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INTRODUCTION

“Stories of the Conversion of Copper Rock to Copper Metal,” the lead-off story
in this book, led to the suggestion that it might be of interest to many people if
stories of each of the large low-grade copper mines and the four big bonanza
mines were compiled by this Department. Data for these stories have been ob-
tained from Rickard’s “History of American Mining”, Parsons’ “Porphyry Cop-
pers’, Joralemon’s “Romantic Copper”, the Magazines “Pay Dirt”, “Mining
World”, “Engineering and Mining Journal”, and “Mining and Metallurgy”, Bul-
letins of the-Arizona Bureau of Mines and the U. S. Bureau of Mines, and the
Annual Reports and special brochures of the Mining Companies. '

Many of these stories were written in 1952, but they have been brought up
to date by giving the metal production up to the end of the year 1956. Also, in
a few cases some important changes have occurred in the matter of mining and
metallurgical improvements, and these have been duly recorded.

The pictures used in this book have been furnished by the companies whose
mines are described. Our thanks are also due them for their assistance in the

preparation of these stories.

Frank P. Knight
Director




body a diabase” sill that slopes gently to the
east and north was more highly mineralized
than was the surrounding schist. Chalcopyrite®
associated with the pyrite makes this diabase
considerably higher in copper than the corres-
ponding primary schist protore, but it was not
of economic importance until recently, when
open-pit operations and metallurgical improve-
ments converted it to a profitable ore.

CONCENTRATION

Because the proposed concentrator would

need a good source of water and a large tailings

disposal area, it was decided to locate the mill
near the junction of the Gila and San Pedro
Rivers, where there was a broad valley as well
as good water possibilities. An eight-section
mill was constructed, and production of copper
started in 1911. A railroad was built from Ray
to connect with that of the Arizona Eastern Rail-
road at Ray Junction, eight miles away. From
there the ore was hauled eighteen miles to the
mill by the Arizona Eastern Railroad. A sub-
sidiary of the Ray Consolidated Copper Co.,
called the Ray and Gila Valley Railroad hauled
the ore from the mine to Ray Junction. The
copper company also had to construct three
miles of track from the Arizona Eastern Rail-
road at Hayden Junction to the mill. By this
time, the millions of dollars required for mine
development and mill and railroad construction
were exhausted, and the American Smelting
and Refining Company, assumed the task of
constructing the needed smelter, the Smelting
Company contracting to smelt the copper com-
pany’s concentrates and ship the blister copper
back to the A. S. & R. Co. Refinery at Perth
Amboy, N. J. The smelter was located near the
mill in the new town of Hayden, Arizona.

It was late in 1912 before the mill reached its
projected capacity of 8,000 tons daily, and with
copper at sixteen cents, the Ray Mine made a
profit. Of course, at this time, it could merely
begin to return something on the enormous in-

‘vestment. The first dividend was paid in June,
- 1913. By this time about 30 miles of under-

ground work had been done, simply for explor-
ation, and about 80,000,000 tons of ore devel-
oped. This large development was necessary to
assure a reasonable return on the large amount

.of capital expended in the erection of mills and

works. Remember the failure of the English
Company because of inadequate sampling.

In the early days of the Ray mill operations,
the method of concentration then in vogue was
crushing and grinding with gyratory crushers,
rolls, and chilean mills, to about 1/16” size. This
in order to free the particles of copper mineral
from the worthless portion of the rock. This
mineral, being heavier than the rest of the rock
crushed to the same size, had the property of
sinking in water faster than the lighter particles,
and when subjected to a shaking action on
tables equipped with riffles, the copper mineral
was separated (concentrated) from the worth-
less portion (the tailings) and became high
enough in grade, to make a suitable smelter
feed. This process was known as gravity con-
centration. Naturally grinding the ore to 1/16”
size resulted in sliming or pulverizing a consid-
erable portion of the copper mineral, which be-
came too fine to permit taking advantage of its
relative specific gravity and was lost into the
tailings flowing over the table riffles. The re-
sult was a recovery of not over seventy percent
of the original copper in the ore.

In 1914 and 1915, technical research devel-
oped a process for increasing the recovery of
copper sulphide (which constituted the greater
proportion of the copper mineral in the Ray
ores). This process (called the Flotation Process)
was the reverse of the gravity concentration pro-
cess, in that it floated the heavy sulphide min-
eral, and sank the light worthless material, mak-
a successful separation and a higher grade con-
centrate. This was accomplished by aerating the
ore pulp, adding oil which performed the func-
tion of converting the air bubbles into a stiff
froth, and at the some time attaching itself to
the copper sulphide particles, for which it had
an especial affinity, due to the metallic surface
of the mineral. The air bubbles, so filmed and
so coated with the copper mineral, rose through
the pulp and floated off the sides of the flota-
tion machine. The worthless earthy material in
the pulp flowed through the machine to waste.
As the flotation process increased copper ex-
traction from sixty and seventy percent to a-
bout ninety percent, this revolutionary advance
in metallurgy converted what had been origin-
ally classed as waste into pay ore, increasing
enormously the developed mine tonnage, and
radically extending the life of the mine. Where
originally two percent was the yardstick for ore
classification, the measure has been gradually
reduced to one percent.

S

STORIES OF CONVERSION OF COPPER ROCK TO COPPER METAL

Almost ninety percent of Arizona’s copper
production comes from the large low-grade
mines of the state, namely the Morenci Mine,
the New Cornelia Mine and the Lavender Pit
Mine of the Phelps Dodge Corporation, the Ray
Mine of the Kennecott Copper Corporation, the
Inspiration, Copper Cities and Miami Mines in
Gila County, the Silver Bell Mine of the Amer-
ican Smelting and Refining Company in Pima
County, and the San Manuel Mine of the Mag-
ma Copper Company in Pinal County. In re-
cent years, the ore in these mines has contained
about 18% pounds of copper per ton, and has
yielded less/than 15% pounds per ton, with
about thirteen cents per ton in gold and silver.
In all cases, the mining claims were on federally
owned land, and were duly patented according
to United States mining laws.

Over three hundred million dollars had to be

spent on the above properties before they be-

gan to produce copper and return a profit to
the investors. It took vision and courage, as well
as capital to convert these large copper deposits
_into profitable enterprises. If it had not been for
the application of brains and capital to the de-
velopment of this copper, these properties would
be so much worthless rock in mountains of
scenic value only. And if it had not been for
this copper one wonders whether this Republic
could have survived the last two World Wars.
It certainly seems fair to expect Arizonans to
pause and reflect on the matter of taxation of
these big copper producers. They should not be
treated like the proverbial goose that laid the
golden eggs. :

Many Arizonans are claiming that the mining
industry is depleting natural resources origin-
ally belonging to the state; and for that reason
a severance tax, under the guise of a sales tax
has been levied upon the industry, to recom-
pense the state for the loss of its natural wealth.
Although forty-five years ago, the mining in-
dustry had created an estimated 20-year sup-
ply of copper ore, it has not only been mining
it for forty-five years, but it still has an esti-
mated 15 years’ supply for future use. How this
can be called impoverishing the state is diffi-
cult to imagine. On the contrary, the big copper
producers have taken federal lands on which
no taxes were being paid, and have put them on

the tax rolls, thus contributing to state tax re-
venue.

A prime example of the conversion of worth-
less rock to copper metal is the San Manuel
Mine in the Mammoth District of Pinal County.
Total capital expenditures on this property to
the end of 1956 were $102,589,445, and over
twelve years of development were required be-
fore production began in January, 1956. And
the ore-body developed contains the amazingly
low content of 15 pounds of copper per two
thousand pounds of rock.

It took six years and the investment of sev-
enty-six million dollars to make the “Clay Ore-
Body” at Morenci a profitable enterprise. It
took six years and $15,000,000 to make the Ray
Mine a dividend-paying proposition. It took
six years and $15,000,000 to convert Inspiration
into a dividend-paying mine. It took five years
and $15,000,000 to make the Miami Mine pay.
It took five years and $25,000,000 to make the
New Cornelia Mine. It took four years and $12,-
000,000 to make the Castle Dome Mine return
a profit. It took $18,000,000 and almost eight
years to churn-drill and prepare the Silver Bell
Mine for production. Likewise, eight years and
$15,000,000 were expended in the preparation
of the Copper Cities Mine for full production
in 1954. And, finally, an expenditure of $25,000,-
000 and six years of preparation were required
to put the Lavender Pit into production in 1954.

Before the big copper producing properties
were developed they had been operated as
small mines for many years, during which time,
the higher grade portions of the ore-bodies near
the surface were mined out, leaving the low-
grade for science and capital to develop. Large-
scale operations were necessary to make the
ventures profitable. Churn drilling was essential
to determine the extent and grade of the ore-
body, after which shafts, drifts, crosscuts and
raises had to be driven to block out the ore and
prepare it for extraction. This drilling and devel-
opment usually delimited the ore-body by class-
ifying as ore only that which could be mined,
milled and smelted at a profit. Naturally, im-
provements in mining, milling and smelting, as
time went on, changed what had been origin-
ally classed as waste into profitable ore. In
many cases the life of the mine was doubled by
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the discovery of new technical processes. Hence
a mine which had originally a 20-year reserve
of copper ore, remained in business double that
length of time. In some cases, additional drilling
on the fringes of developed ore-bodies, showed
many years supply of what would have been
originally classed as waste, but, with new pro-
cesses, became pay ore.

