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SLIDE 2

THE BEGINNING OF MINING AT BISBEE

WHEN MINING BEGAN AT BISBEE, EVERY THING WAS DONE BY HAND,
WITH THE LIGHT OF A CANDLE. EXCEPT FOR THE USE OF DYNAMITE AND
THE AVAILABILITY OF STEAM POWER, THINGS WERE DONE MUCH AS THEY
HAD BEEN DONE FOR CENTURIES. THE HAMMER, HAND STEEL , PICK AND
SHOVEL WERE STILL THE PRIMARY TOOLS OF THE TRADE. YET IN THE
HANDS OF AN EXPERIENCED MINER, THESE TOOLS WERE USED IN A MOST
SKILLFUL WAY. MINING WAS, AND REMAINS, TRULY A SKILLED CRAFT
WITH MANY TALENTED MEN ENGAGED IN ITS EXECUTION.

TO BE SURE, THIS WAS HARD WORK; WORK FILLED WITH DANGER FOR

THE CARELESS OR INEXPERIENCED; WORK OFTEN PERFORMED IN HARSH
AND DIFFICULT PLACES. ONE HAD TO ENDURE THE NEAR DARKNESS
AND THE HARDSHIPS OF HEAT, OF BREATHING STAGNATE AND HUMID AIR.
IT WAS PHYSICALLY DEMANDING TO BE A MINER, BUT SKILL MORE THAN
STRENGTH, MADE A GOOD MINER. THE SKILL TO DRILL FOR HOURS USING
A FOUR POUND HAMMER IN MOST ANY POSITION. THE SKILL TO SHOVEL
THE HEAVY, BROKEN ROCK QUICKLY TO MAKE ROOM FOR THE NEXT
ROUND TO BE DRILLED. THE SKILL TO “READ” THE GROUND AND
SECURELY PUT IN TIMBER, THEREBY MAKING THE WORKPLACE SAFE FOR
HIMSELF AND ALL AROUND HIM. THE ALMOST OCCULT OF SKILLS ~TO
KNOW WHICH WAY THE ORE WAS HEADED AND FOLLOW IT WITH A
MINIMUM OF WASTED EFFORT. THIS WAS THE MINER AT BISBEE. ~~~~~

The ores at Bisbee were soft and the encasing rock highly altered and often incompetent. Only
the most massive of support timbering techniques could keep the ground open for mining. This
required skilled miners, men with years of experience to extract the ore. It also placed huge
costs on mining, as timber was costly and took time to install and too, it was labor intensive to
maintain. This forced the mining of only the higher grade ores to cover these costs, but finding
these ores was never easy at Bisbee.

Dr. James Douglas was slow to accept the use of geologist at Bisbee, in large part because he
placed so much confidence in the experienced miner’s ability to find ore. To be sure, this
confidence was well placed, but as the mines deepened the clues to new ore were fewer and
fewer and the larger smelter and was demanding more ore.
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SLIDE 3

THE MINING CYCLE

A MINING CYCLE IS THE COMPLETE SET OF DEFINED TASKS NECESSARY TO
EXTRACT A FULL ROUND OF ROCK. IN THE CASE OF THE BISBEE
UNDERGROUND THIS WAS: BAR DOWN ANY LOOSE ROCK IN THE WORK
AREA, MUCK THE BROKEN ROCK LEFT BY THE PREVIOUS SHIFT, PUT IN
TIMBER OR OTHER SUPPORT WHERE REQUIRED, ADVANCE TRACK IN
CROSSCUTS, AS WELL AS AIR AND WATER LINES AND VYENTILATION, DRILL
THE ROUND AND BLAST. THERE ARE MORE THAN A FEW INTERMEDIATE
STEPS WHICH MUST BE PERFORMED, BUT THESE ARE THE BASICS.

AFTER THE INTRODUCTION OF PNEUMATIC DRILLS, IT WAS GENERALLY
STANDARD TO COMPLETE THE CYCLE IN A SINGLE SHIFT WITH A THREE OR
FOUR MAN CREW. WITH THE ADVENT OF MECHANIZED MUCKING
EQUIPMENT, A TWO MAN CREW WAS ALMOST ALWAYS ABLE CYCLE DURING
A SINGLE SHIFT.

THIS REQUIRED TIMELY SERVICE BY A TRAMMER THEN, IN LATER YEARS, BY
A MOTOR CREW TO KEEP THE RAISES PULLED TO THE DESIRED LEVEL OR
SUPPLYING EMPTY CARS TO A CROSSCUT. A NUMBER OF OTHERS SERVED
IN SUPPORT FUNCTIONS AS WELL.

Much of the thoroughly oxidized ore mined at Bisbee was very soft and in many cases, claylike
in nature. This material could often be mined with a just pick. When it was hard enough to
benefit from blasting, very little powder was actually needed. In these cases, the mining crew
just continued excavating, but was ever vigilant to make sure the back was supported.

This softness made mining a bit easier and faster, but this was more than offset by the threat of
collapse and the amount of well-placed supporting timbers required.
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Ben Williams, the first superintendent of the Copper Queen, in the Czar Mine sitting on a ledge formed by the
hard ore at the soft ore contact. The material in the upper part of the face could easily be removed by the use
of a pick, while the lower would require drilling and blasting. (Douglas, 1900)

Graeme Larkin collection
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SLIDE 4

THE MINER

MOST PEOPLE THINK ANYONE WHO WORKED UNDERGROUND WAS A
MINER. IN TRUTH, MOST WERE NOT. ITIS MORE OF A COLLECTIVE TERM
THAN A DESCRIPTIVE ONE. WHO WAS THE MINER? WHAT DID HE DO? HOw
DID HE DO IT AND WHO HELPED HIM? THESE ARE BASIC QUESTIONS
WHOSE ANSWERS WILL TELL MUCH ABOUT WORKING UNDERGROUND AND
TO SEE IT WAS THE TRUE MINER WHO LED THE WAY, IN EVERY RESPECT.
THE MINER WAS, AND REMAINS, A HIGHLY SKILLED

CRAFTSMAN IN THE ART OF MOVING ROCK, SAFELY

AND EFFICIENTLY. TO DO THIS ,MUCH EXPERIENCE

WAS NEEDED. TODAY, AS ALWAYS, A PERSON

MUST SPEND FOUR TO FIVE YEARS WORKING

UNDER THE CAREFUL AND INSTRUCTIVE

GUIDANCE OF A WELL EXPERIENCED MINER TO

BECOME TRULY PROFICIENT AT THE TRADE. THIS

IS NOT A JOB FOR EITHER FOOLS OR THE DIM

WITTED FOR THEY SOON ARE EITHER HURT OR

FORCED OUT BY THE MINER WHO HAS LITTLE TIME

TO TEACH THOSE WHO WILL NOT OR CAN NOT

LEARN. ITIS THE MINER WHO LEADS THE TEAM

IN THE WORKING FACE AND WOE TO THE FOOLISH . h
SHIFT BOSS WHO THINKS OTHERWISE FOR HE IS GRAEME LARKIN COLLECTION

MEN AT THE TOP OF A RAISE
DOOMED FAIL. C-1908

The miner is a skilled worker in every sense of the word. He has years of experience in his job
and knows it well. Both his life and income depend on his experience and abilities. A miner
must have a quick understanding of the ever-changing work environment which he meets on a
daily basis. Every foot of advance and every ton moved are different in some regard, often so
subtle as to defy description, but the miner must recognize the change in an almost occult way,
and adapt seamlessly. Only thus may he keep this inherently dangerous environment safe and
therefore efficient and productive.

