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SLIDE 2

GENERALIZED GEOLOGY WITH ORES MINED UNDERGROUND

RICH COPPER i 'F gt [‘ ‘
DEPOSITS IN THE M!fl«” I mh
LIMESTONES

RINGED THE VERY

LOW GRADE,

PORPHYRY MASS

THAT FORMED

SACRAMENTO

HILL. THESE

LIMESTONE

REPLACEMENT

DEPOSITS WERE

HIGH GRADE AND

IT WAS THESE

ORES THAT

ATTRACTED THE

FOR THE FIRST 25
YEARS OF MINING
AT BISBEE.

AFTER GRAEME - 1981

The many sulfide replacement deposited in the limestones at Bisbee were invariably pyrite
dominate, though other species were always present. Copper and/or lead/zinc sulfide minerals
were typically present in much lesser, but economically important amounts. Most of the
economic deposits were copper/iron/sulfur combinations with only modest amounts of lead or
zinc.

The limestone replacement deposits that resulted from the mineralizing events are generally
arranged around the Sacramento Stock complex in semicircular fashion with offshoots radiating
outward like the spokes of a wheel. This arrangement is the result of orebody concentrations in
fractured and fault zones (Bryant & Metz, 1966). This crescent-like arrangement of the ores is a
reflection of the shattered zone in the limestones, which surround the southern portion of the
stock complex while the “spokes” reflect the fault zones and fractured areas (Bonilla, et al.
1916), (Bryant & Metz, 1966). This arrangement is clearly visible in the above illustration.

The replacement copper orebodies were almost always associated with large, low-grade bodies
of siliceous pyrite and were commonly peripheral to the siliceous pyrite, along the footwall or
keel, but with scattered orebodies within the mass as well (Bryant & Metz, 1966). For the most
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part, the economic portion of the replacement deposits was small, averaging about 25,000 tons of
mineable ore (Bryant & Metz, 1966) even though the total sulfide mass would be several, if not
many, times larger. There were some exceptions however, with a very few copper orebodies
exceeding one million tons of minable ore (Bryant & Metz, 1966).

SLIDE 3

LOow GRADE COPPER DEPOSITS WERE PLENTIFUL

THE AMERICAN SOUTHWEST WAS DOTTED WITH LARGE PORPHYRY HOSTED,
COPPER DEPOSITS THAT WERE TOO LOW IN GRADE TO BE EXPLOITED, OFTEN
ACCOMPANIED WITH SMALLER HIGH GRADE DEPOSITS . BISBEE WAS NO
EXCEPTION WITH THE HARD, RED MASS KNOWN AS SACRAMENT HILL INITS
MIDST AND SURROUNDED BY A NUMBER OF RICH UNDERGROUND MINES.

TYPICALLY, ORE GRADES OF AT LEAST 5% COPPER WERE NEEDED TO MAKE
EVEN A MODEST PROFIT. NONE OF THE MANY PORPHYRY DEPOSITS IN
ARIZONA MET THIS BASIC REQUIREMENT. STILL, THERE WAS A VERY REAL
NEED FOR NEW COPPER DEPOSITS AS THE USES FOR COPPER INCREASED
AND THESE PORPHYRY DEPOSITS WERE JUST TOO BIG TO IGNORE.

THE SERENDIPITOUS DEVELOPMENT OF
CHEAP BULK MINING TECHNIQUES AND,
EQUALLY IMPORTANT, THE DISCOVERY OF A
WAY TO CONCENTRATE LOW GRADE
MINERALS COMBINED DURING THE FIRST
DECADES OF THE 20™ CENTURY TO BRING
HOPE FOR THESE OFTEN GARGANTUAN
PORPHYRY DEPOSITS. THE INITIAL
INVESTMENT THAT WOULD BE REQUIRED
FOR DEVELOPMENT WAS ALSO HUGE, SACRAMENTO HILL — 1904,
MUCH BIGGER THAN ANYTHING BEFORE. GRAEME LARKIN COLLECTION

The Sacramento Stock complex

The term complex is used to describe the Sacramento Stock as it is actually composed of two
distinct porphyry units as well as several breccias. The older of the intrusives is a highly altered,
quartz porphyry, which was intensely silicified and pyritized with 15 to 18 percent sulfide
(Bryant & Metz, 1966) by the first phase of mineralization and was almost totally devoid of ore
minerals. This intrusion event also caused the development of a large intrusion breccia along the
south side of the stock, which later became very well mineralized and was an extremely
important source of ore for the underground mining as well as the two open pit mines.
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The younger intrusive is described as a quartz-feldspar porphyry (Bryant & Metz, 1966). It was
moderately altered, first by hydrothermal fluids and then by supergene activity. This unit was
reasonably well mineralized and was the principal source of ore for both open pit mines.

Both of the intrusive units have been dated at 180 + 3 million years (Phelps Dodge, personal
communication, 1972). Lowell and Guilbert have ascribed the younger age of 163 million years
to these units.

SLIDE 4

A MASSIVE EXPLORATION PROGRAM IS UNDERTAKEN
HUNDREDS OF FEET OF DRIFT WERE DRIVEN WITH NO LUCK. THEN IN 1909,

UNDERGROUND WORKINGS WERE EXTENDED TO AREAS UNDER THE HILL
AND THE FIRST ORE HIT IN MID-1911. NEARLY 20 THOUSAND FEET OF
ADDITIONAL CROSSCUTTING RAISING WERE UNDERTAKEN. IN 1913, A
NUMBER OF SURFACE CHURN DRILLS WERE BROUGHT IN TO HELP IN THE
EXPLORATION EFFORT. SOME 160,000 FEET OF DRILLING WAS COMPLETED
BEFORE THE DEPOSIT WAS UNDERSTOOD TO BE IN TWO PARTS — EAST AND
WEST. THE WEST OREBODY APPEARED TO OFFER THE HOPED FOR
OPPORTUNITY , BUT FURTHER WORK WAS NEEDED TO DEVELOP A MINING
PLAN.

THREE CHURN
DRILLS ON THE
SIDE OF SAC
HILL — 1915
GRAEME LARKIN
COLLECTION

CHURN DRILL SITES (WHITE SPOTS) ON THE FLANK

OF SAC HILL — 1915
GRAEME LARKIN COLLECTION

Huge amounts of exploration work were required to fully delineate the mineralized areas, as the
ore grade material was largely restricted to just a few of the units which composed the
Sacramento Stock. Further, the original copper mineralization, as emplaced, was very low-grade
(for the time), particularly in the porphyry units.

It was only ore grade where near-surface oxidation had remobilized some of the copper and re-
deposited it on other sulfide minerals lower in the stock complex. This process, known as
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supergene enrichment, was responsible for making most of the World’s copper porphyry
deposits economic, including Sac Hill.

| 91468 DRILLING DN SACRAMENTO HILL, WARREN DISTRICT.

Postcard view of the ongoing exploration drilling on Sacramento Hill — 1916.
Graeme Larkin collection

Sacramento Hill in1916 with the many exploration drill sites evident as light-colored streaks caused by the drilling
residue flowing down the hillside.
Graeme Larkin collection
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SLIDE 5

OPEN PIT MINING IS NEW, EXPENSIVE AND VERY RISKY

WITH THE POTENTIAL EXPLOITATION OF A LARGE, LOW-GRADE, PORPHYRY
HOSTED COPPER DEPOSIT CAME THE NEED FOR EXTENSIVE EXPLORATION,
METALLURGICAL TESTING, DETAILED MINE PLANNING AND NEW APPROACHES
TO ENGINEERING. AND TOO THERE WAS THE IMMENSE CAPITAL OUTLAYS FOR
PRESTRIPPING, NEW INFRASTRUCTURE AND THE MASSIVE EQUIPMENT.
YEARS OF WORK IN ALL. MINING COPPER HAD NEVER BEEN A POOR MAN'’S
GAME AND NOW , WITH THESE NEW, MORE COMPLEX DEPOSITS, THE COST TO
JUST GET INTO THE GAME INCREASED TEN FOLD. MANY OF THE MINING AND
PROCESSING TECHNIQUES WERE NEW AND UNPROVEN FOR UNIVERSAL
APPLICATION. THE RISK WERE ENORMOUS AND MORE THAN A FEW FAILED.

THE COPPER QUEEN WAS WELL AWARE OF THE RISK AND LOOKED IN DEPTH
AT OTHER OPTIONS TO MINE THE HIGHER GRADE WEST OREBODY. A NUMBER
OF UNDERGROUND APPROACHES WERE EXPLORED AND GERALD SHERMAN
REPORTED THAT MINING BY TOP SLICING AND OPEN PIT WOULD YIELD SIMILAR
ECONOMIC RESULTS, WITH EITHER SCENARIO REQUIRING A CONCENTRATOR.

HOWEVER, THERE WAS A PROBLEM WITH THE UNDERGROUND APPROACH, A
MOST SERIOUS ONE, THERE WERE NOT ENOUGH EXPERIENCED UNDERGROUND
MINERS AVAILABLE. THIS SHORTAGE HAD PLAGUED ALL MINING COMPANIES
FOR YEARS AND WITH NO REASON TO THINK IT WOULD CHANGE, THE DECISION
WAS MADE TO STEP INTO THE NEW WORLD OF OPEN PIT MINING. TIME WOULD
PROVE THIS TO BE A WISE CHOICE, AS THE SHORTAGE OF EXPERIENCED
UNDERGROUND MINERS CONTINUED AND INDEED, CONTINUES TO THIS DAY.

Gerald Sherman was a well experienced and capable engineer and then Mine Superintendent at
Bisbee, who would later become the Consulting Engineer of the Copper Queen Branch of Phelps
Dodge Corp. His opinions were greatly valued by the company and the path he had suggested
was one which was both extraordinarily expensive and risky. Yet the Copper Queen had to do
something at Bisbee as its mineral reserves were being depleted with little prospect of substantial
growth other than the porphyry ores.

Some years before, the C & A had skillfully outflanked the Copper Queen and purchased most
all the ground that potentially contained new orebodies. This placed a huge burden on the
Copper Queen, if it was to stay a major producer in Bisbee. A substantial tract of land had been
added in 1916 through the purchase of the holdings of the Warren Reality & Development
Company as well as the Rough Rider claim group, totaling some 2,074 acres, but these new
properties were speculative at best (indeed, over time no mineralization was ever found in these
properties; however, ample water was developed as needed for the Copper Queen Concentrator).
Thus, a decision was taken in 1916 to proceed with the open pit, but cautiously.
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Prior to 1917, Phelps Dodge and Company was a highly profitable, closely held company with
the great majority of the shares held by the decedents of the founders. For the previous 37 years,
it was these individual who financed all of the development at Bisbee and elsewhere, effectively
using their own money. It had become a public company only in 1909, but had remained with
few shareholders. They were now faced with an investment decision which was so huge it could
potentially ruin them financially if it went wrong.

While history does not record the reasons that drove Phelps Dodge and Company to become a
more widely held public company, with a larger capitalization, the coincidence with the decision
to develop the Sacramento Pit is interesting.

SLIDE 6

OPEN PIT MINING, A NEW CONCEPT

THE CONCEPT OF SURFACE MINING USING STEAM SHOVELS TO DIG BLASTED ROCK AND
LOAD IT INTO RAILROAD CARS HAD BEEN USED IN THE IRON MINES OF MICHIGAN AND
FOR COPPER AT BINGHAM CANYON, UTAH WITH REASONABLE SUCCESS IN 1907, BUT
THE ART OF COMBINING STEAM SHOVELS WITH RAIL HAULAGE WAS BROUGHT TO
PERFECTION IN THE CONSTRUCTION OF THE PANAMA CANAL, COMPLETED IN 1914.
THERE IS LITTLE DOUBT THAT THIS WONDERFUL PROJECT INSTILLED CONFIDENCE IN
THE MANAGEMENT OF PHELPS DODGE TO TRY THE SAME AT BISBEE JUST A FEW YEARS
LATER.

BY CHANCE, THE SACRAMENTO SHAFT HAD CUT 300 FEET OF 1.5% COPPER BEARING
PORPHYRY WHILE BEING SUNK IN 1904. AT THE TIME, IT WAS OF NO ECONOMIC VALUE
AND OF LITTLE INTEREST. YET ENCOURAGED BY THE SUCCESS IN UTAH, A DECISION
WAS MADE TO LOOK CLOSER AT WHAT MIGHT BE UNDER THAT RUGGED KNOB; SAC

HILL. A GREAT DEAL OF WORK WAS TO BE UNDERTAKEN.

SHOVELS IN THE
PANAMA CANAL
C -1913
BoB EDWARDS
COLLECTION

SAC HILL EXPLORATION TO 1916 WITH THE WEST
OREBODY OUTLINED, GRAEME LARKIN COLLECTION

The whole world watched with great interest as the Panama Canal project cut its way across the
isthmus. This, the most ambitious and expensive project ever undertaken to that point in the
history of America, was of particular interest to mining men everywhere. After all, this was a
massive earth moving project and the methods used might have practical application in the
mining industry.
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In fact, the work at the Canal refined techniques already employed in the iron mines of Northern
Michigan and in copper at Bingham Canyon in Utah, the first open pit copper mine. Shovel/rail
earth moving was now a proven and viable for the new concept of bulk mining of low-grade
ores. New copper mines at Chino in New Mexico, Ruth in Nevada and Ajo in Arizona were to
further refine this new way of mining. The Sacramento Pit at Bisbee would benefit from the
experiences at these mines and contribute new ideas to the growing information base of open pit
mining.

