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THE METALLURGICAL STORY AT INSPIRATION

' By
C. B. KETTERING® and K. L. POWER™"

In the early operations of the Inspiration Consolidated Copper Company,
which extended from 191l; to 1926, the ore as mined contained principally sulphide
copper minerals, mainly chalcocite (CupS). This ore was milled in a 20,000-ton
concentrator and the copper was recovered as a flotation concentrate, which was
smelted at the nearby plant of the International Smelting and Refining Company.
In those days no attempt was made to recover copper from any oxide minerals
present.

As mining operations progressed it soon became evident that the proportion
of oxide minerals present would steadily increase, and it was realized that
some method of treatment would have to be developed, whereby copper could be
recovered from both oxide and sulphide minerals contained in the ore. A research
program was instituted and after some years of experimental and pilot plant work
a new hydro-metallurgical process was developed, whereby it became possible to
extract copper from both the oxide and sulphide minerals in a single leaching
operation. The solvent adopted consisted of a mixture of sulphuric acid and
ferric sulphate. Following dissolution, the dissolved copper would be recovered
by electrolysis. Also in the process of electrolyzing, spent solutions of
sulphuric acid, stO s» and ferric sulphate, Fe (SOh) s would be regenerated and
50 made available for continuous re-use. The process appeared to be a success
and the decision was made to build a full-sized leaching plant for the future
treatment of Inspiration mixed ore. Construction was started and the leaching
plant was completed in 1926. With the start of ferric-sulphate leaching the
Inspiration Concentrator was shut down and, with the exception of a few short-
time runs, has not operated since that time,

The ferric sulphate leaching process served Inspiration well for some 30
yvears and during that time won a name for itself as a classic example of
hydro-metallurgical treatment of mixed sulphide-oxide ores. Originally the
plant was designed to process some 7,500 tons per day of a mixed ore containing
about 1.2% copper, of which 60% was present as oxide and LO% as sulphide., Down
through the years various improvements were made for the purpose of increasing
plant capacity, and as well to change the limiting factor of sulphide-oxide
ratio. The final result was a leaching capacity of 9,600 tons per day when
treating a 1% copper ore with a reversal of the sulphide-Oxide ratio to 60%
sulphide and 0% oxide.

SLIMES SEPARATION

Very early it was recognized that satisfactory leaching could only be
carried on if free percolation of solutions through the bedded ore was maintain~-
ed. Such free percolation was seriously interfered with by the presence of
colloidal fines, Accordingly, additional plant was constructed to "de-slime"
the ore prior to bedding. Wet classification of the primary screen undersize
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accomplished this purpose and resulted in a separation of about 7.5% of the total
feed., This classified product contained about 85% minus 200 mesh material. The
tglimes" so separated are given a dual process treatment in the "Slimes Plant',
wherein the sulphide minerals are recovered by flotation and oxide minerals are
dissolved in an agitation leach, the copper being subsequently precipitated as
cement copper in a suitable series of iron launders.

Present-day operations at increased tonnage rates have called for expansion
of both screening and classifying plants. Rake classifier capacity has been
increased and, at the same time, "cyclone classifiers" are being added to the
circuit to further physically improve the products going to both 1each1ng and
slimes plant circuits.

De~sliming of the ore to be leached was the first great forward step to be
taken in the working out of this ferric sulphate leaching process. This has been
followed by many another change. Such changes made down through the years
involved methods of bedding ores physical and chemical control of leaching
solutions, improvement of contact time, methods of washing and draining leached
ore, All such steps were to lead to improved metallurgy and copper extraction,
gained in spite of a steady and constant change in the character of the ore,
both in grade and in sulphide-oxide ratio. .

CEMENT COPPER IEACHING

Increase of sulphide ratio in the ore posed a serious problem, which called
for heroic measures. Successful leaching of the sulphlde mineral chalcocite
(Cu S) calls for the presence of ample ferric sulphate in the leaching solvent.
In thls process ferric sulphate is manufactured, or regenerated, by the
oxidation of ferrous salts contained in the electrolyte. However, the rate of
such regeneration is strictly a function of the rate of copper precipitation in
the electrolytic cell. In due time it became obvious that if the necessary
concentration of ferric sulphate for the dissolution of increased amounts of
chalcocite in the ore was to be maintained, more copper than was currently
contained in leaching solutions, coming off the ore, would have to be supplied
to the tank house electrolyte.

In the leaching process the final wash waters contain copper in solution.
The concentration is too low to permit electrolytic recovery, so these wash
waters are sent to an iron launder system, where the dissolved copper is
recovered as cement copper. The quantity of cement copper produced is quite
material and amounts to better than 1,000,000 pounds per month, or around 20%
of the copper input to leaching., Such cement copper for years has been
subsequently treated by smelting. Now it was realized that if cement copper
could be re-dissolved and the copper delivered in concentrated solution to the
tank house electrolyte, then the electrolysis of this additional amount of
copper would furnish all the ferric sulphate necessary for the expanded leaching
of sulphide copper. After a considerable period of testing and experimental
works a successful method of dissolving cement copper was developed. A cement
copper leaching unit was built and successfully operated. Through this means
it became possible to maintain the ferric iron balance, and so leach increasing
amounts of chalcocite. In recent years, at times up to 70% of the copper
content of the ore has been present as chalcocite,

At the present time, having electrolytic capacity available, the Cement
Copper Leaching Plant is being expanded so that in the future all cement copper
produced from the several sources of Leaching Plant wash waters, Slime Plant
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cements, and Leaching in Place cement, may be dissolved and re-precipitated as
cathode copper directly, thus eliminating the expensive steps of smelting and
anode refining,

THE DUAL PROCESS

In 1947 Inspiration began the change-over from underground block caving to
Open Pit mining, This change made possible the future mining of low-grade
fringe ore. It was also known that in the bottom levels of the mine there would
be an increasing amount of copper present as chalcopyrite. Chalcopyrite cannot
be recovered by leaching and sc a new problem presented itself,

In leaching sulphide ores the time element is all-important and a
satisfactory extraction cannot be obtained without ample contact time. This in
itself would limit the tonnage treatment rate and the rate of copper producticn
would be seriously affected when the time came to treat the lower grade ores.
Alsos there was the before-mentioned complication of the increasing presence of
the mineral chalcopyrites from which copper could not be recovered by leaching.

Thus, after extensive studies initiated in 195h, it was decided to abandon
the well-tried ferric sulphate leach and to convert Inspiration's metallurgical
operations to the "Dual Process". In this process ore is first acid leached
to recover the oxide copper and the residue from this leach is delivered to the
Concentrator, wheres after grinding, the sulphide minerals are recovered by
flotation. Such a process would enable a treatment rate up to 16,000 tons per
day, would insure the maximum recovery of all sulphide mineral, and would assure
the maintenance of an adequate increased copper production rate.

NEW CONCENTRATOR BUILT

The year 1956 was devoted to re-building of the old concentrator. The
rehabilitation was complete and the new mill was equipped with the most modern
of milling equipment. To point this up, it is notable that in the new plant
seven 10-1/2' x 14! ball mills replaced 40 of the original 8' x &' mills for
approximately the same grinding capacity. Modern mechanical flotation machines
replaced the obsolete canvas-bottom Inspiration type of flotation cells. Within
the limits of the mill building there remained ample floor space for repair
areas; a complete self-contained electrical substation, together with sufficient
room for future possible expansions or modifications. Only the main building,
the ore bins, modified to suit, and existing cranes remained from the old plant.

Layout and design of the new plant was done under the direction and
supervision of the Inspiration mechanical and metallurgical staffs. Construction
was by contract, ) :

The September, 1957, issue of The Mining World contained a very excellent
article on the completed concentrator, written by Mr. Stanley Dayton, Assoclate
Editor of that paper. In the interest of brevity many details of plant
description mentioned in that article will be omitted in this paper. Incidentally,
a complete description of the original 20,000-ton mill was published in the
ATME Transactions of 1916, Volume 55. The original Leaching Plant was described
in Volume 106, published in 1933.
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CHANGE TO DUAL PROCESS

Barly in January, 1957, the change to Dual Process operations was made. The
change-over involved the stripping of copper from all ferric sulphate leaching
solutions, with a final diseard of stripped solutions. At the same time, it was
necessary to build up fresh iron-free acid solutions for subsequent oxide leaching.
This change-over was accomplished without material difficulties and the Dual
Process was "ready to roll". Within a short time operations were stepped up to a
rate of 15,000 tons per day.

In this Dual Process operation, after leaching the bedded ore, the leached
residue is excavated and transported to the Concentrator in 60-ton bottom dump
railroad cars. As would be expected the increased rate of operations called for
a complete revision of crushing, bedding, excavation, and railroad haul schedules.

LEACHING OPERATIONS

Leaching operations for the recovery of oxide copper have proceeded in a
satisfactory manner, From preliminary studies made it had been estimated that
iron would be dissolved from the ore and thus solutions would contain some ferrous
iron, which, during electrolysis, would be converted to ferric sulphate. It was
anticipated that, as a result, the leaching operation, in spite of low ferric
iron concentration and short contact time, would recover about 20% of the sulphide
copper. However, surprisingly enough, it was found the Iron concentration of -
solution gradually worked up to as high as 7 grams per liter, and, of this totals
as much as l G/L was oxidized to the ferric state. Thus, it turned out that
sulphide extraction at times has run as high as 50%. In the beginning oxide
extraction was not as good as had been hoped for., Ilately this has improved and
it is possible to make an oxide tail not to exceed 0.03% Cu.

The result of this somewhat surprising and mixed-up metallurgy is that an
extraordinarily low "head" is sent to the Concentrator. However,; economic studies
made have demonstrated that, within reason, the more copper extracted by leaching
the better will be the overall outcome,

Typical leaching data are as follows:
% Cu % Cu % Cu

(October, 1957) Tons Total Oxcide Sulphide
Ore as mined 1,07, 126 0,857 0465 0,392
Slimes removed 32,571 1,298 0.835 0.1163
Ore bedded 37k, 855 0.816 0.433 0.383
Leached Residue 374,200 0.228 0.033 0.195
Extracted 0,588 0,400 0. 188
% Extraction 72,059 92,379  19.086

Solution Analyses

Grams per liter

4 Copper Acid Iron Ferric lron
In Out Out Total IE QEE

Leaching solvent and ’
Tank House Electrolyte 25 20 17 6.5 0.7 3.7

*In or out figures refer to solution flow to and from the Tank House.
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ELECTROLYTIC PRECIPITATION

Original Dual Process planning indicated that the electrolysis of leaching
solutions would require only about 50% of the cell capacity of the Tank House.
With this in mind, plans were made to utilize the remaining capacity for anode -
refining, In this way it was hoped it would be possible to turn out Inspiration's
entire production as refined cathode copper. To further this purpose a new anode
casting plant was built, which went into service in October of 1957,

As things have turned oubts; because of the higher extraction of copper by
leaching, only about 35% of Tank House capacity has so far been made available
for refining, The remaining capacity is still required to precipitate copper from
leaching, or, as they are known, "commercial solutions". This fact, in itself,
has an important bearing on, and, in fact, becomes the control of Tank House
operations.

COMMERCTIAL SECTION OPERATION

Commercial solutions, the analyses of which have been previously mentioned,
‘are distributed from a center launder to the required number of electrolytic
~cells. In these cells use is made of 8% antimonial lead anodes. Starting sheets
produced in the stripper section weigh 13 pounds. The final seven-day cathode
produced weighs 125 pounds.

Because of the nature of the solutions and the use of lead anodes,; cathode
efficiency is low and power consumption is relatively high. The electrolytic
cells are operated with a 4" electrode spacing. Mechanics of the operation
have to be very carefully watched and controlled. Special additives are made
use of to control "sprouting" and short c¢ircuiting in the cells. In spite of all
such precautions, current density must be held down and it is seldom that a
figure of 13.5 amps per square foot can be exceeded. :

TYPICAL COMMERCIAL SECTION DATA
(October, 1957)

Rate of solution flow « o « & o v « o « . 100 GPM/Cell

Average weight cathode .+ « ¢ v ¢ ¢ ¢ « « « « « 125 1Ibs,
Average voltage between anode and cathode . « . 2.51
Average current density « « » « ¢« o « ¢+ o o . 13,6
Average ampere efficiency « « o « « o« o » o « « 76430
KWH per Pound Copper Precipitated . . « « .o . . . 1.386
Number cells in service « « « « = » o« o ¢« + o« « 96

REFINING SECTION OPERATION

The anode refining operation has proved to be a most satisfactory one,
However; since the Tank House has one single electrical circuit, so far it has
not been possible to separate commercial cell operation from refining cell
operation, Thus, since current density on the commercial section is more or
less fixed, it is not possible to increase the current on the refining cells.
This, to some extent, limits the refined cathode output.

The copper anodes are very large and weigh 1,300 pounds. They are placed

in the cells with a 6" spacing. Starting sheets are the same as those used in
the commercial section and come from the stripper section of the Tank House.
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Electrolytic efficiency averages well over 90% and a very satisfactory cathode,

~ weighing 220 pounds, is produced. To the maximum extent possible, all handling
of anodes and cathodes is mechanical, using overhead cranes for loading anodes

tos and unloading cathodes from the cells to mechanical tilting racks. Cathodes

are baled into l;000~1b, bundles and loaded to box cars by lift trucks.

Anode Slimes are carefully collected and delivered to the anode Slime Plant,
where they are filtered, dried and packaged for delivery to the Raritan Copper
Works for final treatment.

It is expected that as the ore changes in character and less copper is
leached and more is concentrated and smelteds the refining capacity of the Tank
House will be increased, as the need for commercial cell operation falls off.
Ultimately it is expected that the entire output of copper from Inspiration will
be shipped as refined electrolytic copper.

TYPICAL REFINING SECTION DATA
(October, 1957)

G« e+ o e s 10-15  GPM/Cell
e o o =2 o @ )-I.S.O G’/L
e e s o« s« 160,0 G/L

Rate of flow of electrolyte . .
Copper content of electrolyte .
- Acid content of electrolyte . .

* L] L] -

Average weight of cathode + « o ¢ « o « « « « 225 1bs.
Average voltage between anode and cathode . . 0,35 Volts
Average current density « o o o« ¢ o ¢ o s o 19.5

Average ampere efficiency « « o« ¢ « o o s o 93.L %
K{'JH—AC pel“ Pound Copper * & & 8 & * " s e e 0.158
Nurber of cells In S€TVICE & & o o o « o ¢ 30

CONCENTRATOR OPERATIONS

The Dual Process involves treating the ore twice, in two separate plants, to
obtain maximum recovery of both oxide and sulphide copper values. The oxide
copper is recovered in the lLeaching Plant by acid leaching and electro-deposition
from the solutions. The leached ore is then sent to the Concentrator, where the
- sulphide copper is liberated by grinding and recovered by flotation as a
concentrate, which is shipped to the Smelter.

Leached ore; previously crushed to 3/8%, is excavated from the leaching tanks
and hauled by railroad to the Concentrator, about one mile distant., There, the
60-ton gable-bottom cars are dumped into 15,300-ton capacity caternary ore bins.
Although the leached material is 9 to 11% moisture, and contains some residual
acid, as well as copper and iron salts, there has been little evidence of attack
on the steel of the bins.,

The presence of the high moisture, however, dictated one of the several
novel design features of the Concentrator. In order to draw the wet, sticky
material from the bin, twenty-one inverted pyramidal hoppers were attached to the
bottom; three for each ball mill. The slope of the sides is 60° and the mouth
of each hopper is L-1/2 feet square inside the wear plates. There has been no
tendency for the wet ore to bridge over the openings. Under each hopper is a
60-inch belt feeder, which draws the ore from the outlet. With some modifications
of the original design, this type of feeder has been very satisfactory. A
vertical gate regulates the depth of the ore ribbon on the belt feeders to give
virtually a metered rate of feed to the ball mills for each gate setting.
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CONCENTRATES TO SMELTER e
' b TAILINGS 3
1. 15,300 ton capacity, steel catenary 10. 1 Hazleton, 3 inch, twin-volute pump;.
fine ore bin, test cleaner tails. o
2, 21 Belt feeders, 60 inches wide, 11, 6 Hazleton, 5 inch, twin-volute pump
3. Transweigh belt scales. ~ cleaner tails; 2 in service, L standby.
h. 7 A11is Chelmers 10-1/2 x 1L foot ball 12. Conerete sump, 36 x 25 x 16 feet deep.
mills; 6 in service, 1 standby. 13. 3 Hazleton, 12 inch, centrifugal p nps;
(;) 5. 7 Dorr HX, 16 x 38 foot classifiars. two in service, one standby. -
6. Galigher sampler and pulp distributors; 1L, 2 Dorr, 275 foot traction thickeners,
‘ 3 in the circuit, 1 for test section. 15. 1,500,000 gallon ecapacity mill reservoird
7. 12 banks of 12-cell, Fagergren 66 inch mill head tank, :
flotation machines, roughers. 16. 2 Dorr, 60 foot diameter, eoncentrate
8. L banks of S5-cell and 1 bank of L=call thickeners,

Fagergren 66" flotation machines,cleaners 17, Eimeo, B dise s 6 foot filter,
9. 2 Dorr, 32 foot diameter hydroseparetors. 18, 1 Hazleton, 8 inch, twin-volute pump,



Three of the above 60-inch' feeders dischargé onto oné 18-inch collector belt,
whichs in turns transfers to a 2l-inch belt conveying the ore to the ball mill
scoop box.

BALL MILLS

Grinding units consist of seven 10-1/2 x 1l ft. diaphragm ball mills driven
by 1,000 horsepower synchronous motors. FEach mill is in closed circuit, with a
16 by 38 foot rake classifier, which is equipped with a }2 inch by 16 foot spiral
conveyor for returning the classifier sands to the scoop box.

A wnitized control panel is provided for each grinding unit. ZLocated on it,
in the direction of ore flow, are push-buttons for the control of feeders,
conveyor belts, classifier, spiral conveyors, ball mill and exciters. These
controls are tied together with electrical interlocking to prevent spillage of
ore, should any unit fail., On the same panel is a weightometer recorder and
along-side is the panel of the pH recorder.

The Concentrator was designed to handle 15,000 tons per day, using six
grinding units at 2,500 tons each, leaving one unit to serve as a spare. This
spare unit was necessary since all mill repairs must be done in place. The
steel structure of the building was not strong enough to support a crane large
enough to 1ift a loaded ball mill and carry it to a repair bay.

In actual practice, the mills are capable of grinding more than the 2,500
tons called for in the original design plans. As shown in the table of grinding
data, the tonnage rate has been increased to better than 2,600 tons per day.
Therefore, in order to maintain the 15,000 tons per day total, it is only
necessary to run five units continuously and start and stop a sixth section as
needed to keep up with the train haulage from the Leaching Plant.

In operation, each hall mill operator has charge of three mills, The
operator 1s responsible for putting as much tonnage as possible through the
millss consistent with maintaining the specified mesh of grind and percent
solids in the classifier overflows. To aid in controlling the mesh of grind, a
wet screen analysis of each classifier overflow is run every two hours.
Generally, enough water is added to the classifier to make a pulp of 33% solids
in the overflows, which will contain about 3% plus 48 mesh.

Adjacent to the grinding bay is the lime grinding section, which consists of
two 6 foot by 48 inch ball mills in closed circuits with two 6-inch cyclone
classifiers. The lime slurry produced in the cyclone overflows is stored in
three agitated storage tanks. From these tarks the slurry is circulated
through the Concentrator in a looped piping system along the line of columns
near the ball mill scoop boxes. The ball mill operators add a sufficient
quantity of lime into each scoop box to maintain a pH of 9.5 in the classifier
pools. pH is measured and recorded automatically.

Despite the acidic character of the ore, only about 5 to 6 pounds of lime
per ton of ore are required to attain the pH value.

Both the collector and frother reagents for the subsequent flotation are
added in the classifier overflow boxes. The frother reagent feeder is located
at the overflow end and the collector feeder is located at the sand end of the
classifier, with piping provided to allow the collector to be added either to
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the classifier overflow or to the ball mill scoop box. This gives the necessary
flexibility to handle those reagents which might require additional conditioning
of being passed through the ball mill,

BALL HANDLING

Grinding balls are directly unloaded and stored in four concrete bins of 300
tons capacity each. These bins are located on a hillside below a railroad spur,
about a quarter of a mile from the Concentrator. They can be loaded with balls
either from railroad cars or from trucks. From the dispensing gates on each bin,
the balls roll down a launder to the hopper of a recording scales, where they are
weighed in specified charges and the weight is printed on a scale ticket. Each
charge is then dropped into one of six separate compartments on the bed of a 12-ton
trucks which is parked directly below. The truck hauls the balls to small concrete
bunkers, which are located outside the mill behind the ore bins and at an '
elevation about ten feet above the center line of the ball mills. ZEach weighed
charge is unloaded from the. truck compartments into one of 21 of these bunkers,
which allows for three days of ball storage for each mill. When the gates of the
bunkers are lifted, the balis roll by gravity into the drum feeder on the front
of each ball mill scoop.