Although the open pit mines did not require
the shafts, drifts, crosscuts and raises of the un-
derground mines, they did call for the stripping
of millions of tons of waste rock overlying the
ore-body. In most cases this amounted to more
than twice the tonnage of ore mined.

The result of all this alchemy, or the conver-
sion of worthless rock to valuable copper metal,
has been the creation of millions of dollars of
taxable wealth in the State of Arizona.

The mining industry is the chief primary in-
dustry of Arizona and its ramifications extend
to all parts of the State. There are many indus-
tries and professions in the large cities of Phoe-
nix and Tucson which derive their income from
trade with and services for the miner, millman
and smelterman, and their families. The found-
ries of Phoenix are almost one hundred percent
dependent on the mining districts for their busi-
ness. The copper miner is the highest paid wage
earner in the State, and he spends practically
all of his earnings within the State. The rail-
roads get the major part of their revenue from

the mines and smelters in the form of freight on
ores, concentrate and blister copper. The power
and telephone utilities derive much revenue
from mines. Many state and federal employees
in Arizona are paid out of the taxes which the
mining companies pay. The wholesale and re-
tail stores in Phoenix and Tucson get consider-
able business from both the mining companies
and their employees in the mining districts. The
farmer and stockman raise food for the miners.

Thus it is demonstrated that the mining in-
dustry plays a vital and important part in Ari-
zona’s economy. It's ramifications extend in ev-
ery direction. Contrary to the “popular” belief
that the mining industry is exhausting the
State’s natural resources, history has shown that
the industry actually has created resources
where none previously existed.:

Mines are made, not found. It has been al-
most forty-five years since a “bonanza” has been
discovered. All the big mines in Arizona nowa-
days are the product of the application of ven-
ture capital in large amounts, the use of engin-
eering skill in the invention and construction of
labor-saving machinery and processes, and fin-
ally the business acumen of seeing into the fu-
ture. A great industry has been developed, and
with proper understanding and equitable treat-
ment, still has tremendous potentialities of re-
maining vital to the state’s economy indefinitely
into the future.

THE STORY OF THE RAY MINE

The Ray Mine of the Kennecott Copper Cor-
poration is today producing copper at the rate
of over one hundred million pounds per year,
but it has reached that stage after more than
forty-five years of continuous technical devel-
opment and operating economies. Its success
did not come because the State of Arizona
handed it a mountain of copper ore and said
“Here lie untold riches; all you have to do is
dig it out”. Application of brains and the in-
vestment of much capital were first required be-
fore the mountain would give up its riches.

HISTORY

Ray is about eighty miles east and slightly
to the south of Phoenix and about the same dis-
tance north of Tucson, in what is called the
Mineral Creek Mining District. This district was
organized by silver prospectors in 1873. A five-
stamp mill was built in 1880 by the Mineral
Creek Mining Company. There is a record of
some copper mining being undertaken by the
Ray Copper Company in 1883. The next note
was of small scale operation in 1898. In 1899
the Ray Mine was acquired by an English Com-
pany, the Ray Copper Mines, Ltd., capitalized
at 260,000 pounds sterling. This company built
a 250-ton mill at Kelvin and blocked out ore
at the mine. It failed because of inadequate

About this time, 1899, Daniel C. Jackling was
doing some pioneer mill testing of a low-grade
porphyry ore at Bingham, Utah. He proved to
the satisfaction of interested capital that by the
introduction of large scale open-pit mining, and
the erection of a concentrator, he could mine
and treat rock containing two percent copper
(40 1Ibs. per ton), recover 25 to 28 lbs. of copper
for every ton treated, and concentrate it to a
profitable smelting feed. Mr. Jackling’s success
in Utah started the search for similar large ore-
bodies in Arizona. In 1906, his associates Philip
Wiseman and Seely Mudd obtained options at
Ray, and in 1907 Mr. Jackling started extensive
development work on the Ray property. The
Ray Consolidated Copper Company was organ-
ized, and a thorough program of churn-drilling
was undertaken, in order to determine the a-
mount and grade of ore it would be possible to
mine on a large scale. About 50,000,000 tons of
2 per cent ore were blocked out, and Mr. Louis

S. Cates was placed in charge of operations. Mr.
Cates developed the mining system to be used
at Ray, and it later became the first copper
mine in the world to produce 8,000 tons or more
of ore per day by caving methods.

GEOLOGY OF THE RAY ORE DEPOSIT

The geology of the Ray District has been ex-
cellently described by F. L. Ransome.” For the
non-technical lay reader, the following may
serve as a thumb-nail description of the deposit
with a glossary added to define some of the
more technical terms. . :

The ore deposit is a secondary enrichment of
disseminated chalcocite,® associated with and
partially replacing primary pyrite* in the dis-
trict’s chief rock, known as Pinal schist,> and
also to a slight extent, in intruded porphyries.
It-is generally referred to as being a low-grade
porphyry deposit. The ore-body proper is a flat-
lying mass, irregular in outline, and of variable
thickness. The long axis extends roughly east
and west for about 7,000 feet. It ranges in
width from about 200 feet at the center to over
2,000 feet near the eastern and western extremi-
ties. The central constriction divides the ore
into two sections which are called the “Eastern
ore-body” and the “Western ore-body”. The
thickness of the ore as determined by drilling
and development averages about 120 feet and
Taugos 11Ul LU W HIuIe uidn 4uu reet.

The area of oxidized capping* is somewhat
more extensive than that of the ore, but has the
same general shape. Around the margin of the
ore many of the drill holes pass directly from
the oxidized capping into the unaltered pri-
mary protore.” The thickness of the capping
varies greatly but its average is about 225 feet.

Intrusions of porphyries® produced numerous
small irregular fissures which were permeable
to the ore solutions, downward flowing waters
that had picked up copper in the oxidizing cap-
ping and deposited their copper load on the
primary pyrite in what is now the ore-body.
The replacement of the pyrite was not always
complete. This phenomenon is interestingly
shown by examination of minute (200-mesh) par-
ticles of what appear to be pure chalcocite un-
der the microscope but when further pulverized
disclose a kernel of pyrite within a chalcocite
shell. - w8 Ly

Under the greater portion of the Eastern ore-
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The last few years have shown similar ad-
vances in mining technology, especially in the
operation of open-pit mines. These advances
have permitted the removal of larger propor-
tion of overburden, and the economical hand-
ling of lower grade ores. There again the Ray
mine benefitted, and additional tonnage was
placed in the Ray reserves. Kennecott Copper
Corporation, which had taken over the Ray
mine in 1937, decided in 1948 to conduct open-
pit operations on a section of the ore-body, in
conjunction with the underground mining. The
tonnage of the latter was reduced to 5,000 tons,
and the open-pit was developed to produce 10,-
000 tons daily. The mill was enlarged to handle
15,000 tons, by the addition of four large ball-
mills. Incidentally, ball-mills had long since
taken the place of the old chilean mills, and
rod-mills had replaced the rolls for fine-crush-
ing and grinding, and both changes played their
part in improving the economy of the mill op-
eration. Finer grinding was accomplished which
freed more mineral for flotation recovery.

Final conversion of the Ray Mine from an un-
derground to an open pit operation was com-
pleted toward the end of 1954 and all under-
ground mining was terminated January 28, 1955.

Another source of income from the mine
might be mentioned here, and that is the precip-
itation of copper, from mine waters, on scrap
iron. With the caving system of mining, the
ore chutes are sealed off as soon as the oxidized
capping or the broken protore begins to appear
in the ore drawn from the chutes. This leaves a
large amount of low-grade, copper bearing
broken rock in the mine which is subjected to
a slow leaching by downward percolating wat-
ers. These copper-laden waters are pumped out
of the mine and passed over de-tinned scrap
iron which precipitates the copper as cement
copper. The copper precipitates, carrying eighty
percent copper, are dried and shipped to the
smelter at Hurley, New Mexico, where they are
fire-refined. These precipitates accounted for the
production of a half-million to a million pounds
of copper monthly.

Leaching of the caved areas of the old under-
ground workings was begun in 1955, and is re-
sulting in the recovery of increased amounts of
precipitate copper. Production of this copper in
1955 was 7,546 tons, as compared with 3,644
tons in 1954. In 1956, it was increased to 14,934
tons, or 2% million pounds per month.

Improvements such as the open-pit develop-
ment, additions to the concentrator, and power
development, cost the Company over five mil-
lion dollars in the period of conversion to open-
pit mining. Other millions had been spent in the
earlier years when flotation took the place of
gravity concentration, when ball-mills were sub-
stituted for chilean mills, and later when rod-
mills took the place of the fine-crushing rolls.

Mill metallurgy was improved in 1956 by the
finer grind made possible by the larger ball
mill motors installed during the year.

