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420 CONGRESS, HOUSE OF REPRESENTATIVES. { Ex. Doc.
1st Session. } No. 10.

MINING STATISTICS WEST OF THE ROCKY MOUNTAINS.

LETTER

FROM

THE SECRETARY OF THE TREASURY,

TRANSMITTING

The report of the special commissioner for the collection of mining siatis-
tics in the States and Territories west of the Rocky Mountains.

Marcu 21, 1871.—Referred to the Committee on Mines and Mining and ordered to be
printed.

TREASURY DEPARTMENT,
Waslington, D. C., March 16, 1871.
SIir: I have the honor to transmit to the House of Representatives
the report of Rossiter W. Raymond, special commissioner for the eollec-
tion of mining statistics in the States and Territories west of the Rocky
Mountains.
Very respectfully,
GEO. 8. BOUTWELL,

Secretary of the Treasury.
Hon. JAMES G. BLAINE,

Speaker of the House of Representatives.
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COXDITION OF MINING INDUSTRY—MONTANA. 209

received average wages of 875 per month. The total yield of the mines
of these companies was $219,325, the ore being crushed in the following
mills and yielding the bnlgulued mnountb

Park Mill, employing forty men during eight months......... $15, 800
National Mining and Exploring Company’s mill, employing

forty-five men during tour months ... ... ... ... 85, 000
Ricker’s Mill, employing seventy men during nine months .... 68,400
Plymouth (;rold and Silver \Imlno Comp.lm s mill, employing

ten men during three months ... ... . ... ...l 6, 000
Diamond City Mmmg and Milling Company’s mill, unplo_y ing

six men during six months........ .. ... . ... .. 14,125
Charles Hendrie Mill, employing twenty-five men during ten

R0 U T S 30, 000

All these mills, with the exception of the Park Mill, are mentioned
in my last report, page 290. Their capacity, ete., can be found in that
place.

In the fall the quartz-mining enterprises, many of which had been
going on in a somewhat irregular way during the summer, took a new
start, and in October all the mines on the fumous Whitlateh Union lode
were reported working and all the mills in the neighborhood running
with satistactory results.

MEAGIIER COUNTY.

This county was described at length in my last report. There were at
that time no important quartz-mining enterprises in. the county, and I
am not informed that any have been started and brought to a paying
basis during the last year.

In the census reports only placer and hydraulic mines are enumerated,
and these classes of mines are the only ones of which I have any knowl-
cedge in the county.

Of hydraulic mines the census reports contain the returns of twelve
claims, which employed sixty-five men during an average of 4.25 months,
at average wageS of $86 50 per month. The total )wld was $59, 044
and the average per day per hand $8 15. All these claims are located
in New York (xulch Diamond City, and vieinity. They have mostly
1)ro(lmed less than -b'J 000 during the year ending June 1, 1370. ‘

The placer mines 1ep01tu1 are also all located in D New York Guleh and
Diamond City. Of these ninety-three have employed three hundred
and fifty men during an average of 6.2 months, at average wages of $72
per month, The total yield was $407,576, and the average §1e1d per
hand per day $7 21.

The following claims gave the highest yields:

J. B. Weston & Co., New York Gulel, employing thirty men

SIX months ... $25, 000
A. 8. Warren & Co., New York Gulel, employing fifteen men k

sixmonths .....o.. L.l 19, 800
W. C. Dawes & Co., New York Guleh, employing eight men

eight months ... ... .. . . ... L il . ... 18, 000
Buckingham & Co., New York Guleh ,employing eight men five

T 15,000

tosenbanm & Co., New York Guleh, employing five men seven

mMoNthS. ... L. 12, 240
William Casper, New York Guleh, employing four men seven

months............. ..o L oL i 9, 360

H. Ix. 10—-14
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whiclh was in operation since the 15th of June. A week’s clean-up was
reported to Le asually f1 om $2,000 to $3,000 in bullion.

G- . Brooks owns 525 feet on the Diamond lode, the ore of which
yields 825 per ton.

Nave & Co. and George I Sample seem also to have erected mills
during the year, but I have no further information in regard to them.

The prospects for both placer and quartz mining are 1‘eprese{1bed as
cnconraging for the next year.

MADISON COUNTY.

The yield of the placer and hydraulic mines of this eounty has not
been large, though both classes have been worked longer thauw in. any
other county. DBut it must be borne in mind that the localities in whicl
placer-mining has been carried on are few, and that some of these have
been continually worked since 1363, and yielded fabulous amounts in
former years.

Quartz-mining is permanently established in at least one district, Sil-
ver Star, where such lodes as the Iiverett, Green Campbell, and the
Iron Rod have continued to yield handsomely, the first throughout the
year

The census returns report only nine placer-claims in operation during
the year ending June 1, 1870. These employed fifty-two men during an
average of 6.7 mouths, db wages varying from $80 to $100 per month.
The total yield was $40,366, and the average per hand per day $4 42.
The following claims return the largest yield:

Donegan & Co., employing ten nen sixmonths............... $0 000
D. J. Emery & Co employing seven men eight months........ 000

Knight, Noteman & Co., employing twenty- five men six months ‘}, 000

Of hydraulic mines fifteen are reported by the census. They em-
ployed eighty-six men during an average of six months, and the
avérage wages are given at about $125 per month. The total yield was
$117,800, and the average per hand per day 88 76.

Of the more important claims I meuntion the following:

Stranig Mining Company, employing five men during six

IONE S . oo o e e %10, 000
Southmayde & Ilall, employing twelve men during five months 20, 000
Summit Flume Company, employing three men during five

months.... ... .l 10, 000
Pine Grove Company, employing eight men duaring six months 10, 900
Williams, Parker & Co., employing ten men during six months 16, 000
Cork Mining Company, employing eight men during six months 13, 300
Donegan, McGovern & Co., employing six men during six

10 71 12, 500

Tifteen reduction works, beneficiating gold quartz, are reported.
The\ cniployed one hundred and twenty-one men, during an 4 average of
5.3 months, at $125 per month. The total prodm,b is given as $177,350
for the year ending June 1, 1870, The most importnut, economicnl]y,
are:

The Montana Midas Company, located in Ilot Spring distriet, which
employed thirty men during tliree months, and took out $10, ()00 the
Everett, Green Campbell Compduv of Silver Star district, whicly em-
ployed twenty men throughout the year, and took out 306 000, (this
cowmpany expuldul $45,000 in wages and $2,370 in materials ;) tlw Ste
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Patten, Mansfield, Spurr, and others, will sink upon their leads during
the winter, and doubtless by next summer the vaine of the distriet witl
be determined. There is no question as to the richness of the rock, but
as yet sufficient developments have not been made to fully determine
the character of the veins.

MISSOULA AND GALLATIN COUNTIES.

IFrom these two counties I have received very little information.

Irom the former the census returns show seventy-six piacer-claims in
operation during an average of 2.2 months. They employed three
hundred and seventy-cight men, at wages averaging 870 per month.
The total product was $88,765, and the yield per hand per day $4 16.
All these claims are located on Cedar Creck, which is, it I am informed
correctly, the Jocality on account ot which considerable excitement and
a partial stampede was raised in the early spring. This may also ac-
count for the very short time during which the placers were worked.
Most of the claims reported by the ceusus yielded less than $1,000, and
only two have produced much larger amounnts, These are the fol-
lowing:

Mansinger & Co., claim 409 feet front, employed twelve men two

MONtIS . o e $9, 0600
Barnett & Co., claim 800 feet front, employed fourteen men three
months. ... .. 10, 060

There were also discovered, later in the year, new mines on Dig
Rocl Creels, a few miles west of the Deer-Lodge county-line and abeut
fitty miles nearly due southwest from Deer Lodge City. In September
news reached me that these mines were paying well.  Messrs., Carpen-
ter, Pickett & Cogswell had completed a ditch three and one-half miles
long, and they were reported to have taken out as much as 825 to the
hand per day. The gold obtained was very fine, being worth $21 50,
currency, per ounce. :

I have no information in regard to any mining which may have been
carried on in Gallatin County during the year, and am inclined to believe
that no results of any importance have been reached. It was in this
county, in the town of Bozeman, that Henry P. Comstock, to whom is
generally aecorded the credit of the discovery of the Comstock lode in
Nevada, (though his claim las been often disputed,) found his death by
his own hands, while accompanying the Big Horn expedition.

The valley of the Upper Yellowstone, which has so long excited gen-
eral curiosity on account ot the wonderful reports coming from that
region, has been explored in August and Septewber by an expedition,
of which Mr. H. D. Washburne, the surveyor general of Montana, was
a member. This gentlemnan published in the Helena Ierald the follow-
ing account of the expedition :

The Yellowstone expedition left Fort Ellis on the 224 of August, through the Boze-
man Pass, finding it all that the Bozemanites claim for it—easy and practicable—and
camped for the first night on Trail Creels, having a fine view of the mountains beyond
the Yellowstone.  The next day they struck the valley, and their jonrney up the river
commenced,  They camped for the night at the ranch of Mr. Bottler, thelast settler np
the river, Cl‘O\V Indians were quite plenty during the day, and a heavy rain at night
wave anything but a pleasing aspect to the commencement of the trip ; but a bright
st about 10 o’clock, made everything right, and we moved to the caiion of the river,
about fourteen miles distant, and camped on oue of the loveliest spots in Montana.
Two small streams put in from the cast from an clevation near camp. The river and
valley can h'c scen stretehing away far to the north, the river-bank plainly defined by
the trees skirting its margin,  South theriver can be scen pouring through the cafion,
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deeper as it passes on, until nearly double that depth. Jutting over the cafion is a
rocle 200 feet high, on the top of which is an eagle’s nest, which covers the whole top.
Messrs. Hanser, Stickney, and Lieutenant Doane succeeded in reaching the bottom, but
it was a dangerous journey. Two and a half miles below the falls, on the right, a little
rivulet, as if to show its temerity, dashes from the top of the cafion, and is broken into
a million fragments in its daring atteinpt. .

After spending one day at the falls we moved up the river.  Above the falls there is
Jbut little current, comparatively, for several mniles, and the country opens into a \_vulc,
open, trecless plain.  About cight miles from the falls, and in this plain, we found
three hills, or rather mountains, thrown up by voleanic ageney, and consisting of scoria
and a large admixture of brimstone. These lills are several hundred feet hugh, and
evidently are now resting over what was once the crater of a volcano. A third of the
way up on the side of one of these hills is a large sulphuric spring, 20 feet by 12, filled
with boiling water, and this water is thrown up from 3 to 5 feet. The basin of this
spring is pure solid brimstone, as clear aud bright as any brimstone of commerce.
Quite a strewun flows from the spring, and sulphur is found incrusting nearly cvery-
thing. Near the base of the hills is a place containing abont half an acre, but covered
with springs of nearly every description—yellow, green, blue, and pink. Flowing {rom
the base of the hill is a very strong spring of alum-water; not only alum in solution,
but ecrystalized. This place we called Crater Hill, and as we passed over, the dull
sound coming from our horses’ feet as they struck proved to us that jt was not far.
through the crust. All over the hill were small fissures, giving ont sulphurous vapozs.
The amount of brimstone in these hills is beyond belief.

Passing over the plain, we camped on the river-bank, near a series of mud-springs.
Three of the largest were about 10 feet over the top, and had built up 10 or 12 fees
high. In the bottom of the crater, thus formed thick mud was boiling and bubbling,
sputtering and splashing, as we have often seen in a pot of hasty-pudding when nearly
cooked. Near these we found a cave under the side of the mountain, from which was
running a stream of clear but very hot water. At regular intervals thoe steam was
puffing out. Ior some time we had been hearing a uoise as of distant artillery, and
soon we found the cause. Some distance above the level of the river we found the cra-
ter of a mud-voleano, 40 fect over at its mouth. It grew smaller until at the depth of
30 feet, when it again enlarged. At intervals a volume of mud and steam was thrown
up with tremendous power and noise. It was impossible to stand near, and one of the
party, Mr. Hedges, paid for his temerity in venturing too close by being thrown back-
ward down the hill. A short time before our visit mud had been thrown two or three
hundred feet high, as shown by the trces in the vicinity. Not far {from this we found
our first geyser. When discovered it was throwing water 30 or 40 feet high. The
crater was funnel-shaped, and 75 by 35 feet at its mouth. We stayed and watched it
one day. Without warning it suddenly ceased to spout, and the water commenced
sinking until it had gone down 30 feet or more. It then gradually commenced rising
again, and three times darving the day threw up water 30 or 40 fect.

