senator A. A, Sargent, written Jannary 1, 1856, and pnblisheu in the Nevada Transcript,
October 30, 1893,
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proved practically useless. A second, 8-stamp mill was erected soon
after, which was a little more useful. Rock from Gold Hill was crushed
in it for $50 per ton. The miners were paid $12 per day. In the follow-
ing years a number of mills were built, one of the best being erected by
Melville Attwood in 1853. In 1853 W. P. Blake writes that several
quartz mills were located along Boston Ravine, and describes the
process in use at the mill of the Empire mine, which began to work in
1851, and with brief intermissions has continued until to-day. Whit-
ney! writes at the same time that with the beginning of 1853 there
were at least 20 Anglo-Californian companies in the London market,
representing a capital of $10,000,000.

During 1851 there was a great excitement about quartz claims in
Nevada City, rich gold quartz having been discovered. The Merri-
field, Providence, and Gold Tunnel veins were locat«d, and during the
next year expensive reduction works were erected, ail of which except
the Gold Tunnel mill were conspicuous failures. Over $80,000 were
expended by the “Bunker Hill” company on a smelting process, works
for which were erected on the present Nevada City claim.

On account of the many failures, quartz mining at Grass Valley and
Ncevada City received a serious setback. At Grass Valley, where sev-
eral mills were kept running, the industry slowly revived, but at Nevada
City the miners turned their attention to the gravels, and quartz mining
was almost neglected. In1857 Grass Valley was flourishing and Nevada
City mines were improving. From 1839 to 1862 the business was de-
pressed and values in both districts depreciated greatly, owing partly
to the great Washoe excitement, partly to the flooding of many mines
during the winter of 1861-62, Again maftters improved, and in 1867
Grass Valley was the most promineut camp in the State. In 1866,
according to J. Ross Brownc, there were 248 stamps, erushing 71,420
tons of ore, with an average yield of $30 to 835, in Grass Valley, and
142 stamps, crushing 14,200 tons, averaging $25, in Nevada City.

In 1873 (Raymond’s report) the Grass Valley district produced about
$2,000,000 (estimate of large mines only), raising 60,000 tons of ore,
averaging $33, with 1 or 2 per cent sulphurets, while in Nevada City
ounly $67,000 was produced from 9,000 tons of ore, averaging $7.50
per ton.

In 1880, according to the Tenth Census, 28,939 tons of ore were raised
in the Grass Valley district, averaging $20.26; in the Nevada City dis-
trict, 27,814 tons, averaging $22.52; aud in the Willow Valley district,
1,630 tous, averaging $40. Neither the Tenth nor the Eleventh Census
gives the number of stamps running. From the latter there are no
definite data to be obtained, the production of the county ouly being
given, '

According to the table by Mr. J. B. Hobson, in the Tenth Annual
~ Report of the State Mineralogist for 1889, there were, during that year,

1 Metallic Wealth of the United States, Philadelphia, 1854, p. 142.
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211 stamps in Grass Valley, erushing 69,054 tons of ore containing 1,721
tons sulphurets, or 2 per cent, with a total estimated value of free gold
and sulphurets of about $1,285,000, or about $18 per ton; in Nevada
City, 172 stamps, crushing 33,000 tons of ore containing 1,269 tons of
sulphurets, or nearly 4 per cent,:with a total value of free gold and
sulphurets of about $402,500, or about $12 per ton.

A very decided improvement in the quartz-mining business was
noticed in the beginning of the present decade. While in 1885 there
were but few mines running and but little prospecting in progress, a
great and increased activity was noted at the time this investigation
was begun., Two hundred and fifteen stamps were dropping in Grass
Valley and 170 in Nevada City during 1893, and several new mills have
been erected since then.

Gold Hill and Massachusetts Hill were the principal producers during
the first two decades. The Empire has worked almost continuously
since 1851. The North Star was in operation until 1872, then again from
1884 to the present time. The Eureka pay shoot began to be exploited
in 1864, and has been continuously worked since then in the Eureka,
Idaho, and Maryland mines. At Nevada City the Gold Tunnel and Cali-
fornia mines were among the earliest worked. The Providence and
Nevada City mines have been exploited almost continuously, with short
interruptions. The Sneath and Clay and the Pittsburg were large pro-
ducers during the sixth and seventh decades. The Willow Valley veins
have been worked intermittently.

In 1894 the following mines were producing:

NEvapa City,

Drift mines,—East ITarmony and West Harmony. -
Quartz mines,—Champion, Providence, Nevada City, Spanish, Mayflower, Federal
Loan, and Pittsburg.