The miner had to understand the changing ground conditions under all circumstances. This was
fundamental as from the very beginning to the very end; most accidents were related to the “fall
of ground” - rocks falling from the back or rib. The miner had to always keep one eye on what
was above him for his own safety and that of those working with him. He was, after all, the man
in charge of the work happening at that point in the mine.

This man had to be sure that all loose rock had been remove before allowing anyone under the

unsupported back. Sometimes a rock would sound loose then struck with the bar, but refuse to
fall no matter how much effort was expended. These were all potential death traps and must be
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temporally supported. Then came the task of understanding when to put in the permanent
timber, what kind of timber support and, most importantly, how to install it so that it will remain
soundly in place after the blast he was to set off at shifts end.

Shoveling (mucking) the broken rock (muck) is not simple, most of all shoveling the heavy ore
from a rough bottom. It took time to learn how to shovel and shovel quickly, as every step was
dependent on the next. This was usually the task of the mucker, the miner’s helper or more
correctly his apprentice, but one the miner knew well, having performed it during his training.

Then, the timber or other support must be fully installed as it could not be put in place until all of
the muck had been removed. This often called for hand picking to remove any spots which
interfered with setting the post of other supports. Here too, the mucker became very involved as
the miner was almost surely either involved in drilling or some other task.

He had to be an expert at drilling the blast holes, first by hand and later by machine. The rock
face in front of him must be read and understood so that the holes were drilled to the best
advantage. Something such as a % inch crack or small break with clay could influence how the
hole should be placed so as to not get the drill steel stuck or have the blast break out pieces too
big to handle.

To be sure, standard hole patterns were used and to great effect, but the miner had to know when
and how to modify them. He never, ever allowed the small remnant of a previous blast hole, a
“bootleg” to be used, though the temptation was ever so great as starting the hole was always the
most difficult part of the process. These bootlegs sometimes contained dynamite and a blasting
cap which, for some reason, did not explode with the pervious blast, but were almost certain to
explode under the pressure of drilling. More than one miner and his crew were either killed or
badly hurt when this important safety rule was ignored.

Then comes the matter of loading the blast hole with dynamite in the right amount. Each hole
was now charged, first with a stick of powder containing the blasting cap the crimped on fire
fuse and followed by the right amount of dynamite. Too little would not break the rock and too
much could blow out the timber, or worse yet, not completely explode and leave a potentially
deadly trap for the next shift coming on. Sequencing the blast was so very important and the
fuses which were all of the same length at the start had to be trimmed to have the center holes
blast first, then the side holes followed by the top then the bottom holes. Each environment
presented its own challenges, of course, and the miner had to know when and how to compensate
for the different conditions.

After the fuses were lit, the miner and his crew would leave the work face and the blast which
was soon to go off, but before they could leave the area, they had to count the reports from each
individual hole as they went off. This was vital information for the oncoming crew, as they
needed to know if unexploded dynamite was in the broken rock or face and if it was, they needed
to take special precautions and find it before doing much else.

All the while and in all things, he had to both instruct and protect those entrusted to him as his
crew. The effort was always worth the time as soon the crew would work together as one unit to
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the mutual benefit of all, as bonus was based on advance of the crosscut and raises while in
stopes, the tons which passed through the chute at the bottom of the raise were the measured base
for bonus pay.

These men who worked together so closely became “partners” devoted to each other
underground and ready to sacrifice anything and everything for each other, even giving their
lives to save or protect their Pard. This was universally true even for those for those men who did
not like each other and would never speak to one another on the surface. Underground they were
one; they were, after all, partners.

Who were the Miners?

For the most part, the men who followed mining as a career were a cross section of America’s
working men at any given time during Bisbee’s near century of contributing to America’s
growth. Early on, many of the miners were immigrants - new to America bringing their skills
from their lands of origin. Indeed, the most sought after miners before 1900 were the Cousin
Jacks from Cornwall in England. These men were fabled for their skills as miners. And too,
there came well experienced miners from Germany and Sweden as well as men from the copper
regions of Northern Michigan and metal mines elsewhere in the U.S.

Good miners were never common — never, and they knew it, which bred in some a deep sense of
independence and wanderlust. Oft times a good miner would flow with the seasons, south to
Arizona in the winter and north to Montana or the mountains of Colorado in the winter. These
fiercely independent souls, often called “tramp miners,” were both the boon and bane of the
mining companies. Their skills were desperately needed, but their free spirit and independent
nature often caused them to quit over a minor matter, leaving the mine shorthanded. A stable
workforce was highly desirable to the long-lived mines at Bisbee and much was done to make
Bisbee a desirable place to live and work.

The strong social forces of the times did much to shape how the town was peopled. Bisbee was
to be known as a “White Man’s” camp, as noted by Brimsmaid in 1907, remain so for much of
its life, reflecting the temper of the times that influenced Bisbeg, the west and much of America.
Chinese were never welcome in early Bisbee, an artifact of the California mining districts, while
American Indians never lived near Bisbee, thus none were employed in the mines. A few small
groups occasionally coming to camp near the top of The Divide where there was a source of
good clay to make and sell their ever-popular ollas to the townspeople.

Also, in spite of its proximity to Mexico, Mexicans were relatively few in the town and the
small number employed mostly worked in the smelter or other jobs as could be had. Both the
miners and the mine management refused to allow Mexicans to work underground, in spite of the
long and rich mining legacy of Mexico. The Shattuck and Arizona did employee Mexicans
underground as did many of the small time leasers. For the Mexicans that did work for any of the
mining companies in any capacity, differential treatment was practiced.

Over time, the composition of the work force changed, in large part by necessity. As more and
more mines were developed in Bisbee, in Arizona and America as a whole, the pressure to find,
train and, importantly, keep good mining men increased. Fortunately for the mining companies,
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this need was near-coincidental with increased immigration to the US from southern and central
Europe. To be sure, the earlier arrivals and their descendants, largely from Britain, Germany and
Northern Europe as a whole, were none too pleased with the influx of their ancestral advisories
and kept them relegated to more
menial jobs; as much as possible.
Then came mechanization.

The advent of the pneumatic rock
drill did much to alleviate the
effects of the dire shortage of
miners. Now, a reasonably strong
and intelligent man could easily
master the heretofore almost
mystical art of efficiently drilling
blast holes. Other improvements
in the handling of broken rock,
safety and mine ventilation did
much to make the mines at Bisbee

and elsewhere, places where
most men could work, albeit the The owner, staff and a few residents of a Bisbee boardinghouse C-1900.

work was hard and. as the In spite of the finery of the men seated, their rough hands speak of hard

Bishee Daily Review wrote about ~ Worki perhaps as miners.
Bisbee in 1904, “It is not a place

for a person not in the best of VISITORS® FIRST lMPRESS'ON OF BlSBEE
health. But it is a place for men of good . s
constitution. It is a place for men of nerve.
It is a place for men who will work. ... There
are no drones in this hive of industry.”

Graeme Larkin collection

Before 1910, most of the several thousand
mine workers were single men, living in one
of the numerous boarding houses cluttered
about the canyon walls. A number of
entrepreneurial women operated the boarding
houses, usually providing little more than a
bed and meals, perhaps laundry, but not the
washing of the deeply soiled underground
work cloths.  Of course, there were also a
number of other local businesses which
catered to the needs and wants of the single
miners.