Present consumption of 2~inch balls is between 1.25 and 1.35 pounds per ton
of ore. The weighed charges, added each day, are, therefore, about 3,400 pounds.
Ball load level in each mill is inspected about every five or six weeks and is
maintained as nearly as possible to 5% of the mill volume,

TYPICAL GRINDING DATA

March through Qctober
July, 1957 1957
Days operated : 149 27
Wet Tons of Feed 2,018,195 421,523
% Moisture 10,16 10.57
Dry Tons of Feed 1,812,232 376,957
Dry Tons per Day 12,169 13,961
Avg. Number Sections Rumning 1.836 5296
Avg. Tons per Sectlon/bay 2,516 2,636
"~ % +48 Mesh 3.1 2.8
Ball Consumption Lbs, per Ton 1.27 1.34

ROUGHER FLOTATI ON

The rougher flotation cells are divided into two sections, each consisting
of six rows of twelve Fagergren flotation machines. Ahead of each section of
roughers is a rectangular pulp distributor, which receives the overflows of three
classifiers, combines the pulp into a single stream for feed sampling, and then
splits it into six portions for the individual rows of roughers.

As mentioned previously, always one and possibly two of the seven grinding
units may be shut down at any particular time. Therefore, the overflow of
classifier number L is provided with a junction box from which the pulp (when
that grinding unit is in operation) may be diverted to either, or split to both,
of the distributors, and thereby equalize the load on the two flotation sections,

For ease and safety in starting and stopping the rougher machines, individual

push~buttons for all roughers are centralized in one control console at the end
of the rougher bay. On the same platform is a smaller console with push~buttons
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for cleaner cells and hydroseparatorss which are located on the floor below.
From this one control platform, excellent visibility is afforded to all the
machines of both the rougher and cleaner floors.

~ CLEANER FLOTATION

. A1l rougher concentrates from each rougher section are combined and then
split to the cleaner cells. Cleaners consist of two rows of five 66" Fagergren
cells for each rougher section,

Cleaners are likewise arranged in a single-stage circuits, making a final
concentrate, which flows by gravity to the concentrate thickeners and a cleaner
tail, which is pumped back to the distributors ahead of rougher flotation,

The final concentrate is thickened to 50 to 60% solids in a 60-foot thickener
and filtered by a 6-~foot diameter 8-disc filter. Filtered concentrate is
conveyed to a loading station, where it falls into a railroad car for transport
to the International Smelter, about one mile away.

TEST SECTION

Since the flowsheet is simple and uncomplicated, it was an easy matter, in
design, to provide for a test section which can be isolated from the rest of the
mill circuit, This test section consists of one grinding unit, a two-way
distributors two rows of rougher cells, a four-cell row of cleaners, and a cleaner
tailings pump for re-cycling to the test section distributor.

The advantages of this test section in evalvating reagents, alkalinities,
pulp densities; feed rates, etc., are obvious. It is particularly useful in
reagent testings giving a four-step procedure. In the first steps, the reagent
is tested on small batches in the Testing Laboratory. If it shows promise, it
can then be tested on 2,600 tons per day in the mill test section. Then, if
results justify, the reagent can be tried on 7,500 tons per day in an entire
rougher section. The final step would be adoption for the entire mill.

ELECTRICAL CONTROL ROQM

Push-button consoles in the grinding bay and flotation bay are actually
only remote control stations for the switches which control the flow of power to
the various motors. Switchess circuit breakers, transformers and electrical
recorders and meters are all located in a separate sub-station building within
the Concentrator, This is constructed of hollow concrete blocks and is cooled
in the summer by an air washer and a 90,000 cubic foot per minute fan.

From the control room, the wiring is carried in overhead cable trays to the
motors and control panels in the grinding bay. Wiring to the flotation machines,
hydroseparators and push-button consoles is led on cable trays through a tunnel,
which runs the length of the building under the flotation bay.

. The use of cable trays reduced the need for buried conduit, with its

) attendant difficulties, to a minimum. Further, cable trays have the advantages
o? neatness, flexibility, and easy circuit tracing in replacement of faulty
wiring,. '
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TYPICAL FLOTATION DATA

March through October

July, 1957 1957
Assay - Concentrator Feed
% Oxide Cu. 0.05L 0.033
% Sulphide Cu, 239 193
% Total Cu. $293. . 226
Assay - Tails
% Oxide Cu. _ 0,041 0.020
% Sulphide Cu. .055 NIt
% Total Cu. .096 066
Assay - Concentrates
% Copper 29.723 22,043
% Moisture 14.75 1.0l
% Insoluble o 12,70 9.1}
% Iron 17.44 32.27
Concentrator Recoveries _
Tons Concentrates 12,067 2,757
Lbs, Total Copper 751735431 1,215,331
Ratio of Concentration : 150,26, 136.727
% Cu. Recovered 67.433 T1.2h)
Lbs. Cu. per Ton Feed 34956 3.22L

RECOVERY OF SILVER AND MOLYBDENUM

Another salient feature of the Concentrator operations is the recovery of
two valuable metalss; which were formerly left untouched in the Leaching Plant
tailings, namely, silver and molybdenum. While silver is not present in the ore
in large quantities, its recovery in the copper concentrates in the amount of
one to three ounces adds at least a small extra margin of profit for the
Concentrator operations. Gold values are negligible,

While it was known that molybdenum occurred to some extent in the ore body,
the extent of its occurrence was indefinite. However, it was quickly noted that
the copper concentrate produced had a substantial and, more or less, consistent
molybdenite content. Early in the year a program of test work for the recovery
of this valuable mineral was inauvgurated., As a result of this work a molybdenite
recovery plant has been designed and is now under construction,

TATLINGS DISPOSAL

At Inspiration, the maximum recovery of mill water is of vital importance.
To further this purpose, it was necessary to install two 275-ft. diameter tailing
thickeners to provide for adequate settling. However, because of lack of space,
below the mill sites it was necessary to locate these thickeners on a site;

)
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which is 105 feet above the mill. This involvedApumping to the thickeners. To
decrease the burden of pumping, two 32-ft. Hydroseparators were installed in the
tailings circuit.

Rougher flotation tails flow through the Hydroseparators, Hydroseparator
overflow running 25% solids, with about 3 to 5% plus 100 mesh material, flows by
gravity to a concrete sump, From the sump the thin pulp is pumped to the
thickeners on the hillside above, Pump installation consists of three 12¢
centrifugal pumps, two of which are constant speed, the third being driven through
a variable speed coupling, which is automatically controlled. In normal operation,
one fixed speed pump and the variable speed pump adequately handle the pumping
load,

Clarified overflow water from the two 275~foot traction thickeners flows by
gravity to a 1,000,000~gallon reservoir, which serves as the head tank for the
Concentrator. Make-up water is added in this reservoir and blended with all
reclaimed waters before flowing to the grinding bay through a 20-~inch trans1te
line.

Thickeners are constructed partly on solid ground and partly on tailings,
but the center piers of both are on solid ground. To prevent leakage and
water-logging of the old tailings, the bottoms are of reinforced gunite.

The thickened underflow pulp at L8 to 50% solids is carried back down the
hill to the Hydroseparator floor through an 18-inch transite pipe. Inside the
mill building, the Hydroseparator sands at 58 to 60% solids are recombined with
the thickened slimes to give a final tailings pulp of 52 to Sh% solids, which
flows to the tailings dams through an 18-inch transite line.

The present main tailings dam has an area of about 105 acres and had been
developed by previous operations. It was made ready for use by building up an
initial level berm about ten feet high on three sides. The fourth side lies
against an older and higher dam. The pulp from the Concentrator crosses this
higher dam and can be diverted to fall through concrete drop-boxes into either
leg of a horseshoe-shaped loop of 18-inch transite pipe located on top of the
initial berm. :

This tailings disposal system is. a modification of the Morenci system.
The pulp is discharged into the pond through 3-inch plug valves, which are
spaced along the header pipe every 26 feet., A short length of rubber hose and
a 20-foot length of 3-inch light gauge steel pipe carry the pulp into the pond.

When the tailings have filled to the top of the initial berm, a new berm
5 feet high will be erected along the inside of the header pipe and extra 1qngths
of steel pipe will carry the tailings wuwp and over the new berm. It is expected
that by extending these riser pipes and building new berms, a total 1lift of 20
to 25 feet may be made before it will become necessary to raise the main 18-inch
header to a new elevation.

In addition to the main dams, a new dam with a potential area of about 150
ot acres is being developed adjacent to it on the north. Here the system is the
same, except that the loop of header pipe is 12-inch transite instead of 18-inch,
The tailings stream is split to feed both ends of the loop simultaneously.

Water is reclaimed from the tailings dams by means of decant chimneys and
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buried decant lines, which carry the water to a settling basin below the dams,
From there the water flows by gravity to one of the main pumping stations, where
it is combined with other industrial waters and returned to the main plant
reservoir., )

As shoun in the table of water data, the recovery at the tailings dam had
averaged better than 25% of the water in the tailings pulp until Octobers when
considerable tonnage was diverted into the new tailings dam. Most of the water

in this pulp was lost to seepage.
TYPICAL WATER DATA

March through October
July, 1957 1957
Gals,/Ton % of Gals./Ton % of
Ore Total Ore Total
Total Make-up Water 165 70.7 179 8641
.Tailings Dam Return Water 68 29,3 - 28 13.6
Total Water Used ' 233 10G,0 207 100.0

DISCUSSION OF METALLURGY

The design of the Concentrator has several novel and unique features, but
certainly the most unusual thing about the operation is the metallurgy itself.
As described in the discussion of Leaching Plant metallurgy, up to the present
time the extraction of sulphide copper in the Leaching Plant has been higher than
had been anticipated. At times this higher extraction does not leave much copper
in the leached ore for the Concentrator to work on. Such a situation may vary
within wide limits, depending on the amount of oxide and of chalcopyrite
contained in the ore.

The mill ratio of concentration is fairly consistent and has remained
between 130 and 145 to 1. Obviously, then, the grade of final concentrate made
varies from day to day with the assay of sulphide in the feed.

- The reasons why the ratio of concentration seems to have an upper limit are
not fully known, but it is thought that they would include:

(1) The ready floatability of both the chalcocite and pyrite
at the present pH of 9.5 in the flotation pulps. Efforts to depress
the pyrite at higher pH values have not as yet been successful, as
in so doing the tailings loss is increased. Rougher cells make
nearly the final grade of concentrate and lsave little work for
the cleaner cells to do. The concentration ratio of the cleaners
-is only about 1.2 to 1.5 to 1.

(2) The absence of a regrind mill in the cleaner circuit.
In the design discussions, the subject of a regrind mill was given
full consideration, but was ruled out on the basis of test work,
which had showmn that a marketable concentrate could be made with
only a single-stage roughing and single-stage cleaning circuit.,
It is still not felt that a regrind mill would pay for itself in
further upgrading the concentrates. Microscopic examination of

‘-120 -



various mill products has revealed little interlocking of the -
copper with iron or gangue minerals.

(3) The lack of selectivity of the present collector
reagent. During the design and construction period, exhaustive
laboratory flotation tests were conducted on most of the
collectors and frothers now in commercial use. All reagents
were judged solely on their ability to minimize the loss of
copper in the tailings. On this basis, Xanthate for the
collector and Pine 0il for the frother were.chosen as the
start-up reagents. The problem of final upgrading of
concentrates was left for actual operations. In fact, until
the low heads of recent months, there was little or no problem
in maintaining a satisfactory grade of concentrates.

Now that operational difficulties of starting up the new mill are fairly
well straightened out, the test section of the circuit will be used more
continuously in an effort to learn more about the present flow sheet and just
what modifications and changes are necessary to improve it. Early in this
test workswill be a reappraisal of other collector reagents to try to find one
of equal promoting powers but greater selectivity than the Xanthate being
used. '
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. ARTZONA SECTION
OPEN PIT DIVISION

SPRING MEETING
: at
INSPIRATION CONSOLIDATED COPPER COMPANY

May 10, 1974

PROGRAM o d
8:00 - 9:00 A.M. ‘Registration - Miami High School
9:00 - 10:30 A.M. Welcoming & Orientation ~ Miami High

10:30

12:30

2:00

5:30

School Auditorium - Tom Anderson, Chairman
Open Pit Division, H. D. Harper, General
Superintendent.

Inspiration History - Del Wisnmer, Assistant
Leaching & Refining Superintendent.

Inspiration Geology - Jack Eastlick, Chief
Resident Geolegist '

Inspiration's Ox Hide Mining and Leaching
Operation - Bill Sorsen, General Foreman

Inspiration's Open Pit Operations - Jim
Lundy, Open Pit Superintendent

Inspiration's Dump Leach Operations - Fred
Rice, Chief Planning Engineer

- 12:00 Noon Tour Ox Hide Operation

- 2:00 P.M. Lunch.— Elks Club, Miami

- 4:30 P.M, Tour Inspiraéion Open Pit Operations
- 7:00 P.M. Cocktails - Cobre Valley Country Club

7:OO_P.M.A ‘ Dinner - Cobre Valley Country Club




INSPIRATION CONSOLIDATED COPPER COMPANY

INSPIRATION, ARIZONA -
HISTORY

What is in a name?

Webster's dictionary defimes Inspiration as:
1. An inspiring or animating action or influence
2. Something inspired, as a thought
3. Theology: A divine influerice directly or immediately exerted
in the mind or soul of a man

In Inspiration Consolidated Copper Company, the name itself is a mouthful of

words, and to its employees and the other primary copper producers, an "Inspiration."

' ' Inspiration, like many western mineé, owes its discovery to the early prospector
“and his burro. Mineralization was recognized in the local area prior td 1900. The
earliést exploratory working was the 1000 foot‘Woddson Tunnel driven into a local
z hill side in 1908. :By then the local owners had consolidated claims and groﬁps of
claims into a single holding and induced‘outside capital to form the Inspiration
Mﬁning Company. Later mergers and aquisitions ied to the formation of Inépiration
j‘“.. Conéblidated Copper Company in>1911. |

. From this time on the history of the company has been a series of "Imspirations.”
“Dr. Louis Ricketts, William Boyce Thompson, Charles E. Mills paved the way to what is

now one of the most complete metallurgical plants in the country.

The original concept was to build a plant to treat 7500 TPD by tabling. As work
* prdgressed it became apparent thatal0,000 TPD plant would yield more profits, Mean-

while flotation work directed by J. M. Callow showed promising results.




fhé management ét Inspiration Consolidated Copper Company had an "Inspiration.,”

| Ihey caﬁcélléd'thé.steel ordered for-the tablimg plant_aﬁd re;designed the mill.for
Mro. Caliéw's flotation process, resulting in a 14,400 TPD plant on stream in June

of 1915. It had been decided to use the unique mining method known as under cut or
block caving. Ore would be crushed, and delivered to the Concentrator by train,where
it was gr0ugd in 36 -(8' X 6") Harcy Mills. The ground slurry was floated with coal
tar in a modified callow cell known as the Inspiration Air Cell. The sands, separated

from the tail, were tabled for oxide recovery. Metallurgy for the first six months

was as follows:

% Total Copper % Oxide Copper
Heads 1.702 0.226
Tails 0.373 0.180
Float Concentrate 37.63
Table Concentrate 13.12

At the end of the six months it was decided to again increase capacity to 16,000 TPD

by adding four more ball mills.

At tﬁe end of the first operating year Inspiration estimated it had spent 20.5
million dollérs to build the new metallurgical plant and mine. The net profit for
this period was 20.6 million dollars. Within ome and one-half years Inspiration had
lived up to its name to become one of the largest copper producers and a major profit

maker.

Because of Inspiration’s unique ore body, containing approximately 50% oxide
minerals, it was decided in 1918 to try to develop a metallurgy more amenable to this

unusual ore body.

The first experiments on leaching the oxide minerals and then floating the sul-

fide minerals called '"Dual Process Ore'" were to continue until 1922. At this time



Dr. Ricketts engaged Mr. G. D. Van Arsdale for some small scale lab work on the
ferric sulfate 1éach, using sulfuric acid leach for the oxide minerals and the
ferric sulfate leach for the sulfide minerals. Recovery of the copper was accom-

plished through electrowinning and iron launder cementation.

From these results it was determined that an ove of - 1.19% total copper
0.77% oxide
0.42% sulfide

would yield a . 0.182% total copper tail

In September, 1925 comstruction started on a Leaching Plant to treat 7500+ TPD.

This was quickly scaled up to 9000 TPD and production started in October 1926.

The mill coﬁtinued to treat a portion of the high sulfide ores. 1In 1929 it was
found that desliming the ore prior to ieaching improved overéll recovery, lowering
the tail from 0.158 to 0.127% copper. The slimes treatment plant was designed and
put into service in 1930. The slime slurry was pumped to the mill, floated for

sulfide recovery and then leached and washed in four counter current decantation

thickeners, with copper being recovered from the leach solutions in iron launder

. cementation. ' .

Wnen the price of copper fell to 5.5¢ per pound Inspiration shut down in May of

1932 and it did not resume operations until September, 1935.

Upon resumption of operations the ore was primarily oxides and the plant was
converted to the faster acid leach sulfide float, Dual-Process method. When the
market sagged again in 1937 the process reverted to the cheaper and slower ferric

sulfate leach, where it was to remain with one exception until 1957.

In 1942 Inspiration was asked to produce more copper for the war effort. A
unique metallurgical process resulted. Mixed ores were ground while acid was added,

the copper leaching solution passed over scrap iron, and then floated to recover cement
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copper and the sulfidé minerals.

In 1944 the Tank House burned te the groumd. Agaim the plant switehed te the
Dual-Process recovery while the Tank House was rebuilt with copper being recovered

in the iron launders.

The rapid development of modern earth moving equipment, and rising costs made

" In 1947 the decision was made to begin open

Inspiration look at its "hole card.
pit mining. Stripping'for the new open pit began in 1947, the first ore was mined

in 1948. The last of the underground ore was mined in 1954.

The phasing out of the underground operation and the building of large waste
dumps led Inspiration into the dump and underground leaching. Iron launders were

bexpanded at the Leaching Plant and still more copper was produced.

Meanwhile, the oxide content of Inspiration ore was decreasing, affecting the
electrowinning, and it became necessary to re-dissolve cement copper produced at the
Leaching Plant and add this copper sﬁlfate to bﬁe leaching-electrowon circuit. This
decrease in oxides was accompanied by an increase in chalcopyrite. Chalcopyrite is
ﬁot soluble in ferric sulfate. It was now time for another change in the metallur-

gical process.

The old mill was revamped and the latest mill equipment added. When the plants
séitched from ferwxic sulfate leach to Dual-Process in 1957 the plant capacity was
increééed to 15,000 TPD and again to 17,500 TPD within the year. The Concentrator
was now offered the opportunity to recover molybdenum as a by product. The moly

circuit was added in 1958.

The change from ferric sulfate to Dusl-Process reduced the number of elect-

‘rowinning cells required in the Tank House and these were converted to electro-

refining cells.



The development of the Christmas mine resulted in a 4000 TPD mill for treating

ores from the underground mine. Poor ground conditions kept tonnages below design.

Abundant oxide minerals on the surface were noct amenable to leaching because of
their high lime content. Inspiration metallurgists devised a circuit to recover the
oxide minerals and a small open pit operation wss started to supply additional ton-
nages. In 1966 the underground operations ceased and the operation was converted
to surface mining.
b~ The International Smelter was purchased in 1960 and the Tank House was expanded
. P P

by 40%. Inspiration now had the capacity to treat, smelt and refine all of its pro—
duction. Refinery capécity was further increased by adding a rectifier to the New

!E Tank House.

A unique method of upgrading cement copper through floation was developed in

1962 to produce what we call -"Cu Pels'", a cement copper of 97+% copper with annual

sales of 3.5 million pounds per year.

‘ In l964 it was decided an increase in plant capacity to 20,000 TPD was needed

. to offset rising costs and dropping grade. A 6300 foot conveyor was constructed to
haul leached ore from the vats to the Concentrator. To speed up the excavation of
the vats a new bucket-wheel excavator was built to feed the overland conveyor system.

j R

| + Early in 1966 the new excavator collapsed and a modified ore treatment program
waslcalled for. The old clam-shell excavator was again used to load trains to convey

2 the leached ore to the Concentrator at 15,500 TPD. A bypass belt system was aaded
from the crusher to the new overland belt, thereby bypassing the leaching vats allowing
a high sulfide ore to be fed directly to the mill. This change completely altered

:3’7 all previous mining plans and the mine was now producing a Dual-Pfocess oreland

) 7
Direct Mill Feed ore.
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To treat the additional concentrates from the 20,000 TPD mill, the Smelter
added a suspended arch reverbatory furnace, and started phasing the old Great Falls

converters out in favor of new Pierce-Smith converters.

About the same time someone thought the mine had it entirely too easy and de-
cided, "let's go to three ore products."
1. Dual Process Ore - now approximately 0.7% total copper
- 0.35% oxide
0.35% sulfide

2. Direct Mill Feed - 0.6% total copper
0.15% oxide

3. Discard Ore -~ _ 0.6% total copper
: 0.2% sulfide

By leaching the discard ore and using the old excavator to load 40 ton haulage trucks
to carry tailings EO the duvmp, the miil could then receive an equal amount of Direct
Mill Feed ore. This, along with changes in the primary ore storage for three ore
types, belt conveyors in place of train haulage from the primafy to secondary crushers,

allowed Inspiration to aim at 25,000 TPD. .

In 1968 Inspiration decided to include a "CMCR" continuous melting casting roll-
ing plapt in its metallurgical line. Now cathodes from the refinery could be melted,
cast, and rolled into 5/16" rod for direct sale, instead of costly shipment of cathodes
back East for melting and refining into ingots. This was the first plant West of the
Miseissippi to do this and made Inspiration the most completely integrated plant of

its kind, truly an "Inspiration."

