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IITED VERDE CONSOLIDATED COPPER COMPANY
V
Preliminary Report

Jerome, Arizona, September 28, 1916.

The Board of Directors, ,
United Verde Consolidated Copper Company,
Jerome, Arizona.
Gentlemen:

At your request I herewith submit a preliminary
report on your group of claims. As soon as field work is
completed, I shall submit a final report which will differ
from the following principally iﬁ detail.

| The location of the group would be described as
on Copper Canon within the Scuaw Peak Mdining District, in
Yavavpai County, Arizona. This canon acquired its name
from the many indications of copper to ve found. These
claims are located in the mountains about four miles to the
west of Camp Verde. The main road from Camn Verde to
Prescott crosses the groun =s shown on the map. A new road,
also shown on the map, has been built from Camp Verde to
the-present camp site on the group. Equipment and supplies
can either be brought in from Prescott over the Countiy road,
or hauled from the railroad at Clarkdale.

In general ‘the topography of the country is charac-
teristic of the mountain section of this part of Arizona.
The hills on the éroup are usually regular and rolling in
outline but cut by deep canons and narrow gorges whicﬁ give

some very precipitous slopes. This characteristic aids in
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the study of the geology as the country fock is weli exposed
on the walls of the canons.

The claims are more or less covered with brush,
pinon pine and cedar. The timber is only valuable for
fire wood. Mine timber and lumber will have to be hauled
in.

The group is well supplied with water by the
stream in Copper Canon. A rough stream measurement gives
me an estimate of 12 cu, ft. per minute as the flow of
this stream. During the wet months the stream will probably
yield several times that amount, but during the dry season
I am informed it dwindles to much less than the oresent flow.
A dam can easily be constructed across the canon at about
the center to lower end of the group, which will give a
reservoir capacity sufficient for all camp and mining purposes.

The development work so far consists in shallow sur-
face work scattered over the various claims as shown on the
map. The principal work has been done on the Ros;bud, Pihe,
Popony, Orient, Sunflower, Daisy, and Bellefléur claims.

On the Rosebud, copper bearing rock of highly meta-
morphosed porphyry has been developed by a shallow shaft mnd
small open cut. Green and blue copper stains are found
through the rock over a considerable area on this claim. On
the Pine, an o0ld tunnel in a granite porphyry discloses some
disseminated covpper in the form of chalcocite and chalcopyrite.
On the Orient and Poppy Claims the cuts, tunnels and shafts in

porphyry show green copp2r stains.
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Considerable work has been done on the Belle-
fleur claim By cuts, tunnels and shafts. Green, copper stain-
ed rock was found in the openings and on the surface where
the washes have uncovered bed rock. The most important shaft
or incline was full of water and could not be properly examined
at the time of my visit. Mr. Mahurn, former owner of the
group, claims to have uncovered copper sulphide in this open=-
ing at a depth of approximately forty feet from surface,

Other cuts on the group disclose mineralized seams
and crevices in metamorvhosed porphyritic rock, but none of
them are extensive enough to aid in drawing any conclusions
as to the possibvility of developing commercial copner..

The Astér claim is the seat of a legené concerning
a lost mine. The story goes that a rich gold mine was dis-
covered by Mexicans in Copper Canon in the early days. A
shaft and tunnel wers used to develop the gold ore and the
tunnel was also used to store bullion from this mine and from
shipments from 4exico. At the time the Indians were bad a
band of braves drove the ‘dexicans into the tunnel and caved
the'mouth by rolling big rocks down the hill. On the Aster
claim is an old shaft which was walled up on four sides and
evidences of an old tunnel caved at the mouth. Of course the
natural conclusions would be the fiding of Mexican bones
and stores of bullion, but unfortun:utely neither the shaft
nor the tunnel has been cleaned out!

Considerable more field work will be necessary to
satisfactorily work out the geology of this group. This re-

port can do no more than contain a few rough statements of
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general characteristics. The accompanying sketch will
give a general idea of the structure. Apparently the
rocks pitch steeply to the east and strike nearly north
and south. Unfortunately the contacts ares not sufficient-
ly exposed to even approximate the true pitch of the fom-
ation. Going from west to east across the group I find the
rocks exposed appear as shown on the sketch. At the extreme
west side of the groun, a nearly true granite is to be found.
This seems to grade into a fine grained porphyry similar to
the copper bearing vorpnyries of this district. Overlying
this porphyry is a rock varying from fine to coarse grain
which would be roughly classed as a diorite from field work.

This rock is highly metamorphosed in places, and
may or may not be cut by porphyry dykes as it is nossible
that what appear to be dykes may ve fractured zones of this
rock which have been so highly altered as to give the general
appearance of dykes.

The eastzarn edge of the group is covered with a
recent sedimentary, grading from a coarse conglomerate to a
fine grained rock heavy in lime. This is a bedded devposit
well exposed by the canons cut through it. Some sections
of thigs sedimentary show heavy conper stain, but the actual
value of this deposit is entirely unknown.

The southern end of the group is capped by a basalt
which occurs as a characteristic capwning of the hither osarts of
mountainge

The only practicable method to prospect this group

_—
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is to put down a series of diamond drill holes to deter-
mine whether there are any commercial deposits of coponer at
depth. Fuiure work would have to be based on the results
of such diamond drilling. The commercial value of such
drilling will depend on the geological conditions discover-
ed, It is not to be exvected that ore will be discoversd
by any shallow surface prospecting and money spent on such
work at the present undevelovned stage would be merely wasted,
The diamond drilling will determine whether it is advisable to
do further development work, and also determine at what
roints such further work should be done-

The surface indications of conper ar- as satis-
factqry as mizht be expected dbut only deever vrospecting
can determine the nresence of comiercial deposits. I un-
hesitatingly recommend diamond drilling as the most satis-
factory method of carrying on this orzliminary prospecting.
However, I am not prepared at nr:sent to make any recommend-
ations as to whers this work should be donc s it will require
considerably more field work in the nature of topographical
and. geological surveying to arrive.at final conclusions as to
the most 1likely location of ore.

The surface indications are appnarently, fro.a the
prelimin .ry examination, most favecraktle along the metamor-
vhosed or dyke zone cutting through the Sunflower and Zelle-
fluer claims and within the vorpnyries cn the westarn half of

the group.
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In concluding thiw preliminary report I may
call your attention to the fact that as a general proposition
ore is not found upon the surface in this district, but is
more likely to be covered to considerabvle depth‘by barren
reck, giving only the indications of copprer, and whether
there are actually commercial deposits, can only be deter-

mined by develoovment work. -

Respectfully,
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A Brief History of an Unusual Mining




FOREWORD

rb";.aig Hole" was the name miners gave to the United Verde Mine, for with its

many shafts, raises, iargo stopes, and miles of drifts and tunnels it was one

of the largest mines in the world and fully merited this distinction. Now the
i visitor can becoms fs.miliar with the great extent of the mine by examining the
model in the Douglas Memorial Minihg Museum at the Jerome State Historic Park.

