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There are & dozen mills operating on the Comstock L ode today; there-
fore for bre vity'w sake only & brief flow sheet of euchBMill will be given
with & short deseription of the salient points of each.

It will bBecome obvious that upon oree elosely resembling each other,
there is & wide difference in the metallurgical processes used at the diff-
erent ills.

This fact immediastely arcuces the curiousity of the metallurgist, there-
fore comparstive date will be given and discussed. In general, conclusions
will be left for each metallurgist to draw for himself in the hopes that his

curiousity will first cause him to visit this intere ting group of mills

seeking more detailed information than here presemted in this limited ma n-

useript.

The list of mills with counparstive data is as. followss




l. A riz ona Comstock 330 tons Virginia City Oxidized -Burface Flotation Only
24¢ Blerra Nevada 100 * " » Oxidized nesr suirface

8+ Bradley » Washoe<Pe n: Tailing

./ &« ConeChollar 757 ~'% 135 Gold Hill 01d Hine Dumps

Be Sutro-Coaiition . Oxidiz ed near surface Cyanide only (Be
ing builg)
Cverland Amel gametion 2 nd
flotation
& malgamation
& nd cysnide
Trimbls & Oxidiz ed A malgamatio n
Only
Recovery A Oxidized Amalgamation and
flotation
10, Clack Oxidiz ed Amalgamtion with
tables
il. Esher , Amalgamation
with tables
12.Hartford " Oxidiz ed Cyanide Only

18, Dayton 150 ¥ " n Oxidized " "
1205 Ton About 900-100 Tone milled dally nows

Bach mill will be teken up in turn by first pregenting 1ts {low sheet followed

by a discusslon of ites amcst interesting features.
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FLOW SHEET- No, 1 ARIZONA COMSTOCK MILL

ORE~(330 ons by auto trucks)
to
BLAKYE CRUSHER
700
GYRATORY CRUSHER(through Lf inch ring)

to
7 BIN eaceeweadfommmmanson

‘,——-w.-n-—--n-n-u--on«-

gorwmee WATER = -wmmooe-- -
MARCY MILL HARDINGE #ILL
to

to
HYDRAULIC TRAP ~re=ee=<a Limmmmneeme= HYDRAULIC TRAP

to COMCENTRATE to
DORR CLASSIFIER to DPORR CLASSIFIER
lin elosed eirouit) ‘malgameting Barrel (in closed egircuit)
Vyerflow to /5 g e | «-to= Overflow

Tar Uil & Zanthatef8-» AGITATOR «£-- Aero 20
o
FAHRERWALD FLOTATION UNIT,

glving Ao b
tailing

wmr . N TT
wiEe A | W ilkdad

Concentrata
e TR - T ‘
¥irst three ue*LS & Last five cells to

to to
DORR PHIoKBNBR Pirst cell AGITATOR «~ Tar Oil
£0 to «-Pine Vil
SETTLING BOXES SINPSON PNEUMATIC PLOTATION UNIT
to . (6 unit)
f= === giving =------=

DRYING PANS {Wond fireﬂ}
) Concentrate Teiling

o (in bulk/ %
[.\J.).() r‘leY(‘t AT # {‘O
: 76 Head of Fahirenwald to
iy y 171’1 l t TABTJE
BELTER ’
% ’ (for test periods)
giving
Concentrate & Tailing
%o
6%5&age for Future
Cyeaniding




MILL NO.1 -ARIZONA COMST

The ore for this mill is mined from an open cut on the outerop of the

Comstock Lode in the South end of Virginia City. It is a highly oxidiszed quarts

| ore, carrying considerable clay from gouge and asltersd country rock. The

p recious metal content of the ore per ton is @bout 0.10 oz. gold and 4.0 o0z
silver; glving & ratio of 1 %o 40 hy weight, bv% close %2 1 to 1 ir valua,
The gold ie mairly in & fine free state, anC 17:;.:41:9 silver as both €hloride and
Sulphide.

The ore is loaded by & 1} cu.yd., gas shovel on to trucks hauling 10 ton
Inads tu the ndll lesc than a helf mile sway by down-hill road. For saah ton
of ore delivered to the mill about 1.8 tons of waste is removed to waste piles.

GRIBPING
The 'Marey was Lhe original unit and the Hardinge was added laters
5 A single-unit flotation GO wes first tried out at the end of one of
the mislo. This unis. while it extracted & good percentage of the valies,
gave trouble due to the cosrsness of feed and the accumulation of Aetallic
iron in it. The hydraulic traps recover less but with po difficulties and
with ss greet overall extraction in the plant.

The ore is ground in & 3 to 1 pulp to & fineness of 5% en.a 65 mesh
screen, with 50% pussing & R00 mesh screen, resulting in these two extreme
products being of about equal value in the final tailing, and higher than the
intermediste p roducts.

