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Engineering Anmlysis pf the Causes for @Fmily},ra bf “the Gold Mining
Venture. By Ellis H. G&‘hes. } ! Y,

£

Replasement Phenemenz in the Silver-Gsld Veins at Rewhlde, Nemd&. By
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FOREWARD

it & business meeting of the Vevade Sectlon of the h.I.MiEs, held in
Reno on January 26, 1938, Mr. S, Pewer ‘furren cffercd to Puraish prizes for a
conkest open to student rembers for the best papers on mining, metallurgy, £e0=
logy, or allied gnbiects, Later Mr. A, N. Sweet ioined with Vr. Warren in fure

nishing the prizes.

A Gommittee on Student Awards comsisting of William O. Venderburg; »
Chejrren, Joseph F. Berton, and Ott F, Helzer wes eppointed to draw up the rules
Por the contest end jndge the vpapers.

RULES

1 gﬁg ings The papers are to be judged by three members of the
Nevade Section of the Institute on the basis of:

(8) Originslicy of thought
(b) General irterces oI subiect matter
(¢) Composisiva end skinl in presentetion
2. Sugﬂﬁﬁfmyfﬁkﬁfu T4 is recommended by the Commithe that the papers
pe Based on actunl b lons end preferably thet $1lustretions by line draw-

ings instead of pholivgraphs.

Menugeripts shonld be in dnplicete, typewrlt

3, Eligivility. Only Student Vembers of the 44}5;:@6 attending the
Mackey Sehool of Mines are eligible to compete. L stndont Who has ppplied for
memberships in the 4.I,M,BE. will) be sonsidered & Student Member .

4, Zipqw}imit, The vontest closes on moon April 1, 1938. All meanu-
scripts must be I5Tiverad to the Director of the Meckey School of Mine's -office

on or bofore this date.

dr Senior students at the

Six papers wore entered in the contest, four
Mey 6th, the conmittes an-

Meackay School of Mines and two Junior students. On
nounced the following winners: '

First Prize: Brunbon Compess :
"The Deyton Consslideted Mill", Martin Smythe

Second Prize: Triple Aplenatic Lens

"An Unusual Summer in Nevada Mining Districts"; John Burgess

tep, end doubie gy owdy




The other paners subritted were:

"The Consbruction and Operation of & Smell Sulfide Flotation Plant
in Arizona and an Engineering Analysis of the Causes for Failure
of the Gold Mining Venture", by Ellis H. Gekos.

"Replacement in the SilversGold Veins at Rewhide, Nevada", by
Bugene Grutt.

"Weveda's First Successful Placer Dredge", ' by Mertin K. Hennifane
"Starting at the Bottom in Neveda's Rio Tinto", by Henry A lLang.
In its roport the committee made the following comment on the papers:

"waur Committee feels that all the papers are meritorious end deserv-
ing of honorable mention, and the selection of the papers for first and
second place wes not an easy task. The Committoe feels that the prepar
ation of the papers by the Stndent Members of the A.I.ME, will be a
reward in itself by affording trainirg and skill in the presentation of

engineering subiects on paver'.

: Mr, Vanderburg wresented the wrizes to the winners at n meeting of
the Veveda Section in Winnemucea on May 14th,

The officers of the Neveda Seetion are sorry all six papers are not
aveileble to mimeopgraph and meil to our members. The oapers by John D. Brrgess
end Henry A, leng were nlso submitted in & contest condncted by the "Explosives
Engineer" where they both received honorable mention and were retained for

publication by thet megazine, Mr, Leng's vaper nopeared in the J
Mr. Burgess' paper is exveoted to be published at a later dete., At the requost

of the officials of the Mill Guloh Placer Mining Company, Mr., Hennifan's paper
was not released for publication.

T wish to thank the students who toek time out of a busy gchool year
to prepare the pepers for the contest, Also, I wish to theank the Committee
on Student Awards for conducting the contest and Judging the papers. I em
glad to teke this opportinuty to egein thank Mr, Werren and MNr. Sweet who,. by
finencing the prizes, mede possible the first essay contest in our section. It
is my hope that the results of the contest of 1938 are sufficiently encourag-
ing to inspire some other member or group of members to furnish prizes for =

similar contest in 1939

Wm, Ia" Smyth
Chairmnn, Nevada Section
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THE DA YTON CONSOLIDATER ILL
By
Jartin Smythe
April 1, 1938

INTRODUETION:

The Dayton Consolidated mill is a .50 ton all--agitation all cyanidation
plant located at Silver City, Nevada. Ore from the adjacent Dayton Hine, from the
Keystone mines, located a mile awsy, as well as some custom rock, is treated at
this plant. The ore from the Daytan mine 1s quartzose in character, and is largly
made up of siliceous rhyolite. The valuable minerals occur principally as electrum
with pyrite. T he ore from the Keystone nine is also siliceous in character, the
v alues occurring with pyrite.