Buf,/“only by comparing this with the actual "Big Hole" or the United Verde Open

= ' Pit to the north of the Town of Jerome, can its magnitude be fully appreciated.

‘The United Verde Open Pit mining operation was .unusuvnl in all respects, for by
its nature it presented conditions not found in other mining operations. . This
surface working stands alone by virtue of its existence and the means emp:_ioyod
to recover its mineral wealth. To the best of my knowledge, no oth'er iurface :
mine operation can compare with the variety of situations encountered and the
chahging rosboz;ao'to mining problems.. While development of the pit conformed
to practises prevalent at the time, many changes and innovations occurred es |
operations progressed. During its twenty-two year lifetime, from 1918 to 1940,
great improvements were made in drilling, blasting, loading and haulage methods .
The United Verde Open Pit contributed to impro;vemont of surface mining methods

in a preliminary manner, great_advances having:beem made.sinca that.time.

Meny pictures are included with this presentation so that the interested visitor . '
to Jerome may have a better understanding of how the "Big Hole" was dug out, and

what the problems were. Considering the nature and complexity of this mining
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operation, it is doubtful that any other mining venture will ever compare with

the United Verde Open Pit in its wealth and challenging problems.

4]

B. M. J. Alenius.

R TETE RL

Phoenix, Arizona

.

September 1966
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Aerial view of Jerome, Arizona with tuhe United Verde Open Pit et
wppar right. The Douglas Memorial iining Museun and the Un.ted

Verde _xtensicn mine surface plant are seen et the lower right.

Aerial view teken in 1,28 of the United Verde Mine showing the
open pit, ewitcnbacks snd weste dumps across the uppar part.

The 500 level mine surface plant is seen at tune lower right center.
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UNIQUENESS OF THE UNITED VERDE CPEN PIT MINE

The nature of the United Verde orebody and the unusual conditions encountered
may be considered unique in mining operations. The main features of distinction

msy be summarized as followss

'i'he ore at the United Verde Open Pit was high grade, some sulphides containing
as much as 40 percent copper, some siliceous ore assaying at more than 200
ounces silver per ton and some oxide ore at more than three ounces gold per tom.
Throughout the life of the pit operation, the ore averaged 3.49 % copper with
2,07 ounces silver and 0.07 ounces gold per ton. Economy of operation permitted

mining of ore containing 1.00 percent copper, or $4.00 in total value per ton

as conditions warranted.

The orebody congisted of minerals with entirely difr'erent characteristics

containing i:aaic sulphides (low silica content), siliceous sulphides, oxides,

silicas, porphyry and schist (some altered by the fire). All of these required
selective mining, besed on mineral character and grade, far treatment by direct

smelting, converting, concentrating, leaching, or for stockpiling. Moreover,

by selective mining it was possible to effect great economy in the direct

smelting process by controlling the silica content of the direct smelting ores

to around 23 or 24 percent with an alumina content of about- 4.3 percent. A

noticeable distinction existed more or less at the 160 mine level, as the ores

above were mainly oxides, and those below 'tho 160 levelgsulphides which had : ;"“i.;;g.'.j

been enriched by transfer of copper from the oxides.

Not only were different mineral chhracteristica eﬁcountered in the orebody and
the surrounding waste material, but great differences existed ixfx'"'hardness and
fracture. The dense siliceous sulphides and the unalteted diorite wa;te rock
pros‘onted problems in blasting, for drilling equipment then available was

inadequate. On the other hand some of the very high grade sulphides with low




silica and iron content, and the high silica content converter ore in the

oxidized zone required little blasting.

Open pit mining was resorted to when underground mining became impossible in
the upper levels owing to portions of thg sulphide mass having been on fire
since 1895. As the ore was exposed the burning or hot material presented
serious problems, particularly in blasting. One of the procedure for blasting

this very hot ore will be discussed later.

Operations were conducted above old underground w&rkinga. Every drilling,
blasting, loading and hauling operation required examination of old maps to
avold falling into old raises, drifts and open stopes. In scme cases Previous
underground cave-ins resulting from the fire resulted in unreliable information.
Horeover, as may be noted on the qcéompanying sketch, the slope on the orebody
with its éxtensive underground workings under the diorite hanging wall on

the northwest side weakensd support of the overlying mass of diorite. This
diorite wall or bank is firet apparent to the visitor as the pit is approgchad
from Jerome, or when his attention is directed toward the pit from the Douglas

Memorial Mining Museun.

Shattering of this diorite bank by deep underground caving in 1929 required
removal of additional waste rock during ths depression years. Thereafter,
constant scaling, trimming end vigilance were required to avoid injury to
workmen and damage to equipment below the waste banks. At the termination
of mining operaiiona in the pit in 1940, the diorite bank along the northwest

side was more than 600 feet high without a protective bench

All of these matters preaonted problems, but in spite of thg fire, the need
for selective mining and the hazards of caving, mining was conducted on a
fairly regular schedule. As the pit deepened ths dangsr of falling rock

incr%éed, but by continuas vigilance no one suffered injury from falling rocke.

] 2
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for disposal via the Hopewell tunnel system. The pit outline as—xedbed

above was moved back during the deprésaiun years es the hanging wall

wag weekened by underground caving above the 1200 level in 1929.
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DEVELQOPMENT OF PIT STRIPPING AND MINING OPERATIONS

Following purchase of the United Verde Copper Company by Senator Hilliam A
Clarx of Montana in 1888, extensive development of the property was undertaken
in the upper reaches of Bitter Creek Gulch north of the present town of Jerome.
The gulch was filled in and the ground leveled off on the 50 foot mine or slag
lavel. A smelter was erected on this site, which with the surrounding shops,
offices and mine structures rested on top of the oresbody. This orabody on the
surface wés roughly 800 feet wide and 1,000 feet long in area. Glory hole
mining was undertaken in the rich oxide ores on.the extreme south end outside
the fire area. 8lag from the smelting operations was dumped across the lower

end of the gzulch completely filling it for a widih of more than 700 feet by 1915.