At Kennecott’s new research center in Salt
Lake City, a method has been developed to in-
crease the amount of copper recovered from the
refractory ore of the company’s Ray division.
This method indicated that recovery could be
increased by 12 percent, and a five million dol-
lar installation at Hayden was decided upon.
The process involved the production of sponge
iron and sulphuric acid from the pyrite which
up to now had been rejected in the mill tailings.
The acid is to be used in dissolving the oxidized
copper in the ore, and the sponge iron is to pre-
cipitate the dissolved copper; the resultant pre-
cipitation of metallic copper is to be floated in
the mill circuit.

Progress has been made on the $40,000,000
program, announced at the last annual meeting
of stockholders, for increasing the productive
capacity of the Ray Division by 20,000 tons of
copper annually. Plans for relocating the vari-
ous surface facilities to permit enlarging the
pit, and for expanding the capacity of the mill
are well advanced. The program also provides
for the construction of a smelter to process the
copper concentrates and precipitates produced
at this division. This work has previously been
done by a custom smelter on a cost-plus basis.
The smelter is scheduled for completion in 1958.

All of which demonstrates the constant need
of setting aside a portion of profits in order to
keep abreast of technical progress. It would
have been economic suicide to have distributed
one hundred percent of the Company’s earnings
in the form of dividends, and then have no
money to spend on keeping up to date.

And so we have seen how Mr. Jackling started
to develop the Ray mine in 1907, and how the
mining company finally started to make money
late in 1912. During these five years, the Com-
pany had expended $15,000,000 in churn-drill-
ing, shaft-sinking, driving underground work-
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Thornton Pit, Inspiration Consolidated Copper Company.
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View of Hayden Mill. Kennecott Copper Corporation.




ings, building a railroad and a concentrator, to-
gether with all the other industrial buildings
required for such a big undertaking. In addition
to all this, the American Smelting & Refining
Co. had to build a three-million dollar smelter
to take care of the mining company’s product,
and it also placed a five-million dollar refinery
at the service of the mining company, for cop-
per concentrates and even blister copper are
not the end-product of the project. During all
this time, there were many periods when the
mining company lost money, due to the low
market price of copper, which after all was one
of the hazards the mining industry had to face,
a hazard over which the mining company had
no control. The problems were not all geologi-
cal, metallurgical and mechanical; there were
labor and business problems to be handled. For
example, the depression of the thirties caused a
complete shut-down of four years’ duration
which came close to a complete abandonment of
the Ray property. It took large expenditures to
keep the underground workings in half-way de-
cent condition for future resumption of opera-
tions. Furthermore, the oxidation of the exposed
mineral in the miles of underground openings
resulted later in reduced recovery by the flota-
tion process, which has been successful only in
treatment of clean sulphide mineral.

The total production of copper, gold and sil-
ver since the beginning of operations by the

Ray Mine in 1911, through the year 1956, was
approximately as follows:
Total Tons Ore Mined .... 107,316,278
Net Pounds Copper Produced 2,467,000,000
Net Ozs. Gold Produced (approx.) 31,000
Net Ozs. Silver Produced (approx.) 2,600,000
The Kennecott Copper Corporation’s reports
do not segregate the Ray Mine’s financial oper-
ations from the combined operations of the
company’s huge holdings, but assuming Ray
has averaged slightly less than three cents pro-
fit per pound of copper, for the payment of div-
idends over its 45 years of operation, the Ray
mine has probably contributed 70 million dol-
lars toward Kennecott’s dividend’s. This would
be slightly less than ten percent annual return
on the original 15.6 million dollar investment.
Not a fabulous return, but when one considers
the enormous wealth in copper, gold and silver
(over 460 million dollars) which has been cre-
ated out of this tiny section of Arizona, it is a
truly fabulous tale.

# U. S. Geological Survey Pls'ffé Paper 115,1919; U. S. Geo-

logical Survey folio 217,1923.
1 Chalcocite — Copper Sulphide — a secondary mineral con-
taining 80% copper, and 20% sulphur.

2 Pyrite — Iron Sulphide — a primary mineral, containing
47% iron and 53% sulphur,
3 Schist — a metamorphosed sedimentary rock.

4 Capping — Leached material overlying the ore body. Also
called overburden.

5 Protore — Metallized rock of a grade too low to be classed
as ore.

6 Porphyries — Intrusive igneous rocks with distinct crystals
imbedded in finer grained material.

7 Diabase — Intrusive igneous rock — dark gray or greenish
colored — even textured.

8 Chalcopyrite — Copper — Iron Sulphide — a primary min-
eral containing 30% iron, 35% sulphur and 35% copper.

Inspiration Consolidated Copper Company electrolytic precipitation plant.



Miami Copper had considered the property as
a possible future reserve, but about that time
the government became vitally interested in in-
creasing copper output. Consequently, arrange-
ments were completed for the RFC subsidiary,
Defense Plant Corporation, to provide the funds
necessary to equip the property, and, late in
1941, Miami Copper exercised its option on the
Pinto Valley holdings. These claims, together
with the Continental group, were then deeded
to Castle Dome Copper Company.

One of the most remarkable achievements of
the entire operation was the speed with which
the property was brought into production once
the decision to go ahead was reached. The pro-
ject was granted top priority by the government
and the W. A. Bechtel Company commenced
preliminary work early in January of 1942 as
engineer-contractor. Seventeen months later cop-
per concentrates started moving from the com-
pany’s mill to the International smelter at
Miami.

Castle Dome took the mine over from the
contractor on April 19, 1943, and accepted the
conentrator on June 10th of that same year. By
this time the Bechtel Company had stripped the
orebody of nearly 14,000,000 tons of waste,
stockpiled 473,000 tons of ore, constructed a
10,000-ton flotation plant and built a 4%-mile
paved highway to the property.

To provide the necessary water, a 16” com-
bination steel and wood-stave pipe line was laid
a distance of over 11 miles from the Old Do-
minion mine at Globe to Castle Dome and a
3,563,000-gallon reservoir was built. A power
line was erected to connect the property with
the Salt River Valley Water Users Association
system.

The most remarkable achievement of this op-
eration has been the fact that though the ore
mined has contained only twelve to sixteen
pounds of copper per ton, the Castle Dome
Mining Company has paid in rental to the De-
fense Corporation a total of approximately six-
teen million dollars, and has had net earnings
of almost ten million dollars before depreciation
and depletion.

Anticipating the exhaustion of the Castle
Dome ore body, work preparatory to the Cop-
per Cities mine development as an open-pit op-
eration was started during the latter part of
1950. Exploratory drilling of the Copper Cities
orebody had begun in 1943, was interrupted

until 1946, and completed in 1948. Over 21 mil-
lion tons of waste were removed before ore
mining began in 1954. The Copper Cities Min-
ing Company is a wholly owned subsidiary of
the Miami Copper Company, and. its property
is located approximately 3 miles northeast of
Miami, Arizona.

GEOLOGY OF THE MIAMI-INSPIRATION
DISTRICT

The Pinal Range, which covers an area about
16 miles long and 12 miles wide, is made up
largely of Pinal schist with considerable irregu-
larly intruded quartz diorite and granite and
also a younger intrusive, the Schultze granite.
The disseminated copper deposits of Miami oc-
cur in the northeast corner of this area.

Probably the most important rock associated
with the copper deposits of Inspiration, Miami
and Castle Dome is the Schultze granite. This
has been minutely fissured and the cracks have
been filled with quartz and to a less extent with
sulphides. The result is a very brittle and fra-
gile mass that, with the crumbly character of
the Pinal schist, is so essential to successful
block-caving methods of mining.

The Miami district contains numerous faults?
which have played an important part in the
mineralization of the district. The metallic min-
erals of interest are native copper, native silver,
molybdenite, galena?, chalcocite®, covellite?,
chalcopyrite®, pyrite$, cuprite”, malachite®, azur-
ite?, and chrysocolla'®.

The bodies of disseminated copper ore of
Miami, Castle Dome and Inspiration may be
characterized generally as undulating, flat-lying
masses of irregular horizontal outline and vari-
able thickness. As a rule these masses lack de-
finite boundaries. Closely placed samplings and
assays indicate a gradational passage from ore
to country rock. The depth to the ore ranges
greatly from place to place, as in many places
the leached rock itself is overlain by dacite or
Gila conglomerate.

In a general way the Miami ore-body is chief-
ly in schist, although a granite-porphyry dike

1 Fault — a fracture in the ecarth’s crust accompanied by dis-

placement of one side of the fracture with reference to
the other.

2 Galena — Lead sulphide — 87% lead, 13% sulphur.

3 Chalcocite — Copper sulphide — 80% copper, 20% sulphur.

4 Covellite — Copper sulphide — 66.5% copper, 33.5% sulphur,

5 Chalcopyrite — Copper Iron Sulphide — 35% copper, 30%
iron, 35% sulphur.

6 Pyrite — Iron Sulphide — 47% iron, 53% sulphur.

7 Cuprite — Copper Oxide — 89% copper, 11% oxygen.

8 Malachite — Copper Carbonate — Green — 57.5% copper.

9 Azurite — Copper Carbonate — Blue — 55.0% copper.

0 Chrysocolla — Copper Silicate — Green — 36.2% copper.

Inspiration Consolidated Copper Company main shafts in leaching plant area.