FLOTATTOR

The flotetion problem is that of tresting a highly oxidized gold-gilver

ore. The original mill was designed to treat 110 tons a da y of mine ore of

mixed oxide and sulphide,
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The gradual change to a large tonnage of low:r-grade oxidiz ed surface
ores forced changes in the mill to meet the new conditions.

The pneumatic flotation unit was added to aid the mechanical type unit.
Its concentrate recovery is low in amount and value, and is now returned to
the head of the mechanical unit,

The concantr&tiuq teble is run at timee on a part of the flow as & check
upon the flotation umits. It yields a low value concentrate of tramp iron and
p_artially oxidiz ed pyrite.

’ The overa 1l ratio of concentration is about 100 to 1, with & concen-

( Zrnland

[ trate carrying en 86% clay of minns 200 mesh and yet of content eabout $400,00

i gross value in gold nd gilver per tons The total value recovery in the concen-

\ trate is approximately 39 of tgenggxd and 55% of tha silver contained in the
ore, or & combined value extrection of about Eﬁf:

Many changes have been made in the flow sheet and the flotation reagents

; used in a constant attempt to increuse the exiraction results, and the general

/ conclugion is drawn that present results closely approximate the best possible

under presenty plant conditions. It is true that depigners of flotation unite

\
z
|
\

and flotation Mexperts" ache to try their hand at this probler. As it ie they
are probably saved many a bad headaches

The use of an Oliver filter was abandoned on account of the extrenme
fineness and clay content of the concentrate, in favor of drying over wood
fiwes to about 10% moisture.
) Alxhough the loading platform i on a railroad spur the concentrate is
/ hauled about 250 mileg by auto truck to the smelter at Selby Calif, at less cost .
y; The reasson for this is that the trucking contractor does not bage his hauling
\érate on the value of the profuct. He loads and delivers to the smelter for
P$9.00 a ton. EFEach load is sempled and &n advence payment maede, This feature

of prompt shipament in small lots with prompl payment, is & great boon to the




\ operators of small flotation plants.

The sampling, assaying, and smelting charges will approximate $8.00 &
ton. This with
total value deductions mede by the smelter irem the gold content at $55.00
an ounce and silver at 77.58 cents, figures out =3 §§, Thug the total mar-
keting cost of the concentrate becomes 82E§%. On the 84% value recovery at
the mill in concentrate, the net value extraction av the mill becomes 90.76% of
64%, or ég%naftar the overall cost to market metallic gold and silver from the
ccncantréte ig deducted aq_ggwgizfgction iiems Flotation simply makes &
high-grade ore for further treatment at a smelter. A malganation afd cy=
anidéjgz;e a metal bar at the plant that requires less than 1% of its gross
value Lo market.

,é;/ /Z?éz’//*éﬂ

The $1.00 a ton direct cost per ton milledﬂat thae Arizons Comstogk is &

xﬂ@f/%4
low figure, but results in a high marketing cost on the product made. If

the additional cost to reduce the eoncentrate to the preclous metels be & dded
gs an additionel milling charge it would add 38,5 ets a ton more in this case
to atbaln at 64% reeewey,as < 74t 2XCTVETY:

FLOTATION TAILING AUD TEST HORE

The flotation tailing is impounded below the mill for future treatment
in a cyanide plent that is now partly constructed.

Cyeniding tests on this tailing, indicate the poseibility of a total com~
bined extraction on the mill heads of 913 of the gold and é?% of the silvers
Cyaniding teste on the flotation concentrate indlcate better than a 96% total
value extraction upon 86 hrs. agitation,

The above test results check closely the excellent work of thé 1000 ton
Comstock Marger MiiL in 1925 that treated a Rimiliar oxidized ore by ball
milling, table concenﬁratlen,/éacﬁing of sands, and agltatlon of the slimes
and of the reground concentrate, for a total value extraction ol 97%rat a

——

direct cost of $1.2% a ton. Cyeniding tests on the ball mill product of the
"
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Ariz ona Cometock without flotation, ylelded ut a total extraction 90% of
the gold and 60F of the silver, Similiar ore trested in 1806 by Mr. Chas.
Butlere in his atumpsyatubemill, leaching end agiteting plant, ylelded a 90%
value extraction, due probably to the finer grinding., In the Mexica n mill
in 1912, Mr. Whitman Symmes treated a Comstock deep-level sulphide ore of
twice the value by slleslime cyanidation for over 90% of the metal value,

The original 110 ton mill was built as a flotation mill out of second-hand
quQQFMBnt,tu keep the lovestment at a minimum with however sn expected high
extract ion by flotation baéed on laboratory iests Lnfgﬁvgé?if;%;ﬁtained.
seder extreme financisl difficulfies the new management has opened up &

surp rising showing of ore as to tonnage and value, at sagebrush roots only a

block 0f£f the main street of Virginie Clty; and has managed tom treblie the ca p-

acityof the flotation mill at a low expense. ' However the low extraction by
flotation makes difficult the financing of the cyanide amnex et the plamt

necessary to give satisfa ctory recovery and profit on the gurface ores.
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Flow Sheet No, 2 SIERRA NEVADA MILL
ORE ( 50 tons a day)
ta
JAW_CRUSKER(16"byl4")