During the same year the Smelter converted from log poling to natural gas refin-
ing of blister copper, one of the first major users of this new method. The mine
started several new projects; stripping Red Hill for future ore development, Black

Copper, a million + ton ore body of low grade oxide copper which was developed
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adjacent to the Leaching Plant.v The Ox-Hide mine,‘é 12,000 TPD low grade oxide, pad
leach, cementation operation‘was started just west of Inspiration. It was now time
for the mine to upgrade its trucks, shovels and garage facilities for the larger

haulage trucks now coming into service.

Due to the many diversifications of the company each plant generated and collected
its own data; this was becoming an overwhelming avalanche of paper work, so a computer

was added to receive and correlate much of the clerical activity.

The years 1966 to 1968 were busy ones for Inspiration, gearing the old facilities
for increased production and expanding its workings to include many outlaying projects

like Black Copper, Live Oak and Ox-Hide.

The years 1969 to 1972 were busy with the realization of 24,700 TPD in 1970.
Taking place during this time was the development of the Sanchez property located near
Safford, a large low grade oxide deposit, a preliminary look at the possible reworking
of old mill tailings using LPF, and the use of liquid Ton Exchange (LIX) for leaching.

Smelter capacity was increased by adding an air preheater and the realization that
air pollution was beéoming a serious problem led Inspiration to investigate many new
pollution control plans. During this period all of the scattered assay labs and

sampling rooms were consolidated into a mew modern centralized Analytical Lab.

The old tertiary crusher built in 1926 for 750 TPH and now running at 1200 TPH
is in advancéd'stages of old age. This coupled with subsidence in the old primary

crusher area led to the design and construction of a new primary and tertiary crusher.

1973 saw the start of Willow Springs Leach Area and treatment facilities, and an
expansion of the Ox-Hide mine. But most importantly, a commitment of 54 million dollars

by Inspiration to meet the new State Air Pollution Laws was made.




Again Inspiration would commit ifself to an "Inspirational" undertaking. A large
new eLectric'fﬁrnace, five Hdboken siphon converters and gas-collecting apparatus are
teamed with a Lurgi double adsorption acid ﬁlant'to treat 1500 TPD through the Smelter
vhile reducing incoming sulfur cpntenﬁ of the ores by 90%, thereby enabling'Inspira-

tion to meet the State and Federal Ambient Air Standards. Scheduled start up for the

‘new reduction plant is midyear 1974.

1974 will bring the new reduction plant into operation, a new lime plant is under

design and Willow Springs will start. Mining will begin on the Joe Bush Area, a joint

venture with Cities Service to produce 49 million tons of ore for Imspiration.

All in all it looks like a busy future for Inspiration. The past 60 years have

‘seen many changes in process and attitudes. Each change toock courage and foresight.

To remain competitive the Inspiration Consolidated Copper Company must remain an

YInspiration in Copper."

Del Wisner
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v . GEOLOGY OF THE INSPIRATION-MIAMI DEPOSIT
by John T. Eastlick
May 3, 1974

INTRODUCTION

A

ihe-Inspiration—Miami ore deposit has had a long produétive history,
and in terms of production, it ranks among the large orebodies of the world.
As presently developed (including the OxHide‘and Bluebird Mines), it has a
strike length of over 27,000 feet with widﬁhs ranging up to 4,000 feet and
thicknesses up to 900 feet. Although severed by faults and mined as separate
orebodies, it is essentially one zone of mineralization. This mineralized
zone occurs along the contact between schist and porphyritic intrusive rocks,
Whichrtrend generally to the east and to the southwest.

Tonnages of ore mined from the various mines within the mineralized
zone up to Januafy 1, 1974 totals in excess of 530,500,000 tons. To date,
total copper produced from these operations amounts to more than 7,200,000,000

pounds including both concentrates from milling and cement copper from in~

place and dump leaching.

ROCK DESCRIPTIONS

Rocks represented in the general area within and surrounding the
orebody include only those of Precambfian and Tertiary'ages. Paleozoic
sediments are absent, but are exposed elsewhere in the district in asso-
ciation with other mineral deposits indicating that a thick section of
covering material existed during the time of the intrusion of the granitic

rocks and the formation of the ore deposit.




"Descriptidns.of the rocks presently exposed in the general are are

as-follows:

Precambrian Rocks

~Pinal Schist: The Pinal.Schist of Qarly Precambrian age consists of a
metamorphosed sequence of éedimentary and volcanic rocks which are repre- .
sented in the general area bf coarse grained quartz muscovite schist, fine
grained quartz serecite.schist, and chloritic schist. The general schis-
tosity strikes about W50°E and dips steeply to the southéast with some local
variations. In general, tﬁe outlines of the orebodies and the trend of the
intrusive porphyries appear to closely parallel the local schistosity.

Pioneer Formation: This unit comprises the lower part of the younger

Precambrian Apache Series. The upper portions of this formation are fine
grained, thin-bedded sandstpnes, whereas the basal part is a pebbly arkose
15 to 20 feet thick. 1In places, the lower part grades into hard, fine
grained, reddish-brown sandstones, and in some localities interfingers with
fine grained gray sandstones and arenaceous shales. Pre-Whitetail erosion
has removed much of the Pioneer Formation from the area containing the
mineralized deposit, but it is mineralized where found within the limits of

LS

the orebody. .
Diabase: The age of the diabase has been the subject of some contro-
versy, but it is believed by the author to be of Late Precambrian age. it
clearly intrudes the PinalFSchist and younger Precambrian Apache Series, but
contacts with the later Precambrian Troy Quartzite and the Paleozoic sedi-
ments are generally fault contacts.
In the mine vicinity, this basic intrusive ranges from fine grained

to coarse grained varities with the composition grading from a hornblende

to an augite diabase. Larger bodies of diabase occur near and in the




Warrior and Geneva workings, but only narrow dikes are found within the
Thornton and Live Oak Mine- areas. Apparently this rock was very receptive,

~ both from hypogene and supergene sources, as a precipitant for mineralizing

solutions,
Tertiary Rocks

2

Schultze Granite: The Schultze granite occurs as a large irregular

stock, forming a noteable part of the Pinal Mountains to the south and
west of Inspiration. Generally the rock has a characteristic granitic
texture, consisting of a coarée grained matrix of qﬁartz, oligoclase, and
biotite which often encloses phenocrysts of éodium—rich orthoclase from
one to four inches long. Chemically the rock is a soaium~rich granite,
but mineralogically it is a quértz monzonite.4 Age determinations by
Creasay and Kistler! indicate the Schultze granite to have an age of about
62,000,000 years which would date it as early Tertiary.

The relatibnship of the Schultze granite to the Inspiration~Miami
orebody is obscure, but it generally believed to be part of the.parent
~ magma from which the porphyritic intrusives and associated hypogéﬁé miﬁ~
eralization were derived. Although both the Bluebird and Oxhide deposits
rest on Schultze granite, both are fault contacts and only ver& weak pyrite

disseminations are noted in the immediate footwall at these mines.

Biotite Granite and Granite Porphyry: Intrusive rock types within

the mine area are classified into two types. Along the north and ﬁortheast
sides of Live Oak Gulch, the most prevailing rock is designated as granite
prophyry in conformance with local rock nomenclature: Specifically this
rock is a quartz monzonite pofphyry composed of medium sized.phéﬁbcrysts of
orthoclase and plaéioclase, together with varying amounts of‘quartz and

biotite set in a phaneritiec matrix.



:dutcrops tpvfhe south>ané southﬁéét oerive‘OakbGulch,béxtending_
towards the Bluebird Mine, coﬁsist_of'both granite pdrphyry as above and a
somewhat coarser grained_igneoUs rock, whiéh is degignated as a biotite
granite. Mineralogically this so~called biotite granite is also a quartz
monzodnite. In many ﬁlaces the boundaries between the porphyry and the
biotite g;énite appear to be graduational and the exact contact is poorly
defined; in other places, however, these are well-defined contacts which
may indicate a later intrusive phase. Age determinations by Creasey and
Kistlerl date the granite porphyry to about 58,000,000 years which would
favor the‘latter.

Actually, the two rock types are rather unifofmly altered, being

light gray in color, intensely silicified with numerous quartz veinlets,

and moderately sericitized. Both contain abundant secondary biotite, and

—

veinlets and replacements by K-feldspar. Neatr the contact zone in the
i

Inspiration areéa, the granite porphyry is usually intensely altered, with

quartz "eyes" and sericite forming the predominant minerals.

Generally these rocks are regarded as separaﬁe marginal or younger
intrusive phases of the Schultze granite. These rocks are particularly
significant in that roughly one-~third of the orebédy in the Inspiration

area extends into the granite porphyry and ore occurs in the Bluebird and

OxHide deposits in both granite porphyry and biotite gramite.

—

Breccias: Several separate breccia structures are exposed within
——————em ) e
the granite porphyry mass along Live Oak Gulch to the south of the Open
Pit office, being composed mainly of angular to subangular fragments of

granite porphyry and quartz, together‘with a few fragments of schist.

These have been recemented by later quartz which fills the spaces between




the individual bfecCia fragménts; Generaliy these zones contain more quartz
fragments near tﬁeir centers with granitevporphyry fragments becoming more
abundant towards the outer edges. Sizing.of the individual pieces of breccia
commpnly range from one to two inches in diameéer, but some fragments range
up to\lZ inches in size. At their perpheries the breccias grade outward to
fractured and shattered granite porphyry with a stockwork of inte?secting
qﬁaftz veinlets. " ’

Intruded into the breccia structures and numerous small dikelets of
later intrusive material, ranging from a few inches to two feet in width.
These intrusives'are vefy irregular, in places cutting steeply through the
breccia and in other places intruding the breccia in flatly dipping sinuous

patterns. In contrast to the granite porphyry this later intrusive material
is finer grained and darker colored, containing more inherent biotite and
(\’A .

small to medium sized phenocrysts of feldspar and quartz set in an aphanitic
groundmass. Locally small breccia fragments appear within this "finer grained'
igneous material, possibly indicating a later stage of microbrécciétion.

The significance of these breccias and later intrusives to the miner-
alizing cycle is not clear, but the pipe~like structures evidently served in
part as principal conduits for the large amounts of quartz, which flood the

general area. Evidence.of primary mineralization is meager, but scattered
e

psuedomorphs of hematite after pyrite indicate some sulfides were present.
The age of the breccia and associated igneous material is clearly
post-porphyry and pre-mineral.
S

Whitetail Conglomerate: Thin Conglomerate beds, regulated to this unit,

are noted on the northwest cornmer of the property mnear the Warrior and

Geneva workings, and are found overlying the 550, the ‘South Barney,




and Montezuma ore zones. This conglbmeréte also covered parts of the Live
Oak, and Réd‘Hill pitsrbeféfe these areas were excavated. Generally this

detrital material overlies the older rocks along an erosion surface that BRI

existed prior to the eruption of dacite, and it probably post dates the

period during which the major part of supergene enrichment occured. How-
ever; some exotic copper enriched material due to those processes is present
in certain areas.

Dacite: Eroded remnants of dacite in many places overlie the

Whitetail conglomerate, but in others the basal portions of the dacite rest

directly on the older rocks. The dacite is composed generally of plagi-
oclase, sanidine, quartz, and biotite in a glassey aphanitic groundmass,
toééther with occassional fragments of older rocks. Commonly, these dacitic
flows are underlain by a bed of water-~lain tuff from 10 to 100 feet in
thickness which grades upward into a layer of black vitrophyre. The lower
part, including the tuff and vitrophyre layer is regatrded by Peterson®

as an earlier volcanic eruption, and the dacite as part of later volcanic
acfivity being dated at about 20,000,000 years in age.l

Quaternary Rocks: Thick sections of Gila Conglomerate cover the

mineralized zone to the west of the Barney Fault and to the east and south-
east along the hanging wall side of the Miami Fault. Within these areas,
fragments of schist and the various intrusive rocks are the prevailing rock
constituents with schist being predominant towards the bottom. 'Cementing
material consists generally of clay minerals and calcareous material.

These conglomerates generally overlie a post-dacite erosion surface
with the bedding trending noftbwest—southeast and dipping 30-55 degrees

southwest.




- STRUCTURE

Pre-porphyry gnd pre—minéral'contfois ﬁithin the area are to some
extent related to the schistosity of the Preéambrian schist which trends to
the southwest, and to other fault structures and fault veins which strike
east;west to northeast-southwest, generally paralleling the schist-porphyry
contact. Structures of this type include the Warrior, Sulphide, Southwestern,
and other paralleling faults and fault veins located further to the south.
All of these have had some post-mineral movement, but apparently these
trends had some expression before the empiacement of the porphyry and the
formation of the ore deposit.

The breccias, as previously mentioned, provided some control, for the
extensive quartz that is exposed thrbughout the area. These breccias out-
crop at the surface generally as oval, pipe-~like bodies with their long
exes oriented approximately N60°W. Although none are fully exposed, the
largest is approximately 800 feet long on its major axis and 300 feet wide
across the minor éxis.

Several systems of pre-mineral and post-breccia fractures and shears
are in evidence. One system, striking N25°-60°E and dipping 20-55 degrees
southeast, is abundantly represented throughout the mine area. Another
set ‘trends with a north direction dipping steeply to the eaét, and another
system strikes about N60°E, dipping to the northwest. These pre-mineral
systems of fractures and shears, many of which are quart fiiled and sulfide
enriched, cut both the schist and igneous rocks, including the breccias.

Some controversy exists as to the age of other fault systems

‘exposed within the area. While there is some agreement that these faults

may have followed along pre-mineral zones of weakness, evidence points’




-strongly to the fact that the major part of their movements postdate the

formatioﬁ of the chalcocite blanket and probably followed the deposition of

the greater part of the Gila conglomerate.

Post-mineral faulting throughout the area is reflected by two main systems.

One of these of which the Pinto, Williamson and Schulze faults are a part,

trends to the northwest and dips from 35 to‘55'degrees northeast. The

other systeﬁ appears as north-northeast trending faults which dip flatly
to the.east and southeast. Faults of this system include the Barney,

Porphyry, Number Five, Keystone, Bulldog, gnd Miami.Faults. Both of these

. fault sysfems cut and displace the enriched chalcocite zone, the Whitetail
conglomerate, and the dacite:; and several; including the Miami, Barney,
and Williamson Faults, also offset thick sections of Gila Conglomerate.

PY These faults generally have broad crush zones with strong developxﬂent cf
clay along several fault strands. Movements are normal, with the various
blocks being downdropped to the east.

Y ' Another strong fault, the Joe Bush, strikes approximately parallel
to the Pinto Fault, but dips steeply to the southwest. As exposed, this
fault apparently displaces the schist-porphyry contact and ore zone about

:" 1,000 feet northwest. |

- Other paralleling smaller faults, known as the Colorado Fault
system, occur as splits in the hanging wall of the Bulldog Fault. Some of

j‘. 4 these have displacements of as much as 100 feet offsetting the secondary—

| enriched zéne with movements down to the northeast.

At least, one reverse fault or overthrust is represented and others
@ : may be present in the Barney~Number Five Fault block and in the fault

block to the west of the Barney Fault. This overthrust apparently trends




about east-west and dips about 40 degrees to the south with the hanging

wall side displaced upward between 500 to 600 feet, over-riding the

‘enriched chalcocite zone, Whitetail conglomerate, dacite, and Gila Con-

glomerate on the footwall side.

Indications are that the general area remained relatively undiéturbed
during the erosional period preceding,the deposition of the Whitetail
Conglomerate and probably remained stable throughout the period of volcanic
activity that followed. Regional tilting to the southwest possibly began
during the erosion cycle following the vol;anic activity and culminated
during or after the deposition of the Gila Conglomerate with the develop-
ment of the major:fault trends that strike porth to northwest. This is
evidenced by the drilling to the west of the Barney Fault which shows, the
enriched chalcocite blanket and overlying Whitetail and dacite to plunge

R
sharply to the southwest, being covered on the west end by as much as 1,500

feet of Gila Conglomerate. It is also suggested to the east of the Miami
Fault where the dacite, Whitetail, and underlying enriched zone is covered

with thick sections of Gila Conglomerate up to 4,000 feet in thickness.

MINERALIZATION

In general, the better mineralization in the Inspiration orebody is
confined to a belt on either side of the schist-porphyry contact, but
further to the east in the Miami Copper workings and in the blocks to the
east of the Miami Fault the orebody appears to extend into the schist
some distance ffom the porphyry confact. Some porphyry in the form of

dikes and irregular bodies, however, is present in these areas intruding




into the schist.

Hypogene alteratiOﬁ_effects are shown by the intense silicification
and moderate tb strong sericitization throughout the general mine area.
SGCQEEEEZ\EEEEite is evident within the breccias and surrounding igneous

e

rocks, occuring as thin bands. parallel to the trend of quartz veining and
locally as irregular masses and filling along fractures. Pervasive and
veinlet replacement by K-feldspar occurs within the igneous mass.

Although the original modular expression of the Inspiration-Miami
_deposit is now obscured by rotation and erosion, and by later enrichment

and faulting, it probably was roughly cylindrical in shape consisting of an

inner zone of potassic alteration (quartz-biotite-sericite~K-feldspar)

outward through a phyllic zone (quartz-sericite-pyrite), an argillic zoﬁe
(quartz~kaolin—ﬁontmorillonite), and a porphylitic zone (chlorite-epidote-
calcite-magnetite}, iOVer this same interval sulfide assemblages apparently
varied: from a weak pyrite-chalcopyrite-molybdenite inner zone outward thﬁough
various other sulfide mineral assemblages to sphalerite~galena with minor
gold and silver on the outer margins. These zonal arrangements are well
represented to the northwest of the Miami Fault, but are cut off to the

south by the Miami-Williamson Fault complex.

Primary mineralization is not strong; although below some of the

thicker portions of the chalcocite enriched zones, diamond drill cores
contain veinlets of chalcopyrite up to one-quarter of an inch thick, some-
times accompanied by blebs of bornite. Within the schist, the stronger
mineralization éenerally occurs in granuiar beds.in which the schistose
structure is either poorly developed or destroyed. Quartz, pyrite and

"

chalcopyrite occur as veinlets and pyrite and chalcopyrite is disseminated




': fli—

throughout therschist.NAMinerélization in thé porphyry is similar, with
quartz,:pyrite and chalcopyrite filling fractures to form veinlets, and
with pyrite and'chalcopyrite occuring as diéseminations, replacing biotite
in many instances.

Quartz appears to be early, occuring in several successive stages.
Pyrite is iater followed by chalcopyrite and bornite, and molybdenite and
glassy quartz were introduced at a still later stage.

‘Most of the ore mined today at Inspiration was formed by supergene
enrichment. Supergene chalcocite was deposited, mainly on pyrite, forming
a blanket~like enriched zone of varying thickness. Sometimes the chalco-
cite replaces the pyrite completely or occurs as thin films on the surface
of the pyrite. Above the chalcocité enriched zone, chrysocolla occurs as
the principal oxidized mineral with later malachite and azurite ceﬁenting
and filling fractures. Brochantite, atacamite, lindgrenite, libethenite,
and minor metatorbefnite are found locally, and some native copper and
cuprite occur within and near the faulted zones.

The rocks capping the ore zone are generally moderately iron-stained
at the surface and locally contain some varying amounts of copper oxides.
The thickness of this capping is quite variable due to the tilting of the
ore zone and subééqdent erosion, but it apparently avefaged.about 400
feet in thickness. Thé usual limonitic colors are well-developed, and
there are abundant crusts of transported limonite. ?ES_E££33~E2§EQEK§V’
although not in abundance, are characteristic of'tha£ resulting from a

mixture of sulfides that contained a high pyrite content,




ORE GENESIS-CONSLUSIONS

The ore deposits iﬁ the Inspiration-Miami area shqw the inter-relation-
ship o£ intrusive activity, hydrothermal alteration, metallization, and
supergene enrichment. Hydrothermal alteration and ore deposition are late
in £he intrusive sequence, occuring after the formation of the breccias and-’
intrusion of the finer grained ignéous material,

The characteristics éf the ore deposit are suggesfive of a typical
porphyry copper system, consisting of disseminated and stockwork veinlet
sulfide mineralization emplaced in schist and intrusive rocks that are
hydrothermally altered into roughly concentric zonal patterns. The con-
figuration of these alteration zones and subsequent mineralization is
apparently not rélated in detail to the distribution of the quartz mon-
zonite porphyry bodies, but these processes were influenced to some extent

by the porphyry trends.




References

Creasey, S. C., and Kistler; R. W., 1962, "Age of Some Copper-Bearing
Porphyries and Other Igneous Rocks in Southeastern Arizona', Geological
Survey Research 1962: U. S. Geological Survey Professional Paper 450 D,

‘pages 1-5.

Olmstead, H. W., and Johnson, D. W., 1966, "Inspiration Geology', in
"Geology of the Porphyry Copper Deposits, Southwestern North America',
S. R. Titley and C. L. Hicks (eds.); Tucson, Arizoma, The Unlver51ty
of Arizona Press, pages 143~ 150.

Peterson, N. P., 1962, "Geology and Ore Deposits of the Globe-Miami
District, Arizona", U. S. Geological Survey Professional Paper 342.

Ransome, F. L., 1919, "The Copper Deposits of Ray and Miami, Arizona",
U. S. Geological Survey Professional Paper 115, page 71.

Reed, E. F., and Simmons, W. W., 1962, "Geological Notes on the Miami
Inspiration HMine', New Mexico. Geological Soc. Conf., 13th, 1962, Guid-
book of the Mogollan Rim, east-central Arizona, pages 153-157.