SLIDE 7

PLANNING FOR THE SACRAMENTO PIT

HUGE UPFRONT COSTS WERE ASSOCIATED WITH AN OPEN PIT WHICH
REQUIRED A GREAT DEAL OF ENGINEERING, STUDY AND PLANNING TO JUSTIFY.
THEN HIGHLY DETAILED OPEN PIT MINE PLANS WERE DEVELOPED USING COST
FROM OTHER OPERATIONS SUCH AS UTAH COPPER, CHINO COPPER AND
NEVADA CONSOLIDATED. NOTHING COULD BE LEFT TO CHANCE, A FAILURE
HERE COULD SEVERELY DAMAGE EVEN DESTROY THE COMPANY FINANCIALLY.

PLAN OF THE WEST OREBODY WITH EXPLORATION DRIFTS
AND CHURN DRILL HOLES SHOWN (BELOW) AND A CROSS
SECTION OF THE OREBODY SHOWING THE LOCATION OF
GRADES (TOP LEFT) AND A PLAN FOR THE BENCHES AND
TRACKS (LOWER LEFT) -1916. GRAEME LARKIN COLLECTION

The design and development of an open pit mine is a massive engineering undertaking which
encompasses a multitude of disciplines. Transportation of ore, leach and non-mineral material is
a prime consideration as it is a cost driver. The installation of rail is an expensive venture as the
severe topography in the pit area forced deep cuts and many miles of rail at the slope of 2%2% to
reach dump sites.
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Slope stability was always a concern. The steeper the pit wall slope, the less non-ore material
that must be moved, but with steepness comes the risk of failure. A balance must be struck to be
both safe from slope failures and maintain an efficient stripping ratio.

The scheduling of ore to the concentration and no-ore material to their respective points of
deposition required substantial advance planning to assure the availability of both men and
equipment at the right time and place.

SLIDE 8

THE BEST WAY TO TREAT THE ORE IS STUDIED

ALL OF THIS NEW MINERAL DISCOVERED WAS GREAT, BUT IT WAS NOT ORE
UNLESS THE CONTAINED COPPER CAN BE ECONOMICALLY RECOVERED.
BEGINNING IN 1914, VARIOUS RECOVERY SCHEMES WERE TESTED ON BULK
SAMPLES EXTRACTED FROM THE UNDERGROUND WORKINGS AT AN
EXPERIMENTAL CONCENTRATOR BUILT NEAR THE SAC SHAFT .

GRAVITY SEPARATION WAS TRIED FIRST AND GAVE A RECOVERY OF 75.5%
AND A CONCENTRATE (CON) GRADE OF 6.5% COPPER. FROTH
FLOATATION, WHICH HAD ONLY BEEN DEVELOPED IN 1912, WAS TESTED
NEXT WITH A RECOVERY OF 87% AND A CON GRADE OF 10.0%, A CLEAR
IMPROVEMENT, BUT THIS WAS A PATENTED PROCESS. ROYALTIES HAD TO
BE PAID TO THE DISCOVERERS. THE TEST WORK WOULD CONTINUE FOR
SEVERAL MORE YEARS IN THE HOPES OF FINDING A WAY TO TREAT THE ORE
WITHOUT PAYING THIS FEE. IN
THE END, A COMBINATION PLANT
WAS BUILT, WHICH BEGAN
OPERATION IN 1923. OVER THE
YEARS, MANY CHANGES AND
IMPROVEMENTS WERE MADE TO
INCREASE RECOVYERY AND MAKE
A HIGHER GRADE CON, AS THE
LOW CON GRADE HAD PLACED A
BURDEN ON THE SMELTER. EXPERIMENTAL CONCENTRATOR NEAR THE SAC SHAFT —

~~~~~ 1915 GRAEME LARKIN COLLECTION

The direct smelting of the low grade material was economically unfeasible. Some way to
concentrate the ore minerals and increase the grade of the smelter feed was a must. As the
metallurgy of these ore types was relatively new to the mining industry and complicated, it
would take several years before the ideal mix of grinding/reagents and equipment that would
yield a good concentrate grade while achieving a reasonable recovery. It was also very
important to maintain a minimal tonnage level of ore processing, or throughput, which
maximized the potential capacity of the plant equipment. For the Copper Queen Concentrator,
the design capacity was to be about 4,000 tons per day.
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As shown in the graphs below, it took a while for concentrator to produce a concentrate above
ten percent. This was only after extensive test which included grinding the ore finer, improved
classifiers, incorporating different floatation cells and reagents. In the end, the patented
Calloway process was used with a royalty paid to the process inventors. The graphs represent all
of the ore processed including that mined by glory hole methods after the pit had closed.

CONGRADE

RECOVERY




SLIDE 9

A DECISION IS TAKEN TO DEVELOP THE SACRAMENTO PIT

JUNE, 1916 — A DECISION WAS MADE TO GO FORWARD WITH THE
DEVELOPMENT OF THE WEST OREBODY AS A STEAM SHOVEL OPEN PIT. IT WAS
TO BE ARIZONA’S SECOND SUCH MINE, AS OPEN PIT MINING AT BISBEE
STARTED IN JANUARY 1917, JUST DAYS AFTER SIMILAR OPERATIONS STARTED
AT AJO.

THE ESTIMATED TOTAL COSTS FOR THE PROJECT ~$6,283,900 ~ A HUGE SUM
FOR THE ERA. SOME 6.2 MILLION TONS OF 2.5% PORPHYRY ORE HAD BEEN
IDENTIFIED, OF WHICH 5.2 MILLION WOULD BE RECOVERED FROM THE PIT AND
875,000 BY UNDERGROUND METHODS FROM THE PIT BOTTOM, ONCE THE PIT
BECAME TOO DEEP FOR RAIL ACCESS. TO GET ALL OF THE ORE, SOME

16,530,000 TONS OF OVERBURDEN WERE TO BE MOVED. THIS GAVE A
STRIPPING RATIO OF 1.00/3.20, HIGH FOR THE TIMES. SUBSTANTIAL
PRESTRIPPING WOULD BE REQUIRED AT AN ESTIMATED COST OF $2.09
MILLION.

MINING EQUIPMENT WOULD COST $566,000 AND A NEW POWER PLANT AN
ADDITIONAL $640,000. A 3,000 TON PER DAY CONCENTRATOR WAS TO BE
BUILT AS WELL, AT AN ESTIMATED COST OF $2.1 MILLION, WHICH INCLUDED
DEVELOPING A SOURCE OF WATER OF THE PLANT. USING NUMBERS FROM THE
VERY FEW SIMILAR OPERATIONS, MINING COSTS WERE ESTIMATED AT $0.86
PER TON OF ORE. IF ONLY IT WERE TO BE! SAC HILL HELD SOME SURPRISES,
MOSTLY BAD ONES AND IT WAS NOT LONG BEFORE THEY APPEARED.

~~~~~

Processing copper ores by floatation requires
substantial amounts of water, something the Copper
Queen did not have. Efforts to secure some of the
abundant water the C & A pumped from the
Junction Mine were unsuccessful for unrecorded
reasons. Thus, a new source was sought. In the
end, the C & C Shaft near Warren was chosen and
after a great deal of effort, adequate water was
found on the 1800 level.

A schematic of the water capture and pumping
setting in the C & C Shaft is shown at the right.
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SLIDE 10

EQUIPMENT IS PURCHASED

THE INITIAL COSTS ASSOCIATED WITH STARTING AN OPEN PIT MINE ARE
ALWAYS HIGH. THE PURCHASE OF THE NECESSARY MINING AND SUPPORT
EQUIPMENT IS AN IMPORTANT, BUT RELAT]VELY SMALL WHEN THE TOTAL

COSTS ARE CONSIDERED. ITIS
MORE A FACTOR OF WHEN CAN

THE REQUIRED EQUIPMENT BE
MANUFACTURED AND DELIVERED,
AS MOST OF THE ITEMS NEEDED
ARE ONLY BUILT WHEN ORDERS
HAVE BEEN PLACED. THIS TYPE

OF EQUIPMENT IS NOT SITTING IN A PORTER, SADDLE-TANK LOCOMOTIVE IN THE SAC PIT —

1918 GRAEME LARKIN COLLECTION

STORE SOMEWHERE WAITING FOR

A CUSTOMER. m

STEAM SHOVELS
MANY LARGE OR SPECIALIZED

PIECES OF EQUIPMENT HAVE
VERY LONG LEAD TIMES , THUS
ORDERS MUST BE PLACED AS
SOON AS A “GO” DECISION HAS
BEEN MADE TO HAVE ANY
CHANCE OF A TIMELY DELIVERY. e ——— il ;=
THIS IS STILL TRUE TODAY, WITH CHURN DRILL
PRINCIPAL EQUIPMENT ON SAC HILL 1915
SEVERAL YEARS WAIT COMMON. PURCHASED IN 1916/ 17 GRAEME LARKIN

COLLECTION

LOCOMOTIVES 15
DUMP RAILCARS 75
CHURN DRILLS 7
AIR DRILLS (HEAVY) 15
AIR DRILLS (PLUGGERS)

RAIL CRANES

In any mine, material handling is the driving factor in equipment selection and the timing of the
delivery of the digging and hauling equipment.

Little of what mines used at the time is readily available, with most requiring months if not years
of lead time to assure a timely availability. This remains very true even today for most large
machinery, mobile equipment and electrical distribution equipment. With the ordering of such
equipment came the payment of a substantial portion of the total costs, adding to the upfront
costs associated with the huge financial undertakings that are required for open pit mine
development.
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SLIDE 11

HARD ROCK AND LOTS OF IT

SOME OF THE HARDEST ROCK EVER MINED AT BISBEE WAS ON THE TOP OF SAC
HILL, RIGHT WHERE STRIPPING NEEDED TO START. BEFORE THE INITIAL BIG
BLAST TO START STRIPPING COULD BE DRILLED, ACCESS HAD TO BE CARVED
INTO THE CRAGGY HILLSIDE TO BRING IN THE BIG DRILLS. THIS WAS NOT A
SIMPLE TASK IN THE AGE BEFORE BULLDOZERS. EVERY FOOT HAD TO BE DRILL
AND BLASTED THEN CLEARED BY HAND OR BY ANIMAL.

MEANWHILE, SHOVELS WERE BUSY ON GENTLER TERRAIN NEARBY, MAKING
THE CUTS FOR RAIL ACCESS TO BEGIN THE LONG, LONG ASCENT TO THE 5540
ELEVATION BENCH ON TOP. LONG BECAUSE THE MAXIMUM GRADE THE
LOCOMOTIVES COULD CLIMB WAS 2/2%

LOCAL RESIDENTS WATCH A SHOVEL LOADING CARS
WHILE DIGGING A RAIL CUT INTO SAC HILL — 1917 BLASTING ROADWAYS INTO SAC HILL — 1917
GRAEME LARKIN COLLECTION GRAEME LARKIN COLLECTION

Looking more or less west
toward a smoke-filled
Bisbee from near present-
day Warren with
Sacramento Hill in the
center of the photograph.
USGS photo by F. L.
Ransome, 1902.

Graeme Larkin Collection




Sacramento Hill stood monument-like at the mouth of Mule Gulch as the rock of which it was
made was hard, very hard and resistant to erosion. This was because it had been intensely

silicified by the early mineralizing fluids making it the most weather resistant rock around

. The

rock on north side had been broken by the Dividend fault, while that on the west, south and east
sides had been altered by hypogene and supergene processes that made them quite soft and easily

eroded.

In the end, the hardest rock ever mined at Bisbee was that on Sacramento Hill. The Copper
Queen quickly found it to be resistant to digging as well as highly abrasive. All steel implements
that came in contact with the rock— shovel buckets, railcars, etc. all suffered substantial wear

from handling this rock and required frequent repair.

Sacramento Pit C-1928. Note the boulders behind the shovel and the hard toes protruding into
the digging pit
Graeme Larkin Collection
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SLIDE 12

THE BIG BLAST THAT STARTED THE MINE
MORE THAN TEN TONS OF EXPLOSIVES WERE LOADED INTO THE DRILL

HOLES ON THE TOP OF SACRAMENTO HILL AND MANY TOWNSFOLK CAME

TO WATCH THE SHOW. THE BLAST WAS PERFECT FROM AN ENGINEERI

NG

STANDPOINT BUT DISAPPOINTING FROM A
SPECTATORS. THE DEFIANT, ROCKY TOP OF

SAC HILL WAS GONE, NOW TRACK HAD TO
BE LAID TO BRING IN THE SHOVELS AND
TRAINS TO THE HILLTOP AS WELL AS TO
THE DUMP SITES ON THE NEARBY HILLS. IN
1917, 41/> MILES OF RAIL WERE LAID FOR
MINING AND ROCK DISPOSAL.

TWO VIEWS OF THE INITIAL BLAST ON SACRAMENTO HILL WITH SPECTATORS IN THE FOREGROUND OF

BOTH 1917. GRAEME LARKIN COLLECTION

The first blast of any size on Sacramento Hill was a much anticipated event. Many workers and
townsfolk’s sought vantage points to watch as more than ten tons of explosives were detonated at
one time. Few could imagine that such a massive explosion could be anything but spectacular.

They were to be disappointed.