As previqusly noted, the fire which started in 1&95 in the upper levels made
undergrougd mining impossible in tiic sulphide mess. The fire later extended down
to the Y00 level and was sealed of'f by concrete bulkheeds on the varicus l;vels
affected. Caving in the fire area resulted in damage to the surface plant and
Was a constant thrsat. Opsn pit mining was decided upon as being the only way

to recover the high ygrade ore in the upper levels. This entailed construétion of
e new smelter at Clarkdale beginning in 1912, e new surface plant on the 500
level, the Hopewell tunnel transfer system on the 1,000 foot level and the Verde
Tunnel end Smelter Railroad. Tiiis railroad connected with the new branch line

of tne Sente Fe inté Clarkdale, and served the smelter, Hopewsell, the 500 level
mine plant and thé surface operations from the 300 level. These facilities have
been abandoned for wany years, but the remains can be seen from many vantage

points in and around Jerome.

In 1915 the new smelter was blown in, end in 1918 stripping or waste removal for
the open pit was started. A Marion 300, 8 cubic yard, full revolving steam
shov;l began cutting across the slag dump on the 160 level, and an QOsgood 120,

4 cubic‘yard, railroad type steam shovel on the 300 level. Switchbacks for
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standerd _cuge railroad haulage were constructed on the north side of the

dicwite hill with view towards cutting dowsn the hill on benches 50 fest nigh

so thnt e zafe slope could be me .ntalned ebove the uining operations velow.

I w2, wi~er soxe waste removal on intermediate bencnes, strippin. wes started

the to, bench at slsvation 5729. By this time the Larion snovel had cut

rich 5vids and siliceous ores, most of wilch was stockpiled on nearby

wmps es they could net e sazitasl in quantity. Some weswe wad disposed <f

tory avles end connecting raises for filling wnder round stopes, but

< crost smount of waste usterial was loaded into 25 cublc yard duwap cars

)

27 ne«l2d by switcher type scizem locowotives to dumps ior disposal. Thesa

cecte dwips sné switchbacks can b2 seen by driving nortn Irom Jsroue & sror

4ey oo tie read to Parkinsville.

View of the surrfece plant on the 50 foot or slag level and pit operetione
F 7 a 2

taeen iote in 1719 snowing tne Marion JCC shovel cutting ecross the

sla, dumy on the 160 level end the Osgood 120 snovel on the 3CC level.

~

Sanber 3 shaft headfreme is seen on tne right.
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4 beceme evidsant in the fell of 1)24, es hard uneltered diorite was encountered

c:. tre upver benchee, tiat stripring was falling berind the rasid advance of the

warion 300 shovel intc t:= orebody. Be_inning late trat yeer as the diorite
becnme exposed on the lul lavel, six large tunnel blastiz were resorted to on that

level in oraer tc =xpose zore of the orebody. This resulted in lezving & vanx

arove the 1oC leval witiout s bre§k anich in sonme plec=g was .ore than (UC feat
nigh when mejor siripping cperations ebovs the 100 level were termirated in 1-27.

=1 )
Ve or stripping operations in that yser wer: considered comylsted, a total of

i

50, Juu cubic yards of ors end 7,27%,00C cubic yards of weste ieving bsen reuoved

zbove the lol level.

View talzen in 1,24 shiowing the cut into the orewod, on tne 160 ievel.
Pre boomn and div.er of the lLarion 3CC shovel are scen below the Io. 4
a P

shatt nesdfremes An Os._ood 120 shovel is seen on the 5475 bench.

>




It was originally contemplated that mining below the 160 level would be done

by glory hole metnods, the material as broken dropping through connecting raises
Tor removal on the 1000 foot level via the Hopewell system. However, ths
inability to mine selectively, the inability to properly locate transfer

raises owing to the severity of the fire and old mine workings, uncertain and
irregular production end hazards of operation indicated that glory holing Qqs

not feasible.

In 1925 it was decided to mine the orebody below the 160 level with saall
shovels working on benches about 3C feet nighe Ore and waste materials could
be se arated by careful blasting end loaded into dump trucks for transportation
to various transfer raises as could be put through,in and around the orebody.
Durin_ the course of the lower level operations, nine transfér raises wers
available at one time or another, which permitted complete segre ation of the

various ore and waste masterials.

vithin a tew years four 50-B, 1 3/4 cubic yard, Bucyrus-zrie alternating current
elsctric shovels were put into operation. Beginning with a‘few dorld Jar I
Libertiy truciks having a 7 cubic yard siﬁe dump bod&,'lo ton capacity custom
assembled trucks were later obtained, which at the time were the lérgest units
eveilsble. Ffom this initial use of trucks in mining operations, large haulage_ 3
trucks have been developed and in many cases have completely eliminatsed rail hagl;ée.
dith toe increasing dewmand for copper in the late 20's, mining increased at an
accelerated rate, 1,055,684 tons of §re being mined in the pit gquring 1929.

The break in the market late in 1929 causéd mining operations to be sharply
curtailed in 1930 and later suapended. Up to this time a total of 8,500,000 cubic
yards of ias8te had been removed from the pit, permitting mining of 5,560,006 tonﬁ

of ore averaging .22 percent copper with 2.51 ounces silver and 0.036 ow.ces

gold per ton.
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Tiew Trom tie >~73 bench looking
The old glory hoiz woruiin_ s can

i'lant at tie lelt center.
i

22 level., Thes 51 slide of 173

soutiward inte tue pit in late 1y2v.

ve 8

sern. et the upper csnter, tha =zliame-

18 time operations had progressed to the

1 c.upletely covered this lows
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FIRZ 1. T:iE ZIPCEZD CREBODY

Zewwesn 1y24 and 1Y27, alfizr the ore was exposed b the initiel 100 level cut,

the it wes Iiiled wiva suoke Lrom
uncer,round worxings.

to 226 feet. (n some occasions tre

arnd trucs bodies to ,low a dull cherry red during ni_ht o;sretions. Tie b5i

e varalng ore and old timbers in the

At tlnmec when tisre was rno brseze visivility was limited

hest o the burning ore caused eshovel dippers

(&4

rrevlew wes in blastin. tuis hot ore. Tter & nishap in 1724 procedures wers

t .

developed for controlilin, blustin,.in tns hot _round. ot only was tiie prcblem

10,
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of ug?njnc ore confined to the surtac:, vut in hendling the hot waterisl through

-
toe transfur raises and in dispos:l vie tie Hopewell tunnel system. Only & small
gizount of in a transfeor roise at a time, being nixed with
meterial rot on Jirse The upderéround fire was brought under contrel be irnirg
in 1927 wner téilings frem the concentrator in Clarcdalewers pumped through the

aled ofr the t'ire aree on the undergroand lasvels., The elctiveness

0 this procedure warrarted construction in 1728 of a .lant adjacent 1o

tor wewin alires (firely .round sexnd

ing o burning ore wilil -3 sncvel oo

w420k

Close up of shovel

digging into burning

sulpnide ore.

