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Over a hundred years ago General Stephen Watts Kearny and

a troop of U.S. soldiers encamped at Mineral Creek. One of the officers

in the group was far-sighted enough to observe the large ore deposits in

the area, and he prophesied correctly that a man would one day. put this
extensive ore body to good use. Time has shown how correct he was.
Prospectors wandered through the area during the next few decades
prospecting more for silver than anything else. A little was found, but it was
the copper ore found lying under the surface of the ground that proved

the lure which attracted large investments. # Since the time a prospector first
. named his claim Ray, in honor of his daughter, the name Ray has become
, Synonymous with copper in Arizona. The Ray Mine operated under several
companies before Kennecott Copper Corporation took over in the early 1940’
and eventually turned the underground operation into the nation’s seventh
largest open-pit copper mine. # The men who trudged through these hills a
hundred years ago would be amazed at the changes that have taken place since
. the initial discoveries were made. More money than they ever dreamed
existed has been invested in Ray Mines Division in the past twenty-five years.
to increase production and, at the same time, increase its importance

to the economy of the state, ® Literally the horse and buggy days of a hundred
years ago have been replaced by what we commonly call the ‘jet age’ now.

Man continues to explore the earth, and now is setting sail for space and

the new worlds beyond. Copper will play an ever-increasing role in

the world of the future — a role that perhaps we haven’t even dreamed

about. It is interesting to think about, and makes us realize how important

the work we are doing now will be to the generations which follow us.

1. G, PickERING
General Manager
Ray Mines Division




Typical old-time mine, right, had a
head-frame of heavy timbers atop its
vertical shaft. Winch and cable
hoisted ore buckets to surface.

Blast-holes for explosives were hand-
drilled in the rock. Ore was hauled in
wheelbarrows or small mine cars.

The large mines hauled ore out in
tandem-hitched wagons drawn by many
teams of horses or mules — over
dangerous mountain roads. Some mines
used pack-burros to transport ore.

Few early-day miners were fortu-
nate enough to have wives to boil
their laundry. A great many were
forced to ‘“‘batch it'" — or take up
residence in a boarding house.

Above photo shows the wood supply
which was needed by an early-day equipment, food, and medical sup-
smelter. Obtaining coal was too costly. plies to mines through Indian country.

Once a prosperous community, this
mining town was abandoned long K
ago to the coyotes, lizards and bats.




—through wages and salaries, taxes, plants
and equipment, and purchases in the state.

These “before” and “after” photos, taken almost fifty
years apart, tell a dramatic story — and one of signifi-
cance to Arizona’s economy.

The top picture shows the mountain as it looked in
1912, when it still contained enough fairly high-grade
ores to be profitably operated as a “shaft, drift, and
tunnel” mine. But with each passing year the ore be-
came l)l'()gr(‘.\\i\'vly lower in copper content — until,
in 1948, the mountain was judged by experts to be
worthless for further underground mining.

Kennecott engineers dedicated themselves to the task
of finding a lower-cost method of extracting the vast
quantities of low-grade copper ore still remaining in
the mountain. The answer — open pit mining — required
the investment by Kennecott of millions of dollars in
new equipment and machinery.

The lower photograph, taken in 1961, shows the result

— an open pit mine 126 times larger than a college
football stadium.




Open pit mining:

—
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" Years before actual excavation begins,

an exploration crew drills hundreds of test-holes

to locate and take samples of copper ore deposits
that lie buried in the mountain. At that time,

maps and other records are made — from which

-

mining engineers develop a long-range Master Plan
for excavating the ore.
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Left: Survey crews at Kennecott's Ray Mines Division, using
Master Plan maps which have been frequently up-dated to keep
them current, mark spots where blast-holes are to be drilled.
Tractor-mounted rotary drills move in to sink 45-foot holes.
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Below: Under supervision of the Blasting Foreman, each hole
is loaded with the precise amount of explosives needed. The
most rigid safety precautions are observed in the blast area.
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Hauling and dumping
6,500 pounds of ore
and rock — to get

17 pounds of copper

The ore at Kennecott’s Ray Mines Division averages
only 85/100ths of 1% recoverable copper —just 17
pounds of copper per ton of ore. And for every ton of
ore recovered from the pit there are 2} tons of
additional rock which must be removed. This material
is all sent to special dumps. Much of it is being
leached with acid and water to recover the small
amounts of copper it contains. In the future, dumps
containing material now considered to be “waste”
may also be leached.

Each bite of the 15-yard dipper on
this giant electric shovel contains
over 20 tons of material for the
85-ton truck. A truck and shovel
represent an investment of over
one million dollars.

One of Ray Mines Division's newest
electric shovels can fill an 85-ton
truck with 4 scoops of its huge dip-
per. The blade-equipped vehicle is
used to help keep haulage roads
clean.



After the blast-holes have been loaded with Continuous blastingand haulingturned

explosives, the charge is set off (left) and former mountain into huge man-made crater
upwards of 40,000 tons of copper-bearing at Kennecott's Ray Mine. Each stair-like
material is broken, ready for loading. “bench'’ is 40-feet high.

Samples of the rock broken by the blast are One example of the sophisticated equipment

taken by Quality Control workmen to be used in modern mining operations is the
assayed and classified as ore to be milled atomic absorption spectrophotometer shown
or material to be leached. here being used by Quality Control technician.



To provide better working conditions for Kennecott's
workmen — and to minimize abrasive wear on equip-
ment — dust is controlled by frequently sprinkling the
truck haulage roads with water.

Kennecott's large fleet of haulage trucks — two of which
are shown below — is maintained in top mechanical
condition for around-the-clock use by crews of three
8-hour shifts.
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Even a giant haulage truck — upper right corner
of photo — looks small compared to mountain of
waste rock onto which it is dumping 85-ton load.

Material classified as ‘““ore’” is hauled by trucks
and dumped — one truckload approximately every
5 minutes — into Primary Crusher, which prepares
it for shipment to Reduction Plant.



Starting the trip from mine to smelter

[t takes excellent long-range and day-to-day planning to maintain a smooth,
uninterrupted flow of copper ore from Kennecott’s open pit mines at Ray,
to the Reduction Plant in Hayden — a distance of twenty-two miles. It also
requires a high degree of efficiency in the utilization of both manpower

and equipment during every step of the journey from mine to smelter.

The Primary Crusher's powerful mechanjcal action reduces the
freshly-mined ore to chunks no larger than 10 inches. A conveyor
belt moves the ore to the top of a Loading Tunnel. 100-ton-capac-
ity cars are then loaded through chutes in the top of the tunnel.

To maintain daily production of 25,400
tons of ore, seven 38-car trains make the
trip every 24 hours from Ray to Hayden.
On their 22-mile journey, these trains
traverse picturesque, sparsely-settled
country that is little changed from the
days of ‘““Boom and Bust'' mining.



Upon arrival at Hayden, a whole train-
load of ore can be unloaded in minutes.
The ore cars, of side-dump design, un-
load their cargo in Kennecott's big
underground Track Hopper. Over 50 feet
deep, the Hopper has a capacity of 6,000
tons — over 1'% trainloads of ore.
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At the bottom of the Track Hopper there are six
hydraulically-operated ‘‘feeders’’ that supply ore
to three 48-inch wide conveyor belts. They take
the ore up an incline for a distance of 535 feet
to a point high inside the huge Crushing Plant.




Sketch aboveis an overhead
view of a cone-crusher. The
two dotted circles show how
cone-shaped ‘‘head’’ re-
volves and crushes ore
against the outside walls of
a crusher.

This Control Panel operates
the entire crushing process.

10

on conveyor belts to the mill

Crushing and transporting ore

The function of the Crusher Plant is to reduce the incoming random-sized

/

ore from the Mine into sizes %-inch or smaller. The ore passes through
three Second Stage and four Third Stage cone-crushers. The above diagram
shows, in simplified form, how the ore is processed in the Crusher Plant.

Ore from Track Hopper enters on a con-
veyor belt (1). Bits of ore which are
smaller than 1l4-inch fall through a
double-deck screen directly onto belt
that by-passes crushers. Large chunks
of ore are diverted by top screen (2) into
Second Stage Crusher (3). Lower screen
(4) diverts intermediate-sized ore larger
than 14-inch onto conveyor belt (5) that
also carries ore crushed by Second
Stage Crusher up incline to 14-inch
mesh screen (6) which diverts ore larger

than that measurement into Third Stage
Crusher (7). Conveyor (8) receiving ore
from Third Stage Crusher transfers it
to belt (9) that empties onto conveyor
“feeding'’ 14-inch mesh screen over
Third Stage Crusher. This ‘‘closed cir-
cuit’"” system re-circulates all of the ore
which enters the Crushing Plant until it
is small enough to fall through 14-inch
screen onto the bottom conveyor (10)
which carries ore toward the Fine Ore
Storage buildings.




““Weighing a mountain in motion."
As it leaves the Crusher Building
on conveyor belt a “weightometer”’
keeps a record of the ore tonnage
produced by each eight-hour shift.

Below: This conveyor is the longest, 2067 feet, in the network of
conveyors connecting Kennecott's vast facilities in Hayden. Ore is
transported by it from Crusher to the big Fine Ore Storage Building.

The smaller of the two buildings above
is the “Transfer House'' that receives
up to 1800 tons of ore each hour from
Crusher, and deposits it in the larger
building which is Fine Ore Storage Bin.
This tent-like steel and concrete build-
ing is longer than a football field and
has ore storage capacity of 28,000 tons.

The “dry grinding” cycle — which
began at the mine’s Primary Crusher
in Ray — is completed by the storage

of finely crushed ore in Fine Ore Bin

at Hayden. 11




Milling and Grinding

Reducing copper ores to powderfineness

The “wet grinding” cycle begins when the
minus-half-inch ore is mixed with water and fed
into the six Grinding Sections at Kennecott's
Concentrator in Hayden. Each of these sections
is headed by a rod mill for coarse grinding, ball
mills for fine grinding and cyclones

for classification.

Left: A Kennecott grinding operator checks flow of finely
crushed ore into one of the rod mills. Man at upper left
of photo is a ball mill operator.

The end-plate of a rod mill, below, was removed to
permit taking this photograph. The round objects are
the ends of heavy steel rods that tumble over and
over as the mill revolves. Copper ore, mixed with lime
and water, is pulverized by this action.




OVERFLOW
DISCHARGE

SLURRY
FEED
ENTRANCE

Cross section view of a cyclone shows

where the slurry of finely-ground ore

and water is fed in under pressure. Tiny A
particles, properly sized for flotation,

are carried off in the overflow, while

larger particles not yet ready for flota-

tion drop out by gravity as the underflow.

This material will be subject to regrind-

ing and then cycloned again for proper
classification.

APEX VALVE

UNDERFLOW
DISCHARGE

Battery of 16 ball mills pulverizes rod mill discharge to further fineness. Classification by
cyclones at various points in the milling circuits determines if the material is ready for flota-
tion or further grinding. Ball mills work like rod mills, except that baseball-size steel balls are
used to crush ore instead of tumbling steel rods.

In the “‘wet grinding'' circuit, cyclones are used at vari-
ous points to properly size the material for optimum
flotation recovery. Material rejected for flotation feed is
returned for regrinding.

13



Flotation:

Tiny ore particles “hitch-hike” a ride
on rising bubbles

In the Flotation process, the ore — mixed with two
reagents, a “frother” and a “collector” — flows through
flotation cells. The sketch below shows an end-view of the
cell and the collecting “launders” on each side. Agitation
in each cell section is provided by a whirling disk to create
bubbles from the “frother”. This action causes millions of
oily, sticky bubbles to form and rise, carrying ore particles
up : and over the top of the cell’s center section into
“launders” on each side.
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An important unit in controlling the quality of the concentrate copper is the ““On-Stream
X-Ray Analyzer." It provides immediate information about the chemical makeup of
materials from five key stages in the flotation circuit.
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Three Step

l Mining. Working around the clock, we remove an average of
m 25,400 tons of ore every day from our mine at Ray, along
with about 75,000 tons of overburden, or waste material. These
figures do not include ore for processing in the Silicate Plant. The
usable ore contains only about 0.85%, copper — about 17 pounds of
copper per 2,000 pounds of ore. &

2 Milling. By the time the ore moves through primary crushing,
sill3 s secondary crushing and the wet grinding cycle, it's about
TO MARKET (L1 R etk ¥ the consistency of beach sand. Cyclones are utilized to separate
OR FURTHER ‘ B the very fine flotation size material from larger bits, which are re-
TREATMENT turned for additional grinding. In flotation,the dust-size ore particles
are subjected to a chemically-treated solution which separates the
copper particles from worthless waste called ‘‘tailings.”” A concen-
trate of 209, copper is produced in flotation. Before this concen-

LEACH DUMPS

99.9%, PURE
COPPER

%, 2 trate is sent to the smelter, molybdenite is removed by additional

o . flotation. The ‘““moly" concentrate is sent to Kennecott's Utah
ol operations for processing into a saleable product.

- —— Smelting. Heat and more heat does the job here. At a tem-

COPPER PRECIPITATION PLANT m perature of 2800°F., the concentrate melts in the reverber-

Solid lines on the above flow chart indicate flow of
the normal mining, milling and smelting operations.
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atory furnace, worthless slag floats to the top to be skimmed off,
while the matte, a mixture of iron, sulphur and about 309, copper,
is tapped from the bottom of the furnace. Iron and sulphur are
removed in the converters, and the resulting ‘‘blister copper’
(99.59, pure) is then further purified in the anode furnace. The
orange-hot liquid is poured into molds on the slowly revolving anode
casting wheel, and comes out as 700-pound wedges or ‘‘anodes."
From Hayden, the copper goes to Kennecott's electrolytic refinery
in Maryland. Though they're 99.79%, pure copper when they leave
Arizona, our anodes need still further purification before they meet
today's exacting standards.

SULPHURIC I
ACID PLANT

ANODE
CASTING WHEEL

Completed in 1969, the Silicate Ore Leach Plant in the mine area and the
Acid Plant, adjacent to the smelter at Hayden, together will result in about SULPHURIC ACID TO SALE
24,000 tons of new copper production annually. The acid is used to leach,
or dissolve, the copper in the silicate ore. The acid-water-copper solution
is circulated through the electrowinning cells, electrical current is passed
through the solution and the copper is plated onto starting sheets. The
resulting copper cathodes are almost 100% pure. More details will be
found on page 29

Broken lines on the above flow chart indicate flow of the 17
Silicate Ore Leach Plant and the Acid Plant operations.
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Water Conservation: 13,400,000 gallons per day...

The amount of water available to Kennecott's Ray Mines
Division for processing copper ores is limited by Govern-
ment decree, which apportioned water in the Gila and
San Pedro rivers to the legal users. It was therefore nec-
essary, in order to (‘.\p;m(l copper pr()ducti(m to its present-
day capacity, to devise methods for reclaiming and

re-using large quantities of water. This has been accom-
plished by building the above Water Reclamation Unit
and a tailings water recycle complex. The latter unit con-
sists of huge siphons on the pond to recover water and
piping to move it to a 10 million gallon holding pond where
it is pumped back to the mill circuits.
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A Kennecott workman walks over bridge-like
structure alongside big pipe through which
tailings flow to center of the 325-foot-
diameter Tailings Thickener at Hayden.