( 14"y R6")

4 £t diam, :
& BALL MILL (tire and grate type)
to
HYDRAULIC TRAP ~--- Concentrate -« to -amalganating
to barrel/
DORR CLASSIFIER
in eloged circuit
to
AGITATOR
to :
POUR CHLL KRAUT FLOTATION UNIT

i

proscaane giving -

WATER 32§55 -

Coneentrate
by pump

to
Two 9BLL XBAUE® FLOTATION CELL
givingew -~~~ r=a

Tailing
ta
TWO_PLATO TABLE3
#9=e= Ziving ==----me=
Concentrate Tailing

Concentratae Tailing Lo to
_ hm b back to SBTTLING TANKS AUTCMATIC
SELTEING FANKS AGITATOR to SAIPLER
SR | £ PAN DRIER &6
PAW DRIER (0il fired)
to ¥agte Lanndder

SHELTER

e

MILL NO.2 SIERKA NEVADA

In the North end of Virginia City, the Sierra Nevada/@0 ton flotetion mill

has been erected to treat an oxidized ore very similiar to that of the Afrizons

Comstock, and its flow sheet is gquite similiar also. It has just been started
up, and it will be interesting to compare the metallurgical results eventually

obtained, with those of the Arizona Comstock.




FLOW SHEET No,

Ea
3 BRADLEY MILL

Water under 180 1b, pressure------» TAILING (120 tons a day)

to
TROMUBL SORBEN (16 mesh)
giving
Overxsize and Undersize
to
BALL "‘ILL(S by6' ) to

AGI TATOR
to
PUMP(Yentrifugal )

Zeanthate : Lo
4 EBLYL . KRAUT FLOTATION UNIT,
giving
Concentrate end Talling
to
1 CELL KRAUT CLEANER to

giving 2 UBL1L KRAUT
Con®enlinge & Coflgbhimgte  SCAVENGER UNIT

Cresylic Acid return -y giving

&Zanthate

S to to CONBEHTRATE & Tailing
AGITATOR t0 to
SUN-DEYING BOXES WEIGHT
with SAMPLER
CARPET BOTTOUS to
to Vaste
AUTQ TRUCKS
to
SMELTE
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BILL NO.3- THE BRADLEY PLANT

Thias neat plant close to the Arizoms Comstock wes built to trest o pile of
old Washoe-pen process talling resulting frow ore trested in the 60's., This part-
iculer tailing contains not only considersble we: thered pyrite, tut alsc many
soluble salts, both from the trectment process snd the yesrs of wezthering.,

The tailing is sluiced to the plant by mesns of & monitor of deuble Jointed
pipe with nozzle and hendle. By constant ekillful manipulation of the cutting
stream sgainst the benk mnd the leather-like slime leyers, = falrly steady flow

of 14 to 1 pulp is secured.

It wes found necessary to instell the bell mill to further pulp the teiling,

The cleaning cells end scavenger cell were also sdded lster.

Retorting of the concentrate wes practiced last season to recover meroury,
but has been discontinued ss uneconomical,

Careful provision is made to determine the dully tonnage snd value of both
the foncentrate made and the final teiling. A clever mechanicsl device has been
installed to weight intermittently a large ome/minute sample of the tailing stream
to determine tomnage, Each day's flow of coneentrate is directed to & separste
drying box,

The history of the plant hes been,thet of skilled supervision versus & very

tough product to treat.

The Washoe-pan process teilings from the old Comgtock daye have slways been
| most intriguing to metallurgists beceuse both on sccount of the sttractive veluss
conteined there in, and the soluble salts that held gusrd over them! With the

| advent of cyaniding, meny retreatment plsnts were erected with the genersl result

that the costs exceeded the rocovery.. Even such.g skilled metsllurgist as

Charles Butfers, after treating & cuarter milliom tons, had only the comsolsation

that his plant in 8ix Mile Canyon was famed for the successful development of the

Butter's filter.

T R S s, g I
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With the advent of flotation = group of San Frencisco capitalists contri-
buted the necesgsary capital to work a quarter-million tons known &s the "Douglas
Tailings" at the mouth of Six Hile Canyon, énd to ascertain the fact that these
same soluble salts in verying quentiiies caused guch variable and unfavorsble
resulte in the flotetion cells compared with leboretory hests thalt evem 508
gross estraction wes much to be dEsired. Such good metellurglsts ug Alex Wiee
and George Fuerman in 1925, came to the same comclusion up Six EHile Canyon.