The next day we recrossed the river and succeeded in reaching the iake, and camped
on the lower end.  The fishing, which had been good all the way up the river, proved
remarkably so in the lake. Trout from two to four pounds were to he had for the
taking. Flies proved useless, as the fish had not been educated up to that point.
Remaining over Sunday, we took up the line of maveh around the south side of the
lake, which took us through a dense growth of pine, filled with fallen timber. The
third day’s march was over a mountain, and but little progress was made, the train
going into camnp about 2 o’clock. Mr. Iiverts failed to cowe into camyp, but this occa-
sioned wo uncasiness, as wo had all expeeted to reach the lake and bLelieved hie had
pushed on to the lake, as Iie had once before done, and was awaiting our arrival.
Moving on five miles, we struck an arm of the lake, but found no trace of him. A
party was sent down the shore, and two other parties to elimb the adjacent mountains,
to scarch for him, and to build fires on them to attract Lis attention. Next morning,
1o news heing heard of hiny, a couneil was held and the camp moved to the main lake,
and search conmenced vigorously, but without avail. The fourth night a snow-storm
commenced and coutinued for two days, rendering the search during that time impos-
sible. The sitnation of the party was becoming precarious; away from the settlements,
no trail, without a guide, aud snow covering the ground.” Another conneil was held,
and it was determined that it was best to move toward the settlements. Mr. Gilletto
volunteered to stay and prolong the scarch, and two soldiers were left with him.
Mr. Gillette is one of the best monntain-men of the party, and there is hope that he
may bring some tidings of the missing man.  On the south cud of the lake is a very
beantiful collection of hot springs and wells; in many tlhe water is so clear that you
can see down fifty or a handred feet.  The lake is 8,000 feet above the level of the seq,
a beautiful sheet of water, with numerons islands and bays, and will in time be a great
sumnier resort; for its various inlets, surrounded by the finest mountain scenery, can-
not fail to be very popular to the secker of pleasure, while its high elevation and
numerous medicinal springs will attract the invalid. Ity size is about twenty-two by
fiftcen miles.
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List of ditches in Montana in the fall of 1869—Continued.

. =% & .

Name. Owners. Location. = E= 2

ﬁ 8| 5& 3

DEER LODGE COUNTY.
Rock Creek .......... oo Kohn & Co —eevnennnnn 13 | 1,500 | 60,000
Tom Stuart ..| Pioncer Company. .. 3 100 1,000
Pioneer ... Pemberton & Co ... 3 700 | 10,€00
Keystone. . Colonel Thurston ... .. 5 700 | 10,000
Prouse .......... .| Rock Creck Company. 2 430 | 13,000
Pike's Peak No.1. Kobn & Co wevnnn. . 3 400 7,000
Pike's Peak No.2... R . 3 300 3,000
Cavuthers........ George Caruthers. 3 300 5,000
Laterprise . Pemberton & Co.. 3 50 5, 000
Last }(uob . I (10 S 2 200 2, 500
Duichman. .| Meagher Compans; 3 300 | 5,000
Tiger ... ..| Pemberton & Co.". 3 GO0 | 10,000
Ohio ...... ..| Pounds & Green .. 15 800 | 30,000
Saowshoe . | Kelly & Co........ 3 500 4,000
Pryor ..... .1 Pryor & Johnson . 3 200 1, 500
Johnson... Johnson & Co. 3 200 3,0.0
Cealifornia .. | Thoruton & Preston 5 G600 20, 000
Bear Creek . ..| Domingo & Co do . oaenns 7 300 6, 000
American .. .| Weare & Co.... . .do - P] 200 2, 300
Moose Creek . _.| Lebeau & Co. ... .do .. Q 150 2,000
Mill Creek ..... .. P.Golden & Co . Mill Creek 2 700 3. 500
Minuesota. . .. Harris & Co .... .1 German Bar 15 500 40, €00
Beed :xwht, ............. .do ... - 5 360 2, 000
German Gualelr Stone & Co do ..., - 4 300 8, 000
}Iig‘lllnnd.. ............... . Hlﬂrl\l'md - 5 500 | 10,000
Blaelkrail | ——Shoup.......... | Blacktail. . [ 500 G, 000
]{umplney & Allison. ..| Humphrey & Allison . Butto..... 25 800 | 40, 00C
NOyeS. comeeiian e .| John Noyes....._... B ) RN 5 500 4,000
Silver Bow and Rocker. ..| Vanderberg & Co. i Rocker. ... 3 1,000 | 10,000
Divide Creek No.1... _| L. A. Barnard & Co . Silver Bow.. 23 400 | 40,000
Divide Creek No.2.ooooooovnoi|aancdo oo, . 15 300 3,000
China Ditchies, 2.. .. .| Chinese... 4 400 7,000
Oro Fino ......... | Morely & Co.... G 500 | 10, 000
Light Milo . Bob Linder & Co.. 8 500 12,000
Eﬂ’mne\x all . . 18 500 12,000
'hlun"tou .. Kelly & 12 500 | 40,000
I)llton ..... .| P. Dalton & Co . .- 3 300 3, 006
I¥enderson ... JR | Tenderson .. 4 500 35, 000
Georgetown .. .| Jameson & Co .1 Georgetown 4 360 3,600
Oro Fino -.... .. J. Allport. ... .| Cariboo ... 3 500 | 10,060
Cariboo .. P do....... Jo-odo o 3 200 2, 500
California -... Jeflerson. . 3 200 5, 000
. R, Jeedo C.l. 3 250 3, 000
McLellan..... R .| McLellan . 3 200 2, 500
Standifer . . Standifer . 6 300 6, 000
Miner's ....ooooooiiiioiifioo - - .| Elk Creek 3 200 2,000
Prairie Bar. - ) . iri 3 200 3, 000
TUncle Ben G 250 3, 000
| -

LEWIS AND CLARKE COUNTY. 279 120,350 | 498, 000
Big Helena 14 £00 18110, 000
Yaw Yaw .......... 5 2,500 | 23,000
Taylor, Thompson & Co 6 120 4,000
Nelson ..ol 4 150 6, 000

— S5 100 5, 000
Divide ....... 4 k63 3,000

: 2 50 | 2000
l’mgﬂn M. Co. 7 400 | 15,000
lumtv ........... . Behm & Co . i 600 | 16,000
Gray d]y Range -. | EM. Dumply. .. 17 200 | 15,000
g J. 8. Hutchinson 4 100 6, 000
.. Milay &Co....... 4 50 4, 000
.| Freneh Bar Diteh Co ... 24 260 | 30,000
-.| Taylor, Thompson & Co...|. P 1,100 | 4 000
Twenty-two small ditches .. ... SUnAry «.ooevoeeeeenann.. 44 1,200 | 33,000
BEAVER HEAD COUNTY. 172 7,705 ! 324, 000
B. Ditch & M. Company. .. 15
ceendo ool ..d .. 30
6 .
s Bald Mountain....| 10 G0o 5,000
Yearian Dros . Horse Prairie 15 1, 000 15, €00
----------------------------------- Baunack.. 4 80 4,000

834 | 6,200 | 106, 000
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the movement ; and the party in his church hostile to him is vigorously
engaged in farthering all mining enterprises. '

Lintend to present in my report for next year the results of a careful
reconnaissance of these new and productive districts; and I shall con-
tent myself at present with brief general observations. I am under
obligations to Messrs. Eli B. Kelsey, Ellsworth Daggett, and others
for interesting information on several points.

The following account of different districts was furnished in Decem-
ber, 1870, by Mr. Kelsey:

The minerals consist mostly of the base metals, of which lead is the chief, carrying
silver, and in some cases gold, in quantities varying from a few ounces to one hnundred
and fifty ounces of the former metal to the ton.  Valuable discoveries have been made
of chlorides and “horn-silver” of surprising richness, varying in actual assay valne from
$500 to $27,000 per ton.  Assays have been had from the ore taken from the Silveropolis
mine in East Canyon, owned and worked by Messrs. Walker Brothers aud others, of
§20,000 per ton.  Shipments of a nunber of ear-loads of ore have been made from this
urine that yielded a net return of $5,666 per car-load of ten tons.

Ore has been taken from the Shamrock mine in East Caiion, that assayed as high
as $27,000 per ton. This mine is owned and worked by Mr. William M. Iliess, Mr.
William C. Rodgers, merchants of New York City, Mr. W. 8. Godbe, of Ralt Lake City,
and others. Shipments have been made from this mine which have given returns of
from $1,800 to $5,600 per ton. I speak of these two mmines as an evidence that, althongh
nine-tenths of the mineral veins yet prospected in Utah show the base metals, lead and
copper, we are not withont the richer ores.

History of the mining-camps.—~The mineral developments in Utah are still in their
infuncy, and but few mining-camps have as yet been established.  The following dis-
tricts are tully organized and in a very prosperous condition :

The “Mountain Lake” district, of which Little Cottonwood Cafion forms the chief
{eature, lies southeast of Salt Lake City, and distant about twenty-five miles from the
terminus of the Utah Central Railroad.

The first fully developed mine in Utah, the “ Emma,” is in this cafion. In fact,
the resnlts attained in the development of this mine gave an impetus to mining in
Urah that surpasses all other efforts made in that direction put together. At a depth of
127 fect the prospectors of this mine struck a lake of mineral of vast extent, which
now yields & clear profit on shipments made to Swansea, in Wales, of near $120 per ton.
Many thousands of tous of ore (by measurement) are in sight in this mine, undoubt-
edly of equal richness to that now being shipped.  There are many mineral lodes now
being worked in Little Cottonwood and the adjacent cafions—Big Cottonwood and
American Fork—whieh yield ore equal to, and in some cases far exceeding in value,

“the ore takeu from the Emma mine, but in quantity the Emma has no equal in Utah.

The Union Mining Company, of which Geueral Maxwell is president, W. S. Godbe
vice-president, and H. W. Lawrence treasurer, own a large number of valuable ledges
in Little Cottonwood, which they are opening rapidly and very effectually. Mr. John
Cnmmius, of Salt Lake City, is owner of several valnable mines in the same locality.

West Mountain mining district, of whieh Binghamn Cafion and its tributaries
form the ehief featnre, is situated about twenty-five miles southwest of’ Salt Lake City,
on the castern slope of the Oquirrh range of mountaius. Bingham Cafion has been
noted for some years as the only locality in Utah Territory where placer-mining
Las prospered.  Over $600,000 worth of gold dnst has been sold to the bankers and
merchants of Salt Lake City from this camyp within the Jast three years. When the
sums carried away and otherwis8 disposed of by the miners ave taken inte acconnt in
making up an estimate, the sum-total of the yield in gold dust from Bingham Cafion
placer for the last three years will not tall {ar short of” $1,000,000.

Messrs. Taylor & Woodman have entered into contracts with the owners of near
three miles of the guleh-claims of this cafion, to put on the neeessary engiues and
pumps for the prospecting aud working the bed-rock of the main gulely, which lies
trom 20 to 100 feet below the surface, The best-informed parties think that the gnleh
bed-rock of Bingham Cafion will prove equally as rich as the famed “ Alder Guleh” of
Montania.  Messrs, Taylor & Woodman have imported and have now on the ground a
twenty-lhorse engine and the pecessary pumping apparatus for exploring tlie mysteries
of Bingham Canon Guleh.

Messrs. Heaton, Camipbell & Co. are now working the bed-rock of this gulel, near
the mouth of Carr Fork, which they have reached, after two years’ labor and the
expenditure of $15,000, by a long drain-tunnel. They inform me that they are averag-
ing 312 per day to the hand, notwithstanding the imperfect manner in which they are
at present obliged to work their ground. They have not, as yet, ran any side-drifts,
and at present raise all their divt by a windlass worked by two men.  When we take
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triet is capital, to cnable the miners to prospect their lodes and erect smelting furnaces
for the working of their ores on the spot, and thus save the heavy freightage now paid
on crude matter to Salt Lake City. . .

The Mount Nebo district eighty miles, the Sevier district two hundred miles, south of
Salt Lake City, and the Meadow Valley district two hundred and forty miles southwest
of Salt Lake City, are rvich in minerals.

Mr. Kelsey’s statements are indorsed by Messrs. Gould & Woodward,
Walker Brothers, Kimball & Lawrene, Godbe & Co., Marshall & Carter,
and Kahn Brothers, merchants of Salt Lake City, and by Vernon H.
Vanghn, the governor, and C. H. Hempstead, the United States attorney
of the Territory. »

Estimate of costs of mining oves in West Mountain district, Salt Lalke
County, Territory of Utah, reported by Eli B. Kelsey, December 20, 1870.