Tiew alter dumpin, load or’ burning ore into

o Lransler raise.
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BLASTING HCT GROUNL

As the cut on tre loC level was being extanded into the orzbody, hot groun

was encow:tersd. After o aishe occurred in loading a nhot hole for blesting,

(A

round teumperalure wWu8 Laiken &3 & precaution in ell roles wers heat wes epparani.
An ettempt wes made to cool the hot holes bafore losding by running wvater or air

into the nola2s, or by placin, wel sand in tne roles. Jnen tihe tewpsrature could

¢ reduced velow laivE. foroa suoetenbtiel tize, it wus considered sefe I'or
' 3

0°

loeling. However, Jasn tue ouwrning sulphide mass wa? senccuntered uvslow tne 100
lavel, t:e ringe ol uercury tierwowetars bid not permit measuremént of the

a2xersme reet and iLrwas Luecescory Lo use & polentioueter Wwith én irvn—cdtstantaﬁ
e ermocoiile far ostsining tacoperstures in the noies. llany holes could not be

sanles. e oavceon, enying plctures ii.ustrete weans taxzn to bieal very holt pround.

rotentiomater witin an iren=-

2 s Lentan LLeraocoupie Let.d,
used @o ressure temperature L
churn drill hole. An attewpt is
being uede tc cool saveral holes
by Llowir_ e.r into tnem. Tue
ni-hest tsuperature measurad in
any hole wes 700° Fe TWO L O/
sard sucvels, trucks end en
electric churn driil are seen

o;ereting in tn=z vaclround.




ing =lsctric detonetors in jre.oaded puper tube cartrid _es for

astiny air drilled t:oe holss in very hot grounde. One hole is u2in
; . . ; . . e G N o .

cooled down oy blowin_ air into ite Noto that tubes are asupportei oI

ci e not ground.

Blusiin  cr=2w ready Lo .nseri
L.8uiewd dynamite cuur_es Into
Lve holes as soon as tie si_nmi
is given. All detonators o ve
been zonnected except to .win
blesting circuit. Shot was
firad as soon as men wWere in
clzar. Iiote 5C-B electric churn

rille on benches above. Ground

=.

was broken pricipally by blasting
churn driil holes, but owing to
ground irregularitiss, .iard spots

frequently rema:ned which required

blasting air drilled toe holes.

155
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Presparing csriridges for six inch crnurn
4rill holes. The five inch diameter
curdooard tube with walls one-hiall an

inch thick was filled with explosives end
doubie primed with electric detonators.
Loedin_ is bein, donre on top of' & tlasting
shelter madeof old railroad ties. Iote
+he stand at tis upper ilei't sup.oriing
elactric flood li hts. These floodiignts
locetzd around the pit were used for

ni_..t operantims. At times continucus

coeration wes conducted on a Lii=e

ES

Zeady Su .rsert insalated cartiris es
Cor s combiration shet of churn dril.
ai toe noies. The large cartrid_ es
were caretully lowsred into the hoics
by wmeans of an étnached Wwire. The
frectured diorite nanging wall aoove
tne 160 level ~an bpe sesn at the top

of tiie picture. o
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DEPRESSION YEARS AND ADDITIONAL STRIPPING .

At the beginning of 1931, pit operations had beén drastically curtaiied. Work
was confined mainly to supplying a small amount of waste for stppe filling in
the underpround mine which continued operating until the suwamer of tuat year.
However, the breaking up and caving of the diorite hanging wall in Merch
resulted in resumption of waste stripping in the 8wmme r of 1931. During the
following years and continuing several years after the resumption of open pit
mining in January 1935, more than 6, 000, 000 cubic yards of waste were removed

from the surrounding pit walls.

Stripping operations were resumed one hundred feet above the old uppér stripping
bench in order to include all the fractured yround resulting from subsidence of
the diorite hanging wall. This subsidence will be discussed later. Thus, the
top of haﬁéina wall was cut back to an elevation of 6{UOL feet above ses lavel,
a3 compared Qith tiie previous high mark of 5,820 f2et. 1In so doing, some

overlying sediments ol sandstone and limestone were removed.

Stripping operations were carried down progressively on benches 5C feet high
to the 5225 foot level, in order to remove weizht from the fractured hanéiﬂg
wall. 3elow tne 59525 level, stripping weas confined mostly to removal of the
fraectured and caved material from the big slide. .This caved material was not
un.form, and wany large fragments, some as big as a house, had to be &islodged
and broken up before loadinge. This was done under a bank 200 fesighighfﬁnder

extremely hazardous conditions, the slope requiring constant scalfhg'énd trimminge

An unusual situation was noted in the lower part of the caved material, for it

found to be cemented together, Presumably, this resulted from fumes arising
from the underground fire area precipitating solids in the dispiaced diorite
rock which bound it topgether. This material was difficult to break up until it

was discovered that a generous amount of water would loosen the cementing agent..
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Trackage was relayed on the old switchbacks and waste dumps, and the old steam
locomotives end dump cars put back into service. The old steam shovels were

not used, for during the few previous years, many improvemeﬁté had been made

in power shovels. Two Bucyrus-irie 120-B, 4 cubic yard, electric shovels with
¥Yard-Leonard contral were obtained. This type of shovel operated at less than
one-third th: cost of the old steam shovels. These modern shovels were the i'irst
of this type to be used in Arizona. As construction of switchbacks to thne two
upper levels was impractical, a small gasoline powered shovel, a gasoline
locomotive and 10 vard dump cers with the necessary trackage were hauled or moved

up on a road constructed for that Purpose.

A cut was made into the pit in 1934 frou he 500 level to facilitate removal of
waste below the 100 level by means or dirsct rail haulege. This also permitted
direct lo&ding ol ore on two benches without the necaésity of trarsfer through
reises and the Hopewell tunnel system wﬁen mining was reswned. This cut wasllater
"widened out for providing desirable waste for underground stope filling. It is
froz this level, wnich is skirted by the road leading from Jerome to the old
Mine Office buildings, that the'extent of the "Big Hole" can be ssen to the best
advartege. .4Jith permission one cen loo;quén deep into the pit from this level,.
operations having been terminated at the 656 mine level or 330 feest below. Now
the hole has been partially filled by caving and leaaing‘§perati§ns, 8o the full
depth is not apparent., It is said that one standing in the center of the lowest

level and looking ug, could see the entire rim of the Pit and see stars shining

in the daytime.



o, SRR 1 7 °

THE BIG SLIDE OF 1931

In June 1923 mining operations in the pit had progressed to below the 300 level,
and were being conducted on a 24 hour, 3 shift basis. At about 4:00 A.M. on

June 350th, those working in the pit were alarmed by very sharp noises, resembling
explosions. The bottom of the pit in the center section adjacent to the diorite
wall gave way and dropped as much as four feet. At the same time a rupture of
the diorite wall occurred, extending across a width of more than 300 feet, upward
and beyond the upper edge of the northwest diorite wall which at that time was
more than 650 feet above the lowest pit level. This ruptured section dropped
more or less as one mass, only small ewoun® of rock, ebout 25,000 tons,’falling
away from the fractures. Immediate action was to move men awey from the fractured
area, and wherever possible to move equipment away from the danger area.
Orerations’ were discontinued and a survey was initiated to determine the extent

of the caving and its eri'ect on continuing mining operations.