Most of the Dayton mill machinery came from the Flowery mill which
operated for six years on the Comstock. Some of the cquipment used in the Flowery
cane originally from the old Ophlr Cyanide plant, wmpd the rest came from the Yellow
Jacket mill at Gold Hill, from the eoxican nill, from Rochester, and from Tuscarora.
The prosent nill wog crected in 1984 snd has hasen in operntion ever since.

CRUSHING:

Ore is hauled to the coarae ore bin by an ore truin consisting of & 15 H.P
200 D.C. electric trolley loconotive pulling three cars each of which hag o capacity
of two and o ha 1f tons. The traln hauls ore fros o 46 ten Dayton ore bin, Crom
a 65 ton Keystone ore bin, and from a 150 ton three compoartr

WL custon ore bir,

These bins are all located along the surface lteulage track of the Doyton minc,

Ore is fed from the thirty ton coorse ore bin bte on Allis Cholters jrw
crusher. This 24 by 15-inch crusher is driven by a Westinghouse 50 H.P. induction
motor. The ore is crushed to tic inch slze in this prinary crusher. At this point
line is added.

The muterial from the jaw crusher is carried to a Bulldog gyratory crusher
by neans of & canv eyor belt. The 45 by 8-inch syratory is driven by « General
Blectric 50 H.P. induction aotor. The ore 1s crushed down to a half inch size in
this intermediate crusher. The half inch ore next travels to a2 300 ton fine ore
bin on o long conveyor belt driven by a 7% H.P. induction. motor. The ore systen
from the conveyor belt is cut by a bucket elevator saapler. These buckets cupby
into a Vesin sampler, where the final heads sample is obtained.

CRINDING AND CLASSIFICATION:

A belt feeder conveys naterial from the fine ore bin to the ball mill,
The rate of feed is cutomatically recgulated by chaing which hang down over the finc
ore bin chute. The cheing are fastened to one ond of = lever which lies under the
feed belt. The other end of the lever consists of o roller which partinlly
supports the feed belt and orc. If teoo auch materinl is being fed onto the belt,
the weight forces




the roller down, causing the other end of the lever to be lifted, and
the chains to drop down slowing the rate of feed.

Grinding in cyanide solution is carried out in two stages, The
primary mill is a 6 by 5 foot grate discharge, belt driven, Allis
Chalmers ball mill, powercd by a 100 H.P., Genoral Elcctric induction
motor. Nine five-inch manganese steel balls are added to the mill
cach shift, and 100 1lbs, of litharge are added per twenty four hours,

The ball mill discharge flows to a Dorr Duplex classifier,which
is 176 inches long and 54 inches wide. The classifier sands are fed
back to the ball mill, and the overflow isg pumped by means of a
Frenier sand pump to a second Dorr classifier, Caustic soda is some-
times added to this classifier to aid in the later gettling., The
sands from this second classificr pass to the secondary mill which is
a 25 by 5 foot tube mill powered by a 75 H,P. Westinghouse induction
motor, The mill consumes about 280 1lbs, of Danish pebbles per day.

A Freniler sand pump elevates the tube mill discharge to the second
clagsifler, The overflow, from this classifier, flows down to the

cyanidation section of thc mill, A screen analysis of the overflow
follows:
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AGITATION THICKENING AND FILTERATION:

The overflow from the second Dorr classifier is discharged into
8 continuous slime thickener driven by a Westinghouse 3 HeP, induc-
tion motor, This thickener ig 30 feet in diamoter and 12 feet deep,
The thickened pulp is pumped to the first of three Deveraux agitators
by means of a Dorrco diaphragm pump., The zgltators are 16 feet in
diameter, 20 feet deep, and the blade propeller for each agitator ig
driven by a 5 H.P., elcctric motor. Sixty pounds of cyanide are added
to the first agitator per day, The pulp ratioc is one to one as it
enters the agitation system, and the ratio is changed to 13 to one by
the addition of barren solution to the third agitator, A Dorrco
pump carries the agitation pulp to the No, 2 thickener, which ig of
the same design as the first thickener,