Population of district, 400 souls; wages of first-class miners, $3 per
day; wages of second-class miners, $2 50 per day; wages of surface
laborers, $2 per day; cost of lumber, $4 per 100 feet; cost of mining
timber, 86 per cord ; cost of common powder, $5 per keg; cost of quick-
silver, 80 cents per pound; cost of freight from Salt Lake City, $15 per
ton ; cost of fuel, wood, $4 per cord; mining cost per ton of ore, 85
per ton, (average facilities poor from total want of machinery ;) depth
of mines, from 100 to 400 feet ; character of rock, ete., granite, quartzite,
and hornblende; reduction, smelting a failure as yet—no mills. )

REMARKS.—Our mining developments are yet in theirinfancy. The
number of mineral veins is very great, with well-defined wall-rocks in
-all those yet worked. Veins from one foot to fifty feet in thickness.
The mines in Bingham Cafion and its tributaries, which comprise the
‘West Mountain mining district, are mostly base-metal mines, carrying
from 10 ounces to 150 ounces of silver to the ton of 2,000 pounds.
There are several mineral veins of gold and silver bearing quartz, none
of which are developed to any considerable -extent; one of them, the
Silesia, gives an average assay of $50 per ton. There are no stamp-
mills in the Territory except one or two small ones in Meadow Valley.
A great number of quartz-mills are contracted for, to be delivered here
in the spring, mostly for East Cafion, Rush Valley, fifty miles southwest
of Salt Lake City.

Messrs. Walker Brothers report having shipped during the six months
ending December 31, 1870, 4,200 tons of galena ores, of an average
assay value of 35 per cent. of lead and’$182 in silver per ton, the net
value being $125 per ton. Almost all of this was from the Emma mine.

The following are the prices reported in January, 1871, as paid in
Salt Lake City by California buyers for Utah ores: Ore containing 50
ounces silver and 30 per cent. lead, per ton,$22; 50 ounces silver and 40
per cent. lead, per ton, 830 60; 50 ounces silver and 50 per cent. lead,
per ton, 838; 50 ounces silver and 60 per cent. lead, per ton, $45; 50
ounces silver and 70 per cent. lead, per ton, $53; 50 ounces, silver and
80 per cent. lead, per ton, $61.

In addition to the above rates, $10 per ton, additional, is paid for
each 10 ounces of silver over 50 ounces per ton. Every tenth sack of
ore is crushed and sampled for assay, and the ore is paid for as soon as
assayed. This ore is all shipped to San Francisco and is there smelted,
and the lead as well as the silver is made a marketable commodity.

Almost all the Utah ores have, however, been, up to the end of 1870,
shipped east over the Union Pacific. The amounnt is given by the San
Irrancisco Scientific Press as follows:
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being run in to tap the main shaft, which is down about 200 feet. I send you a speci-
men of the ore. There are other promising locations, as the North Star, owned by
Bruno & Co., and the Western State, which takes out some twenty tons weckly. Not
far off, over the ridge,is Big Cottonwood Cafion. Here the Empire Tunnel Company
propose torun a tunnel in toward Little Cottonwood. Here are also the Wellington,
Theresa, Davenport, and other leads, The geueral formation is limestone. Mr. C. L.
Stevenson, who has lately visited the various mining districts, gives me tlhe following
approximate product of the different mining localities during the month of July. The
average value of ore exported was about $105 per ton :

- Tons

Little CottonwWood .. o con oo e oo cece e eeece teecece ceetcaae e e aannn 314
Bingham | it e ieiee e 6
Parley’s Park ..o ie e oo e et e imee e aemeaneaeman e aeeane 40
Rush Valley ..o oo e e emeeaceen e 70
Deep Creek 10
TG « e e e et e et e e oe e emmmn ce e cme ameeaeea e cemae s 30
Total 470

Smelting works.—Messrs. Woodhull Brothers have built a furnace here, and have made
the first run of this Territory. This run created, naturally, considerable excitement
here. The result was a production of 5,000 pounds of bullion in thirty-six hours. This
assays about $500 to the ton in silver. The metal was hauled to town, and stocked up
in front of the Elephant store, where it attracted large numbers of people who were
curious to see the pioncer bars of Utah. The Woodhull Works are capable of working
about ten tons daily. Mr. Milton Robbins is about to put up smelting works, He will
have the able assistance of Mr. Charles C. Ruegar, who will take the active mapage-
ment and the constrnetion of the furnaces in hand. Mr. Ruegar has studied in Ger-
many, and’has spent considerable time among the mines of California. He appears to
be well fitted for his work. Mr. Leopold Balbach, a cousin of the Balbach Brothers, of
Newark, New Jersey, has been visiting the mines of Utali, and was so impressed with
their extent and richness that he telegraphed to parties East (he tells me) that he
thinks hest to erect smelting works in the valley, and these are to be put up. There
are others here who engage in buying ores, and the mines are attracting persons fromn
different quarters. There seems to be overy reason to suppose that Utah contains val-
nablo mineral deposits, and probably these will be developed quite extensively hence-
forth.

The facts seem to be that the most productive mines working up to
the close of 1870 are masses or “stock-works?” of argentiferous galena
in limestone; that the business of mining and reducing or shipping the
ores is one that requires considerable capital; and that the abandance
of supplies, cheapuess of labor, and facility of transportation render this a
highly inviting field for operations on a large scale. That the sanguine
expectations of the owners of thousands of locations will be fulfilled, it
would be foolish to predict; but it cannot be denied that the actual
progress already made, and the favorable economic conditions attending
the new industry, give unusually good ground, even for speculative
anticipations.
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parallel to it, These mountains are composed of granites, syvenites,
Dorphyries, trachytes, greenstones, basalt, and metamorphic slates, and
woest of them contain a vast number of mineral veins,  They are quite
destitute of vegetation and very rugeed in outline, presenting the most
fantastic shapes and imparting to the entire landseape, a somber,
dreary hue.

The conntry intervening between the Gila route on the sonth and the
Mohave route on the north is erossed by the road fromn La Paz to
Wieckenburg,  This road, one hundved and twentyv-eight iles long,
leads over a continually rising plain, which is only in one place, at the
so-called ¢ Granite Wasly,” broken by an upheaval of coarse grained
granite.  The mesa is covered throughout with the detritus from the
mountain chains visible to the north and northeast, and exhibits no
rocks in place until the cafions and ravines leading to the Hassyampa
above Wickenburg arve reached.  Here the same metamorphie slates and
(quartzites, with oceasional porphyries aund basaits, ave exposed, which
are mentioned before as ocenrring to the south and southwest of Wick-
enburg, '

I have thus endeavored to give a general outline of the geology of
thie known portions of Arvizona Territory, well aware that it will require
very extended and protracted surveys to definitely settle its details and
their relations to each other over so vastan arca.  The latter is especially
difficult from the absence of fossils in most of the exposed sedimentary
strata, and their extraordinary frequent dislocation and metamorphosis
by intruded igneons rocks.  These exist in the Territory in greater
abmndance and varviety and T think of more diftferent ages than in most
countries of which the geological structare is new known, and it is
therefore not surprising that they arve so extensively and generally ae-
companied and crossed by veins containing the ores of nearly all the
useiul metals.

YAVAPAI COUNTY.

The mining districts of the Sierra Pricte.—~The Sicira Pricta has been
repeatedly mentioned in the preceding pages.  The eharacteristics of
this important range differ entively from those of the mountain ¢hains
to the sonth, southwest, and west of it. While the latter rise suddenly
out of the level plains and mesas like rugged islands out of an ocean,
surrounded on all sides, as it were, hy the level sea of sand and gravel
up to the very toot of their cragey sides, the muain granitic axis of the
Sierra Prieta is on both the northeast and southwest slopes flanked by
a mudtitude of low hills stretehing away from the eentral line of the up-
heaval for many miles, and joining arvound its northern as well as its
southern terminus,  On both these extremities, however, the decline in
altitude is much more sidden than along the sides of the range, thus
forming on the northwest Granite Mountain, a grand mass of’ granite,
visible for many miles in all directions, and on the southeast Bradshaw
Mountain an equaily precipitons but not quite as rocky elevation. The
toot-hills on both sides of the chain consist of metamorphic slates, which
are highly inclined and frequently even vertical.  On the northwest,
north, and northeast these slates course parallel to the main granite
spine, but toward the southeast they impinge on it more and more, and
part of them even form the cast side of the DBradshaw Mountain, and
cross its sontheastern slope, l

I the Sierra: Prieta and its (oot-hills are located some of the most
important rining districts of Arizona.  They assnme especially higher
Importanee because in these distriets the items of wood and water are
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tion, and $500 more were obtained from the lot. The sulphurets con-
stitute about 10 per cent. of the ore. The iron pyrites yielded, by
assay, from 860 to 86060 per ton, while the copper sulphurets never
assayed higher than $30 per ton. This is remarkable, as it is coutrary
to all experience in Colorado, New Mexico, and at other localities in
Arizona, the copper pyrites proving generally the richest in gold of the
two.

The stamp-mill belonging to this wine is erected about three-quarters
of a mile east of the mine, and one-half mile from the Hassyampa, in a
very unfortunate locality, on account of the scarcity of water. This
might easily have been avoided by locating it on the Hassyampa River,
where there is plenty of water all the year round. It has ten iron
stamyps arrayed in two batteries and long copper plates. From these and
an inclined plane the pulp runs into two Hungerford concentrators and
blankets. The concentration of the sulphurets is imperfect. Chlorina-
tion works, consisting of a long reverberatory roasting furnace of a ca-
pacity of four tons per day, and the necessary vessels for the develop-
ment of chlorine gas, as well as wooden tanks for the reception of the
roasted ore, are alsoerected at this mill, but they have never been in
perfect working order. The mine and mill are now both idle.

The country in the vieinity of the Upper Hassyampa is considered
very dangerous on account of roving bands of Apaches, and, indeed,
only a few days before my visit to the district an old miner had been
killed and brutally mutilated close to the Astor lode. This nan, I was
told, was the last one of a party of twenty, who had come to the coun-
try fifteen years ago, and all of whom had been killed at different times.

Turkey Creek district—In passing over the divide between the head-
waters of the ITassyampa and those of Turkey Ceek, the trail leads
over alternating zones of quartzite and granite, greenstone and green-
stone-porphyry, the latter in some cases assumning a slaty stracture. In
one of the last-mentioned zones oceur on the Turkey Creek side of the
divide several veing which carry galena. One of these is the Cyclop,
a small vein, about 10 inches wide, containing coarsely erystalline, solid
galena., It strikes northeast and sonthwest with the slates, and dips
309 southeast. It is only opened slightly in a few prospect-holes, ‘

The ITomestake is another large galena vein, lower down in the ra-
vine, southeast from the foregoing. It is 4 feet wide, striles northeast
and southwest, dips 90° southeast, and carries a heavy outcrop of por-
ous, hydrated oxide of iron on top. This is colored in someinstances.
by an efflorescence of carbonate of copper. There is a shaft sunk on it
whicly, at the time of my visit, was full of water. DPieces of lcad ore on
the dump attest that the ore reached by it is galena, slightly mixed.
with copper pyrites.

The Goodwin occurs about one mile and a half lower down than the
foregoing, on a series of low hills, on the left bank of Turkey Creek,
and one-half mile from that stream, It lies in a bed of yellowish-white
metamorphie clay slates, parallel to their strike, which is like that of all
the metamorphic slates of the northeast flank of the Sicrra Prieta,
northeast and sonthwest. The vein, although narrow, has been traced
for over a mile in length, and is opened by a shaft 50 feet deep, and
three or four open cuts along its strike. The width in these places

varies from 6 to 10 inches, and the eharacter of the oreis throughout the
same. It is quartz, containing green and blue carbonates of copper,
chloride of silver, and lower down fahl-ore. This ore assays over $300
per ton, and this amount per ton has been extracted from a shipment of
about one thousand pounds, which was sent to San Fraucisco to be

H. Ex. 10——16
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slope of one of the spurs running down from the main ridge toward
the north and east of the foregoing veins. It is a contact-vein, its foot-
wall being a light drab porphyry, while its hanging wall is greeustone
state. Like the others, it strikes northeast and southwest, and dips south-
east. At the time of my visit, (October, 1870,) an open cut about one
Lhundred and fifty yards in length had been made, and the ore taken out
for a depth of from 8 to 15 feet. The deepest shaft was only 20 feet deep.
These openings showed a vein of from 18 inches to 2 feet, consist-
ing of pretty much the same minerals as those enumerated above, only
the vein matter was softer and contained more argillaceous matter and
vellow arseniate of iron. The latter is most concentrated in a streak 6
inches wide running along in the vein, sometimes in the middle and
oftener on either side. This is the richest in gold. The ore had been
worked so far in two arrastras erected close to the vein on a little stream
in French's Guleh, and the first lot of 64 tons had yielded 112 ounces of
gold, selling for $17 per ounce, making a little over $1,900. The second
lot of 20 tons, according to the owners, and of 27 tons, according to
some outsiders, had given a product of 116} ounces, or 81,980, Iven
assuming that the last version is the true one, the yield of $73 per
tou must be considered an unusually good one. At the time of my visit
preparations were being made to transport to the mine a four-stamp
mill, to be run by steam, an undertaking which, on account of the great
steepness of the mountain, was by no means easy to accomplisl. I have
since received advices that the will has been successfully erected, and
that the vein is now 4 feet wide at the deepest point reached.