The same conclusion holds' true today after ten years improvement in the flotetion
process, but the present increaged velue of the precious metal content probebly
gives & favorable balance sheet. This seume incré;sed value of gold and sllver

encoursged Edmand Leaver snd Jey Carpenter to construct, this summer, o 100 ton
S

7

Lﬁ@cning plant on the "Dougles Teilings," to trest for a third time ore first
treated by the Washoe-psn process and then by flotation. Their hope for success-
ful trestment 6s based upon the [lotetion treatment having washed oul e soluble

salte along with the re-impounding of only the sandier content of the talling.
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FLOW SHEET No, 4 CON«CHOLLAR MILL

ORE$1L25 tons a day)
by
AUTO TRUCKS
to
JAV CRUSHFR(Whseling type)
14" product
to
HARDINGE MILL ( 8 f£t. by 22 Ineh.)
to
HYDRAULIC TRAP
12" by 60"-5 gompariment
giving
« Concentrate & Tailing
to to
AMALGAN BARREL DORR CLASSIFIER
2' vy 4' in closed eirguit
gitbng.
AGITATOR
Cresylic Acid--- to
Two 6 CBLL KRAUTVFLOTATION UNITS
Zanthat & Aerofloate- . giving
Concentrate & ™ Tailing
to to
Pump %, Two Padbo Tables
to ~  eiving .
One 2 CELL KRAUT UNIT Concentrate & Tailing
. @giving -~ to to
Tailing & Concentrate 75 HYDRAULIC TRAP
baok to to 5 giving
AGITATOR SBTTLING SUMPS Concentrate & Taihing
2 of 5' by 10' tow
to Vaste
ELECTRIC DRYING PAW
to
AUTO TRUCK
to
SMELTER
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MILL HO.4-CONSGHOLLAR MILL

/ This mill is on the Comztock Lode in CGold Hill, just South of Virginia
Clty.

The famous mines of Gold Hill yielded ore with & higher retio of gold te silver
than the Virginis City mines, and the mine dumps contain low grade mixed
oxide and gulphide ore, that hes bteen subjected to over 50 years of westhering.

The Con~Choller mill is of interest beceuge it iz trecting these o0ld
mine dumps by the flotation process.

This dump ore, from such old mines =g the Belcher and Overmen mines, isg
mined with a 3/8 cu. yd. ges ghovel and heuled in 5 ton truck losds, an aversge
distence of one-half mile for a contract price of 45¢ & tem.

Thie ore will probebly sversge in content sboutD.08 oz. gold and 1.40 oz.
éilver, end with & flotetion flow sheet somewhet eimilisr to the Arisome Com-
stock, a slmilisr recovery of about 2/3'ds of the value of the ore is mede.

This low extraction is due probably to the urge for tonnsge snd the var-
jeble nature of the dump ore s & day's test run at the rate of 100 tons a

day is sald to heve given the 80% recovery expected from the experimental

ﬁesting. The capécity of the plant is now being trebled by the addition of

& 8ymons disc crusher, en £ ft. by 6 ft. Marey mill, with flotation unite, con-
eentrating tebles, ete. to carrmag;ndiﬁf&wer costes and higher extrsction
are sxpected.

Years sge & large tonnage of similisr dump ore wes treated in & mill,
using Kinksed mills with amﬂlgamatiun’followvd by concentration ou Joinson
venners, for e totel extraction of 57%, according to the old mill records.

In the 20's the Comstock Merger cyenide plent, (slready described)
treated large tonnages from the Gold HAll mines from old stoped aress for

& total extraction of over 95%.
The concentration ratio of the flotation cells im the Con-Choller

mill is a little over 100 to 1 in & heavy sulphide concentrate of about




A2~ ot/ rwed by /RaYr2,
$250.00 per ton value., The tables take out but 3% of the totel concentrate

having & value of §75%2 ton or less.

The hydraulic trap 2t the ehid of the ball mill recovers over 1UF of the

value of the ore, mainly in gold and in & smell bulk easily contentrated &nd

emalgameted. In this case it is & valuable sdjumct to flotation extradtica and
costs, by removing coarse gold quickly from the ball mill circuit. Provision is
aude also to recovar at intervals the course gold from thé ore below the

classifier rskes by comecentrating this product over one of the tables. 4 sim-
ilisr trestment of the product from behind the ball mill ilimers yields & high
return. Even & hyfraulic trap is placed in the final tailing lesunder. One
months bullion, assaying 400 fiue in gold amd <70 finme in sllver, represent-
ed 13.2% of the value of the ore treated. It would be inberesting, bat
prabably slightly wnprofitable, to find cut what the extraction results would
be with all conditions the same except for the elimination of the hylireulic
Lrap.

The total cost of milling is sbout $1.25 a ton of which (04 is for
water, and 31¢ for power. The merketing is expressed as an sdditional cost
of 30¢ a2 ton, which smount to sbout 74f of the value of ‘the ore.