. 5 : 3
........ e 8 ; A |
.- 5 .
L w
. W
. L
P . o
eemiaind ez :
pes AT T . 4 ‘
"o .‘Q‘l ‘ u ac \
« R . o Ew 3 Q :
: H H “ % m.n, - G f
3 : g £ £3 N v
- s : 2 &5 o \
z : I 8w, b oM = :
2 : « i 2 EE z 3 & ¥3. 2 s
5 : e 7 $ £2 & = F ©§g 5 S
o ‘ W s © o8 o & n a v 3 o 3
- - a -
E S SIGANAR 8%z S
g 3 N ¥ E3 3
m > = c o & .w
S . P S
3 o N
3 i -
I
: , G
el ) &
M. 8
A e
] ,... Z20 Hﬂm.n.,»cm.h..hiwb._\ﬂ.w \Av?‘ P
— e R ﬂ
2 el i :
Ay - : :
= vz itz o H :
an..,_\ LS /umw.wwﬁm.&wﬂ/m\ n\\,&\ | :
S S 2 w
G5 sg, P V/MNL»AV\\ “.
9 § e i
. " % b Ay ".~
e
y
!
i
;
Witeit :
o T e
: . iz mml“ ! NSy, :
V/‘mﬂn._.?%q\qmv.% ! T on & :
el Y L :
Ml |
> ﬂ...uﬂ\.. 3\ = E
ﬂ.ﬂhw M.?nlw 7 V\H &
==\ 1! N
%c.ﬂ =AM ISN S }
T ~ ~ ~ i
E AL < % ,.
V\hﬁuzm 3} ’ :
@ . " Y ﬂ.%u.w_jnm., { W/\." ;
e .Ruﬁu.\b_./ﬂ\\a (= K NS ;
L ) ﬂ.\n.l\uuL_ﬁﬂu!rE : s
2 (IS :
S
@ ” [ 13 !
- | \/// .
| z
; N
i
. m -
e i
'3 |
i
( i
q
2
i o o
LU\ W. .
~
\ Il i
N o E




E-4

' MINERALOGY OF THE INSPIRATION MINE AREA
' by David W. Johnson

;In discussingrthe mineral assemblage of the Inspiration Mine area
the first major division would‘logically be that of rock type minerals
énd ore and ore associated minerals.,

The rock tyée minerals and their alteration products comprise a
very large and complex groupvof primary, hydrothermal and supergene
ninerals. In addition toqthe alteration products of argiilization,
serictization, and silicification, there exists alteration products of
biotizafion, orthoclazation, epidotization and surface oxidation and
leaching. It is sufficient to say that the list of minerals covered
in this group isblarge and non-economic in nature.

The ore and ore associated minerals present in the Inspiration
Mine area, that is those minerais with some economic conotation, should
be divided into three main divisions: hypogene minerals, which are
minerals formed by generally ascending solutions; supergene minerals,
which are minerals that have been formed by generally decending solutions;
and oxidation products. At Inspiration the original hypogene mineraliza~
tion of the porphyry and schist was of low tenor and the ore zones as
we know them today were dependent upon supergene enrichment.

In the hypogene mineral classificafion we have chalcopyrite (which
is considered to be the mbst important hypogene copper mineral), minor
bornite, minor chalcocite, molybdenite, magnetite, tracesrof gzold and
silver, very minor galena and sphalerite, and pyrite is here included

because of its role in the enrichment cycle. The molybdenite, it should




“be noted, is preseﬁt in mglybdéﬁum—quartz'ﬁeins and‘veinlets which cut

all other mineralization and it is therefore considered to be the last
phase of thé hypogene metallogenetic phase.

The supergene minerals would include chalcocite (the most abﬁndant
copper sulfide mineral), covellite, chalcopyrite, minor amounts of
bornite and native copper. Chalcbpyrite has been included here because
of its rather consistant occurrences of thin films on pyrite beneath
the éhalcocite blanket. Bornite was included because it is a .product
which will readily result from copper sulfate solutions in contact with
chalcopyrite under the proper conditions. |

The dxidation products consist of chrysocolla (the.most important
oxide copper mineral), malchite, azurite, and minor copper pitch,
cuprite, chalcotrichite, brochantite, pseudomalachite, libethenite,
lindgrenite, ferrimolybdite, hematite, goethite and limonite. Chal-
canthite, a product of mine water seapage, is found in the underground
mine workings‘and on many of the undercut faces which are exposed in
the Thornton Pit and Live Oak Pit. It is interesting to note the more
important recent discoveries in the area such as the OxHide, Blue Bird,

e s ety

and Montezuma ore zones seem to represent a former chalcocite blanket

———cr

which has been oxidized in place.
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By: William W. Sorsen

INSPIRATION'S OXHIDE MINING AND LEACHING OPERATION

INTRODUCTION .
The OxHide Mine, formerly known as the Shulze Copper Deposit, is located
on the lower slope of the Pinal Mountains at an elevation of 4,000 feet.
The property adjoins U. S. Highway 70, about three miles Southeast of
Miami, Arizona.

HISTORY
The first claims of record were located by the Shulze family in 1894 and

ownership has been sustained by them to the present. No record of pro-
duction is available but undoubtedly selected ore was shipped from some
of the shallow workings scattered over the property. During the pericd
from 1923 to 1962, several mining companies leased the Shulze property
and drilled a total of 58 exploration holes. This drilling indicated the
presence of two separate mineralized bodies.

In 1964, Inspiration Consolidated Copper Company obtained a lease and
option from the Shulze family. TInspiration drilled 21 diamond drill holes
and 55 churn drill holes to further delineate the mineralized zones.
GECLOGY

The OxHide Mine is along the North contact of the main intrusive stock of
Shulze granite and granite porphyry which extends Southwestward from the
Mismi-Inspiration area.

Copper mineralization is confined chiefly to the block of ground which lies
to the East of a strongly faulted zone, known locally as the Shulze fault,
This fault strikes almost due South where it crosses U, S. Highway 70 and
trends roughly N85°W along the upper reaches of Needle Creek, The dip
varies from 20° to 35° to the Northeast.

The Upper OxHide deposit is adjacent to the quartz porphyry contact in
highly fractured and altered Pinal schist,

The Lower OxHide orebody is all in shattered quartz porphyry. These two
rock types form the hanging wall of the Shulze fault, overlying barren
Shulze granite in the footwall.

Surface exposures of both the schist and quartz porphyry show evidence of
having been weakly mineralized by primary sulphides. In general, the schist
" orebody has a higher copper content than the porphyry orebody. The copper
mineralization in the porphyry, however, is more widespread both in lateral
and- vertical extent.

MINERALOGY

In both of the mineralized bodies, the rocks are stained by copper and ironm
oxides and the numerous fractures are coated with copper silicates and
copper carbonates., The principal supergene minerals are chrysocolla, mala-
chite, and azurite, Melaconite, tenorite and cuprite are found as minor




1ncrustat10ns along fractures, and occurrences of native copper are
noticeable along the more intensely crushed ZOnes.

Hypogene mlnerallzatlon'has been 1ntersected in the deeper diamond drill
holes. Pyrite is the most abundant sidlphide followed by Chalcopyrite. '
Molybdenite is found in typical association with quartz occurring as minor
blebs and disseminations. The protore of these deposits is very similar
to that of other deposits in the district, assaying between 0.08 and 0,25
> - —_— -

percent copper. Evidently there was very little migration of copper with
subsequent weak supergene enrichment,

UPPER OX HIDE PIT

Early in 1968, Inspiration completed its evaluation of the OxHide orebodies
and decided to go ahead with the construction of the launder precipitation
plant and associated facilities., Three collection reservoir dams were
constructed in the natural drainage areas to the West of the two orebodies.
In July, mining was started in the Upper OxHide pit with tractors and
scrapers., While construction was in progress, the number one heap area

was cleared, graded, and sealed with two coats of asphalt.

Heap emplacement was started in the number one heap area, Initial heaps
were emplaced in stair steps up the canyon so that the deepest part of
the heap was 40 feet, Subsequently overlays were emplaced in 20-foot

lifts, The objective was to create a large surface area as quickly as e

possible, to allow increases in the volume of solution applied.

Early heap construction was done by building a £ill from the finished top
elevation by casting. Scrapers spread their 1ioad near the crest of the
dump and two graders windrowed the material over the edge. Two tractors
with dozers and parallelogram rippers were used to loosen the rock and load
scrapers, Four 24 cubic yard scrapers were adequate at the start of the
job due to the short haul and favorable grades.

The schist ore in the Upper OxHide pit was well shattered but the fractures
had been re-cemented in some areas. Rippability varied from easy to im-
possible, On two occasions, it was necessary to drill and blast hard ribs
to maintain the continuity of the mining operation,

Excessive rainfall in 1972 caused flooding of the Upper OxHide pit to the
extent that mining was temporarily suspended. The decision to move the
mining operation to the Lower OxHide pit was hastened by the need for a
large capacity storage reservoir to contain the excess discard water gene-
rated by runoff, By the time the water system was back in balance, the
Upper OxHide pit contained 200 million gallons of water, standing at a
depth of 190 feet.

During a 4 1/2 year period, 11.2 million tons of ore was deposited in the
number one and number two leach -areas, This ore contained 87.7 million

pounds of copper, of which 40,4 million pounds, or 467%, has been recovered.

LOWER OX HIDE PIT

In January 1973, mining was. started in the Lower OxHide pit. Drill holes
indicated the quartz porphyry orebody contained 33 million tons assaying
0.296% copper with a 0.5/1L (waste to ore) stripping ratio. This orebody




is a fractured granite porphyry ﬁith two'hard zones running the length

of the pit. It was necessary to initiate a drilling and blasting program
to avoid abusing the tractors that were attempting to rip this hard
material, Most of the ore in the Lower OxHide pit digs readily and with
the aid of blasting to ease the hard zones, we should be able to mine the
12,000 tons of ore per day required to meet the production goal of 34,000
pounds  of copper per day.

The Résearch Department determined from bench leaching. tests that 47% of
the total copper in the ore is acid soluble. The refractory remaining
portion is probably copper oxides locked up in clays formed by altered
feldspar. Ultimate recovery in the heaps will probably exceed the level
indicated in the bench tests,

LEACHING PRACTICE

Three experimental leaching pads containing 10,000 tons of ore each were
built to ascertain the best method of emplacement for the granite porphyry
ore. This was thought to be necessary since mining the Lower OxiHide ore
generated an excessive amount of fines., Even the coarse material was all
minus 4 inches in size.

The first heap was built with a stacker conveyor and subsequently levelled
with a bulldozer and ripped to a depth of 4 feet. '

The second heap was built as a typical truck dump, levelled and ripped.

The third heap was laid in with scrapers in 30" 1lifts, ripﬁed, and filled
another 30" until a depth of 10' was reached. It was then levelled and
ripped.

All of the ore in these heaps was mined in the same manner by ripping
before loading. Water distribution lines were laid on the three pads

and a one percent sulfuric acid solution was applied., After the firvst

30 days, copper recovery from the truck and scraper pads was about. 10%,
while the stacker dump had produced 17% of the copper contained in the
ore. After 120 days, all three heaps had produced 85% of the acid soluble
copper, On the basis of this test, the so called "laying in" method was
chosen as the most economical method of the three and was adopted for the
Number Three leach area.

After fifteen months of heap emplacement on number three leach area, the-
percolation rate was 14 GPM per 10,000 square feet of heap area. This
low percolation rate continues to be a challenge for the development of
improved emplacement methods,

" In order to keep copper production at an acceptable level, it is necessary

to bring new heap areas on stream about every 12 days. Each new area re-
quires about 130,000 tons of ore. Currently, we have 40 acres of heap
area under irrigation. A leach cycle for an individual heap is a minimum

- of 120 days, after which the area is allowed to dry for 60 days.

Sometimes the surface of an old heap requires considerable preparation to
restore permeability before the addition of a new 15 foot lift.
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The minimum prepérationldonsists of rippihg in two directions with a nine
foot Kelly ripper shank that penetrates six and a half feet.

Frequently it is necessary to cut‘deep slots with scrapers to penetrate hard
pans and replace the excavated material with coarse rock to re-~establish
percolation, '

Currently, we are planning to acquire a dragline with a 50' boom. Deep
narrow slots will be excavated to release entrapped solution from perched
water tables. These slots will then be backfilled with coarse rock to
insure future drainage. '

Two o0ld heaps have been drilled with blast hole drills on a 50' grid to
within 10 feet of the original ground. Two inch perforated plastic pipe was
then placed in the holes to assure drainage even if the holes cave., Water
is sprayed on the surface and allowed to drain into the drill holes. Water
running down the side of the hole is more apt to soak out into the surround-
ing ground than if it is introduced into the pipe.

Solution containing from 0.6% to 3.0% sulfuric acid is distributed on the
heaps with 2' polyethylene plastic pipe laid on 18' centers and drilled
on 4' centers with 3/16" holes. These pipes are fed by a 3" plastic pipe
manifold which is connected to the 12" transite main line with a rubber
pinch valve,

Another method of distributing solution is to divide a large area into
several parits with low dikes separating the sections, Then 2" plastic
lines with pinch valves are laid to conduct solution to each area by run-~
ning the water down a header ditch which feeds each furrow created by
ripping.

PRECIPTITATION PLANT

The OxHide precipitation plant was designed to process 1500 GPM of pregnant
solution in 10 conventional iron launders. Solution is piped from the three
collection reservoirs by gravity through 12" epoxy lined 150 class transite
lines to a receiving box which empties into the feed launder of the plant,
Stainless steel gates are used to control the flow of solution to each of 10
launders or to isolate a launder while it is being washed or serviced. Each
launder is made up of two halves 4' wide by 30' long. A center wall 26"
long separates the two sides leaving a 4 foot gap so that solution can flow
down one side and return on the other side. A stainless steel punched plate
false bottom supports the scrap metal in the cell and below this is a
sloping floor that drains to a pneumatic discharge 12" gate valve. The
punched screen is 52' below the top of the cell., Recently 8" was added to
the top of the walls to increase the capacity of the plant to 2200 GPM.

The 10 cells operate in series giving an effective length of 600 feet when
all the cells are in operation. There is a 6 inch drop between cells to
insure an adequate flow velocity.

The tail water is conducted to a settling sump consisting of a head section
with a splitter gate to adjust flow into two separate pump sumps. Acid is
metered into each pump sump separately as needed. The number one sump is
equipped with four vertical turbine pumps designed to pump against a 500’
head. The number two sump is equipped with four vertical turbine pumps to
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serve the lower heaps where the makimum head is 400 feet,

Fisher and Porter magnetic flowmeters are used to measure and record the

~flow of pregnant solution from the heaps and acidified solution pumped

to the heaps.

Three 80-ton tanks for acid storage and a 260-ton iron storage area are
located on the bench above the plant. A service road above this bench
accomodates acid and iron truck deliveries,

Iron is fed by a front end loader through a hole in the floor to a pan
feeder located in a short tunnel under the floor., This feeder discharges
iron to a tripper conveyor which traverses the center line of the iron
launders. A chute with splitter gate conducts iron to the left or right

~chute to distribute iron to any part of the plant as needed.

In practice, it is necessary to wash the cement copper out of 5 to 8 cells
per day, depending on the grade of the pregnant solution. To wash a cell,
gates are dropped into the feed launder to isolate the cell. The 12"
pneumatic dump gate is opened to discharge the cement copper slurry into
the decant sump. Two high pressure washing hoses are then clamped to a
rall support at one end of the cell and the cell washer proceeds to wash
the cement copper off the remaining scrap cans through the perforated

floor into the decant sump., After both sides of the cell is washed, the
discharge gate is closed and the cell is recharged with scrap cans. On day
shift, the cells are washed and recharged with scrap cans, but only a few
cells are filled with solution and put back on stream. Usually two cells
are reserved for afternoon shift and two more for graveyard shift to be put
into the circuit as needed to maintain a low tailing.

The cement copper is allowed to settle in the decant sump after which the
water is pumped back to number one launder cell. The afternoon shift
plant attendant removes the cement copper from the decant sump with a
front end loader and piles it on a draining slab. The following day the
cement copper is transferred to a drying slab and ultimately shipped via
truck to the smelter. The cement contains about 20% moisture and assays
from 80 to 907 copper when shipped. : '

PRODUCTION STATISTICS - Month of February 1974

. Mine

~ Ore Mined (1.5 mile haul) 277,410 tons @ 0,30% copper
Waste Mined (0.5 mile haul) : 94,185 tons
Average daily production 13,271 tons

Precipitation Plant

To Launders From Launders

Flow GPM : 2061 2061
Copper GPL 1.40 0.06
H9SO4 GPL 5.4 5.1
Fe GPL _ 171 19.2
Fe''' GPL 1.0 Trace




Copper:Pfécipitated N - 924,955 pounds or 33,036 pounds/day
Acid consumed per pound of coppér - 11,34 pounds
Iron consumed per'Pound of copper - 1.95 pounds

FUTURE PLANS _
The present mining rate will exhaust the ore reserves in about seven years.,
Leaching will continue as long as it is économically feasible, perhaps for
an additional ten years period.

A small crew will be needed to operate the precipitation plant and to skim,
trench, and drill the heaps and move solution lines as needed, The ultimate
recovery will possibly be 60 -~ 70% of the total copper.

OX HIDE MINE TABOR FORCE - TOTAL PERSONNEL - 80

Administration

1 Superintendent

1 Mining and Leaching General Foreman
1 Maintenance General Foreman '
1 Clerk

Shop Crew
1 Shop Foreman

3 Welders

9 Heavy Equipment Mechanics

1 Pump Mechanic

7 Mechanic Helpers and Servicemen

Mine Crew

4 Shift Foreman

4 Grader Operators

8 Tractor Operators
20 Scraper Operators

4 Water Truck Drivers

1 Equipment Operator Instructor
1 Driller

Precipitation Plant and Leach Pad Crew
Shift Foreman :
Leach Pad Attendant

Plant Operator

Plant Attendants

Tripperman

Cell Washers

Laborers

WA =t P e e

OX HIDE MINE EQUIPMENT

Mine

4 Model D9G Caterpillar Tractors with dozers and rippers
6 Model 631C Caterpiller Scrapers (24 cu yd)

3 Model S24 Euclid Terex Scrapers (24 cu yd)

1 Model 16 Caterpillar Grader

1 Model 16G Caterpillar Articulated Grader




1 Model R22 Euclid Water Truck - 4,000 gallon capacity.

1 Model 769 Caterpillar Water Truck - 4,000 gallon capacity

1 Model 769 Caterpillar Lube Truck

1 Model 750 Chicago. Pneumatic Rotaxry Drill
2 Model D1012 -~ 3" Pacific Centrifugal Pumps
Powered by 90 H.P. Deutz Diesel Engines - Trailer Mounted

Precipitation Plant

1 - 750 KW Transformer and Power Center

1 - Model 950 Caterpillar Loader - 2 1/2 cu. yd. bucket
1 - Model 7231 Euclid Terex Loader - 2 1/2 cu yd bucket

1 -~ WABCO 100 cu ft stationary compressor

Pumps =« 316 Stainless Steel

-

No. Make Type Stages Head GPM H.P, RPM Application
3 Worthington Turbine 2 400" 500 75 3550 On Solution
3 Worthington Turbine 3 500' 500 100 3550 On Solution
1 Floway Turbine 5 400' 500 100 3550 On Solutiom
1 Floway Tutbine 7 500" 500 125 3550 On Solution
1 Worthington Centrifugal(S) 300" 300 - 40 1750 Decant

1 Layne Bowler Turbine 2 300" 250 25 1750 Make Up
Transportation

2 - 3/4 Ton Pickups
4 - 1/2 Ton Pickups
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' UNIQUE OPERATION

Although Inspiration's mine has much in common with its sister operationms
throughout the Southwest, in the employment of mining equipment and the

techniques of their several operations, it is unique in the ore production

area.

Here at Inspiration, we must producé three distinct types of ore, along with
two types of heap leaching m?terial, in addition to our stripping of barren
waste. The three types of plant feed are (1) oxide - which term is applied

to all acidisoluable minerals; specifically Chrisocolla, Azurite and
Malachite. (2) Suifide; - mostlyv;halcocite and some chalcopyrite ~ known

as Direct Mill Feed; and (3) Dualvprocess ore which contains such an intimate

mixture of the first two that it must be treated first by vat leaching,

and then flotation of the Leaching Plant tails.

In addition to the plant grade ores, we also mine heap leaching waste as a
part of scheduled prodﬁction. Then, of course, the barren waste which must
‘be dumped iﬁ non-leachable areas. These, then, are the five products which
we must separate continﬁally on the basis of our ore control information,

To this we add one more operational acfivity -~ for every tank of "Discard"
which is the oxide ore that is vat leached only in the leaching plant, we
must,rat the completion of the leaChing'cyC1e, send one fleet of haul trucks
to dispose of the tailings,

One might conclude hastilybthat this should not be too great a problem, since

thé non~leachable overburden will be encountered at the surface - the leachable

" waste on the upper benches - the oxide ores on the intermediate levels -~

grading into a dual product zone, which the direct mill feed sulphides being
found at depth.
Unfortunately this is not the case, Non only do we have sulphide ores high

in the}‘ column in certain areas, but alsb previous mining by block caving has
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moved léfge:blqcksbof'grbund down - the result of which is that we find

:i"pipes of ore and waste throughout the mine:-'ﬁith all products being

frequently encountered in. close approximation, all on the same bench.
Dealing with this complexity makes scheduling production from Inspiration's
Mine a real challenge.