The mining work at the time of my visit was badly planned and exe-
cuted, the open cuts being in many places filled in again by waste
material, and no tendeney being visible to open the mine in depth and
secure reserves.

The original location is 1,000 feet long, and is owned by the Jackson
Brothers of Prescott, Chas. Taylor, Jas. IFine, and MeCracken.  Several
extensions on it are located, but not opened. There are two small veins
ranning parallel to the Del Pasco, 4 and 6 inches wide, on the same
slope Dbelow it. They are also contact-veins between porphyry and
slate, the dikes of the former recurring here very frequently. The ore
is of the same character as that of the Del Pasco, but not as rich in
gold. A great number of similar veins are located and slightly pros-
pected in this distriet. They are all on the same main 1idge and its
northern spurs. One fact is quite remarkable in connection with the
veins of this district: they all carry, besides the gold, more or less arse-
niate of iron and earbonate of lead, and the gangue is soft. This is of
conrse not injurious to amalgamation as long as the ores remain decom-
posed 5 but small picees of undecomposed galend and arsenical pyrifes,
oceurring even at the slight depth of from 20 to 25 feet in some of the
veins, thongh surrounded by decomposed matter, lead me to suspect
that decomposition will be found not to extend far down, and that then
the same trouble will here be encountered that prevents the working
of the Hassyampa and Lynx Creek mines in depth. But shounld the
galena be found solid enough to permit smelting, its connection with
the gold and pyrites can of course only prove beneficial for the pros-
pects of the district. .

Pine Grove district—This district must not be confounded with
another of the same name, which was several years ago organized on
“Pine Flat,” on the western toot of the Bradshaw Mountain, and which
is for the present abandoned, though some of its veins, notably the
Minnehaha, are reported as rich. The present Pine Grove district is
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pyrites, and much zine-blende. It has been tested for 400 feet in length,
and has not yielded more than $10 to 812 per ton.

The Tie Tie runs nearer north and south than the remainder of the
veins of this district, and finally turns entirely northwest at right angles
to the common strike, tying together, as the miners say, the other veins,
whence its name. In the first-mentioned portion it dips east 85° and
afterward northeast. It is open on the southwest end of the location
Dy an open cut 50 feet long and 25 deep, and shows an irregular crevice,
with many horses in it. In the shaft, however, the vein is solid, and,
at a depth of 18 feet, 4 feet wide. On the northeast end of the location
it is opened by another well-timbered open cut, 75 feet long and 20 feet
deep, and here the vein-matter varies in width from 4 to 8 feet; but
there are also several horses in the crevice. No sulphurets have yet
been struck, Tlie decomposed ore contains arseniate of iron, and has
vielded in spots $100 per ton in arrastras. The last rum, however, of
ore from the northeast end of the location, yielded only $10 per ton in
the Ilureka mill. This mill is, however, very imperfect, and it is more
than likely that much of the gold was lost.

The Twin, below the Tie-Tie, on the same hill, has the usunal strike
of the veins in the vicinity, northeast and southwest, and dips south-
east. It is opened by two small shafts, which show the quartz 2 to 4
feet thick. It has been worked in arrastras, and is said to have yielded
340 per tou. . .

The Henry Clay, opened in a small ravine, is a contact vein between
granite and greenstone. It is 2 feet thick, and the porous quartz shows
galena and carbonate of lead. It contains gold and a considerable
amount of silver.

The Biily Pointer Ledge is, considering all the circumstances con-
nected with it, by far the best vein in the district, and perhaps the most
valuable in all the Prescott region. It is lower down on Lyunx Creek
than all the foregoing, and close to the stream. It lies in a greenstone
dike, nof far from its contact with the granite on the cast, strikes north-
west and southeast, and dips very steeply to the southeast. The main
vein is, on an average, 4 feet 8 inches wide, but it has side-veins or
branches on both sides, which sometimes run along with it 8 to 16 feet
off on either side, and sometimes join it. These are often 3 feet, and
never less than 2 feet wide. The lead was discovered and located by
Wm. Pointer, familiarly known as ¢ Uncle Billy Pointer,” an old Colo-
rado pioneer, who came to this country in 1863, after huving made and
lost a fortune in oue of the Gilpin County gold leads, which to this day
has a good reputation.  Uncle Billy owns 400 feet on the lead, and ever
sinee 1866 e has worked this property entirely alone for a living, He
is a fine specimen of a Western pioneer, one of the men who have always
kept in advance of the railroads, and who dow’t feel well unless separated
from civilization by hundreds of miles of Indian country. He is now
quite old and white-headed, but he still does all his work without any
aid whatever. Tle sinks his shqfts and mines lis ore, leaving his faith-
ful dog at the mouth of the shaft to wateh for Indiang, and when he has
dug ont a bucket-full he ascends the ladder and winds it up himself.
In the same manner he takes it alone to his arrastra, which is close by,
and grinds his own ore by water-power, the 18-foot wheel of which was
built by his own hands. e has sunk two shafts, one 34, the other 22
feet deep, and three prospect holes of 10 to 12 feet in depth on the main
vein and its branches. In all of them a splendid body of porous brown
(uartz is exposed. A horse of greenstone met in one of the shafts eut
out again in a few feet. None of the ore worked so far has yielded less
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The mill employs seventeen men, viz: one foreman, five amalgamators,
(three by day and two by night,) two engineers, one wood-passer, three
teamsters, (bringing tailings from the reservoir,) and five shovelers,
(loading teams and turning tailings over to dry.) The tailings here
treated are somewhat richer than ordinary, and require more chemicals.
Wood is also expensive here, costing $10, and more, per cord. Tailings
of Jower grade, treated with less chemicals, more quickly, in mills of
greater capacity, and with cheaper fuel, would require proportionately
less outlay in running expense. Thusat Avery’s tailing mills in Wa’shoe
Valley, where wood is $6 per cord, the cost per ton is said to be but 3 50.

Treatment of slimes.—All attempts to work slimes by raw amalgama-
tion in pans (i. e., without previous roasting) were for a long time un-
successful. This was attributed partly to the finely divided, clayey con-
dition of the material, by reason of which the quicksilver and amalgam
became coated with a slimy film, preventing amalgamation and causing
great mechanical loss of mercury; partly also to the probable presence
of the silver as sulphurets, as in the first-class ores, which require a
chloridizing roasting to prepare them for amalgamation. Roasting
being too expensive, under the circumstances, for slimes, this material
has been either mixed with tailings, (or thrown back into the battery
pulp,) and worked over in the pans, in which case it is impossible to say
how much of its value has been extracted; or it has been allowed to run
off with the common tailings, and be caught, sometimes in the great
reservoirs at the caifion mouths, sometimes by special dams constructed
for the purpose.*

Within a year or two past, however, slimes have been successfully
treated in pans, without roasting, by a process which differs from the
ordinary pan amalgamation of fresh ores or tailings, chiefly in the quan-
tities of chemical reagents employed.f The mills of Messrs. Janin and:
Mr. I. 8. Parke, in Six-mile Caiion, have reduced with profit, in this man-
ner, large quantities of slimes. .

In the Janin mill there are four MeCone pans, receiving 2,500 pounds:
of slime at each charge.] Twelve pounds of the sulphate of copper and.
. thirty-six pounds of salt are added with each charge, and the whole is.
worked for two hours before putting in the quicksilver. Little or no.
grinding is required, as the material is already exceedingly fine; the.
muller is raised high enough to avoid unnecessary friction, and revolved.
at the speed usual in working ore, the object being to keep up the cir--
culation of the pulp. After two hours the quicksilver is added in large
quantity, usually 300 pounds. The charge is then worked four hours.
longer, and afterward drawn off into the settler; when the amalgam is.
collected, while the residue is passed through ‘large agitators, before:
tinding its way to the tailing-stream, in order to save as much as possi-
ble of the escaping amalgam and quicksilver. The employment of so.
much quicksilver, together with the clayey nature of the slimes, causes a
large loss of that metal, said to be about five pounds to the ton of

* It is unfortunate that the plan of saving slimes in reservoirs was not put in opera-
tion in the early days of Washoe mining, when this material was enormous in quantity
and very rich. Millions of dollars were lost by this neglect, never to be recovered
unless the Carson River may be made to “ give np its dead.”—R. W. R.

t Messrs. Louis and Henry Janin deserve the credit of solving this problem, both
theoretically and practically. With characteristic intelligence and skil , they experi-
mented in the direction indicated by seientific principles, and opened to the limited
pan process a_new realm of possible applications, the boundary of which is not yet
determined.—R. W. R.

{ The re%ular charge of ore would be 4,000 or 5,000 pounds; but slimes increase
greatly in bulk on the addition of water.—R. W. R.

H. Ex. 10—-26
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slimes. This item and the liberal use of chemicals raise the cost of
treatment to probably not less than $12 per ton. The supply of slimes
is obtained by purchase from the mills,* their value being previously
determined by assay. It varies from $25 to $30 per ton; and the pur-
chase price for some time past has been from $3 to $5 per ton. It is
said that this process extracts upward of 60, and frequently 80 per
cent. of the assay value.

In Mr. Parke’s mill a similar method is followed, except that wooden
pans, with riffled or corrugated wooden side-lining and cast-iron bottoms
are employed, and are said to facilitate greatly the disintegration of the
slimes, which tend to aggregation in tenacious clayey lumps.

The roasting of slimes, though metallurgically a rational method, has
not been economically successful, in view of the cost of fuel and labor.
It bas been attempted in the (O’Hara furnace with promising experi-
mental results, which were never followed up; and it has been proposed
to apply the Stetefeldt furnacet to this purpose. Ordinary reverbera-
tories are certainly too expensive.

Treatment of first-class ores.—The quantity of high-grade ore now
produced from the Comstock mines is so small that it but partially em-
ploys the single mill of Mr. Dall, in Washoe Valley. The process is dry-
ing, dry-crushing with stamps, roasting with salt, amalgamation in bar-
rels, and retorting.f The roasting is performed in reverberatories, for
which the Stetefeldt furnace is a modern and more economical substi-
tute in use elsewhere.§ Pans are likewise employed instead of barrels
in other parts of Nevada and in Colorado. At this mill, wood costing
$5 per cord, common labor $3 per day, salt 3 cents per pound, and
quicksilver 65 cents per pound, the price charged for reduction was $40
to $45 per ton, with a guarantee of the return of 80 per cent. of the
assay value of the ore. That is to say, the mill in effect purchases first-
class ore for 80 per cent. of its value, less $40 or $45 per ton, the
stipulated price for working, making its return in eash or bullion, with-
out any statement of the yield actually obtained.

CHEMISTRY OF THE WASHOE PROCESS.