The pulp from the second thickener is pumped by meang of a Dorr-
co diaphragm pump to a 12 by 16 foot Oliver filter driven by a 75 H.P,
motor, The filter suction is supplied by a 10 by 14 inch duplex
vacuum pump driven by a 35 H.P, clectric motor, The pump was built by
the Boak Gas Enginc Company. Some barren solution is used as a wash
on this filter. The flltrate goes to the No. 1 thickener; and the
pulp gocs to an agitator where it ig re-pulped with barren solution.
This pulp goes to a seccond 12 by 16 foot Oliver filter where it ig
given a wator wash., This is the only place in the mill wherc woter
1s addecd, The recovered solutlon is pumped to the No, 2 thickener,
while the pulp is broken up by a log washor and passcs out of the miil
as tailings.




GHARTFICATION AND PRECIPTTATION:

The solution circuil is designed to freat 400 tons of pregnant solution
per day. The No. 1 thickener overflow iy discharged into an & by lO-fool settling
tank, from where it goes to a twenty leaf Merrill clarifying press. The pregnant
solution then passes to a 8 by 16-Foot clarified solution tenk, and is next de-
aerated by the Crowe vacuum process. The solution ls then pumped, by mesng of «
submerged centrifugal pump, to the zinc precipitation tank where twenty seven poeunds
of zinc dust are added per day. The precipitate oblained on the Butters leaf filter
is dried in steam dryers, and is then melted into bullion in #400 graphite crucibles.
The filtrate is used directly for wash woter or elsc 1ls pumped to a sump tenk wherc
it i stored.

CONSUMPTION OF SUPPLIES AND COST DATA:

The consumption of supplies per ton for the year 1937 was as follows: Bulls
5.71 1lbg; lime, 8.85 lbs.; cyanide, .64lbs; zinc dust, .43 1lbs.; ball mill liner,
L.55 1lbs.; and pebbles, 1.26 lbs.

In 1937 this plant treated 53,978,955 tons of orc at a total cost of
$#1.561 per ton. The costs were distributed as follows: Labor, 35.5%; supplics,
16.8%; power, 17.7%. The costs per ton are given below:

Coarse Crushing a nd Conveyingeeessevessvsssceasssnssseesess $0.195
Ball Mill Grindingeeeeesssssceescosesssoeccssansasssnsssas 0,335
Tube Mill Grinding.esssessssosssessecrosocassoncsnnssasess .169
Coettling and Agitation.ieeeesseeesscooroncessvsesacnscnsas 007

FPllberingeesseseeeseessorssnonaassnsassssssssssasnsssnssss 0aldD
Clarifyingeeceeeeresasesvaosssessesscasossssascsonsannssass 0,048
Precipitabingeeeeeesoeesoressscrsorsencassssssencevessaseenns 071
RETININEeseesenveososensnsssssansscssssensencsssssvsanssvess (.027
Chemicale.esssvsevessasasoessossssassoscassssssssnsnnnnssss 0.8224
Lubricanteecesseaseeercesessrverssscossersasssrecennensssone 0,0L7
Heatbingevseesseessosesssesosncssssasssscsssccsssnncsssssans 0,068
Watel'eesenvsnsenasoscasosnsosssssssnssccssssacssnanesssnsees 0,005
Lightingeeeeeeecesreveeesassrsesenssvsrnsssscsesssssssesecosss 0,008
SEMPLINE e s eeencenccasrsosuserasssssssacssssonsvsasssssness 0,013
ABBAYIN e eeersessensestasossscssncssanscrssscsssasssassases .06
General Chargeteeeesssvscessssscssssasssssssssesvasensssees 0,024
BUpPervisSion.eeeesevssrssencerosssosaosnasnsesssesssssesncsess 0,070
Tailings and Disposal BXpPeNSEesecesescsscerocrnscseosescses 0,043

TOTAL COST l’E}{ TON'O"..........0..Ol..‘...l.l'..‘.'.lll 3(1!551
The grinding duty in the mill wos 6,3888 tons per hour, and the mill ran
96.3% of the possible running time. I did not obtain any assay data, but I under-

stand that the recovery at this mnill is very good.

ACKNOWLEDGMENT :

I wish to cxpress my appeeciation to Mr. Homar Gibson, gencrul manager;
Mr. William Henley, secretary; and Mr. Oliver Biddle, mill superintendent; for
allowing me to make o study of the Dayton plant.