THE STORY OF THE MIAMI-INSPIRATION DISTRICT

The Miami-Inspiration Copper District is av-
eraging a production of over 80,000 tons of cop-
per annually. Three large mines, the Inspiration,
the Miami and Copper Cities are responsible
for this. The Copper Cities Mine is wholly
owned by the Miami Copper Company, and
has replaced the Castle Dome which was ex-
hausted in 1953. Although all four of these
mines are miles apart, their mineralization is
more or less related, the generally accepted
theory being that the older formations were in-
truded by the Schultze granite, providing an
avenue for secondary enrichment along the
contact.

HISTORY*

The major developments in the Miami-Inspir-
ation district have all happened in the twentieth
century. At the beginning of the century, chryso-
colla, a blue-green copper silicate mineral con-
taining when pure about 36 percent copper,
had been mined at the Keystone Mine, and soon
after, a vein of chrysocolla was stoped at the
Live Oak. Both of the veins were in granite por-
phyry and did not extend into the schist. Sev-
eral years later the Woodson tunnel was driven
in the north side of Inspiration Ridge. This
tunnel cut disseminated chalcocite, a black-
grey copper sulphide mineral containing when
pure about 80 percent copper, and some crude
ore was mined from a zone of stringers in the
schist. In 1906 the General Development Com-
pany sank a shaft on the Captain claim and
another on the Red Rock, the latter striking ore
at a depth of 220 feet. The Miami Copper Com-
pany was organized in November of that year
and development work was actively undertaken.
By 1909 the railroad had been extended to
Miami from Globe, and in 1911 the first con-
centrates were produced after an intensive con-
struction period which saw the completion of
a mill, power plant, and other surface equip-
ment.

During this period the Inspiration Copper
Company and the Live Oak Development Com-
pany were also engaged in development work.
At Inspiration active development by shafts,
drifts, and crosscuts, as well as churn drilling,
was begun in 1909. Two years later, 21,000,000
tons of ore had been outlined. The Live Oak

¢ From a paper presented by G. R. Rubley to the A. I. M. &
. E. at Tucson, Nov., 1938.

had by 1912 developed 15 million tons of ore
despite the fact that much of the ore body lies
deeper than at either Miami or Inspiration and
is covered by porphyry and Gila conglomerate.
The Live Oak and Inspiration merged in Janu-
ary, 1912 as the Inspiration Consolidated Cop-
per Company with ore reserves of 45,300,000
tons averaging 2 percent copper.

Further developments and refinements in
mining and milling methods have greatly in-
creased the ore reserves of both major com-
panies.

Between 1906, when J. Parke Channing ex-
amined the deposits at Miami and exploratory
shafts were started, and 1911, when the Miami
Copper Company began to produce concen-
trates, almost ten million dollars had been ex-
pended in the preparation for production.

Development of the Inspiration ore-bodies
began in 1909 and about fifteen millions had
been spent before the production of copper in
1915. In 1915 the International Smelting Com-
pany erected a three million dollar smelter at
Miami.

The third big producer, the Castle Dome
mine, is located about nine miles by highway
west of Miami and some three miles north of
Pinto Creek. The first systematic exploration
work was initiated in the early twenties by the
Pinto Valley Mining Company. Jackson Hoag-
land has written a good description of the
Castle Dome operations and much of this his-
tory of the Castle Dome area has been taken
from his description, written in 1946. The churn
drilling conducted from 1924 until 1931 proved
the existence of the deposit — and provided
valuable information as to its size and grade.
Subsequent mining operations by Castle Dome
Mining Company verified the accuracy of the
earlier determination.

Miami Copper first became interested in the
region when it acquired the Continental group
of claims adjoining the Castle Dome group
through its purchase of the Old Dominion Com-
pany. Because the surface geology indicated the
possibility of copper values underlying a con-
siderable area, an option was acquired on the
Pinto Valley Mining Company holdings and
extensive surveys and churn drillings were un-
dertaken to determine the extent and grade of
the deposit.

—10—

Inspiration Consolidated Company leaching tanks.




per up to January 1, 1957, and has paid divi-
dends amounting to $96,309,100, or 3.3 cents
per pound of copper produced. The recovery
of 19.3 pounds of copper per ton of ore mined
makes Inspiration a marginal producer which
can easily be affected by high wages and taxes.

In connection with the early development of
the Miami-Inspiration district, the names of
“Black Jack Newman”, F. C. Alsdorf and F. J.
Elliott, the latter a Phoenix attorney, should be
mentioned as responsible for Mr. Channing be-
coming interested in the Miami property. Henry
Krumb, W. B. Thompson and Dr. Ricketts were
the men chiefly responsible for the development
of the Inspiration. Needless to say the mana-
gers and staffs of the two companies furnished
the brains which brought about the success of
both ventures.

The four mines have been the producers of

over 347 million tons of ore, from which have
been recovered a total of 5,846,000,000 pounds
of copper with a value of over 1,100 million dol-
lars. A result far beyond the dreams of Parke
Channing and Henry Krumb!

Most of the eleven hundred million dollars
benefitted the State of Arizona in the form of
wages for its citizens, education for its children,
a market for its farmers, and a higher standard
of living for everyone. It has been determined
that “for every man engaged in mining and al-
lied industries, 2% jobs were created in service
industries and (on the basis of average family
size) a total of 12 local persons are thereby sup-
ported”. Every miner, every millman and every
smelter man who has taken part in this creation
of wealth may take just pride in his share of
such constructive work.

g

cutting the schist has likewise been metallized.
The Inspiration ore-body is also mainly in the
schist, although in places this schist occurs be-
neath an intrusive sheet of the porphyry. The
predominant feature of the Castle Dome ore-
body is the Dome or Turtleback fault which
divides it into two parts. To the east of this
fault the ore is largely of a soft nature with
chalcocite the predominant copper-bearing min-
eral. To the west is a harder ore in which chal-
copyrite is the principal source of copper.

OPERATIONS AT MIAMI

The Miami Copper Company’s property has
been an underground mining operation with a
block-caving system of mining to take out the
ore. When the 6,000 ton mill was ready to start
in 1911, gravity concentration was standard
practice, and the mill was equipped with chil-
ean mills for fine-crushing, and tables for con-
centration. The chilean mills were soon replaced
by Hardinge ball and pebble mills, and a short
time later steel balls replaced the pebbles.
These technical improvements continued with
the adoption of flotation. Indeed, the Miami
Copper Company, like the other big copper
companies, was continually spending money to
enable it to profitably treat a gradually lower-
ing grade of ore. In recent years it is now pos-
sible to make money in the treatment of ore
containing as low as .60% copper (12 lbs. per
ton). When the grade of ore dropped below 1
percent, milling capacity was increased to 17,-
500 tons per day.

It was necessary to do this or suspend opera-
tions entirely. A plan of mining operations was
worked out on paper by Mr. Maclennan and his
associates. They showed the directors of the
Miami Company that it would be possible to
mine this low-grade ore at a cost well below
50 cents per ton, and the directors authorized
the expenditure of almost four million dollars
to effect the expansion in plant capacity from
6,600 to 17,500 tons daily.

The production of copper at a cost of 10
cents per pound from an ore giving a net yield
of only 10.55 lbs. per ton had never been a-
chieved before. Economies effected both in
mining and in concentrating as between 1923
and the later date are due in part to the in-
creased tonnage, but improved efficiency in
many directions likewise is a factor. It is diffi-
cult to refrain from using extravagant adjectives

to describe such figures as 35.7 cents per ton for
mining and 24.9 cents for concentrating. The
tailings discarded from the concentrator during
the first three years of operation averaged 14.52
Ib. of copper per ton. In November, 1930, the
ore as mined and treated contained less copper
than the ton of tailing rejected 15 years earlier.

The Miami ores contain very little gold and
silver but since 1938, commercial quantities of
molybdenum have been recovered from’ the
copper ores, and have been a factor in keeping
the mine in the profitable class. Leaching of
the oxidized portion of the mixed ores produced
by the mine, has also been employed by the
Company in attaining the economic success of
its operations. Fifteen percent of Miami’s cop-
per production is being obtained from copper
solutions. The Miami Copper Company has
been a shining example of how a combination
of capital, progressive business acumen and
technical brains has converted common rock in-
to useful metal.

Miami’s concentrate is smelted at the Inter-
national Smelting and Refining Company’s cop-
per smelter located in Miami, Arizona; some-
times at Phelps Dodge Smelter at Douglas. The
blister copper is refined either at the Raritan
Copper Works in New Jersey, or at the Phelps
Dodge Refinery in El Paso. The refined copper
is sold by the Adolph Lewisohn Selling Cor-
poration.

Up to January 1, 1957, the Miami mine has
produced 146,363,796 tons of ore from which
have been recovered over 2,286 million pounds
of copper, which, together with a production of
4,427 ounces of gold, and 636,492 ounces of sil-
ver, and 9, 251, 193 pounds of moly, had an es-
timated gross value of $425,000,000.

Mineable ore reserves, at January 1, 1957,
were estimated.to be 12, 840,000 tons. These do
not include any of the material to be leached.