Right: A C-1905 comic postcard depicting the S - ) g %
abundance of boardinghouses and places to eat, : : Tx U\ r\“"
. . . . . r m 3 b AL - De A
while showing their very high cost for the time, 3 (it : - =
as a miner earned $3.50 a day ArooRe s e 7 IN skl ol RS
The prostitute’s “cribs,” as they were called, are L,; 7 '\'f )

" BISBEE/ ( The .n, nf ‘?n(ﬁ}m & Teufs

Slgne & )l..—un

depicted in the center-right by three small
houses with stairs.
Graeme Larkin collection




The staff of the Can Can Chop House, C-1891. Note the miner at the right, lunch pail in hand, which no doubt
was filled at the Can Can. Many of Bisbee’s restaurants offered such a service, as did most of the

boardinghouses.

Last night marked the final ap-
pearance of Bisbee's tenderivin as a
Hazing wyriad of mahogany coun-
tern, foaming liquor, polished glasses
asd “smiling young man all dressed
in white They are all o thing of
the past  Foolish young swalns, in-
flamed by liquor, can no Jomger visit
that district and spend what maney
Jhey have n & wild debanel; with the
female denixens of the regiun, ey 'us
exhorb'tant  prices  for what they
drunkenly consume, If they want
Hlquor in the tenderlolu after this
they will kave to buy it down town
themselves and earry . up thero.

Then aguin, Jast night the bawdy-
house orchestras sounded thelr fare.
well gotes, the women hopped about
{o o farewell twostep and the dsnee
hal] doors were closed to open no
more The polished foors wijl o'ther
be left deserted or Jurned into parior
compartmenta.

Graeme Larkin collection

While none of the places have clos 1!

od 2z yet, It Is known that over hl!l
the womes of the district have lefi)
town, Mast of the places will be op |
orated a8 80ft dsink empoclunms, with|
what women still remaln here as ad-|*
Juncis, put po more dancing and‘
drunken hilarity,

Outgo'ng tralns yestonday also 4-.1:-]
ried away peverz! bartenders. both up
town and In he rediight district, who
wiil] “lose out” on acesuni of the
early chialng and total abalition o
dinsnee

April 1, 1910 clipping from the Bisbee Daily Review
noting the closure of the Red Light District.
Graeme Larkin collection

MR. MINER

1S YOUR DINNER PAIL. FULL

OO e bl o e e BT e e el S e A B

NEW ENOLISH KITCHEN

U e ..,h,d

-"nl ..l"c.!

THE MAN Wl’l’H THB BUCKBT

- - s ¥ --.--4.--;—«‘ how nhl—td*—mn-nu
.v.,_,.-.:, . e A 4 wesi A, e
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Sut o s ey pob. e oo 100 buze r=umer = wer e of bmionn, S0d T
e A L

.—w—amu-‘o‘mt— Cont tie oot trven T HASL ard 4 w—r ot

GEO. E. STUART Prop.

1907 ad from the Bisbee Daily Review for miner’s
lunches from the English Kitchen restaurant
Graeme Larkin collection
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And too, it was largely this group of single men that gave life to the abundant gambling houses,
salons, dance halls and brothels, for which Brewery Gulch is so justly infamous. In spite of this
high-spirited living, little true violence resulted and Bisbee did not have need for a policeman
until after 1902. In any event, by mid-1910, all the rowdiness came to an end by city ordinance
with the forced closure of the dance halls and a prohibition of women working in any place
where liquor was served.

The Bisbee Daily Review (1910) noted that many gamblers and women from the “tenderloin”
district had left town ahead of the full closure to seek opportunity in other, friendlier places.

But Bisbee had changed in other aspects as well. More and more of the mining men were now
married and truly, it had become a much more civilized place to live, largely due to the
generosity of the Copper Queen. Still, Bisbee was to remain a “white man’s” town for several
decades more until the labor shortages of World War Il forced a change on the camp.

To be sure, the social blending of the varying European groups working in and around the mines
had been achieved in a most harmonious manner, though many watched in amazement as some
of their neighbors left for Europe to defend the Serbian cause in 1914. And too, the revolution in
Mexico that had its genesis a few years earlier in nearby Cananea, would cause fear and further
suspicion among the Anglos about the Mexicans who lived in Bisbee.

The last major migration to Bisbee was one that saw much of America involved. The farmers
and others from Texas, Oklahoma Arkansas and such areas came during the early 1930s. World
War 1l broke the policy of not allowing Mexicans underground. The manpower shortages
caused by the conflict opened the door for these good men. They were to stay on and greatly
contributed to Bisbee’s success.

World War II also brought to Bisbee a number of “Soldier Miners,” men excused from the
regular army to support vital war industries. Many were Blacks, a first for Bisbee, but to avoid
problems seen elsewhere, they were all assigned to the Uncle Sam Mine. In the end, there were
no problems in the mines. They did their job, but found Bisbee not to their liking. While a
number of other soldier miners stayed on after the war, few Blacks chose to remain.

Irrespective of where they may have come from, the men adapted to the work and life in the
mines at Bisbee. Here, like mines everywhere, there were two things a man never went
underground without — his light and his lunch. The work underground was incredibly demanding
and a substantial lunch was a must.

While most men worked in pairs, lunch was usually eaten with most of the men working nearby
and in a common place, sitting on a lagging (a plank that was 2”X12”X6’). It was common to
blast missed holes or the occasional boulder in the stope or crosscut during lunch; leaving the
area to eat allowed time for the smoke to dissipate.

For most miners, lunch was a moment of rest, but some worked on; food in hand while drilling.
For many it just another three or four sandwiches to wash down with tepid coffee (we ate a lot
and there were few fat miners). A few had wives that were exceptional cooks. These lucky
chaps were the envy of the rest at lunch. The Cousin Jacks favored the English pasty, a treat
most enjoyed, and with the entry of those of Mexican heritage came tamales and burritos, all
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eagerly sought by the other miners when shared, something not uncommon.

common for someone to bring
special food to share with his
lunchtime friends.

Great care was taken with any food
to be discarded with most going
back to the surface in the lunch
pail or into a raise or chute, away
from the lunch spot. This was
important as rats had entered the
mines during the earliest of years
and followed the miners to depth
as the mines advanced. While
never too numerous, they would
soon spoil a lunch area if food
were left around. This is not to say
that the mines were septic because
there were a few rats and in some
places there were roaches around.
Quite the contrary, while very
industrial in nature, they were
reasonably clean.

To be sure rats would show up at
lunchtime because a few miners
would feed them scraps in a
playful manner. The end to the
rats in the mines at Bisbee came
with the protracted strike in 1967-
1968. They simply died of
starvation during the eight months
of inactivity. The roaches,
however survived and were present
in  small numbers, scattered
throughout the mines to the end,
but rarely where the men eat.

Indeed it was

Postcard view of a lunch break underground at Bisbee C-1910. The

setting — a dry drift- in @ mining area is so typical as is each man with a

lagging or block to sit on.
Graeme Larkin collection

As was so prevalent during these times, many miners used tobacco. A few chewed others
smoked. Except for a short period during the 1950s and early 1960s, only “role your own” type
cigarettes were allowed, with Prince Albert tobacco the most commonly used filling. Factory
made (tailor made) cigarettes were not permitted because of the fire hazard they created. When
left unattended or discarded, a tailor made cigarette would continue to burn, potentially setting
fire to timber. A roll you own was hard to keep lit and would go out almost instantly when

thrown away.

On the whole, the miners at Bisbee were good men, hard working men and well paid for their
labors, who saw their jobs as opportunities to better their lot in life. That is not to imply in any
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manner that the lot of an underground miner at Bisbee was ever bad. In the context of the times,
indeed it was very good, far, far better than most had known in the place they had called home
before coming here. As miners and craftsmen many stayed in the mines the whole of their
working life. Good people all.