Tailings pour into a 900-acre disposal area.
A crew of 13 men, two drag lines, three doz
ers and two scrapers are required to build
dikes, maintain and patrol them around the
clock. Water in the pond is siphoned off and
sent back to the mill for re-use. Photo at
right: night dike-walker.

This device utilizes radioactive isotopes to
measure density of tailings, and to activate
valves which maintain most efficient ratio
of water to the waste materials.

This dial records the amount of tailings
handled by the thickener pond, and other
information about system’'s operation. Sav-
ing: 5 million gallons of water per day.




Smelting:

that liquefies metals

Above: The wet copper ‘‘concentrate,” which at this
stage contains 209% copper, is dried on these disc-
type vacuum filters. After being dried, it goes to
storage bins — and from there to Smelter Building.

Kennecott workmen, in lower left corner of photo at
right, are dwarfed by immense size of the equipment
in Converter Aisle of Smelter Building. High above
them another Kennecott workman operates huge
crane that travels full length of the Converter Aisle.




This sketch shows how copper concentrates

are liquefied by 2800-degrees Fahrenheit heat

in 35-by-120-foot Reverberatory Furnace. The

molten material, called the ‘“‘bath,” is main-

e tained at a depth of four feet. It consists of

_.:‘} — “slag,"” which contains valueless impurities —

and of ‘““matte,”” which is a mixture of iron,

sulphur, and copper. Slag floats to the top and

is skimmed off into steel pots of 15-ton ca-

pacity which are mounted on rail-cars that haul

it to disposal area. The matte flows into 20-ton

capacity steel ladles, for transportation by
overhead crane to a Converter Furnace.

At a safe distance from molten metal, operator of Matte Tapping Machine extends Kennecott workman at left of photo below is operating controls
long two-inch drill and bores a hole in furnace wall — allowing matte to flow into that move matte-car, containing 20 tons of matte copper, into
huge steel ladles. Later, the tap-hole will be filled with wet clay extruded under Converter Aisle. The ladle will be lifted off car by overhead crane
intense pressure from the tube above drill which bored hole. and taken to one of the three huge Converter Furnaces.




SLAG

Left: A slag train of three steel pots, each filled with 15 tons of molten
waste matter, makes trip from Reverberatory Furnace to disposal area.

Below: Pouring of slag at night creates a spectacular sight. It flows down-
hill like lava from a small volcano crater, and solidifies as it cools into
rock-hardness. Result: man-made mountains that never stop growing.




MATTE

Matte is poured into cylindrical
Converter Furnace. Then com-
pressed air is blown into it, caus-
ing sulphur in the matte to go up
the flue in form of sulphur dioxide.
A new plant processes the SO; into
sulphuric acid, which is used to re-
cover copper from silicate ores.
Iron impurities become iron oxide,
are removed by adding silica rock
flux to form slag that is skimmed
off for reprocessing.
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Sampling...

Quality Control department plays a vital role in
mining, milling, and smelting of low-grade copper ores
by Kennecott’s Ray Mines Division. Analysis of
rock samples taken in the pit enable the production
planners to schedule the most efficient handling
of material — and to supply the Reduction Plant and
Smelter with an uninterrupted flow of the
required quantity and quality of ores. Around-
the-clock sampling also provides a constant check
on the operating efficiency of each process
and piece of equipment.

As molten copper is poured from Converter Furnace into giant
ladle, a Kennecott workman on a platform uses long-handled
‘‘spoon’’ to collect a sample for analysis by Quality Control.




Left: Twenty tons of molten ‘‘blister’’ copper — more than 999
pure, but still not yet pure enough to be used commercially —
is transported by overhead crane and poured into Anode Furnace.

...and casting

Molten copper is refined by blowing in propane
gas. When the proper grade is reached, the
anode furnace rolls and fills a pouring

spoon — which, in turn, fills the molds on

the slowly revolving casting wheel. The shape
of the molds forms the metal, as it cools and
solidifies, into wedge-shaped slabs with ear-like
projections. The ears simplify handling,

and will be used later to hang the anodes

in tanks for electrolytic refining. After

partial cooling, anodes are lifted from the
molds and immersed in water for further cooling.
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Despite the 99.7% purity of the anodes,
the copper is still not free enough
from impurities to be used in
manufacturing. The output of the Ray
Mines Division’s smelter is sent to

the Kennecott Refining Corporation

in Maryland for electrolytic refining.
There the grade of the metal is
increased to 99.997% pure copper

by dissolving the anodes in an acid
solution, then “plating” the copper
onto pure copper sheets.

26
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Anodes, after being approved by Quality Control, are picked
up, several at a time, by fork-lift trucks and loaded in railroad
cars for shipment to the electrolytic refinery.

Aerial photo shows Smelter Building and supporting facilities

of Kennecott Copper Corporation's Ray Mines Division in
Hayden, Arizona. For each 700-pound anode produced here,
98,000 pounds of copper ore must be processed.

- ————




MINE-WITHIN-A-MINE

Milk of lime required for “pH” control
in the flotation process at the Hayden
Concentrator, is produced in a special
plant. Impure limestone comes from
aquarry one mile east of Hayden.
Some 6,000 tons per month are treated
in Kennecott’s Lime Processing Plant,

Lime Processing Plant consists of four sections:
crushing, screening, calcining, and slaking. It
takes only three men to operate plant, which can
process 200 tons of lime rock per day to pro-
duce 100 tons of burned lime.

Lime quarry's operation is similar to the Ray copper mine. Blast-holes are
drilled in the lime rock; an explosive charge is detonated; the broken rock
loaded by shovels into trucks and transported to the Lime Processing Plant.

Like all Kennecott's facilities at the Ray Mines Division in Hayden, the Lime
Processing Plant utilizes conveyors to increase efficiency, cut costs.

27
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Moly Plant

Early in 1967, Ray Mines Division began
operation of a nml\l)(l( nite or “Moly” Plant
for the first time in its history. The p].mt
utilizes the latest in me m]]ms_,lc.l] techniques
to recover molybdenite sulfide that
previously went out to the tailings ponds.
The m()l\ concentrate is now shipped to
Kennecott’s Utah Copper Division for
processing into marketable molybdic oxide.

Some 900 tons of copper concentrate containing
minute amounts of molybdenite are processed
daily. Steps include conventional flotation in me-
chanical cells such as those shown below — fol-
lowed by steps of cleaning, filtering, drying.

The control center for the Moly Plant is the heart of the operation. Direct
reading meters allow the operator to constantly check and adjust the flow
of material from one phase to another.

The Moly Plant is located immediately adjacent to the concentrator building
at Hayden. Included in the over-all project are railroad car-loading facili-
ties to allow bulk shipment of the moly concentrate direct from the plant.

——




Silicate Plant

Silicate ore is brought from the mine by huge haulage trucks and
dumped into the ore pocket at the primary crusher @ where an 84”
by 60” jaw crusher breaks the ore down to seven inches in diameter.
The coarse-crushed ore is taken by conveyor belt to the stockpile @
and, when needed, is conveyed to the secondary and tertiary crusher

Sands Circuit:

Sands are taken by conveyor belt to the leach vats @ where, with the
aid of “‘bridging conveyors,"" they are deposited in the 100" by 110’
vats. The bridging conveyors span the vats and run the length of the
vat area on railroad tracks. There are 14 leach vats, each running on a
14-day cycle — one day for loading, ten days of leaching and three days
for the washing and unloading operation — and each holding about
10,000 tons of ore. During the ten-day leach period, a sulphuric acid
and water solution is pumped into first one, then another of the vats,
until it has passed through all ten of the vats being used for leaching.
As the solution goes from vat to vat, it dissolves more and more of the
copper in the ore and finally, heavily laden with copper, is pumped into
the solution storage tanks @ . Following leaching, the spent ore is
washed and then removed from the vats by a large clamshell suspended
from a giant gantry crane, and finally sent to a tailings pond. In the
electrowinning building @ , the pregnant solution is pumped through

building @. Cone crushers reduce the ore to minus 35" and it is moved
to fine ore storage @. In the classifier building @ a two-step classifica-
tion is made using dry sizers, followed by rake-classifiers. All material
over 80-mesh (3/16 of an inch) goes to the vats in the sands circuit,
while the balance starts through the slimes circuit.

400 cells in which are suspended thin copper sheets. An electrical cur-
rent passed through the sheets and the solution causes the copper to
be plated onto the sheets and recovered. The cathode copper resulting
from electrowinning is 99.9+ % pure and ready for market.

Slimes Circuit:

At the classifier building, slimes are mixed with weak tails (solution
from which most of the copper has been removed) from the electro-
winning section. These almost dust-fine particles are leached in the
rake classifiers by the acid remaining in the tail solution. The resulting
slurry mixture is then fed through a series of five wash thickeners @
from which the overflow is pumped to a precipitation plant where the
copper is removed. This precipitate copper will then be redissolved in
an acid-water solution and used to make up a portion of the electro-
winning feed. Slimes underflow from the last thickener is pumped to a
second disposal area.




Quick facts about

man’'s oldest metal:

PHYSICAL PROPERTIES OF COPPER

Symbol — Cu . . . Atomic Weight — 63.54
Specific Gravity — 8.96
Melting Point — 1981.4° F.
Boiling Point 4700° F.

Electrical Resistivity — Microhm-cm — 1.673
Tensile Strength — H.D. — 60,000 pounds per
square inch (annealed 30,000)
Crystal Structure — Face-centered cubic
Valence — one and two

-



WHERE THE COPPER WHERE THE
COMES FROM COPPER GOES

(Mine Production of Copper) (Consumption of Refined Copper)

"L

We've sliced up a familiar copper penny
to show the major producers — and the
major users — of man's oldest metal.

THE UNITED STATES produces more copper than any other free world country.
KENNECOTT is the world's largest mine producer of copper.
ARIZONA produces more copper than all of the other 49 states combined.

RAY MINES DIVISION produces some 100,000 tons of Arizona's copper every year
(at the same time contributing $40 million annually to the state's economy).
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Man’s oldest metal, copper, is today contributing more to progress,
the preservation of peace, and the betterment of mankind

copper's role in the than at any time in history. Kennecott’s role will continue

to be an important one in the World of the Future — for Kennecott

World of the Future is the world’s largest mine producer of copper.

Drawings courtesy of North American Rockwell Corporation
and Lockheed Missiles and Space Company
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Off-the-job

Citizenship

Kennecott is proud of the excellent
citizenship record of its employees at
Ray Mines Division. They play a vital
role in civic affairs, Parent-Teacher
and Scouting work, and the en-
couragement of character-building
sports and activities for boys and
girls. Their record of donations to the
Red Cross Blood Bank and purchases
of United States Savings Bonds is

Kennecott 0

Copper Corporation

Ray Mines Division

TOURS

Ray Mines Division offers
individual and group tours
for persons over 12 years
of age. For full information
contact the Public
Relations Department.

On-the-job
Safety

The National Safety Council rates
mining as one of our nation's most
hazardous industries. Yet, because of
the outstanding Safety Programs at
Kennecott’s Ray Mines Division, its
employees are even safer on the job
than is the average industrial worker
in the United States. And the average
industrial worker is 7 times as safe
on the job as off.

In‘the past half-century tremendous
changes have taken placeinArizona’s -
coppermining |ndustry~— brought -

"about byimproved mining techhology
.and the |nvestment .of hundreds .of
tmllllons of dellarsi in Iarge scale,h[gh e
e ffi clency facmtxes forthe mining,

/milling, and smeltmg-} of low-grade

Extra cnpdes of:this. pubhcatmn
--may be obtamed Yy writing 1o the

Hayen, Arizona 85235




Ray pit factsheet

Owned hy: Kennecott Copper Corp.
Location: South of Superior on state route
177, Mineral Creek mining district, Ray,
Arizona.

Production: 45,000 tpd ore grading 0.8%
sulphide Cu and 0.9% silicate Cu over a
five-day week; 90,000 tpd waste over a
seven-day week.

Startup: 1911 as underground mine;
1952 as an open pit, after four years of
prestripping.

fMajor mining equipment
Drills (rotary): Five Bucyrus-Erie' 40R (9-
in. ' bits), two Bucyrus-Erie 60R (97%-in.
bits).
Shovels (electric): Two Marion 4161 6-cu-
vd, three P&H 1600 7-cu-yd, three Marion
161M 15-cu-yd, one P&H 2100 15-cu-yd,
one P&H 2800 25-cu-yd (just erected).
Haulage: 12 85-ton Dart trucks (inactive
on present schedule), four 100-ton Darts,
33 120-ton Wabco trucks.
Ancillary equipment: Three Cat 16
graders, two Cat 14 graders, one Cat 814
rubber-tired dozer (all for road mainte-
nance), plus nine rubber-tired dozers, two
D9 dozers, six D8 dozers, three TD25
dozers, one HD21 dozer. :

copper and nonsulphide copper, together with estimated
concentrate grade and probable recovery factor. Each
section of the sampled bench face is then color-flagged
as silicate ore, sulphide ore, or waste. The cutoff grade
for ore is currently 0.4% Cu. Ray now mines 45,000 tpd
of ore—30,000 tpd of sulphide and 15,000 tpd of
silicate. '

Along with regular operating personnel, Ray employs
quality control technicians in the ficld on all production
shifts. They are there to advise pit supervisors on all
questions concerning the quality of ore sent to the
crushers. In cases where further refinements of mill head
blending is needed, a front-end loader is assigned to dig
and load a specific section of bench.

Production is now concentrated in three pit areas: the
west pit, the central area (mostly sulphides), and the
eastern slope (mostly silicates). Silicate ore is vat-
leached at Ray, while sulphide ore is crushed outside the
pit, then moved 20 mi by rail to the concentrator at
"Hayden. Currently, most sulphide ores are chalcocite
with minor chalcopyrite. The sulphides contain molyb-
denum and traces of gold and silver, recovered in down-
stream processing. Silicate ore is principally chrysocolla,
averaging 0.9% Cu. Waste is removed both from the
perimeter of the pit and from the decper benches, as
inclusions between scctions of ore.

The pit is now 800 ft deep, and onc-way haulage
distances to the sulphide ore crusher, the silicate orc
crusher, and the waste dumps average 5,000 ft, 7,500 ft,
and 9,500 f1, respectively. The waste haul is adverse all

E/MJ—June 1977

- the way. An average of 25 trucks work every shift, fed by

five shovels—two in ore and three in waste. Availability
of shovels, trucks, and the 12-cu-yd loader is figured at
75%, 75%, and 55%, respectively.

"Seven drill shifts per day are needed for blastholes. A
40R averages 350 ft per shift; a 60R, 500 ft per shift. Bit
life averages 3,000 ft, with a wide range of 1,500 ft to
9,000 ft. Blastholes are drilled and blasted in single rows,
on 18- or 24-ft centers, 45 ft deep..