The investigation disclosed that early on the morning of the previous day,
underground workmen on the upper levels had reported ground giving away above the
1200 level. As most of. the workings above had been sealed off owing to the fire
in the upper orebody, the extent of the caving wes not realized and no warning
was given to those: in charge of pit operations. Close examination of the
fractured area on top of the hill disclosed that displgcém@nt of about threg-
feet had occurred, there being more than 12 ﬁistinct fractures on the surface.
Mo further movement of the pit floor was evident. It w&s decided that the
loosened mass had dropped as far as possible owing to caved material filling
the opén spaces in the underground workinge, and provided support for the -
loosened mass. The cause of this subsidence was attributed in part to heavy
surfacé blasting in previous years, to weakening of undergroﬁnd support by the.
slimes which had been pumped into the underground fire area for choking off the
fire, and to weakening of supyort by continued burning in certain areas.

-



View of the fractured area on the suriace showing displacement
£ P

of:the diorite nanyging wall, 050 feet above the 3’0 level on which
wining operations were being conducted. Sunshine HEill and 50C level
towngites may be seen in the upper center and right. Tracics of tre
Verds Tunnel and Suelter "ailroad may bs seen extending as {ar as

Hovewell in the distance.

Materiel continued to fall away from the fractured bank, in no great amount,
but enouaph to make operations in the pit hazardous. In a few deys, it becanme
evidant that no great fall would occur. Scaling end trimaing of the béhk was
initiated, peruitting wining on the far side. Further rockralls ceased in a
few days and the slope wes placed under constant surveillance when operatjons
were resuumed. On Sandays, all equipment was moved away from the fractured

slope 8o that scalin_ and trimming could be conducted.

A program for observing the fractured ares was undertaken, twenty or more
menuments being set in concrete, in and outside of the fractured erea on top

ot the hill. Surveys were umade at periodic intervals thereafter, to determine

18.
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vertical end horizontal dispacement by which total movement was determined.
This inf'ormation was recorded on a time-movement graph, which indiceted the
rate of movement. The rate of movement was uniform for eighteen months, after-
which an increase was noted. By extending the movement line in a curve, it was
predicted that the mass would ygive away in the twentieth month. 8o it did,
sloughing of rock from the fractured area began a week befors and increasad

at an accelsrated rate until the displaced mass gave way with a tremendous roar
and clouds of dust in March 1931. It was estimated that more than 1, 00,000
tons of waste diorite rock fell into the pit below. As operations in the pit
had been practically suspended at that time, no injury to personnel or damage

to euipment resulted.

The method of.predicting when a fractured wall would fail by plotting the
time and mdvement, was also successfully employed to predict another fall
of rock in March 1936, when about 400,000 tons fell into the pit from the

wall on the southwest.

The big slide or cave of March 1951, resulted in the decision previously noted,
to remove additiopbal stripping from the hanging wall, and so provided employment
for many during the depression years. The overall cost was much lower than it
would have been in previous years, for costs for labor, materials and supplies
were at rock bottom during the depression. This aedditional stripping also

made it possible to extend mining operations down to the 630 level, instéad

of tre 500 level as previously contemplated.



View of the ceved materiei from the biy slide of march 1931.

The pile of
broken diorite rock was about 60G feet wide, covering the lowest working bench

at the 5175 level, tie crest being about 550 feet nighere Mors inan 1,0CG, 000

-

tons of rock caved off the hanging well, some of the fragments b2ing big &s a

house.

‘02
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RESUMPTION OF PIT MINING OPERATIONS

The removal of waste during the d;pression years and the improved price of copper
permitted resumption of mining in January 1935. The extreme heat encountered in
previous years was never a problem after mining was rusumed. Burnt schist ores
required special handling until milling procedures wére revised to a;comodate

them. On Februﬁry 13, 1935, control of the United Verde Copper Coupany paaéed

to the Phelps Dodge Corporation. Shortly théreafter the decision was made to
forego underground mining until pit operations were wellriowards completion in-
order to eliminate the possibility of more fracturing mnd caving of the diorite
hanging wall. Pit mining proceeded a£ an accelerated rate, and for two and one-half
years, practically all ore processed was mined in the pit, amounting to more than
2,500,000 tons having an avera_ e  rede of 3.92 7% copper, with l{h# ounces of silver
ané 0. 046 ounces of cold per ton. hile copper prices were low and fluctuated
during this éeriod, it is conservatively es.imated that the value of the ore
produced from the pit in these first tnirty months of Phelps Dodge ownership

amounted to more than §$25, 000, 000,

Production in the pit declined rapidly after 1937 es the working benches bacame
restricted by the surrounding slopes. Pit mining was carried down to the 630
ievel or more than 1,100 feet below the highest point on top of the nill when
operations were terminated in Apgil.1940. A total of more than 4,050,000 tons
of ore were removed after miniug ;ée resumed in the pit, averaging 5.83 % copper,

with 1.45 ounces of silver and 0.030 ounces gold per ton.

RS
i 2o

Not all of the ore ebove the 030 level was recovered by pit mining, as the pit
slopes by necessity extended into the ore zone. Underground mining, beginning on
a small scale in April 1937, was terminated in 1953, A few xQArs 1ate;,ﬂleaaer§
started mining ore remaining above the 630 level and at the present‘tiﬁe:afoi :

wall

continuing mining in the south end of the pite.
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SUM{ARY OF OPERATIONS °

During the life span of the United Verde Open Pit, from 1918 to 1940, many changes
occurred, not only ih operating methods and equipment in the Jerome pit, but in
surface mining operations in general. The Uniéed Verde Open Pit operation
contributed to these changes, even though it was unique as a surfece operation.

For many years,uncertain conditicns prevailed in developing and operating the United
Verde pit, but when mining was resumed in 1935, operations progressed smoothly,

firm and systematic operating procedures having been éstablishod.

Tha lifetime period on the United Vefde pit was also a period of feast 6r famine in
the copper industry. As the price of copper fluctuated, it was reflected in
speeding up or ahutting down operations. All operations were shut down in 1921 for
a year and a half, and all mlnlng operation for four and 2 half years during the

depression. Actual pit mlning was accomplished in not more than fifteen years.