Extensive research on the non-sulphide con-
tent of the Miami ores has indicated that recov-
ery could be improved by a leach precipitation
and flotation recovery of the oxide content. An
additional mill circuit is scheduled to be com-
pleted during the second quarter of 1957.

OPERATIONS AT INSPIRATION

The Inspiration Consolidated Copper Com-
pany’s plant at Miami, Arizona, was designed .
and built to make possible the profitable work-
ing of a low-grade, finely disseminated copper
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deposit containing 100 million tons of ore av-
eraging 1.54% copper.

From the beginning it was evident that the
plant could not be kept integral but that a
break would have to be made somewhere in
the tlow-sheet, removing at least the concentra-
tor to a site more suitable than any available
near the mine. It was finally decided to do the
coarse crushing at the mine, to store the crushed
rock in a bin from which it could be loaded in-
to railroad cars and haul it to the concentrator,
an excellent site for which was available about
1% miles from the mine.

The original intention was to equip a plant
to treat 7,500 tons of ore per day, but through
the acquisition and proving up of additional ore
reserves, the introduction of the Ohio caving
system, and the excellent results in the test mill
(which made it possible to treat a lower-grade
ore than had been thought possible) it was evi-
dent that a plant of much greater capacity
should be supplied. It was, therefore, decided
to treat approximately 15,000 tons of ore per
day.

A gravity test mill was erected and placed in
operation near the Joe Bush shaft in November,
1910, and its operation was continued until Au-
gust, 1911. Soon after, flotation began to attract
considerable attention, and a 600-ton test mill
was designed and erected in 1913. That the
large-scale test-mill method for working out
flow-sheets for large plants is the only logical
method, is evidenced by the fact that in nearly
every stage of treatment either an entirely new
machine has been adopted or a new application
has been made of a standard machine; the re-
sult in each case being increased efficiency or
a more economical arrangement. It may be in-
teresting to note that six complete designs for
the concentrator were executed, the idea being
to keep this work abreast of the developments
brought out by the test-mill.

The concentrator was no sooner erected than
very marked changes in grinding machinery be-
gan to develop, the ultimate result of which was
another altogether new arrangement for the en-
tire mill.

As a result of preliminary studies, a dual ar-
rangement of the mine plant was evolved. To
insure continuity of service two shafts were
used, and the whole mine plant was made dup-
licate in arrangement. A water supply for the
concentrator was developed at Wheatfields, a-

bout 12 miles from the mill site, and later, wells
were sunk on the flat below the tailing storage
site. The best location was determined to be
about 2% miles from the mill, at the junction of
two fair-sized drainage channels receiving their
supply from the Pinal Mountains about 10 miles
away and 4,000 ft. higher.

Electric power was obtained from two sourc-
es. The Reclamation Service of U. S. Govern-
ment at Roosevelt Dam, 40 miles away, furn-
ished some of the power, and in conjunction
with the International Smelting Co., the In-
spiration built a power house that utilized re-
verberatory waste heat and also produced power
from cil-fired boilers (later gas-fired).

Throughout the early years of mill operation,
research and experimentation developed im-
provements, until in the early twenties, when
the Inspiration ore being mined at that time,
began to show larger proportions of non-sul-
phide copper which was not amenable to effi-
cient treatment by flotation. A search was made
tor a process that would successfully treat such
mixed ores. The main sulphide copper mineral
was chalcocite and the principal non-sulphide,
chrysocolla. Laboratory and test-plant investiga-
tions conducted by G. D. Van Arsdale, together
with the Inspiration staff, proved that such
mixed ores could be successfully treated by
leaching with ferric sulphate. Many millions of
dollars were expended in these tests and in the
construction of a suitable leaching and precipi-
tation plant. And since 1926, this method of
treating the Inspiration ore has been standard
practice.

Inspiration’s concentrate, when produced, is
smelted at the International Smelter in Miami,
and the blister copper is refined either at its
own plant in Inspiration or at the Raritan Cop-
per Works in New Jersey.

An open-pit development  and construction
program was completed in March, 1948, and
since that time more and more of the ore has
come from the open pit. In 1949 all necessary
work underground was completed for leaching
in place certain mined out and caved areas in
the mine to recover part of the remaining cop-
per. Production from this source began in 1950.
In 1956, this production was 9,811,822 pounds,
as compared with 11,860,313 pounds in 1955.

Underground mining was completely sus-
pended in August of 1954. The 7% miles of un-
derground openings which remain are used for
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Castle Dome Mining Co.’s open pit and shops.




which began in December, 1953, its transpor-
tation and installation at Copper Cities, had
on August 2, 1954, reached the stage where
partial production was possible. The last two
sections of the mill were in operation on Ne-
vember 16, 1954.

Almost identical in tonnage and grade with
the original Castle Dome orebody, the Copper
Cities project dates back to some long-range
thinking and consolidation of Miami’s holdings
with the Porphyry Reserve Group in 1941. The
deposit is a typical low-grade dissemination of
chalcopyrite and chalcocite in quartz monzon-
ite and quartz monzonite porphyry. It is bound-
ed on three sides by faults — to the north the
Drummond, on the south the Coronado, and
the Sleeping Beauty cuts it off on the west.

In September, 1954, Copper Cities Mining
Company repaid in full the $7,500,000 borrowed
up to that time from R. F. C. under the loan
agreement of November 15, 1950. The 1954
Annual Report further states that the “funds
for this refinancing were made available from
the proceeds of a $4,500,000 bank loan at a
lower rate of interest, and through advances
from Miami Copper Co. Through December

31, 1954, a total of $13,718,000 was expended on
the Copper Cities project. Of this amount $4,-
500,000 came from the proceeds of the bank
loan above mentioned, and $9,218,000 was pro-
vided by Miami Copper Co. It is estimated that
about $150,000 will be required to complete the
necessary facilities at Copper Cities.”

Fresh water for the project is supplied from
two sources, one of which is the Old Dominion
Mine near Globe. Water is pumped from the
mine shaft to the Copper Cities pumping plant
at Burch. The second source comes from a
water development across the Miami Wash at
Burch. An 8 x 8 foot shaft was sunk 190 feet to
solid conglomerate below the water-bearing
sands, and a drift was driven westerly under the
dry wash. Churn drill holes were drilled through
the sands into the drift, and were cased with
perforated stainless steel pipe. Water is col-
lected in the drift and pumped with three deep
well pumps from the shaft to a water treatment
plant.

Following is record of operation at Copper
Cities since the beginning of production — ac-
cording to Annual Reports:

Tons Ore %
Mined Copper
195 v g, 8 s nive s 996,160 0.783
3 (1575 R M S 4,004,052 0.824
1986 vt ttos bmoss 4,167,147 0.795
9,167,359 0.806

. Ounces Ounces

Lbs. Copper Gold Silver
Produced Credit Credit
12,514,108 231 12,529
55,097,164 356 38,824
55,833,935 196 36,702
134,445,207 783 88,055

The Company estimates that as of January 1,
1957, mineable reserves amounted to 36,600,000
tons. Approximately 9,500,000 additional tons
were proven by drilling during the year 1956.

CONCLUSION

The above facts tell the story of how intelli-
gent observation and scientific reasoning can
be brought to bear even on the exploratory
phase of mining which has seemed usually so
haphazard. In the case of the Miami mine the
sum of $400,000 was risked to ascertain whether
there was enough ore to constitute a profitable
mine; after that point was passed, the further
development underground served merely to em-
phasize the bigness of the orebody and the con-
sequent need of making financial provisions for
operations on a big scale. The story of the
Miami and the Inspiration suggests also that the

successful exploitation of an orebody may in-
volve operations on a scale so big as to require
the expenditure of sums of money that make
the original purchase of the bare ground seem
very cheap; it indicates that a mining claim
without the intelligent use of capital is only
second-rate scenery.

The Miami Copper Company has produced a
total of 2,932,295,308 pounds of copper from its
three mines, up to January 1, 1957,*and has
paid dividends amounting to $59,176,828.10, or
two cents per pound of copper produced. The
recovery of 14.9 pounds of copper per ton of
ore mined indicates the extraordinarily low mar-
gin under which this company has been oper-
ating. In recent years this recovery has been
less than 12% pounds of copper per ton!

The Inspiration Consolidated Copper Com-
pany has produced 2,913,876,747 pounds of cop-
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Miami Copper Company’s mine shaft and concentrator.




the underground haulage of open-pit ore and
drainage of leaching-in-place solutions.

"By January 1, 1957, the Inspiration mine had
produced 150,756,280 tons of ore, from which
had been recovered 2913,877,000 pounds of
copper worth about 524 millions of dollars.
Since the beginning of operations the Inspira-
tion mine has paid dividends amounting to $96.-
309,100, which is 3.3 cents per pound of copper
produced. The Company’s mining engineers es-
timate that at December 31, 1956 the proven
ore reserves in the Inspiration Mine contained
approximately 953,000,000 pounds of recover-
able copper.

In 1955, the Inspiration Board of Directors
approved final plans for the conversion of the
Company’s Metallurgical plants to the so-called
“Dual Process”. In this process the ore will
first be leached with sulphuric acid in the
leaching plant to recover its oxide copper con-
tent. The washed and drained residue from
such treatment will be transferred to the con-
centrator where, after fine grinding, the cop-
per sulphide values will be recovered by flo-
tation.