This subject has been but little understood, though much discussed,a
fact which need not surprise us when we reflect that the same is true of
the chemical reactions involved in the manufacture of iron, and, indeed,
of all processes which have grown up, step by step, out of the needs of
daily practice. The great difficulty in the way of reasoning from the
facts to the principles underlying them has been the imperfection of the
data. Millmen have no time to make scientific, that is to say, carefully-
guarded and recorded, experiments. They are satisfied with profitable
results, and do not inquire into causes, except in case of loss. But the
most important sources of loss in the Washoe process, as employed ou

* The discovery of a successful treatment for slimes had the effect of raising the value
of this material in the estimation of the owners of reservoirs; and the Messrs. Janin
found it difficult to control a permanent supply at prices which would leave them a
sufficient profit, especially as the margin of gain must needs be large in a busines
based upon the purchase of such material by assay. It is my impression that they
closed their mill last year on this account.—R. W. R. .

t For descriptions of these furnaces, see my report of 1870, pp. 743, 749.—R. W.R.

tEssgmt-ially the “Reese River process,” described in my report of 1870, p.733—

§ The great saving in the cost of roasting, by the use of the Stetefeldt furnace, is in-
contestable; but the full realization of this advantage requires an adequate supply ¢t
ores, The supply of high-grade ores from the Comstock mines is at present far beneath
the capacity of a single Stetefeldt furnace.—R. W. R.
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Comstock’ ofés, are mechanical defects in the apparatus and lack of
honesty or faithfulness in the workmen. Hence, the best mechanic and
most vigilant overseer makes, in most cases, with but a slight addition
of metallurgical knowledge, the best millman, and his little supersti-
tions about this or that chemical agent do not interfere with his gen-
eral efficiency. There is no doubt, however, that a careful study and
comparison of experience in this process would raise the general average
of its economy materially. )

Mr. Arnold Hague contributes a ehapter on the subject to the volume
of the United States Geological Exploration of the Fortieth Parallel, so
frequently quoted in the present report. Hisinvestigation of it is based
upon experiments, carefully conducted, on a small scale at the Sheffield
Laboratory of Yale College. Mr. Ellsworth Daggett, a practical mill-
man, assisted in these experiments, and two lots of ore, one of first class
from the Savage mine, and the other of low grade from the Kentuck,
were operated upon. In addition to these practical tests numerous minor
experiments were made to clear up doubtful questions of chemical
reaction. I shall quote the larger part of Mr. Hague’s chapter. There
is no doubt of the general accuracy of the experiments, but there are
two possibilities of error in the reasoning. One is, that the ore tested
may not have been .perfectly representative of the Washoe ores; the
other is, that the small scale of operations may have affected the re-
actions. The fact that native silver is not recognized in the analyses,
whereas this has always been considered an ingredient of the Comstock
ore, and has been held by some metallurgists to be the only or prineipal
form of the silver actually extracted by raw amalgamation, hints at the
first source of error above mentioned. But Mr. Hague’s treatise is admir-
able in the fidelity with which it reports grounds, as well as conclusions.
In condensing it, its peculiar value as a contribution to the body of
trustworthy evidence on this important subject would be destroyed;
hence the essential portions are quoted entire.

The average ore as it comes from the mines presents to the eye a mass of nearly
white, brittle, crumbling quartz, ranging in size from fine dust to pieces that weigh
several pounds; occurring with it are small fragments of wall-rock and clay, that im-
part a somewhat grayish tinge. An inspection of the ore piles at the different mines
and mills generally shows the presence of iron and copper pyrites. Except in first-
class ore, which is always roasted before being sent to the amalgamating pan, it re-
quires a somewhat closer examination to detect well-defined specimens of other min-
erals, so finely are they disseminated through the entire mass. A more careful search,
however, will generally develop the presence of blende, galena, and argentite ; more
rarely, polybasite and stephanite.

Samples of finely-crnshed ores were subjected to a microscopical examination. The
follawing minerals were observed: quartz, small cubes and particles of iron and cop-
per pyrites, flakes of blende, and thin pieces of a dark lead-gray mineral, which were
determined to be argentite. .

In order to determine the chemical and mineralogical composition of the ore more
accurately, samples of carefully chosen first and third-class rock were subjected to a
thorough analysis. The first-class came from the Savage mine, and was taken from a
lot of ore that had been crushed at Dall’s Mill. Its assay value was $489 22. The
third-class ore came from the Kentuck mines; it was obtained at the mill from the
troughs immediately after leaving the batteries, in the same manner as the mill sam-
Ples are ordinarily taken. The material used was selected from 300 to 400 pounds of
crushed rock, collected at intervals during a,day’s run of twenty-four hours. Its assay
value was $43 74.

The results of both analyses were as follows: No. 1, Savage ore ;* No. 2, Kentuck
ore:

* Assayed by Mr, William G. Mixter.
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fine sand, the metal added, and the mass allowed to stand for some time; occasionally
rubbed together in a mortar. Awalgamation ensued; it was, however, imperfect,
much of the mineral being unacted upon. .

Mercury with stephanite and polybasite, under the same conditions as the last exper-
iment, gave similar results; the decomposition, however, appeared to be more com-
plete, probably owing to the more finely divided state of these minerals than the more
sectile argentite. : . X . . .

The above experiments with native silver, chloride of silver, argentite, and poly-
basite, were repeated with mercury containing a small quantity of copper-amalgam in
solution. In the case of the two former there was the same action as when the pure
metal was used ; with the two latter the decomposition was more perfect and satisfac-
tory. .

C)hloride of silver, argentite, and stephanite were each subjected to the action of
mercury and fine metallic iron, with a constant application of heat. The energy dis-
played by the mercury was much more marked than when employed separately. In
the case of the chloride, the decomposition was guite rapid, and the surface of the metal
remained bright and clean.

Chloride of copper and pulverized argentite were allowed to stand together for ten
days, in the cold, with an occasional application of heat, at the end of which tine, a
small quantity of chloride of silver was formed. A trace of sulphuric acid was found
in the filtrate. .

Two grammes of the pulverized mineral were also treated with a moderately concen-
trated solution of chloride of copper placed in a bottle, with a tightly-fitting stopper, to
prevent access of air. It was exposed for twenty-four hours to a temperature of 90°
centigrade. Sulphuric acid and sub-chloride of copper were found in the solution.
Chloride of silver was precipitated. After removing the soluble salts, by washing, the
chloride of silver was dissolved out, by digesting it with ammonia. The residue gave,
by assay, .099 grammes of silver. Two grammes of the mineral produced .1705 of pure
metal ; showing that under the most favorable conditions but little over one-half of
the silver was chloridized. The application of heat greatly facilitated the decomposi-
tion.

Polybasite, after being subjected to the chloride of copper solution, at the ordinary
temperature of air, also yielded a small quantity of the chloridized silver.

Argentite was exposed to the same treatment, with sub-chloride of copper, as in the
last experiments. In the cold, decomposition ensued after standing several days. The
residue from two grammes of the mineral, subjected to the action of heat at 90° centi-
ﬁrade, without aceess of air, gave .1655 of a gramme of silver, showing that only .005

ad been chloridized.

Galena, in a pulverized condition, was digested with a strong mixture of salt and
sulphate of copper, and after standing three or four weeks, at the ordinary tempera-
ture, was filtered. The residue exhibited, besides the undecomposed mineral, a light
green oxychloride of copper, and a large quantity of sulphate of lead incrusting the
galena.

Blende was also subjected to a similar treatment. The solution was found to con-
tain a considerable quantity of oxide of zine, and but little copper. The residual
blllende1 was coated with the same oxychloride of copper already noted in the case of
the galena. '

Two grammes of the powdered mineral were placed in a flask, a solution of five
grammes of salt and seven of sulphate of copper added, and exposed for two days to a
temperature of 90° centigrade, After remaining three days longer in the cold the
amount of oxide of zine found to have been dissolved was .2785 of a gramme. The
same experiment was repeated with the addition of one gramme of iron filings. The
latter rapidly disappeared; metallic copper was precipitated, but was redissolved,
probably by the chloride of copper present, the sub-chloride being produeed. Later,
the iron was thrown down as a basic salt. The oxide of zinc estimated in the solution
was .3250 of a gramme.

Iron and copper pyrites are but slightly altered by the copper solutions. In practi-
cal operations at the mill they are found in the tailings without showing any appre-
ciable signs of having been attacked.

It will be observed in the above experiments that the argentiferous sulphurets were
always more or less chloridized by the action of the copper salts.

In order to indicate more clearly the relative amount of decomposition produced by
the two chlorides of copper, the results are here brought together as follows: Two
grammes of argentite gave .1705 grammes of silver. Affer treating two grammes of
the mineral with chloride of copper, the residue gave .099 grammes of silver; after
treating two grammes of the mineral with sub-chloride, the residue gave .1653 grammes
of silver; showing that in the former 58.0 per eent., and in the latter, 2.9 per cent. was
chloridized. No sulphide of copper was detected in any of the residues examined ; sul-
phuric acid, however, was found in the filtrate in several instances.

Pan experiments.—With a view to determine, if possible, some of the problems in-









Table showing the results of experiments upon Kentuck ore.
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1 20 1 4 5 31. 850 6.073 2.2 | 946.4| 967.6 | 07.28 | 23.82 | 31.10 $7 28 | $23 g2 $31 10 | 67.09 | 72.42 | 7110
2 20 1 4 5 33.810 6.214 1.4 | 940.2 | 961.6 | 07.5 24, 21 31. 71 750 2421 3171 69.12 | 73.61 2. 49
3 20 6 5 23.930 3. 648 3L.8 1| 960.6 | 992.4 07.78 | 14.60 | 22 3-‘.} 77| 1460| 2233 7124 44.39 51, 0?
4 20 6 5 37.200 6. 623 13.2 | 966.0 | 979.2 | 05.7 26.55 | 32.25 ST 1 2655 322 5253 5.3 73.73
3 15 4 5 25. 750 5.322 1421 967.4 | 981.6 | 04.95| 21.33 | 26.28 6:60 | 2844 | 3504 | 60.83| 86.5 80.11
6 15 4 5 26. 725 4.908 24.0 960.6 | 985.2 | 06.88 19. 56 26. 44 9171 2608 3595 84.57 | 79.3 80. 59
7 15 4 5 24. 240 4.490 24.6 | 971.8| 996.4 | 06.55 | 18.05 | 24.60 873 | 2407 | 3280 | 80,46 73 18 74. 98
8 15 4 5 39.350 6.811 22.8| 089.4) 712.2 | 08.48 | 10.48 | 21.96| 11 31| a5 97| 37 28| 104.3 78.96 | 85.23
9 15 4 5 39. 350 6. 967 23.6 | 670.0 | 693.6 | 08.7 19.35 | 28.05| 11 60 | 25 80 37 40 1 106.9 | 78 44 85. 51
10 15 4 5 27. 500 5. 707 28.2 | 968.6 | 996.8 | ¢9.5 .92 | 3242 | 12 67| 30 56 43 23 | 116.7 92.92 [ 98.83
1 15 4 5 27. 500 5.215 2481 972.4 | 997.2 | 07.66 21.27| 2893 102 | 2836 | 38 62 1 94.57 86.23 | 88.16
12 15 4 5 30. 500 5. 685 20.2 | 973.4| 993.6 | 06,44 20.70 | 27.14 858 | 2760 | 3618 79.14 | 83.92 | 8273
13 15 4 5 30. 600 5.730 20.21 955.2 | 975.4 | 06,49 22,71 29.20 865| 3028 | 3893 79.72 1 92.06 [ 89.00
14 15 4 5 32. 600 5. 830 18.2 | 947.4 | 965.6 | 07.05 22.91 29. 96 940 | 3054 | 39 04 86.63 | 92.85( 91.08
15 15 4 5 33. 400 5. 830 16,6 | 837.2 | 903.8 | 06.43 21.45 | 27.88 856 | 2860 | 3716 78.89 | 87.26 | 84.95
16 15 4 5 36. 000 6.725 128 72721 740.0 | 05.33 20.29 | 25.62 710 2705 3415 65.43 82,24 1 78.07
17 15 4 5 33. 500 3. 855 14.2 | 904.8 | 919.0 | 05.52 21.99 27.51 736 2032| 3663 67. 83| 89,14 83.85
18 15 |. 4 5 31. 400 5.598 15.6 1 899.0 | 914.6 | 07.30 20.89 | 28.19 9721 2185 | 3758 g0.58 84,67 | 85.90
19 15 4 5 29. 000 5.160 22.2 | 963.0 | 985.2 | 06.49 20.62 | 211 8 64 27 48 36 12| 79.64 1 83.55| g82.57
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21 12 4 4 103.5 31. 205 27| 152.0 | 15471 05.60 19.69 | 25.29 T47| 2625 3372 68.84 79. 81 77.09
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Table showing the results of cxperiments upon Savage ore.

% Chemicals. Weight of— Fineness of bullion. | Actual valuo extracted. |Value extracted per ton. | Per cent. saved. -
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4 B R T O 4 6 115. 60 19.120 58.0 | 928.0 | 986.0 | 73.71 | 73.63 | 147.34 | 9828 | 98 16 | 196 44 | 73.15 | 27.66 | 40.15
5 151 1 3 4 5 86. 15. 930 64.4 | 933.0| 997.4| 68.17| 51.48 | 119.65 | 90 88 | 68 64 | 159 52 | 67.64 | 19.37 | 32.60
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Notes accompanying the experiments upon the Kentuck ore.