However, mining blast are calculated and controlled events with little more than a muffled roar

and dust. It is always planned to just break the rock and displace it only a bit - not throw it
distance where it must gathered up to load out. In any event, the top of Sac Hill was

some
now

broken and in a way that it could be mined. To be sure, a number of large boulders were formed
and would need secondary drilling and blasting, but all-in-all it was a successful blast. Much

more about breaking this difficult rock remained to be learned however.
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SLIDE 13

SHOVELS AND TRAINS SOON MAKE THEIR WAY TO THE TOP

| L

> >
GRAEME LARKIN COLLECTION
WORKERS LOOKING AT THE DAMAGE FROM A SMALL SLOPE
FAILURE OF LARGE BOULDERS WHICH HIT THIS SHOVEL AND
BURIED THE JACKARM - 5540 BENCH, SAC HILL - 1917

THE VERY HARD ROCK CREATED A HUGE
NUMBER OF LARGE BOULDERS AND
DANGEROUS CONDITIONS. PROGRESS
WAS SLOW AND OFTEN STOPPED. THIS

NEW WAY OF MINING WAS NEITHER
SIMPLE NOR STRAIGHTFORWARD. MANY _

LESSONS WERE TO BE LEARNED, MANY BOTH FROM THF:‘GRAEME LARINOL.LE.CON
COSTLY LESSONS ~ o~ o~~~ o~ MINING OF THE 5540 BENCH ON SAC HILL - 1917

All of the steam shovels of these early days were rail mounted, with a boom that swiveled on the
stationary frame. Thus, the shovel would dig all it could reach with the maximum boom
extension, then drop back to allow for the tack to be extended about 25 to 30 feet. A slow and
laborious processes to be sure, but no machines to assist, such as bulldozers, were available at
this time. Hard toes and oversize boulders often required the shovel to retreat while these
obstacles were drilled and blasted.

Toward the end of the mine’s life, a single caterpillar-track type shovel was added. This was to
be the last shovel kept in use to load small cars to be dumped into the glory holes after standard
railroad equipment could no longer reach the pit bottom due to the steep incline.
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SLIDE 14

THE DIFFICULT CONDITIONS ARE REFLECTED IN THE COSTS

PRESTRIPPING CONTINUED UNTIL THE END OF OCTOBER 1921 WITH
SOME 6,650,070 CcUBIC YARDS MOVED. IN ALL, $5,439,757 HAD BEEN
SPENT MOVING THIS MATERIAL, SOME 160% MORE THAN ESTIMATED.
WORSE YET, COPPER PRICES WERE FALLING AND DRAMATICALLY. THE
PIT WAS CLOSED AND CONSTRUCTION OF THE MILL SUSPENDED. THE
FATE OF THE PROJECT WAS UNCERTAIN.

EVEN THE UNDERGROUND MINES WERE CLOSED FOR A FEW MONTHS
DUE TO LOW METAL PRICES. MANY MEN LEFT THE DISTRICT FOR HIGHER
PAYING JOBS ELSEWHERE, PARTICULARLY IN CALIFORNIA.

IN 1923, A DECISION TO CONTINUE WITH
THE CONSTRUCTION OF THE MILL WAS
MADE IN SPITE OF THE HUGE COSTS
OVERRUNS. IN THE END IT WOULD COST
$4,303,748 -100% MORE THAN PLANNED.

MEN WERE HIRED AND OPERATIONS
STARTED ANEW.

IN THE SACRAMENTO PIT,
BISBEE
OIL ON PANEL, ABOUT 14 X

20 INCHES (1923).
UNIVERSITY OF ARIZONA MINERAL
MUSEUM COLLECTION

Even though mining costs were calculated by using the experience from other similar operations,
the difficult conditions presented by Sacramento Hill had a staggering impact on the total pre-
stripping cost. Hard, impossibly hard rock made blasting difficult and digging conditions
inefficient. Boulders and hard toes slowed the shovels to a crawl and punished them mercilessly,
pushing down-time for repairs and maintenance costs upward.
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SLIDE 15

BREAKING THE ROCK IS KEY
MINING MEN HAVE LONG SAID “POWDER IS CHEAPER THAN STEEL,” MEANING
IT IS CHEAPER TO BREAK THE ROCK BY BLASTING IT WELL, THAN TO FIGHT IT
WITH THE STEEL OF THE MINING MACHINERY OR CRUSHING EQUIPMENT. IT
TOOK YEARS OF EXPERIMENTING WITH BLAST HOLE SIZES, HOLE PATTERNS
AND EXPLOSIVES BEFORE A REASONABLE FRAGMENTATION OF THE ROCK
WAS ACHIEVED. THE COST OF LEARNING HOW TO BREAK THE ROCK ON SAC
HILL WAS HIGH IN BOTH DOLLAR AND HUMAN
TERMS. FIVE MEN WERE KILLED AND SIX
INJURED IN 1918 WHEN A BLAST EXPLODED
PREMATURELY . THIS WAS TO BE THE WORST
ACCIDENT TO EVER OCCUR AT BISBEE.

BLASTER MEN, BISBEE
OIL ON PANEL, ABOUT 14 X
20 INCHES (1923).
UNIVERSITY OF ARIZONA

LARGE BOULDERS IN A DIGGING PIT-1917 MINERAL MUSEUM COLLECTION

GRAEME LARKIN COLLECTION

Inasmuch as open pit blasting is so well established as a practice, it seems odd that it took so
long to develop. Much had to do with the nature of available explosives at the time. Dynamite
and black powder in 12% pound packages were the most commonly used, with dynamite largely
confined to use in the toe holes.

The black powder was poured into a hole containing a Cordeau Bickford fuse, an explosive fuse
much like the Primacord of today, which served as a primer for the black powder. The blasts
were fired using electric blasting caps attached to the fuse and a plunger- type electric blasting
machine was used to detonate the cap. Such a blasting machine is depicted in the painting above.

When black powder explodes, it does so at a relatively slow velocity, something which did not
break the rock well, as the energy released by the blast was over a bit of time. Faster explosives
and blasting agents give a shorter, more concentrated impact. Over time, black powder was
replaced for this and safety.
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SLIDE 16

BLASTING

BLASTING THE ROCK REQUIRED A COMBINATION OF BANK HOLES AND TOE
HOLES, BOTH OF WHICH WERE SPRUNG AT THE BACK TO CREATE A SMALL
CHAMBER TO HOLD MORE EXPLOSIVES. FIRST, A STRING OF THE TOE HOLES
WERE SHOT AND CLEANED UP BY THE SHOVEL , THEN BANK HOLES SHOT
ONE AT A TIME AND CLEANED UP AFTER EACH SHOT. A GOOD DEAL OF
SHOVEL TIME WAS LOST BY THIS APPROACH.

THE SHOVEL HAD TO BE BACKED OUT FOR ‘
EACH BLAST. MOREOVER, THE HIGH At sacs
BENCHES WERE DANGEROUS TO WORK
UNDER WITH THE SHOVELS.

DRILLING TOE HOLES IN THE SAC PIT- 1925 BLAST HOLES FOR 60’ BENCH 1923
GRAEME LARKIN COLLECTION GRAEME LARKIN COLLECTION

The complicated blasting procedure illustrated above had been imported from the Iron Range,
where the rocks were more brittle and, while even harder, broke a bit easier. In the Sac Pit the
near-surface rock tended to be naturally fractured and thus absorbed some of the shock from the
blast, often producing boulders.

402




SLIDE 17

HIGH BENCHES WERE A HAZARD

THE LEARNING CURVE AT THE
SACRAMENTO PIT WAS STEEP,
AS FEW SIMILAR MINES WERE IN
OPERATION, THE ENGINEERS AT
BISBEE LEARNED MUCH, MOST
THROUGH TRIAL — AND —ERROR.
AS OPEN PIT MINERS LEARNED
THE WORLD OVER, BENCH
HEIGHT AND SLOPE STABILITY
WAS A SCIENCE UNTO ITS SELF.
MEN MUST WORK UNDER THESE
MANMADE CLIFFS AND DESIGN
ERRORS COULD BE COSTLY.

WHILE THERE WERE TENSE
MOMENTS AT BISBEE, NO ONE
WAS KILLED BECAUSE OF

UNEXPECTED AND SUDDEN
SLOPE FAILURES. STEAM SHOVEL ALMOST COMPLETELY COVERED BY ROCK

CAUSED BY A FAILURE OF THE BENCH FACE, C — 1918.
GRAEME LARKIN COLLECTION

The bench failure illustrated above does not look to have been a sudden, catastrophic one. The
relatively small rock size and the fact that the shovel was not overturned suggest the wall raveled
loose rock in a manner which trapped the rail-mounted shovel, but almost certainly slow enough
to allow all nearby to retreat to a safe area.

While the shovel is buried, the boom location and condition suggest little damage to the
equipment because of the rock slide. Such events were among the many things to learn about
and to avoid in this new mining game of open pit mining.
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SLIDE 18

LOADING BY SHOVEL

THE NEED TO ELIMINATE HIGH BENCHES
AND THE ASSOCIATED RISK BROUGHT OUT
SEVERAL DIFFERENT APPROACHES. ALL
WERE TRIED WITH THE HOPE OF IMPROVING
SAFETY AND SHOVEL PRODUCTIVITY.

IN THE END, 30’ BENCHES WERE ADAPTED
WHICH IMPROVED THE SAFETY ASPECT, BUT
DID LITTLE TO IMPROVE SHOVEL
PRODUCTIVITY. THE ROCK WAS JUST TOO
HARD AND EVERY BLAST CREATED A
NUMBER OF OVERSIZE BOULDERS.

DIGGING WAS DIFFICULT AND

PUNISHING FOR THE SHOVELS. UNDERCUTTING

APPROACH TO
ELIMINATE HIGH

BENCHES 1920,
GRAEME LARKIN
COLLECTION

PLAN FOR SEQUENTIAL UNDERCUTS TO ELIMINATE
HIGH BENCHES -1923, GRAEME LARKIN COLLECTION

LOADING UNDER A 60’ BENCH ~ 1922
GRAEME LARKIN COLLECTION
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Everything was new in open pit mining. To be sure, much had been learned at other such mines,
but in reality, each mine is different enough that the local conditions dictate what the best
approach might be. The undercutting approach to mining that had been so successful in the
Panama Canal construction was employed for a short time. While it was great for cutting
trenches, drop cutting like this is not the most efficient way for a shovel to operate.

Before long, most mining was undertaken by carrying the bench level and forward, except when
it was essential to begin a new level. This required drop cutting, which was a slow and much

less efficient way to mine.
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SLIDE 19

EXPERIENCE AND EFFORT PAYOFF
THE ROCK NEVER GOT EASIER TO DIG
AND SHOVEL REPAIR BECAME A
CONSTANT ACTIVITY . THE 30” BENCHES
IMPROVED SAFETY WHILE EXPERIENCE
IMPROVED ROCK FRAGMENTATION.

SHOVEL BOOM
UNDER REPAIR
(R) C- 1925
GRAEME LARKIN
COLLECTION

CHURN DRILL USED FOR

DRILL BLAST HOLES C- 1922
GRAEME LARKIN COLLECTION

SHOVELS LOADING ORE
(L) AND WASTE (R)
C- 1926
GRAEME LARKIN
COLLECTION

By the time ore was needed at the Copper Queen Concentrator in late 1923, rock fragmentation
and loading had greatly improved. The ability of the pit to supply the needed ore was assured.
The substantial pre-stripping that had been accomplished provided a number of working faces in
ore so that a problem in one ore producing area did not stop the flow of ore the crusher.
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SLIDE 20

A CONCENTRATOR IS BUILT TO HANDLE THE ORE

THE LOW GRADE ORES FROM THE PIT
REQUIRED CONCENTRATION OF THE
CONTAINED COPPER MINERALS TO MAKE
THE COSTS OF SMELTING REASONABLE.
BY THE END OF 1923, THE COPPER
QUEEN CONCENTRATOR WAS FULLY
OPERATIONAL AND COPPER
CONCENTRATES OF 8 + % BEING SENT
TO THE SMELTER IN DOUGLAS.

POSTCARD VIEW OF THE COPPER QUEEN

CONCENTRATOR NEAR DON Luis C- 1938
GRAEME LARKIN COLLECTION
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Vig

A BACKUP
POWER PLANT
WAS
CONSTRUCTED
NEAR THE
CONCENTRATOR

AS WELL-1922
GRAEME LARKIN
COLLECTION

-
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BRR

CONSTRUCTION OF THE COPPER QUEEN
CONCENTRATOR — 1921, GRAEME LARKIN
COLLECTION

The building of the Copper Queen Concentrator made the Sacramento Pit possible. While it took
some time to sort out all of the nuances of the complicated ores from the pit, it eventually
became a smooth operation. By the end of 1931, the concentrator was shut down, never to fully
operate again. While sections of the concentrator were renovated in 1940 in anticipation of
mining the East Orebody underground, the failure to effectively mine the tonnage needed for the
concentrator caused it to remain closed.

In 1944, a 450 ton per day lead/zinc mill was added appendage-like to the concentrator. This
operated through 1949 when it was closed due to a lack of available ores.

This whole complex was ultimately razed during the 1990s and the area fully reclaimed. Even
the diesel power plant was later removed.
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SLIDE 21

MANY TONS OF NON-ORE MATERIAL WERE HANDLED DAILY

APPROPRIATE STORAGE OF THE
MILLIONS OF TONS OF NON-MINERAL
ROCK WAS AN IMPORTANT PART OF THE
MINE PLANNING. SEVERAL SITES WERE
USED, INCLUDING THE #7 DUMP NEAR
WARREN THAT WAS TO BE USED LATER.