In the case of osterting on an uncertsin or a merrow margln mining ventuve,
the high cost of an all-agitetion cysnide plant in order to make the Righest
net extraction ls often not advisauble or possible to finemce. The lower ex-
pected extraction resulis of a flotation plent mway be belanced in great part
by lower operaving cvests snd lower overyell deprecievion cherges. It is of%e

& case of less capitel ventured for a lcss expected profit.
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FLOW SHEET No, 5  SUTRO-COALITION MILL . L/ der conslrrccition

ORE (100 tons a day)
to
JAW CRUSHER(Wheekéng-stype)
(14" product)
to
BALL MILL (Size %)
; to
DORR = CLASSIFIER(in closed circult to 100 mesh)
to
No 1 THIGKENER
giving
Underflow & Overilow
to
both to Zine Dust Precipitetion
No, 1 ABITATOR. & No, 2 ABITATOR
both to
To.,2 THICKENER
botit to
No,3 AGITATOR & No.,#& AGITATOR.
both to
RO, 3 THICKENER
to
FILTER
to
PULPING TANK
to
Wdte
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MILL No, 5 SUTRO COALITION
This mill is being constructed thyuu&h the financlal eid of an R.FyCe loan;to work

the upper levels of the Orewn Poini mlue. The ore 1s an oxidzed ore of an aversge
content of 0480 oz, gold and 5.8 oz, silver,

Ia the early plsms for this mill the flohation process was favored Ly the property
owners, In secking a government loen detalled test work was carveid outs On 5 series of
flotation teats ,when the grinding was Liner than 100 meghythe extraction on ihe gold
reached 57% and on the silver 71 to 77#, with a concentrating retic froa 20 to 1 to 40

$o 1s i ‘
ding to %0 mesh; the slime contont wes treatsd by £hatdas-

tiom,and the sand content Ly vyanidation . On auobher test the ore was firgt treated by
flotation cnd bhe concentrate resround and added Lo the telling for cyunidations The
resulting extraction on these tests were also comparetively low in contrast tosSraight
cyanidatlon.
. 1 s i s ] .‘ ’ Ty 3
Gyabfiding tests were made on Loe Ore variously ground from %0 mesgh to 200
meshs The 20 mesh and 48 mesh grinding was followed by separation imto sande Lor lesching
and slimes for agitetion giving for the I0 meeh ring & vaiue recovery or-20%,end for the
48 mesh grind,02.,28. Finer grinding to approxims®ely 100 megk th agliation gave an X
% raction of 97.5% of the gold and 88,0% of the silver,,or a velue exti: wetion of 94458
Fiper grindisg than this did nou increspe the extraciion.
Since the mill is to be btut & 100 ton unit ,it wes reconnentied thaet the sime
al
pler flow sheet of ellweglitation plent be addpted with 100 mesh srinding as the extra cosd
of grinding to this mesh is repald in nigher extriction. Sinee extraciion results werd
g0 excvell with this simile flow shest, tests were not made combining cysnidation with
amalgemation, hydraulic traps, or corduroys The
ineomvenience to the plaat if there is evidence of consi dersble comrse zold An the class-

ifier circuit,
Fiotation results inoracitice in tas wills en the Comstock Lade have

failed penerslly to equel the extraction indicated by laboretory test wurke It will be
intgresting ¢ ine how clesely the oyenide test work and the mill results check #n this

new mill,
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FLOW SHEZT No, 6 OVERLAND MILL

ORE( 35 tons & day)
to
JAVW CRUSHER
14" product
to
10 STAUPS
(1200 1b~ 100 drops of 6 inch, each- 40 mesh screen
3% inch discharge- inside plates
_ 8iving i
Tailing & Amal gam
over (607 of mmtigum values)
16 ¥%. of PLATES toga bar to the
giving U.8 . Mint,
Tailing © & > Amalgan
to
GRINDING PAN(6ft.by 24£t)
giving
Tailing‘ & Amalgam(mostly silver)
to
ACITATOR9(5 to 1 pulp)
to
FIVE CELL FLOTATION UNIT,
giving
Congentrate ~ & Tailing
(A1l taken from 1st cell) to
to Drierx Waste,
to
Smelter,

MILL NO.6 QVERLAND MILL

The gold-silver ore trested by this mill nesr Gold Hilk 1s sn oxidized
ore carrying but a small per-cent of sulphides, and with most of its values in
free gold. This ore would yield a high extrection by all eysniding, end flo-
tetion sdherents would probsbly claim the seme for flotation. Since over 70§

of the gold would amslgamate, the original mill wes an emelgemstimg mfll. To

" treat the teiling, from amalgambtion}instead of eyeniding as at the Domovan mill,

& flotetion ennex was added, resulting inm sn overall extraction of 90%. The
stamps are followed by a grinding pen and every effort is made to recover the
maximam gold by emelgametion. The ratio of concentration by flotation 4is
400 to 1, giving, in 2 $400.00 concentrate, & 2/3ds value of extragtion of
the amelgemation tailing. & cysnide plent would heve been more ¢odtly &o

construct and operate and might not have compensated by & higaer met recovery,




FLOW SHEET No,7

Vater and Mercurye---

Tailing from
‘rimble u111'~-"