Nos. 1 to 20. Fifteen pounds of mercury added to the settler.

"Nos. 21 to 23. Ten pounds of mercury added to the settler.

No. 3. No reason is known for the low yield both of gold and silver; the amalgam
looked well and the fineness was very high.

Nos. 8,9, 10. These charges gave a higher gold return than any of the assaysof the
ore. No sufficient explanation can be assigned for the fact. The assays of the bullion
were carefully repeated with the same results. Charge No. 10 shows the greatest dif-
ference between the assay and the yield, in which case it is less than fourteen milly’
worth of gold in excess of the amount assumed from the assay to be present. This
excess may probably be accounted for by errors in the manipulation that the ore was
subjected to during the treatment in the pan and settler. It is possible that the mer-
cury when strained yielded a trifle more gold than usual. The fact is worthy of men-
tion that all the charges that show an excess of gold, with the exception of No. 20,
follow each other consecutively. -

Nos. 17, 18. The sub-chloride of copper was added in a solution of salt. The quan-
tity of copper was equivalent-to the amount contained in one ounce of the sulphate of
that metal.

No. 23. The quantity of copper corresponded to two ounces of the sulphate of the

metal.
Notes accompanying the experiments upon the Savage ore.

Nos. 1 to 7. Fifteen pounds of mercury added to the settler.

Nos. 8 to 12. Ten pounds of mercury added to the settler.

No. 4. The pan by mistake ran six hours instead of five.

No. 5. No cause could be assigned for the low return of bullion.

Nos. 6, 7. The solution of sub-chloride of copper was the same as employed with
Nos. 17 and 18 of the Kentuck ore.

Nos. 11, 12, The solution of sub-chloride of copper was the same as employed with
No. 23 of the Kentuck ore.

It must be admitted that the results obtained in the above experiments are not, in
all respects, satisfactory, nor do they point out conclusively the action and value of
salt and sulphate of copper in the decomposition of the argentiferous ores by the
‘Washoe process. They throw some light, however, upon several important points.

In considering the results, as shown in the tables, the most marked feature is the
difference in the yield of the gold and silver bullion extracted from the two ores rela-
tive to the assay value. There is, with but one exception, in every trial of the Ken-
tuck rock a higher yield than the requirements of the mines demand of the mills, and,
in most cases, 1t is very much larger than is usually returned under the most favorable
circumstances, in practical operation. This is probably owing, in a great measure, to
the large amount of mercury employed in proportion to the quantity of ore. The Ken-
tuck also gave as favorable results where mercury alone was used as when chemieal
agents were added. This proves very decidedly the ability of quicksilver, aided by
heat and iron, to decompose the purer and easily reducible argentifecrous minerals.

With the Savage ore it may be observed that the yield is in all cases not only very
much below that from the Kentuck, but lower than the average returns fromn the mills
upon ores that are not first subjected to a roasting process. This is undoubtedly due
to the large percentage of blende and galena present, with which the precious metals
are in combination. The use of chemical agents shows a decided improvement in the
production of bullion from such ores as contain large quantities of base metals. The
application of salt and sulphate of copper did not increase the loss of mercury, although
in many charges large quantities. were present in the pulp. In the experiments con
ducted, with every possible precaution to repeat the precise conditions of a charge,
using the same quantities of salt, sulphate of copper, and mercury, the results differ as
widely as in those cases where the amount of chemical agents employed are much less,
or entirely abandoned. The cause of these great differences in the yield of bullion
must be sought elsewhere than in the varying amounts of the chemical agents used,
however important they may be, in certain cases, in aiding and assisting decom-
position. A favorable yield undoubtedly depends more upon the native condition of
the mercury than anything that is usually added to the pulp. Charges 8,9, 10,11,
of the Savage table, ran only four hours, which may in some degree account for the low
yield. Charge 12 ran five hours with a somewhat higher result. It should be stated
that the mercury of charges 11 and 12 appeared to contain a small amount of lead,
which may have rendered it partially inactive. Charges 21, 22, and 23, of the Kentuck
table, were discharged at the end of four hours, withont any marked decrease in the
production of bullion. It seems probable that in the case of the latter the minerals
are all easily reduced, and the amalgamation is practically accomplished in the allotted
space of time. In the case of the Savage ore tlie base metals are but slightly attacked
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The application and modification of the amalgamation process, as practiced in
Washoe, has occasioned among experienced mill-men great doubt as to the beneficial
results derived from the use of any chemical agents at present mixed with the ore. This
doubt is occasioned, or at least strengthened, by the growing custom of late years of
decreasing the quantity of salt and sulphate of copper added to the charge without
apparently diminishing the product of bullion. Many amalgamatorsnow abstain from
the use of both reagents; others add a small quantity of the sulphate of copper, but no
salt. In a few instances, the custom is to throw in only a little of the latter, while in
many mills the rule is to eniploy a small amount of both substances, owing to a slight
prejudice against the abandonment of “ chemicals” altogether.

The action exerted by these two reagents in the pan would appear clearly to indi-
cate that the benefits derived from their use are partly to aid in converting the sul-
phide into chloride of silver, as in the patio, and partly to decompose such minerals as
are but slightly attacked by the mercury. In the Washoe process, however, the large
quantity of iron present must tend greatly to produce sub-chloride of copper almost as
soon as the chemical agents are thrown into the pulp.

Notwithstanding the importance of common salt and sulphate of copper in the patio,
and, under certain conditions, in the pan, their value must be considered as only sec-
ondary in the decomposition of a large proportion of the Comstock ores. The advan-
tages derived from their use are shown to be exerted chiefly upon such minerals ag
blende and galena, which are but slightly attacked by the mercury. But the amounts
employed are in most cases too small to effect any very favorable results., On theother
haud, if a sufficiently iarge proportion of the reagents are consumed in the pulp, in
order to produce the beneficial returns, it is always at the expense of preserving the
necessary purity of the mercury. The quantity of salt deemed necessary by mill-men
varies from one-quarter of a pound up to seven or eight pounds per ton. Scarcely any
two establishments have the same rule. Its action upon the ore, without sulphate of
copper, in producing any marked results may well be doubted. The consumption of
the sulphate of copper also depends upon the ideas of the amalgamators, but the
amounts do not differ so widely as in the case of the chloride of sodium. It ranges
from one-quarter of a pound to three pounds per ton.

The addition of the sulphate without salt is, of late years, a common practice. The
opinion among those who work their ore in this way is, that it gives a little better
yield than when mercury alone is employed, particularly where the ore indicates the
presence of galena in any considerable amount, in which case it is said to quicken the
mercury, and render it more energetic. Continued experience appears to determine
this fact with a considerable degree of certainty. In working ores containing only a
small percentage of lead, the quicksilver very soon becomes dul! and inactive, or, asit
is technically termed, it sickens, and the yield from the pan is cousequently low.
Lead is one of the most deleterious metals in destroying the amalgamating energy
of mercury, and at the same time is very rapidly absorbed when the two metals are
brought into contact. Sulphate of copper possesses, to a certain extent, the property
of expelling lead from mercury, copper being amalgamated and sulphate of lead formed
at the expense of the sulphuric acid of the copper salt. If a concentrated solution of
sulphate of copper be allowed to stand upon lead-amalgam the action takes place quite
rapidly, mercury containing lead acting much more energetically upon the copper
solution than when perfectly pure. This salt, however, does not appear, under any
circumstances, to possess the power of completely driving out the lead. Another
advantage derived from the addition of a small quantity of the snlphate of copper is
that mercury, under certain conditions, when exposed to the solution, forms a minute
amount of copper-amalgam, which ‘causes the metal to act with a somewlat greater
intensity in the decomposition of the silver sulphide than when perfectly pure. Iron,
as a reducing agent, in the pan process, probably plays an important part in bringing
about the favorable results obtained. This may occur in three ways: First, it aids, in
a great measure, the decomposition of the chloride of silver; secondly, it reduces the
calomel formed during the operation ; the chlorine, combining with the iron, goes into
solution, and the heavy metal is liberated. In this way it not only prevents a chemical
loss of mercury but also serves to keep the surface of that metal bright and clean,
which otherwise might be coated with a thin film of sub-chloride, which would
greatly destroy its activity; thirdly, it undoubtedly assists directly in the amalgama-

soluble salts by filtration, a test with chloride of barium precipitates snlphate of ba-
ryta equivalent in quantity to the sultphur which has become acidified.

Whatever may Le the case in the patio process, it seems to me that Bowring’s theoty
does not agree with the facts of the pan process. In this case, the ores of chloride of
silver are considered the easiest of reduction ; and the best method hitherto discovered
for the treatment of refractory ores involves their chlorination preparatory to amal-
gamation. But the notion that the pan reactions are the same as those of the patio,
though quite common, is not necessarily true. One great difference is in the amount
of exposnre to the air, and this alone would be sufficient to account for the presence of
oxychloride of copper in the patio and not in the pan.—R. W. R.
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tion, where the two metals are brought into close contact with the easily reducible
sulphurets. The successful and continued operations in Washoe, without the aid of
any other chemical agents, sufficiently prove this statement. The experiments already
cited in treating argentite and iron filings with mercury confirm the fact. Humboldt,
in speaking of the amalgamation problem in Mexico, draws attention to this point and
remarks upon the rapidity with which amalgamation was secured when the two
metals were triturated together with argentite. This action of iron is obtained not
only from the constant agitation maintained, which brings the pulp and metal in con-
tact with the sides and Dottom of the pan, but also from the amount of iron disssem-
inated, in a fine condition, through the ore, produced by the wear of the stamps, shoes,
and dies. . )

This consumption of metal from the batteries and pans varies very much in the dif-
ferent mills, depending partly upon the details of construction and grinding effects of
the pans and partly upon the hardness of the castings employed. The following figures
from two mills serve to show the quantity of iron reaching the pulp from this source,
per ton of ore worked. The quantity of ore treated is sufficiently large to afford a very
fair estimate of the metal consumed :

Loss of iron in batteries. | Loss of iron in pans. Total.

Tons of ore worlsed. (Pounds per ton of ore.) | (Pounds per ton of ore.)

14,000 2.78 9.42 12.20
12,236 2.10 7.14 9.24

The fine iron coming to the ore in this way is very considerable in proportion to the
other minerals present. If ten pounds per ton are added from this source it is equal
to one-half of one per cent. In the Kentuck ore, of which an analysis has been given,
there is, including the iron from the batteries, less than 2} per cent. of ore-bearing
minerals present. .

Mereury and iron, under the proper conditions, undoubtedly are the principal agents
in the extraction of the precious metals by the Washoe method. The results depend,
however, in a great measure, upon the mechanical treatments employed to reduce the
ore to an exceedingly fine state of division, and to maintain, with the proper degree of
consistency, a constant agitation of the entire mass; the essential conditions of the
amalgamation being that the mercury should be thoroughly incorporated in the pulp,
and every particle of the reducible minerals brought in direct contact and triturated
with the metal, in the manner so well accomplished by the friction and grinding action
of the pan. The mercury should also at all times retain a bright, clean surface, free
from any film of metallic salts, such. as sub-chloride of mercury or sulphate of lead,
and any coating of oil or grease. The slightest tarnish appears to retard very greatly
the activity of the metal. The iron seems to act as an electro-chemical agent; the
immediate coutact of the two metals, aided by heat and friction, causing a local electric
current, which renders the amalgamating energy of the mercury much more intense.
Mercury, when perfectly pure, does not apparently possess to so great an extent the
power of taking up other metals, or of decomposing mineral combinations, as when it
holds a minute quantity of some foreign metal in solution. The experience among
amalgamators in Mexico is that the yield of gold is increased by the presence of
silver; also, that the latter metal is extracted with greater facility if a considerable
proportion of the amalgam is already present. This opinion is held by most mill-men
in Washoe.

It is stated by some writers upon the question that silver is absorbed with increased
activity when copper is employed, and as the former is amalgamated the latter will be
expelled. Both iron and copper cause the formation of copper-amalgam. On the
other hand, sulphate of copper exhibits a tendency to drive out lead. Karsten men-
tions the property of this salt to purify the mercury from both zinc and antimony.
Any one who has witnessed the intensity which sodium-amalgam exerts cannot fail to
have been impressed with the rapidity with which it attacks gold, silver, and silver
compounds ; yet its application in Washoe, in practical operations, did not give such
results as would warrant its general introduction in the process.