Postcard image of an ethnically diverse group of miners at the Cole Mine C-
1905. Men who appear to be of central and southern European are alongside
men who seem to be of northern European origin and American, such as the
engineer with the lace boots at the far left. The man with the oil lamp on his hat
near the center may well have come to Bisbee from mining areas in the east or
mid-west, as this style of lamp was common in the mines of these areas but rare
at Bisbee.

Graeme Larkin collection

~

Following photo is of Run 3 at the Cole mine in 1972 being honored for their excellent safety performance (a run
is an area under the supervision of a given shift boss). These were all good men and great miners. At one time or
another, | worked alongside of most of the men in this photo.

Graeme Larkin collection
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SLIDE 5

THE MINING CREW AND SUPPORT

THE CREW AT ANY GIVEN MINING FACE INCLUDED THE MINER, THE
SHOVELER (LATER CALLED THE MUCKER) AND A DRILL HELPER. THIS CREW
MAKE UP WAS LARGELY THE SAME UNTIL THE 1930Ss WHEN MECHANICAL
MUCKING SO IMPROVED THE LOADING EFFICIENCIES THAT TWO MEN COULD
DO ALL THAT WAS REQUIRED TO CYCLE IN A SHIFT. OTHER SUPPORT WAS
ALWAYS NECESSARY , MOST PARTICULARLY, THE TIMELY REMOVAL OF

OF LOADED MINE CARS BY TRAMMERS AND LATER, THE

MOTOR CREW. IT WAS ALWAYS THE MINER WHO

DIRECTED THE PROCESS WHILE WORKING ALONG SIDE

THE OTHERS AND PERFORMING THOSE OFTEN ARDIOUS

TASK WHICH REQUIRED MORE SKILL AND EXPERIENCE

SUCH AS DRILLING AND TIMBERING.

AMONG THE OTHERS WHO PROVIDED DIRECT SUPPORT
TO THE MINER AND CREW AT THE WORKING FACE
WERE:

SHlFT BOSS TOOL NIPPER POWDER MONKEY

ELECTRICIAN CAGER TIMBERMAN

SURVEY CREW | VENTILATION | PIPE AND TRACK
GRAEME LARKIN COLLECTION
ENGINEER REPAIRMAN MINING CREW AT A CROSSCUT

FACE DRILLING AND MUCKING
C-1908

For every miner at the face, there were a surprisingly large number of support personnel working
in the mine just to make sure that he, the miner, had everything he needed to get the ore broken
and out. After all, this was “what put the ink on the paycheck™ as the men were fond of saying.
In addition to those listed, a great many more were involved in the surface shops making and/or
repairing the miner’s tools and equipment or getting the timber framed and other consumable
materials ready for delivery to the mine yard. The logistics of running a mine are complex.

It may seem odd to have the shift boss listed as a service person when he was indeed the miners
direct supervisor, but it was the shift boss’ first responsibility to make sure the tools, materials
and support the mining crew needed were available when and where needed. He alone had the
authority to order tools and timber or send in the motor crew or see that the electrician kept his
works as close as needed. The shift boss would make every working place on his run twice daily
to be sure things were going well. He also checked on potential problems and helped the miner
plan a bit, but he seldom dared to tell the miner how to do anything.

Even though the shift boss was almost always a former miner, and probably a good one, the
miner at the face knew his working place better. Any shift boss who tried to tell a good miner




how to do his job very often, was soon looking for a new miner as the guy he was so busy try to
instruct quickly took offence and would quit, figuring he was a better miner than this “know-it-
all boss” and why should he take instructions from someone who knew less than he did. As good
miners were always very hard to find, few shift bosses made this mistake often, for the mine
superintendent would soon decide that it was far easier to replace a mediocre shift boss than it
was to replace a couple of good miners. He was right.
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SLIDE 6

STARTING THE DAY — THE CHANGE ROOM

FOR MOST, THE DAY BEGAN BY CHANGING FROM “STREET CLOTHES” INTO
“DIGGERS”, THOSE WORK CLOTHES, WASHED ONLY WEEKLY, AT MOST, AND
NOW STIFF FROM THE COMBINATION OF MUD, SWEAT AND MINE WATER .
AT THE END OF THE LAST SHIFT, THEY HAD BEEN PLACED, WET FROM
WORK, ON A HOOK AND PULLED HIGH, INTO THE RAFTERS OF THE CHANGE
ROOM, OR “DRY” AS IT WAS OFTEN CALLED, TO DRY OUT BEFORE THE NEXT
SHIFT. EVEN THOUGH THE DIGGERS WERE DRY AT THE START OF THE
SHIFT, THEY SMELLED OF THE MINE AND OF HARD WORK. CAKED
DRILLING MUD OFTEN FLAKED OFF THE CLOTHS AS THEY WERE PUT ON TO
START ANOTHER SHIFT.

CHANGE ROOMS WERE IN USE IN
BISBEE BEFORE 1890, BUT IT WAS ONLY
AFTER 1900 THAT THEY BECAME WHAT
WE KNOW TODAY WITH WARM SHOWERS
AND SECURE LOCKERS FOR THE
VALUABLES.

NEXT, IT WAS OFF TO GET THE DAILY
ALLOTMENT OF CANDLES, CARBIDE OR
THE ASSIGNED ELECTRIC CAP LAMP,
DEPENDING ON THE ERA. THEN TO Lo S, S
THE TIME KEEPERS OFFICE TO GET THE — CRAEME LARKIN COLLECTION
BRASS AND REPORT FOR WORK ~~~~~ SACRAMENTO MINE CHANGE ROOM - 1915

Mine change rooms at Bisbee were truly well kept. After all, it was here that the transition from
one world to another took place and the mining companies had long cared about the workers
cleanliness and health, so good showers were provided in a warm and clean environment. The
deep appreciation of industrial hygiene which evolved in the first decade of the 20" century
placed a new emphasis on the design of mine change rooms and the companies at Bisbee were
industry leaders in providing for the workers.

However, long before it became standard to provide change rooms for miners, Dr. Douglas had
displayed his concern for the men by providing this necessary facility. Given that none of the
homes in early Bisbee had access to water in any quantity, much less running water. These were
essential. Early on, mine water was used for the showers and while generally good for this use,
on occasion it was less than perfect. Stories of showers in yellowish, smelly mine water were not
altogether rare. This was particularly true when the water level in the storage tank was low as
mud always settled out of the mine water, no matter how clean it looked, and collected in the
tank bottom.
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Change room attendants were always around to clean up the mud, gravel and grim after each
shift came or went. These were usually older miners who could no longer keep pace with the
demands of the work underground or men who were permanently or temporally disabled as a
result of an accident in the mine.

Showers in the Czar Mine change room
C-1919

General view of the Czar Mine change
room C -1919
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SLIDE 7

REPORTING FOR WORK

AFTER GETTING HIS LIGHT, THE MINER WENT TO

THE WINDOW OF THE “TIME KEEPER’S” OFFICE

TO PICK UP HIS BRASS, A COIN-LIKE PIECE

STAMPED WITH HIS PAYROLL NUMBER AND KEPT

ON A LARGE BOARD PLACED IN A CONSPICUOUS  OpyERrsE AND REVERSE OF A CUSTOM

SPOT FOR EASY VISUAL REFERENCE. STRUCK BRASS OF THE SHATTUCK &
ARIZONA COPPER COMPANY

C — 1915
WHEN THE BRASS WAS GIVEN THE MINER BY THE GRAEME LARICIN COLLECTION

TIME KEEPER, THIS INDICATED HE HAD REPORTED

FOR WORK . THE PROCESS WAS OFTEN

REFERRED TO AS “BRASSING OUT.” THE BRASS

WAS USED TO KEEP TRACK OF MEN WHO WERE =
UNDERGROUND. IF THE BRASS WAS NOT ON THE TYPICAL BRASSES FOR AN EMPLOYEE
BOARD IN THE TIME KEEPER’S OFFICE, IT WAS OF THE COPPER QUEEN BRANCH

PRE-1920 (L) POST-1920 (R)
ASSUMED HE WAS UNDERGROUND. GRAEME LARKIN COLLECTION

THE EMPLOYEE WAS TO RETURN THE BRASS TO

THE TIME KEEPER AT THE END OF THE SHIFT

THEREBY INDICATING HE WAS OUT OF THE MINE.