FLOW SHEET OF DAYTON MILL
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THE CONOSTIUCIION sND OPERATION
OF A SMALL SULFIDE FLOTATION
PLANT IN ARIZONA

AND

AN ENGINEERING ANALYSIS OF THE
CAUSES FOR FAILURE OF THE
GOLD MINING VENTURE

By Fllis H. Gates

The subject of this paper ig the mining operations of a small gold property
in Arizona. The observ ations I present were made during my employment as & flota-
tion mill operator.

Primarily, this paper is meant to deal with o modeérn, smothly operating
eighty~five ton flotation plant. I have set forth the mogt distinctive features in
regard to the construction and operation of the plant.

Secondarily, and quite independent of the efficient mill operations, I onm
including a "post-mortem" analysis of the foilure of the enterprise from an engi-
neering point of view., As usual, the conditions causing failure were difficult to
foretell, no matter how evident they afterwards appeardd. I present very little
that is new in such an analysis, but rather reiterate with yet another "concrete
example" what has often been said in mining literature.

The mine is8 located in Arizona about half way between Prescott and Phoenix,
and in a district that had, in the days before flotation, produced much gold from
the ghallow zones of oxidized sulfide-quartz veins.

The complete data on the character and treatment of ore and the mill
equipment is summarized in the appendix.

The following diagram gives the classic flow sheet as cdopted by the
company, for the concentration of sulfide minerals.
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PLOs s ion Plest

During my employment with the compeny the mill was my chief interest,
The outstanding good quality of the plant wes its smooth operation end freedom from
metellurgical ills. It wes a small plent designed for . apacity of eighty-five
tons per twenty~four hourse Its flow sheet was simple but effective, and in general
similar to most other plents of this type. However, the carefully designed details,
not evident to the cesual shserver, make this plant remarkably easy to adjust and
operate at maximum efficiencye, After the first sheort triel run a technic of < perabe
ing *he mill wes developedo All guess work and whims of an “individualistic" opewr.
ator were discouraged. All variablé factors such as pulp density, rete ¢f cre,
reagent, and water feed were carefully calibrated for any specific set of cunditions
likely to arise in the ore composition. As a result high reeccvery end efficiency
«f operation were consistently enjoyed--a ocontrast to the inexplioceble ups and déwns
«fben et with the everage smell operation of this typee

While the f:llowing details are not new and could be adventageously
spplied to most plants, they epparently are not extensively used,

Detalls of Water Control te Ball Mill and Clasifier

The basic principle was the maintenence of a constant head or premsure
of weter behind the mill water feede This sonstant pressure was accomplished as
follows s

A large storage tank of about 35,000 gellons capacity was used as a
reservoir. Beside the mill, & tall, narrow tanke--in effect, a standpipe-~-wos c.ne
gtructed. Waber was pumped by a small eloctrically powered centrifugal puump into
this tank, and was mainteined at e constant elevation by an autimatic pump switeh
actuated by a floate Water draewn from the standpipe was registered in the water
moter before use in the mill, Three outlets for the water were provided on the
discharge side of themeter. The hook up is shown in the accompanying water control
dlegram, Two mein gate valves were fitted on either side of the water meter; the
first was kept wide open at all times except when used in oase of an emergency shut

down; the second was the "totel volume™ controls It was calibrated by scratches on
the hendley

Of the three water outlets, only two were fitted with valves, These two
outlets entered either end of the wall mille The third outlet was the classifier
spray in the form of a horizontal pip perforated with large slots. The spray, not
being fitted with a valve, was at all times ocapable of handling the excess water not
used in the grinding unite. In this way, thé volume of water was mainteined a con-
scunt and with a uniform supply of ore feed, the density of the flotation heads
romained constant. Yet at the same time, the density of pulp grinding within the
wall mill could be precisely regulated by the two control valves at either end.
Meximum grinding efficiency was thus casily maintained even when the ore varied
from a clay like gouge to touch siliceous material, and the nicely balanced system
was not disturbede The result was a pulp of uniform density and particular size
entering the flotation cells at all times,