Dry holes are loaded with Carbamite (prepackaged
and oiled ammonium nitrate prills). About 12 50-1b bags
are slit and hand-loaded into each hole, providing for 15
to 18 ft of top stemming with drill cuttings. The explo-
sive column is detonated by a 1-1b Atlas Kinepak booster
attached to the detonating cord downline, 2 ft from the
bottom of the column. }f more than one row is blasted at
a time, 9-ms and 17-ms delays are used between the
rows. Wet blastholes are pumped dry and a plastic liner
is inserted before charging. Holes that can’t be pumped
dry are loaded with explosive gels and detonated with
one Kinepak for every 50 Ib of gel. '

About 900 operating personnel are employed at Ray,
including maintenance and supervisory staff. The oper-
ating costs for mining (excluding depreciation) brealk
down as follows: truck haulage (including tire costs)
32%, haul road maintenance 11%, loading 21%, drilling
6%, blasting 7%, and waste dump maintenance 3%. Tire
life for the Wabco trucks is 5,000 hr, and life of the
Detroit Diesel or Cummins engines is over 8,000 hr
between major overhauls. [7]
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HYPROTHTRMAL ALTFRATION AND ZONING IN THE RAY DFPOSIT e ;

e ,,y.;vg,;g,;: 1l.'_'jf.f :.1]’1';,, ,‘;aa‘,g .
3~C;fH;NPhillips;;N,lA.fGambellvand_D-‘Skggogg;aiﬁwalﬁ_

~ INTRODUCTION =

The Ray copper dep081t is SLtuaLed ln Plnal County,_wpnﬁ

Arlzona, about seventy mlles due north of Tucson..:Theugé-ihy“”:

fflcurrent prOGUCthn from Ray 1s 35 000 tons per day made .
xup of roughly equal amounts of three ore types.:chalcoc1te,flu
it chalcopyrlte and copper 31llcates By far the greater e
Tt‘part of past productlon has been from secondary chalcoclteztiﬂh
v‘ores :VIt lS Only 1n the last decade that the prlmary.
dh sulflde mlnerallzatlon has become an lmportant ore: type
| Desplte the ex1stence in 1968 of detalled surface
UVand subsurface studles of the stratlgraphy and‘structure

and prellmlnary data. on the alteratlon and geochemlstry

b;.‘(Metz and Rose 1966) in- the v1c1n1ty of the Ray orebody, 'p_51~

several pre591ng geologlc questlons concernlng the Ray

| dep051t remalned unsolved Among them were (l) the

pecullar shape of Lhe orebody, Whlch had been developed

B TR D
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"’7‘ff,by drllllng durlng the mld 60 s,,(2) the apparent lack of

’iifirthe symmetrlc zonlng found at SOme other porphyry copper

:j;dep051ts, (3) the dlrectlon and amoant of dlsplacement on -
:fmaJor faults through the orebody and perhaps more 1mportant

“the tlme of thelr movement pre-'or post-mlneral and (4)

| 5dfthe exploratlon related questlon where would the ultlmate -

i,~vert1ca1 and horlzontal 11m1ts of ore mlnerallzatlon be 3:*h

*f‘found?v{The;limit ofvthe1oreegrade*eopperhwas*the.mostlg:

'fi,urgent:ofdthese“questionsfdue to‘neeessary7§ngineering§and.p.e'""'

property dec181onsh

| A rev1ew of the pre 1968 geologlc Work on the Ray
;*dep051t 1nd1cated tnat addltlonal detalled work on alteratlony

%.f and(sulflde zonlng‘Would‘be the best means of further deflnlnguf
hithe Ray geolo y Itvwas assumed that some’ klnd‘of reeular

'dj zonlngumust exlst,fevenbifuatyplcal.grAfter_rndlcatlons‘ot_a;_,
'fpyrite’hhaianere~loeated,ithe‘oopbéftdiStributionlin';
Hvarious rock.t&pesvWashroughedpoutfddbnce thislwas:doneé itdn
i”_pbec‘:aﬁ»le obvious thatithe kayﬂdeposit.was}eoneentricali? e
'.zoned; and the genelal sulflde relatlonshlp dlscussed belou

WasreV1dent1; The prellmlnary study of copper and sulflde,‘

; dlstr1butlon was 'so. successful that by the ~end of 1969 1t

S
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i - At that trme the prOJect was d1v1ded 1'“

{ ‘"‘ﬁs\

' Vertical sections through thulfdytm | Whh, e
'jhape max1mum drllllhole.den31ty and rock type contlnulty
Tffwere selected for the detalled study The purpose here
'lewas to obtalnlthebmaxlmum amount of 1nterpretable data |
‘Q?ln:the mlnlmum‘trne.n Wlthln the.rock types‘_the drlll
v_p;isamples Were composlted 1nto approxrmate 50 foot samples,a.&
"”jfrheany‘mlnerals‘weresphy51cally separated. and the total
‘?’Welght”percent sulflde and magnetlte as well as the:'b“

chalcopyrlte pyrlte ratlos were determlned - The method

'ffused for sulflde and maonetlte determlnatlons was . a phy51calf

."separatlon ﬁhlch tended to: grue‘low values for both total .
5su1f1des and chalcopyrlte pyrlte ratlos.l-Generally these
‘Vnumbers calculate to w1th1n 20 percent of the copper assays;p
and curves plotted from dlfferent data sets con31stently
7have'thehsame“shape. Some_of the'data‘presented here ln
Jgrephic form~have been adjustedlto approxlmate_agreement”l

with the copper assays. -

i
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In the quartzose Precambrlan rocks,ﬁ ssay averages for1f5'“

‘”a'MbSZ were also contourpd but these data were so 1ncomp1eteﬁ-fs

- hl;hthat only a very general pattern was ev1dent,gp_‘;fﬂf*'" '

The scope of the study was 11m1ted to out11n1ng the .

"'7;fvert1cal and horlzontal dlstrlbutlon of those alteratlon

.,gmlnerals Whlch could be readlly 1dent1f1ed w1th a hand lens};;?:fftji

o or petrographlc mlcroscope w1th a mlnlmum of X—ray or |
";mlcroprobe ass1stance.; Because of the tlme 1nvolved no;ffv’

J,vattempt waS‘made to count or estlmate percentages of

f-:speclflc mlnerals, the frequency of occurrence was notedf%.jqpﬁfith

,hby utlllzlng the same system used 1n core 1ogg1ng at Ray*fﬁﬁiwv(m

as outllned 1n Flgure 1 It 1s umportant to stress that"

fthe conclu31ons derlved ln thlS paper are the result of a.
::detalled study of a small portlon of a. 1arge,yconp1exv.-u_
g'porphyry copper orebody Optnnlstlcally, éhéaataiéfé17
da good approxunatlon of the truth and w111 begofbintcfeéts:

V,Z«to those engaged in mlnlng geology or related fields;v



:l'lrhyolltlc;

_ The‘Ray:sulflde system 1s developed in a varlety of S

'g'Precambrlan rocks and 1n Laramlde 1ntru31ves (Flgure 2)*

”lThe oldest ofgthe Precambrlan rocks 1s the Plnal Schlst

'5fThls is. a:sequence of metamorphosed shale, 311tstone, -l’;’ff;.f

';sandstone andjconglomerate w1th flows or plutons of a pi-

R

(g) porphyry Rarely,asome blOtlte rlch zones'ﬁhe

~f_appear tO have been a. porphyry of dlorltlc compos1t10n, f,if?°
o POSSlbly the Madera Dlorlte that crops out north of the ;;_?S
’mlne

the metamorphlsm

Intrudlng the SChlSt but I

”v'ms the Ruln Granlte, a coarsely crystalllne quartz monzonlte,f

'-he‘Although the Ruln does not crop out 1n the mlne area, 1t 1s

con51stent1y encountered 1n the subcrop along the eastern o

A ='51de of the sulflde system B

LA

Overlylng the Plnal Schlst and Ruln are the Ploneer'

-Formatlon and Drlpplng Gprlng Quart21te of the upper .



11$JtheVEQSta,p-»,

”tf.receptlve rock to copper mlnerallzatlon at Ray ;fTheféillsﬂg;tVe

' f.1n the Ploneer Formatlon, the Plnal Schlstland the Ruln fdi:fﬁf'?

"M;Granlte are the most Important hosts of mlnerallzatlon Soﬁe]ﬁif

.;.;;“of the dlabase 1n the Drlpplng Sprlng Quart21te contalns

tlhfore-grade mlnerallzatlon, but most of thlS 5111 1s restrlcted =fiff;i

‘f;fbpver031on ahd;geologlc structdre to‘thebpyrlte halowwv

| . A serles of Laramlde 1nterﬁed1ate to ac1d1c dlkes and
”Jstocks 1ntrude all the older rocks.: Thesevlntrhelves are
V’;édlSCdSSEd 1n detall by Cornwall Banks and Phllllps (1971)
lmThe Ray sulflde system affects most of the Laramlde‘

‘ 1ntru51ons 1nclud1ng the Tortllla Quartz Dlorlte (SOnorabtt.
'Dlorlte of Ransome) the Teapot Mountaln Porphyry quartz'
";monaonlte,:thebGlanlte Mountaln Porphyry and many of the dlkea
. .The sulfldes were 1ntroduced after crystalllaatloh of. '
the Grahlte Mountaln Porphyrf,L nd thls rock 1s asaumed ‘:

to ‘be genetlcally related to the ore depos1t ,The :

L
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unaltered rock is gfanodiorite and commonly porphyritic;
locally, however, it grades into sub-porphyritic énd
equigranular textures. The two breccié pipes;in the mine
"area appear to be aésociated with thé Teapot Mbuntéin
Porphyry. The age of the mineralization is not unequivocally
established, but we believe, on the basis of limited
cfoss-cutting relationships, that the breccia pipes‘and
- the Teapot Mountain Porphyry are younger than much, but

not all, of the mineralization.

Stratified Oligocene, Miocene and later volcanic

L
4

anq clastic rocks overlie parts of the sulfide body. These Gj>ﬁ-wuﬂwi.
aﬂﬂﬁarocksvtend to thin and/or pinch out over the Ray deposit,
| iﬂdicating arching along the_northeaSterly trend of the
Granite Mountain Porphyry intrusions.
The relation of geologic structure to placement of the

sulfide system is obscure. Though the entire region is
complexly faulted,ifault and f;actﬁre zones have no major
effect on the shape of the sulfide or alteration zones
beyond very loéal and minor disruption of the pattern.

The foliation of the schist, which paraliels the trend

of the porphyry stocks as well as the mid-tertiary arching,

\
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may repfeseﬁt some sdrt_qf}degp structure that contrblled
the location of the porphyry stocks, but this is a
proBlematical relationship. At 1eaét one igneous contact
‘aoes modify thebzoning. This is tﬁe north trendiﬁg
contact between Precambrian granite and'schist on the
eastern side of the deposit.

| Two large faults cross the orebody, the
Diabase-Ray-school Fault (hereafter referred to as the
Diébaée Fault) and the Emperor Fault. The Diabase Fault
dips to the west and trendé northerly across the orebod?
and at the surface separates older rocks on the west from
younger rocks on the east, resulting in apparent reverse
Jﬁovement. The Emperor Fault is relatively flaf and is
considered to be a thrust. It is cut by the Diabase Fault
and is known only on the west er-hanging—waltl side of the
Diabase Faplt; The thrust places older rocks above younger
rocks so that at depth the movement on the Digbase Fault is
apparently normal (contrary to the above description). The
direction and total displacement on these faults have never

been determined satisfactorily. The displacement on the

Diabase Fault exceeds 1500 feet, while the minimum movement

Il
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on the Emperor Fault is about BOOOIfeet with some very

late movement indicated on both faults. Obviously, 1arge'

post-mineral dlsplacement of the sulfide system (and orebody)
_v—-'“""‘\\ /‘___/A -//-

must be con31dered as a possibility on both of these faults.

~————\_,___--——_-——ﬁ..‘____,____ e e e e o —— S

The hypogene sulfide minerals identified in or near
the Ray deposit are pyrite, chalcopyrite, molybdenite,
galena and sphalerlte Occasionally, small amounts of

tennantite, tetrahedrlte and bornite have been seen.
HYPOGENE COPPER; SULFIDE AND ALTERATION ZONING

Systematic changes of sulfide éontént and copper grade
related to rock type changes in the Ray'oreﬁody have long
been recognized (Metz, 1964). Consequently, the zoning
study was separated into specific rock units: (1) quartzose
Precambrian rocks, (2)’La;émide porphyry, and (3) diabase.

The distribution of sulfidés'aﬁd the“surfééé location
of the Granite Mountain Porphyry stocks are shown in
Figure 3. The central part of the sulfide system is

characterized by a low content of total sulfide and a high

ratio of chalcopyrite to pyrite. Despite the high percentage

it
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of copper sulfide in the total sulfide, the total copper
in the rock mass is télatively low; consequently, this zone
is referred to as the "low grade care.” The high copper

"doughnut'' surrounding the low. grade core is much more

- copper-rich than the core, even though the ratio of

chalcopyrite to pyrite is lower. This is due to the

increase in the total sulfide content. The increase in

total sulfide continues regularly with distance from the

center of the system and is accompanied by a decreasing

relative amount of chalcopyrite, finzlly resulting in a

high-sulfide, low-copper pyrite halo around the high

]

copper zone.
Note that the center of the sulfide system does not
coincide with any of the porphyry stocks but that the &/

stockqfshthé'southwest-very definitely affects the sulfide

P

zoning.
Quartzose Precambrian Rocks

Copper Distribution

The average copper content intersected in drilling



- of the quartioee‘frecaﬁbrienttdeke1ise§hoﬁn:iﬁFigureA4;>
The contours are in increﬁents of'd;l perEent eopﬁer’end
demonstratefthe circular nature of the’high'copperjzone;
The open area t0‘tHe northwese is eeusea by a'edmﬁination

£ ou«v Lt e :
of sparse drilling data; and a large stock of late or

ﬂ{l?; post-mineral Teapot Mbuntain Porphyry (Figure‘2). The

A ’ ,

k@\;inpﬁT, southwestern bulge is related to the stock of Granite
W T e

J‘ggxﬁ;?r{‘.ﬁ-- Mo?;tain Porphyry located there (Figure 3). The low grade Co

' F .77« core averages from O. 2 percentvcopper to 1ess‘than'0'1 ?wu\
o T g'Z;kw
T percent while the Eigg/gggpg;_ggggfiocallz averages as éy

o ifc*}%?/. high as 0.5 percent. The pyrite halo generally 11es beyond
S the outer 0.2 percent contour.

Sulfide and Magnetite Distribution

Additional details of the zoning are illustrated in
_;/~ the graphs of FiéG;eHS.‘ Except for the data at 600 and
.- _;i{} :“ “2100 feet of Figure 5, all data are from drill holes along
}j'w fa;5JT'the line A-A' in Figure 4. Total sulfide content, percent

“5;13"‘f" chalcopyrite in the sulfide portion of the rock and the

(,1' abundance of magnetite are plotted along this line. The




"10w’gréHe cdfe lies on the left side and the pyrite halo,
on the right. The'tOtal sulfideMCOntéht increases with
distance from the éenter'of the sulfide systemAtd the
-outef part of the high copper zoné‘or inner pyrite halo.

As shown by this particular set of data, there is usually
a break in the total sulfide curve at the boundary between’
the low copper core and the high copper doughnut, éﬁq‘gke
maximum total sulfide in the schist typically falls

between three and'fiﬁe weight percént; thelminimum would -
fall far to the left of the samples blotted in the graph
and would be less than 1 percent. The slope'of'the chalco-
pyrite curve also changes in the high cobper zone with a
éecrease from more than 40 percent chalcopyrite in the core
to 2 ﬁercent or less in the pyrite halo.