THIS WAS REFERRED TO AS “BRASSING IN.” THE  1ypicAL BRASS FOR A SUPERVISOR OR
WHOLE PROCESS WAS A SIMPLE, BUT IMPORTANT  ENGINEER OF THE COPPER QUEEN

B
SAFETY MEASURE c Ep;l;(;%

GRAEME LARKIN COLLECTION

For safety reasons, every person who went underground had to pick up his personal brass token
from the time keeper to show that he had reported to work and was underground. This coin-like
piece, which was stamped with his payroll number, was all important in keeping track of the
man. A shift boss could tell by a glance of the board if all of his crew had reported for work and,
at the end of the shift, if they had all come out of the mine, as the miners returned their brass to
the time keeper before entering the change room at the end of the shift.

The careless miner who did not return his brass at the end of the shift caused turmoil, as his boss
and others went looking for him. If he was found in a local drinking establishment, instead of
dead or injured in the mine, he would soon wish he were indeed injured in the mine as he was
publically chastised and humiliated. Few repeated this grievous “sin.”

Underground, these were occasionally used to indicate who was working in a hazardous area.
Working in a fire area or behind a water door, are examples. Outside of the fire area or water
door, every man would hang his brass on a board placed for this purpose, before entering and
collect it when leaving. This allowed the shift boss to know that everyone was out before he
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would have the water door closed and bolted before the blast in an area where large volumes of
water might be hit.

Supervisors such as shift bosses and the technical staff like engineers, surveyors and geologist
had their individual brass as well, but in place of a number, their initials were stamped.

Man tag board from the Dallas
Mine 1975
Queen Mine Tours collection

243




SLIDE 8

THE CAGE RIDE INTO THE MINE

MINERS ENTERED THE CAGE ACCORDING TO THE LEVEL ON WHICH THEY

WERE WORKING.

NINE TO 12 MEN SQUEEZED INTO

EACH DECK, LUNCHBOX AND LIGHT IN HAND.
NINE OR MORE MEN, IN WORK CLOTHS WHICH

HAD NOT BEEN WASHED FOR DAYS.

THOSE FEW

WHO SELDOM OR NEVER WASHED THEIR DIGGERS
WERE VERY UNPOPULAR AT THIS MOMENT, EVEN

THOUGH THE CAGE RIDE WAS FOR 3 MINUETS OR
LESS. THREE MINUETS PACKED THIS CLOSE WAS

ENOUGH.
EACH CAGE
TYPICALLY HAD
THREE DECKS
YET, TO LOWER
A FULL SHIFT
OF SEVERAL
HUNDRED MEN,
MOST OF 20
MINUTES WAS
NEEDED AT
THE DEEPER
MINES

~ o~~~

LOWERING THE NIGHT SHIFT AT THE JUNCTION

ARIZONA STATE CODE OF MINE BELL

SIGNAL.S

|.BELL.. STOP /stweniarecy irin MOTION.
| = ___HOIST MUCK.
I~ __RELEASE cuos sxipor BUCKET:
2. BELLS. LOWER.
HOIST MEN.iac205 some seomey
LOWERIMEN, A0ove Stowey.
_..STEAM DN OR OFF
5..-_. B(ASTINGM,.:wymmor

THUS 1S A CAUTION SIGNAL AND 15 THE ENCINEER £S5
PREPARED TO ACLERT [T HE MUST ACRRGWLEOCL BY
RRUSING BUCKET & CAGE 4 FEW JEET THEN LOWERING
ST RGAIN, BFTER BCCEPING TS S INAL ENGINELR
mrxmto IUMSI.OIIVAW.YMV SLAST
AS SIGNAL TBELL® 1S GIVEN AND
”IE"CC["I NO TTNER SIGNAL IV THE MEANTINE,

6.BELLS, AIR ON OR OFF.

~___DANGER SIGNAL, Forcowsn

BY STATION SIGNAL CRLLS GAGE T THET STATIC!
IS SIONAL TARES PRECEDUNGE OVER ALL OTHERS

EXLLPT AN ACCEPTED BLASTING SIONAL.

STATION SIGNALS.
[-2 BELLS, COLLAR OF SHAFT.
I 3ozus ¥ LevEL 45seus 3™ ‘LeveL

1

4mmmo&mwmmm
-mpwn-muym
NINNN_...._._.

Rt £33

|

v - | &
g
—io™ '5
|2
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= 3224 -
mlxwmuwsmrthmmyw R LONERNG
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GRAEME LARKIN COLLECTION
MINERS ON A THREE-DECK CAGE

MINE -1953 GARDNER MINE C - 1915

The use of the cages in hoisting men and materials was a matter of
great concern from a safety stand point. After all, the lives of many
men were at risk. To address the risk associated with this task, the
State of Arizona established a code of mine bell signals in 1912
whereby the cager who loaded the men and materials on the cage,
could communicate with the hoist engineer on when and how to
precede.

By way of example and using the chart at the left, if the cager on the
surface wanted to lower the cage load of men to the 1800 level, he
would ring 5-5-3-2 on the shaft bells indicating the destination was
the 1800 level and that men were being lowered. As the mines
became deeper, this chart was modified.
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SLIDE O

UNDERGROUND — NOW TO WORK

ONCE ON THE LEVEL, IT WAS USUALLY A
REASONABLY SHORT WALK TO THE WORKING
PLACE . IN A FEW RARE INSTANCES SUCH AS
THE DENN BEING WORKED FROM THE 2966
CAMPBELL AND THE COLE INTERIOR, MAN-
CARS PULLED BY TROLLEY MOTORS WERE
USED TO TRANSPORT THE MEN TO THE AREA.
IT WAS THEN A CLIMB INTO A STOPE, RAISE
TO START THE REAL WORK.

FIRST THERE WAS : GRAEME LARKIN COLLECTIN
SAFETY. ALL LoOSE r a0 THEomaNe A
ROCK MUST BE

BARRED DOWN AND
TEMPORARY
SUPPORT PLACED
WHERE NECESSARY
AND THIS VARIED
FOR THE DIFFERENT
ENVIRONMENTS —
STOPES, RAISES OR :
CROSSCUTS ‘ GRAEME LARKIN COLLECTION

GRAEME LARKIN COLLECTION
~ o~~~ BARRING DOWN , 2966 LEVEL BOARDING MAN CARS, 2966 LEVEL

CAMPBELL MINE - 1973 CAMPBELL MINE - 1950

Miners leaving the cage to board a man car on the 2966 level Campbell Mine — 1950. Graeme Larkin collection




SLIDE 10

A NEWLY BLASTED FACE WAITED FOR THE MINERS COMING IN

BLASTING WAS ALWAYS CARRIED OUT AT THE END OF THE SHIFT TO
ALLOYW THE POWDER SMOKE TO CLEAR DURING THE CHANGING OF
SHIFTS. THUS, A FRESH MUCK PILE WAS USUALLY WHAT A MINER SAW
WHEN HE AND HIS PARTNER ARRIVED AT THEIR WORK PLACE.