Detoils for Constant Ore Feed

The company was partial to equipment of meximum simpliecity and ruggedness
For the ore feed, & slow moving belt was adopteds The belt was powered by & rheostac
controlled variable speed motor thet gave a 20% varietion in speeds The belt "ed
from an edjustable discharge chute situated beneath the ore bine The openi-: . % i.i
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chute wes go.arranged thed minimam diffioulty was encountered from clogged and
--ore-hung ups. The belt disoharged the feed énto a steeply inclined chute load-
ing into the mill, In the bottom of this chute an outlet fitted with a trep .
door wes instelled, Tho trep door wes e 8tbél plate hinged along its center
horizontel oxis and fitted with a hendle. Bolow the trap, & platform welence
was ingtalled. & thrred box was pleced on the pletform, and ¥y & twist of &
hendle, the entire feed was diverted into the box, Dy recording the seconds
teken to reise the Weem (set at 5Qlws.) and reférring to & graph, the tonnage
per 24 hours could ®e quickly caloulated, The tomnage rate was checked end

edjusted by the rheostat every 30 minutes, In this way very oconstent foed was
obtained,

Meesurement of Pulp Density

It wes found that the pulp density determination at the classifier
srerflow wes the most direot indicetor of the well being of the grinding oircudt,
A careful check of the density was therefore mede every 30 minutes throughout
ea~ii shift, In order to facilitate the mZking of these rapid determinetions,
the single device of weighing & unit volume of the pulp wes used,

A smell conical flask with a narrow neek was made of galvaenized iron
and celibrated for a volume equivalent to one pound of pure water. A small
spring scale with a five pound capacity was used and the needle set to register
zerc when the flask was weighed empty. The weight reading on the scale for
each pulp semple filled to the proper mark on the flask was teken as the specific
gravity of the pulp direct,

In general, ell oaloulations regquired were reduced to the simplest

possible arithmetic to reduce errors and promote rapidity and ease of measure-
ments.,

AN ANALYSIS OF THE FAILURE OF THE ENTERPRISE

Since my position wes that af a flobation operator, I did not know
the compeny's pollicy and pleans. Perhaps important factors unknown to me may -
bear a good share of the responsibility for the failure of the enterorisc, I
em presenting only the facts which wero evident by the nature of the p"Jblnms
the company enoountered and ‘which were avallable to 1nt°resceu persons, o

The prevailing country rock was a solfb mloa*eous sch'st The
schist was apparently = fair aquifef and a ready Sonductor of water along its
oleavage direction,« The main vein dipped with the schist at about b degrooes,
The henging wall tended to sluff in'heavy glabs nescessiteting donsiderab’c imber
and 1lghtly lcaded rounds in the stope to prevent excessive oro dilutzion, fTne
relatively low grade vein average from one to five feet In thickness, but She
crv, as blocked oub at the stert of operation, was calculated tc be suf: *icient
vaiue and’ quantity to pay expenses and the return of capitel invested. Goo-
logioally, the vein was uniform, and of a fairly contlnuous nature, It was
reasonéble to muppose it would continue for some distanoe in length and depth ;
beyond the development work,

Water Supply Fallure

The first serious difficulty brought foreibly to our attention'at
the mill wae thet of the water supply gredually falling short, Water data
uged in the mill design wes based on a specific quentity of water the mine
was "meking" per dey during the period of development.
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the mine wes lecated in a desert region, the mine sump being the enly
convenient weter supply, Ground water ef the region wes replenished only by h
short, violent cloud bursts in the summer, and light intermittent rains and snow
during the winter, Because of the small drainege area above the mine end the
steep stream gradient, the greater part of the water was lost in the runoff bew
fere it oould replenish the underground water by seepage.,

In spite of the water bearing qualities of the schist, the local
water table was lewering under the comtinual drain of the mine sump pver a prow
longed mining operestions The only prectical remedy seemed to be the installaw
tion of a long pipe.line and costly wells in e more faversble locatien,

At this critiesal time, the company was uneble to easily bear the
sudden, heavy expenditure nf developing new water sources, The mill running
time was cut to two shifts per day, pumps were installed on the teilings ponds,
end all possible efforts were made toward economizing en water, )

DIXUICULTIES IN MAINTAINING TONNAGE QUOTA

As previously mentioned, sufficient tonnage of valuable ore wes
blscked out to satisfy the company's engineers of the safety ef their investe
meat in the metallurgical plant, but unforseen troubles and knotty preblems
began to arise in the new stopess The flatness of the vein angle allowed the
soft hanging wall to seriously dilute the broken ere, }t wes necessary te
hold the wall by numerous well placed stullss Teo heavy rounds in the stopes
had to be avoided to keep the ore olean. The narrow sloping vein was diffie

oult for the men to set up machines and works A high cost per ton eof ore weas

- naturally the resilt, Furthermore, because of these diff oulties, the number

of places in the stopes from which ere could be talken at one time was limited,
The daily tonnage quete for the mill was difficult to maintein, and sometimes
impossible even when the mill ren only two shiftss, The mining method found
most suceessful wes the "ever hand" open stoping method.