The magnetite content in the échist is usually low
with the maximum concentration falling near the exterior
limit of the high copper zone or in the pyrite halo as in
Figﬁre 5.

| The major (graniﬁe-schist) contact noted in Figure 5
is the only known pre-mineral structure which has an

appreciable effect on the sulfide system. Chalcopyrite



. .

increases relative to pyrite, and the percent total sulfide
tends to level out or decrease at the contact. These changes

occur in both rocks and extend laterally as much as 300 feet

.on either side of the contact.

“Alteration Zoning and Paragenesis

- The common alteration products from oldest to'yoﬁngest
are: orthoclase, blOtlte, sericite, epidote, calcite, and
anhydrite. Chlorlte has apparently had a long period of
stability and shows no consistent age relationship to the

other alteration minerals. 3Rutile-%n vein envelopes’is

—

common in small amounts, but its relative age is undetermined;

. . . . . . N"“‘*; -
i#»is:definitely anr alteration product, Epidote probably has

,'/

-

‘about the same age position as sericite. Much of the calcite

// is as recent as epidote, but some could be as early as
orthoclase. Some biotite may also be as old as orthoclase,

\\\EEE~§ome is deflnltely assoc1ated with later velnlng _ This

T T
age sequence is the earllest common Occurrence,,some

overlapping or intermittence with later alteration minerals

is common, ex cept for anhydrlte

T~
e e
e T
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VChalcoﬁyrite and pyrite probébiy appéafed at abbut,the
Vmséme £i§gwas biotite. Though chalcopyrite mineralization
did not normally persist beyond the formation of sericite,
'pyrite veiﬁs de cut the latest pyrité-séricite veins.
Molybdenite appears to be a late sulfide mineral but

probablyunb later than sexigite.
. _4///*\\\_/// ‘—”’f—*\\\\;v/,//”f_“_*’/

T Anhydrlte is rare in the siliceous Precambrian rocksw
mﬂ\\\-““; [

My
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Y L . . T..
S .;"f\‘ of anh drlte is only tentative. rren uartz velns are’
AN - y ¥
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h
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:j \fﬁiif apparently later than most of f‘ sulfides but may pre-date
:?\ééqxfsé é anhydrite. The barren quartz veins appear to be localized
-ii'@ f% in specific areas, but the distribution has not beeﬁ mapped.
,é' ic%yﬁpldote is preéent only in the samples from the pyrite halo
;‘\i % and propylltlc zoné. - |
3 ?’; G"The calcite oécurs‘in quartz or quartz-orthoclase
(§, N ‘;'veigs and apparently crosscuts most of the alteration as
NI .
™ well as the sulfide mineralization. Calcite is mainly

;/

limited to grains and stringers filling the centers of veins
and is not clearly related to any stage of sulfide

mineralization, although there is more calcite in the high

copper zone than elsewhere.

§;‘occurr1ng as late fracture fllllngs, bﬂt.gﬁe age relatlonshlp

'_\, .
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Vein quartz may be formed as early asVOrthoclase,and’

biotite;v'It—certainly seems to occur in almost every type
of vein and‘is rarely absent where.sericite is present. In
the low grade core of thé deposit, the éuartz veins tend‘to -
be thin, and the frequency of occurrence is high -in a

finely reticulated pattefn, The veins become thickér, more
continuous, and fewer in number in the high copper zone and
then grade outward to a very low rate of occurrence in the
pyrité halo.

Sericite occurs within quartz and quartz=-orthoclase
wveins but more ogten is present as an envéloﬁg along sulfide
or quartz—calcife—sulfide veins. Sericite seems to be the
latest major alteration product associated with economically
significant sulfide introductibn.’ The relative amount of
sericite is low within the core of the sulfide system‘and
reaches a maximum from the center of the high copper zone
through the inner portion of the pyrite halo. Though sericite
becomes 1ess.common in the outer part of thevpyrite halq,
the envelopes along quartz or pyrite veins persist into the
propylitic alteration zone.

Because of its creamy-white to colorless appearance



‘and small size of cfystals, orthoclase is difficult to find

in hand spec1mens although it is commonly observed in thln

sections. It normally occurs as a dlscontlnuous selvageb

along veins that also contain quartz, calecite, and variable
amounts of sulfide. Orthoclase is considerébly more

agundant in the core of the sulfide syétem than in the high
éopber zone, but it is found as far out in the system as

the propylitic éone. Orthoclase is ﬁresent in the oldest
véins-and is usually absent in those associated with or

later than sericite. Most of the orthoclase alteration is
believed to pre-date the formation of secondary biotite even
though some formed contemporaneously with or after the biotite.
B Secondary biotite is concentrated in the groundmass of
the siliceous rocks, often in the vicinity of chalcopyrite
veins or disseminations. Selvages of biotite along veinlets
are rare. The biotite is mofe stroﬁgly developed in the
low~copper core and the inner third or half of thé high-copper
doughnut. The amount of biotite decreases outward in the
doughnut as sericite increases, but biotite persists as

sporadic occurrences to the outer limits of the pyrite halo.

Mafic units of the schist are more susceptible to the



development of secondary biotite than the iron-magnesium
« . C . . T;”{_L’!:J'ZL/ . . .
deficient units. These units also contain more copper and
vein magnetite where they intersect the sulfide systemr
Chlorite and clay do not show'any definable pattern
in the siliceous rocks. They occur in trace amounts in all
»parts of the sulfide system. rAithough chlorite and epidote ‘
are the most common alteration products in the propylitic
zone, more chlorite probably exists in other parts of the
/
{ﬂ N/kq,_l-k l;L Fan AR it t)' """"\ et .._-;
sulfide system. Epidote is rare except in the propylltlc

zone, where it may locally constitute a significant part of

the rock mass.
Diabase

Because of the limited drilling beyond the 0.1 percent
copper cutoff, the preore mineralogy of the diabase in the
Ray area is uncertain. Wide variation in the mineralogy of
the diabase is reported in central Arizona (Short and others,
1943; Peterson, 1962;.and Shride, 1967). The 1owef diabase
sill at Ray contaiﬁed significant quantities of hornblende

(Table I) and is almost certainly similar to Short's 'normal

diabase' at Superior.
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Table I Preore composition of the diabase in the

Ray area after Rose, 1960

Plagidclése, Angs_ss o 40-70%
Hornblende or pyroxine ' | .‘ | 25-50%
Quartz ‘ ' 5%
Biotite @) s
Orthoeclase _ ‘ ' 0-5%
Magnetité : | | ' 3%
Apatite | D 1%

The following description of altefation and
mineralization in the diabase is derived primarily from
work on thé lower sill on the easﬁern side of the Ray
orebody. .This sill extends from the core of the sulfide
system eastward into the pyritic halo and is the most
extensive diabase sill within the zone of hypogene

mineralization. 1In the low sulfide, high chalcopyrite



core, much of the lower sill has been oxidized and now

forms a large part of the Ray silicate coppef orebody.
Sulfide Mineralogy

The bulk of the sulfide mineralization in the diébasé‘
is controlled by stockwork ffacturing. VThe sulfides are
concentrated in both the wveins and the adjacent élteration
envelbpes, decreasing outward into the wall rock to
occasional disseminated grains.

Chalcopyrite and pyrite are the major hypogene sulfide
minerals in the diabase. Bornite is present in minor
quantities and is always found as incipient to partial
replacements of chalcopyrité. Bofnifelin the diabase,
schist, and porphyfy is generally restricted to that portion
of the sulfide system in which the abundance of
chalcopyrite exceeds thét of pyrite. Molybdenite in the
diabase occurs most frequently along the outer edges of -
vveins and‘is less abundant than in the more siliceous rocks.
Limited assay data indicate that the highest concentration

~

of molybdenite in the diabase occurs inside the cOpper ore

zone (+=0-40%)-



Sphalerite with minor galena is present in veins with

| chalcopyrite, pyrite, quértz and'calcité. These veins are
laté stage aﬁd occur in the zone oflhighest coppef
concentration and outward through the high pyrite zone.
Tennantite is found in veins with quartz, calcite,
chalcopyrite and pYrite.: The veins are usually.ﬁinkish in

color and are presumably epithermal because of their banded
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Gopper,'Sulfiﬁe and Magnetite Distribution

The horizontal distribution of cbpper in'tﬁelléwer sill
"has been contoured from drill hole data (Figure 6a). The
figure was generated by averaging copper assays from over
100 diamond drill holes that penetrated the sill. The
copper distributioﬁ exhibits a horseshoe shape with the shoe
opening to the north. The north-south elongation of the
horseshoe is perpendicular to the northeasterly t;end of the
porphyry intrusions. If, however, a plot of total sulfides
including those in the pyrite halo is considered, an
elongation approximately paraliel to the intrusions is

observed. The north-south elongation of the copper values

]
N
]
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in the diaBése is probably the result:ofhthe premineral

4
7

distribution'of the diabase because the diabase is termihated
égainst the Emperor Fault on fhé western side of the orebody
(Figure Gb).;}The open end of the horseshﬁe is the result of
the effects sf'post-ﬁineral faulting, intrusion of Teapot
Mountain PorphyryvstOCk and erosion Wﬁich, combined, have
eliminated the diabase in this area. |

Two veftical sections, a-a' and b-b' (Figure 6a), in
an area of fairly complete drilling were selected for a
detailed study of the copper distribution within the sill.
The copper distfibution in diamond drill holes aloﬁg these
two sections is illustrated in’Figures 7a and 7b. Here the
lower diabase sill has intruded the Pinal Schist, splitting
into two branches on the west side of the section. 1In
section a-a' (Figure 7a), the maximum copper grade follows
the top of the sill in holes 1 through 4 and plunges
abruptly between holes 4 and 5. 1In contrast, section b-b'
(Figure 7b) clearly shows mno such répid plunge of the
maximum copper grade; instead, the maximum concentration
of copper appears to deepén regularly with respect to the
top of the sill as the mineralization is followed from

hole 8 through holes 9 and 10. The downward plUngé'of the
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highest,copp2r>va1ues below the diabase is an interpretation

based on data from other drill holes in the near vicinity.'
Figure 8 contains four graphs illustrating the zoning
of copper, total sulfide? chalcopyrite, and magnetite along
4 i - Actdd
~section a-a'. The dashed line in each graph is the average

across the total thickness of the lower diabase sill.

<2

L

In hoies'l and 2 (Figure éa) where the sill branches

around a large included lens of schist, the average copper

ZAGI

content for the top branch is shown by line a, for the
bottom branch by line b, and fér the schist by line c.
The maximum average copper content for the entire thickness
Pf~the diabase sill is in hole 3 with rapidly decreasing
average copper content on eithef side. Note tﬁe bféak in
e ' the curve at hole 5, marking the change from the high
| copper to the_py;ite zone,
The histogram in the upper right-hand corner of
Figure 8a shows the frequency distribution of copper assay
values in the diabase along section a-a'. The positive
skewness in the distribution is the result of an

overabundance of lower copper values. This is to be

expected in a zoned porphyry copper deposit where there

22=
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is low grade copper both in the low total splfide-high
chalcopYrite ébne and in the high total éulfide—low |
chalcopyrite zoné. o

Along section a-a', total sulfide, total magnefite and
the percent chalcopyrite in the sulfides ﬁere determined on

pulp compositeé for each of the holes with the exception of

hole 2. vSémples from this hole were not available. 1In

B ;-

Figures 8b, 8c and 84, pointswé:éhd b represent the uppgr,/f'”'

and lower branches of the di&bgge while point g;ié"the schist.
The total sulfide“content aléng a-é' ﬁy'weigh; is
shown in Figure 8b. An average of the suifidg data_for the
diabase in hole 1 shows that there is little difference
between it and the schist. The sulfide contént gradually
increases from hole 1 to 4, then dramaticaily increases
between 4 and 5. This éhange in gradient represents the
inner edge of the pyrite. halo. In hole 6 the sulfides
begin to drop off as theAstrong sulfide mineralization
weakens outward in the pyrite halo.
The affinity of the diabase for copper is illustrated
in Figure Sc, where the proportion of chalcopyrite in the
sulfides along section a-a' is plotted. The schist in hole 1

shows a drastic difference in chalcopyrite content relative



to the diabase in the same hole. The ratio of chalcopyrite

to pyrite in the diabase is about 83/17kwhi1e in the schist

it is 40/60. Referring to Figures 8a and 8b, the sulfide

content of the schist is approximateiy equal to that of the
diabase, while the copper grade in the schist is lower than
the diabase. From the standpoint of total copper and the
ratio of chalcopyrite to pyrite, the schist in hole 1 is
equivalent to the diabase between holes 4 and 5. Figure 8d
illustrates what the authors beiieve could be one of the more

important aspects of this study: At Ray the diabase contains.

v ;(/ 17 -
Lot En both disseminated and vein secondary magnetite in addition
K ' to primary magnetite.- The shape of the magnetite curve
C s .
SN _
i .
v resembles the copper curve {(Figure 8a).
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Hypogené Alteration

—

Biotite is one of the most common alteration products
phalyatub
in the diabase. It occurs as a fine-grained mesh in vein
envelopes and as thin rims surrounding disseminated magnetite
‘and sulfide grains in the wall rock. Megascopically, biotite
envelopes are easily distinguished from the less altered wall

rock, The width of the vein envelopes is difectly related

to the size and frequency of occurrence of the quartz-sulfide



veins. In a well mineralized area with_strbng stockwork
veining,:thé wall rock méy be totaily altered for ﬁens of

feet. Coarsé—grained (2.5 mﬁ) secéndary biotite 1is encountefed
in some quartz-sulfide veiné and ié ?EEE—EEEEEP in the low

———

sulfide-high chalcopyrite ?2£§ of the deposit.

Two distinct éolor varieties of secondary biotite are
ﬁrésént: brown'énd‘oiive-green. The dark brown biotite‘
exhibits a slight»tendencj to form closer to the vein than
the olive-green. Based on a small number of observations,
the olive-green vafiety becomes more abundant oﬁtward'from
the high copper zone,' The‘diffErenge in color may be due to
variation of the titaniﬁm content (Heinrich, 1965) of the
'Biotite. ‘Additional work iséneeded on the color varieties
of secondary biotite and their distribution in the sulfide
system.

Within the vein envelopes most of the secondary biotite

L

is an alteration product of pyroxene and hormnblende. The

e et ety
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biotitization in vein envelopes is accompanied by alteration
of the plagiéclase to an orange~-brown clay. Secondary
biotite may be present along the twin planes in the

plagioclase.



Secondary biotite in vein envelopes has a widespread

lateral distribution in the lower diabase sill. It is

present in the low sulfide-high chalcopyrite'core outward
/—_~ . ot e

‘through the high copper zone and into the high sulfide-high
—— e — T .

pyfite zone. It is most intense in the high copper zone,
»———'—"M e S B
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where strong biotite alteration correlates with high copper
values.