EACH DAY, TRAINS CARRIED
THOUSANDS OF TONS NON-MINERAL
MATERIAL AND LEACH ROCK TO

STORAGE SITES. C- 1922
GRAEME LARKIN COLLECTION

THE SAC PIT IN 1926 (R) WITH
TWO OF THE NON-MINERAL ROCK

STORAGE AREAS INDICATED.
GRAEME LARKIN COLLECTION

The disposal of non-ore material was a significant part of the costs associated with mining — then
and today. Both the horizontal and vertical distances are important considerations when deciding
where to deposit the material. Non-mineral material rock was hauled to the closest available
locations. For several of the sites, switchbacks were needed in the rail layout to gain the needed
vertical elevation. Also, because the rail often was laid at the maximum grade of 2%2%, fewer
loaded cars could be pulled by the locomotives.

The decision was taken to accept the longer, almost flat haul to the Number 7 dump to reduce
costs and forego the purchase of more locomotives and railcars. In the end, the decision was a
good one as the flat haul reduced costs and created an additional site to store very low grade
material for future leaching.
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SLIDE 22

SITES FOR THE STORAGE OF NON-MINERAL ROCK WERE SCARES

As PHELPS DODGE WAS ESSENTIALLY LAND-
LOCKED BY THE C & A, INNOVATIVE
APPROACHES TOWARD THE STORAGE OF NON-
MINERAL MATERIAL WERE REQUIRED. THUS
SITES HIGH ABOVE LOWELL WERE ALSO USED,
BUT NOT WITHOUT MISHAP, AS SHOWN IN THE
PHOTO TO THE LEFT. HEAVY RAIN HAD
SOFTENED THE RAIL BED AND THE LOCOMOTIVE
DERAILED, BUT WITH ONLY MINIMAL DAMAGE.

SEVERAL SITES HIGH
ON THE
SURROUNDING HILLS
WERE, BY NECESSITY,
USED AS WELL.

LOCOMOTIVE DERAILED WHILE ON
ROUTE TO PLACE NON-MINERAL
MATERIAL IN A STORAGE SITE HIGH

ABOVE LOWELL. C- 1922
GRAEME LARKIN COLLECTION

STORAGE AREAS FOR NON-MINERAL MATERIAL ABOVE THE TOWN OF
LOWELL, 1927. GRAEME LARKIN COLLECTION

As can be seen in both of the photos above, the railroad was set at constant steep grade to
achieve the maximum elevation possible to accommodate the greatest possible tonnage. These
small dump sites high on the hills are less than ideal for non-mineral rock disposal, but they were
close and the land owned by PD.
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SLIDE 23

COPPER RECOVERY FROM VERY LOW GRADE ROCK

THE RECOVERY OF COPPER FROM MINE
WATERS AND LOW GRADE ORES HAD
LONG BEEN A PRACTICE AT BISBEE. TEST
WORK ON THE LOW GRADE MATERIAL
FROM THE SAC OREBODY INDICATED THAT
IT WOULD WORK HERE AS WELL. A PLANT
AND RECOVERY FACILITY WERE BUILT.

POSTCARD VIEW OF THE CONCENTRATOR
WITH THE LEACH ROCK STORAGE SITE

VISIBLE IN THE MIDDLE GROUND C- 1935
GRAEME LARKIN COLLECTION

LEFT, THE 40’ HIGH LEACH ROCK PILES
WITH THE PRECIPITATION PLANT IN THE

FOREGROUND C- 1926
GRAEME LARKIN COLLECTION

ROCK THAT CONTAINED LESS THAN
0.7% COPPER BUT MORE THAN
0.3% COPPER WAS TREATED BY
LEACHING, WITH THE COPPER
RECOVERED VIA PRECIPITATION.

The recovery of copper from
mine waters and from low-grade
material had long been a part of
copper production at Bisbee
when the work on Sacramento
Hill was undertaken.

Mine waters from the Czar and
Holbrook mines were captured
and pumped to a surface
recovery plant where they were
passed over scrap iron in wooden
launders. These very acidic

Test facility near the Sacramento Shaft for the development of a waters contained as much as
precipitation plant to recovery copper from leach material to be produced  three pounds of copper per
from the SaCfaE?em?IP't_-1915 thousand gallons and were a part

Graeme Larkin collection of the natural  supergene
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oxidation process. In any event, it was an operating necessity to control the “copper water or it
would destroy mine rail and tools, so it was natural that the potential of the pit low-grade
material be considered for leaching.

As this potential source of additional metal was well understood before the pit was ever started
and a test plant constructed and operated using material recovered from the exploratory
underground workings along with the ore used for metallurgical testing. The results of the test
heaps were very encouraging and no doubt, the expected copper recovery from the leach material
was incorporated in the financial model used to justify the project

Small amounts of sulfuric acid produced at the Douglas smelter were added to the leach
solutions to expedite copper dissolution and enhance recovery. The development of additional
water in the C & C mine in 1926 allowed for the irrigation of the Number 2 dump.

Placement of leach material on the Number 2 dump near Don Luis by train, C -1926. The leach cells on the surface are being
developed in preparation for the addition of the leach solutions via the launder along the right side of the dump
Graeme Larkin collection

The stockpiling of the 12+ million tons of leach material on the Number 1 dump near the Czar
Mine, using water from this mine, and the Number 2 leach dump near the concentrator as well on
Number 7 dump was a wise move, as much copper was ultimately recovered from this very low-
grade material.
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This plant was a typical copper precipitation plant, using scrap iron, upon which, the copper
precipitated while the iron went into solution forming a high copper sludge, which was washed
out of the redwood leach cells and concrete leach launders to a drying pad, dried and sent to the

smelter. The precipitate produced by this plant averaged 68% copper.
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Flow Sheet, Don Louis Cementation Plant

Flow sheet of the leach system and the Don Luis Cementation Plant -1928
Graeme Larkin collection
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SLIDE 24

THE LAST ORES WERE DIFFICULT TO RECOVER

THE SACPITIN 1929
(L). NOTE THE SMALL
WORKING AREA

AVAILABLE.
GRAEME LARKIN
COLLECTION

THE SAC PITIN 1931
(R) WITH DRILLS
ALONG THE EDGE OF
THE GLORY HOLE
RAISES DRILLING

BLAST HOLES.
GRAEME LARKIN
COLLECTION

NN W T / -
AS THE PIT BECAME DEEPER, IT
ALSO BECAME MORE NARROW AND
THE CLIMB OUT OF THE HOLE
LONGER. FEWER WORKING AREAS }
WERE AVAILABLE AS THE PIT SIZE THE REMAINING ORE GRADE MATERIAL
SHRANK DUE TO DEPTH. IT BECAME || ywaAs BLASTED INTO GLORY-HOLE TYPE
DIFFICULT TO PROVIDE ADEQUATE RAISES AND COLLECTED BELOW FOR

ORE TONNAGES TO THE
CONCENTRATOR. ORE GRADE HOISTING THROUGH THE SACRAMENTO

MATERIAL WOULD REMAIN IN THE PIT SHAFT. SOME ORE WAS ALSO MINED BY A

The Sacramento Pit operated until September 1929, and then the remaining ores were extracted
via the “Glory Holes” in the pit bottom. The glory holes were raises which had been driven from
the 500 level of the Sacramento Shaft. By blasting the sides of these multiple, parallel raises, the
broken rock could be removed below. Soon, the continued blasting caused the raises to become
one large hole at the top, thus the name “glory hole.”

This was terminated in October 1931 due more so to the low copper prices than a total
exhaustion of ore. It was never resumed as the depression and World War Il made other ores
more attractive.

It would be left for the Holbrook Extension of the Lavender Pit Mine to finally exploit the small,
remaining tonnage from the bottom reaches of the West Orebody.
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SLIDE 25

WHEN COMPLETED, THE SACRAMENTO PIT WAS CONSIDERED AN
ENGINEERING MASTERPIECE, A PLACE TO VISIT AND TELL YOUR
FRIENDS ABOUT

B e

SACRAMENTO PIT IN 1930 AFTER 33 MILLION TONS OF MATERIAL HAD BEEN REMOVED  GRAEME LARKIN COLLECTION

Among my cherished childhood memories are times spent looking into the long closed
Sacramento Pit. It was awesome thinking that it was created by man.

To be sure, in the context of the many truly giant open pits around the world today, it was almost
insignificant in size. In reality however, the Sacramento Pit and others of its era were the
precursors of the great mines of today that provide the essential copper from very low-grade
deposits at prices that keep copper affordable. The engineering marvel that was the Sac Pit
helped lead the way.
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SLIDE 26

FOR THE NEXT 20 YEARS, THE SAC PIT WAS TO BE A MUCH-

PHOTOGRAPHED TOURIST STOP

POSTCARD
VIEWS OF THE
SAcC PIT
C-1935
- A B GRAEME LARKIN
M"P - COLLECTION
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SACRAMENTO
PIT
BISBEE
ARIZONA
Formerly a
mountain, now a

pit 435 ft. deep

from which
20,843,667 tons

were removed

When mining via the glory holes was stopped in 1931, the limited amount of equipment that had
been used to supplement production — a single caterpillar track shovel, a few 3% ton mine cars
and a tractor to pull the cars, were essentially abandoned on a bench in the pit. These are quite

visible in the photos above.

The cost of removing them was greater than the value of the equipment. At least that was the
case before World War 11, when scrap steel became an important resource in support of the War
effort. During 1942, these items were salvaged for scrap and became a part of the American War

Effort.
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SLIDE 27

THE EXPERIENCE GAINED WAS OF GREATER VALUE THAN THE
PROFIT MADE, IF ANY WAS TO BE HAD

IN APRIL 1923, AT A TIME OF MODEST COPPER PRICES, THE FIRST
CONCENTRATES WERE SHIPPED TO DOUGLAS FOR SMELTING — 15 YEARS
AND MANY MILLIONS OF DOLLARS AFTER THE FIRST WORK BEGAN. THE
TIME NEEDED TO DEVELOP THE MINERAL DISCOVERED BY YEARS OF
EXPLORATION AND TESTING WAS SUCH THAT THE COPPER MARKET PEAKS
OF 1916 -1919 WERE MISSED. THE INVESTMENT AND OPERATING COSTS
WERE BOTH WELL BEYOND THOSE ESTIMATED DURING THE PRE-
DEVELOPMENT STUDIES.

DID THE SAC PIT MAKE ANY MONEY FOR PHELPS DODGE DURING ITS
OPERATION FROM 1923 - 19307 PROBABLY NOT MUCH, IF ANY, BUT A GOOD
DEAL WAS LEARNED. THIS EXPERIENCE UNDOUBTEDLY PREPARED PD
VERY WELL FOR THE FUTURE, AS IN 1936 PLANNING BEGAN TO DEVELOP AN
OPEN PIT MINE AT MORENCI, THE PRESTRIPPING FOR WHICH WAS STARTED
IN 1937. TO BE SURE, THIS EXPERIENCE WAS ENHANCED A BIT BY THAT
FROM OPERATING THE NEW CORNELIA OPEN PIT MINE AT AJO FOR A SHORT
WHILE FOLLOWING ITS ACQUISITION.

The experience of Phelps Dodge with the Sacramento Pit prepared the company to fully enter
into the business of mining copper by open pit techniques. That the planning and initial work at
Morenci was undertaken in the depth of the Great Depression speaks of the faith the directors of
the company had gained in this relatively new way to mine low grade copper. This was the real
value that the Sac Pit brought to Phelps Dodge.
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SLIDE 28

COPPER PRICES OVER THE LIFE CYCLE OF THE SAC PIT

COPPER PRICE

I INVESTMENT PRE-STRIPPING

DECISION COMPLETED
FIRST ORE TAKEN PRE-STRIPPING
FOUND STARTED

The above graph demonstrates the long lead time required to bring an open pit copper mine into
production as well as the dramatic swings in the metal prices which can occur during the life of
the process. It remains much the same today. To be sure WWI distorted the market conditions,
but this is the nature of commodities.

However, if we look at the context of the times, when there were a great many more unknowns
than there are today. It must be recalled that the mining and recovery processes to be used were
still in their relative infancy. Thus, the decision to invest was taken relatively quickly, just some
four years from the first discovery of ore. Even today, this would be fast when one considers all
of the exploration work needed to define the orebody, the exhaustive mine planning needed to
get rail up this very rugged hill, not to mention the metallurgical testing. In the latter case, it
must have been very disheartening to have the ore produce such a very low grade concentrate
when other such plants could make a con three to four times richer, but this was the reality of
these difficult ores.

417




Perhaps the positive investment decision was prompted by the escalating copper prices brought
on by the conflict in Europe. In any event the price peak was missed and the Sacramento pit
only produced copper during periods of ordinary copper prices. In fact, because of the low price
for copper in 1921/1922, the completion of the concentrator was delayed and the pit essentially
closed down for much of 1921 and for all of 1922.

LIDE 29

OPEN PIT MINING RETURNS TO BISBEE

THE EXISTENCE OF SUBSTANTIAL AMOUNTS OF PORPHYRY TYPE ORES OUTSIDE THE
LIMITS OF THE SACRAMENTO PIT HAD LONG BEEN RECOGNIZED. THIS WAS CALLED THE
“EAST OREBODY.” EFFORTS TO MINE THIS AREA BY BLOCK CAVING WERE ONLY
PARTIALLY SUCCESSFUL BECAUSE OF HARD ROCK. SOME BLOCKS SIMPLY WOULD NOT
CAVE, IN SPITE OF REPEATED EFFORTS AND SUBSTANTIAL WORK.