Insufficient Development for Future

The finencial backers apparently did not look:&ith favor upon the
company spending their finances for development ef futuré ore until the mine
was on a profit making basis, This meant a gradul depletion of the ere re-
serves at & mining cost higher than estimated. The result was a stalements;
the company could not pay off their obligations on the bagis of lewer profits
unless new ore wes developed, the financiers would not consent to the addie
tional development worke

The mill was cempleted in August, 1936, aend the property was olosed
January, 1937, :




APPENDIX

The character and treatment eof the ore, and the mill equipment are
listed as followss

CHARACTER AND TREATMENT OF ORE

Cemposition and Properties of Ore

Mineral Compesitions
(bleck sphalerite

Gold bearing minerelss (pyrite
(chalcopyrite
(galena
Gangue : Predominating (quartz
Minerels: (1imestone

(silicified schist

Smell amounts: (me.gnetite

(garnet
{(wolfenite

Specifio gravity of mill heads averages 27 to 269
Hardness and Grinding Qualities:

Ore for the most part is friable and easily pulverized.
Occasionally large perocentages ef silicified schist which
is tough and refractery ococur as ere, This material
causés a considerable reduction in capacity ef the ball
mill, and a tendency toward overgrinding of the more
frieble mineralss By checking the particle sizes of the
classifier overflew, and by e careful regulatien ef pulp
density and rate &f pulp flow through the mill, +this
condition can be avoided to some exbtents ‘

Meximum particle size fer efficient separations

Ore teating labaretory determinatiens show that grinding
to 65 mesh will liberate the gold bearing minerals.

Flotation Reagents

(Amyl Yenthete
Collectors: (Pentasel Xanthete
(Barrett No. 634

Frothers s (Yermour Pine 0il
(Barrett Nos 634 (freth stiffener)

Aotivating Agents (Copper sulfete (for sphalerite)

Depressing Agents (Sodium Silicate (deflocculation ef
S10g and silicates)

Weter Supply

PHeewe Bod Mine weter centains oepieus amounts of
calcium and megnesium salta.




 MILL WQUIPMENT AND DETAILS OF INSTALLATION

Grizzleys Bare set at 3/4" epenings =- installed ahead of orushers
Crushert Blake Typo 8" x 10" Jew orusher. 3/4" set,

Ball Mills: Allis-Chalmers 5' x &' Cylindriocal
Capacity 85 tons from 3/4" to minus 65 meshe
Powered by 60 HP Blectric motor.
Ra PC‘ Mo 30
Central Discharges

Clessifiert Mechanical types Dorrco Duplex.
17 strokes per minute per each rake,

Flotation Units:
Denver Sub=A Farenwalf type.
Number of cells Be
Total power (Bleotric) 6 HP

Thiokener for concentrates:

Denver Thickener 8! x 8! Steel tank

Rakes == continuous curved spirels twe rakes
in number,

Discharge ==~ effected by diaphrem pump.

Oliver Filter for dewabering concentrates:

Cylinder 4° diameter.
Oscillating agitetor paddles.

Reagent feeder:

Denver Equipment Company 3 ocells
Drip feeders made from buckets.

Water storage tanks:

Main water sterage reserve 35,000 galse

Mill ‘ank 8,000 galse
Outfitted with pump and automatie
switoh to keep censtant water head above
mill,

Thickener sump tank = te receive clear
water from the overflow for reuses

Automatic samplers:
Heads) Sampled pulps ahead end after
Tails) flotation cells,
For coerse material ahead ef ball mill,

Apparatus determination of pulp density:

Spring socales and calibrated cup for pulp
density determinationse Taken half hourlyes

Pumps 3 Centrifugel pump for teilings weter returne
Operated at 30 gals. per minute against 100!
head and 300! of 1" pipe resistence.