Secondary magnetite is found in‘the wall rock and vein
envelopes as disSeminatéd anhedral blebs aﬁd subhedral,
needle-like crystals. Both forms commonly are ;ﬁggbaﬁded
by an innerrénvelope of sphene énd an outer envelope of
biotite or chlorite. Secondary magnetite also occurs in
‘veins with quartz and sulfides. In some veins;chalcopyrite_
occurs as islands in magnetite and appears early; however,
chalcopyrite and pyrite veins appear to cut most magnetite
veins. In the high sulfide-high pyrite zone some quartz-sulfide
veins are éut by quartz-magnetite veins that, in turn, are
cut by pyfite veins.

pao T . . .
!"'.;'-' — Secondary K-spar is a rare alteration product in the

Ray diabase. Only occasional K-spar has been noted as pink
S S o
blebs and wisps in veins, and these occurrences show no

apparent zonal relationships within the sulfide system.
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;“ Like orthoclaée;’hjpogene‘éericife in the diabaée is
not abundant within the limits of this study. In the high
sulfide-higﬁ pyritéAéoﬁé; sericite and clay are pfesent as
partial réﬁiaceﬁemts of.plégibclasé in the vein envelopes.v
’Biotite, after the mafic-mineralé; is also present in these
envelopes. - Late stage sphaierite-galena veins frequently
have sericitié envelopes. Where these veins cut ‘earlier
quartz-sulfide veins with biotite envelopes, the biotite is
altered fo sericite. o

/”‘_ o »
"~ Anhydrite was not noted in the thin sections studied;

i
- q

' therefore, the foildwing discussion will be based entirely
on megascbpic observations. Coarseiy crystalline, light
9 purple anhydrite is present as a majo; constituent of some
quartz-sulfide veins. The principai sulfide may be either
E N pyrite or chalcopyrite. Minor quantities of coarse-grained
chlorite or vein biotite with rarer K-feldspar may also be
present. The abundance of purple anhydrite increases with
depth. For some unknown reason the greatest concehtratipn
of purple anhydrite ié restricted to the high copper zone
on the southwestern side of the orebody west of the Diabase

A light green variety of chlorite is common in veins,
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yﬁeinzenveleﬁeslend’the Walllreckf Like"biotite, chlorite
‘mey'envelop”éisseminéted sulfide and megnetite grains in the
wall rock. There is usually some remmant biotite in or
adjacent to-the chlorite, and it is fairly certain that most
of the chlorite was generated later than the secondéry
biotite. Primary hornblende is partially to completely
altered to ehloriteriotite. Chlorite inbvein envelopes
seems to be related to the introduction of late calcite in
the Vein.. éucheveins frequently exhibit an inner chlorite
and an outer biotite envelope. Coarse-grained, leafy
chlorite Wae noted as the chief.constituent of some pyriee
veins in the pyrite halo. Minor quantities of chlorite are
encountered in many veins throughout the sulfide system.

The frequencyrof chlerite occurrence in the diabase increases
outward from the center of the sulfide system.

/ Milky-white calcite in early quartz-sulfide veins
commonly occurs near the center of veins as a filling with
microveinlets cutting the sulfide grains. 1In some cases
calcite floods the vein envelopes and replaces earlier formed
clay minerals. Although it appears to be largely a late
mineral, calcite is most abundant in veins in the high copper

zone and shows a tendency to decrease, both inward and

outward, from this zone. It is theorized that calcite



‘crystallization or deposition may have been favorably

influenced by the calcic nature of the plagioclase

(labradorite) in the unaltered diabase.

[ \‘
Secondary sphene and rutile are present in the altered

‘diabase, and they exhibit a zonal relationship with rutile

closer to the veins,than:sphene. Light-gray to white sphene
envelops some anhedral magnetite grains in the wall rock.

In most cases the sphene is itself enveloped in secondary
biotite or chlorite and may sh&w sbme alteration tb calcite.
Bright orange, crystalline aggregates of alteration rutile
are usually'restricted to the vein enVelopés éssociéted with

strong biotite alteration. The predominant sulfide in the

"vein and the envelope may be either pyrite or chalcopyrite.

Both early and late stage barren quartz veins are
present in the diabase. Mineralized quartz veins are
abundant in the low sulfide-high chalcopyrite core outward
through the high coppetvzone. In the pyrite halo vein

quartz decreases markedly. Fine anhedral quartz is present

‘in many vein envelopes with biotite and clay.

The chief alteration product of the plagioclase in the

diabase is a light orange-brown clay. This alteration is
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" most intense in vein envelopes and accompanies strong biotite

alteration of the mafic minerals. Kaolinite, identified by

X-ray analysis, was observed as a gonstituent of é few
quartz-sulfide veins. Thé varieties of clay preéent in the
vein envelopes Weré not identifiable with the petrographic
microscope. |
’
B Though occasional grains and radiating'crystallipe
//cluéters of epidote occur in quartz-sulfide veins throughout
| the highAcopper zone, epidote is most abundant in the pyrite
~halo where it occurs in pyrite veins and more extenéively in
the vein enﬁelope as én alteration product of plagioclase.
Secondary biotite and chlorite are also present. Granular
epidote rimming and Qeining a clay product in a plagioclase
site suggests that the epidote is a late alteration stage.
Minor quantities of orange to white crystalline
chabazite occur in some quartz4su1fide veins in the ore
zoﬁe and outward through the pyrite halo. Chabazite appears
to be a late-stage vein filling.
A major problem that needs additional work deals with

when and how some alteration features took place, i.e., late

deuteric and Precambrian or hydrothermal and Laramide. An
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—example isqualiﬁizéfion. ‘Much of the pyroxene in the
diabase sho%é\partial to c;mplete alferatiOn to fine{grained
amphibole. One—of=us-{Gambell, who did the work on the
diabasgi'ﬁelieveé that at least part of the uralitizatién
'in the diabase is the result of hydrothermal alteration

because this is compatible with the tendency to form hydrous

silicate alteration products.and-because petrographic studies

-
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to-date yield decreasing uralitization and increasing pyroxene

with increaSing distance outward from the orebody.

Granite Mountain Porphyry

The ﬁorphyry, as exposed in outcrops and in drill core,
does not férm a single stock-like mass centrally located
within the sulfide system but occurs as several irregularly
shaped stocks or chonolithic masses and as smaller dikes
and sills. On a district scale, the distribution of the
rinfrusives is controlled by a poorly defined zone known as
the porphyry break (Metz, 1964), which is SOme 3000 to 4000
feet wide and trends N70°FE away from the main stock on

Granite Mountain. The porphyry masses, dikes and sills
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now exposed on the surface and by drilling were emplaced

and solidified in advance of the main stage invasion of
ore-bearing hydrothermal solutions.

Drilling to depths in excess of 3000 feet has not

— .

‘encountered a'large single stock that would explain'the.

position of the Ray orebody by prov1d1ng a central 1gneous i
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source. Drllllng does 1nd1cate ext°n51ve, small chonollthlc
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_1ntru51ons that roughly connect the outcropplng Gran1te»
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Mountain stocks shown in Figure 2 at depth in the center
of the sulfide system. There is some indication that the
larger porphyry masses may have acted as ihdi&idual centers
‘£or mineralization and alteration. An example is the small,
isolated area of high copper zone mineralization around the
intrusive on the southwest side of the high copper doughnut
(Figure 3). The small size and irregular shape of the

intrusives make it difficult to define zoning patterns or

trends within the porphyries themselves.
Copper Distribution

The porphyry was a poorer host for copper mineraliztion
than the diabase. Only 17 percent of the rock within the

final limits of the open pit is comprised of Granite Mountain
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porphyry with an average, and rather uniform,copper grade
of 0.21 percent éopper. Only 6 percent of the porphyry

T T ‘
contains more than 0.4 percent copper.

Alteration Zoning

Most of the alteration within the porphyry is

restricted to veins or veinlets and their margins. Pervasive

s

alteration is rare, occurring only where veins are strongly
R hgiiaieintint 2

developed and closely spaced with merging or overlapping

s e

alteration envelopes. The predomingnt alteration mineral
assemblage is orthoclase, quartz,'biétité and sericite.
Clays and chlofite are less common alteration products.
Calcite and anhydrite are occasionally present.

Two main typeé of veins were observed in the porphyry.
Biotite-orthoclase veinihg, common throughout the rock,
appears to have been followed by a phase of less frequently
encountered quartz-sericite alteration. Although ﬁost of
the samples studied were drill core from the primary sulfide
zone, it is possible that some‘alteration minerals such as

clays, sericite and perhaps quartz may, in part, be supergene.



Secondary orthoclase is a common alteration mineral

throughoutvmost of the porphyry. It is most abundant as

envelopes on early quartz veins and as a replacement of
plagioclase and, rarely, biotite.- Secondary orthoclase is
distiﬁguished by its association with quaftz veins and-its
grain size, which is normally 1argerrthan'matrix orthoclase .
and smaller than primary phenocrysts. -

Most of the biotite in the porphyry occurs as fresh
books that are a primary éonstitﬁent of the rock.
Hydrothermal biotite is not abundant.” Typical secondary
biotige is‘bést}déveldped as envelopes on;qﬁaftz-orthoclase
”veins and as discrete crystals in veins. Some of the primary
biotite is rimmed or completely replaced by chlorite. In
or along the quartz-sericite veins, biotite is réplacéd by
sericite. Sulfides also commonly replace biotite.

Sericite occurs throughout the porphyry as a weak to
moderate replacement of feldspars, particularly along
twinning planes of plagioclase. It‘is moderately to strongly
developed as selvages on quartz veins, where it may replace

all minerals except quartz. Strong pyrite mineralization

is associated with this type of veining. Quartz-sericite



alteration appears to be later, superimposed upon or

'Efosscutting the biotite;orthoclase alteration. Where
strOngly developed, this later alteration nearly obscures
evidence of the earlier biotite—orfhoclase phase.

' In areas where veining is not strongly developed or
closely spaced,.freeh;beoks of primary biotite and
ﬁlagioclase remain essentially unaitered.

Replacement quartz and vein quartz is ubiquitous and
is associated with all phases of hydrothermal activity.
Quartz replaces biotite and feidspars. Most early quartz

veins have orthoclase selvages with or without secondary
biotite. These veins contain pyrite and chalcopyrite, and
’in some areas calcite and/or anhydrite occur as late cavity
filling or replacement.minerals. Later quartz‘veins up to
an inch or more wide have strongly developed sericite
envelopes end.frequently show strong pyrite mineralization

with little or no chalcopyrite. Crosscutting both of these

vein systems are clear quartz veins with very narrow, if
any, alteration envelopes; these may also contain small
amounts of molybdenite and chalcopyrite.

Though the limited exteht of porphyry bodies within

the sulfide system precludes the demonstration of systematic



sulfide or silicate zoning in the porphyry, the limited data
available suggest that,iﬁ'the porphyry stocks which overlap
the core and'high copper zone (Figure 3), sulfides ére more
abundant in the higﬁ copper zone. The small stock»which

lies to the southwest of the high copper doughnut (Figure 3),
is associéted with an isolated repetition of features
.éharacteristic of the high copper zone. This schk has the
highest total sulfide content of any of fhe Granite Mountain
stocks and contains slightly below the aﬁerage of chalcopyrite
in the sulfide. It is more pyritic than porphyry inéide the
high copper doughnut but not as pyritic as the adjacent schist.
The frequency of occufrence of molybdenite is also much
"higher near fhe center of this porphyry than in the
surrounding pyritic rocké. Recent field Work indicates
similar reductions in the total sulfide content accompanied

by increasedAcopper and.sometimes molybdenum associated

with other porphyry stocks that lie beyond -the limits of
Figure 3. This field work shows the gross extent of sulfide
mineralization to be on the order of gfzsgﬂgggifsagiles‘and
roughly coextensive with the area intruded by the Granite

Mountain Porphyry.



SUMMARY AND CONCLUSIONS

Ray is atypical iﬁ the family of porphyry céppers in
that the porphyry is present, not és a.central mass, but
“as several stocks, each of which is mineralized and which
cumulatively form a very small part of the total rock mass
in the sulfide éyStem; most ofthe hypogene ore is restricted
to a much older ferro-magnesian host rock, diabase; The
latter feature is nearly unique.

In plan view, the zonal distribufion of the hypogene
alteration énd mineralization is concentric éna symmetric
and in a gross sense is similar to other porphyry coppér |
éeposits (Lowell and Guilbert, 1970). The totai sulfide
content is low in the center of the system and increases
outward for a distance of about 3000 feet to a maximum of
from three to eight weight percent sulfide and then decreases,
approaching zeroc 6000 to 8000 feet from the center. The
ratio of chalcopyrite to pyrite follows a reverse pattern
with the highest chalcopyrite ratio in the center, decreasing
outward. Changes iﬁ the gradients of total sulfide and

chalcopyrite ratios define three zones:
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1) A,lbw édlfide-high'chalcopyrite core that rarely
contains ore grade copper (4000 ppm), |
2) A zone of.2ﬁ55g1n2f£6€;iJsulfide gradient 7 ' )
~ in which the total sulfide content increases ‘/,¢“
rapidly and the ratio of chalcopyrite to !
pyrite decreases, and | i
3)- The pyfite:halo where the total sulfide

content reaches a maximum and is largely

pyrite, and total copper is low.

While thiS‘pattern'is present in all rock types, the
actual quantity of sulfide and the ratio of chalcopyrite

to pyrite is controlled by the host rock chemistry. The
diabase sills contain both more sulfide, particularly

outside the low sulfide core, and a higher ratio of |
chalcopyrite to pyrite than the siliceous rocks. Iron-rich
units of the Precambrian schist ténd to show the same
affinity for sulfides. and copper that the diabase sills do.
The iron-rich rocks are much better hosts for copper |

mineralization at Ray than are the siliceous rocks,

presumably because the iron-rich rocks are chemically more
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reactive and have altered the stability of copper within

the hydrothermalvsoiutions.’h

1

sﬁifiﬂas‘ié markedly affected by fock type. In the siliceous
Precambrian rocks, an older biotite-orthoclase alteration
extends throughout the area of the sulfide system. This
alterationlwas most intense in'the‘low gréde core ana-
Weakenéd with distance from thé center.’ Superimposed'on

-, the biotite-orthoclase alteration is a later period of
sericite alteration that obliterated much of the earlier
alterationu-'This 1ater period need not be a discrete evént
but simply a stage of a continuing process. The sérioite
‘extends throughout the sulfide system but reaches maximum
intensityvhear the interface of the high cooper zone and

the pyrite halo. Overlapping and extending beyond the
sericite is an irregular propylitic zone in which epidote

is the principal alteration oroduct. .In all rock types

the frequency and abundance of quartz veins decrease outward
.from the center of the sulfide system. -

The alteration in the diabase departs from that of

the typical porphyry copoer in the absence of a major zone



of-sericitic'altération. The\g?aracteristic alteration.of
the diabase is abundént biotite with clay. In the pyrite
halo, biotite becomes 1ess abundant;»epidote and chlorite
become more common, énd sericite ié seen rarely.

The diabase has a distinct propensity to alter to
.biotite rather than to orthoclase orbsericite, both of which
are uncommon in the &iébase. In.many instances biotitized
diabase is only inches away from sericitized schist or
éuart;ite, strongly Suggesting'biotite must have‘forméd in.
diabase from the same solutions that produced sericite in
the silicic rocks.

While the gross zoning pattern seems to be superimposed
bn some of the porphyry stocks, there are indications that
certain-- possibly all-- of the stocks did act as separate
centers of hydrothermal activity. The 1arge concentric
zoning pattern, which includes the Ray orebody, could be
the result of the coalescence of the hydrothermal flow from
the several stocks within the pattern. Tﬁe alternative-- a
.single centef of mineralization in the small, irregular
intrusions in the core of the sulfide system-- still

necessitates some additional source for areas to the west



that have mineralization similar to the low grade core

or the high coppér»zoné.