BY THE LATE 1940sS, IT WAS CLEAR THAT THE ONLY WAY TO EXPLOIT THIS IMPORTANT
RESOURCE WAS BY OPEN PIT MINING, BUT THERE WERE MANY CHALLENGES FACING
PD, NOT THE LEAST OF WHICH WAS THE ENORMOUS INVESTMENT AT A TIME OF LOW
COPPER PRICES. MORE THAN A LITTLE FAITH WAS REQUIRED TO TAKE THE NEXT STEP.

IN MARCH 1950, DETAILED PLANNING ALONG
WITH INTENSIVE ENGINEERING STUDY AND DESIGN
WORK WERE BEGUN WITH THE ENCOURAGEMENT
AND SUPPORT OF VISIONARY VP AND GENERAL
MANGER, HARRISON LAVENDER, FOR WHOM THE
MINE WOULD BE NAMED SOME YEARS LATER,
FOLLOWING HIS UNTIMELY DEATH.

EAST/OREBODY

IN TRUTH, LARGE OPEN PIT MINES ARE

ENGINEERING MARVELS AND THIS ONE IS NO
A 1916 PLAN OF THE WEST AND EAST .
OREBODIES INDICATING DRILLING AND EXCEPTION. MUCH WAS TO BE DONE’ SOME
DRIFTING FOR SAMPLING. THE SAC PIT lNCORPORATlNG NEW ]DEAS AND CONCEPTS FOR
MINED THE WEST PART. THE TIME, BUT WHICH WOULD BECOME STANDARD
GRAEME LARKIN COLLECTION
FOR MINING IN SUCH PITS WORLD-WIDE.

World War Il did much to make America aware of the need to be self-sufficient in the basic
elements of industry, such as copper (an awareness since lost to the desire not to change the
landscape).  This awareness did much to bring back open pit mining as did important
improvements in open pit mining equipment as well as enhanced mineral recovery processes.

Improved mining and earth moving equipment meant lower costs, costs that could now allow for
the mining of lower grade ores and the movement of much more non-ore overburden to expose
the ores. This has been the story of the American mining industry, one where technological
improvements make yesterday’s waste into today’s ore. This is a never stopping trend and one
which may one day bring back mining to Bisbee, as much copper remains in the hills. It need
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only be economic to mine. Of course, an anti-mining political environment could make it too
time intensive and costly to happen.

SLIDE 30

FIRST, THE METALLURGY HAD TO BE SORTED OUT

THE ORES MINED IN THE SAC PIT WERE DIFFICULT TO PROCESS, YIELDING
ONLY A 10 TO 14% CU CONCENTRATE, AT BEST. THIS WAS UNACCEPTABLY
LOW. MOST OF THE COPPER OCCURRED AS A THIN COATING OF CHALCOCITE
ON PYRITE, RENDERING SEPARATION DIFFICULT. TESTWORK DEVELOPED A
WAY TO MAKE A CONCENTRATE OF BETWEEN 16% AND 18% COPPER,
BETTER, BUT STILL LOW BY INDUSTRY STANDARDS. NONETHELESS, IT WAS
NOW A “GO” METALLURGICALLY. §

THE HIGH-PYRITE/LOW COPPER CONCENTRATES
FROM THE LAVENDER PIT WERE ALL TO BE SMELTED
AT THE DOUGLAS FACILITY, WHICH WAS TO BE
ENLARGED TO ACCOMMODATE THE ADDITIONAL
TONNAGE. B .'1'\3'- g\.. R e

MINERALIZED
PORPHYRY OF
SAC HILL WITH
SOME GOSSAN.
GRAEME LARKIN
COLLECTION

GRAY CHALCOCITE AS A
THIN VENEER ON PYRITE.
VIEW -5 CM.
GRAEME LARKIN COLLECTION

The nature of the ores in the East orebody was quite similar to those mined in the Sac Pit -
difficult. Separating the copper containing chalcocite from the non-ore pyrite was difficult, as
the later supergene chalcocite was simply a very thin coating on the earlier pyrite.

Finer grinding helped in separating the pyrite from the ore minerals, though some copper was
lost in the process. However, a truly good copper concentrate of 20% to 30%, common in the
industry, was never to be achieved. Nevertheless, an acceptable balance between recovery and
concentrate grade was reached in the labs. Most importantly, this balance was maintained in the
concentrator after it was built.
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SLIDE 31

IT TOOK MEN OF VISION TO SEE THE POTENTIAL

AT THE TIME, THE EAST OREBODY WAS NOT AN OBVIOUS TARGET FOR OPEN PIT
DEVELOPMENT. THE OREBODY WAS QUITE SMALL AT 41,000,000 TONS, WITH
A REASONABLE RESERVE GRADE OF 1.14 %CU. THERE WERE ALSO
31,000,000 TONS OF LEACH MATERIAL AT A GRADE OF 0.42% CU AND
70,000,000 TONS OF NON-MINERAL MATERIAL TO BE MOVED, FOR A STRIPPING
RATIO OF 2.46/ 1.00. THE PRESTRIPPING REQUIRED WAS SUBSTANTIAL AND A
NEW, MUCH LARGER CONCENTRATOR WOULD BE REQUIRED TO HANDLE THE
VOLUMES OF ORE REQUIRED TO MAKE IT EVEN CLOSE TO ECONOMIC.

A VERY GENERALIZED OUTLINE OF THE PROPOSED OPEN PIT ON THE EAST OREBODY AND ITS RELATIONSHIP TO

JOHNSON ADDITION, UPPER LOWELL AND JIGGERVILLE. PHOTO C — 1950.
GRAEME LARKIN COLLECTION

Complicating the pit design, the site was constrained by mountains on three sides and a thick
cover of non-mineral rock on the other. A rail pit would be too small to justify development. The
maximum grade of 22% would require too much space and never reach the deeper ores. Also, a
number of private homes and businesses sat on the east side of the deposit. Any pit large enough
to accommodate rail haulage would require the purchase of even more of these homes and
businesses, while totally decimate Lowell.

Trucks, while small at the time, could easily manage a six percent ramp over great distance and
up to ten percent for short stretches. These and other factors combined to force a relatively new
type of open pit mine to be considered — a truck/shovel operation. At this time, several other
Arizona copper deposits were being developed using trucks and larger trucks were on the
horizon, so the decision was taken to go with trucks. While today this seems an obvious choice,
at the time it was a major shift in thinking.
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SLIDE 32

A NEW TYPE OF PIT IS PLANNED

BECAUSE THE SITE WAS TOPOGRAPHICALLY
CONSTRAINED, A TRUCK/SHOVEL TYPE PIT WAS
REQUIRED. TO THIS POINT, THERE WERE FEW SUCH
OPEN PIT COPPER MINES, AS MOST USED RAIL
HAULAGE. AT THIS TIME, BOTH AJO AND MORENCI
WERE RAIL, WHILE THE TINY JEROME PIT HAD USED
SMALL TRUCKS, BUT FOR VERY SHORT HAULS.

DEPENDABLE HAUL TRUCKS OF ANY SIZE HAD YET
TO BE DEVELOPED AND THE SMALL SIZE OF AN ELECTRIC SHOVEL

LOADING RAIL CARS IN THE
BISBEE’S PIT REQUIRED RAMPS FAR TOO STEEP FOR NEW CORNELIA MINE AT

RAIL USE. IN1950, THE LARGEST PROVEN HAUL om0 1940
TRUCK HAD A 25 TON CAPACITY, HALF THE SIZE
OF A SINGLE RAIL CAR AS THEN USED IN THE MINES AT AJO AND MORENCI.

THE LONG HAUL REQUIRED FOR DISPOSAL OF MOST OF THE NON-ORE
MATERIAL WOULD BE EXPENSIVE AND A SUBSTANTIAL NUMBER OF THESE
RELATIVELY SMALL TRUCKS NEEDED. IT WAS JUST NOT PRACTICAL, THUS A
PLAN WAS MADE FOR A COMBINED HAUL, WITH TRUCKS DUMPING DIRECTLY
INTO RAIL CARS AT THE PIT’S EDGE FOR THE LONG HAUL TO THE NUMBER 7
DUMP AND FINAL STORAGE. IN ALL, SOME 46 MILLION TONS OF
OVERBURDEN WERE TO BE MOVED BEFORE ORE PRODUCTION BEGAN.

In 1950 open pit mining using off-road haul
trucks was in its early stages. Haul cost are a big
part of operating costs and to this point there
were no truly large haul trucks available. The
non-ore haul of several miles to the Number 7
dump with the 25 ton trucks would have been far
too expensive in terms of the number of trucks
required and operating expenses.

e, z o

A P&H model 1600 electric shovel loading a 25-ton capacity
Mack haul truck in the Lavender PIT Mine — 1953.
Graeme Larkin collection
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SLIDE 33

SITE PREPARATION

BEFORE ANY DEVELOPMENT WORK COULD BEGIN, SOME 260 HOMES AND 16
BUSINESSES HAD TO BE RELOCATED. THIS INCLUDED THE PURCHASE OF THE
SURFACE RIGHTS FROM 72 INDIVIDUALS. THERE WAS NEAR UNIVERSAL
SUPPORT FOR THE PROJECT, AS ALL HAD A DESIRE TO ASSURE THE FUTURE
PROSPERITY OF BISBEE. BEFORE LONG, EQUITABLE AGREEMENTS WERE
CONCLUDED WITH ALL OF THE PROPERTY AND HOME OWNERS.

ALSO, THE SECTION OF THE RAILROAD THAT RAN FROM LOWELL TO BISBEE
AND TO BE ABANDONED AND A PART OF HIGHWAY US 80 REROUTED.

A CUTBACK IN THE AREA OF JOHNSON JOHNSON ADDITION, DURING 1951, AS THE
ADDITION, IN PREPARATION TO RELOCATE BUILDINGS WERE BEING MOVED. NOTE THE
US 80, SEEN IN THE FOREGROUND, 1951. SHOVEL WORKING ABOVE.

GRAEME LARKIN COLLECTION GRAEME LARKIN COLLECTION

Major Pit Mining Equipment

SOURCE: ENGINEERING MAY 1956
Description

Electric shovels 5-yd
Electric shovels 6-yd
Haulage trucks 25-ton
Diesel electric locomotives 125-ton, 1200-hp
Side dump railroad cars 43-cu yd
Crawler mounted bulldozers

Rubber tired bulldozers

Motor graders No. 12
Rotary drills 73" Blt
Wagon drills 3" Piston
Jackhammers 55-1b
Portable compressors 315 CFM
Rotary compressor—Skid mounted 210 CFM
Mobile unit—Mounted compressor 105 CFM
Water wagon trucks 10-ton, 1600-gal

R BOUWNN D
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SLIDE 34

EARLY MINING WAS OVERBURDEN REMOVAL

MILLIONS OF TONS OF NON-MINERAL ROCK COVERED THE EAST OREBODY,
ALL OF WHICH HAD TO BE REMOVED AT SOME POINT. THE FIRST THREE
YEARS OF OPERATION WERE DEVOTED TO MINING ENOUGH OF THE
OVYERBURDEN TO EXPOSE SUFFICIENT ORE, IN SEVERAL AREAS OF THE PIT, TO
ASSURE A STEADY FLOW OF ORE TO THE CONCENTRATOR , ONCE IT WAS
READY. YET AGAIN, THE TOP OF SACRAMENTO HILL WAS ATTACKED TO
REMOVE THE COVERING ROCK, BUT MOST OF THE ROCK TO BE MOVED WAS

LOCATED TOWARD THE EAST,
NEAR THE JUNCTION MINE.

INITIAL PRESTRIPPING NEAR THE

JUNCTION MINE, 1951.
GRAEME LARKIN COLLECTION

MINING ON THE TOP OF SACRAMENTO HILL, 1951.
GRAEME LARKIN COLLECTION

While not much remained of Sacramento Hill, a full third of what was still in place had to be
moved to allow access to the deeper ores. Most of the pre-stripping was related to the thick
deposits of the post-mineralization Glance Conglomerate overburden to the east of Sac Hill.

Substantial amounts of the non-ore material mined from these two locations were dumped into
the Sacramento Pit for disposal. Before long, the old pit was full, indeed because of the short
haul distance, non-ore material was stacked to a level almost equal to the truncated top and the
remainder of the pre-stripping material sent to the Number 7 dump.
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A partially filled Sacramento PIT Mine — 1953. The blocky material on the left was from Sac Hill, while
that on the right is overburden from near the Junction.
Graeme Larkin collection
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SLIDE 35

PRESTRIPPING AND DEVELOPMENT OF THE PIT

THE SEVERAL YEARS OF PRESTRIPPING COUPLED WITH THE DEVELOPMENT OF
THE NECESSARY INFRASTRUCTURE — PIT REPAIR SHOPS, SUPPORT FACILITIES,
OFFICES AND THE CONCENTRATOR WERE, INDIVIDUALLY HUGE
UNDERTAKINGS. MANY MILLIONS OF DOLLARS WERE SPENT BEFORE THE
FIRST TON OF ORE PASSED THROUGH THE CONCENTRATOR. YEARS WOULD
PASS BEFORE THIS INITIAL INVESTMENT WOULD BE RECOUPED, BUT THIS IS
THE NATURE OF OPEN PIT COPPER MINING. AS COPPER IS A COMMODITY, THE
PRICE IS DETERMINED BY THE INTERNATIONAL MARKET, NOT THE PRODUCERS.
Low METAL PRICES CAN EXTEND THE PAY-BACK PERIOD BY YEARS.