THE FIRST THING THE MINER AND THE MUCKER WOULD DO WAS TO
VISUALLY CHECK THE AREA FOR HAZARDS SUCH AS LOOSE TIMBER,
ROCKS ON THE MUCK PILE WHICH MIGHT ROLL DOWN AND OBVIOUSLY
LOOSE ROCK IN THE BACK (CEILING). AFTER DRILL WATER BECAME
WIDELY AVAILABLE IN ABOUT 1910, IT BECAME STANDARD PRACTICES
TO THEN THOROUGHLY WET DOWN THE MUCK PILE FROM A SAFE
POSITION. THIS WAS FOR DUST CONTROL AND TO REDUCE THE EFFECTS
OF ANY RESIDUAL POWDER SMOKE. FOLLOWING THIS, THE RIBS
(WALLS) AND BACK WERE WASHED TO EXPOSE LOOSE ROCK. THEN THE
BARRING DOWN OF ANY LOOSE ROCK BEGAN. THIS TOO WAS DONE
FROM A SAFE POSITION.

ONLY AFTER ALL LOOSE ROCK HAD BEEN REMOVED FROM THE BACK
AND RIBS DID THE MINERS YENTURE INTO THE NEWLY BLASTED AREA
TO START THE PROCESS OF SUPPORTING THE BACK AND RIBS, WHERE
NEEDED.

A 1910 era postcard
showing the muck pile in a
crosscut that has been
partially mucked and the
drill setup.

As the miners drilled out
the face, the mucker (left)
was to finish mucking the
broken rock into mine cars.
Graeme Larkin collection
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SLIDE 11

BOOMING OUT FOR SAFETY

IN SQUARESET STOPES AND CROSSCUTS WHERE TIMBER SUPPORT WAS
NEEDED, TEMPORARY SUPPORT WAS PROVIDED BY 10”X10” TIMBER
“BOOMS” HUNG IN IRON HANGERS AND PUSHED A FULL SET AHEAD THEN THE
CAP FOR THE NEXT SET, ALONG WITH THE BACK LAGGING WAS PLACED ON
THIS TEMPORARY SUPPORT. THIS PROVIDED A SAFE BACK TO MUCK AND
DRILL UNDER. ONLY AFTER ALL THE MUCK WAS REMOVED WERE THE
PERMANENT POSTS AND SIDE LAGGING INSTALLED.

THE PHOTO AT THE
RIGHT SHOWS A
MINER CLEANING
THE FACE UNDER
BOOM SUPPORT.
NOTE THE NUMBER
34 ON THE CAP,
INDICATING A
COPPER GRADE OF
3.4% FOR THE
PREVIOUS FACE.
ALSO, NOTE THE AIR
HOSE AT THE RIGHT
USED TO COOL THE

AREA WITH R
COMPRESSED AIR = NS S
GRAEME LARKIN COLLECTION
CLEANING THE FACE UNDER BOOM
SUPPORT IN A CROSSCUT C- 1915

GRAEME LARKIN COLLECTION
ILLUSTRATION OF HOW TO BOOM OUT IN A
SQUARESET STOPE - 1955

It will come as no surprise to learn that the most common accident underground was falling rock.
This was called “fall of ground” and every precaution was taken to prevent such events. Much
of the rock mined at Bisbee was oxidized by the near-surface decomposition of pyrite. This
alteration generally made the ground soft and unable to stand without constant support.

To be able to muck out and make room for supporting post required the miners to work under a
potentially bad ceiling or “back”, as they call it. The most common approach was to use large
timber booms with planking (lagging) as shown above until the post could be set.
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Collapse of the 400 level Czar Mine station due to a lack of timber
maintenance - 1964
Graeme Larkin collection

Below: Collapse of a stope due to a lack of adequate backfilling coupled
with a natural weakness of the rock caused by void formation along pre-
existing calcite lined subsidence cracks.

Graeme Larkin collection

Fall of ground along a fault zone, which
should have been an obvious threat and thus
timbered - 1904. These are among the most
treacherous types of failures as there is often

no warning of an impending collapse.
Graeme Larkin collection
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SLIDE 12

MOVING THE BROKEN ROCK IN STOPES

FOR THE FIRST 50+ YEARS, ALL MUCKING WAS

DONE BY HAND. IN STOPES, RAISES WERE Fig. 1—A

CLOSELY SPACED AND AS MUCH AS POSSIBLE, square-set stope

ROCK WAS BLASTED DIRECTLY ONTO AN ., I8 the
Copper Queen

INCLINED CHUTE WHICH CONNECTED TO A
VERTICAL RAISE FROM THE LEVEL BELOW. THIS
IS ILLUSTRATED IN THE DRAWING AT THE RIGHT.
ANY ORE THAT REMAINED, WAS HAND SORTED
BEFORE MUCKING, WITH AS MUCH WASTE
REMOVED AS POSSIBLE TO USE FOR BACK FILL,
THEN THE ORE WAS SHOVELED INTO THE RAISE

WHERE THE DISTANCE WAS TOO GREAT, THE
ORE WAS FIRST HAND SORTED. THEN THE ORE
WAS SHOVELED INTO WHEELBARROWS AND RUN
OVER A PLANK PATH TO DUMP IN THE CHUTE. IF
THE DISTANCE TO THE CHUTE WAS MORE THAN
50 FEET, MINE CARS ON RAIL WERE USED TO
HAND TRAM THE ORE. THIS IMPROVED
PRODUCTIVITY BY INCREASING THE AMOUNT OF
ORE TRAMMED AT A TIME.

iypical

~ o~~~

In many cases, the soft ore was just mined
by pick and shoveled in to the chute after
removing all of the obvious waste. Hand
sorting was an important part of the mining
process at Bisbee until the advent of
mechanical loaders which was coincidental
with relatively high wages.

The sorting took place because it was
deemed to be cheaper to pay

for the labor to remove the waste

than to move the worthless rock

to the surface, transport it to Douglas and
then smelt the waste. = This process raised the

GRAEME LARKIN COLLECTION

SQUARESET STOPE TIMBERING - 1912

grade of the material sent to the smelter ~ GOb walls made from waste manually sorted from ore in a

substantially. It had the additional benefit of

stope, 5" level Southwest Mine
Graeme Larkin collection
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making the culled material available for backfill (gob) in the stopes which was vitally important
for this type of mining.

All open spaces of any size had to be backfilled, as their eventual collapse would cause the
nearby ground to shift, crack and become unstable and thus dangerous to mine. As shown in the
illustration below, mining between two correctly filled stopes to recover ore pillars was practical.

Illustration of mining an ore pillar between two gobbed stopes -
1939.
Graeme Larkin collection

Mining on top of gob in a stope, C - 1910.
The hole in front of the drill is the top of
the gobbed stope.

Graeme Larkin collection
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SLIDE 13

CROSSCUT MUCKING WAS ALL BY HAND

THERE WAS NO ALTERNATIVE TO MOVING EVERYTHING BY HAND IN THE
CROSSCUTS, BUT SEVERAL THINGS WERE DONE TO MAKE IT EASIER.
CROSSCUTS WERE ALWAYS DRIVEN WITH A VERY SLIGHT INCLINED GRADE,
ABOUT 5 /2” PER 100 FEET (0.55% GRADE). THIS ALLOWED FOR THE
FREE DRAINING OF ANY WATER WHICH MIGHT BE HIT. MUCKING IN WATER
WAS VERY HARD WORK. THIS SIMPLE STEP ELIMINATED THE PROBLEM.