Although the presence of a small quantity of several metallic bodies enhances the
amalgamating energy of the mercury, yet a slight excess “ sickens” it; that is, it loses
its fluidity and becomes dull and inactive. The peculiar phenomena attending the
mercury, by which both electro-positive and electro-negative metals are absorbed, and
the effects which they produce in increasing or neutralizing its action, are very little
understood.

The loss in quicksilver during the operation arises from two sources ; the one me-
chanical, the other chemical. %he former depends largely upon the manner in which
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ployed with advantage, however, to clean the quicksilver, or to collect
it when floured or granulated. Gum catechu also is a cleansing agent.

The mill process at Owyhee is essentially the Washoe process. In the
Owyhee mill the ore is broken in a Blake crusher, and delivered to the
stamp-batteries, where it is pulverized with water, and discharged
though screens, having 144 holes per square inch, into tanks. In these
the pulp settles, and the water passes through other settling-tanks and
out of the mill to the slime reservoirs, of which there are five. In these
the light slimes are precipitated, to bé reconveyed by means of a tram-
way, bull-wheel, rope, and car, to the mill for further treatment.

The pulp is taken by means of a car from the battery-tanks to the
pans. Here it is mixed, ground, and amalgamated for six hours, steam
and chemicals being employed to assist the process. From the pans the
charge passes into settlers, thence into agitators. thence to Hungerford
concentrators and Evans’s riffles; and finally, the tailings pass over a
string of blanket-sluices. The average yield of this mill, without reck-
oning the results of the reworking of the slimes, is 92 per cent. of the
fire assay. This must certainly be regarded as the most successful ap-
plication of the Washoe process in the country. The character of the
ores no doubt facilitates their economical reduection ; but the extraordin-
ary efficiency of the mill is certainly duein large part to well-construeted
machinery and to most skillful and faithful superintendence, coupled
with constant study of the mechanical and metallurgical problems in-
volved. .

Those who find in the supposed imperfections of this or that process
an excuse for heavy losses of the precious metals in reducing ores would
do well to note such instances as this and profit by the example.

The Washoe process, as practiced by the Meadow Valley Mining Com-
pany in Ely District, Nevada, is described in the article upon Lincoln

County in this report.
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the chlorine gas employed in this process must be carefully freed from
muriatic aeid.

7. Muriatic or hydroechloric acid acts injuriously in another way,
namely, when by reason of incomplete roasting the charge contains
metallic sulphurets. Decomposing these, the acid produces chlorides,
setting free sulphureted hydrogen gas, which is a precipitant of gold
from its chloride solution.

8. The free chlorine is both annoying and destructive of Lealth.
Care should therefore be taken to ventilate the works thoroughly and
to protect the workmen as much as possible against the inhalation of
the gas.

The roasting is performed, as T have said, in a reverberatory furnace.
This kind of furnace derives its name from the fact that the ore treated
in it lies upon a hearth, over which is a low arched roof; and the flame
from the fuel in the fire-place at one end, passing over a dividing wall
called the fire-bridge, “reverberates” along the roof, and is reflected
upon the charge. In a muffle-furnace the flame is not allowed to come
in contact with the ore, but surrounds and heats the muffle or small oven
containing the latter, while the actual oxidation is effected by fresh air
introduced from outside. Naturally there is a loss of heat in this form,
and the reverberatory, which gives in the case now under discussion
equally satisfactory results, is preferred on account of the saving of
fuel. The Gerstenhoferor the Stetefeldt furnace may perhaps hereatter
be applied to this use with still greater economy. :

Kiistel gives several examples, with descriptions and diagrams, illus-
trating different forms of reverberatories employed. They may be class-
ified as single and double furnaces. The latter has two hearths, one
over the other ; and the roasting is begun upon the upper and finished
upon the lower hearth. The furnace erected by Mr. Deetken at the Eu-
reka works, which appears to be one of the best forms, has the lower
hearth placed, not immediately under the upper, but in continuation of
it, on a level 7 feet 10 inches lower. The two are connected by a
step-fine. The upper hearth is 6 feet wide by 39 long, and has six
working-doors on each side. ‘Through these the charge is stirred and
pushed along, as desulphurization advances. The lower hearth, imme-
diately next the fire-place, is much shorter. IHere the final roasting
takes place, with the addition of salt. A draught through the whole is
maintained by means of a chimney 25 feet high and 28 inches square in
the clear. Mr. Iiistel says of this furnace that it requires more room
than the ordinary double furnace, but the work of stirring is less tire-
some, sinee the roaster is not obliged to step constantly up and down.
Another advantage is the extent of the upper hearth, which receives
nine tons of ore without difficulty, whereas the charging of a furnace
two (or even three or four) stories high is troublesome if not favored
by sloping ground. It takes about twenty hours to finish the roasting
of a charge of 2,000 pounds of sulphurets ; but by employing a large and
long furnace, such as is here described, over ten tons can be treated
continuously, the latest charge receiving its preliminary while the earli-
est receives its final roasting. The capacity of such a furnace appears
from the following brief description of the process, nearly as given by
Mr. Kiistel.

The heat in the lower hearth is always kept bright. One ton is
roasted below, and about nine tons are spread.on the upper long hearth.
Two roasters are constantly at work, mainly at the separate hearths,
but together, when required, at either. The ore on the upper hearth is
pushed along as the process proceeds, until it arrives at the flue leading
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There is no doubt of the metallurgical perfection of this process.
The reasons why it is not more frequently employed in this country

are— )
1. The cost of treatment per ton, excluding all low-grade ores from

profitable reduction by it.

2. The real scarcity, except in one or two mining districts, of ores
suitable for chlorination. Even perfectly effective chlorinating works
suffer almost everywhere from lack of ore, and scarcely any in the coun-
try are run continuously at full capacity. Yet this ‘“full capacity”
would require but from one to three tons of ore daily. :

3. The lack of metallurgical skill in the construction and operation of
furnaces for the preliminary roasting. On this everything depends,
and it is perhaps in this department that several failures in Colorado
have occurred. It certainly seems strange that the Territory offering
apparently most suitable conditions for the process should witness so
many failures in it.” The works of Cash & Co. at Central City are not
here referred to; they are reported to be successful; but the owners
are reticent as to their methods and results, and there is consequently
nothing certain to be said of them.

Chlorination, in its present form, cannot supersede amalgamation
for ordinary milling ores. It can compete with smelting where noth-
ing is to be extracted but gold, (or, by Roeszner’s method, gold and sil-
ver,) and in any case it is quite likely that the process will be best ad-
ministered by custom works, receiving the ore from different mines, and
running continuously.

But, since the cost of roasting is more than half the total cost, it is
possible that improvements in the mechanical means of roasting, such
as the introduction of the O’Hara, the Gerstenhofer, the Briickner, or
the Stetefeldt patents, may considerably reduce the expense, and thus
enlarge the field of the Plattner chlorination. The capacity of the
Stetefeldt and the Gerstenhofer furnaces is very great, and the evil of
a short supply of ore might be aggravated by their employment; but,
on the other hand, the reduction of the cost of treatment by a little
would increase the amount of ore chlorinated by a great deal.

GOLD REFINING BY CHLORINE GAS.

The following interesting paper, read before the Royal Society of
Victoria, by F. B. Miller, F. C. S., Assayer in the Sydney Branch of
the Royal Mint, describes a new method of refining gold, which, it is
reported, will be tried by the Mint of the United States, Mr. Miller
having visited this country for that purpose:

There is no recorded instance of gold having been found in an absolutely pure state.
Every natural alloy of gold (or native gold, as it is called by mineralogists) contains
more or less silver ; and in almost all bullion resulting from the melting of Australian
alluvial gold, the portion that is not gold consists chiefly of silver, with only a very
small proportion of foreign metals, usually copper and iron, with occasionally a little
lead or antimony, and sometimes a trace of tin, iridium, ete. This, however, though
true generally, is not always the case with gold obtained from quartz veins by amal-
gamation, as the mercury occasionally reduces aad takes up other metuls as well as
the gold, which appear iu the bullion on melting. The accompanying table will give
some idea of the proportion of the precious metals contained in the gold from the
various districts of New South Wales, after melting. It will be seen that the most
argentiferous is that from Boonoo Boonoo, in the north, containing as much as 34 per
cent. of silver. This approaches in composition the gold from the productive Thawes
district of New Zealand; while the gold from Nerrigundah, in the south, only con-
tains 1.5 per cent. of silver, the remaining 984 per cent. being gold with a trace of
copper:
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T shall describe presently) to pass through. An iron cover will not answer, as it soon
becomes much too hot for convenient working. . .

The crucibles in which the refinage is performed should be French white fluxing-
pots, (creusets de Paris, made by De Ruelle, late Payen, Paris ;) ordinary black-lead -
pots will not answer, owing to the reducing action they exert on the compounds formed.
To prevent the infiltration of the very fluid chloride of silver into the pores of the clay
pots, (which would otherwise occur, and necessarily entail loss,) they are prepared by
filling them with a boiling saturated solution of borax in water, which is allowed to
stand in them for ten minutes, and is then poured off, the crucibles being afterward
set aside to dry; the borax forms glaze on the inner surface of the crucibles when
they become hot in the furnace. . o

When used for refining these French clay crucibles are placed within black-lead

ots, as a precaution against loss, should the former crack, which, however, seldom
Eappens. The crucibles are covered with loosely-fitting lids with the requisite holes
bored through them for .the passage of the clay chlorine pipes, etc. Ordinary clay
tobaceo-pipe stems, from 17 to 22 inches long, have been found to answer well for the
purpose of passing the chlorine gas through the melted gold. Of late, a pipe made in
London to order, § inch in diameter, 22 inches long, and - inch bore, has been found
to answer all requirements. The chlorine generators should consist of the best glazed
stone-ware acid jars, capable of holding from ten to fifteen gallons, and furnished with
two necks. One of these openings should be stopped with a sound cork (or vuleanized
India-rubber plug, if obtainable,) through which shounld pass tightly two glass tubes—
the eduction tube and the safety or pressure tube, the length of the latter being a
few inches, and the former 8 or 10-feet, spliced, where necessary, by means of vulcan-
ized India-rubber tubing. The other opening, intended for introducing the oxide of
manganese, ete., should be closed with a leaden plug, covered with a short piece of
India-rubber tube by way of a washer, and well secured. )

Each generator should be charged with a draining layer of small quartz pebbles,
down nearly to the bottom of which the pressure tube should extend. On this layer
should be placed from 70 to 100 pounds weight of binoxide of manganesc in grains
about }-inch cube, sifted from powder; this gquantity will be sufficient to effect many
refining operations, and will obviate the necessity of repeated dismantling of the
apparatus. Each generator should be suspended to about half its height in a galvaun-
ized iron water-bath.

The chlorine gas is produced when required by pouring common hydrochlorie acid
(sp. gr. 1.15) down the safety-tube, the apparatus being warmed by means of gas-burn-
ers beneath the water-baths. The gas is conveyed from the generators by means of a
leaden pipe fitted with branches to supply the several furnaces, all intermediate con-
nections being formed by means of vulcanized India-rubber tubing which, if screened
from the direct radiation from the fire, stands the heat well, even immediately over
the furnaces. All joints between the various pipes and India-rubber tubes are easily
secured, and rendered perfectly gas-tight with a cement consisting of a thin solution
of India-rubber in chloroform.

Screw compression-clamps on the India-rubber tubes give the means of regulating
the supply of gas as required, and enable the operator to shut it off entirely as soon as
the refining is over. The chlorine then having no means of esecape accumulates in the
generator, and soon forces all the acid up the safety-tube into a vessel placed above to
receive it, and the acid no longer acting on the oxide of manganese, the supply of gas
of course ceases. )

These generators are very convenient and manageable, and it is questionable whether
a gas-holder for the chlorine (even if the practical difficulties in its use could be over-
come) would be at all preferable. Two such generators as are here described, and
three ordinary gold-melting furnaces, have been found capable of refining daily
gbout 2,000 ounces of gold, containing about 10 per cent. of silver, between 9 a. m. and

p. m.

Very many thousand ounces (upwards of 200,000 ounces) have now been refined by
this process; and the mode of operation which has in practice been found the most
advantageous has been as follows:

The French crucibles, (say, size 17 or 18,) duly prepared with borax, having been
placed in the cold furnace, and slowly and carefully heated to dull redness, the gold
(from 600 to 700 ounces to each crucible) is introduced, and the fire urged until the
metal is melted, the necessary generation of chlorine having meantime been com-
menced by the introduction of a little hydrochloric acid poured down the safety-tabe
into the generators.