Practical results of the study have been.a élearer
picture of the geometry of the Ray sulflde system as well
as strong indications of where future prospecting should be
»concentrated. The presende'of essentially the same kind of Ak
alteration énd mineralization on-opposite sides of all the

. major faults that cut the orebody, limits the postmineral

displécement to no more than a few hundred feet. ; Zn_;“
Perhaps one of the most significant conclusions
reached is an indication that magnetite in the diabase is
.concentrated in the vicinity of the high copper zone or
inner pyrite halo. This magnetite concentration might
affect the interpretation §f magnétic data in southern Arizona.

Older’publications’on the Ray deposit state that the

maximum copper concentration occurs at the top of the diabase
sills and that the topmost sill would contain a'higher
percentage of copper than the next underlying sill. Although
this is true for specific locations,“we disagreé with it as a
general rule. We find shallow pyritic sills underlain by

ore-bearing sills and in some cases we find the maximum copper
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content at the bottom of sxlls, dependlﬁg on’ ehe~%ocatnxnr
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in- the zoning pattern. We~be}1eve~that the observed lateral

expansion of the sulfide system with depth’indicates that
the Ray orebody is near the‘top'of the system. Vety probably
the flat-lying, reactive diabase sills accentuatedvthe
constriction of the highvcopper zone. 'If this is true, then
the original orebody would have been much flattef than the
rounded arch drawn at the top of most zonlng models.

Other lnterestlng featureeégfL:h:sﬁey'depOSLt are the

widespread occurrence of calcite, the zoning relationship

of sphene and rutlle, and the possible uralltlzatlon of

]
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Pyroxene.
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Figurg 1.
~ ~ Approximate
- Symbol Intensity Explanation ‘ Percent of Rock
1 | Single or questionable occurrence
2 Trace . Minute portion of roék but found Much less than 17
by checking several samples with
- care
3 Weak Minuﬁe portion of rock but common - 1%
4 :Mbderate | ~Very éommon, easily found in | Less than 5%
- any sample
5 Strong : . Obvious,.a major constituent | © 5% or more
6 Intense All available parts gone to Genérally more
this mineral (pyrox-biotite) “than 20%
7 Total Rock consists mainly of this More than 50%

Figure 1. Alteration-mineralization notation .

method at Ray. The advantages of this system
over percentage estimates are that it is a
little more rapid, provides three distinct

categories of less than or near 1 percent,

and does not imply the precision of a percentage.



Generalized'gédlogic‘map-bfhthe Ray copper deposit

Figure 2.
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. Figure 6
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Cutlines

Figure 2.

Figure 3.

Generalized geologic map of the Ray copper deposit.

Generalized zoning of hypogene sulfides in the

Ray deposit projected to the surface. The porphyry

- shown is the Granite Mbuntain.Porphyry.

Figure 4.

Figure»5;
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Figure 6a.

Figure 6b.

Copper distribution in the quartzbse Precambrian
rocks at Ray. Contour interval is 0.1 percent

VAR lT nt 7
copper. /T U

Distribution of magnetite and total sulfide
and abundance of chalcopyrite in the total

i
H

.7 . \
sulfide. . .. .. /7 A

Plan view of the hypogene copper distribution

in the lower diabase sill at Ray, Arizona.

Generalized cross section (not to scale)
illustrating the extent of the lower diabase

sill beneath the Emperor Fault.
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Figure*7a. ;Hypogene copper distribution along section a-a'
| (Figure 6a). The scale of the seétidﬁ is
’l inch = 400 feet. The horizontal scale of
the copper grade is % inch = 2% copper. Note

the high copper concentration at the top of

the sill.

Figure 7b.- Hypogene copper distribution along section b-b'
(Figﬁre 6a). The scales are the same és those
for Figure 7a. Note the high copper concentration

in the lower part of the sill in Holes 9 and 10.

Figure 8a. Total copper distribution along section a-a'.

(Liﬁes g;éhd b represent upper and lower diabase
while c is a schist lense. Classes in histogram

are in units of 0.10% copper.

e

Figure 8b. Weight percent sulfides in the rock along

section a-a'. Points a and b are diabase

while point ¢ is a schist lense and the
average of a and b. Dashed line connects

data points for the diabase. T
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Volume percent chalcopyrite in the sulfides.

??%Sfigé_and b are diabase and point ¢ is
schist. Note thé drop in chalcopyrite in

the schist.

78
s2e

Weight percent magnetite in the rock. Points,
: 1 -

a and Q‘EE,)diabase and point ¢ is schist.

Compare this curve to Figure 8a.

-~ ">"‘L
o F
-
. 7
o
’_b’v

[

V)



copy

. N

o J N
AMERICAN SMELTING AND REFINING COMPANY ‘J~H C %2 ?
Tucson Arizona
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December 7, 1962

FILE MEMORANDUM

LARGE DIAMETER CORES
FOR METALLURGICAL SAMPLES

Kennecott recently completed 8 diamond drill holes with 6-inch
coring bits in an area east of the Ray pit. The purpose of this
program was the provision of a representative metallurgical sample of
the diabase ore. Various data on the drilling are summarized below:

Total 6'' coring : 2200!
Core recovery 88%
Weight of 6' core per ft. 31 1bs.
Total weight of core 30 tons
Maximum hole depth bso!
Average distance cored per 8 hr, shift 14
Cost per foot of coring $15.50
Total cost (exclusive of overburden

drilling $34,100.00

Joy contracted the job for $12.00 per foot plus bit costs which
amounted to $3.50 per foot. The drilling was carried out with a Joy 22
heavy duty rig, 10' swivel barrels and mud circulation. Kennecott
rotary drilled through the overburden with their own equipment and cased
the holes 8'" ID.

Art Eklund of Joy stated that in drilling characteristics the
diabase would closely approximate a well altered porphyry. He esti-
mated that diamond consumption in formations such as the tactites and
hornfels at the Mission would be somewhat higher than in diabase --
possibly 25%, or $4.00 to $5.00 per foot bit cost. The ore bearing
formations of the Imperial area at Silver Bell are comparable to those
at the Mission, although possibly somewhat less abrasive.

J.H. COURTRIGHT

JHC : kw
cc: CPPollock
DJPope
RBMeen
DRJameson

JEKinnison
JRWojcik
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HISTORY AND GEOLOGY OF THE RAY COPPER DEPOSIT

Ray, Arizona

INTRODUCTION

The Ray copper deposit is located in east central Arizona 75 miles
east~-southeast of Phoenix, and 70 mides north of Tucson in the Mineral Creek
'Mining District of Pinal County._ It lies in the valley of Mineral Creek five
miles north of the Gila River between the Tortilla Mountains on the west and
Dripping Spring Range on the east.

Although the copper showings attracted the attention of the Indians who
mined chrysocolla with large diabase hammers such as these (show artifact), the
first written record of them was made in'lgh6 by members of Kearny's Army of
the West, who named Mineral Creek for the numerous mineral deposits found along
its Dbanks.

Development of the district, though, was hampered by its inaccessibility
and the danger presented by raiding Apaches. These were gradually overcome and
mining activity began in 1870 with the location of a mining claim by a prospector
who, as legend has it, named it after his sister. The name, Ray, was immortalized
by the ensuing mining companies and townspeople, who applied it to the corporate
names as well as the community.

In 1880 the first attempf at production, albeit a short one, was made
by the Mineral Creek Mining Company, which erected a five-stamp mill on the
Mineral Creek claim located near the eastern limit of what i1s now the Pearl
Handle Pit.

The silver-bearing copper prospects had also attracted the attention

of a pair of Tucson merchants, Louis Zeckendorf and Albert Steinfeld, in the



early 1870‘3. Through their efforts, The Ray Copper Company was organized in
1883 for development of the district. In 1884 the mine consisted of a 300-foot
tunnel and a 100-foot shaft, with a 50-foot crosscut.

Hamilton wrote of the prospects:

The Ray and Poorman are probably the most remarkable mines

of the Territory....It seems almost beyond the possibility of

belief that such immense masses of rock should be mineralized

throughout; such, nevertheless, is a fact, as can be proven by

personal inspection of the same. Scientific tests to determine

values at the Ray mine are unnecessary....A concentrating mill

for the handling of the ores from these properties has already
been erected....These works have Jjust been started, but, when

fairly underway, the output of copper from Mineral Creek will

be large and steady.

Unfortunately, this optimism was false, the venture failed, and in
June, 1899, most of the property was acquired by Ray Copper Mines, Ltd., an
English corporation. Their plans for a large scale mining operation also ran
afoul when it was learned that toovoptimistic an estimate of the ore grade had
been made. The 250-ton mill at Kelvin ceased operations after treating only
16,000 tons of ore, and the enterprise failed, putting an end to Ray's colorful
era of steam tractors, polo ponies, and nightly formal banduets.

Although the establishment of railroad connections from Kelwvin to
Phoenix rejuvenated interest in it, the property lay dormant until 1906 when
D. C. Jackling and associates gained control of the English company's holdings
and organized the Ray Consolidated Copper Company. After extensive churn drilling
and underground exploration, fifty million tons of ore averaging two percent
copper were blocked out. By 1911, Ray Consolidated had attained a capitalization
totaling $14,000,000.

Meanwhile, other companies had sprung up in the district, notably the

Arizona Hercules Copper Company, the Kelvin-Calumet Mining Company (later succeeded
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by the Ray Central Copper Company), and the Gila Copper Company. The communities
of Ray, Sonora, Barcelona and the temporary Indian camp, Vitoria, began to take
shape. (The Town of Kearny was founded in 1958 mainly to replace Ray and Sonora
which will be displaced by the mining operations.) [Slide 1, claim map of
district 1/1/12 (Ransome, 1919, p. 101]

| The Gila Copper Co. had been organized in 1907 to buy a number of claims
which the English company had declined to sell until certain requirements were
met. In 1910 nearly all the stock of the Gila Copper Company was exchanged for
Ray Consolidated stock. The Arizona Hercules property, too small and difficult to
be mined for itself, was acquired in 1927. By then all of these, including Ray
Consclidated, had been acquired by the Nevada Consolidated Copper Company. The
last corporate change of note in Ray's history took place when Nevada Consolidated
was merged into Kennecott Copper Corporation in 1933.

A list of the men associated with the Ray mine during this period reads
like a "Who's Who" of large scale mining - Seely Mudd, Henry Krumb, Daniel Jackling,
and Louis Cates - only a few testifying to the cliche that mines are, in fact,

- made and not found.

With the completion of a 5,000 ton mill at Hayden, 25 miles away, the
first ore was shipped in 1911. Mining was done by a combination of shfinkage and
block caving methods and large scale operations increased Ray's production to
50,000 tons of copper per year by 1942, |

However, caving properties and. grade of the ore in many areas of the mine
were somewhat less than ideal. In 1948, after considerable additional exploration
drilling and study, it was decided that the Ray orebody could better be mined by
open pit methods. The transition from underground to surface mining was completed

in 1955, This step was followed by an expansion program resulting in the
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construction of a smelter and other facilities at Hayden and an increage in the
mine's production from 15,000 tons of ore daily to its present rate of over 24,000.

Ore is presently mined from £wo open pits, the Pearl Handle and West
Pits, separated by Emperor Hill. Exploration drilling in recent years, however,
has disclosed an extension of the orebody east of Mineral Creek and mining opera-
tions are advancing in that direction.

Since 1911 Ray (Ray Consolidated including Ray Hercules) has produced
more than one and a half million tons of copper, 40,000 ounces of gold and four
million ounces of silver. Some copper has also been produced by leaching of caved
workings and waste dumps, bringing the gross value of all production to well over
a half billion dollars.

The growth of the property from one which spasmodically produced 250
tons a day at the turn of the century to one currently producing one hundred times
that amount has necessitated a more complete understanding of the controlling
geologic features, thus facilitating development and expleitation. Toward this

end a program of detailed geologic mapping and study was begun at Ray as at other
Kennecott propefties. During the course of this investigation a number of old
problems have been solved and several new ones arisen which, like the nebulous
"hydrothermal solutién”, will require a bit of tiﬁe for a complete understanding.
Among other things, the resulté of this study have emphasized the importance of
structure and lithology in controlling copper mineralization. The writer is

indebted to Kennecott Copper Corporation for permission to make some of these

findings public at this time.

REGIONAL GEOLOGIC SETTING
The Ray deposit is situated near the wetsern edge of the Mexican

Highland Section of the Basin and Range physiographic prbvince in a series of
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north-northwest trending mountain ranges which was referred to by Ransome as
the Mountain Region of Arizona. The eastern boundary of the Sonoran Desert
lies about twenty miles to the west, and the southern edge of the Colorado Plateau
Province some eighty air line miles to the north.

More specifically, the district occupies the valley and adjacent slopes
between the Tortilla and Dripping Spring Mountains. (Slide 2) Relief is fairly
high with elevations ranging from less than 2000 feet in the valley of Mineral

Creek to over 5000 feet at the top of Scott Mountain northeast of Ray. Generally,
it may be said that these mountains are of typical basin and range structure with
major fault systems paralleling the length of the range and the valley between
having been filled in varying degree by detritus from the adjacent uplifted blocks.

Southeast of Ray the two ranges are separated by the valleys of Mineral
Creek and the Gila River (Slide 3); to the north they coalesce into a ruggedly
dissected plateau (Slide k).

The Tortilla Mountains are composed essentially of Precambrian schist
and granite (Slide 5); The Dripping Spring Range, (Slide 6) however, comsists
primarily of younger Precambrian and Paleozoic sediments which dip moderately to
the south. Both ranges also contain Precambrian and Laramide (2) intrusives and
are covered in part by Tertiary volcanics and sediments.

DISTRICT GEOLOGY

As is apparent from the District Geologic Map, (Slide 7) Ray is endowed

with an abundance of rock types ranging in age from Lower Precambrian to Quaternary
and running the gamut of composition. The relative orderliness of surrounding
areas disappears here because of faulting, unconformities, intrusions, or com-

binations of all three.
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ROCK TYPES

The next slide (Slide 8) shows the normal stratigraphic (if not the
field) relationships of formations in the Ray district. The Lower Precambrian
basement rocks are overlain by more than 2500 feet of Upper Precambrian sediments,‘
mainly quartzites and shales but including, howefer, the Mescal dolomitic limestoné
and vesicular basalt flow. An incomplete section of about 500 feet of Paleogzoic
limestones is present above the former, and well over 1100 feet of Tertiary and
Quaternary terrestrial conglomerates and volcanics are alsc found in the district.
Economic interests for the purpose of this slide can be restricted, however, to the
formations below the Mescal limestone, which host the copper ores, and the post-ore
Tertiary and Quaternary rocks which conceal a portion of the mineralization.

Illustrated here (slide 9) in somewhat simplified manner, are the
intrusive relationships of the plutonic rocks at Ray. The Madera diorite and Ruin
granite are both Lower Precambrian rocks which intrude the Pinal schist. The
diabase, whose age is somewhat controversial, intrudes only the Precambrian rocks
older than the Troy quartzite. It occurs primarily as thick sills in the sediments
and low angle dikes in schist, often intruding along fault surfaces. Diabase with
this intrusive relationship outside the district has been dated isotopically at
1000-1200 million years. Other workers report evidence of a Tertiary age for
diabase, However, definite evidence of a Tertiary age has not been observed any-
where in the Ray area, and, therefore, a Precambrian age for the diabase seems
acceptable here.