IT WAS ALSO DIFFICULT TO MUCK OFF OF THE
ROUGH BOTTOM OF THE CROSSCUT. THIS
PROBLEM WAS SOLVED BY PLACING PLANKS OR
LATER, A STEEL SHEET ON THE CROSSCUT
BOTTOM BEFORE THE BLAST AND THEN, SET THE
BLAST TO THROW AS MUCH OF THE MUCK AS
POSSIBLE ONTO THIS SMOOTH SURFACE.

AN ADDED BENEFIT OF HAVING MUCH OF THE
BROKEN MUCK AWAY FROM THE FACE WAS THAT
DRILLING COULD START BEFORE THE MUCKING
WAS ANYWHERE NEAR COMPLETE. THIS WOULD
EXPEDITE THE WHOLE PROCESS AS THE MINER P N~
COULD DRILL WHILE THE MUCKER LOADED THE GRAEME LARKIN COLLECTION

HAND SHOVELING BROKEN
BROKEN ROCK INTO CARS ROCK IN A CROSSCUT - 1920

In the 1904 photo to the left, a steel
sheet (often called a turn-sheet, as
mine cars could be easily turned on
such a sheet of steel) has been set on
the track to receive the broken rock
from a blast in a crosscut. This
greatly facilitated the shoveling and
made for a faster cleanup.

Graeme Larkin collection
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SLIDE 14

RAISE MINING WAS THE SIMPLEST FOR MUCKING
BEFORE EVERY BLAST, AN INCLINED BULKHEAD WAS CONSTRUCTED TO

DIRECT ALL OF THE BROKEN ROCK INTO THE CHUTE SIDE OF THE RAISE TO BE
PULLED ON THE LEVEL BELOW. LITTLE OR NO ROCK REMAINED TO BE MOVED
BY HAND. THE HARD WORK IN DRIVING A RAISE WAS BARRING DOWN
THROUGH THE SMALL OPENING IN THE BULKHEAD THEN INSTALLING THE
SUPPORT TIMBER. GROUND CONDITIONS AND ULTIMATE USE FOR THE RAISE
DICTATED THE TIMBERING TECHNIQUE TO BE USED.

CRIBBED RAISES WERE
EITHER IN BAD GROUND
WHERE MORE SUPPORT
WAS NEEDED OR WHERE
THERE WAS A LONG
TERM NEED FOR THE
RAISE. SIX POST
RAISES WERE MUCH
CHEAPER AND WERE
USED FOR STOPE
DEVELOPMENT, WHEN
GROUND CONDITIONS
PERMITTED, AS THE
TIMBER WOULD EASILY S
TIE [NTO SQUARESETS IN GRAEME LARKIN COLLECTION GRAEME LARKIN COLLECTION

SIX POST RAISE TIMBERING PLAN CRIBBED RAISE TIMBERING PLAN
THE FUTURE STOPE 1955 1955

Driving raises was difficult work, which required highly
skilled miners. Keeping the raise perfectly aligned so as to
arrive at the desired point some 100 feet above, required
frequent survey work. Timbering to meet the future
requirements for the use of the raise and ground conditions
was vital.

While gravity moved almost all of the broken rock from the
blast to the chute over the slide (see illustration to the left),
baring down loose rock and setting the next ring of timber
was both hard physical work and required skill.

70"% 10" Pest

A | Brealiars i
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Left: Standing the three, 12”” X 12” posts on the level preparatory to advancing
araise. To this point, only a single round has been taken out of the crosscut
back. C — 1910
Right: The illustration of the sill timbering scheme for a standard six-post has
these three posts shown in the photo shaded for reference.

Graeme Larkin collection
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SLIDE 15

SHAFT SINKING

DURING THE MANY YEARS OF MINING AT BISBEE, DOZENS OF VERTICAL
SHAFTS WERE SUNK, SOME TO GREAT DEPTH. IN MOST CASES, THE
CHALLENGES WERE THE SAME — ADVANCE AS RAPIDLY AS POSSIBLE WHILE
KEEPING THE SHAFT TRUE, SOMETHING NOT EASILY DONE, ESPECIALLY IN
BAD GROUND.

GENERALLY SPEAKING, SHAFTS WERE STARTED SMALL IN SIZE, WITH HAND
OR ANIMAL POWER USED TO HOIST THE BROKEN ROCK. TIMBER SUPPORT
FOR THE SHAFT WALLS AND TO GUIDE THE CAGES YARIED WITH THE GROUND
CONDITIONS, BUT WAS ALWAYS CAREFULLY PLACED AND PROTECTED.
ADVANCE IN A SMALL SHAFT MIGHT BE AS LITTLE AS A FEW FEET PRE DAY,

DUE TO SPACE CONSTRAINTS, WHILE A LARGE SHAFT MAY MAKE TEN OR
MORE. A

WATER MADE SINKING EVER SO MUCH MORE
DIFFICULT. FIRST, WORKING IN PERPETUAL
RAIN IS HARD, BUT WORST OF ALL IS HAND
MUCKING THE BROKEN ROCK IN WATER. IT
IS MORE THAN TWICE THE WORK, AS THE
RESISTANCE TO SHOVELING BY THE WATER : :
IS TRYING INDEED. AIR MOVEMENT IS NIL SINKING OF THE COCHISE SHAFT C-1902. NOTE THE

TRIPOD HEADFRAME AND THE HORSE WHIM FOR HOISTING

WITH OUT HE]_P, MAKING FOR A HUMID AND OF ROCK. THE MINERS ARE IN WET GEAR TELLING OF

WATER AND THE PLANK EXTENSION OF THE HEADFRAME

ALTOGETHER UNPLEASANT ENVIRONMENT. IsToENHANCE NATURAL VENTILATION, SUGGESTING A

HOT WORK ENVIRONMENT.

Three men riding the sinking
bucket at the Dallas Shaft C-
1902. Graeme Larkin collection

This was the typical manner
to enter and to leave a shaft
during development. Here
too, the vertical boards to the
right have been placed to
form a chimney-like duct to
enhance natural air
circulation.
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Right: A hand-operated windless over a small
Prospect shaft on Bucky O’Neil Hill - 1914
Graeme Larkin Collection

Early on at Bisbee, shafts were used to
explore for possible ore occurrences, as
there were almost no recognizable surface
indications. Thus, many were started in
modest fashion, perhaps with just a windless
or a tripod head frame or a small with
wooden head frames. These were replaced
or enlarged with depth if mineral was found.
The shaft size would be increased if
exploration was promising.

The head frames and
hoists would be
changed as the shaft
was deepened or
enlarged, as more
substantial support
and efficacy of
hoisting would be
required. Ina few
rare instances, steel
head frames were in
place from the start,
such as at Campbell,
Galena and Warren
mines where much
more was understood

The wooden headframe at the Junction Mine is being
overbuilt by a large, steel headframe which will replace it
when complete. A new hoist was also added, 1906.

Graeme Larkin Collection

Above: The small wooden head frame at the Dallas Mine as
sinking was being initiated C- 1902.
Graeme Larkin Collection

A map of a part of the 1600 level of the Junction Mine

with the 200’ diameter shaft pillar clearly marked as a

circle. C-1950 255
Graeme Larkin Collection




Adding additional compartments to the shaft was needed to allow for reasonable production to be
achieved. Often, the shaft size was enlarged by working it as a raise, mining up to take advantage
of gravity. Several shafts at Bisbee were developed largely or entirely by driving raises form
existing underground workings, sometimes from several levels simultaneously. The Holbrook
number two, Campbell and Sunrise shafts were all developed by raising. Clearly, this required
accurate survey work to be sure that all of the individual segments were correctly aligned.