It has beanlnoted that 9,705,923 tons of ore were mined frém the pit. 1In addition
several million tons of waste with low copper content were placed on designated
dumps for leaching. Disregarding copper pro&uced by leaching, production from the
pit roughly amounted tos

674,000,000 pounds copper, 20,000,000 oz. silver and 686,000 oz. gold,
consprvativgly valued at mor; than $100, 000, 000, This was indeed, a whole lot

of wealth to come from a hole in the ground.

The story of the United Verde Open Pit is not complete without paying tribute to

the loyalty and skill of the men who made it possiblo. From the scaler, dangling

at the end of a rope on the high bank, down to the drillers, powdermen, shovel crews,
truck drivers and others working below, a fine spirit of cooperation and
accomplishment existed. No task was ever too difficult, 1n‘spite up the unusual
conditiéna under which these men worksd. These brief notes are en attempt to present
the general aspects of operations at the United Verde Open Pit, the many details

of which cen only be found in the memories of those who made the operation possible.
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¢ Miscellaneous ric. ces.
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The Merion 200, & Yls coal fired stea. shovel loading.slag into 29 1d.

dump cars witn a gix wheel, Qwitéher Sre, sieam locomotive during 1719.
Tris full revolfinb shovel was procured on a pridrity basis during ﬁNI,

it having besn buillt for work at tne Penama Canal. The shovel was mounted
ori four rall type nuavy duty trucks,lwhich enablad it tovmove on very neavy
éecti%ns of trecx laid by a ground crew of four men. The shovel crew
consisted of fcur ren, an engineer, cransmen, oiler end firemen, a far cry
frow th: one men o,erator on today's snovels. The siovel was eyuipped

Witn 4w boilers wnich wers later modified to use fuel oil.




Tre Usgooa 120, 4 [d. railroed type stssum shovel operating on SCL level

loacing ala, in 1919, ds was the largest size of this type or shovel

ouilt. Tne shovsl moved wlon, on track, only thc boom and dipper swinging,

toe front end being su;ported on jacks. These shovels were later modified

(
ol ()

Lo use 'uel oil, and by providing catergillar truciss for independent moving,

org at tne rear and ong at tne 25d ¢ each supporting jack arm. Carbids

lights for ni_nt operetion are stucked on tus .round behind tie shovel.



7Y elave bancn, anctier

')Q;f, el"}'fo bge Lo A :,’/2

sard utility stonm stovel

ig cutting throu h e piie

of Lroken rock fres a tunnel blast on the 180 level, elevei2%, ﬁcr extcn&ing
Tie loeulng trache Tue Marion S0C siovels ult tie lower rint is'd:wn fcf resair.
-2 Lo ol the diorite bark et this tive wes at elev. 86l

v

Jisw o the diorite wall in QOctcber

1739, loowing throusnt the cut from
toe 300 lsval. The top of tre bank
wa3 at slav, 6COQ. A sories of
benches, 5C ft. high, extendad down
to the = 2% eleve bench. Eclow that
a dank 20C ft. high remained ebove
the 160 level bench. whish was about
ijO'ft. above ths ore cars waiting

to be loaied on the 51748 elove .benciie

At this time the difference between

v

tne top of the cut and the lowest

Aorking

& bench was some 320 fest.,
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View of tne pit in June

172¢ louinsg nortnsast.

=]

The pi%t curface plant and
The :dle iariun H0C shoveél
cun be se:rn on tne 160

1

level Wwith Sunsi.ne Hill
i1, thne background. Smoke
from tne Clarkdale smelter
~arn b seen in the uprer rignt, below which is & tenk for mill tailings which
were iniiially used rur croxing off the urdsrgound Jire. flsctric 1 5fh
snov=ls, an olectric churn drill ard rocker type, side dump ﬁrucks may be sesn,

tne lower cn2s on the tnird oench ovalow the 350C level at elav. 240, (ue

cruc.c bas JSust dasped a load luto Loe 5 transler raise.

v

Saia vonma ui o pit o in Ostover
L 7 %iye jini tie consiractiion
of & cubt Lunto the pit on the

0L level, the pit surfacse

Llant wes :aoved down to that
jevele Tracks_e entered the

pit on tuwo grades, one to thne

%3 bench, slev. D240, tne other

to the “th bench, elsv. 317C.
Cn tue ler't, a 1l2U-3, L yd., snovel can be seen weiting for a waste train to
come in. 3elow it, snotner 120-3 shovel is loading ore into 100 ton V. T. & 3.

R. . cars for dirsct shipment to the sweiter which can be seen in the upfer

rignte




resured in 1931, showing the 5/4vxd.'k & H gesoline shovel

sésQlide locomotive and 10 Yd.;ddmp‘cars.' The Douélésyﬁem

.

View taken in Dec:mber 1931, showing the Bucyrus-zZrie 120-B, 4 Yd.

electric shovel cutting into the caved rock on thcAléo foot lqyél.'”




STORY OF THE UNITED VERDE AND THE UNITED VERDE EXTENSION o
4

W
According to the Phelps Dodge Corporatiofz's Anmal Report for 1951 there \& ’é‘j{
were then only a few months more 1ife in the United Verde Mine which, st the time A &
Cg:!

it wa§_ owned by Senator Clark was probably the richest mine that was ever worked ?‘ 2
under individual ownership. From the date of its purchase by William A. Clark in C(
1888 to the end of 1935, the mine had yielded 20,346,000 tons of ore, from which % ,\DV
1,979,105,400 pounds of copper have been extracted, together with 971,735 oumes 2 :

of gold and 34,358,390 ounces of silver. The gross value of this output, after f,:a;
: o

transportation, refining and marketing, was slightly more than $350,000,000. This %cf’ 3
indicates an average grade of better than 17 dollar ore, and the United Verde ‘ é
Mine ranks among the "bonanza®" mines of the State, as distinguished from the "low- 6 é.
grade porpliyry" mines. /j,\(\w
| History * % ’

The United Verde Mine, the chief mine of the Jerome or Verde Mining District, v
is at Jerome, in Yavapai County in north-central Arizona. Jerome is on the :C/‘Z
northeasterly slope of the Black Hills. The mean altitude is about 5,200 feet, %

and the smelter towns of Clarkdale and Clemenceau are in the valley about 2,000
feet lower. The Verde Tunnel and Smelter Railroad connects Jerome with Clarkdale,
vhich is on a branch of the Santa Fe.

The first mining claim to be located in the Jerome District was that of
Albert Sieber, a noted Scout, in 1877; he named it the Verde because of the green
carbonate stain. However, Al Sieber located none of the original United Verde
claims. The first claims in the original United Verde group were located on Feb-
ruary 17, 1876, as follows: Venture No. 1 North by John O'Dougherty, John P. Kelly

% Rickard's "A History of American Mining".
Papar by Louis E. Reber Jr. in Arizona Bureau of Mines, Bull. # 1h5.