AVENDER PIT
Bisdee, Arix.

THE LAVENDER PIT IN 1952 , PRESTRIPPING IS WELL ADVANCED WITH THE CONCENTRATOR FOUNDATIONS IN THE

RIGHT —CENTER AND THE MAIN PIT SHOP ON THE RIGHT EDGE. A SHOVEL CAN BE SEEN CENTERLEFT AND BLAST

HOLE DRILLS ON THE TOP OF SAC HiLL. GRAEME LARKIN COLLECTION

Phelps Dodge took the decision to do all of the construction related excavation for the
concentrator and the relocation of US Highway 80 using the equipment purchased for mining.
This was done simultaneously with the pre-stripping and worked seamlessly.

25-ton capacity Mack haul truck used to carry fill material in
the concentrator area — 1952,
Graeme Larkin collection
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SLIDE 36

THE CONCENTRATOR

ALWAYS PRUDENT WITH CASH, PD BROUGHT IN A USED 48” GYRATORY
CRUSHER FROM AJO AS THE PRIMARY CRUSHER, STEEL FOR THE TRESTLE
FROM THE CRUSHER TO THE COURSE ORE STORAGE CAME FROM THE JUST-
CLOSED OPERATIONS AT CLARKDALE, ARIZONA AND MOST OF THE
STRUCTURAL STEEL FOR THE CONCENTRATOR FROM DISMANTLING THE
CONCENTRATOR OF THE PD-OWNED, MOCTEZUMA PLANT IN NACOZARI,
SONORA.

THE PLANT DESIGN CAPACITY WAS 12,000 TONS PER DAY (TPD) PLUS
MODEST AMOUNTS OF UNDERGROUND ORE. FROM ALMOST THE BEGINNING,

THE CONCENTRATOR EXCEEDED ITS DESIGN CAPACITY WITH A NORM OF
19,000-20,000 TPD THROUGHPUT FOR MOST OF ITS LIFE. WHILE IT
CONTAINED MANY USED COMPONENTS, IT WAS A FINE PLANT AND SERVED THE
OPERATION WELL FOR 20 YEARS. TO MINIMIZE ORE HAULS, THE PRIMARY
CRUSHER WAS LOCATED IN THE PIT ON THE 5050 ELEVATION LEVEL AND WAS
DESIGNED FOR DIRECT
DUMPING BY THE 25
TON TRUCKS.

THE LAVENDER PIT
CONCENTRATOR SITTING

ABOVE LOWELL, 1954.
GRAEME LARKIN COLLECTION

The reuse of important amounts of structural steel and equipment from other Phelps Dodge
properties did much to help the project economics by reducing the upfront capital cost. Some
could (and did) argue that the reuse of old plant parts and salvaged structural steel was unwise, as
it forced the plant design to meet the equipment available and that the reuse and modification of
the old steel took more time than the use of new materials would.

While there was validity in both arguments, P D had long exercised strict fiscal control and this
was to be no exception. At the time, it was the correct move for a marginal project during
uncertain economic times. In my view, the decision to reuse materials did not adversely impact
the quality of the finished concentrator of hamper the efficiency of the plant throughput or
performance.

To be sure, a larger primary crusher would have been a plus when the 65 ton trucks were
introduce, but no one could have foreseen the rapid changes in metallurgy that allowed for these
trucks.
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SLIDE 37

THE FINISHED PROJECT WAS IMPRESSIVE

THE MASSIVE UNDERTAKING WAS A SUCCESS! IN ALL, IT WAS MOST
IMPRESSIVE, EVEN BEAUTIFUL TO A MINER. EVERYONE WHO PASSED LOOKED
IN AMAZEMENT AT THE PIT AND SUPPORT FACILITIES, EVEN THOSE OF US WHO
SAW IT EVERYDAY, NEVER TIRED OF LOOKING AT THE TRUCKS AND SHOVELS
AT WORK OR OF WATCHING THE DAILY BLASTS.

THE LAVENDER PIT AND CONCENTRATOR - 1957, TAILING THICKENERS IN THE RIGHT FOREGROUND, A RAILCAR

OF LIME FROM PAUL SPUR IN THE CENTER AND THE THREE CONCENTRATE THICKENERS CENTER-LEFT.

CONCENTRATE DRYING AND LOADING TOOK PLACE IN THE BUILDINGS TO THE LEFT OF THE CON THICKENERS.
GRAEME LARKIN COLLECTION

The integration of large, multi-component phases of a project is not a simple matter and the level
of detailed engineering work, planning and, above all, coordination of activities is seldom
obvious — unless done wrong. All work well at the Lavender however, a testament to the quality
of engineers, schedulers and constructors involved.
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SLIDE 38

For the 1950s — 1960s, all of the equipment
used in the Lavender Pit was large and
became larger over time. As the pit was

expanded,

shovels were added to the loading fleet and
the haul truck capacity increased from 25
ton to 35 ton and finally to 65 ton.

DRILL, BLAST, LOAD, HAUL — THE MINING CYCLE

THIS WAS THE MINING CYCLE, MUCH LIKE
THE UNDERGROUND MINE, BUT ON A MUCH
LARGER SCALE. ALSO, IT WAS PIT-WIDE IN
THAT A NUMBER OF WORKING AREAS IN
THE DIFFERENT STAGES OF THE MINING
CYCLE NEEDED TO BE AVAILABLE —
SEVERAL IN ORE TO MEET THE DESIRED
MILL HEAD GRADE, AND OTHERS IN NON-
ORE MATERIAL TO EXPOSE ORE FOR
FUTURE MINING.

TO THE LEFT, A BUCYRUS ERIE 50 -R
BLAST HOLE DRILL SITS ATOP A 50’ HIGH
BENCH WITH A P & H -9 CUBIC YARD
ELECTRIC SHOVEL BELOW. SCALE CAN BE
HAD BY NOTING THE AUTHOR IN THE
SHOVEL BUCKET.

j MAY 1970 IN THE HOLBROOK EXTENSION
Sl oF THE LAVENDER PIT MINE.

GRAEME LARKIN COLLECTION

two-nine cubic yard capacity

Examples of all three haul truck types used in the
Lavender Pit over the years are illustrated in the photo
to the right. Number 10 - 25-ton; number 22-35 ton; 32
and above, 65 ton capacity — 1964.

Graeme Larkin collection
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SLIDE 39

MINE PLANNING WAS A VITAL ENGINEERING FUNCTION

THE CONCENTRATOR NEEDED SOME 20,000 TPD AND TO MAKE THIS
AVAILABLE, AN AVERAGE OF 54,000 TONES OF OVERBURDEN, LEACH AND
NON-MINERAL MATERIAL HAD TO BE MOVED FOR 74,000 TPD TOTAL MATERIAL
TO BE MINED. ON TOP OF THIS, THE ORE NEEDED TO BE BLENDED FOR TYPE
AND COPPER GRADE, THUS NUMEROUS ORE-WORKING FACES WERE
REQUIRED. THIS WAS NO EASY TASK AND REQUIRED SUBSTANTIAL, LONG~
RANGE PLANNING AND SCHEDULING|F -

RULE #1 — KEEP THE MILL FULL!
THE UNMINERALIZED OVERBURDEN
THAT FORMED THE EAST WALL OF
THE PIT WAS THE BULK OF THE NON-
ORE ROCK THAT HAD TO BE MOVED
TO EXPOSE THE ORE. IT WAS
TYPICAL TO HAVE SEVERAL OF THE
NINE SHOVELS AVAILABLE IN THIS
MATERIAL.

AS A POINT OF INTEREST, THIS IS

ALSO WHERE THE TURQUOISE FOR : : :

WHICH BISBEE IS SO FAMED WAS THREE SHOVELS WORKING IN NON-MINERAL MATERIAL ON

FOUND — IN THE NON-MINERAL THE EAST WALL OF THE PIT - 1972. GRAEME LARKIN
COLLECTION

MATERIAL ONLY.

In a large open pit mine, nothing can be left to chance. Each and every feature of the mine and
all activities are planned well in advance. The cost in lost revenue of having a large concentrator
standing idle for lack of ore is in the many tens of thousands of dollars per hour lost.

Thus, a number of important considerations govern the day to day operations of an open pit
mine. Assuring the availability of ore material at a grade and with the needed characteristics
(rock hardness for throughput, recovery to assure tons of concentrate produced, concentrate
quality to assure the quality of the concentrates, both grade and other contained metals).

More often than not, these points were planned for some months or even years in advance and
adjusted to accommodate changing conditions such as equipment availability minor changes in
mine plans or unexpected changes in the nature of the ore. Daily refinement of the plans was
essential with full time engineers tasked with the challenge of coordinating the needed changes
with the mine operations staff.

All of the foregoing, and much more, were taken into consideration when planning the mine.
The number of blast hole drills; size and number of loading units; compatibility of loading units
with the proposed haul trucks; haul truck size and the number of units was considered as function
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of total material to be moved on a sustained basis coupled with the haul distance and the
steepness of the haul road ramps were all taken into account when planning the mine, be it on a

short term or life-of-mine basis.

In the above photo, three 65-ton capacity, KW Dart haul trucks climbing the 5% ramp
towards the crusher - 1963. Note that the haul road is well maintained with no holes or
spillage and has been well watered to minimize dust, an important health and safety measure.
Also visible are the safety berms along the road to prevent a haul truck from accidently going

over the edge of a bench.
Graeme Larkin collection

Haul road design and maintenance were important engineering task as the smooth flow of trucks
from the mine kept the crusher full and the ore uncovered. =~ Ramp grades were kept as flat as
possible without adding excessive additional waste to the mine plan, as flatter ramps required
more horizontal space. Simple considerations such as how to keep the haul roads free of
spillage, curve radius and curve banking were important as these all impacted haul truck tires
which are very expensive and sometimes not easy to secure. And too, the loss of a unit to

change tires meant fewer tons moved.
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A view of the haul road along the remnant of Sacramento Hill to the primary crusher - 1970.
Note that here too, the haul road is well maintained been watered in a manner to minimize erosion
of the road surface. This can be seen in the regularly spaced wet areas.

Graeme Larkin collection

All of the shovels and drills were electric, operating on 2,300 volts. Getting power to the
operating equipment was a planning issue which required constant consideration. Power poles
were placed on stable slopes in several parts of the pit with drops made to the small round switch
houses made from old smelter smoke stack sections. Each switch house had single master switch
inside and a receptacle in the back outside to receive the heavy power cable head which was held
in place by a screw-on ring. In many regards, the 800 foot long power cables were like extension
cords, in that they allowed the equipment to work some distance from the switch house. Extra
cable was placed in figure “8” configuration to allow the machine to move without tangling the
cable. When the cable was moved hot, wooden handled cable tong was used as even a small
break in the insulation was a risk for electrocution if touched by hand. Every rain storm showed
just how many breaks were in the cable insulation, as even a little water on the ground would
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short out the cable. It was always a race to change out defective cables in the rain to keep the
equipment working.

A typical electrical power configuration, with the power line descending along the pit slope and two small switch houses at a drop
next to a power pole. A connection of two power cables is in the center foreground and the slack cable is in the lower right
foreground — 1965.

Graeme Larkin collection
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Slope stability was always a
critical engineering factor.
Different rock units have differing
strengths and fault zones are
natural zones of weakness. All of
these and more are considered.

The south pit wall is in very
competent limestone.  For the
most part, it will stand at an
overall angle of about 45° to 48°.
This overall angle means that for
every foot of depth that is
achieved, one foot of horizontal
width must be cut. This is often
referred to as a one-to-one slope.

One the other hand, the northeast
wall is in the wide Dividend Fault
zone and is totally unstable at
anything above the angle of
repose (the angle at which
broken rock of a certain
characteristic ~ will stand if
loosely piled).

During operations, the northeast
wall was in near constant
movement from failure. At one
point waste was dumped over the
steadily crumbling material to

Looking east through the Holbrook Extension — 1974. Note how stable
the benches are on this relatively steep slope composing the south wall.
The minor failure in the right center was the result of several factors
combining — a protrusion of the wall (always a potential weakness); a
dump on top adding weight; a small fault parallel to the pit wall and,
perhaps most significantly, the rock at the toe was unstable because of
much earlier underground mining in the Holbrook Mine.

The failure was well understood in advance, closely monitored and

predicted to within less than ten minutes of the actual total collapse.

Graeme Larkin collection

flatten the slope, in hopes of slowing this movement so that mining could take place underneath.
This slope failure was more of an inconvenience than a danger and reached equilibrium only

after mining ceased.

While there were several slope failures in the Lavender Pit, none were unanticipated and none
were catastrophic. To be sure, some ore material was lost because of the relatively flat slopes
imposed by the poor rock quality as well as inability to fully mine underneath these broken areas.
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The northeast wall 0 pulge of the Tailing pit wall quite obvious.
Also apparent is the red/brown material dumped over the slope in 1962 in a futile attempt to slow the
movement, as it was causing the highway above to subside a bit.

Graeme Larkin collection

A contemporary view of the east wall of the pit in which the slope failure in the
relatively weak Glance Conglomerate can be seen. While this failure began during
operations, it caused few problems, although catchment berms were constructed as a
precaution.