In order to fill the pots, and avoid the risk of splitting them by the wedging of the
ingots at their contracted bottom, the gold for refining is cast in molds of a peculiar
form. Two inches from the end, the sides and bottom of the iron ingot-molds converge so
as to produce a slipper-shaped ingot, two of which, placed face to face, fit conveniently
into the pot. .

As soon as the gold is melted, from 2 to 3 ounces of borax in a state of fusion is
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CHAPTER XVI.
SMELTING SILVER ORES.

The base metals used for the extraction of silver from its ores by smelt-
ing are lead and copper, and the different methods employed may be
accordingly classified under the general headings of ¢ extraction LY
means of lead,” and “extraction by means of copper.” The latter is as
yet not in operation in the United States, and I therefore pass over this
subject for the present. The extraction of silver from its ores by means
of lead has, on the contrary, assumed stuch proportionsin the West during
the last year, that a discussion of this business at the present time seems
important. "Although it is here impracticable to go into the details of all
the different processesin use in various parts of the world, I may still hope
to do some good by dwelling especially on those evidently suited Dbest
for the conditions under which the extraction of silver by smelting may
be most economically carried on in our western mining districts.

Silver extraction by means of lead is classified according to the shape

. of the furnaces used for the purpose. Thus we have:

I. Smelting in the open hearth;

II. Smelting in reverberatory furnaces; and

III. Smelting in shaft farnaces.

All these processes have one common purpose, the reduction of the
lead to the metallic state and the concentration of the metallic silver in
it ; but the chemical reactions by which thisis accomplished often differ
greatly, and the efficiency of each method varies with local circumstances.
To know therefore the reactions, and to weigh the circumstances in their
economical Bearings, is the first duty of those who wish to select a pro-
cess for a particular locality.

I. SMELTING IN THE OPEN HEARTH.

This method is the oldest and simplest; and up to the present day
very few improvements have been made in it§ original features. It
has been and is still employed principally in the United States, and in
Scotland and the north of England. The process as practiced in the
American hearth is distinguished from the method followed in England
and Scotland, chiefly by the employment of hot blast in smelting very
pure raw ores. The ores smelted in the Scotch hearth must likewise be
free from silica, but not necessarily from other gangue. They are pre-
pared for smelting Dy roastingin reverberatories, and the blast employed
in smelting is cold. In both processes, inferior kinds of fuel, such as
wood, peat, &c., can be used. The first condition of the economical use
of the hearth in smelting lead ores or a mixture of these with silver ores
is therefore purity of ore, especially absence of silica and of foreign
sulphureted metals. The ore ought to be in the form of pieces, not
crushed. If brought to the smelting-works in the latter condition, it
ought to be agglomerated in reverberatories before it is smelted in the
Learth, but if this bas to be done it would be really more economical to
finish the smelting process also in the reverberatory.

The above conditions being primarily requisite for successful smelting
in the hearth, and a large loss of both lead and silver Ly volatilization
being certain, unless a very extensive and costly system of condensing
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CHAPTER XVIIL
THE MINING LAW.

The following are the two acts of Congress under which the present
administration of the mining law is conducted, so far as the United
States Government is concerned. They comprise, therefore, all the
regulations which are universal in their application, and superior to
the local and variable rules established by State and territorial legisla-
tion, or by the “laws?” and ¢ customs” of mining districts :

AN ACT granting the right of way to ditch and canalowners over the public lands, and for other ,
purposes. .

Be it enacted by the Senate and House of Representatives of the United States of America in
Congress assembled, That the mineral lands of the public domain, both surveyed and un-
surveyed, are hereby declared to be free and open to exploration and occupation by all
citizens of the United States, and those who have declared their intention to become
citizens, subject to such regulations as may be prescribed by law, and subject also to
the local customs or rules of miners in the several mining districts, so far as the same
may not be in conflict with the laws of the United States.

SEC. 2. dnd be it further enacled, That whenever any person, or association of persons,
claim a vein or lode of quartz, or other rock in place, bearing gold, silver, cinnabar, or
copyper, having previously occupied and improved the same according to the local cus-
toms or rules of miners in the district where the same is situated, and having expended
in actual labor and improvements theron an amouut of not less than one thousand
dollars, and in regard to whose possession there is no controversy or opposing claim, it
shall and may be lawful for said claimant, or association-of claimants, to file in the
Jocal land office a diagram of the same, so extended laterally or otherwise as to conform
to the local laws, customs, and runles of miners, and to enter such tract and receive a
patent therefor, granting such mine, together with the right to follow such vein or
lode, withits dips, angles, and variations to any depth, although it may enter the land
adjoining, which land adjoining shall be sold subject to this condition.

Sgc. 3. And be it further enacted, That upon the filing of the diagram as provided in
the second section of this act, and posting the same in a conspicuous place on the claim,
together with a notice of intention to apply for a patent, the register of the land office
shall publish a notice of the same in a newspaper published nearest to the location of
said claim, and shall also post such notice in his office for the period of ninety days ;
and’ after the expiration of said period, if no adverse claim shall have been filed, it
shall be the duty of the surveyor general, upon applieation of the party, to survey the
premises and make a plat thereof, indorsed with his approval, designating the number
and deseription of the location, the value of the labor and improvements, and the char-
acter of the vein exposed ; and upon the payment to the proper officer of five dollars
per acre, together with the cost of such survey, plat, and notice, and giving satisfac-
tory evidence that said diagram and notice have baen posted on the claim during said
period of ninety days, the register of the land office shall transmit to the General Land
Office said plat, survey, and description, and a patent sha]l issue for the same there-
upon. But said plat, survey, or description shall in no case cover more than one vein
or lode, and no patent shall issne for more than one vein or lode, which shall be
expressed in the patent issued.

SEC. 4. And be it further enacted, That when such location and entry of a mine shall
De upon unsurveyed lands, it shall and may be lawful, after the extension thereto of the
public surveys, to adjust the surveys to the limits of the premises according to the
location and possession and plat aforesaid ; and the surveyor general may, in extending
the surveys, vary the same from a rectangular form to suit the circumstances of the
country and the local rules, laws, aud enstoms of miners: Provided, That no location
hereatter made shall exceed two hundred feet in length along the vein for each locator,
with an additional claim for discovery to the discoverer of the lode, with the right to
follow such vein to any depth, with all its dips, variations, and angles, together with a
reasonable quantity of surface for the convenient working of the same, as fixed by local
rules: And provided further, That no person may make more than one location on the
same lode, and not more than three thousand feet shall be taken in any one claim by
any association of persons.

SEC. 5. And be it further enacted, That as a further condition of sale, in the absence
of necessary legislation by Congress, the local legislature of any State or Territory
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F.

Page.

Fairfield, Gilpin County, Colorado ...oovo e oimaaeencae caneae oo o 283,204,207

Fairview, Gilpin Connty, Colorado ... .ooit coin i e eeaa 315
Fairwell, White Pine County, Nevada...coeein i iooo i i 160
Falls, E1 Dorado County, California ...o..ooooiriioiiiii oo i o 38
Fashion, Sierra County, California. ... oo o 47
Favre, Summit County, Colorado. ... i 330
Fay, White Pine County, Nevada ..o o.ooooieonn e et et ecemee e 157,162
Featherstone, White Pine County, Nevada. ... ..o oonn e e 108
Feeney, White Pine County, Nevada..o.oooooir oot at 162
Federal, Clear Creek County, Colorado . .oo.vovoo oo 282, 316
Field, Gilpin County, Colorado. ... oo .o et e 301
Fifteenth Amendment, Elko County, Nevada . .. oo oo oo iaaans 149
Finuegan Company, Calaveras County, California.........o....ooo.o0 ceeaen 35
First National, Gilpin County, Colorado ... . i i 309, 312

Fisk, Gilpin County, Colorado ... oo ii i i iiaceeaae 204,297, 302
Fisher & Chapman, Trinity County, California.... ... ... oL, 53
Flack, Gilpin County, Colorado . ... ..o i iiaaaaans 23, 294, 313
Flag, Yavapal County, Arizona. ... ov.eoeimieimeioe it iceee cea e e 47
Fletcher, White Pine County, Nevada .....ccevemeiimacn oo iiaaaiaia. e 161
Flint Peabody, Mariposa County, California ..o ..o . 32
Flora Temple, Yiuma County, Arizona «......coconnnnnn.. e 72

Flerida, Launder Connty, Nevada - ..o oeeoimeniie e iiceie i o 116, 117
Florida, (west,) Lander County, Nevada....... o e memeeeeceaeaaoaas 117
Flowery, Washoe County, Nevada .. . .couceeuoeues coieemamatannamaoaneaans 108
Flying Clond, White Pine County, Nevada - .occo oo eiin o, 153

Foible, H., Trinity Connty, California ... .. .oovoiiaaoee i, 53

Foote and Simous, Gilpin County, Colorado. ... voeome oo 287, 298

Forks, Gilpiu County, Colorado .o c.c.oueoiiroinn cimeeaeeaeneaee oean P 313

Found Treasure, Elko County, Nevada - .. cooennioonoie e 149

Fountain Treasure, Elko County, Nevada. .ocvveoumn e immaeeiaans e 147

Franklin, Clear Creek County, Colorado e «oceeaim camman cici o eaaae, 283

Franklin, Humboldt Connty, Nevada - «cvcue cevan comman creeeecce i acenaeaa 140

Franklin, Inyo County, California.. ... e e e e et e e aaas 23

I:I‘HHk Ruland, White Pine County, Nevada. ...c oot inman oo aon 162

Frank Torpey & Co., Nevada County, California. ....................o...... 40

Frazier, White Pine County, Nevada - -cueeeueviae coaniaan eaae caeecnnn 161

Freeland, Gilpin County, Colorado . ....ouousireevaeame i 208

Freiburgh No. 1, Inyo County, California - .....c.oveee coemnnioaeaa el 21,22,24

Freiburgh No. 2, Inyo County, California . ... ..ooooiooniin oo, 24

Freiburgh No. 3, Inyo County, California - .oceeeeeoeeiooionoamoar caeeaanns, 24

Frencl, Nevada County, Callfornia. - ... caeeoooonoeoeme i ae ciee ciee e 79

French, White Pine County, Nevada. .coov oeeeeemeeamomae cimane caee e ees 157

Front, Inyo County, Califorlia: .o ounveeooe oo coetciie cicee e e 21

G.

Gaid & Orr, Plumas County, California. «.oeoaceaeooeooeioeoae e e ee 50

Galena, Gilpin County, ColoTAdO .« - n vneemm e e e c et eeee e e t997

Galena, Humboldt County, Nevada. - n oeee vomnoe cememmcmeeee oee e e e oo 132

Galena, Yavapai County, Arizona ... ...... ..o ool 253

~Gardiner, Gilpin County, ColoTad ..« covwouevooaie i i, 288, 294, 297, 307
Garret & Co., Calaveras County, California. ... ... .cooivoiiiaie.o.. 35

Garrison, Lander County, Nevada . ... o. o vneeae oo soee oo oo, 116

Gem, Lander County, NeVAGA . . - . . oo cace aeaae o oo e e e 116

Geueral Gregg, White Pine County, Nevada «. oo oeemeemin con i 158

General Jackson, Clear Creek County, COlorado..eeae e cemeen oo eeaaanna 288

Gennesee, White Pine County, Nevada . c«. cooeeeoeoe s oot oo an. 162

German, Gilpin Connty, COLOTAAO ..o ou voee et et i et e eae eee e 288, 297

Germania, White Pine County, Nevadm .. oooeveneme coiiae ceee ceeeaenn ... 157,161

Gilham, Macauley & Co., Nevada County, California........_............:.. 40

Gilly, White Pine County, Nevada. .. ocxceeeuemoe oo e e e e 160

Gilpin, Clear Creek County, COLOTAAO ..o v e mue weseean ceeeeee e v e 283, 316

Gilpin, Gilpin County, Colorado . ... .. weer i e e e et e e e 988, 315

Gimletville, OTegOn - -« om oo oo oo ’182

Glacier, White Pine County, Nevada ... .. .oo oot e e e eeeeae o 159

Gleason, O'Neil & Co., Calaveras County, Califormia. . ... .............._.... 35

Globe, Alpine County, California. ... ..oo oo et e e e e e 51

Gnome or Date Creek, Yavapai County, ATiZo0&. us eevemneesneennnennnnn .. 256
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