- - -

[
sSand
A
s)
FRENIER
w0
TR S BT
‘l O
4 LBEACHING
giving
Tailing
£o
Waste

PULP

BUT

TANKS(8

Solution
to

ZING. BO
giving

Precipitute

to
HETINBRY

[ PISERIBUTOR

NS

ol W

/da
DONOVAN MILL

ORE(40 tons a. day)
te
Jal CRusHaR
to
10 STAMPS
to
PLATESR(4,5ft, by 9,0 £t,)
giving === v-o Amalgam
t0
GRINDING PANS (2-5ft Diam) Amalbam Barrel :
giving Amalgem (giving 68 to Baﬁ aLathne
to gold and 10fof the silver
BOWL CLASSIFIER
giving sy
Overflow

Lo
g nT {3
SETTLING

DORR

PONDS

glving- ==~ |

Slimesn
to

-)-[ THETY

to

AT AT
AGLTiRT

107
agiaation &
decantation

ziving
L&Llln

e

- .-*, -
Overflow
Vater
for
sluicing

Sands
Lo
CL&L BHILL
EXCATATOR
to
DRYING

-r-;a-n-w "
FARMIN

fi, depth
charge)

ORS

o
o

~ AT
I

Lo

AT AT
b D idg 2l

to
LILXCITl%\: TA
{4, depth ¢
giving
Tailing
to
Vaste

3
e

HORSE t

Solution
to

ZINC BOXES

O
e

u;s)

3 charge)

Solution
1o

iii0 DOXES
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MILL NO.7 THE DONOVAR MILL

The Donoven Mill 48 in Silver City, which is about 2 miles south of
Gold Hill, and on the "Comstock Lode.” 0dd to relste, the ores of Silver

City are gold ores, carrying some silver, and are Wighly oxidiged., There ere

Sonntl
meny small mines in the district end for over 70 years, the many mills of the

district have been smedxl stamp mills followed only by plates. The 10 stemp
 Donoven mill erected in 1890, wes of this type, meking ean extraction of 70%
to 80% by amalgemation only. In 1900, with the introduction of eysniding ,
leflobing vats were added to trest the sandy portion of the smalgsmation telling.
AB: & conseq uence there was an urge bo treat as slimy s sand product as
possible, and 1n time tnere evolved the practice whieu i3 atill followed of
Santk

recovering & slimy product from settling ponds with' e clam shell emoavelor,
and after draining, to spresd it over a flat evea for drying snd "ferming® 1%
with team and harrows to hesten drying and to breesk up slimy lumps. The
dried teiling is then losded by sérapers into the lesching tanks.

Due to the high slime content the leaching rate of the cherge is but
¥" to 3/4" per hour, and e uine day trestment is glven to get the maximum
recsovery on the silver content.

For meny years the entire 40 mesh product from tae battery, with €0% minus
200 mesh, wes successfully trested dn this mepner. The sucaessful leaching of
such a product is due to the slime emtering the Lanks mixed with some sand
in hard little sun-baked lumps that zct much like sand particles for & con-

Letive pyealoma Ao,

siderable period of time. It is cleimed that the lumps remalaing in the
charge ot the findsh, acsay as low &8 the balance of the charge. Thds is an
excellent illustration in this highly mechanicel age of what caa be accompllshed

o
by simple leaching plant.




Now that the Donovan pient ie also tresting the teiling of the Trime

ble Mill tue procedure i: foliowed of feeding the couwbined amalgumation
bt
tailing to & Dorr ﬁowl classifier, where the coarser sand is renoved, and

then elevated by a Frenler pump to & Butlers and Mein distributor, fecd-
ing a new line of four RO feet diameter leaching tanks, holding 100 tons
each in an 8 fool charges

Each charge is allowed to drain for 24 hours and then first treated with
a8 1b, cyanide solution, followed in time with weaker solutions. The leach-
ing rate is held baeck to 1 inch an hour. The cyanide eonsumption is low,
and much stress is placed upon the extra extraction of the silver obtained
by using this strong first solution,

Also much stress is placed upon th. way the lime is added, and the alk-
alinity maintained. One hundred pounds of dry slaked lime is added near the
bottom of the tank to assure a protective alkelinity of the effiuent solution.
Another one hundred pounds ig added nesr the top of the charge, By pH con-
trol, only enough lime is added to keep the solutions about neutral, and this
method of alkalinity control is credited with giving & well-marked increasé
in extraction of 25% upon the silver contemt and 2.5% on the gold content
in the leaching tanks, This pH control is also used in the older leaching
plant and in the agitating department, and is credited with a saving of 75%
over the cguick iime used when a higher protective slkalinity was carried,

The benefits extend also to a saving in 2z _ine used, and to producing a higher
grade bulliones

The over-flow from the Dorr bowl classifler flows to the old settling
ponds, where the sandier content is removed asz before for farming and leach~
ing. The siime at the lower end of the pond is pumped in turn to 8§ large
tanks, fitted with Deveraux agitators. After setbtling and deczulation of the

water, the sslimelic




8e fos e by by, 164, /¢ /ed nth 2
periods of decantation and ggitation with final dumping in & 0.8 1lbs cyan-
ide solutions

The over-flow from the ponds,(under pump pressure) is used for siui-
cing the sands from the leachlng vats.