Although the rehabilitation and re-equipment
of the concentrator, (which have cost over six
million dollars) were not entirely complete in
December of 1956, operations of the “dual pro-
cess” began early in January, 1957, marking the
beginning of another new era for the Inspira-
tion Mine. A greater annual rate of copper pro-
duction is anticipated.

CASTLE-DOME OPERATIONS

Before the mine exhaustion in 1953, Castle
Dome Copper Company mined and milled over
12,000 tons of ore daily. The mine was a typi-
cal open-pit operation with the latest and most
modern equipment known to the industry. E-
lectric churn drills, electric shovels, and diesel
trucks were used. The concentrator was also
one of the most modern and efficient in the in-
dustry. Its simplicity of design and operation
permitted the use of women as operators, which
was one reason why this property was not as
seriously affected as others by the labor short-
age problems during the war. Automatic feed
control, first conceived by F. W. Maclennan,
and worked out by Miami and Castle Dome
staffs together with Westinghouse Electric and
Mfg. Co., increased the plant’s efficiency both
as to tonnage and metallurgy. Tied in with the

teed control was a water control which adjusted
the flow of water into the mill, maintaining a
constant density. The importance of this con-
trol to an operation like Castle Dome becomes
apparent when it is realized that no attempt
was made to control the hardness and grind-
ability of the ore mined and delivered to the
concentrator for treatment. The ore was dumped
into the coarse ore pocket as it best suited the
mining operation. At times it carried 1 percent
copper and others 0.4 percent. Moreover, on
one day it came from the eastern portion of the
ore body where the ore was softer, and the
next from the western side where it was harder.
Although ore reserves were exhausted on
December 4, 1953, the Castle Dome Mine has
continued to produce copper by leaching of the
mine dumps.
A detailed summary of Castle Dome opera-
tions is as follows:
Milling started ........... June 10, 1943
Milling completed .... December 5, 1953
Grade of Ore ..... 0.725 percent copper
Sulphide ........ 0.689 percent copper
Oxide  ..oiwenmes 0.036 percent copper
Tons of Ore Milled .......... 41,442,617
Pounds of copper recovered .. 514,390,317
Net recovery .... 12.412 pounds per ton
Tons of waste handled ....... 48,484,188
Stripping ratio .............. 1.17 to 1.00
Ounces gold produced ............ 9,385
Ounces silver produced ......... 583,068
Additional copper produced by leaching ..
......................... 8,277,929
Estimated gross value of metal pro-
duction ................ $101,000,000

OPERATIONS AT COPPER CITIES*

After four years of detailed planning and
accurate timing, Miami Copper Company made
a well-coordinated move of mining and milling
tacilities from its depleted Castle Dome Copper
orebody to the new Copper Cities project lo-
cated three miles northeast of Miami, Arizona.

The overall plan involved moving a 12,000-
ton plant, 52 pieces of mining equipment, and
personnel from Castle Dome to Copper Cities,
a distance of 15 miles, with a minimum of lost
time and production. As stripping ratios de-
creased at Castle Dome and equipment became
surplus, men and facilities were transferred to
Copper Cities to accelerate work already under-
way. The dismantling of the Castle Dome plant,
# Mining World, April, 1954.
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Castle Dome Mining Co.’s crushing plant and concentrator.
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could be better applied than in handling
these vast quantities of very low-grade ore
with which large areas of the rocks of this
territory are permeated.

The new enterprises which the high price
of copper has tempted Eastern Capital to
invest in, have as yet increased the Terri-
tory’s production to a very insignificant ex-
tent. Most of them, it is fair to assume, will
never do otherwise. Those that have some
substantial basis for existence will, before
they become profitable, confirm the experi-
ence of all those who have had to do with
copper mines, that an outlay of money,
worry and experience that finds no place
in the promoter’s prospectus, will have to
be made before returns, in cash, balance
expenditures.”

When in 1897, Dr. Douglas became president
of the Detroit Copper Co., he put Charles E.
Mills in charge of operations at Morenci. An era
of expansion and improvement at both proper-
ties commenced under the direction of Mills and
Colquhoun. When it became necessary to ex-
ploit the leaner sulphide ores, Colquhoun con-
structed No. 6 concentrator, first operated in
August, 1906. The two companies continued
their separate existence, though in 1917 the De-
troit Copper Company had come to be called
the Morenci Branch of the Phelps Dodge Cor-
poration. In 1922 the A. C. Company was ab-
sorbed by Phelps Dodge, and virtually the en-
tire district came under a single control. Includ-
ed also were the properties of the Shannon Cop-
per Co. at Metcalf, which had been acquired by
the A. C. Company in 1918.

From 1907 to 1931 the mines now included in
the Morenci Branch produced 953,500 tons of
smelting ore and 31,100,000 tons of concentrat-
ing ore, with a yield of 1,222.200,000 lbs. of cop-
per in the form of blister. They had been profit-
able ventures. But the greatest era of produc-
tion lay ahead, in the Morenci orebody. To the
engineers this deposit offered a most fascinating
problem. It was possible to mine it with power
shovels or even by underground methods. It al-
so offered two methods of treating the ore:
either by concentration of the ore and smelting
of the concentrate, or by leaching and the pro-
duction of pure electrolytic copper near the
mine.

From 1929 to 1942 when regular production
from the Morenci open pit commenced in Janu-
ary, Mr. Cates directed a thorough program of
testing and development which culminated in

the construction of a 25,000-ton concentrator and
a smelter to handle its product at the mouth of
Morenci Canyon 2 miles from the open pit. A
more fortuitous date for starting this operation
could not have been chosen, for it was the year
of World War II, and Uncle Sam had need for
every pound of copper he could get his hands
on. In 1943, the Phelps Dodge Corporation in
combination with the Defense Plant Corpora-
tion prepared for a daily production of 45,000
tons of copper ore, which was the designed ca-
pacity of the combined P. D. and Defense Cor-
poration concentrators. The present capacity is
50,000 tons daily.

As may well be imagined, the long period of
experimentation and planning, between 1929
and 1942, was marked by many failures and
changes of plans. While the big problem was
the choice of open-pit or underground mining,
and leaching or regular concentration methods,
there were many other worries facing the com-
pany. By no means the least was the uncertain
future of the copper industry during the long
depression period. Metallurgical problems, in-
volving the choice of the proper equipment to
use after the selection of the method of concen-
tration, included the necessity for large-scale
practical testing, and the choice was not an
easy one. Then there was the smelting problem,
for the character of the concentrates made by
the mill naturally varied with the modifications
of the crushing, grinding and concentration pro-
cesses.

DESCRIPTION AND GEOLOGY OF
THE MORENCI ORE DEPOSIT*

The Morenci open-pit mine is on the south-
west side of Chase Creek and north of the area
that had been most productive in the past —
namely the Copper Mountain-Longfellow area.
The ore body, as now defined has a maximum
length of 4,400 feet and a maximum width of
2,800 feet. The mine is entirely within the quartz
monzonite porphyry body, which is highly al-
tered and fissured throughout the mineralized
area. Different parts of the ore body have been
developed by different methods. Some of the
earliest openings followed the more prominent
fissures for hundreds of feet. Later areas were
developed by underground openings, and the
latest developments were by churn drill.

& From a paper presented to the A. I, M. E. at Tucson, No-

vember 1-3, 1938, and Lindgren’s Professional Paper A 3,
1905, U. S. Geol. Survey.
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STORY OF NEW CORNELIA

For the last five years the New Cornelia mine
at Ajo has been producing copper at the rate
of over one hundred and thirty million pounds,
annually, and has been second only to Morenci
among the Arizona copper producing companies.
Ajo is situated in low mountains in extremely
arid desert country. By road it is 42 miles south
of Gila Bend and 132 miles west of Tucson.

HISTORY*

It is claimed that the first mining of copper
by Americans in Arizona was done at Ajo in
1854. The first shipment of ore, consisting of
native copper and cuprite (an oxide of copper
containing, when pure, 88.8% copper) came from
what is now the Eastern end of the New Cor-
nelia workings. It was hauled in ox-carts' to
San. Diego, 400 miles across the desert; later
shipments were made only as far as Yuma;
whence they were shipped to Swansea, Wales,
for smelting.

The mine at Ajo, known successively as the
Cornelia®? and the New Cornelia, passed through
the usual vicissitudes of fortune until in later
days improved mining and metallurgical me-
thods, preceded by diamond-drilling, created
conditions favorable to the large scale exploita-
tion of low-grade ore. Several companies and
several distinguished engineers failed to bring
the enterprise to fruition until, in 1911, on the
initiative of John C. Greenway and the recom-
mendation of Ira Joralemon the Cornelia mine
passed into the possession of the Calumet and
Arizona Mining Company. Greenway, aided by
Louis D. Ricketts, as consulting engineer, made
a complete success of the venture. As the oxi-
dized material had to be removed before the
sulphide ore could be mined, they started a
series of experiments in 1912 to determine
whether such oxidized material could be bene-
ficiated profitably by some simple leaching pro-
cess. The tests were made by James Potter and
Henry Tobelmann, and after a one-ton plant and
a 40-ton plant were operated, a 5,000-ton plant
was built in 1917 and proved completely success-
ful. Two years later, in 1919, an experimental
mill was built to test the treatment of the sul-

¢ The story of Ajo has been recorded by Rickard in ““A His-

tory of American Mining”, by Parsons in “The Porphyry
Coppers”, by Joralemon in ‘“Romantic Copper”, and in U.
S. Bureau of Mines Bulletin #405.