SCHEDULING PRODUCTION

Ore reserves are continually upgraded by the Mine Engineering Department

in cooperation with the Geologists,

Exploration drilling, blast hole drilling, and analysis of recoveries o'f
immediate past mining are used to supply management with a detailed analysis
of all available reserves. This, in turn, is fitted to the overall plant

capabilities, and modified by economic consideration to constitute annual

goals.
Thus the Mine is tied to its own long-range commitments, 5-year schedules,
annual production goals, and finally the quarterly and monthly mining

plans - as approved by management.

The Mining Department is broken down into four areas of activity: Engineering,

Mining Operations, Dump Leaching and Maintenance. Working closely with
Engineering, Operations must ask Maintenance for a minimum level of avail-
ability of all necessary equipment to meet the production requirements of
both plant and Dump Leaching.

Currently our schedule is this: 27,500 tons per day ore and 64,500 tons per
day waste. The ore is broken down into an average of 6,800 tons per day Dual,
7,200 tons per day Discard and 13,500 tons per day sulfide. Since all the
dual also goes to the concentrator, this amounts to a mill feed of 20,700

tons per day. The Leaching Plant generally keeps twelve tanks in circuit on

a 9-day cycle.




-

It is obvious, then, that to maintain this rate of production; i.e., 6-discard

ténks per 12-£ank’cycle,.one fleet of héul trucks will be tied up at the
Leéching Plant approximately fifty percent of the time.

To maintain this.rété of production, the mine runs three‘shifts, seven days
a week, with four equally staffed crews; Each crew works twenty-one shifts
evé;y four weeks. This provides equal strength of crews, even rotation,
equal distribution of scheduled. overtime, no short changes ; one long change
each four weeks and one cfew.off at all tiﬁes for emergency call-outs,

PRODUCTION SEQUENCE

Inspiration, at this time, has three active mines combined into one opera-
tion. They are the Thornton Pit on the East, the Live Oak Pit on the West,
and the Red Hill Mine just North of the Live Oak. Distribution of shovels

indicates fairly well the rate of production from these three divisions.

We now have eight Electric Shovels, three 10-yard loaders and forty-two haul

‘trucks, divided into four major fleets. In the Thornton Pit, we have one

5-yard and one 6-yard shovel. 1In the Live Oak, we have our 8-yard shovel

and on the Red Hill we now employ one 5-yard, one 6-yard, and three 10-yard
shovels distributed from the 4050 bench to the 3750 bench.

Each pit is developed initially by one main haul road breaking off to 50-foot
benches, These 50-foot benches are in turn split into 25-foot benches where-
ever loaders are intended.to be used or sorting is required. Eéch pit has
some of both 50 and 25-foot benches,

Production crews are scheduled to run five loading units each shift. The
crews consist of four-Z-man shovel crewé, one loader operator, three wheel
dozer operators, two pitmen :(laborers who may flow to any opérating class-
ification), three water truck drivers and twenty-six héul truck drivers,
Although we would prefer to operate four shovels and one loader each shift,

at times we find it necessary to schedule a second, and even a third

.
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loa&ér in plaée of Shéﬁels Fafb provi&é&thé'required plant feéd, or

maintain somézéarticﬁié% &é?elopmentigchédulef When we aré discarding frbm
the Leaching P1ant, one ugit is of coﬁrsg shut down in the pit;

The crushing schedule for ore is 2 172 shifts for six days a week, two

shifts on the seventh day. This allows for four hours six days for daily
maiﬁtenance and eight Hours on one day for major maintenance work each week
to the crushing and cbnveying system, Of this scheduled crusher operating
time of 20 hours/day, we actually average approximately 18 hours, This means
that the crushing system must average 1,530 tons per hour. The maximum rate
sustained fof any length of time is 2,000 tons per hour. Generally we try for
1,800 tons per hour. To produce this amount of ore, we may use one 10-yard
shovel; the 8-yard shovel with any other unit; two 6-yard units; one 6-yard
unit plus one loader; two loaders or two 5-yard shovels with about 1/2 the
production of one other small unit. As the larger units are seldom in ore,
we usually end up operating two and three units in ore in some staggered
sequence - thus sacrificing shovel efficiency to gain quality control in ore
blending.

Loading capacities of the various units in well fragmented bench blasts have

recently averaged the following tonnages:

TONS PER SHIFT 10~yard shovels 12,000
8~yard shovels 9,000

6-yard shovels 6,500

5~yard. shovels 5,000

10-yard loaders 5,600

Frequently we choose to dig the undercut material - or other ground badly

broken by movement - without blasting. While this reduces unit capacities
by 10 to 15 percent, it greatly improves sorting and is a useful technique.

The Haulage fleet, as of April 1, 1974, consisted of:

1 - 105 ton - 2772 Dart

8 - 85 ton ~ 85-C WABCOs

3.~ 85 ton - M-85 - Lectrahauls
11 - 75 ton = 2662 Darts

19 - 40 ton -

37SL Darts

P AL




\

This gives a weigﬁted mean-haulbcapaciﬁy 6f 65 tons per unit.. Considéring
the average lengths of hauls and the mean capacitf of our loading units, we
may calculate a production potential of 120,000 tons per déy. So far,
however, our high has been a little over 116,000 tons. Theoretical maximums
are‘difficult to achieve,

Running ore units too lightly covered, to insure proper grade proportioning,
cleaning up final toes, apd frequent shovel moves all reduce shovel effici=-

ency. Although we have scheduled crews to operate 105 loading units per

week, scheduled discard and predictable absenteeism, along with unscheduled

“downtime reduces this to an average of 94 shifts per week,

IMPORTANT ANCTLLARY OPERATIONS

Rock breaking here is rather conventional. Drilling is done by three

C.P. 750 truck mounted rotary drills. These drill an average of 550 feet

per shift of 9~inch blast holes. Drilling is scheduled on two shifts, seven
days per week. Blasting agent is ANFO for dry holes, and bagged slurry for
wet holes. Fifteen percent of our holeé require slurry. All powder is
bagged in 50-pound units. (We will be converting to ANFO bulk loading later
this year.) We use 3,500,000 pounds per year, and break 4.5 tons per pound.
Only 70% of our muck requires blasting, as much of the undercut material digs
readily with the larger shovels,

Secondary blasting is a very minor part Qf the operation, and when it 1is
necessary, it is done by drilling 2 1/2" percussion holes with a truck-mounted
jumbo drill, These are shot with 2 x 12 stick powder at the end of day shift
when danger of fly rock is minimized.

Building haulage roads, drill roads, and maintaining benches is accomplished
with three D-9 bulldozers and one D-8. Three CAT, Number 16, motor graders
opeiate 15 shifts per week, Héul road befms, bench ana road repairs are

maintained by use of a CAT 988 6-yard loader.

PR




Flood wateré}which cannot be diverted around the perimeter of the pit; are
allowed to drain to the bottom levels where Whey gradually seep into old

‘ ; underground workings and eventually are pumped to the surface for use in

leaching, from either our Live Oak or Inspiration shafts. Surface sumpsi

are Qccasiohally necessary, and they are pumped by four 200-~foot head by

i‘h“ 500 GPM trailer-mounted portable pumps.
It is not possible to mention here all the services rendered to Operations
by Maintenance and Engineering, but this report would not be complete without
. mentioning the close cQopération required for an efficient operation from
these suppdrting units. Operations ask Maintenance to provide a minimum of
28 haul trucks per shift; five of nine shovels; two of three loaders; four

of six wheel dozers; four of six water trucks; and eight out of ten service
vehicles each shift. 1In addition to this, we expect two of three drills on
a two-shift basis. Two out of three bulldozers around the clock; and two
of three motor graders each day shift.

TIndeed, the success of Operations is dependent as much on mechanical ex-

.cellence as on mining expertise,

N




By Fred D. Rice, Chief Planning
' ' Engineger

LEACHING OPERATIONS AT INSPIRATION

Leaching of waste dumps, old cave areas and heap leaching have provided

Inspiration with a good source of supplemental copper. Through January 1,

. 1974, 230 million pounds have been recovered from this leaching. As far

- - back.as 1926, reference is found to the possible heap leaching of a waste

: dump at the sulphide tunnel, located on the South side of our Live Oak ore
body. WNatural leaching in the Block Caved areas of our ore body began to
show up in 1939 when an iron pipe column from the underground mine, that
had lasted 24 years, was eaten up by corrosive mine waters. The next

. column lasted about a year and others even a shorter length of time until

N lead lined iron pipe was installed in August 1941. No doubt this natural
leaching was greatly accelerated by the 28.92 inches of rain which fell
from October 1940 through March 1941, about two and one-~half times the
average for that period, Just before this final column was installed, a
150" launder filled with scrap iron was constructed to strip the mine

_ water of some of its damaging copper before it entered the pump and pipe=

N line,

By 1944, over 200,000 pounds of copper from these underground launders had
been shipped to the smelter. Sprays of fresh water were installed over a
limited area in the old underground caves and water was applied. Within
four days there was a response of solutions running 15 GPL, more than the
limited launders could accommodate. After adding additional launder
capacity, water was again intermittently applied during the next 17 months.
From the normal mine flow of 50 GPM, plus an estimated 6 1/4 million
gallons of leach water, a quarter of a million pounds of copper were re-
covered during these 17 months. This led management to begin formalizing
plans for the active leaching of mined out areas,

M 4

A

All earlier solution collection had been done on the Inspiration Division
600 level (3342 elevation). In an effort to get under more of the ore
body, the new facilities were constructed on the Inspiration 850 level
(3101) elevation). Here it was necessary to open up some old drifts, build
dams and ditch boxes for water collection and control, and a pump statiom
# and sump., Both the pump station and sump were excavated below the normal
haulage level, as an additional safety factor. From the pumps, solutions
went up the shaft almost 700' vertically and then across to the leaching
plant, 300" to the South for treatment. New launders and supporting facili-
ties were constructed at the Leaching Plant for this additional flow. By
. April 1950, everything was ready and acid solutions were applied to the old
/ cave areas, During this same period Open Pit mining was started at
: Inspiration, removing some cave areas from possible leach but adding waste
dumps over others that were available for leaching. This method was con-
tinued until 1965 when down the hole leaching or L.I.D. (Leaching in Depth)
was started, Churn Drill holes were drilled to within 40' of the old
. undercut elevation, perforated 4" P,V.C. was then installed to release the 7 .
4 leach solutions at the desired depth. Excellent results were obtained for
a number of years by continually adding new holes to the project. Open Pit
mining has now limited the area available for this type of leaching and it
will be phased out later this year with the new Joe Bush Pit. The final
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' phase bf‘the’uhderground'Collectioanf solutions was the automation of

the 850 pump station during 1973, eliminating the need for a pumpman around
the clock. A Motorela Control Panel wag installed in the hoist house that
allows automatic or manual control of both underground pumps and also pro=-
vides selenoid activated-air operated valves on the two main sources of leach
solutions. Power for these operations is 124 volt D.C. from constantly
charged wet-cells. Monitoring points covered by this system are: High and
Low solution levels in the main sump, an alarm on the pump cooling water
sump, and monitors that check vibration, cooling water and bearing heat on
both: pumps. Also located underground is an air receiver with sufficient
supply to operate both valves several times in the event of a power failure,
Problems are indicated at the control panel by a horn and flashing lights.

As open pit mining progressed, efforts were made to segregate waste into
potential leach and non~leach dumps. During 1962 facilities were constructed
in Davis Canyon, at the base of #5 dump, to collect solutions and pump them
back to the leaching plant for treatment. This more than doubled our capa-
city to leach and led to the construction of still another plant to leach

the Live Oak Dumps. The Live Oak Plant had 10 iron launders in series, iron
charging facilities, drying pads for cement copper and pumps for returning
solutions to the dump or discarding them to Webster Lake. It was soon
discovered that 10 cells were not needed in series, so the plant was split

in half into two 5 cell units -~ effectively doubling capacity. lLater a
tower, which is really a vertical launder, was also added. Here solutions
are injected through nozzles in the bottom and flow upwards through tin

cans and out around the top. While this does increase capacity, it is not
nearly as efficient as launders, having a tail of 0.25 to 0.30 GPL. To
improve this, tail water goes through a scalping launder to remove residual
copper, High concentrations of ferric iron in the OFF solutions cause ex-
cessive consumption of tin cans. To help overcome this, all solutions from
the Live Oak Dumps now go through a 'heavy iron'" launder before the regular
launders to reduce ferric iron. Scrap iron for this launder is obtained

from around the plant or bought at a considerably lower price than shredded
iron. With both of these facilities on the South side of mining operations
it seems only natural that something would be needed on the North side to
keep haulage distances to a minimum. A dam and pipeline were built above

the small Black Copper Pit and leach waste from Black Copper and the Red Hill
Pit have been leached there for about five years. Solutions from here are
conveyed by gravity to the leaching plant for treatment. ON solutions are
pumped back up to the dump from the leaching plant. The Black Copper or #24
Dump is rather limited in capacity so another larger operation is being
constructed in Willow Springs = North and West of Black Copper. This new
plant, featuring three towers of modified design, is scheduled to go into
production later this year. Tt will serve a vastly larger dump area that can
accomodate a major portion of the leach waste from Red Hill. Presently being
applied to the various projects are the following gallonages: L.IL.D. 525 GPM
with all OFF solutions pumped to the leaching plant; Davis Canyon 1600 GPM
with 1/3 of the OFF solutions pumped to the leaching plant and 2/3 to

Live Oak launders; Liive Oak Dumps 2100 GPM with all OFF solutions treated at
Live Oak and Black Copper 425 GPM and all OFF solutions treated at the leach-
ing plant. WNormally we expect to average about 95% return on our leach
solutions to the treatment plants.



Present leaching operatioms call for dumping waste in overlays, over
previously leached areas and whenever possible new lifts are limited to

- 50" in height. These areas are then leveled, bermed and ripped by dozers.
Two inch plastic hose is laid on 18-foot centers and 3/16" holes are
drilled in these plastic hoses every four feet. Since most of these dumps
take solutions very well, average application rate is 30 GPM/10,000 sq. ft.

Acid is generally applied at a rate of 6 = 10 GPL with off solution acid
desired in the 1/2 to 1 GPL range to maintain good iron launder efficiency.
Some . slope leaching has recently been done by spraying with generally
excellent results. Number 5 Dump alone had 5 million tons in the slope

that had not previously been leached. Some drilling has also been done to
introduce solutions into the slopes and to drain parts of the Live Oak Dumps
where old haul roads have made apparent water courses, Wetting agents have
been tried but results at best are inconclusive.

With Inspiration shortly to have a good supply of low cost acid from its
new acid plant at the smelter, increasing the potential for new and additi-
onal leaching projects in the future.
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- INTRODUCTION

Geolpgic structﬁre plays a very‘iﬁportant role in the orientation
of pit slopes and their susceptibility to failufe. Faults, joints, and
,bed@ing.provide planes of weakness, which when daylighted, are prone to
failufe. To exemplify this statement, two areas of the Inspiration Consol-

idated Copper Company Mine at Inspiration, Arizona, are to be examined.
BACKGROUND

Physiographically, the Globe-~Miami district, of which Inspiration
;' is a part, is situated in the middle of the Mountain Region of the Basin
and Range Province. Geographically, Inspiration is situated 65 airline
miles East of Phoenix and 85 miles North of Tucson (Figure 1).

.The Inspiration property began production in 1915 as a block caving

L7 A

operatibn. Open pit mining begén in 1948 and continues through the pre-
sent. Undefgrouﬁd mining‘ceésed in 1954. The present operation is de-
) signed for 25,000 TPD and requires three distinct ore products. These
are 1) a sulfide ore, subjected to fiotation, 2) an oxide ore, treated
by vat leaching, and 3) a mixed oxide-sulfide ore treated by both flota-
) v tion and vat leaching., . The resultant prodﬁcts of the two processes are
in turn treated by smelting or electrowinning. The three ore products
are mined from three mines‘- the Thornton, Live Oak aﬁd Red Hill (Figure

2).

GEOLOGY
There are four principal rock types at Inspiration, these are shown

“in Table A and Figure 3.
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TYPE

1) Pinal Schist

1

2)>Schultze Granite

3) Dacite

4) Gila Conglomerate

 AGE

Precambrian

Early Tertiary

Late Teftiary

Quaternary

REMARK

Host Rock for -
approximately

1/2 of the ore
mineralization

Intrudes the

schist~host rock
for approximately
1/2 of the ore
mineralization

Small remnants of
dacite cap pre-
sent

Moderately, cem-
ented by caliche
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There are two pfincipai.diréétions of faulting invthe areas to be
éxamined‘ Pre-ore faultlng trends ‘NW and dlps steeply SW to 45°'NE Post-.
ore faultlng trends NE. and leS 25° to 60° SE. The Bulldog and Number
Five Faults are of this type (See Figure 2). The Bulldog offsets the ore-
body betﬁeen_the Thornton and Live Oak Pits,.and ranges between 200 and

300 feet thick. It is apparent that all displacements in the areas of

interest are due to normal faulting,

FATLURE BLOCK GEOMETRY

The pit wall failure in the northwest corner of the Thornton Pit
(Figure 4) is governed by the Bulldog and Joe Bush Faults. The Bulldog
strikes N 24° E and dips 28° SE while the Joe Bush strikes N 30° W to
N 50° W and dips 83° sW, 1In places the hanging wall of the Bulldog has
been penetrated into the fault zone by mining. Where the pit slope has
been flattened, a basal failure plane exists, This failure plane strikes
N 20° E and dips 13° SE., This plane is a joint set established by run-
ning a detail line along the north side of the pit in the hanging wall of
the faults. The existence of such a mode of failure has been established
within a probability of 98%.

A second failure block exists on the northwest corner of the Live

Oak Pit (Figure 5). This zone of subsiding ground is bounded on the
north‘and west sides by the Number Five Fault., This fault trends N 40° E
35° éE on the north side of the failure and turns onto a N 18 W, 85° NE
trend on the west side. A set of headwall cracks forms the east margin
of the subsiding groun&. These cracks are comprised of two intersecting
predominant joint sets, The firsfﬁfrends N 70° W, 68° NE and the second,

N 69° W, 45° SW.
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Since the fault is not daylighted,:the subsiding ground must be
moving along a basal plane of failyre, From a detail line along the north
wall of the Li&e Oak Pit,rit appears, Wiﬁhin a probability of 99.9%, that
a joint set exists which strikes ﬁ 69° W and dips 45° SW. It is along
the intersection of this jdint set and the #5 Fault plane that tﬁe movement
takes place. The direction of movement is S 18° E which coincides with
the plunge of the intersection,

It has been suggested that the mode of failure is a joint set gently
dipping to the northwest due to heaved ground found at the toe of the
slide. From the evidence gathered from detail line work, this failure
mode does not seem likely. There is no statisticaily valid evidence of
the existence of such a joint set. The heaved ground is probably the
result of broken, subdrilled rock being displaced by the sliding mass
above.

HISTORY OF SLOPE STABILITY
PROBLEMS

The mb%ing groﬁnd in the northwest corner of the Thornton Pit is of
critical importance due to.the proximity of its margins to the priméry
and tertiary crushers. The formation of headwall cracks east of the
primary crusher was first noted as early as 1956. Steel pins were placed
on opposite sides of the cracks and displacement between which, readings
were taken. Movement continued dﬁriﬁg the early and middle 1960's as the
hill between the pit and the primary crusher was mined. Headwall cracks
continued to develop, "slumping" oécured along the Bulldog Fault and

cracking with subsequent ground movement developed between the pit and

.Joe Bush Fault,



-

' Until Fall, 1969, movement in this aieé was of little consequence.
However, at this time the'tenéidﬁ cracks had proceeded to within 10 feet
of the primary crusher base and these cracks exist for approximately 1000
feet in strike along the Bulldog Fault zone. A consultant from Aqaconda's
Mining ReseérchiDepartment was solicited and among his proposals are the
following:

1) Move the primary crusher as soon as possible.

2) Drill the Bulldog fault zone for assay valves.

3) Mine out the fault zone aﬁd establish a new pit slope
300 to 400 feet to the west,

4) Establish a monitoring system. (Figure 6).

A monitoring system of 26 triangulation pins was established.

In the meantime, an increaéing number of tension cracks developed
adjacent to the road across from the tertiary crusher. 1t was evident
at that time this crushing plant, also, should be moved.

Movement accelerated during the winter of 1970. Tension cracks
had progreséed within 30 ft., of the tertiary crusher. The accelerated
Break-up of this area is partially attributed to a decrease in roqk mass
strength due to increased pore water pressure, This was caused by
seepage from Webster Wash, to the north of the crushing plant and runoff
from precipitation flowing into the newly formed tension cracks. To
prevent seepage from precipitation, the cracks were filled and the area
affected was graded. Intermittent stream flow in the wash was restricted
by a small holding dam upstream,

To decelerate the movement of the failed block, it was decided to

leave a buffer zone in the hanging wall. This was attained by maintaining -
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a flatter slope angle near the fault. _ThiS‘action was successful in
ceasing movement along the north side of the pit. The cost was high in
that a sizeébié_ténnage of préviously stripped ore is tied up. This de-
celeration can be noted in the cumulative displacement plot of Pin No.
17 (Figure 7) which lies directly south of the tertiary crusher, Mining
aloﬁg the west side of Thornton Pit has, in places, progressed within a
short distance of the Bulldog Fault resulting in movement. Pin No. 5
indicétes the mégnitude éf displacement in this area (Figure 7).