Graeme Larkin collection
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Slope failure of an estimated 300,000 cubic yards in process of full failure in the Holbrook
Extension - 1970.
Graeme Larkin collection

Side view of the same slope failure after it had stabilized -1970.
Graeme Larkin collection
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No mining plan can be considered complete without fully considering servicing, maintenance
and repair of the operating fleet and ancillary equipment. A large, multi-bay truck shop was
constructed that allowed for all types of repairs, including the rebuild of engines, transmissions,
drive trains and dump body reline. Also, a service and lubrication facility was nearby for the

more routine, daily service needs.

The large equipment such as shovels and drills were serviced and repaired in the pit with the full
support of extensive Junction Mine shops, which fabricated or repaired many of the components.
In this regard, the Lavender Pit enjoyed a full complement of skilled and experienced craftsmen
working from well-equipped facilities with excellent mobile support from specialized service

and repair units.

Overview of the pit shop area as well as the Junction Mine yard with its many well equipped and expertly

The concentrator benefited from
the support of the mine shops as
well. There was little that could
not be fabricated or repaired by
these skilled crafts men.

IN THE LOWER RIGHT OF THE PHOTO,
ANS0R BLAST HOLE DRILLIS
UNDERGOING REPAIRS AS
INDICATED BY THE HIGH LEVEL TO
WHICH IT HAS BEEN JACKED AND
THE PRESENCE OF THE DRILL
REPAIR CREW TRUCK. AS A SECOND
DRILL HAS BEEN BROUGHT IN, THE
PLANNED REPAIRS MUST BE
THOUGHT TO TAKE SOME TIME.
GRAEME LARKIN COLLECTION

staffed shops - 1960.
Graeme Larkin collection
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For most open pit mines, ground water is an issue that must be considered. Pumps feeding
pipelines that climb to the edge of the pit are the norm and are a minor operating inconvenience
when they must be moved for operational needs. Additionally, the water in copper mines is
typically corrosive, requiring special pumps and pipe.

As the whole of the Lavender Pit area had been mined by underground methods, this was not a
problem. While local ponding did occur, these pond were quickly emptied with the water
filtering into any number of exposed underground workings.

Water from the pit drained into workings which ultimately channeled it to the acid water system
on the 1800 level Junction Mine. From here it was pumped, along with other copper bearing
mine waters, to the precipitation plant at the Campbell Mine for copper recovery.

"

e R oW

Above: Ponded, high copper content — low pH water being
pumped out of a drop cut following a summer rain — 1962.
Right: Mine timber from a raise intersected during mining
in the pit — 1970.

Both photos from the Graeme Larkin collection
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SLIDE 40

DRILLING AND BLASTING

A BUCYRUS ERIE 50 R BLAST HOLE DRILL IS
SHOWN AT THE LEFT IN 1960. IT DRILLED
12” DIAMETER HOLES TO 55 FEET IN DEPTH.
SMALLER JOY DRILLS AND CHURN DRILLS
WERE USED EARLY ON IN THE PIT. THE
HOLES WERE LOADED WITH ANFO FOR
BLASTING.

POWDER CREW LOADING BLAST HOLES, 1970. NOTE BLASTING THE HOLES SHOWN IN THE PHOTO AT
THE DIFFERENCE IN COLORS IN THE BLAST HOLE THE LEFT, 1970. NOTE THE DIFFERENT COLOR
CUTTINGS DUST COLUMNS — LIGHT COLOR ORE, DARK WASTE.
GRAEME LARKIN COLLECTION GRAEME LARKIN COLLECTION

Over the 24 year life of the Lavender Pit Mine the blast holes were
drilled by rotary drills using tri-cone bits. These drills applied a
pressure of about 1,000 psi on the bit while rotating. This
essentially chewed away at the rock with the course, sand-like
material blown out of the hole by a constant flow of compressed
air with a bit of water to control dust. Initially, the blast holes were
7 3/8 diameter and later increased to 12 inch diameter with the
introduction of the larger 50 R drills. These holes were spaced
from 12 to 20 feet apart, depending on the rock conditions.

A Timken tri-cone drill bit similar to those
used at Bisbee
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Once a sufficient number of blast
holes had been drilled, each would be
checked for depth to assure they were
open and to see if any ground water
was present. With this information a
map was prepared to determine the
amount of burden or rock in front of
the holes, which defined the amount
and type of explosives to be used.

Dry holes were loaded with Carbamite
(ANFO) with Dboosters tied to
Primacord to initiate the blast. Wet
holes were loaded with water-resistant
gelatin explosives which were also
detonated by TNT boosters tied to
Primacord. A single blasting cap
fired by an electric blasting machine
would initiate the Primacord.

Bucyrus Erie 50 R rotary drill in the Holbrook Extension of the Lavender
Pit — 1970. This drill was capable of drilling 12 diameter holes to a
depth of 55 feet. These drills operated on 2300 volts that was delivered
the heavy insulated cable in the foreground.

Graeme Larkin collection

PART WET HOLE DOUBLE PRIME

DRY HOLE SINGLE PRIME ALL GELATINON BOTTOM
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FIRST

Schematic illustration of how to load a dry hole and a partially wet hole — 1962.

Graeme Larkin collection
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A bank or primary blast on the east wall of the pit — 1966. The amount of heave (displacement) by the blast
can be judged by the photo above. The close proximity of equipment to the blast is proof enough that little
rock was thrown any distance
Graeme Larkin collection
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Blasting boulders in a digging pit on the east wall of
the pit — 1965
Graeme Larkin collection
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Boulders and hard toes were drilled by small diameter pneumatic drills mounted on a mobile unit
for what is referred to as “secondary blasting.” Explosives would be inserted into these small
holes and fired in much the same manner.  Generally, only ore boulders were blasted so that
they could pass through the primary crusher. Great care was taken not to put oversize rocks into
the crusher, as it was very difficult to remove one and valuable operating time lost. Any shovel
operator, who made a habit of loading large ore boulders, would soon find himself in deep

trouble.

Non-ore boulders were loaded into the trucks, whenever possible. Only those too large to safely

load into haul trucks were blasted,
as there were no size constraints
in disposing of non-ore material.
And to this avoided the costs
associated with re-drilling and
blasting.

Interestingly, the sound and air
blast from these relatively tiny
secondary blasts were much
greater than the substantially
larger primary blast. While all pit
blasts were loud and the
accompanying vibration shook the
town, I am unaware of any real
damage caused by the 25 years of
blasting. In Lowell, a couple of
the older brick buildings required
a modest amount of reinforcing,
due as much to differential
settlement of fill placed long-ago,
as to the blasting (personal
opinion).

Boulders of ore set behind the shovel in a digging pit during mining for
later secondary blasting — 1960
Graeme Larkin collection
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SLIDE 41

THE ORES ARE MARKED PRIOR TO MINING

CONTACT BETWEEN OXIDE ORE (LEFT) / LIMESTONE (RIGHT), HOLBROOK EXTENSION — 1970
GRAEME LARKIN COLLECTION

The small red flagging attached to the stake in the above photo marks the limit of the ore.
Samples were taken at on regular intervals from all blast holes and assayed for copper content
and type — oxide vs. sulfide, as oxide copper would not be recovered in the concentrator. Also,
every blast hole was closely surveyed, as its exact location which was needed for locating and
identifying the ore, leach and non-mineral in a process called “ore control.”

The massive primary blast moved the rock surprisingly little. The blast was to break the rock,
not throw it any great distance. Thus, the assay data derived from the blast hole samples could
be correlated with the blast hole survey information and the ore areas defined in the broken rock.
These areas were then marked for mining by the ore control engineer. Continual remarking of
the ore/leach/non-mineral contacts was necessary as mining progressed into the broken rock.
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SLIDE 42

THE SULFIDE AREAS CONTAINED THE ORES SOUGHT BY THE

COMPANY

MINING HIGH-GRADE SUPERGENE SULFIDE ORES IN THE HOLBROOK EXTENSION — MAY 1970.
GRAEME LARKIN COLLECTION

In the Holbrook Extension section of the Lavender Pit, it was the sulfide ore that were of the
greatest interest. For the most part, the sulfides were in the porphyry or the intrusion breccia,
which had formed in the limestones adjacent to the Sacramento Stock complex during intrusion.

While the porphyry ores were of reasonable grade, those in the intrusion breccia were locally
very rich. For the most part, these had been mined years before through the Holbrook and
Gardner mines, but important amounts remained, as did the lower-grade portions left behind by

the early miners as waste.
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SLIDE 43

ALL ORE GRADE MATERIAL WAS SENT TO THE PRIMARY CRUSHER

ORE HAULS WERE RELATIVELY SHORT, AS THE PRIMARY CRUSHER WAS
LOCATED WITHIN THE PIT. THE HAUL TRUCKS COULD DUMP DIRECTLY INTO
THE PRIMARY CRUSHER, WHICH REDUCED ALL ROCKS TO LESS THAN SIX” IN
SIZE AND LOADED ONTO THE CONVEYOR WHICH CROSSED THE HIGHWAY AND
DEPOSITED THE CRUSHED ROCK IN THE COURSE ORE STOCKPILE NEXT TO THE
CONCENTRATOR.

A 35 TON HAUL TRUCK DUMPING ORE
DIRECTLY INTO THE PRIMARY
CRUSHER, C-1956.
GRAEME LARKIN COLLECTION THE LAVENDER PIT — 1964: IN GENERAL, THE LIGHT AREAS WERE ORE

WHILE THE GRAY WAS LEACH AND DARKER AREAS NON-MINERAL.
GRAEME LARKIN COLLECTION

The choice of the primary crusher location was a great benefit as it was so close to the ore being
mined. While it was originally designed to accept the direct dumping of the 25 ton trucks, minor
modifications allowed for the 35 to trucks to do likewise. With the introduction of the 65 ton
capacity units, the structural steel was raised and wing plates added to the receiving edges of the
crusher and all worked well.

The gyratory primary crusher could accommodate rocks to 48” in size and render them to no
greater than six inches in the maximum dimension. This crushed material was transported by the
conveyor crossing the highway to a course ore storage area at the concentrator for further
crushing and grinding.
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SLIDE 44

CONCENTRATE AND TAILINGS

ORE FROM THE PIT WAS SENT TO THE
CONCENTRATOR WHERE THE ROCK WAS
GROUND TO THE FINENESS OF TALCUM T .
POWDER. THE COPPER MINERALS WERE 4 k 'E;g;?-;ﬁ.;{: —
SEPARATED FROM NON-ORE MINERALS |/

BY FROTH FLOTATION, RESULTING IN A :
CONCENTRATION OF THE COPPER
MINERALS IN POWDER FORM. THIS
CONCENTRATE WAS DRIED AND LOADED
INTO RAILCARS AND SENT TO DOUGLAS L AVENDER PIT CONCENTRATOR -1957
FOR SMELTING. GRAEME LARKIN COLLECTION

THE NON-ORE MATERIAL, TAILINGS, WAS
THICKENED INTO A SLURRY OF ABOUT
60% SOLIDS AND SENT BY GRAVITY
THROUGH THREE MILES OF PIPE TO THE
TAILINGS DISPOSAL AREA NEAR DON
LuUis. THIS WAS THE SAME TAILINGS
AREA USED BY THE EARLIER COPPER
QUEEN CONCENTRATOR. WATER WAS
RECOVERED FOR REUSE, AS THE SLURRY

WAS DEPOSITED. TAILINGS STORAGE AREA, UPPER RIGHT — 1977.
GRAEME LARKIN COLLECTION

The Lavender Pit Concentrator was a very typical one for the time. It used three stage crushing,
including the primary crusher, followed by ball mill grinding and then flotation. To be sure the
ores it treated were difficult and the concentrate grade produced was low, even for the day, but it
worked well. Almost from the outset it exceeded its design capacity by 50% by processing an
average of 18000 tons per day with peak days of well over 20,000 tons processed.

Following separation by flotation, the tailings, that portion from which the copper minerals had
been removed, were thickened (much of the process water removed) and sent as a slurry via a
transite pipeline just over three miles toward Naco for disposal in the same tailings facility that
had served the earlier Copper Queen Concentrator.  Here, the remaining water was recovered
and pumped back to the concentrator for reuse.
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SLIDE 45

OXIDE ORES WERE MINED FOR DIRECT SMELTING

WITH THE OPENING OF THE HOLBROOK EXTENSION, SUBSTANTIAL ORE GRADE
OXIDIZED MATERIAL WAS MINED. AS THIS TYPE OF MATERIAL WOULD NOT
BENEFIT FROM TREATMENT IN THE CONCENTRATOR, IT WAS STOCKPILED AND
THEN SHIPPED

DIRECTLY TO

THE DOUGLAS

SMELTER.

BECAUSE OF

THE EXTRA

HANDLING, A

GRADE OF 5%

COPPER WAS

REQUIRED FOR

THESE

MATERIALS TO

BE ORE. OXIDES

OF LESS THAN

5% WERE

PLACED IN THE

LEACH AREA

FOR COPPER

RECOVERY BY LOADING OXIDES IN THE HOLBROOK EXTENSION, MAY 1970
LEACH]NG. GRAEME LARKIN COLLECTION

In the grand scheme of things, the amount of oxide ores mined and sent to the smelter was small.
However, the low graded oxide material was mixed with the leach material so that the acidic
leach solutions would dissolve the small amounts of the oxide copper minerals — malachite,
azurite, chrysocolla cuprite, etc. - putting the copper into the leach solutions for recovery in the
precipitation plant.