Thus this plent has had mueh of the sume metallurgical history as bue
plants on the South African Rand, that started with amalgamation only,
then to leaching of the maximua sands, and thnen to additicnal treatwent of
the siimes by agitution and decantation.

It might be suggested that the installation of filters would bring
this mill up-to-date with the Rand mills, but the owner's regret is that
the narrow confinea of the gulch did not allow expanding the farsing ares
gufficient to allow in turn the elaple leaching of the entire product of the
two millsy As it is, it is the only plant on the Comstock today Lo use
sand leuching as a part of the extraction procesus

An over-all extraction is made of 30% or better, and all the bullion
is sent direct to the U. Ss Hint, thus securing the full price and content

m

of the precious meteis., The total shipment and ireatuwent churge on the
amalgam bullion i bugb.ﬁ% while on the cyanide bullion, averaging 35

parts gold to 938 parts silver, it is under 1.0%.

(\ This partly custos mill, (with its own miné) has the distinction of

being individually owned, with the ownershi. having passed from father to son.
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FLOW SHERET No, 8 TRIMBLE MILL

ORE (35 tons & day)
to
CRUSHER

to
Vater and Mercery---- 10 STAMPS-(108 dreps 0f 5,5 inch,)
High discharge-35 mesh screens
giving - Amal gam
to
Platesl 4 ft. by 16£t,)
giving Amgl gam

to
JpINRINg PANS
zZiving Amalgam
ando
~“au Tailing
L0
Donovan's Phant,

The Primble Mill is one of the old time struight stamp-amelgamating
mills runnimg on custom ore, The milling sharge ,about as at the Donovan
¥ill, is from ¢2.00 to $2,80 per ton depending on the size of the lot
milled and the sustomer receives all the values recovered in amalgem, The
tailing in turn is purchaced on a simple bagis of subtratiing ¥2,00 from
its assay value and paying the customer hadf of tle. balance,

These two custom mills have been a boon te tie small mine owners
and leasers in Silver CUity, whosihave maintained a steady production forxr

many decades in contrast to Virginia City's periods of high and lOW Pro=
duction,
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 FLOW SHEST ¥o,9( RECOVERY MILL

OBREB ( 70 tons a day]
to

A¥ CRUSHFR-4driven by a Pelton wheel)
1 ¢

ROLLS

e

VEZEN SAMPLER

to
BALL MILL- { 44 ft. by 4§ £t)
to
HYDRAULIC TRAP ~removing a concent. ate,
to
CLABGIFIER
in eloged circuit
giving
Overflow - through 60 mesh,
to
Kerguryee=«s GIB8OH AMALGAMATOR giving Amalgam
to
Mercury--» PLATES- &£ ft, long.,, giving Amalgem
%o
01l &Zanthhte-- 6 CELL IRAUT ¥FLOTATION UNIT
giving
Gonecentrete & Talling
Taken from 18t cell to
to PLATO TABLE -as
TWO 8 Ft., CONES giving
uO Concentrate &
0OIL BURNVING DRYH
to

mT 1T
5.)4./* L -j T‘

This mill in Silver City is a more recent mill,and like tioe
land Mill it is a combination amalgamgtion and flotation mill, It
fitted with Vezin aamplers,and has purchased ores based on paying
of the head sample with e 3,00 milling charge,
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FLOW SHEET Neo, 10 CLACK MILL

ORE (30 tons a day)
to
CRUSHER
_ to
Vater & Mercury-- 10 FT, LANEB SLOW SpBER MILL
(Wier discharge giving'a 30 mesh product
with 70% minus 100 mesk)
Biving
Tailing & Amal gam

2 B0
PLATBEO1Z ft, in lenght)
giving
Tailing & Amal gam
to
¥, AMALCAMATING PAN
giving
Tailing & fidgan
to
TRAP
Lo
3 CONCENTRATING TABLES
giving
Concentrate % Tailing
back to
ALLLCAMATING PAN

for regrind,

This mill ie &lso fitted for custom milling, but with the re-
turns depending on the values amalgamated, Of @& recovery of 7567 by amal-
gamation , 7567 of this in turn is recovered in the Lane slow speed mill,
<0% on the plates and 57 in the grinding pan,

The concenirating tables are used as an adjunct to amalgamation,
The furbfer grinding of the pyrite concentrate releases gold for amalgamatio
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FLOW SHEET No,1l ESHER MULL