(Approximate data. No figures on puwer
consumption)




Pumps: Contrifugal pump for tailings wrter return,
Operated ot 30 gnls. per minute against 100!
head end 300' of 1" pipe resistence,
(Approximete datn. No figires on power
consumption)

Thickener sump tank pump

Automatic mill teank pump

Storage bins:

Ore. Square bin, Aporeximntely 50 ton
capacity free flowing ore (ore
ineluded in the inverted cone
above discherge), Bin installed
between crusher and ball mill,
Total bin capacity 150 tons.

Small bin between mine hoist end crusher
15 ton capacity (approximately)

Waste bin: below picking belt to receive
discarded matorial,
Flat iron sheathed floor for drying and
storing concentrates for shipment.

Feed belts:
Picking belt from smell bin to crusher
Fitted at smnll bin discharg with
reciprocating plete feeder,

Bell mill feed belt powered by variable
speed motor. Rate of feed controlled
rheostate,

Mill buildings-
Stnel irimed. .
Galvanirzed iron shenthed
Concrete flocrs and foundations.
Ample floor spece for uncrowded work.

Power:
High voltage from locel power company
Tronsformer reduction to 440-220~110 volts.




REPLACEMENT PHENOIENA IN THE SILVERw
GOLD VEINS AT RAWHIDE NEVADA
By Eugene Grutt

Rawhide, Nevada is located in north~central Wineral County about six
miles from.the Churchill County line, and about 50 miles south=east of Fallon,
Nevade. e

Although the first mineral locations were made in 1906, it was not until
the Yhoom™ of 1908 that mining was started. According to the UsSe Bureau of Mines
records Rawhide has produced in excess of $1,500,000 from lede and placer mines,

Recks end Mineralization

The counbry rccks, for the most part, are tertiary rhyolites, andesites,
and rhyolite~breccias and tuffs. Most of the racks origlnated as flowse

The mineraligation is of the epithermal typo as it slearly shown by the
minoral veins, The veins show symmeuricel colloform bending. vug®. somb struchbure
end replacemont, all of which ars epithermas characteristic:. According to Lind-
grent the témperatures attending this type of mineralization are gensrally lssa
than 2007 ¢, and the pressures are usually under 100 abmospheres.

Evenbs Leading Te Ore Formetion

In the formetion of mineral veins ef the type found in Rewhide, thece
are definite steges in the formation thet can be traceds The first step is th-
intrusion of e magma into the earth's cruste The intrusion is generally closcly
follawed by & poriod of fracturing or faulting around the intrusion, which frect: ..
mey produce structures favorable for the later deposition or oree The ore itselr”
is deposited from solutions ascending through these structures, foreed upward by
some means not clearly understoode. The solutions are composed eof magmatic and
ground waters containing products of magmatic differentiation, and when the physic
chomicel conditions are favorable, these rising thermal solutions deposit their ised
of gangue and ere-meking elements in the form of various mineralse

The hydrethermal solutions change in acid and base content through the
period of activitys. There is also a change from high temperatures at the beginali.g
of hydrothermal activity tes lower temperatures in the last stages.

As t~ the exact character of the solutions in which tho mineraus an>
transparted there is censiderable disagreements Lindgren? hoids thab the zoiuniv .,

which are acid in nature at their source, are rapidely neutralizad by the wai’ 1 iw

shrough which they pass until finally they beccme alkaline. and that the hycs-therm
veins arc formed from a’keline sclubionse Bewend says that most ores are likeuy
deposited from acid s.lution, and that their transportation is no prosb.em in these
selubl sy Frondel™® thinks that native gold can be carried in either alkaline v
aeid zolubion, bubt in the alkaline solutions he shows that the actioun ol collcide
plays an important perte

In any ovent, as the rising solutions change in compcsition, they give
rise te a rather definite paragenesis. Replacement is caused by this hydr the .
shange. Minerals stable under ovas condition may become unstable as the solrtiocs
change in character or composition, and the early minerals may be comwpletely ro-
pisced by later ones. These replacoment phenomena cre exellently shown in tww
guertz veins at Rawhidee




Burn's Hill Quartz Vein

In & vein on Burn's Hill unusual pseudemerphs of quartz after calcite
have been developed,

The paragenesis of this vein is as follows:
l-=Banded chalcedony

2=-Vein quartz containing small amount of
pyrite and arsenopyrite.