The failure im the Live Oak Pit (the 550 Area) has been of less
importance from an operation's standpoint. A displacement of approximately
two feet along the No., 5 Fault resulted from prior subsidence caused by
the block caving operation. As early as the early 1960's, ground move-
ment in the 550 Area has been a nuisance. Although the ground movement
has caused some operational problems, it has not meant tieing up a large
tonnage of ore, Displacement has been immense. Survey Station P-215
has moved over 100 feet in elevation since its establishment in 1954 (Figuré
8). Pins now straddle the "plane of failure" and displacement readiﬁgs
are taken on a weekly basis, TFigure 9 illustrates the vertical dis-

placement of the failure block over a short time span.
CONCLUSTON

The geometry of potential planes of failure is critical to pit
slope design, A slope failure may only provide an annoyance or it
could cripple an operation, Therefore, the.evaluation of geologic

factors is paramount in determination of a pit slope.
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OPEN PIT EQUIPMENT

Shovels?:

2

2

1 -
3 -

Haulage TruéEg:

+

19

3
o1

1

11

8

9

Front End Loadegg

3 -
1 -
Drills:
oAt 1) 4 -
1 -

Motor Graders:

3 -

Wheel Dozers:

S e
2 -

TIRE SHOP

LLBE ONVE I -
1l -

HEAVY DUTY REPAIR

INSPIRATION CONSOLIDATED COPPER COMPANY

Inspiration, Arizona

November 28, 1973

H Electric, Model 1400
H Electric, Model 1500

P&
P&
P & H Electric, Model 1600
P&

H Electric, Model 1900

- 37 SL Dart Trucks

- M85 Electra Haul

- D2772 Dart

- M70 Mack

~ D2562 Dart

- Wabco 85C

~ Wabco 85C (March 1974)
Caterpillar 992 (Rental)
Caterpillar 988

“I750 Rotary Drills CP
Joy-Beaver Mobile Drill

Caterpillar #16
Caterpillar 824B
Caterpillar 814

Tire Service Truck
Hyster Forklift

1=

WELDING SHOP

o= o
1

OPEN PIT SURFACE
1 -
1 -

SUPPORT EQUIPMENT

Ford 2-~ton Truck

" Portable Welders

2-Ton Truck
1-Ton Truck

3/4 Ton Stake
2-Ton Flatbed

27

=N

DUMP LEACHING

1
1
1
1
1
Crawler Tractors:
1
3
Water Trucks:
2
4
1

Service and Fuel

-~ Pickups

- Sedan

- Bronco

« Man Trucks

~ Powder Truck

- Shovel Cable Truck

5 yd.
6 yd.
8 yd.
0 yd.
37 tons
.85 tons
100 tons
75 tons
75 tons
85 tons
85 tons

10 yd.
6 yd.

9" hole

2

cé
@
=

~ Portable Pumps

~ P & H 15-ton Crane (Rental)
- P & H 30~Ton Crane

- Austin Western 5-~Ton Crane
Galion 12 1/2 Ton Crane

- Hyster Forklifts

- Hyster Karry Cranes

- Portable Compressors

W RRRE =R,
1

~ Euclid 2.95 yard Front End Loader

- Hough 2.5 yard Front End Loader
- Terex 4.0 yard Front End Loader
- 25~ton B, E, Crane

- Marion Dragline ’

-~ Caterpillar 46A D-8

- Caterpillar D-9

- 8,000 Gal

- 6,000 Gal

- 2,000 Gal

Trucks:

1969 International 2~ton Service Truck
3551, Fuel Truck

1972 Ford 2~Ton Lube Service Truck

1963 2-Ton Ford Heavy Duty & Fuel Truck
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FILE MEMORANDUM / Dﬂ}l

Inspiration East

Smelter Area
Miami District
Gila County, Arizona

At the AIME meeting of September 17 at Kearny, Mr. Jack Eastlick,
Chief Resident Geologist, ICC, offered the fo]}owing comments:

. ) , '
They believe they have the larger part of the presently-being-
developed Miami East orebody. (Miami East announced at between -
52 and 75 million tons.) ’

The last hole drilled in the smelter area drilled through 4000 feet
of Gila Conglomerate, then 600 feet of Dacite before entering pre-

mineral rock. The premineral intercept contained 300 feet of plus

one percent copper and 300 feet of plus 0.7 percent copper with the
last assay over 0.7 percent copper.

Bottom hole temperatures are between 150°-160° F,

| Qémwﬁ/%e/
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INSPIRATION CONSOLIDATED COPPER COMPANY
Insplratlon, Arrzona

HISTORY

/ - Inspiration, llke most mines in Arizona, owes 1ts discovery to the old-time
prOSpector and his purro. The beginning of mining operations on the” Inspiration
property dates back to the turn of th

a3

The earliest exploratory works s the Woodson Tunnel. This
tunnel, driven by hand, went into the hillside“for 1000 reet. By 1908 local N
_ owners had consolldated claims and groups of claims intc a single holding and had
induced outside capital to form the Inspiration Mining Company. This name was
ter changed to that of Inspiration Copper Company. Following this, through a
long series of events and negotiations, which saw a merger of the Inspiration
Copper Company with the Live Oak Development Company, the Inspiration Consolidated
Copper Company came into being in the year 1911. Iater the Warrior Copper
Company and the New Keystone Copper Company, as well as other properties, were
acquired by Inspiration. .

Plans were soon formulated to engage in a larée scale copper mining operation.
The mine was developed and made ready for operations. A complete surface plant,
railrcad and concemtrator were constructed. This concentrator was the first
large-scale plant of its kind to make use of the Elotatlon Process to recover the
copper minerals from the ground-up rock. In all, even at that time, rt was
necessary to spend close to $20,000,000 before one pound of copper was produced .
Construction was completed and Inspiration went into production in 1915.

USES OF COPPER

Copper is one of the oldest known metals. The word "copper' originated many
thousand years ago when half- Savage'trlbes living on the Island of Cyprus called
it 'Cyprian Metal". It has kept the name through all the agesi Our tongues
have .changed it to copper Copper plays an important part in the industry of
the United States. In fact it is the Yackbone of the electrical industry.
Because of this, 60% of the annual output of metallic copper in the United States
goes into electrical machinery, power transmission lines and telegraph, telephone,
radio and television communication lines and equipment.

Other typical uses of copper 1nclude sheet for roofing, tubing for gas,
steam, water and oil. lines, extruded shapes for industrial equipment, drawn shapes
for molding, and all® types of brass and bronze It is also used in the coins
of many natlons, for Jewelry, household articles and architectural designs and
shapes. o

_ A recently formed organization, The International Copper Research Association,
, doing a large amount of research to find new uses for copper. Ninety-Tive

‘reent of the copper producers 1n the Free World, including Insp;ratlon ‘are
members of thls Assoc1atlon o ‘

e
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LOCATION

The Inspiration Consolidated Copper Company's operations are entirely in
Gila County, Arizona. Inspiration is one of the large copper producers in the
State, producing approximately €,9%of the State's output. In comparison with
- the pation's copper production, Inspiration produces approximately 1.9% of all
copper produced in the United States. The State of Arizona, with its many
copper producing districts, accounts for more than 50% of all domestic production.
The mine, the town of Inspiration with its U. S. Post Office, and the Company's
plant and offices are just north of the town of Miami and are reached by turning
off U. S. Highways 60-70, about three-fourths of a mile east of Miami and
following the paved road for a distance of about three miles. It is approximately
eleven miles around the property.

THE ORE BODY

Inspiration is designated as one of the "Porphyry Coppers’. Such an ore
body is one in which the copper minerals are widely distributed throughout a large
rock mass. At Inspiration the distribution is such that one ton of ore contains
less than seventeen pounds of copper. Peculiar to Inspiration is the fact that
about half of the copper minerals are present in the oxidized form, the other halfl
being sulphide minerals, mainly chalcocite (CupS). It is the presence of the
oxide minerals which gives the green coloration to much of Inspiration's ore.

MINING UNDERGROUND

. From the start of operations in 1915, up until 1948, all of Inspiration's
production came from underground mining, in which a mining method, known as
"block caving', was utilized for the extraction of the ore.

"Block caving" is a method particularly adapted to the mining of large,
low-grade ore bodies. The rate of production is high and the cost of breaking
and handling ore from the '"block” or "stope" can be kept relatively low.
Largely, the force of gravity is used, both to break the ore and to deliver it
to the ore trains operating on the haulage level under the "block”.

Ore trains made up of twelve to twenty-four five-ton cars hauled the ore
rom the "stope" areas to the shaft, where it was hoisted to the surface in
twelve-ton skips.

Inspiration's Main Shafts go to a depth of 850 feet and the Live Qak Main
Shaft goes to a depth of 1200 feet, with stations at various levels. From the
Live Oak Main Shaft bins, ore was hauled in train loads of sixty-ton railroad
cars to the Coarse Crushing Plant at the Main Shaft.

Since 1954, all ore mined has been produced by Open Pit mining.
OPEN PIT MINING
The rapid development of modern methods and equipment for moving earth,
coupled with the steady increase in underground mining costs, made it necessary

to investigate the possibility of mining much of Inspiration's remaining ore
tonnage by Open Pit methods. The decision to go to Open Pit mining followed,

e
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and stripping of overburden was started in 1947. The first Open Pit ore was
mined in March, 1948. The adoption of Open Pit methods required the expenditure
of several million dollars to meet the cost of construction and equipment of
new plant facilities and stripping of waste rock.

Ore and waste are mined by large electric shovels and transported by
40-ton diesel-powered haulage trucks, Considerable equipment, in the way of
bulldozers and carryalls, is also required.,

Open Pit ore is delivered to a large 42-inch gyratory crusher, where it
is crushed down to five-inch size for delivery by train to the main Coarse
Crushing Plant.

ORE TREATMENT

Early in Inspiration's operations it was recognized that large reserves
of copper were available in the "oxide forms", which could not be recovered by
treatment in a concentrator. Years of experimental and test plant work
evolved a leaching process which would successfully treat the major portion
of Ingpiration's ore. A Leaching Plant was erected at a cost of six million
dollars. This plant was put into operation in 1926. From 1926 to 1956,
inclusive, this process accounted for all but a minor amount of Inspiration's
production.

The Inspiration Leaching Plant during the 1926 through 1956 period was
the only one of its kind in the world. In this treatment, copper in both the
oxide and sulphide form was recovered by Leaching (dissolving). The solvent
used was a solution containing both sulphuric acid and ferric (iron) sulphate,
with the copper going into solution as copper sulphate. This leaching operation
was carried on in large leaching vats, each of which holds 10,000 tons of ore.
Nine days of contact time with the solvent solution was necessary to dissolve
the copper in the sulphide portion of the ore.

After leaching, the copper dissolved from the ore is recovered from the
solution in the electrolytic Tank House. In this process an electric current
is passed through the solution, breaking down the copper sulphate and
precipitating the copper on thin copper starting sheets suspended in the
electrolytic cells. In the course of seven days these starting sheets, made
at the plant and weighing fifteen pounds, are built up to a weight of one
hundred and forty pounds, then the sheets are withdrawn and shipped as
electrolytic copper. Such copper is over 99.9% pure. However, the copper
sheets, or cathodes, as they are known, still must be melted and cast into
commercial shapes as reguired by the market. In the electrolytic plant the
electric power utilized would supply that needed by a good-sized city.

A vital cog in the Leaching Plant operation is the iron launder system.
In these iron launders the last trace of dissolved copper picked up in wash
solutions, used to wash ore after leaching, is precipitated out on
precipitating material. This iron precipitation material is made up of
processed tin cans. The so-called tin can is in reality an iron can coated
with a very thin film of tin. Tin cans are cleaned, burned, and shredded and
in this process form make an excellent material on which to precipitate
dissolved copper from solutions. Most of the tin cans used by Inspiration come
from the Houston area in Texas. Total consumption of processed cans amounts
to about 1,650 tons per month.
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To provide sulphuric acid for leaching, Inspiration operates two sulphuric

acid plants which can produce up to 200 tons per day. Sulphur, in molten form,
shipped in from east Texas mines, is used in this process.

PRESENT PROCESS

By 1954, increasing copper values in sulphide minerals, not soluble in the
Terric iron solution, were noted. The grade of the remaining ore was dropping
and the capacity to procduce copper was limited by the nine-day leaching time.
These factors brought about a study which resulted in a radical change in the
metallurgical treatment of the ore. By 1957 the o0ld concentrator had been
completely rehabilitated and new, modern machinery installed. In the leaching
process only that copper soluble in sulphuric acid, plus the sulphide dissolved
in a low Tferric iron solution, continued to be sent to the Tank House for
electrolytic precipitation, as previously described. The contact time for
leaching was cut to four and one-half days. Sulphide copper remaining in the
ore is then sent to the concentrator for recovery by the flotation process.

The concentrate so recovered is sent to the Smelter. The concentrate is
smelted, fire refined, and cast in the form of copper anodes. These anodes are
returned to the Tank House.

Due to the change in process, with less dissolved copper being sent to the
Tank House, excess capacity was available. This excess was converted to a
Refining Sectior. Here, copper anodes returned from the Smelter are further
refined to electrolytic cathodes. 1In this process the copper is dissolved from
the anode and plated on a starting sheet as electrolytic copper. These cathodes
are heavier than the Commercial Section cathodes and weigh as much as two
hundred and fifty pounds.

To enable Inspiration to refine all of its own copper, including production
from its Christmas Mine, a new eighty-tank refinery section was constructed and
is now in operation. The electrolytic refinery at Inspiration is the only one
in Arizona.

MOLYBDENUM RECOVERY

With copper concentrate being made in volume under the revised process, it
was found that such concentrate contained a small amount of Molybdenum Sulphide
(Moly). A section was added to the concentrator, to recover the Moly. This
is a difficult and involved process.

SMELTING DEPARTMENT

The Smelter was built in 1915 to handle concentrates from the District's
mines and to treat custom ores and concentrates. It was owned by the International
Smelting and Refining Company. This plant was purchased by Inspiration in
April of 1960. It continues to handle District concentrates and custom business.

At the Smelter, properly mixed concentrates and flux are melted in a
reverberatory furnace at a temperature of approximately 2700 degrees. The copper
collects in the bottom in the form of "Matte", which is an artificial copper-
iron sulphide. Some of the sulphur is burned off. Impurities and waste

- L., -




material float on top and are skimmed off and diécarded as slag.

The matte is tapped off at a point below the slag level and is poured in
molten form into a converter. Here, ailr is blown through the molten material and
flux is again added. The air oxidizes (burns) the iron in the charge and the
sulphur is burned off. BSlag is formed and is poured off and returned molten to
the reverberatory furnace. The reaction in the converter provides its own heat.
Final product from the converter is known as "Blister Copper'.

Blister copper may be cast into cakes for shipment to Fastern refineries or
poured molten into the anode furnace.

In the anode furnace it is further refined to fire refined copper by blowing
with air and "poling" with ocak poles. The copper is then poured into anode molds
and the anodes are returned to the Inspiration Tank House for further refining.

It 1s interesting to note the many steps in the processing of copper and the
work necessary to produce a final product.

Inspiration Ore 0.80% Copper
Concentrates 30% to L45¢% Copper
Matte Lo% to 505 Copper
Blister Copper 99.4% Copper

Fire Refined Copper 99.6% Copper
Electrolytic Copper 99.95%-99.97% Copper

POWER PLANT

Requirements for electric power at Inspiration are quite large. To meet the
original need, a 25,500~-KW Power Plant was constructed. In this plant, natural
gas piped from New Mexico is burned under bollers to provide the steam to
operate the turbo generators. Waste heat steam from the Smelter boilers is also
utilized.

The Inspiration power system is tied into that of the Salt River Project,
and most of the power needed is supplied by them. On many occaslons the entire
Inspiration load has been carried by the Salt River Project system, which derives
much of its power from hydro-electric generating stations located below the dams
along the Salt River.

SHOPS AND SERVICE

The Company has its own shops, warehouse, and service departments. The
shops are fully equipped and are capable of handling almost everything in the way
of repairs and mainténance which may be required.

RATLRCAD
The Inspiration Company operates seventeen miles of standard gauge railroad.
This railroad delivers ore to the treatment plants and concentrates to the

Smelter, as well as handling inbound freight and outbound shipments of copper.
The railroad connects with the Southern Pacific at the foot of the hill.

- 5. -
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TOWNSITE AND STORE

The Warrior Cooperative Mercentile Company operates a general store at
Insplration. This store is opersted to serve the needs of Inspiration omplovess.

Operations are on a non-profit basis and profits earned are returned twice
yearly to employee customers in proportion to their purchases throughout the
period.

HOSPITAL AND CLINIC

The Miami-Inspiration Hospital is maintained Jolntly with other companies
in the District. Also jointly malntained is the Miami-Inspiration Clinic located
on the Globe-Miaml Highway. These facilities not only serve industrial cases,
but the employee and his family is provided medical care at exceptionally low
rates. In all, the families of some 2,600 mining employees in the District are
served by these facilitles.

STATISTICS

Tons of Ore Mined and Treated - 1915 to 1965 . 198,050,241 -
Pounds of Copper Produced - 1965 12k, 153,059
Pounds of Copper Produced - 1915 to 1965 3,725,271, 64T
Tons of Ore and Waste Moved from

Open Pit in normal 2L-hour work 4ay + o o = 25-35,000
Wages and Salaries paid in 1965 o ¢ o o » s $13,723, 277
Supplies and Equipment Purchased in 1965 . . 15,779,002
State, County, and District Property Taxes. .

1965 6 ¢ « v o o s v 5 6 5 a o 0 5 & 8 = ‘ 2,707,885

Approximate Number of Employees:
Inspiration .« « ¢ - o 1,465

CHristmas o o o o o o _ 470 o o 0o o« 1,935
Wumber of Stockholders o o« o s o » o o o o o 8,679

Tn 1965, Inspiration produced approximately 4.9% of the copper produced in
the Un.ited States.

CHRISTMAS MINE

Inspiration is alsorproducing ore from the old Christmss Mine. This is an
underground operation. The mine is Llocated some Fforty miles from Inspiration.
It is one mile west of State Highway T7 between Globe and Winkelman, Arizons.

Ore from the Christmas Mine is processed in a new crushing plant and
concentrator at Christmas. The concentrates are being sent to Inspiration's
Smelter. ' : ‘

 ISSUED  JANUARY, 195k
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Revised May, 195k
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SAMPLING DRILL CUTTINGS AT INSPIRATION -

A FIRST STEP IN QUALITY CONTROL

By James H., Lundy Jr.

"Drill holes make 1t possible to investigate blocks of ground that

by any other means would be accessible only at much greater expense, if

at all. In somse inveatigati@ns drill heles are intended merely to sew

n

crro geologie information = tna poslt¢0n of a ceontact; the attibtude of

a Tormation, or the sequanaa in a stratigraphic coluwmn, In others they

are designed to determine the presence of velins or other guides to ora.

» driil holes are used to vrovide all the information that

timate of tonnage and grade.”

Hugh E. McKinstry

sentence of Praxa ssor MeKinstry's opening paragraph on Drile

tha scop&’of the role drilling has played at. INSPIRATION.
ngle phase of solentific endeavor has born a greater reapone

upporting the indusht rlal complex at Inspiration than has the

to properly evaluate this basic part of the mining program

ecossary to gulckly review the History of Inspiration.

2]

cated in Bast-Central &rizona in Glim County, Inspiration is one of
the typieal Porphyey Copper deposiis of the Southwest., Sy=
Cstematic prospeciing by churn dfiliing was started in 1910, with much of |
this early drill ing data still being profitably studled today. The mine
f"was a pioneer in block caving, with this system belng used exclusively

untll 1948, At this time the open pit was started, and the twe ayatems

were continued until 195l when the undsrground mining was nhased-out in
‘ & g

Pavor of the open pit exclusively,

1 McKinstry, Hugh E., Mining Geology - New York - Prentice-Fall, Tne. 1948



" and since a considerable amount of "oxide” ore remained, Inspiration re-
. 1

. . ¥
R

From its inception until the fall of 1926, all the ores from Insp-

iration's several divisions were treated by flotation. In facht, this
mill was the Pirst of its kind ever To treatb high btonnages of low grade
: 'ors by flotation. However, the high percentage of silicates and carbone
ates encountered in our orebedy were not recoverable by this process,
~‘thus bringing aboub the introduction of the leaching system now used.
The present Leachling Plant was then put into operation using a ferric
*gulfate leach. This process uses ferric sullate~sulphuric acid leaching
fﬁt@ recover Chalcoclite, Ghryéooullaw Malachite and Aznvitég and perhaps
: some other lessor know copper minerals in minute guantities. A1l soluble
'cépp@r ore at Inspiration 1s referred to as "oxids copper',

Inspiration 1s considered to be a typical Porphry-Copper deposit.
These are ganafally sgreed to have a leached Gossan Cap, a low grade
Toxide™ zone, & highly productive sulphide secondary-enrichment zone, and
Tinally they grade out to a low grade primary-sulfide zone at depth. Since
the primary sulfides at the bottom of the ore body could not be taken into

“solution with the same technigues employed in the exlisting leaching plant,

built its flotation mill in 1957 and has employed a dual metallurgiecal
progess since that time,
Gurrent production is sﬁpplied nearly equally from the west Live Oak

Pi%, and the east Thornbton Pit by six electric shovels — li, 5 and 6 yard

#"SiZ@S equipped with 5, 6 and 8 yard buckebts - and a fleet of some 3h,

"~ {O0=-ton trucks. Both these divisions are mined in 25 or 50 £%, benches,

t

shich are drilled for blaa%ing.by truck mounted 9 in,rotary drills. The

control of daily run-of-the-mine ore,

Neoessity for close conbtrol of daily preduction is based on the fole



lowing desoribed operation. 411 of the ore bedded in the leaching tanks
is subject to dualmproeesa‘benefiaiaticn and masb %é a mixed "oxide-
:suifida“ product of such grade and proporbtions to insure that bobth plants
mey treat it economically. Approximately 7% of all production is removed
" fpom the main flow of ore as glimes. This is done by running the ore
through & c¢lassifier plant, The slimes are piped to a flotation wnit at
the mill; following this they are leached in scid bath thickensrs, The

copper from this last process is recovered in an iron launder as cement

copper. The ore which is “practiéallymallmaulfides" may by-pass the leach-

ing plant and go directly to the flotation plant in the mill, This tonnage

 is a variable dictated by local plant conditions and has not been a stand-

 ard part of the flow sheet until recently.,

| Without goling farther into the fi@ldv@f benoficiation it is apparent
that the mine must evaluate all blocks of ground into Vhe rfollowing
classificationsy 1. Sulflide ore which may be treated directly by flota-
tion. 2. A mizbure of oxide and sulfide ore which may be treated by
:dualmpracessn 3o, Readily soluble ore known ss oxide which is used as a
“'1eachér feed sweetner. l. Sub-marginal ore which may be economically
:heapmleaahed on selected leaching dumps, and 5, Barren rock which wmuat
bo removed to waste dumps 1nva stripping operabion (if it is inslde the
o pit slopes).
| Claszification into ﬁh@ five mentionsd catagories ia not dependent
on copper assay alone. In‘some few areas the Molybdenlte content must
be evalusted in terms of equivalent units.ef ¢ opper aﬁd credited to th@.

mill=feed product. Also the solubility of sulfides must be‘detarmin@d

ETO | 1

ag percent "oxide" so that dual-process feed may be blended to meeb the

needs of both Leaching Plant and Mill.