1 Tom Childs says mules and horses were used.

2 Named in 1900 for John Boddie’s wife.

phide ore by flotation. Then came the erection
of a flotation plant of 5,000-tons capacity, de-
signed by H. Kenyon Burch. This plant started
in 1924. By later remodelling, the tonnage has
been stepped up to 29,000 daily capacity. These
large-scale operations would have been imprac-
ticable if an ample supply of water had not
been obtained. This was accomplished by sink-
ing a two-compartment shaft 650 feet deep at
a place six miles distant, where the water-table
of the region was tapped originally by two
pumps, with a combined capacity of 1,500 gal-
lons per minute, and ultimately by five pumps
with a combined capacity of 5,500 gallons per
minute delivered to the reservoir at the mine
against a total head of 1,375 feet. Without an
adequate supply of drinking water for the large
force of men employed and without plenty of
water for metallurgical purposes, the New Cor-
nelia enterprise would have been impossible.
The finding, pumping, and distribution of this
ample supply of water are not the least of the
many engineering features that characterize this
successful undertaking in the southwestern
desert.

In July, 1917, the New Cornelia Company ac-
quired the property of its neighbor, the Ajo
Consolidated Company. The Ajo property had
been purchased in 1912 from the Randall Ore
Reduction Co. by Briggs and Gaskill for James
Phillips, Jr. Diamond drilling was started in
1918 by E. J. Longyear & Co., and in due
course 12,845,026 tons of 2 percent ore was
proved. When the New Cornelia acquired the
property the assured tonnage had increased to
21,000,000 tons of 1% percent ore. The diamond
drilling on the consolidated property was con-
tinued until 59,000,000 tons of 1'%z percent ore
had been proved. In November, 1918 the New
Cornelia paid its first dividend. In 1929 it was
merged with the Calumet & Arizona, and in
1931 it became the New Cornelia Branch of the
Phelps Dodge Corporation. The leaching plant
was abandoned in 1930 after treating 16,812,324
tons of 1.355 percent ore, from which about
345,000,000 pounds of copper had been recov-
ered. The New Cornelia Copper Co. from 1918
to the time of its absorption by the Calumet &
Arizona in 1929 paid $18,630,000 in dividends.
Operations were suspended early in April, 1932
until July 1, 1934. In July, 1950, an eight million
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dollar smelter at Ajo began to treat the New
Cornelia concentrates which had hitherto been
shipped to Douglas.

GEOLOGY AND ORE BODY*

The ore body occurs almost wholly in mon-
zonite porphyry which has intruded into vol-
canic lavas and tuffs. Some of the volcanic rocks
are also considerably mineralized. The ore body
is crudely elliptical in shape, about 3,600 feet
long by 2,500 feet across. The average thickness
is 425 feet, and the maximum about 1,000 feet.
The primary ore consists chiefly of chalcopyrite,
with bornite and a little pyrite, and these min-
erals are distributed both in veinlets and in
grains scattered through the altered monzonite.

The ore body was oxidized to a surprisingly
level plane near the present water table, at an
altitude of about 1,800 feet. Except for local
variations of as much as 50 feet, the transition
from sulphide to the oxidized zone was about
as sharp as could be mined by steam shovel.
The depth of the oxidized ore ranged from 20
to 190 feet, with an average of about 55 feet.
The minerals of the oxidized ore were malachite
with a little azurite and cuprite. A little chal-
cocite occurs close beneath the bottom of the
oxidized zone.

The fact that in most of the ore body the
tenor of the ore was essentially the same in ox-
idized and subjacent sulphide ore seems to show
that there was little migration of copper during
weathering but that the sulphides were oxidized
in place. In this respect the Ajo ore body differs
from the other great disseminated deposits of
the Southwest, in each of which supergene chal-
cocite enrichment was essential to the produc-
tion of commercial ore.

MINING, LEACHING AND
CONCENTRATION

The deposit is mined by open-cut method,
with power shovels operating on benches at
vertical intervals of 40 feet. Inasmuch as the
oxidized part of the ore body was practically as
productive as the sulphide part, there was no
stripping problem of the sort confronting most
of the disseminated deposits of the southwest.
To January, 1931, less than 7,000,000 tons of
waste had been moved in the mining of 32,400,-
000 tons of ore, a ratio of 0.21 tons of waste to
? Described in Arizona Bureau of Mines Bulletin No. 145,

pp. 87-89. Also Bureau of Mines Information Circular 6666
written by Geo. Ingham and A. T. Barr.

1 ton of ore. Much of this waste occurred with-
in the ore body and was not overburden. As the
depth of the pit increased, however, a larger
proportion of waste had to be moved in erder
to maintain a safe angle of slope.

Doubt as to the possibility of successfully
treating the oxidized overburden had helped
discourage J. Parke Channing and Seeley W.
Mudd when they were considering separate
parts of the property in 1909 and 1910. Dr. Rick-
etts has stated the essence of the problem that
faced him and Greenway in the following short
paragraph:

“Greenway drilled the great ore deposit
in 200-foot squares and about 50,000,000
tons of sulphide ore containing about 30
lbs. of copper on a 20-lb. minimum were
developed. This ore was capped with some
10,000,000 tons of granitic material contain-
ing the same amount of copper in the form
of malachite and chrysocolla. There was no
known method of treating such lean oxi-
dized material. The steam shovel was best
adapted to mining the sulphide ore, but
even so was estimated that it would cost,
with interest, $5,000,000 or $6,000,000 to
remove the overburden and throw it away.
If, however, a process for treating this oxi-
dized overburden profitably in a large scale
could be devised, a large liability would be

converted into a much larger asset.”

It was easy to dissolve a substantial propor-
tion of the copper contained in a few grams of
ore with dilute sulphuric acid in a test-tube;
and that the copper could be precipitated on
scrap iron or by electrolysis was equally cer-
tain. But it took a great deal of painstaking ex-
periment and research to prove that a commer-
cial process for handling 5,000 tons of ore per
day would be a success. This work, which con-
tinued from 1912 until 1916, finally developed
a design for a large-scale plant, which accom-
plished what it was designed to do from the
very start. Virtually no changes in equipment
nor modification in procedure were found nec-
essary. For example, during the first full year
of operation, the leaching plant at Ajo averaged
5,000 tons per day with a recovery of 81 per-
cent of the total copper content of the ore and
84% of the soluble copper.

The sequence of events from the standpoint
of ore treatment, has been just the reverse of
that at Inspiration, in that at Ajo the leaching
plant has finally given way to a concentrator
instead of largely displacing a concentrator.

5 7 V-

the recommendation of James Douglas, the
Phelps Dodge Company advanced $50,000 to-
ward the building of a new smelter by the De-
troit Copper Co. and acquired a half-interest in
the property. By 1883 a railroad was built from
Clifton to Lordsburg, through which the South-
ern Pacific had been extended westward from
El Paso. Early in 1886 Church built and oper-
ated the first copper concentrator in Arizona,
treating oxidized ore averageing 6.5 percent
copper, which at that time was not suitable for
smelter feed. The recovery was only 55 percent
and the concentrate averaged 23 percent copper.
The plant had a capacity of 50 tons per day
and consisted of a jaw crusher, a set of rolls,
three revolving trommels and six jigs.

James Colquhoun, a young Scottish engineer,
who was sent to America by the Scotch capital-
ists who had a big investment in the Arizona
Copper Company, had watched this experiment
with considerable interest because the ore on
his property had also declined in copper con-
tent. A few months after Church’s plant started
to operate, Colquhoun built another and larger
concentrator for his company on the same prin-
ciple and with the same gratifying results.

But six years later, copper prices dropped to
ten cents on the New York market, and Church’s
firm was obliged to shut down. The situation of
Colquhoun’s company was just as grave. The
cessation of Church’s ore shipment on the A.
C’s railroad to Lordsburg caused a serious loss
of revenue, and production in its own mines de-
clined as the dumps of low-grade ore were ex-
hausted. The company treasury sometimes did
not have enough cash to pay wages, and no
hope at all seemed to exist for income to meet
interest due on the million dollar mortgage. The
mine appeared doomed.

As a last resort the Directors in Edinburgh
asked Colquhoun to become general manager
of the company. Fortunately, the new manager
had an idea. The jigs on his concentrator worked
well enough with six percent ore, but the only
ore now available was the low-grade oxidized
porphyry near the surface which could not be
successfully treated by the old mechanical means
alone. Fooling around with a forty-gallon bar-
rel and a can of sulphuric acid, Colquhoun
proved to his own satisfaction that the tailings
could be leached. Unable to get financial back-
ing for his idea, he built a plant with funds ob-

tained by cutting into the slender reserves of
high grade ore.