GRrass VALLEY.

Quartz mines.—Maryland, Empire, North Star, W, Y, O. D., Pennsylvania, Electric,
Omaha, Slate Ledge, Osborne Hill, and Orleans.

MINING CLAIMS.

The first meeting of miners was held in Grass Valley January 13,
1851, on Massachusetts Hill, when a size of 30 by 40 feet was allowed
for all claims, the boundaries in all cases being perpendicular. Later
on, claims 100 feet square were allowed. The form of the quartz claims
on Massachusetts Hill still shows the outlines of the earliest locations.
Still later, in 1852, a nniform rule was adopted by the quartz miners of
Nevada County by which ¢ each prospector shall hereafter be entitled
to 100 feet on a quartz ledge or vein and the discoverer shall be allowed
100 feet additional. Each claim shall include all the dips, angles, and
variations of the vein.” (Ross Browne’s Report, Washington, 1367,
p. 235.) This was still in force in 1866, and in fact until the Federal
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mining laws were passed in 1872, allowing quartz claims to be 1,500 feet
along the vein, with all the dips, spurs, and angles, and 600 feet wide.

PROCESSES OF MINING AND MILLING.

The scope of this paper does not permit a detailed explanation of the
processes used in obtaining the gold from the gravel and the quartz. A
few notes on the subject may, however, not be amiss for those not
familiar with the methods employed.

HYDRAULIC MINING.

This method consists in directing a stream of water under pressure,
ranging up to 400 feet, against high gravel banks. The quantity of
water in one jet ranges up to 1,000 or even 1,600 miner’s inches
(10,000 to 15,000 gallons per minute, approximately). The disintegrat-
ing power of the jet is often aided by bank blasting, consisting in run-
ning small drifts in the bank and exploding heavy charges—up to
25,000 pounds—of black powder. The gravel is then led through a
number of sluice boxes, aggregating at least 1,000 feet in length, in
which the gold is caught in riffles of cobblestones or wooden blocks by
the aid of added quicksilver. There are no data of the yield or cost
of the hydraulic mining in Nevada City. Presumably, it was not much
different from that of the other large hydraulic mines in the county.
The top gravel is usually poor, containing from 2 to 10 cents per cubic
yard, while the lowest part on the bed rock may be very rich. The
minimum cost is probably about 3 cents per cubic yard.

DRIFT MINING.

This method consists in extracting the richest gravel on'the bed
rock of the old channels, opened up by weans of tunuels, inclines, or
vertical shafts. The gravel is rarely worked to a height of over 8 feet,
the gold being mostly concentrated near the bed rock. The deposit is
blocked out and exploited in a manner similar to the working of hori-
zontal coal seams. The pay gravel is washed in sluices, rarely aggre-
gating more than a few hundred feet in length, or when hard and
cemented is erushed in stamp mills.

The cost varies greatly, according to conditions. Under the most
favorable circumstances the expenses may be reduced to 90 cents per
cubic yard; in mines worked by shafts or inclines, having to hoist the
gravel and pump the water, the expense is increased to $2 or $3. The
milling of the gravel, when necessary, is usually considered to cost 33
cents per ton.

QUARTZ MINING.

The method almost universally adopted of exploiting the quartz
veins is by incline shafts, following the dip of the deposits. Levels
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are turned usually every 100 feet, and the pay rock is extracted by over-
hand stoping. Perpendicular shafts are sometimes used to open veins
with flatter dip. "

The cost of mining varies considerably with the thickness of the
vein, the hardness of the country rock, and the depth and amount of
water in the mine. The generally narrow veins of Grass Valley neces-
sitate so much dead work that the expenses are rather high. In the
large veins of Nevada City the cost is stated in the mineralogist’s
reports to be $2.50 to $3 per ton, while in the North Star, a representa-
tive deep mine with narrow vein, it is $5. In certain mines of Grass
Valley, working under disadvantages, it is even more—up to $6 and
$7. The cost of mining has decrcased considerably in the last twenty
years. J. Ross Browne gives the cost at the Kmpire mine as $8.60
per ton in 1867, while at present it does not exceed $5. The power
used is steam, water, or electricity.

MILLING.

The ores from both mining districts are called ¢ free milling ’—that is,
they contain native gold easily amalgamating with quicksilver. They
contain, also, however, a certain percentage of gold chemically com-
bined or very intimately mixed with the metallic sulphurets which
make up a small fraction of the ore. However fine the ore is crushed,
there is always a certain, sometimes considerabie, amount of gold going
oft with the sulphurets if these are allowed to escape. This was rec-
ognized early, and the saving of the gold in the snlphurets has been
found the most difficult problem in the milling process.