Joralemon's "Romantic Copper".
H. V. Young, longtime employee of the old United Verde Copper Company

and Phelps Dodge Corporation.
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and Josiah Riley; Venture No. 1 South by Edward O'Dougherty, John D. Boyd and

A. B, O'Dougherty. By 1880 the district had acquired fame enough so that the
Phelps Dodge Company sent Mr. Douglas to examine it. He reported that there was

a little copper ore, but the long 175-mile wagon haul to the Santa Fe Railroad
discouraged him from recommending exploitation. During these early days the United
Verde Mine was worked on a small scale and shipments of high-grade gold-silver ore
were made from the surface workings.

In the summer of 1882, Fred Thomas, a San Francisco engineer, obtained an
option on the Wade Hampton and nine other claims and two millsites which comprised
the original United Verde grant. The Wade Hampton had been located in 1877 by
M. A. Ruffner and Angus McKennon. With the help of George Treadwell (vho later
developed the Great Treadwell Gold Mine in Alaska),Thomas organized the United
Verde Coppér Company. Its secretary was Eugene Jerome, for whom the growing town
was named. The Governor of the Territory, F. A. Tritle, maintained an active
jnterest in the company until Clark took over in 1889. Thomas built a fifty-ton
furnace and turned out nearly $800,000 worth of copper in the first year, and paid
$62,000 in dividends. Then the price of copper dropped and the mine had to shut
down. Even 20 or 30 percent ore was of no value in such a remote camp when copper
sold for less than 10 cents a pound.

Dr. Douglas visited the United Verde a second time in 1887, after the first
1ittle smelter had been in production and the railroad was then only L5 miles
awaye. He was sufficiently impressed with it to enter into negotiations for an
option. The terms he offered were opposed by Charles Lennig, the principal creditor
of the United Verde, and in January 1888, the deal went on the rocks. In the same
month W. A. Clark took his option.

In 1888, W. A. Clark came down from Butte with his smelter man Joe Giroux.
Clark took a lease on the United Verde and bought it the following year. The de-

velopment work he carried on soon proved that the 10 to 20 percent copper glance
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ore was two hundred feet wide and six or eight hundred feet long.

In 1894 Clark built a twenty-seven mile narrow-gage railway to connect with
the new Santa Fe running south from Ash Fork to Prescott. With a new smelter and

roast heaps like those at Rio Tinto to burn the sulphur out of the ore, the United
Verde was soon one of the great copper mines. As the grade of ore dropped with
increasing depth of the mine, new equipment and larger tonnage kept up the yield
of copper and the profits. In the thirty years before he died, Senator Clark made
$60,000,000 out of the mine that Thomas had bought with so mmch difficulty for
$50,000.

The smelter which Clark built was unfortunately placed over the mine work-
ings and became endangered by the settling of the ground; moreover, the sife was
inadequate for the desired expansion of the plant. In 1912, the building of a
new smelter was started in the valley, at Clarkdale. It was completed in 1915.

At this tix;e the Santa Fe built a branch of standard gage to this point. 1919
marked the beginning of -open-pit operation. In 1931 the United Verde purchased the
Verde Central and in 1935 the Phelps Dodge Corporation purchased the United Verde.

The development of the United Verde Extension Mine, beginning in 1899, makes
a story in itself, and it has been very interestingly told by T. A. Rickard in his
"History of American Mining". The data for this story was obtained from Ira
Joralemon's "Romantic Copper". Joralemon was given credit by Rickard for having
recommended the venture to I'{r. James Douglas (the son of James Douglas of Copper
Queen fame), and Major A. J.‘ Pickrell.

# Just below the "Big Hole" (United Verde Mine) is a great fault. The
rock east of this Jerome fault has slid down toward the Verde Canyon for half a
mile. As a result, the limestone and lava that were laid down on an ancient
erosion surface long after the orebody was formed are high up on top of the mountain

west of the famlt and of the United Verde, and far down toward the canyon east of

% Joralemon's "Romantic Copper”.
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them. Under these comparatively recent rocks east of the fault, the older schist
that contains the ore is buried six hundred feet deep. The fault cut off the
greatly enriched top of the United Verde orebody, together with the enclosing rock,
and slid it two thousand feet down an equal azmount to the east. Erosion then
exposed the roots of the ore west of the fault. The former top of the orebody,
now east of the fault, remained safely covered and hidden by the limestone and
lava. The dip of the fault was to the east, under claims owned by George Hull, a
Jerome Pioneer. In 1899, he formed the United Verde Extension Mining Co., and in-
duced a New York broker, named Louis‘ﬁhicher, to sell a lot of stock and to sink

a shaft through the lava on the Little ‘Daisy claim.

In the next twelve years Whicher and his associates raised and spent nearly
half a million dollars on the Verde Extension. Only a few streaks of ore resulted
from the investment and the Little’Daisy was finally shut down.

Among'Verde Extension's stockholders was a fine old southern gentleman,
Major Andrew Jackson Pickrell, who still had faith in the property, and persuaded
his friend James S. Douglas to become interested in it. The latter, with his
friend Geo. Tiner of Pittsburg, sent an engineer to examine the Verde Extension.
It was recommended as a good gamble, and Douglas and Tiner started development.
$200,000 went into the ground with no results. They decided to risk another
hundred thousand. Two years after they started work, a crosscut on the 1,200 foot .
level found _five feet of 45 percent copper glance, and they started to sink again.

In 1916, after a four-year campaign of development, the fourteen hundred
level electrified the mining world by cutting 300 feet of 15 percent ore. It was
the faulted top of the Great United Verde orebody and its richest spot. A vertical
side-line agreement with the old company prevented a complicated apex suit that
might have ruined the Verde Extension. Under Clark's very nose, Jim Douglas and
his friends took out over L2 million dollars in dividends. The ore-body was

finally exhausted in 1938.
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Rickard paid the following gbwing tribute to James S. Douglas for the
part he played in this successful venture:

# "M any of the richest mines in the world have been the cause of
great financial loss to the public because they were over-valued
on the stock exchange and their shares were bought at inflated
prices. The "Bonanzas" have been as much a source of regret as
the "borrascas"; the gemiine enterprises, by being grossly ex-
aggerated, have done as much harm to the pockets of innocent
folk as the calculated frauds. The U.V.X. has been free from
anything of the kind; not much stock was sold at the high quo-
tations, becanse the principal holders retained their stock even
when, in 1916, it went up to $52 per share. Mr. Douglas, I may
add, sold none of his stock until 1928, when he sold some, most
of which he bought back later. The whole business has been clean
from start to finish; it has justified the claim of Agricola

that "mining is a calling of peculiar dignity."
Ore Mineralization s3s¢

sa6¢ "The United Verde ore zone, as developed in the United Verde Mine,
consisted of a very irregular pipelike body of massive sulphide and rock. In
plan the mi.neralized zone ranged from more than 500,000 square feet to less than
300,000 squaz;e feet, with an average of near ;00,000 square feet. The massive
sulphide itself had an average cross section of approximately 250,000 square feet.
Pyrite, quartz, carbonate minerals, and some sphalerite (locally insignificant
quantity) formed the sulphide gangue. Black chlorite rock (black schist ), with
some quartz porphyry, is the predominant rock gangue. The mineralization is very
clearly of the. replacement type. Although other sulphides were present, the copper
content of the ore as a rule depended on the abundance of chalcopyrite with about
one-seventh of the volume of the mineralized zone as commercial copper ore."