It was the mining of these materials that allowed for the recovery of many fine mineral
specimens by the company and, of course by the men working in the pit.
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SLIDE 46

HANDLING OF NON-ORE MATERIAL 1952-1963

FROM 1952 INTO1963, ALL LEACH
AND NON-ORE MATERIAL WAS
TRANSPORTED TO THE PIT EDGE BY
THE SMALL 25 AND 35 TON
TRUCKS AND TRANSFERRED INTO
RAIL CARS BY DUMPING FOR
TRANSPORT TO THE APPROPRIATE
PART OF NUMBER 7 DUMP. AFTER

1963, ALL WAS MOVED BY TRUCK. TRANSFERRING NON-MINERAL MATERIAL FROM TRUCKS TO
TRAIN FOR TRANSPORT TO THE NUMBER 7 DUMP - 1954.
GRAEME LARKIN COLLECTION

NUMBER 7 DUMP -1962, NOTE THE LEACH PONDS ON THE
DUMPING NON-MINERAL MATERIAL ON THE LEFT AND THE DARKER, NON-MINERAL MATERIAL ON THE
NUMBER 7 DUMP BY TRAIN, 1958. RIGHT . THIS SEGREGATION OF MATERIAL ON THE DUMP

GRAEME LARKIN COLLECTION CONTINUED FOR THE LIFE OF THE MINE.
GRAEME LARKIN COLLECTION

The need to move the non-ore material to the distant Number 7 dump was not reasonable with
the smallish 25 ton trucks. Too many of these trucks would have been required. Thus, a plan
was made to transfer the material into rail cars for transport to the appropriate part of the dump.
To be sure the double handling of the material added an additional cost, but it was cheaper than
using the small trucks for this long haul.

The additional reserves which justified an expansion of the pit also justified the purchase of new,
larger trucks now available. This came none too soon as Number 7 dump was reaching its
capacity using rail haulage. The elevation of the dump needed to be increased to a height beyond
that which rail could serve with its 2%2% grade constraint.

By the end of 1963 the use of rail haulage had ended as a part of the Lavender Pit operations.
The greater flexibility of the trucks allows the dump to be raised in several lifts, as can still be
seen when looking at the dump side. The staged lifts also aided in better percolation of the leach
solutions as the surface could easily be ripped by dozers without the worry of rail being in the
way.
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The truck/train transfer platform can be seen in the center of the above photograph. Spillage from over-dumping is
being cleaned up by a front end loader — 1960.

Graeme Larkin collection
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SLIDE 47

LEACHING OF LOW-GRADE ON # 7 DUMP RECOVERS SUBSTANTIAL
ADDITIONAL COPPE

— R

SLIGHTLY ACIDIC WATER FROM THE
UNDERGROUND MINE WAS PONDED IN
CELLS ON THE DUMP, THE WATER
PERCOLATED THROUGH THE BROKEN

ROCK, SLOWLY DISSOLVING THE COPPER.

THE COPPER LADEN WATER WAS
COLLECTED IN THE EXISTING DRAINAGE
AND PUMPED TO THE CAMPBELL PRECIP
PLANT FOR METAL RECOVERY.

WATER BEING FED INTO A PONDING CELL ON THE

TOP OF NUMBER 7 DUMP - 1977
GRAEME LARKIN COLLECTION

COPPER LADEN WATERS CAPTURED AT THE FRONT

OF THE DUMP IN THE EXISTING DRAINAGE - 1977.
GRAEME LARKIN COLLECTION

PRECIPITATION PLANT AT THE CAMPBELL MINE -
1977

GRAEME LARKIN COLLECTION

Left: View of the Campbell precipitation plant
with the red-brown, 80%+ copper precipitate on
the drying pad prior to loading into rail cars —
1963.

In the background are red-orange truck bed for
the 65 ton KW Dart trucks being brought in at the
time.

Graeme Larkin collection
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SLIDE 48

WITH NON-ORE MATERIAL HAUL DISTANCE WAS VERY CRITICAL

HAULING ROCK IS EXPENSIVE, THUS THE
CLOSER TO THE DIGGING PIT IT CAN BE
DEPOSITED, THE BETTER. SOME EARLY NON
— ORE ROCK STRIPPED TO DEVELOP THE PIT
WAS DUMPED INTO THE OLD SAC PIT. THE
REST WAS TRANSPORTED TO # 7 DUMP.

RIGHT: A VIEW OF
THE COMPLETELY
FILLED SAC PIT -

1 964. | - " - -
GRAEME LARKIN - . - Yy 4 EARLY NON-ORE MATERIAL WAS USED TO

COLLECTION — : . £ BACKFILL THE SAC PIT - 1951.
s )t ’ GRAEME LARKIN COLLECTION

BY 1965, IT BECAME OBVIOUS THAT THE
ROCK IN THE SAC PIT MUST BE REMOVED
FOR THE HOLBROOK EXTENSION. WHEN
THIS WAS DONE, CLOSE SITES WERE
AGAIN USED AND MUCH WAS PLACED

IN UNCLE SAM GULCH NEAR THE
CUPRITE MINE.

RIGHT: NON- MINERAL MATERIAL NEAR THE CUPRITE
MINE, 1973. NOTE ALSO THE LAYERING OF THE NUMBER
7 DUMP IN THE MIDDLE-GROUND , AS IT WAS NOW BEING

BUILT BY TRUCKS AND NOT TRAINS.
GRAEME LARKIN COLLECTION

As is always the case, non-mineral material is dumped and stored as close to the point of
extraction as possible. It may seem that the backfilling of the Sacramento Pit and subsequent re-
mining of the material was a mistake that could have been avoided. Not so, as the very small
size of the haul trucks available at the time precluded a longer haul and, indeed the operating
costs saved early on, at a time when project payback was important, helped make the operation
profitable.

To be sure re-mining the rock from the Sac Pit did carry a cost but the size of the equipment then
available — both loading and hauling — kept this cost acceptably low and undoubtedly saved
money over the long run.
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SLIDE 49

EXPANSIONS TO THE ORIGINAL LAVENDER PIT

LAVENDER PIT MINE - AUGUST 1960, WITH THE TWO EXPANSIONS APPROXIMATELY OUTLINED. THE
YELLOW INDICATES THAT STARTED IN 1962 AND THE RED THE ONE ANNOUNCED IN 1965.
GRAEME LARKIN COLLECTION

It is almost universally true that mines developed on copper porphyries always mine much, much
more than originally envisioned. The Lavender was no exception. Two important expansions
combined to add about ten years additional life to the mine. Lower mining costs because of
larger and better equipment were available to move the heretofore impossibly thick non-ore
overburden.  Importantly, the new ores would not have to carry any construction costs
associated with the concentrator or support facilities — they were already in place and largely
depreciated.

Nevertheless, substantial amounts of exploration work were necessary. For the most part, churn
drills were used, much as they had been used for 40 years.
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The confirmatory work for the
Holbrook extension was a good bit
more involved as the area had been so
heavily mined by the underground
and too the Sacramento Pit had been
backfilled with overburden, making
drilling difficult. While churn drills
were employed, exploration was
undertaken via long abandoned
underground workings on two fronts.

The first was accessing long-
abandoned workings on the 400 level
of the Gardner Mine where bulk
samples were taken and a good deal
of diamond drilling undertaken.
Secondly a long disused ventilation
shaft at the mouth of Debaucher
Canyon was re-timbered down to the
200 level of the Holbrook Mine and
made accessible for diamond drilling

Churn drill in operation near the Gardner Shaft in 1963 during
exploration for the extension.
Graeme Larkin collection

A section of the old Bisbee smelter smoke-stack had been placed over this and one other
nearby ventilation shaft, as a safety precaution before 1910. Painted a bright silver-color, in
1963 this one was used for access for most of a year. To the right, men can be seen salvaging
lumber from a house that was to be demolished for the pit expansion.

Graeme Larkin collection
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A 1935 view of the Dubacher Canyon area with the two ventilation shafts and their protective steel sections from the old
Bisbee smelter in place and noted. The photo was taken from very near the location of the Holbrook #2 shaft.
Graeme Larkin collection

1917 view of Slag Dump Hill at the mouth of Dubacher Canyon with the air shaft indicated

by the arrow.
Graeme Larkin collection
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SLIDE 50

CUTBACK ON THE SOUTH WALL — 1966. THE WIDE SPACES REPRESENT THE REMOVAL OF THE RED/BROWN
OVERBURDEN FROM THE GRAY ORE TO MAKE IT AVAILABLE. A FULL SEVEN SHOVELS CAN BE SEEN IN THIS
VIEW, FOUR MINING ORE AND THREE IN OVERBURDEN, REFLECTING THE ADVANCED STAGE OGI;;FHIS CUTBACK

EME LARKIN COLLEC.TION

First came the expansion to the south and east. Substantial thicknesses of post-ore Glance
Conglomerate covered the mineralized material. Previously, the amount of non-ore to be
removed relative to the ore added a cost burden that could not be supported by the copper grade.

Mining costs had been reduced by planning to employ large, more efficient equipment. As is so
often the case, technology came to the rescue with improved steel metallurgy allowing for larger
transmissions and drive trains to be developed and, thus larger trucks to be made.

The pit support and maintenance facilities needed to be relocated as did some of the Junction
Mine shops, but these costs were relatively minor and allowed for the needed changes to be
made to the truck shop to accommodate the larger units. By 1963 the program was well
advanced.
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SLIDE 51

PREPARING FOR THE HOLBROOK EXTENSION

BLASTING NEAR THE CZAR MINE FOR THE THE GARDNER HOIST HOUSE BEING
RELOCATION THE BISBEE-LOWELL ROAD — DISMANTLED FOR THE HOLBROOK EXTENSION

1968 — 1965
GRAEME LARKIN COLLECTION GRAEME LARKIN COLLECTION

AS WITH THE PIT EXPANSION TO THE EAST, SUBSTANTIAL PREPARATORY WORK
WAS REQUIRED. THE GARDNER AND OLIVER HEADFRAMES REMOVED, THE OLD
SAC PIT EMPTIED OF ROCK AND THE BISBEE-LOWELL ROAD RELOCATED,
AMONG OTHER TASKS. HOWEVER, IT WAS WORTH THE EFFORT, AS A BIT MORE
THAN TWO YEARS WERE ADDED TO THE PIT LIFE AND, AS A PLUS, NUMEROUS
FINE MINERAL SPECIMENS WERE RECOVERED BY PD WHEN THE PIT REMINED
AREAS EXPLOITED BY THE GREAT HOLBROOK MINE IN THE 1890S AND EARLY
1900Ss. MOST IMPORTANTLY, THIS VITAL RESOURCE, THIS ADDITIONAL COPPER
WAS FULLY RECOVERED FOR THE BENEFIT OF ALL.

As previously noted, the re-mining of
the non-mineral material placed in the
Sacramento Pit from 1951 to 1953
had to be undertaken to expose the ore
grade material in the Holbrook
Extension. This was relatively easy
and cheap mining with short hauls
into Uncle Sam gulch, where it
remains to this day.

Re-mining the non-mineral material which had been placed in the
Sacramento Pit some 25 years previously to prepare for the Holbrook

extension of the Lavender Pit mine - 1968.

Graeme Larkin collection 455




SLIDE 52

THE MANY COMPONENTS OF THE LAVENDER PIT OPERATION

A large open pit operation consists of a number of ancillary and support facilities. Some of these
are quite expansive in area. As can be seen in the above photo, the Lavender Pit mined two areas
previously mined. Both the Sacramento Pit and the Holbrook underground mine were partially
re-mined by the Lavender. This is the story of these types of copper systems.

As advances in technology allowed for larger, more efficient mining equipment, the cost to move
rock drops. Improvements in copper recovery allow for enhanced metal recovery. Both of these
changes make the waste or low-grade of yesterday ore today. | am certain that this trend will
continue and that the day will come when the remaining mineralization in and around the
Lavender Pit will be mined to further provide the necessary raw materials for a better life and
good jobs for many. Excessive or poorly conceived reclamation, such as backfilling the pit
could easily add costs that would render the remaining material uneconomic. | hope this
temptation is resisted and that once more Bisbee is a copper camp.
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SLIDE 53

THE END COMES TO A GREAT MINE

THE LAVENDER PIT WAS
CLOSED IN DECEMBER
1974. ALL OF THE
ECONOMIC COPPER

THE TIME, HAD BEEN
MINED AND PROCESSED.
HOWEVER, THE COPPER
MINERALIZATION
CONTINUES DOWNWARD
AND TO THE EAST, BUT
MUCH BARREN MATERIA
IS ON TOP OF IT.

AND TOO, ARIZONA HAD
BECOME MUCH LESS
WELCOMING TO MINING,
PREFERRING TO EXPORT
THESE VERY GOOD JOBS
TO OTHER COUNTRIES

LAVENDER PIT MINE, LOOKING WEST — FEBRUARY 1974

P. KRESAN PHOTO

Perhaps open pit mining may again return to Bisbee. The porphyry unit north of the Dividend
Fault is mineralized and exploration drill has reviled that in excess of 350 million tons of
potentially economic material remains. To be sure, this is a small deposit in the context of
copper porphyry and permitting in the US is challenging — to say the least.

Nonetheless, copper will always be an important metal and the remaining material will almost
sure be exploited as it becomes more and more difficult to economically or socially exploit the
larger porphyry deposits abroad. In my mind it is just a matter of time before this happens.
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