It was one of the most extraordinary plants
ever erected under the direction of a mining en-
gineer. The foundation was an old slag dump;
the engine was an old machine from the mines;
the copper for barrel ends came direct from the
blast furnaces; mine timbers served as lumber;
and iron and steel fittings were fashioned at a
blacksmith’s forge. When finished, the plant
cost a hundred thousand dollars and had a ca-
pacity of a thousand tons a year. Extraordinary
or not, it worked. Within a short time, produc-
tion was increased forty percent, and the cost
of copper reduced by two cents a pound.

By 1895 the company was not only able to
meet payments on its mortgage, but declared a
small dividend, the first in its history.

Under the management of James Colquhoun,
the Arizona Copper Co. paid more than twenty
million dollars in dividends. After World War
I, the company was faced with the expenditure
of several million dollars to allow the treatment
of still leaner ore, and it sold out to Phelps
Dodge Corporation for a large stock interest.
The Phelps Dodge Company had purchased
Captain Ward’s Detroit Copper in 1895. All
of these transactions by Phelps Dodge had been
made on the recommendation of James Douglas.
Clifton became for many years the greatest
copper district in the Southwest.

In “Mineral Industry” for 1900, Dr. Douglas
wrote regarding the outlook for copper mining
in Arizona, as follows:

“On the solution of the problem of how
to handle economically the very large bod-
ies of very lean aluminous and siliceous
ores which exist in the southern counties of
the Territory depends in great measure her
future position as a copper producer. In
Graham, Gila, Pinal and Pima Counties,
and in fact throughout the whole of south-
east and southwest Arizona, there are large
areas of copper stained rock resulting from
the decay of sulphide ores in a feldspathic
gangue . . . . These lean surface carbon-
ates all represent sulphides in depth. Ex-
perience heretofore tends to show that the
average copper content of the sulphide ore
is low, but, being capable of concentration,
a comparatively lean average may be eco-
nomically valuable. The iron of such con-
centrates supplies a flux to a limited extent
for handling the siliceous and aluminous car-
bonates, and, when roasted, an acid solvent.
There is no field where metallurgical skill
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View of open pit copper mine, Morenci, 1952.
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This concentrator, for treating the sulphide
ore, originally had a capacity of 5,000 tons per
day, and was put in operation during 1924. For
six years both leaching plant and concentrator
were operated. During 1928 and 1929 three ad-
ditional units were constructed, essentially dup-
licating the five older units except that the rod
mills used to crush the ore were longer. Balls
replaced the rods in 1934, and in 1935 all mills
were speeded up. This change, in conjunction
with additions to the intermediate crushing
plant, increased the capacity from 8,000 tons
per day to 16,000 tons. It is now capable of
handling 29,000 tons. The plant has kept up to
date in its equipment, and continues to be a-
mong the leading concentrators in the country.

Well designed feeders and conveyor-belt sys-
tems for moving the ore from one machine to
another; electric cranes to facilitate the repair of
equipment, and a modern installation of dust-
collecting equipment are features of the plant.
The gyratory crusher, which eats up chunks of
ore as big as can pass through the dipper,
weighs more than 40 tons. A crane large enough
to lift this machine is necessary to permit rapid
repair work. Individual electric motors for the
operation of each piece of equipment is a fea-
ture, as is also the use of machinery and devices
for the automatic control of operations to the
end that the requirements for labor are mini-
mized. Entirely aside from the town itself, from
the power plant, the leaching plant and various
shops and auxiliaries, the concentrator and
crushing plant represent an investment of almost
seven million dollars. The new smelter at Ajo,
constructed at a cost of over eight million dol-
lars, began operations in 1950 and resulted in
the saving of many hundreds of thousands of
dollars annually in freight charges.

The New Cornelia enterprise has produced
3,156,000,000 pounds of copper from 200,146,000
tons of ore, up to January 1, 1957. This produc-
tion, together with gold and silver values, had
a gross value of 625 millions of dollars. As stated
before, New Cornelia paid its first dividend in
1918, and from that time to the time of its ab-

sorption by Calumet & Arizona Mining Com-
pany in 1929, the company had paid $18,630,000
in dividends and had produced 620,000,000
pounds of copper. Its subsequent earnings have
not been published separately from the total
earnings of the Calumet & Arizona, and the
Phelps Dodge Corporation, but based upon the
early dividends, which averaged three cents
per pound of copper produced, it may be con-
servatively estimated that the mine has earned
$94,000,000 in dividends from 1918 to 1956 in-
clusive. In addition, it has ploughed back many
more millions of dollars for additions to, and
improvements of plant equipment. The company
has about 1,400 employees on its payroll. It has
built about 800 homes for its employees, and
the taxes which the company has paid, have
provided an excellent school system for the
children of the community. The company also
maintains a first class hospital for the communi-
ty. Ajo is an unincorporated town with a pou-
lation of slightly under 7,000 persons, and the
livelihood of all these people is dependent in
some way or another upon the New Cornelia
mine. The Company’s payroll last year (1956)
was over eight million dollars.

Ore reserves are not published, but the mine
is unquestionably good for many years’ life. The
erection of an eight million dollar smelter in
1950 indicates that.

The ratio of waste to ore has been roughly
1.50 to 1 the past four years. Before that, it
ranged from less than .50 to 1 up to 1.20 to 1.

When one considers the many failures in the
early attempts to make the mining district pay,
(proving that it was no bonanza in its earlier
years), New Cornelia is impressive as another
example of how vision and capital have con-
verted a mountain of rock into copper metal. It
should be a source of pride for all the company
employees to be a part of an enterprise which
is creating wealth every day. New Cornelia is
another Arizona mine that was made, not found
— a monument to the memory of Capt. Green-
way and Dr. Ricketts and to their worthy suc-
Cessors.
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STORY OF THE MERENCI OREBODY

The Morenci Branch of the Phelps Dodge
Corporation has averaged a production of 245
million pounds of copper per year since it be-
gan production in April, 1942. In 1950 it pro-
duced the amazing total of 309,353,406 pounds.
This production is all the more impressive when
one realizes that it equals the capacity produc-
tion of the four new Arizona developments, San
Manuel, Lavender Pit, Copper Cities and Silver
Bell. The Morenci Mine is the largest copper-
producing mine in Arizona. In addition to cop-
per, the mine has produced as by-products,
gold, silver and molybdenum concentrate.

The Morenci orebody, from which this copper
has been taken, is located in the Eastern part of
Arizona, about fifteen miles from the New Mexi-
co border, and 70 miles by road from Lords-
burg. Though the Morenci mine has produced
some ore from rich fissures that traverse the de-
posit, it is essentially a district of low grade ore
which was recognized as such as far back as
1904. Development work pushed spasmodically,
increased the tonnage of known ore, but the av-
erage copper content was only a little above 1
percent, or 20 lbs. per ton, exploitation was not
attempted. In 1929 when Mr. Cates resigned
from Utah Copper to accept the presidency of
the Phelps Dodge Corporation, his experience
with the Utah Copper enterprise and the Ray
Mine block caving development, naturally
prompted him to push the exploitation of the
Morenci orebody. Here was a problem worthy
of his great abilities.

EARLY HISTORY OF THE DISTRICT

Rickard, Joralemon and Parsons have written
interesting accounts of the early history of the
Clifton-Morenci mining district wherein the Mo-
renci orebody is located, and much of this story
was gleaned from their writings. The district
was first of the southwestern copper camps to
become important. Spanish and Mexican ex-
plorers had reported the presence of copper in
the precipitous mountains north of the Gila
River early in the nineteenth century. In 1864,
Henry Clifton and a group of prospectors from
Silver City, New Mexico, rediscovered the rich
copper carbonate ore, but the district was so
remote they made no attempt to locate the
mines. Six years later, a prospector named Isaac
Stevens, together with Bob Metcalf and six

others, found striking outcrops of beautiful
green copper carbonates near the top of the
limestone cliffs two thousand feet above the bed
of Chase Creek. They located the first claims in
1872 and founded the town of Clifton in the
deep canyon where Chase Creek and the San
Francisco River came together.

A little one-ton adobe furnace was built by
the Leszinsky brothers who organized the Long-
fellow Copper Company in 1873, to smelt the
20 percent ore from the Longfellow mine. They
later built a larger blast-furnace plant at Clifton.

The first concentrator was built in 1886, but
the ores were principally oxidized, and direct
smelting ore still supplied most of the produc-
tion. As early as 1893, the mining of somewhat
leaner porphyry ores, containing copper in the
form of sulphide mineral, chalcocite, was com-
menced; but these still were of comparatively
high grade and the concentrators were plants
of only 100 to 400 tons daily capacity. The back-
bone of operations was still the production of
rich oxidized ores for direct smelting. They as-
sayed 10 to 15 percent copper and the sulphide
milling ores assayed 3 to 4 percent. Although
the concentrating ore was typical of that in the
Porphyry group of mines, except for its richness,
Morenci can hardly be claimed to have been the
pioneer in large-scale operations on lean copper
ores, which honor unquestionably belongs to
Jackling at Utah.

The Longfellow was the nucleus for the group
that was subsequently acquired by a syndicate
of capitalists who organized the Arizona Cop-
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