It is now apparent that multiple proceszs metallurgy does not allow
5 __the mine to send "anything above cut-off® to the crusher at any tims,

“bub rather demands a dynemis guality and grade scontrol from shovel Bo

4;;_fina1 beneficiation plant feed.
: This responsibility has been met by & program of careful sampling
'Uand evaluation of dPili hole cubtings as a first step in mine planning

i,and production quality control., The program as carried on now varies

‘rfrom past preactice only iIn that blast holes were formerly drllled by

ghurn dfillp but now, as has been mentionédg are drilled by rotary drills

%‘}éging ﬁompressed air as the dﬁilling fluld to cool and lubricate the bits
‘;; uéhﬁ bring aliiéuﬁtihgs to the surfacé.
Even though some Diamond Drilling was done in the mine in earlier
‘%1days, and a little surface drilling may be u&rviéd on by this method
Hi:tmdayp the burden af\explmratibn and development has b@@n‘a&rriaﬁ by

?‘:Churn Drills, and only Gﬁuﬁn Drilling isa considered in this paper..

- BARLY PRACTICE

&

The firaﬁ'syﬁtamatia drilllng was started in 1910, with holes being
- »pﬁt down on the cormers of 200 ft. sguares, This patbtern with‘fillmin
‘hmles in anomalous areas has been continued till the present, The re-
- sults of this drilling revealed a very homogenous ore body. Logleal

conbouring of ore grade lines between holes plotted on elther plans or

gections has given remafkably reliable pre-mining evalustion., This fact

;,‘  has been an important factor In establishing drilling proceedure, Hany

l other mines use the equilateral hole spacing system, and then evaluabe
" benches by single value polygona. Inspiration has been very auccesslul
"~ 4in using the method First outlined, perhaps due to the fact bthab the

ore body ls very consistent. We do nob qu&wrai with the polygenal

s e o - AP s o3
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approach; we simply prefer the sguare pabttern.
"The original drill holes were logged on Individual section shsets

" which imoluded rock types, formation penstrated, and clesaificabion as cape

flrpihg, oxide, mixed and suifid@“ Uﬁfﬁrtun&%@ly for us today, only sulfide
m"samples weore assayed, that being the only ore whish could be treated in
,tthcae days. Howeverg great care was exercised in taking samples on § ft,
- runs. Splithimg was carsfully supervised, equipment k@pﬁ‘ﬁleam to avoild
salting and composite samplas'tak@n to be checked by several assavers,
f' Aftar evaluation by drilling was mearly completed im the initial phase,
“L fhnd6rgr0und samples were taken to check the wvalidity of projected values.
l Subgequent mining verified the reliability of this evaluation,

‘ RECENT PRACTICE

With the coming of the open pit mining in the 1&%@ tho's, an addi-

| tional drilling program was initiated. The arigin&l patitern was expanded,
“fwith £ill in holes located to expose indicated anomaliss, Much carsé was
”'@xercigeﬁ in drilling previouvsly caved ground, as 1% became necesgsary Lo
re-mine large areas which wers previcusly undercut or had subsided dus to
“nearby mining.

This program of ¢ontinved drilling to develop nrdditional low grade
“fonnaga h&s‘been carrisd on somewhat imte@mitt@ﬂtly &iﬂ@%.ﬁhﬁ pit began,
ﬁ_with the previously described gsampling program followsd., However, now age
’“ 5333 are run for both oxide and sulfide valuves, with gomposibtes run for |

7 '»Mo also. Pulps are retalnad so that sections might be re-ruan for addition-
TP‘_ al data, should this be meceszary. This sampling &nﬂ’lmgging are done by
kthe Gedlogio Department with the assaylng belng performed in the Mine Aasag_
kéffiseg Check assays aré run perlodieslly te assure acsuracy. The CGeo- |
’ﬁiggy Department keeps & log of washed cubibings glued to log charts so that

even though the five foot gamples are thoroughly ground and mized by the

o A betne St
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*ﬂdrilling, a reasonable stratigraphic g@ati@n of the hole 1is Gkhain@de We

' might say this technique produces "Homogenized Stratigraphy”.

With the completion of @Qgh(hmleg the Mine Superintendent iz supplied

'with a geologie report. An exscerpt from sueh a report followal

CHURN DRILL HOLE NO, 281

Locations North side Thornton Pit near General Office
Ingpiration coordinatés - 522.11 N, and 8566,.71 B.
Gollar elevation - 3789.36

Depthz 275 feet, Started 2-21-66., Comploted 3-8-66,
- Drilling Time - 37 mgarm at 7.3 f./hr.
Taga% - Oxide
Assayst 0 = L0 - N1l Gm - Wil Cu
Lo -350" - 0,274 0., 08%
50 - 657 045 Trace
( 65 -1807 0,31% 0.00%
© 180 «2?59 0923% 0.00%
Minerale

izationg Chalcouite, Pyritas, Gh&?eepvri&@g R@mﬁbitﬁg and Magnetite
with minor Chrysccolila, 07 - 6857,

Roek? Sericitized schlst.,
Faults:  Bulldog fault - 1%5% - 190%,

Casings Run - 28% of 15", 1707 of 107,
. Recoversd - 187 m? 15" left in hole.

Water: No wabter reporbed.

" This information is also furnished to the Mine Engineering Department
8

j and is plobted on the Hench Assay plans with all othesr grade data.
| ‘BLAST HOLE DRILLING

As has been indicated, carly dabta did not give an "oxide-sulfide™

Ti classification and not even an indicabion of grade in the upper oxlds

“?'zonﬂso Consequently when mining for dual process is being carried on in
an area previously evaluatsd by p@ﬁ caent CGu @nlyg the data for grading
into the five catagories previously indlcated can come only from The BlasL
Hole cubtings. The iwmportance of ﬁﬁhﬂfﬁté daxiy blast assays cannot be

over emphasized, Th% ﬁin@ @ﬁavat@rm mmsL Paiv on these, plus the resulis
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qf “yestardayfs run" to dispateh ore and waste Lo meet the daily plant

. requirements.

Thias 1s how the system works, Ths Pl Bupsrintendent lays oud drile
'f ling for two truck-mounted 9% rotary drills on the blaaﬁ plang of active
' benches, The Mine Engineers survey and stake.thaae locations in ﬁh@ plte
i;Drillers collect a one gallon representative sampie'éf cubtings from the
';:banch colum Only -- although holes ganaﬁally are put down 3°' to B! below

“grade to assure good toe fragmsntabtion, These cubtings are collected auto-

'i‘matically by-thé'usa of a wedge shaped sheebt metal pan which sets under-
E neath the drill platform normal to bthe hole collar. Thus a percentbagse of
" the drill cuttinga are asuvbomatically taken from the cone of eubtings which

" build up around the collar of the hole. As is customary, the remaining

ﬁﬁcutﬁings are left at the c@llar-fér a convenient aource of stemming, so
“any hole may be r@msamplaﬂ‘pfiér be blasting, should ﬁhiﬂ PrOve nécegsarga |
1iDrilliﬂg is generally carried oub only on day ghift, although it has besen
Vf dQna on all three shifte, Blagﬁingp howover, is reserved for day shift.
“l&t the end of "C" shift each day, all the drill hole samples from the pre-
-~ vious day are taken to the Mine Ags&f Office, Thess samples have priority
W'anﬂ are run Tor both oxide and tobal a&§p9r9 immadia%ély@ This assaying
h;is by "Slop Cy&ni&a"g.anﬂ'alth@ugh not extremely accurate, it has afforded
5f;reasonab1e mine control in the 0.08% to 2.00% range.

| While an attempt 1s made to schedule a1l pﬁoductieﬂ well in advancs,

- plant requirements can vary from day to day, so the Pit Superintendent

 mugt revise any produati%ﬂ scheduling on the basis of the most recent

‘blast hole assays. Ideally all drilling would be completed two Pull
vi'days in advance @f'hlastimg so that ome full day of pr@dﬂ@tiﬁﬂ might be

- evaluated bafara‘ita,immédiﬁﬁ@ mining. APr&mhi@ally this may nob elways be,
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'f;sb that sometimes the assays of a bl&ﬁt arrive Whil@'that particular bi&s%'
1f~13‘being dug e Seldom is there a grave @rrervmadé ags to whether ma@@fiai
is a?eg‘laaﬁhingmwaa%ag @?‘?aiﬁéwiéﬂﬁ wasbe, bub Lreguently it iz neces-
“'f sary to make adjustments dus to high ow low oxide or sulfide conbent, it
5 t ié.this Pactor which makes evaluabion of drill cﬁt%ings from the blast

o o

One might wonder ir it is prachical L@ move shovels or send flests of

holea 30 important.

trucks Lrom one produeing beneh bto &n@@hﬂf sach time new assays arrive.

. Certainly it ia ndtgf Howsver, Inspiration has enough flexibllity due to-
- 4 j v : _
the amount of live storage in the primary and secondary crusher bina to

i{iconvaniently sustain changes in grade being made on half shift intervals.
 This is frequently done.
| It should be noted that visual sssays, a kn@ﬁi@ﬂg@ of yesterday's run

and the facility o obtain "quicky"” assays of bench materiel within 90 min-
¥

iz uﬁas, greatly expedibtss the qualily @@n&r@l pregﬁam@ However, in the final

ufman&lysis, how well the mine iﬂ abla to anpply Lh@ cmnaiatenb mili heada so

Di'necesaary to efficlent mat&llurgw is ﬂepandan aluaa& @mbir@lg on how well
: e

_the drill hal& cuﬁt&ng@ havse b@@ﬂ im&of@rgbads,;;g




) .. = LN .. . ) -
] . | | | | L

MINING GEOLOGY DIVISION - ARTZONA SECTION A.I.M.E.

SPRING MEETING: APRIL 30, 1966

Ingpiration, Arizona

"STRUCTURE AND ORE CONTROL AT INSPIRATION"
by Hugh Olmstead, Inspiration Conscolidated Copper Company

STRUCTURE

The Globe-Mismi District lies near a postulated intersection ‘of four

continental linemments. Locally these are; 1. The Texas lineament
(N 4% W)s 2. The Arizopa Rockies lineament (N 33° W); 3. The Utah-

Arizonsn linemment (N-8)3 and 4, the Raton-Globe Lineament (N 57° E). ?

Regionally, they are tracesble a3 Mesozoic and Tertiary intrusive and
extrusive rocks found in mountain ranges and fault structures, which
regpectively include: L. The Buckskin, Wickenbm"gg Pinal, and Pinalenoc

Mouwntainsy 2. The Swisshelm, Galiuro, Dripping Springs, snd McDowell

Mounbaingsg 3. The Tumscacorie, Pleacho Mountzins, and the Pleasant Valley

. faults 4. The Datil voleanic Tield and Pinacate voleanic field in Mexico.
Insyinrﬁtion iz situated in the luwer elevations om the northeast side of -
the Pinal M@ﬁn‘t&iﬁiﬁ, At the mine, the Texas and ﬁatonmf}lobe lineaments
sre reflected S%rongly in the Pinal schist and verions faulits. The Utah-
Arizona and Raton-Globe lineewents are partially delineated by ‘T«er’t;iary

Schultze granite and Granite porphyry imnbrusives.

Physiographically, the distriet lies in the widdle part of the mountain

regi@n'pravimce‘lﬁ It i8 in an ares of flexing on the southern end of

the Mazatzal Mounteins. Although & broad deep valley separates the Mazafzais




~
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on the porth from the Pinsl Mountaine on the south they probably were one
wdisrupted rock mgg during the Paleczolc Ere. Before and during the Rocky
Mowntain ovoganesis the level ocean beds were uplifted, warped, and distorted
to their présen‘t p@@iﬁimn., This and accoumpsnying Tertisry intrusion
md@uﬁtedly crea"&;ed' & high, shmj’pweﬁged movatain rarige which has been eroded
to the pregent rugged and irregular topography. Inm the Quatema:ry, TESSes
of erosion products Filled all of the lower elevations. Resulbing
equi.libr:iﬁmm' adjustment depressed c@ﬂgiomemte greas which are now the major

valley and drainsge paths.

Structures in the mine ares are scmewhat related to the general structure

of the Pre-Cambrian schist which trends northeasterly and dips to the

southea&z‘tol? Iocal granitic intrusives bave distorted and obliterated the

schist sbructure, but the schistosity ’prevails a8 the major lineation
followed by mineralizing SQ&\xti‘@maolT A Jack of échi@t;@sity in ‘the
mineralized zones msy be due to more massive beds of schist in which fractures
remmined open for mincamlizﬁ'ti@n and enyrichment.

| The structural control of the intrusion of the Granite porphyry phass
of the Schultze grenite, with which the ore bodies are associated; is shown

by some of the existing faults. The Miami fault, one of these structures,

gtrikes north 25 degrees sast and dips sbout £ifty degrees to the east and
drops the Gila conglomerate east of the ore bodies between two and three e
thousand feet. This fault or the ancient break it followed may have had scme

prewpofphmy movement which is indicated by the poxrphyry-schist contact

extending along the general fault strike beyond vhere the present fault zone
swings ‘to follow the trend of the Pinto feult for scme distance. Hast of

the mining aress the ore bodies appear 0 be cut off by the Miami fault, e

although scme sections show that the ore did not reach the fault zone or

that there i8 & leached zone near the fault. Some ore in dlabase has been ‘

e M




fownd at considerable dcép‘th easgt of the Mianl feuwlt and secondarily enriched

sulphides were found below low-grade primary meterial near a branch of the

Vismi feult in one delll hole.
The Sulﬁhide fault is alsoc a pre-porphyry structure. It has an east-
'*éyéét trend and dips steeply and ix;:%egvﬂgarly $o ﬁhe north. The contact
betwesn -Tch@' sehist and porphyry is in the fault plane for some disté,nce s bub
the ore bodias do n@'ﬁ sippea:r to be displaced by it. The Sulphide fault may
have been s conduit for ove-bearing soluticns; bubt canmnot be traced In the
' porphyry for any distasnce and rasses uoder conglomerate to the west. This
fault is paralleled by the Southwestern favlt about one thousand feet farther
'south, which may be & lﬁt@r styucture, as 1t can be traced in the porphyry
and appears to disgplace the ore zone.

The Pinto fault strikes northwest and dips at aboub fortymfive degrees
to the north@aﬁ‘c. 1% ewhs through the mining aress in bobth the Mismi Copper
and Iﬁspimti@n workings. At the junction of the Pinto with the Mmmﬁ. |
fault, the Miam! swings to follow the twrend of the Pimto for more than one
;Ehduwsand feet. The Pimtoe fault is irregular wﬁ.th a broad crush zone and
some fault clay. There sre some drag fragments of m;memlized material in
the zone and also indications of post fault mineralization. though the
@x;e bodies appear to be down dropped east of the fault, vthé:re als0 appesrs
to be o znone 'f higher grade 13:ci§:aamv material in the footwsll of the Tfanli
in the Imspiretion workings, which was probably iﬁtroc‘luced in & pre-pineral
strue’cﬁreq Also, the Mi&mi Copper ore bodies are best developed in the
acute angle near the junction of the Mlaml snd Pinto foults ,' which would
indicate pmwﬁiner&l structures, bu_'t there 18 no clear indication that the

( faults were channels for mineralizing sclubions.
Obtber Paults Iin the Miami Copper wwrkiﬁgs appear to ‘have minor

displacement, but where & crosscut from the No. 5 Shaft, which started in

S e



c@ngflamerate, encountered the conglomerate-schist contact east of the Miami

~fault, nmr@ weLg wmid@mble clay developed at the contact, which might

indicate some mn@’\’r@m@m%

The Joe Bush fault is mm“é br less parallel to the Pimto fault, but dips
gteeply to the southwest or is zlmost vertical. Tk passes south of the
Mieml Copper workings, but 1s well exposed bﬁr the workings on the Inspiration
600 Level. On thie level there iz an amﬁamnt horizontal displacmém; of
the schist-porphyry coatsct of more than one thousand feet by the fault. This
large movement is nob shown on the surface and way be, in part; due to &
pre-porphyry structure being a guide for the emplacement of the porphyry.

The Bw’l.lﬁ@gs @;y tone, Number Fiveﬁ and Barney faulbs are north to
vortheast trending favlts dlpping :E"la, tly to steeply Lo the east, The move-
ment on these ."E'mzltzs ig nowmmal. with the east blocks down dropped. The
amount of movement om scme Teults is shown vy the displacement of the poste
mineral dacite bheds.

The Bulldeg fault is roughly parallel M@ the Miemi Toulds end dips at
patween thirty and forty degrees to the esst. This may also be a pre-
porphyry structurs with sonme poa"&z pr:»zvpLyry movenent, since s dike of porphyry
imtrudes the fawlt zone and the j‘“&m’lb cannot be traced far in the porphyry
or granite. The Pault branches to the south and there sre s mmber of
gbegper hanging wall splits which heve about one hundred feet displacement.
These are locally called the Colorado ’ mﬂm, | Scme post secondary enrichment
movement on these faults is phowm by the displacement of the ore bodies dowm

to the eagh.

The Keystone fault drends northessterly and dlps at aboubt forty degrees
o the southeast, as shown on the Geslogic Plan. It probably swings to Jjoin
the Brlldog fault north of where it is axposad on the surface. There 18 &

di@phcm@nt of ebout three mmdred feet on this fault, but its location has



. never been well established in underground workings.
West of the Keyza"téone there are the Number Five fault, the Barney fault,
with abowb i h&m&lmi fowt displocsnent, and other ﬂmam@r sbructures,
begides the Sulphide and‘ Southwestern faulte which heve been described. These
have a general northeasierly trend and dip to the southeast. Some rotation-
al xﬁ@vmme:nt on these structures j.zs shown by tilting of the bedding of ‘the
conglomerate and by the slope of the dacite beds and the pre-conglomerate |
I.a;id surface. The Sulphide fault, which gulded the emplmemnt of the |
porphyry, would have had a southerly dip before this tilting and continued
movement on “tha'k. fault may have caused some anomalous structural conditions,
| such as vschist overlying dacite found in drill holes in th@_:: ares south of the
projection of the Sulphide fault.
From the wnderground wapping and drill hole :‘Z,nfmma""siony the ore bodies
appear to be cut o_ffﬁ’ on the west by the Porphyry fault, which trends sboutb
north :Fifteéﬁ degrees ve@,ﬂt and dj":ps twenty degrees to the emst, although
‘ _:thgsm; iz conslderable decrmée in giée in the ore zons before it reaches the
fé,ﬁi;t - This f‘aﬂw;*i; ia @i ‘bhuw cut off by the Barney f."afu.,xt or there is a
eonmla@m”zm b%@@?bﬂing of d4 » towards the surface am the Barney fanult is

the same strueturse. Ex lomt:i.@n west of these struchtures bas encountered
P

g Mot
CREBODY GECLOG | Whﬁﬁjg;ﬁ ﬁfZZz:Z:f‘;%j29ﬂz;

" mine l‘iz@d schist, but no ore bodies. L7

prp

The Imspiration orebody is w_f@m in Jength and hes a maximm width
of about w :ﬁ"e@“ﬁ‘;. The ore atteined a total thickness of as much as I@-—-,.
feet bubt will avamgé about @Ej@eta It bes an arcuate, elongated shape
which thins in the widdle ana on 1ts southwest end. (REFER TO MaP).
FElongation follows & general trend of ¥ "E’EQ E with a gentle southwest piitch.

The original high~grade chalcocite ore was regarded é,za an irregular sulfide
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which was & resultant of the active diastrophism and volatile pressure.

“derived from a parent magma and from clrewlating Juvenile solubions albered

 Dats availzble from a study of the compoeitional variations of the slkali

replacemant blanket deposit. Some of the low-grade ore now belng mined is
regarded as & disseminated or "porphyry-type" deposit. In the early 1900's
highwgmade chryscoolla wae mined from velos in the porphyrys; thersfore, at

least three types of deposits occur, in which each is an integral part of th

&

other.