The ore zone in the U.V.X. Mine probably represents. a segment from over
2,000 feet above the top of that exposed in the United Verde Mine. Probably a
large part of the chalcocite ore was a fairly good grade before enrichment. As
in the highest levels in the United Verde, there was probably a smaller-than-

average area of mineralization, with a higher-than-average proportion of chalcopy-

3% Rickard's "History of American Mining®, p. 379.
4% L. E. Reber's Article in Arizona Bureau of Mines Bull. #lL45.
3¢ Paul Yates.
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rite. The intensity and extent of the secondary enrichment in the U. V. X. Mine
formed an almost unique deposit of chalcocite that placed the mine in the front
rank of high-grade copper mines.

Mining, Milling™ and Smelting

Several methods of underground stoping have been employed in the United
Verde mine: horizontal cut-and-fill, incline cut-and fill; square-set and fill,
shrinkage and £ill, and glory hole. In 1918, open-pit operation was started, and
was completed in 1940. Since then, underground mining was employed chiefly in re-
moving the pi.llefrs left in the mine.

The system of ventilation was complete and modern and has been fully des-
eribed by Tally in his paper on mine fires. Owing to several expensive mine fires
it was found necessary to devote much attention to this subject. One fire, on the
14100=-foot le.Vel, Burned for over twenty years. Mining in the fire zone was con-
ducted under ~the plenum system, by which air under pressure is introduced into the
workings. As far as possible the fires were isolated by bulkheads. In order to
reach the burning sulphides, steam shovels were introduced in 1918 to remove
15,977,807 cubic yards of overburden, which permitted the mining down to the 600~
foot level of some 9,708,923 tons of ore said to average 3.L47 percent copper, 2.07
ounces silver and .07 ounces gold.

Most of the copper-bearing mine water was formed during the progress of
natural surface drainage through the oxidized zone and through old filled stopes
above the 500-foot level. Before and dui'ing early Pit operations these waters
were the source of profitable copper precipitate. All ore hoisted through the
No. 5 shaft was dumped into storage bins above the 1000-foot level. Trains of LO-
ton ore cars were hauled an average distance of 8,900 feet through the Hopewell
tunnel to a crushing plant which was originally at the tunnei's mouth but later

moved to Clarkdale near the new smelter.
# Milling method described by Kuzel & Barker in U.S.B.M. Information Cir. 6343.
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A concentrator, designed by H. Kenyon Burch snd United Verde's chief engineer,
Je E. Lanning, was constructed near the crushing plant, and began operations in
1927, handling 1,000 tons of ore per day. The General location of the concentrating
plant was such that tailings could be de]j:vered by gravity through a pipeline to a
very desirable location for tailings disposal. The plant was also located favor-
ably with respect to all services such as railroad, water, power and the like. The
Verde Tunnel & Smelter Railroad, owned by the corporation, hauled the ore from the
Hopewell Tunnel, a distance of six miles to the crushing plant. The waier supply
had its source in springs, artesian wells, and a tunnel under the Verde River. Power
was available from the smelter power plant, the generators therein being operated on
waste-heat steam from reverberatory furnaces. The smelter power system, however, is
interconnected with the Arizona Power Co. |

The primary breaking was dome by L8" x 36" jaw crushers, followed by L8"
vertical disk crushers and 56" x 24" rolls crushing to minus %" size. The maximum
size piece of ore received at the crushing plant was about 17 inches. The product
of the Jaw crushers was minus l=inch size, and of the disk crushers minus l-inch
size. Conveyors and elevators were used throughout the plant for transporting the
ore to each machine.

As initially constructed, the mill consisted of two units consisting of
8t x 12! ball mills and mechanical flotation machines. Hunt flotation machines
were also used experimentally. Auxiliary thickeners, classifiers and pumps were
employed in each unit of the plant, and the capacity of the plant varied from
1,000 to 1,600 tons per day, depending upon the degree of grinding required.

The ore treated usually contained about three percent copper, and consisted
chiefly of the schist ore, and at times the massive. Lime was used in the mill
to neutralize deleterious soluble ore salts and for pyrite depression. Although
an extrastion of over 91 percent of the copper was obtained, constant experimenting

and research wére carried on by a competent metallurgical staff.
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| The concentrate, after filtering, and containing about 15 per cent copper,
5 percent silica and 30 percent iron, was conveyed to the roaster-charging comveyor
system of the smelter. The latter, built at Clarkdale in 1915, had a capacity of
5,000 tons of ore a day. It consisted of a crushing plant and sampler; a calcining
plant of 21% foot Wedge furnaces with dust chambers and a Cottrell precipitating
plant, six 100 foot reverberatory furnaces; four 48 x 320 inch blast furnaces;
seven stands with eight shells of Great Falls converters; and necessary pumps and
compressors. The smelter has been described by L. A. Parsons in Mining & Scientific
Press Oct. 16, 1920 and June 25, 1921.
Conclusion

Mining operations were terminated at the United Verde Branch on March 23,
1953, The United Verde Mine had produced over two and three quarter billion pounds
of copper, which with gold and silver values, was worth about 475 millions of
dollarse. 'me U, Vo J\I. Mine has produced over three-quarters of a billion pounds
of copper, which, with gold and silver values, was worth over 125 millions of
dollars. Of course, most of this grand total of six hundred million dollars was
turned back to the state and nation in the form of wages, purchase of supplies,
and taxes. However, probably one hundred and twenty-five million dollars was the
profit returned to the investors, or a little over 3% cents per pound of copper
produced. For the seventy years of production, this was a return of less than two
million dollars per year. With a probable capital expenditure of twenty million
dollars for plant and development, the average return for the investment was less than
ten percent, which can be considered only a fair return on what at many times must

have been & hazardous proposition.
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