The next youngest igneous activity is represented by a series of Laramide
or early Tertiary intrusives: quartz diorite, diorite, porphyry, the Granite
Mountain quartz monzonite porphyry, andesite, Teapot Méuntain quartz monzonite

porphyry, and guartz diorite porphyry in that order. Of these the Granite Mountain

porphyry is the most important, being the youngest pre-ore rock.
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STRUCTURE
Structure within the Ray District is virtually as varied as its rock
types. Faulting, however, has been the major type of structural deformation,
with folding playing only a very minor part. As is fashionable for porphry d

coppers, Ray has also been endowed with a breccia pipe and several pebble dikes
which occur in the northeastern part of the district. (Slide 10)

Several types of faults occur: mnormal, reverse, thrust, and others
which cannot be typed because they cut only one rock type, namely the Pinal
schist, whose outcrops cover so much of the district. Their attitudes, likewise,
are quite wvariable, although they may be divided into several sets which roughly
parallel the regional schistosity, such as the Rustler Fault and Porphyry Break,
and.those which roughly parallel the mountain ranges. Their dips vary from
vertical to horizontal. They range in age from pre-diabase (probably Precambrian),
such as the Diabase and Rustler Faults, tQ post-Gila conglomerate, such as the
School Fault. Most of these have undergone more than one age of movement, some-

times in different directions, The Diabase Fault is an interesting example of

the latter case. (Slide 11)

Pre-diabase movement is evidenced by the fact that diabase intrudes
this fault zone a couple of hundred feet south of the outcrop shown in this slide.
The obvious displacement as shown by the outcrop is in the reverse direction with
Lower Precambrian Pinal schist in the hanging wall and Upper Precambrian Dripping
Sptring quartzite in the footwall. Drill hole and other information, however,
indicated subsequent movement in both directions (normal and reverse) along the
gsame fault which offgets flat-lying diabase intrusives that continue across the
district to the east as well as the overlying Whitetail conglomerate. The net throw

as shown by Stratigraphic evidence is still in the neighborhood of two thousand feet.
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The outstanding example of thrusting in the district is the Emperor
Fault whose trace circumnavigates the Pearl Handle Pit (8lide 12). Here Upper
Precambrian Pioneer shale and Dripping Spring quartzite are exposed in its footwall.
A vertical thickness of more than 400 feet of lower Precambrian Pinal Schist over-.
lies these in the hanging wall of the fault. At present, the full significance,
direction, age and extent of the thrustiné are not known or understood, though it
seems safe to assume that at least several thousand feet displacement have occurred
along the Emperor Fault.

Because of its similar attitude and appearance, the recently discovered
Empress Fault is also considered to be a thrust; the Bishop and Broken Hill Faults
show normal movements and the West End and North End Faults are probably also normal
faults.

One of the main controlling structures in the district, the Porphyry
Break, is a very subtle, highly fractured zone of weakness up to 2000 feet wide
which has been intruded by the Granite Mountain porphyry.

The School Fault, a reverse fault whose net displacement is similar to
that of the Diabase Fault, probably had little to do with controlling primary
mineralization; it did, however, serve to localize small amounts of exotic copper
oxides.

The Calumet Breccia Pipe (Siide 13), the only feature of its kind known
in the district, consists of fragments of Pinal schist, Scanlan conglomerate,
Pioneer shale and diabase. Its maximum surface dimensions are 200 feet by 600 Teet
and it has a minimm depth of over 800 feet. Spatial distribution of the fragments,

-

which range in size up to twelve feet in diameter, indicates a collapse origin.

The breccia is weakly mineralized with copper oxides occurring near the surface

and iron, copper, and molybdenum sulfides at depth in the interstices of the breccia.
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As mentioned before, one of the occurrences of pebble dikes in the district is ‘ﬁ
LS
.
observed cutting the Calumet breccia. An interesting feature of these is that - N {

they contain fragments of Granite Mountain porphyry. No porphyry is known to

o ¥

occur within a quarter of a mile of the pebble dikes. Therefore, it may be

inferred that prophyry exists at considerable depth below the breccia pipe. A
similar relationship has been observed in an adit in upper Rustler Gulch where

other pebble dikes are cut by Teapot Mountain porphyry.

COREBODY GEOLOGY

Size and Shape

The copper mineralization at Ray occurs within an area bounded by the
West End Fault to the west, the Broken Hill Fault on the east, the North End Fault
on the north and less sharply by the contact between Precambrian granite and Pinal
schist to the south.

The ore presently béing mined in the Pearl Handle and West Pits has
been a product of supergene enrichment. It occurs as an irregular blanket up to
several hundred féet thick. Copper oxides are present in the eastern portion of

the Pearl Handle Pit and generally become more abundant to the east.

Hypogene Sulfide Minerals

Hypogene sulfide minerals in the deposit are limited to pyrite, chalco-
pyrite, minor bornite and molybdenite, and traces of galena and sphalerite.
Pyrite is ubiquitous as veins and disseminated grains and is relatively abundant
in most of the ore. As discussed further below, the chalcopyrite content in
primary mineralization tends to be considerably higher in diabase than in schist

and porphyry. Molybdenite, which occurs in small amounts, is not being recovered

from the ore at present. Equipment for molybdenite recovery is now being installed
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and will be in operation later this year. G(Galena and sphalerite are present in
minor amounts in the outlying parts of the district and traces occur in the pit

and in drill holes in the orebody area.

Secondary Mineralization

Chalcocite has been the main copper mineral in ore from the Ray deposit. -
It is most abundant in schist of the enriched zone but is also present in some
porphyry and diabase. Minor amounts of covellite are also present.

Native copper, cuprite and chalcotrichite, brochantite, chalcanthite,
malachite, and azurite are present locally in the oxidized zone of the deposit,
and native silver has been found on the west side of the Pearl Handle Pit with
secondary sulfides and various copper oxides. Much of the chalcocite ore has been
slightly oxidized on grain surfaces and leach-precipitate-float process is used
to treat that ore.

Chrysocolla and other copper silicates are relatively abundant in parts
of the diabase, quartzite and schist to the east of the Ray Fault and in the upper
lévels of the Peafl Handle fit. These bedies of oxidizéd mineralizafion appear to
have resulted from oxidation of either primary or enriched sulfide ore with some

leaching and lateral migration of copper.

Host Rocks

All intrusive rocks older than the quartz diorite porphyry as well as
the Pinal schist and the Apache'group'may carry ore, and portions of the Whitetail
conglomerate contain exotic copper minerals. No copper mineralization is known in
the Paleozoic rocks but they do not occur in the area of the orebody.

Pinal schist: Nearly all the past production has been from supergene

enriched ore in the Pinal schist. Grade is gquite erratic but may go as high as
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10% copper in areas such as the Bishop Fault zone in the southwest part of the

Pearl Handle Pit where there is almost complete replacement of pyrite veins by

chalcocite, In the West Pit, the replacement is generally less complete and the

over-all grade is lower. L
Protore grade in schist of the mine area averages between .1% and ;2%

copper. Thus, with at least 500 feet of leached capping known to exist, and

more presumably once present, it is apparent that most of the present supergene

orebody could have evolved from protore of the same tenor. Higher grade veins

and fractures control of the enriching solutions were probably responsible for

the resulting high-grade lenses which occur in the enriched zone.

Granite Mountain porphyry: A rather unusual feature of the Ray orebody

is the fact that only a very small percentage of the ore occurs in the quartz
monzonite porphyry itself. This ore may contain chalcocite, chalcopyrite and
molybdenite as ore minerals and is usually found near the margins of thé intrusive
bodies in the Pearl Handle Pit, under Ray Hill, énd eaxt of Mineral Creek.
Internal portions of these intrusives are usually very low-grade or barren.

Diabase: Almost the opposite can be said of the diabase. Whereas ore

intercepts in diabase were at one time dismissed as unreliable or deleted from

ore reserve calculations, the diabase is now recognized as having been the most
important primary hoét in the district. In the Pearl Handle Pit and areas east

of Mineral Creek primary chalcopyrite ore occurs in diabase near Granite Mountain
porphyry intrusives or important pre-mineral faults, although none may be found

in adjacent schist or Quartzite. It is not uncommon for a drill ﬁ?le to pass through
two or more bodles of ore-grade diabase with the intervening material virtually

barren of copper mineralization.
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Supergene enrichment in the diabase is negligible, although in the
shallower portions of the orebody copper silicates and oxides are found (Slide 14).
Some are of this type also occurs in the Apache group gquartzites and porphyry.
A pilét plant is presently under construction to investigate methods of treating
the silicate ore,

Tenor of ore within a diabase sill or series of sills exhibits a
vertical gradation. The grade in any given sill is generally highest at the
top and decreases gradually with depth. Where a series of diabase bodies occur
in a vertical column, the uppermost will contain the highest grade mineralization,

the next somewhat lower grade, and so on dropping off to only trace amounts of

copper in the lowest.

ALTERATION

The predominant alteration types associated with the ore are guartz
veining, silicification, biotitization, sericitization, and argillization. These
are dependent upon the character of the host rock. For example, biotitizatiqn is
expecially intense in the diabase and parts of the schist as well as the porphyry.
Sericitization and argiilization, believed to be largely supergene in origin are &7
heaviest in areas of secondary sulfide enrichment in schist and porphyry and,
where the original pyrite content was high, in diabase. .

Silicification is heaviest in the rocks which had a fairly high silica
content originally and is most obvious in the Apache group shales and guartzites,
Granite Mountain porphyry, and schist in ore areas. There is no silicification
in diabase which is commonly, however, reticulated with guartz veinlets.

The areas of sulfide enrichment were overlain by capping heavily stained

with limonite and, occasionally, copper oxides. Remnants of this capplng can be
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seen on Emperor Hill and the north wall of the Pearl Handle Pit. Other supergene
alteration products are calcite (in diabase), alunite, and gypsum, as well as the

oxide copper minerals mentioned previously.

I
MINERAT,IZATION RELATED TO STRUCTURE AND LITHOLOGY

The structural framework mentioned above played an essential part in
the deposition of hypogene minerals and, to some degree, has influenced supergene
enrichment.

Although there are several fault systems in the district which predate
the intrusion of thé Granite Mountain porphyry, the Porphyry Break, apparently
a very deep seated structure, is most closely associated with it. The Porphyry
Break's surface expression is very subtle and it shows only as an intensely |
shattered zone intricately intruded by very irregular masses, as well as small
dikes and sills of porphyry, all having very erratic contacts with the country

‘rock., The general northeast strike of the porphyry intrusive bodies was altered
somewhat in the Mineral Creek-Ray-Diabase Fault zone, where it spfead out in the
direction of these structures.

The hypogene mineralization which followed the crystallization of the
Granite Mountain porphyry used its contact zones as conduits, mineralizing fluids
traveling along the porphyry contacts and the intersecting major structures.

The fluids also migrated along the upper contacts of the diabase sills. To a
lesser degree, they traveled through the%Calumet Breccia Pipe depositing minor
amounts of copper and molybdenum sulfides in the interstices of the breccia.
Father away from the center of mineralization they formed sulfide veins,

Some of these faults had definitely limiting effects upon the minerali-

zation. Copper values terminate abruptly near the West End (8lide 15) and North
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End Faults at the western end of the orebody and in a similar manner at the
eastern end of the district. In the latter case, as will be shown on a cross-
section, diamond drilling has indicated a north-south striking intrusion of
Precambrian granite in the Pinal schist. There seems to be a relation between
the copper values in the overlying rocks and this contact, which is roughly
perpendicular to the regional schistosity. It may be that the granite to the
east acted as a barrier to the mineralizing fluids or it may have simply limited
the extent of the fracturing in that direction.

Although it is generally conceded that a genetic relationship exists
between the CGranite Mountain porphyry and the mineralization, very little ore
is found in the porphyry itself, and then usually only near the margins of the

intrusion. Similarly, very little primary ore occurs in the Pinal schist,
protore rarely containing more than 0.2% copper, and secondary enrichment was
necessary to make the mineralization economic.

Ags T have already mentioned, structure was important in the secondary
enrichment process as well. The most obvious example is the Emperor.Fault
(Slide 16, 17). Rocks in the hanging wall have been completely oxidized and
leached of all sulfides, whereas those in the footwall contain high grade supergene
enriched ore. The Bishop Fault, which cuts the Emperor, has carried the oxidation
as well as the supergene enriching solutions to a greater depth. This has resulted
in a high grade zone of steely chalcocite replacing pyrite in veins several
inches across. Assays as high as ten percent ‘copper have been obtained in this
area and small amounts of native silver have also been observed. (Slide 18)

By far, the most important host rock in the district has been the
diabase. Whereas at one time ore intercepts in diabase were dismissed as

"unrealistic" or "unreliable", they are now known to be more extensive in the
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primary zone than in any other rock., The sill-like masses of diabase which
extend for miles to the north, south, and east of Ray are, however, intensely
mineralized within the district. The grade of copper mineralization in them is
higher near the porphyry contacts and major structures previously mentioned and
decreases outwardly. As in the other rock types, a pyritic halo extends for a
congiderable distance outside the copper mineralization.

As regards the vertical configuration, grade is highest at the top of
the diabase intrusives and gradually diminisheé with depth. Where several
diabase sills occur in a column, the uppefmost 8111l will generally carry the
highest grade ore, those below gradually decreasing in grade. The intervening
material, whether it be quartzite, schist or porphyry, is virtually barren of
copper. A drill hole in such an area might,vfor example, collar in diabase
bearing copper oxides and then pass through a section of Dripping Spring quartzite
containing only pyritic mineralization. Upon entering a deeper diabase sill,
it would show a marked increase in chalcopyrite as well as pyrite content which .
might render assays as high as two percent copper (a very high grade area!),
decreasing with depth. Upoﬁ penetrating this diabase gill, entering a say,
Pioneer shale, the copper content would immediately drop off; as would the
pyrite, until a second diabase sill was encountered. Asgays in the upper portion
of this second diabase body might run, for-example, one percent copper and again
decrease with depth, until this sequence was interrupted by penetration of the
diabase sill, our hypothetical drill hole then entering more shale:or, perhaps,
Pinal schist (8lide 19). This material would show only pyritié mineralization
with very minor, or trace amounts, of chalcopyrite. Upon entering a third
diabase body at still greater depth, copper values might jump to seven or eight
tenths percent, again gradually decreasing with depth to two-tenths percent and ...

less.
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Thus it appears that not only was the diabase much more reactive to
the minerdlizing fluids by precipitating out greater~amounts of chalcopyrite
than the adjacent rocks, but it must have been more permeable as well. The
fluids must have traveled not only vertically through the diabase, but laterally
along the upper surfaces of these sills for a greater distance than in any of

the other rocks.
SUMMARY

The many and varied geologic events and procegses which have taken
place at Ray necessarily give it some features that appear to be unidque among
porphyry coppers. Noticeable are the irregularity of the quartz monzonite
porphyry intrusives and the fact that they contain so small a percentage of the
orebody. The largest outcrops of the Granite Mountain porphyry occur outside
the district and are essentially barreh. Another singular feature is the impor-
tance of the diabase over any other host rock; the analogy might well be drawn,
however, -between-the-diabase and a favorable limestone bed in.a mineralized area. .
Factors related to the formation of the copper silicates east of the Diabase
Fault are unusual, if not unique: Structurally it is one of the most complex
of the porphyry coppers.