ORE (50 tcns a day capacity)
to
CRUBHER
' to
Vater---- BALL MILL (5ft, by 5 ft.)
to
CLASSIF1ER
in closed circuit
to
Nercury added--- PLATES-8ft in lenght
giving
Tailing & Amalkgam
to
DGUBLE DECK TABLES
giving
Cencentrate & Tailing
to Smelter

Tnig wmill rune intemmittently, It was built with {lotation cells
following amdlgamation but the cells were replaced with tables,

FLOW SHEET No, 12 HARTFPORD HILLEG

ORE $50 tons a day)

Cyanide solution~ BALL MILL -6ft by 4 ft.
to
CLASSIFIER
closed cirouit
Lo
THICKENER
giving
Underfliow Overflow
to to
3 DEVERAUX AGITATORS ZINC BOXES
to

oS m (’}'.-‘ AT O
“a LAl & Wwan. AV30I0

to
OLIVER FILTER
50
Waste

This all-cyanide and all-agitation mill was asparently built
without sufiicient settling capacity in the thickeners,which with other
troubles has prevented steady running.
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FLOYW SHEET No, 13 DAYTON MNILL

ORE$120 tens a day)
o
JAW CRUSHER (new)
Lo
GYRATORY {new)
to
SAMPLER
to
Cyadbde solution---— BALL MIIL { 5 ft, by 6 £t,)
to
CLASSIFIRR
in closed clircuit
gving 30 mesh product
to
FEENIER PUNP
to
CLASSIFIER
in cloped circuit
with
PUBE KILL (5 ft. by 22ft).
givang
60 mesh product
£t
THICKENER
. aiving
Underflow & Overflow
to to
%2 DBVERAUX ACITATORS SETTLING TANES
to with excelsior
THICKENER 1t
to CLARIFYING PRESS
2 OLIVER FILTERS to
to ZIKC DUST PRECIPITATION
YIXER

to Vaste
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YILL EQ. 15 JHE DAYTON 4l

The ore for aill in Bllver City is an oxidized gold quarts
ores It 1s true, the ratic of gold to silver is sboul 1 %o S Uy welghi,
but this by value ace 10 to 1, and the sllver is of minor consideration
metallurgleallys It is sluiliar to the cres treated i the other Silver

of amslgomation followed by either cysnidation
40 mesh product, However in this cese, finer
allow treatment in an all-agitaetion all-gcyanid-
atlou plant. One fmetor favoring this choice wae the ownersuip of the
Flowery Mill, opersted so efficiently by Alex Wise Ior severa. years.
This mill Whe repidly end cheaply moved over and sel up, using the same
units and flow sheet, &nd has given excellent service in 1low cogls and
high extraction. On a quarter owiics gold ore, grounded to pass G5 mesh,
end, in totel contact with 1.5 1b eyanide solution for 72 hours, the
;ﬁ,ﬁ, and of the silver Z§§‘witn 80% of

in the grinding circuits The cyanide consumptiocn is

: ool : , & ;
approximately 0.4 per gon, while the limep reaches 40 1b, in order to

sebtaing. The direct cost for milling ie cround

$1450 a ton, and the buliion is shipped direct to the Us Ss Hint,




CONCLUSIONS

In many mining districts the mills are very similiar to esch other
in process, flow sheet, and units used, but on the Comstock there is a
most interesting veriation in all particulars.
If en anaiytica: attempt is made to ascertain if such a varistion
of processcs is  fmetallurgically} justifiable, or if one process would
? not be best fit &ll cases, one aneets the baffling asgertion in esch case

that the peculiar variaticn of the ore in question justifisd the process

uged, There i3, ¢f course, much tzuth in such a statenenty; but probably

5 often us deciding a factor was th€ wide veriation in the peculiarities,

experiences, and convictions of the metallurgists designing the plant s,
Often too, financial considerations dictute the type of phant’ to: be
erected, or evem the whim of the company oificessd It is natural that
the resulting plant is loyally suppurted by those responsible for its
design qud construction,
D 0 n A/
> ¥y general conclusion is that the use of flotution sione on Com-
stock ores has not, to dave, Jjustilied the faith and hope P daced in it,
and thet often amalgamation alone, and usually cyanld ti n alone are its
proven economic superiors, and ol these two, cyuniding elone will give
nearly coapiete extraction, but at a grester installalion znd operating
coste
Combinations of amalgamstion, teble concentrailon, fiotutivn and
cyanidation: may be:superior to cyanidstion alone, waers the deily toanage
Justifies & more couplex plant.
.

It is interesting te note thet no plant Lds been installed using the

Ly

combination of corduroy ar blankets with cyariding as is the latest Rend

praetice in South Africa. The high 28say velue of the elagsifier sands

. 1 / ot S
Sty 4 g, Y ipfrs Lvetth "/ Latles,