‘.Primary hydrothermal mineralization 18 believed to he intimately
asguciataﬁvwith the porpuyritic intrusions of Schulize granite, where faults
and relevent crushing created s favorable enviromnent for solution emplacement.

There iz some evidence suggesting simultaneous action of faultingg_erughingy

' stretching and magma flowage. The primary ore solutionz appear to have

succseded the introduction of the Gramite porphyry differentiaite. These
solutions cawried pyrite, chalsopyrite, snd possibly bornite and chalcocite.

They likely were injected imbo small fractures opened by atretchimgl and 6

Later differantistes apperently of moderate magnitude carried pyrite, quartz,
- .‘ ] “' . B . . / i

and molybdenite. Mlcroseopic study indicates a pericd of orthoclasization

: e e e i,

and silicification which preceded the flow of ore wminersl seolutionsz. It is
believed thet super-saturated solutions carrying a high potassium content :

permesble Schulibze granitag and gtroagly lmpregnated the granitic wall rock.

- feldspars states thab "the varlation in meny ceses 18 not independent of the

"“ protore distrﬂbutiom.“T Kuellmer has presented two hypotheses concerning

the orlgin and significance of c@mpwaiti@nal varigationsg of the alkall-
feldspars. His séc@nd hypothesis postulates the possiblility of alkéli‘feldspar
compositional difference resulting from s "secondary compositicnal adjustment
of primary eryﬁtala during & hydr@therm&l stage in addition to crystﬁllization
T '

during the hydrothermsl stage.” - Microscople Htudyla supports this

Ty
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hypothesis and strongly suggests secondary orthoclase.

In addition m‘fﬁ:h@ alteration products of silicification end orthoclasize-~
tlon, There mm alteration products from keolinization, sericitization,
biotization, hydration, ai@giilliza‘tim? surface leaching, and enrichment.

These are profound within and nesr the orebodies while epidotization is more
prevalent arcund the morth and east fringes.

Over the msjor portions of the ores, surface oxidation and lesching has
imperted a moderate to wesk brown coloraticn. Faxly prospectors were aﬁtmct@d
to this area by conspicuous stains of copper silicate and carbonates, but now
B‘tmng @@1@1"&"&%@@ from ore minerals exists at only Tour small areas other than

the pits. Alﬁifiéugh not plentifol, residusl limonitic boxworks occur near the 7

v

gurface ﬁ;iﬁhin swall quaritz velnlets in mgniﬁ‘t 3 Gmnite porphyry and Schultze
gmgcmiﬁe‘.

In the ore areas da"rkf mlnerals c@mpriﬁe & sumall percentage of the whole,
partly dﬁe to altersbion snd parily due "Ee:» 7. mriég:i’.ml saall supply. Bi@tite
is the main ferromafic and it seldom excesds Tive percent of the rock
- composition. Altﬁough restricted, some biotite Fflakes reveal marginal chlorite
alteration, The di@in’tzegmti@ﬁ of v"biéa“@:’l:t@ varies but hasg gwfmeﬁe’am produced
kaelin, chlerite, or hydrous mlcas.

Often in the zones of S'i;:af@ng &iﬁ;cem'ti@:ug it is difficult to megascopical
disbinguish the outlines of the feldspars. Sericite preveils az s hylrothermsl
& alteration produet and 14:@,'@1m is imzri.ca'&:@?l;sr aﬁ asgoviate of the alteration
cyele. In the crushed zones, near the wore prominent faulits, there is & weak
{ndication of bw&eciaﬁi@nﬂ’h bﬁﬁ; i’&: appears that Bupergens alteration has
~ etched the ffégmérrts {quarts) beyond recogniticn as breccia. Sericite-and
kaolin penetrate WW . 2

At Imspivation, secondary supem:’éene mineralization is as impcz%an't a3

priwary mineralization. One without the other would bhave not produced a mine.




Eypogene metallization penetrated schist, granlte poxphyry,; and Schulize
granite. Eeonomic minersls included pyrite, chalcopyrite, bornite, and ?
. Ee—T
shaleoelte, with later ijmpregpetions of wolybdenite and pyrite. Pyriite is
included as &n economic mineral becwuse of its necessity in tThe supergene ?
cyele. During the metallization a distinet zomsl pattern was established,
which somewhat controlled the minersl digtribution and the mineralization
im&t@nsrﬁ:t;yuw The ore minerals filled small fractures in the host roclk,
creating & lowegrade protore. Smbs@qﬁen‘&; alteration and erosicn by various
chemical reactions decomposed the primary minersls and produced copper
chlorides, copper silicates, copper carbonates, copper phosphates, and
copper rich sﬁlph@ﬂ&l’ts o which, becsuse of their relative solubllity,
msul‘éed in chaleocite replacing pyrite, chalecopyrite, and bornite. - During
this process & pr@boré\fxwm'hmagen@ mineralization was oxidized and leached
and transformed to an ors of supsrgens enrichment. Betwssn the leached zomne
ghove and the supergens sullfide enwlched zone below, there is an intermediste
zone of oxidation and hydration containing malachite, azurite, chrysccolla,
snd ferric hydroxide minerals. Within the zome of oxidation there otcurs
primary quarve veinlets with chalcbpyzriﬁe and pyrite which have nuot completed - }4
the enrichment cycle, nor undergone significant oxidation. Simci:ihe M W ‘#/

supergene chaleoeite replaced apinly pyrite, ors bodies are locallzed in

zones of privary oineralization regardless of the amount of prisary coppar
pr@sent.:w Colloidel solubion activity has not been ascertained, bub tThere
is evidence supporting hypogeans origin for part of the chaleocite.

The higher grade primery mimmlizati@n occurs &8 bands along the Miami
and Pinto feults, and between the Joe Push and Bulldog faulte. (SEE MAP).
VW%@:M@H was encountered in the Live Oak mine.

However, some priuary chaleopyrite wag agsociated with the crughed zone near

the Sulphide faxlt. ! The deepest zone of orve (supergene) on this property




occurred on the 1200 Level ia the southwest cormer of the Iive Osk Mine.

Below the enriched zones there exisbts s zone of protore of primary mineralizs-

tion assaying fxm%i?LE;%Lﬁg\?\%?%_ifﬁﬁfr° The thickness of this material
ig net known.
he_leaehed zone of capping varies in thickness ff??;ﬁi%ufghEigegﬂgg?t
or more and will average aboub 40O feet. Near the upper extremities of the
_ iea shed zone the copper content is often not more than & few parts per
milliion. The @xidized zong, fairly consistent in thickness, sverages abbuﬁ
200 Peet, although this varies somewhst in fault zones or other permesble
zones. TYhe oxide ore zones resulted from thevmxidation of the supergené  0’/ s\~
enriched zonss. They are much higher grade than minerslization in‘protore;
At lesst half of the present ore i produced from this zons. Thé supergéne

gnriched zone varies but will average aboubt 200 feet and attains as much

as 450 feeh in thickness.

The age of the ore sxbends from early Terbtlary through the present. f*g
) - T ——— s
It is generally believed thet primery metallization first occurred in late g &“g\
; ‘l\ (ﬂa
Cretaceous o Early Tertiary. However, sescondary snrichnent processes wers &(@ >
active throughout the Terti E@‘P& 1od and have been meoderately active ;?
LY
wnbil today. é

o

The minerals present in the Tospirstion orebody shovldd be divided into
hypogene miner“ls and supergene minerals. Ag the original hypogene
mixn eraliz&tion in the porphyry and schist wvas of low Lenor, the orebody,

ag we know it today, is dependent vpon the supergzene enrlchmenin The ore

now averages less than one percent total copper, aboub 0.02 percent

molybdenite, ﬁith traces of gold and silver.

The hypogene minerals consist of pyrite, chalcopyrite, molybdenite,
L

winoy bernité, miner chalcocite, traces of gold and ailver, and o few

very minor occurrences of galens and sphalerite. In a few places




- argumentative, the consistent occurrences of o chalecopyrite enriched zone

. nx. e e P . . PR . . e P e e b e s e
i

10 !

chaleopyrite~quartz veins cut earlier pyrite-quartz veins, indicating at

least part of the chaleopyrite mineralization is later. The molybdenm-quartz

vadng cub all mineralizabtion ampd are considersd the last phase of the hypogené
metallogenetic phase.

The supergene copper sulphide minerals consist of chalecocite, bornite,
8 and 18

covellite, and chalcopyrite. The chaleocite blanket varies from | A
the complete replacement of the original pyrite and chalcopyrite by f‘% ]

chalcocite to films of chalcocite on pyrite crystal surfeces. Albthough

beneath the chalcocite blanket is atiributed to supergens solutions. Thus, '

Lhale@pyrite in the exmiched zoue pecurs as extremely thin films +

ol by S
CA}MPL ,m%d% o :ﬂ

Chrysecolls, malachite, azurite with minor copper piteh, brochantite,

e
A

pyrite crystal surfaces.

atacamite, lindgrenite, libethenite, and extrepely minor mebatorberni be, 2 38
e s

occur a8 produchs cf a8 supergene enriched area in the oxldized zone. An G)gt;e,}eré,.,\J :
sgsociation has been ewtablishied between the occurrence of granlte porphyry,
radionctive minerals and ore mimmsal’hgg»%— M%%*"/\/W& - "‘f/“}’l 4“—4‘5/“""‘5 [“’/f’ > r- 5
Some notebtions mmst be made of the very winor occuwyrence of native
copper axnd cuprite in & few favlt zomes., Algo s chalchanthite, a product

of present mine water seepsge, is found in bhn mdﬁ‘z"g,ramzd WO nlmgs.
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INSPIRATION'S APPROACH TO THE GRADE HAUL FROBLEM

Aﬁ Inspiration, to date less than fifty percent of the total material moved
hes required drilling and blasting, due to pit mining being cérfied on to a conw
g;&grablehextent in sreas which were broken by earlier underground block caving
operations. In the solid or virgin area, the matefial ranges only from soft to ‘
medium hardness, thus simplifying drilling and blaéting vperations. Thus the bulk
of mining costs and problems have centered around truck haulage, maintensrice; and,
the ever increasing length of the grade haul. Currently, most of our aré is @giné
lifted +400 feet vertically by haulage trucks over adverse grades, or wha% will
be referred to here as grade hauls, up to’?%_maximnm.with some haul lengths now
gpproeching 10,000 feet. . |

Originally our open pit operations, which started in 1947, were to only
suppleﬁent the undergropnd ore production with approximately 4,000 tons per day
by mining areas with which bed & low stripping ratio. Subsequently, a'relatively
small 42" gyratory crushegiwas installed; small shovels, 4 yd. capacity, snd 24
ton capacity trucks were purchased. However, as the advanteges of open pit mining
and its lower costs were realized, the underground operations graduslly gave way
to the open pit. Since 195k all ore produgtion hes come from surface operationé,

For the most part, tﬁe history of truck haulage at Inspiration is similar
to that of other pits usiﬁg trucks ss thelr means of haulage. Our first trucks
had reletively low horsepower engines with dry clutch;s, standard transmissionsg,
tandem rear axles and.wouid creep up 8 7% grade with a 24 ton load at epproximately
6 miles per hour. In 1951, additional trucks were purchased. These, takiﬁg ad-
vantage of the technological improvements.which had been made since our first
trucks were purchased, were eguipped with engines of higher horsepower ratings,
torque converters and would haul a 30 ton load up grade at approximately 6 miles
per hour. Some of the original trucks were then disposed of and the remaining
trucks were modified to hsul 28 tons and larger engines and torque converters
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were instelled. In 1959as surface mining op_erations»w’ expanding, additional
Prugks were purchased. These had & 40 ton cepacity, twin engines, convarters,
pOWerushift transmission end retarders. The retarders, at that time, being one
ofmthe~latest technological improvements to be added to off-highwey trucks.
These trucks would also move up grade at approximstely 6 miles per hour.

During the first five yemrs of open pit operations, our hauls were reletively
shprt,‘generally favorable with some down hill. But as both pits deepened, waste
dumpe lengthened and ore production inéreaged, the heuls became longer and more

adverse. Figure #1 shows how the length of haul has increased through the past

13 years. Even this does not tell the whole story since the percentage of the
total grade heul has also increased. The natural result wes asn increase in
trucks shifts required perjshOVel shift and increased haulage costs.

Faced with this problem of ever increasing haul lengths we begen to investi-
gate the possibility of inereasing the truck speed on the grade. At this point,
éne might ask why other al;ernatives were not femsible. Three such alternatives
are listed below with the reasons why we felt they were not the answer to our
particular problems.

b(l) Lerger haulage units (60 ton range)

(a) We felt the advantage of larger haulasge units could not be fully
realized when used with our 4 and 5 yd. shovels.

(b} Our crusher was not designed to accommodate trucks of this capa-
city and would reqyirenwdification to do sor

(e¢) We were not convinced that the lerger haulage uﬁits on long
grade hauls, due to their higher depreciation, operating and
repair costs, could heaul 88 economically on a cost per ton mile
baéis as our 40 ton units ﬁnder our_pperating conditions.

(2) Skip Haulage. |

{a) 1In the Thornton Pit wé have neither & final nor & stable slope
on which to put a skip way.
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(b) The loca‘n and shape of the Live Qsk 'Pi'ou,ld not lend itself
tb skip haulage.

{(c) 1In both pits, due to the mining in old undercut sreas, waste and
ore sorting‘operations will be necessary throughout the ore body.
Due to the locatioﬁ of the plant on one side of the %ip and waste
dumps on the épposite side, it woudd not be practicai to hoist
botﬁ ore and waste from one.skip'iogdtionv See Figure W, 7

(3) Continued and expanded use of present undergrohgd haulage facilities.

(a) From 1951 to 1961, we passed approximately 1L million tons through
our ore pass to underground operations, to be hauled to the shaft
gnd hoisted to the éurface atithe coarse crusher. At the beginning
this qperation'was an economicel one, but as larger haulage trucks
were purchased, speeds up grade increased and underg;ound handling,
haulage and hoisting costs’ incéreased, the total periton costs of
this operation exceeded our overland haulage and handling costs
‘and was therefore abandondeds In the future, when lower depths are
reached iﬁ the Thornton Pit, this éperation mey again become econom-
iecal.

Our first step toward attaining' higher speeds up grede began in 1956
when we turbocharged our first engine. By turb§chafging, we-were able to up our
speeds up grade from 6 - 6.5 miles per hour to 8.5 - 9.00 miles per hour. During
1956 and 1957 we turbocharged ail haulage units.’;Rk V. Bamerio, whq hgads our
Industrial’Engineering Department, presented a paper to.the Open Pit Section.ﬁeet-
ing in Pucsen in 1959 in which he discussed this subject.

In 1957 wgﬂpqrchased our first single rear axle heulage unit - a Mbdel'358L
Dart with Gummiﬁs NVH-12 engine - which would haul approximately 38 tons up grade
‘at 8;5 - 9.0 miles per hour. We were pleased with the cost perform;nce of this
tfﬁck and have subseguently purchased 9 more simillar units. Since these trucks

had neturally aspirated engines, we again began to envigion higher speeds in these
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unit_s ‘py turbocharging. Qwever, ;n 1960 we were approac by Twin Disc Clutch
Compeny on the possibility of installing & new converter and transmission &8s a
test unit in one of our single rear axle trucks, with the assursnce that this
changg would increase our speeq'up grade‘by approximately 15% and decrease our‘n
fusl copsumption, We agreed to do this and were very anxious to see if we could
obtain additional speed without any increese in horsepower.

It would be well to describe this converter - transmission package to

understand how the increase in speed end decremse in fuel consumption over the

presgnt units is achieved. The Twin Disc Converter - Transmission assembly is
not an intergal package but consist of an.1800 series, single stege, rotating
housing, hydraulic torque converter independently mounted with & drive line and
universal joints comnecting to the TA51-.2000 series power-shift transmission,
The cénverter contains a lock-up clutch for direct drive and a hydraulic re-
tarder., When truck speed'reaches a point at which within the converter the
impellor speed approaches that,of the turbine, the lock-up clutch is engaged

and the impellor, turbine and stator rotate as & units The transmission is of

stralight-through conver’aéf-shaft- type' construction with constant-mesh gears
and’mulﬁiple-disc, oil-cooled, hydrsulic-sctueted clutches« These trans-
missigns have five forward gpeeds and one reverse.

The additional speed aﬁd fuel saving comes in gselecting the proper gear
ratio by up-shifting or down-shifting so that the truck operates with the con-
verter in leockup when engine is at peak rpms. This eliminates the loss of |
efficiency that is Inherent in & converter and makes that much more horse-
power available fof additional speed. It hes also alleviated a cooling prob-
lem which we have during the summer months. Figure 2 85ows effect in speed
up & T% grade -and the difference in fuel consumption the new installation had
on truck performance; |

In our haulage operations we do not allow passing on the grade. Conse-
gquently, the slowéét truck on a particular haul governs the cycle time of that
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haul so the advanrbtage of wuly oune fast truck camnot be regzed; In order to
assemble & fleet of these, we ordered three new trucks equipped with this new
converter - transmission end three assemblies to instell in our older units giving
us & total of seven units so eguipped. We now have three more trucks on order
which will be equipped with the seme power train.

Our NVH-12 engines are rated at 450 horsepower. Discounting for altitude
and accessory loss we figure we are getting epproximetely 380 horsepower at the
flywheel. Since these new converters have'a maximum L50 horsepower rating we
decided to turbocharge the truck which had the test unit installed, and set the
engine to deliver 450 at the flywheel. This resulted in an additional fuel saving
and speed upgrade. Figure 3 illustrates this increase in performance. We &re now
considering turbocharging other units to further increase the speed of this fleet.

What adverse effect has the increased speed had on t?ﬁck components? As far
as we can determine, little or nofe. It must be kept in mind that we have not
increased speed on the level or down hill return haul '- oniy on the up»gradg, and
are speaking of speed variances fromVS to 13 miles per hour. We are convinced
that we are on the right track in.coming up with a solution to holding cur haulags
costs in line as our grade haul lengths increase. As we have visited other opera-
tions and compared haulage costs, we know that with our 40 ton trqcks moving up
long grédes at 11.2 miles per hour, we can compete on a cost per ton basis with
the larger, slower haulage units.

How far do we intend to go with this speed approach to our grade haul
problem?. Qur present position is this¢ we have trucks which by turbocharging
we could increase horsepower at the flywheel by approximetely 25% and, in all
probability, this we will do, when the manufacturef-has either larger converter-
transmission units aveilable or allows increased horsepower ratings in the pre-
sent units« |

Several years ago, we sgset what we thought at that time would be an ulti-
mate goal of 15 miles per hdﬁr up.j% grade. But, as we are now approaching this
speed, we feel we set ouf‘goal too low.
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Figure #1

1963

1961 -

1959 -

1987 -

19585 A

1988

1961

Average Haul Lengths - Miles

Figure #2

37SL Daprts before and after installation of
TA51=200 power-shift transmission

Average Mliles FPer Hr, Fuel Consumption
7% Grade "Gal./ Hr.
Before 8.8 10,63
After 11.2 9.45

Figure #3

373L Dart with TA51-200 power shift transmission
before and after turbocharging.

Average Miles Per Hr. Fuel Consumption
7% Grade “Gal./ Hr.
Before 11.2 Q.45

After 13.2 8,78
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INSPIRATION CONSOLIDATED COPPER COMPANY
OPEN PIT
GENERAL INFORMATION
EQUIPMENT

ROTARY DRILLS :
1 - Joy Model 225 ~ Truck Mounted
Hole
335 feet per shift
1975 feet per bit

1 - Reich Model 7507 - Truck Mounted
9" Hole
38 feet per shift
298l feet per bit

ELECTRIC SHOVELS : |
3 - P & B 1400 - L yd. - 5200 tons/shift
2 -P&H 150@ - £ yd. - 5400 tons/shift

HAULAGE TRUCKS :
2 - Dart 30T - 30 tons
9 - Buclia LFFD - LO tons
2 - Euclid 10FFD - L0 tons
10 - KW-Dart 37SL - 38 tons

D-B Tractors

Motor Graders

Rubber Tired Dozers
Sprinkling Trucks
Portable Compressors
Wagon Drills '
Mise, Service Trucks
Carryalls

G POWFE N e
' TR TS O T T

MISCELLANEQUS

'~ DAILY PRODUCTION:
Ore - 15,200 toms
Waste - 10,000 tons - Stripping ratio - 0.66/1.00

OPEN PIT PRODUCTION - TO DATE:
® Ore - 19,000,000 tons
Waste - 92,700,000 tons - Stripping ratio - 1.90/1,00

PIT ROLL:
158 Men
> 220 Tons per Man Shift

BLASTING:
- Carbamite
Pro-Core Boosters
6.5 tons per 1lb. of powder
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UPARKING AREA

o{ BULLION PLAZA
SCHOOL

[ OMIAMI INSPIRATION
) HOSPITAL

CONCENTRATOR A
& _SHOP AREA/

EMPLOYMENT & PERSONNEL orrn :

N\ W
TRANSFER WAREHOUSENN FREN asSMELTER HOUSES
8 REAL ESTATE OFFICE AN % \

= STARTING PLACE AT LOWER MIAMI SCHOOL

—

FROM M TO GENERAL OFFICE...... ... ssm.  —

FROM ¥ TO 2ND STOP LIGHT IN MIAMI........ I, 2Ml MIAMI-INSPIRATION
FROM *’TO BULLION PLAZA SCHOOL........... 2 OMI. CLINIC
FROM*TO OPEN PIT SHOP AREA............. 2. 7M1

TO GLOBE D.WR.