In many ways, though, Ray is very similar to other porphyry copper
deposits. The~importénce of old, recurrently active geologic structures, and the
obvious genetic relationship of the ore to quartz monzonite porphyry fall right
into line with the other deposits. This structural'framework was esgsential in
controlling the intrusion of the phorphyry and providing conduits through which

the later mineralizing fluids could be disseminated through the host rock. With
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the exception of the diabase, however, most of the primary mineralization is

sub~economic, As in most of the other deposits, supergene enrichment was

necessary to meke mining practicable.

L7
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A BRIEF HISTORY OF THE RAY DISTRICT

The Mineral Creek Mining District, which includes the
Ray area, was organized by silver prospectors in 1873. 1In
1880 the Mineral Creek Mining Co, built a five-stamp mill,
then in 1883 the Ray Copper Co. took over and built a 30-ton
copper furnace. The ore of the area was described as princi-
pally native copper. There was little activity until 1898
when the claims were purchased by the Globe Mines Exploration
Company, (Ltd,), of London. The following year the ground
was acquired by the Ray Copper Mines, (Ltd ), another British
Company .

During the first year of its existence the new company
founded the town of Kelvin and erected a 250-ton mill there.
Ray and Kelvin were connected by a 7 mile narrow gauge rail-
road, various shops and offices were erected, and a 344 ft.
shaft was sumk at Ray. Supplies were transported by steam
traction engine 43 miles from Red Rock, the nearest shipping
point on the railroad. There was no mining activity between
1901 and 1905,

D. G, Jackling was attracted to the district in 1906.
The Ray Copper Co. and Gila Copper Co. were organized to ac-
quire the English Company's holdings; they were merged as
the Ray Consolidated Copper Co. in 1910, Other companies
to become active in the district in 1906 and 1907 were the
Arizona Hercules Copper Mining Co., Kelvin Calumet Mining Co.
and Ray Central Mining Co,

The properties of all these Companies were acquired by
the Ray Consolidated Copper Co. through the years. A mill was
placed in operatlon at Hayden during 1911 and production started
from the mines at Ray. In 1912 a smelter was built by A.S.& R.
at Hayden. 1In 1924 Ray Consolidated Copper acquired the Chino
Copper Co. in New Mexico. 1In 1926 the Nevada Consolidated
Copper Co. absorbed the Ray Consolidated holdings and these
holdings were later absorbed by Kemmecott Copper Corp.

Mining methods underground and metallurgical processes at
the mill underwent a slow but constant improvement. The Ray
Mines were the first underground operation to produce 8000 tons
of ore per day by the block caving method.



There was a brief shut-down of mining operations in 1921.
Operations were again shut down during the depression between
1933 and 1937.

In 1938 the first unit of a modern precipitating plant
was placed in operation. The plant has now expanded to six
units which handle 2000 gallons of solution per minute, from
underground workings and waste dumps.

During 1948 it was decided to mine the remaining ore by
open pit methods. The Isbell Construction Company stripped
waste from the Pearl Handle Pit under contract from 1948 to
1952, First ore was mined by open pit methods in 1950. The
capacity of the Mill at Hayden was increased to 15,000 tons
a day. A new Crushing Plant was built at Ray to handle the
pit ore. Ore from the pit was gradually increased and from
the underground mine decreased, until February 1, 1955, when
underground mining was discontinued.

To increase recovery of non-sulphide copper in the ore,
a Leach-Precipitation-Flotation Plant (L-P-F Plant) has been
built at Hayden at a cost of over $5,000.000. This involves
a special flotation section for recovery of previously re-
jected pyrite., This is roasted to produce sponge iron and
sulphuric acid. The acid is used to leach the ore in the Mill
feed and remove the soluble copper which is then precipitated
on the sponge iron and recovered by fletation.

During 1956, work was started on an expansion program to
increase production capacity to 22,500 tons of ore a day. A
new Smelter is being constructed at Hayden to treat the con-
centrates which have previously been treated by the American
Smelting and Refining Company.

Reference: Ransome - U.S.G.S. Professional Paper #115
1919, 1923
Notes from Mr., Leroy Hoyt
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Foreword.

The geology of the areé was first described by Ransome in
1919, later revised by him in 1923 in U.S5.G.S. Professional
Paper #115. It is a wonderful piece of work that still remains
essentially correct. Valuable contributions to the Ray geology
were iater made by Spurr and Cex (private report, July 1909),
C. L. Hoyt (private report, 1938) and Otis M. Clarke, (Arizoné
Geological Society Guidebook, 1952).

In the present work, the constant supervision ovaI; Donald
D. Smythe, his continued advice and personal study of the deposit
have largely increased our knowledge on the major structures with,
as a result, a substantial increase in ore reserves.

The progressive policy observed by Mr. A, P.”Morris, General
Manager, keeps pace with the geological work by a well-planned

and systematic drilling program, well worth mentioning.

Location.
Ray is located at the foothills of the Dripping Spring

Mountains on Mineral Creek which flows South into the Gila River.




Geology. 1. Stratigraphy
s€eo0.0gy

The Stratigraphic sequence is first reviewed and the most
important rocks are here briefly described. The basement con-
sists of the Pinal Schist, old pre-Cambrian in age and contem-

porary to the Vishu Schist in the Grand Canyon. The formation

generally shows a northeast-southwest schistosity, dipping to the
NW from 30 to 60 degrees. Many local folds are observed in this
formation which is composed of metamorphosed sedimentary rocks,
generally showing an alternation of shaly and quartzose layers,
and of intrusive rocks like rhyoclite and what 1s locally called
"amphibolite-schist'.

The color of tﬁe Pinal Schist is generally gray with a bluish
hue outside of the mineralized area turning naturally into
different shades of brown within it.

The Apache group unconformably overlies the Pinal Schist
and is also pre-Cambrian., The lower part of it is mainly composed
of the Pioneer formation, generally a shale, the Barnes conglomer-

ate, and the Dripping Spring quartzite. These rocks show in the

vicinity of Ray a regional trend slightly east of north with a
low dip, 10 to 20 degrees eastward.

The Pioneer formation, the Dripping Spring quartzite, and
the Pinal Schist are at times quite difficult to differentiate,

be it in the field on the surface geology, or in the examination

of drill-core,
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The tan-colored Mescal limestone is next in the sequence
and is often seen in conjuﬁction with dark brown basaltic flows
that covered it.

The Trey quartzite, Cambrian in age, follows.

All these formations are abundantly found East of Ray.

The Martin, Escabrosa and Naco 1imestones of Paleozoic age
occur only on the top of the Dripping Spring Range and do not
appear near the orebody.

Long before Laramide time, heavy faulting occurred and in-
competent rocks such as the Dripping;Spring duartzite, were broken
and fractured, Diabase was intruded shortly after, lifting the
separate masses’of.quartzite and filling all existing fissures.

A specific fracture trending NNW and SSE with a dip of 45
degrees to the East has been filled with diabase: it is now con-
spicuously visible in the pit. To the East of Mineral Creek there
is considerable diabase, some existing as sills between members of
the Apgche group and other portions underlying the whole series as
an extensive mass. Another series of irregular fractures exhibit
the same trend.but they occur more vertically; in this group we
have the Ray fault and the Mineral Creek fault.

Porphyry next intruded the area. The Teapot Mountain porph-
yry came first, exhibiting well formed felspar and quartz pheno-
crysts, and it was followed by the Granite Mountain porphyry. It
appears that this latter porphyry forced its way through fractures

that trend in an opposite direction to those previously noted;
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it is fbﬁnd along a NE-SW trend irregularly intruded but it also
shows here and there as small stocks.

One interesting observation is the fact that the Teapot
Mountain porphyry occurs North of‘an East-West line passing approx-
imately through the pit, while the Cranite Mountain porphyry de-
finitely shows South of that line. Copper mineralization occurred
simultaneously or slightly after the intrusion of the Granite
Mountain porphyry.

After a presumably long interval of time, during which eresion
and also secondary enrichment occurred, the country was covered
by tertiary flows, tuffs, and conglomerates: Whitetail conglomerate,
dacite flow, Gila conglomerate, then tuffs and volcanic breccias,

These are the main tormatidns that we encounter in and around
the Ray orebody.

2, Structure,

A major fault zone, particularly complex near Ray, extends
along Minegal Creek exhibiting a Northwest-Southeast trend. It
seems to show an en-echelon pattern with successive downthrows
to the East, almost all steep.

The movement along this major fault area has been estimated
by Ransome, Cox and Spurr, to amount to 1500 ft., and evem 2000 ft.
It started before Laramide time with a relative downthrow of the
east block, later alternated with an upthrow and finally with a

renewed and important downthrow again of the eastern area.



Recent Tertiary movement is well shown by the conspicuous
offset observed in the dacite flow: some remnants occur on the
Teapot Mountain to the quthwest at 4400 ft. elevation while a
larger'mass of dacite octcurs near town (best seen at the bridge)
at 2050 ft. elevation and more. Anothef obvious indication of
this large offset is obtained from a look at the geologic map.
It shows a solid area of Pinal schist west of the fault zone
without any of the later sediments. This contrasts with later
sediments found to tiie east, ranging from the Cambrian up to the
Tertiary.

It is‘worth mentioning that while the west block has been
disturbed relatively little, the eastern one shows a broken
assemblage of formatioﬁs that Ransome justly calls a mosaic. It
is fortunate that stratigraphy can partially assist in deciphering
this jumble; the Barnes conglomerate is of particular help here
as a faithful and comnspicuous marker. |

The orebody, and particularly its limits, is largely con-
trolled by structural faétorsn To the west, the West End fault
appears definitely to indicate a structural termination. To the
north the situation may be similar. The southern limit seems to
be indicated by a rather sharp fade-out. Similarly to the east
we are inclined to believe in a gradual fade-out beyond the

fault zone.



The orebody can thus be represented roughly on a map by an
irregular ellipsoid 8000 ft. lomg and 1500 ft. wide elongated
along a direction east-west. This does not mean that this is a
solid ore body: for instance, between the old Pearl Handle pit
and the West pit the intervening hill, that is now being gra-
dually stripped away, is almost all waste. The west block con-
tains three major coordinate faults almost at right angle. When-
ever they cut through the ore body there is no large offset in
the latter.

It will be difficult for a long time to determine for certain
which are the faults that pre-date or post-date mineralization;
most of them probably antidated mineralization then recurrence of
movement during and/or after mineralization blurred the whole
picture.

Without any doubt the later fault movements have influenced

-

the supergene orebody: for instance, the oxidation zone in the
eastern block is much deeper tham in the western zone because the
water-table has followed the downward movement of that bloc.

A major sturucture observable in the pit is an over-thrust
fault oriented N20W, dipping 15 degrees East. This truncated
the main diabase dike, displacing its upper body toward the west;
no remnant of the upper body has been found yet as it is probably

all eroded. The lower body has been dragged close to the fault

and extends irregularly toward the west as an elongated tongue.



The westward displacement along this thrust fault is indicated
{

in section by an offset (known from drill-hole data) of parts
of the porphyry mass existing east of the pit. The amount of

displacement might amount to a few hundred feet.

3. Mineralization.

The three formations seen in the pit are the diabase, a
dark-gray color, the schist ranging from a light pink to a reddish
brown and the porphyry often lighter in color.

Hypogene mineralization occurs more conspicuously in the
diabase under the form of chalcopyrite and pyrite. The rock is
fractured and broken, although fine-grained and demse. It is
hard to break, hard to drill and hard to crush; however it crumbles
easily.by disintegration after a few months of exposure in the
air. A hammer blow breaks it along pre-existing fractures and
each new blow breaks it along more tiny fractures all of which are
mineralized. This mineralization does not extend far away from
the fracture, perhaps a tenth or 2 tenths of an inch; It is not
truly disseminated therefore, and it could better be called reti-
culated for example, as E. N. Pennebaker labeled it (verbal
communication).

It is difficult to distinguish chalcocite im this dark rock
and the amount of supergene enrichment is now well known.

The schist in the pit usually shows chalcocite as copper

mineral either as tiny specks or as veinlets. This is understand-



ably secondary because we are still in the supergene zone.

In the schist also, we caﬁ detect the same ''reticulation"
in mineralization as noticed in the diabase.

The porphyry in the pit shows chalcopyrite, pyrite and
secondary chalcocite; much of the chalcopyrite and the pyrite
have indeed been already replaced.

‘Gold and silver in minute quantity accompany the copper
minerals with some molybdenum.

Native copper has been one of the copper minerals frequently
found in the Ray ore zones. Cuprite sometimes under the form of
chalcotrichite with its delicate hairlike crystals, is also

abundant in places.

4, Alteration.

Little hydrothermal alteration as such seems to have affect-
ed the diabase, The schist, on the other hand, exhibits much more
altératien although less thén at other mines, such as Chino, etc.
Sericitization is the main phenomenon and it occurs generally
along with mineralization; it is well displayed in the whole west-
ern portion of the Pearl Handle Pit. Some silicification mainly
along faults also shows at places. It has been repeatedly ob-
served in field specimens from the pit and outside, that a small
bleached zone of sericitization occurs on either side of pyrite

veins but the phenomenon does not occur along quartz veins.



Another type of alteration connected with thermal metamor-
phism is seen in the pit west of the diabase: this is the
occurrence of larger masses of a siliceous rock quite sericitic,
grayish and fine-grained, occasiona11y>sti11 showing remmants of
schistosity. It breaks, however, like diabase with a similar |
occurrence of mineralization, often then having a darker grayish
color.

Two such occurrences have been found. One shows in the
diabase;, near its underface, north of the pit, where it looks more
like a stoped mass of schist in the diabase. The other, quite
extensive, shows on the west side of the pit below but adjacent
to the diabase. The occurrence seems in this case to be more of
a transitional type. The color is generally light gray, sometimes
whitish gray showing a marked contrast with the dark diabase to
the east and the brown reddish schist further west. Thin sections
made from this rock showed it to be a sericitized quartzite.

The porphyry, mainly found east of the pit, displays some
alteration mainly in the plagioclase felspars. It has a pinkish
appearang¢e and shows well-formed biotite books, shiny and well
crystallized. Here too, we see that along pyrite veinlets there
is a bleached sericitized band on either side. These bands are
wider here than in the schist, often 1 or 2 inches wide in total.

The color becomes creamy-tan.



-10-

To the south of the pit we also find a transitional zone
between schist and porphyry this time where the two rock char-

acteristics have been blended together.

5. Origin of the Ore.

There is much speculation about’ this question. It appears,
however, that one of the small stocks of Granite Mountain porphyry
is much more broken and shattered than others; it is located east
of the present pit and on the Ray fault within the ore body.

A well shattered porphyry stock in the middle of avheavy
fault zone, accompanied by a general rustiness of the rocks in
the area, seems a valid criteria for good porphyry copper. The
presence of diabase, as is‘seen in other mines of the vicinity,

is an additional favorable factor influencing the orebody.

~

J. Wexrtz

(Paper presented at the Spring Meeting AIME, Geology Division,
Ray, Arizona on April 12, 1958).
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