W. P. Blake described the process in-use at the Empire mill in 1853
as follows: The ore, after being roasted in heaps, is crushed in a
16-stamp mill; the pulp passes over blankets, where much gold and
pyrites is caught; these blankets are wrung out in water at intervals,
and the mixture of gold and pyrites is subjected to amalgamation in
pans. X'rom the blankets the pulp passes through a revolving cylinder
holding mercury, where a part of the fine gold is amalgamated; finally
the pulp is subjected to an amnalgamation in a Blaisdell pan holding mer-
cury and iron balls; three-fourths of the gold is caught ou the blankets.
The gradually elaborated process was in use for many years and is
known as the Grass Valley process. W, A, Skidmore describes it as
used in the Idalio mill in Raymond’s reports for 1869 and 1870: The
quartz is crushed very fine; there is no amalgamation in the battery, -
From the battery the pulp is passed over blankets which are washed
out every fifteen minutes. The results from the blanket washings are
passed through two Attwood amalgamators, where a revolving cylin-
der with rakes stirs the mass in a bed of quicksilver. The skimmings
of the amalgamators are treated in two Knox pans with chemicals, and
here 33 per cent of the gross yield is obtained. The pulp from blankets
and amalgamators is passed in contact with revolving cylinders of
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amalgamated copper plates, and the sulphurets are concentrated on
improved Cornish buddles. The sulphurets are finally passed to the
chlorination process. The average cost of milling in 1868 was generally
over $2.

The chlorination process, obviating the shipping of the sulphurets
to smelting works or the wasteful grinding in amalgamating pans, was
successfully introduced in this region in 1860 by G. F., Deetken and
O. Maltman, and has been in use continually since that time. The
salphurets are subjected to an oxidizing roasting, usually with addition
of some chloride of sodium; the roasted ore is exposed to the action of
chlorine gas in large vats, and the chloride of gold formed is extracted
with water. From this solution the gold is precipitated in a metallic
state by means of ferrous sulphate. The silver is leached by calcium
hyposulphite and precipitated as sulphide of silver by calcium poly-
sulphide. The charge of treating 1 ton of sulphurets is from $16 to $20.
There are several chlorination works to which the miners usnally sell
their concentrates. Mines with their own chlorination works report
the cost to be $S or $9 per ton. ;

The process of the modern stamp mill differs considerably from the
old Grass Valley process. The ore is crushed by rock-breakers aud fed
automatically to 900-pound stamps dropping 6 to 7 inches from 80 to 90
times a minute. Amalgamation in battery is commonly used. Thirty
to 40 mesh screens are used for the discharge, which is only on one
side. I'rom the battery the pulp passes over broad 4 by 6 foot silvered
amalgamating plates. Ifrom the plates the pulp goes to the vanners,
self-discharging concentrators of the endless-belt type, with lateral or
longitudinal oscillation. In a few mines, notably the Idaho-Maryland,
the tailings from the concentrates are worked over again with different
contrivances, but ordinarily they escape directly. The cost of milling
has been greatly reduced in the last twenty years. In the North Star
30-stamp mill, under E. A. Abadie, superintendent, the cost during
1887 to 1893 averaged 82 cents per ton. The cost of milling i general
may be said to vary between $1 and 50 cents per ton, exclusive of the
treatment of the sulphurets,

LOs8S OF GOLD.

While the stamp mill has been very much improved and the loss of -
gold very much lessened, still there is in many cases nnquestionably
- room for improvement. Some mills may work the ore up to 90 per eent
of the assay value,' but in the majority probably an average of 75 per
cent only is reeovered, and in individual cases the loss may be much
greater. The mines whose ore contains tellnrium or much sulphurets
are particularly liable to lose much of the finely divided particles;
galena is especially liable to escape in the sluices. A strict control

1According to J. H. Haminond, 82 to 95 per cent of the assay value of the ore was saved in the
Enmpire and North Star mills.
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over the process by continued assays of ore and tailings is too often
lacking. The concentrators are made to work a pulp consisting of
grains of all sizes; In larger mills this could be obviated by proper
separation of the pulp by streams of ascending water; canvas plauts
for the saving of the frequently rich, finest slimes are at present rather
the exception than the rule. Rich snlphuretted ore, worth $75 and
above, should never be milled, but shipped to smelting works; the
losses in the mill are in this case always heavy, and-may be enormous
if tellurium is also present. o

THE CYANIDE PROCESS.
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