3==Calcite
4==Replacement of calcite by quartz
SmwAlunite

This vein averages about twelve inches in width, bebween rhyolite walls,
and fully twe~thirds of the vein consists of banded chaleedony end massive quartmé
Pyrite and some arsgenopyrite occur as small crystaels disseminated through the
messive vein quartze The calcite wes deposited en the quartz in erystals of the
aregentine variety, which is & calcite developod parallel to the basal plane in the
form of thin hexagonal plates (Figs 1)e The crystals arrenged frem ene~half inch »
to three inches in diameters They were arranged in verious pesitiens and in general
enly about ene half of the orystal plate was developeds They wore intimately interm
grown end formed a cellular lacy structures Later quartz completely replaced the
oalelte with the development of thousands ¢f minube quartz orystels en bdth sides
of the original caloite plate (Fige 1)s Eash crystal developed perpendicular te
the plane ef the plate growing with the utmost econemy of spacce These gquartz
orystals are about 1 mme in diameter and «5 mme longe The pseudemcrph plates
average about 2 mme in thiekness which is prebably considerably thicker than the
original calecite plates

The replacement of the caleite was due to its beceming unstelbe under
changing cenditiens. Graton +thinks that the replecement of carbonetes in
opithermal veins indiocates a ohenge frem elkaline to acid solutions. Calcite weuld
be readily dissolved in acid solutionse

There are two possible medes of erigin of the alunites It cculd have
been formed by asocending acid solutiens or by reactien between ascending alkalina
selutions and descending aicd solutionse Either mede of erigin is possible in this
veline

There was no geld or silver mineralizatien in this veing

Murray Hill Vein

The Murrary Hill Vein shows replacement phenomens similer to the Burnts
Hill vein, but a more complete paragenesis is shovme The¢ pseudcmorphic nature of
the ere is strikinly 'displayed in many specimens, and the relations can be easily
deteetedse The vein varies from one foot to two feet in widbhe

The paragenesis is as followse




FIG Lo

Plan Seof&on

A pseudemcrph plate frﬁm Burnts Bill
(Aotual Size)

A specimen Murray hill silver cre

a=~= Vein quartz

bm= Vugs

o== Quertz pseudomorphs
dew Mineralized quartz




l-=Barren veln quartz
2-=Calcite
3-=Replacement ef ocalcite by quartz

4==Quartz conteining pyrite and ergentite elong
with o little free gold

5e==Berron vein quartz

The first stege, the introdusing of massive veln quertz, was a prominent
one, as approximately two-thirds of the vein is composed of ite This quartz i1s
quite barren, and it shows vugs in many plecess

The pseudomorphs of quartz after caloite shéw that the next mineral, cale
oite, was of the argentine varictye A close resemblande to the Burn's Hill pseudce
morphs in shape is at ¢nce evidents On Murray Hild, hewever, the calcite did not
grow in the .pen comb structure, common to all of the Burn's Hill material, instead
shoaves -f flat plates have been compactly developede The traces of the individual
blades are tracesble for ms far as four inches in places. The next svep saw the
frrmation ~f quartz pseudomorphs after calcite, with the oklecite being occompiotely
rem wed s Oimulteneous with the replecement of the calsite by quartz was the pori:d
of sre deposibion. This mineralizetion is shown by & band of quartz cintuining
desk patunes of argentite and pyrite along with a smell mmount of free gold. The
bend of mineralized quartz varies from 1/8 jnoh to one~helf inche in width, and is
demosiced in wost oases directly next to and between the sheaves and individual
piibes of pseudomorphs (Fige 2)e

As evidensed by the narrow band of mineralized quartz the periusd of zre
deposition was short, The last stage was the introdustion of harren vein quertze

Discussion

' The Buvii's Hill vein beceuse of its unusual crystels is an interesting
coourrencé,; bubt n» conclusions about cre depositions can be reached, The lMurray
Hiil vein. however, shews stioh definite boundaries of ore mineralization that cne
sonclusion ebout thic vein seems quite probables The caleite appears to have
contralled ore depositione

The close relationship between the pseudomorphs and the minera.ized
quertz shows that the replecing and the ore bearing sclutions were probably of the
game state, and that some connection exists between the replacement of the saleite
and the deposition or ores - The depcsition of ore along the sheaves and between
the calcite plates is too consistent to have been accidentals

If the replacement of the calcite is to be regarded as being dene
through the changing of solubions from alkaline to acid, and if replecing and
mineralizing steges are to be regarded as the same, then the ere carrying solutions
are probably of acld nature. The caloite exerted a neutralizing effect on the
solutions as it wos replaced by quartze This action undoubtedly exerted strong

contrel on the ore depositione
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