Ideally, when ore was found, it was located in the drifts and crosscuts driven from the shaft.
This was almost always necessary to protect the structural integrity of the shaft by not mining too
close. Typically, a 200 foot diameter shaft pillar was defined and considered sacred until the
mine was ready for closure. The Holbrook Shaft cut ore when it was being sunk and while the
ore was left in place, the soft, plastic supergene clays associated with the ore made it impossible
to keep the shaft timbers Aligned. A second Holbrook Shaft was raised nearby to replace this
important access point.

The first years of the 20" Century saw a good many new shafts sunk in the Warren Mining
District. The C & A undertook several, while the Shattuck, Denn, Saginaw and other shafts were
eagerly developed by their owners, seeking ore below the thick limestone cover.

The Copper Queen deepened the Spray, Gardner, Lowell Dallas mines and sank the Sacramento
Shaft at much the same time. In all cases, this was serious work and great care was taken in
developing and supporting the shafts.

At the Briggs Shaft of the C & A, huge amounts of water were hit during sinking, which slowed
the advance while the area was drained both by aggressive pumping and through workings
advanced from the Junction Mine. At the Denn Shaft, much the same happened and work was
often stopped until the water was either pumped out or drained, again into the junction.

THE SACRAMENTO SHAFT AS IT WAS
BEING SUNK IN 1904. NOTE THE
STARK DIFFERENCE IN THE LIGHT
COLORED, FRESH PORPHYRY ROCK ON
THE DUMP IN CONTRAST WITH THE
DARK GOSSAN OF THE OXIDIZED
SURFACE MATERIAL.

GRAEME LARKIN COLLECTION

In Later years, the Copper Queen would face
the difficulties of large flows of water at the
Warren Shaft, while the nearby Cochise &
Calumet Mine (C&C) had been reopened and
developed with the hope of finding water.

Examples of shaft timbering and station
development as practiced during the
deepening of the C&C were included in the
“Practical Mining Course” by Phelps Dodge
(1920) are presented here as they so typify most that was carried out under similar conditions at
Bisbee.
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ABOVE: SHAFT TIMBERING FOR THE
THREE-COMPARTMENT, C&C SHAFT
USING STEEL “J” BOLTS AS SHAFT
TIMBER HANGERS TO SUPPORT THE
SETS AS DOWNWARD ADVANCE IS
MADE.

GRAEME LARKIN COLLECTION

The Gardner Shaft was wet, always wet, as can be seen in this C-
1910 postcard view of men in rain gear on the cage.
Graeme Larkin collection
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Both the C & A and the Copper Queen began to use concrete and steel linings in their principle
shafts and the Denn followed suite. By 1950 the only production shaft that was not concrete
lined was the Cole. However, the several ventilation shafts such as the Saginaw and Boras
remained as timbered shafts.

Mine rail layout for a three compartment shaft. This layout allows for easy movement

of mine cars to or from any compartment.
Graeme Larkin collection

Station off of the Cole Shaft with a mine rail layout very similar to that illustrated
above, even though only two compartments were used for hoisting at the time -1913.
Graeme Larkin collection
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SLIDE 16

THE EVOLUTION OF HOIST AND HEADFRAMES

WITH THE DISCOVERY OF ORE CAME

THE NEED TO HAVE ADEQUATE
SURFACE FACILITIES TO HOIST THE ORE
AND WASTE FROM THE MINE AND TO
HANDLE THE ORE, DISPOSE OF ANY
WASTE ROCK AS WELL AS PROVIDE
FOR SUPPORT SHOPS AND FACILITIES.

SPRAY SHAFT COMPLEX WITH ENCLOSED HEAD
FRAME/ HOIST HOUSE, ORE BINS, AND ROCK WASTE AREA C-
1905.

GRAEME LARKIN COLLECTION

VIEW IN THE JUNCTION HOIST HOUSE - 1934, WITH THE
MAN HOIST (1 & 2) IN THE FOREGROUND, SKIP HOIST (3 & 4)
IN THE MIDDLE GROUND AND THE SERVICE HOIST (5) IN THE GARDNER SHAFT COMPLEX — OPEN HEAD FRAME, HOIST
FAR RIGHT HOUSE AND SHOPS C-1906.
GRAEME LARKIN COLLECTION GRAEME LARKIN COLLECTION

While modest head frames and small hoist were adequate
for exploration, their small size was an impediment to
successful mining.

Mining has always been a volume business — the greater
the volume, the lower the costs. From the earliest of days
at Bisbee, the need to maximize the tonnages handled was
apparent. Thus, as the mines expanded, the facilities
related to getting the rock to the surface were improved
and enlarged.

'i‘ JPER »
. NEAR Dou Louis AT J
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Small wooden head frames were
replaced with well designed,
massive steel structures, capable of
supporting forces of the hoist cable
and the loaded cages or skips.

For unknown reasons, the first
head frames built at Bisbee were
enclosed structures, with the hoist
in the same building as the head
frame, something common in the
frigid copper country of northern
Michigan, but seemingly out of
place in Arizona. The Czar,
Holbrook and Spray mines, all
Copper Queen properties were so
designed. With time and probably
for . r(_easons of improving Construction of the Spray hoist house, enclosing the newly-built steel
ventilation, all were later opened, | a4 frame. C-1901

with only the hoist remaining Bisbee Mining & Historical Museum collection

under cover.

By 1910 a number of fine and substantial steel head frames were added to the landscape. These
included the Irish Mag, Junction, Oliver, Hoatson and Briggs of the C & A, the Shattuck was
added as well, while the Copper Queen built the Gardner, Sacramento, Lowell and Spray. The
Spray was the only and last enclosed head frame after 1900. Also, Copper Queen also built the
Holbrook Number 2, but of wood, as the centralized hoisting of muck at the Sacramento had
been adapted.

Centralized hoisting of ore and waste was introduced with the advent of motorized haulage. No
longer did each shaft need to host all of its ores and no longer did the shafts have to be close +
500 feet to make hand tramming practical. The Junction and Sacramento shafts were both
enlarged to five compartments and concrete lined to accommodate the additional tonnages.

In later years, haul distances and substantial elevation differences combined to make it more
practical for each of the operating mines to hoist their own ore. The Campbell, Cole and Dallas
shafts had long been equipped ore pockets for quick and efficient skip loading.

The evolution of the mine hoist had much to do with the advances in steel metallurgy. Stronger
steel allowed for development of safe,
round cables and wide, steel shaft mounted
hoist drums.

The first large hoists at Bisbee were all of
the flat cable type with reel-like drums.
Flat rope (in mining, cable and rope are
used interchangeably to describe what
should be called “wire rope”)  was

An example of flat cable. Approximate width - four inches.
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composed of numerous smaller, multi-wire cables crossing each other and sewn together by
multiple, parallel strands of soft steel wire.

Flat rope hoist at the Gardner Mine when it was just installed -1904. As is typical for double
drum hoist, one side is overwind, while the other side is under-wined.
Graeme Larkin Collection

The early hoists were largely steam driven and each mine had its own steam plant with a number
of large boilers to drive the hoist and later, air compressions and electrical generators were also
steam power. When electricity replaced steam as the most economic form of power, this hoist
was converted to compressed air. By 1938, a small electrical powered round cable, drum hoist
had replaced this magnificent unit.
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While round cable, drum-type hoist were introduced early at Bisbee, few were truly serious hoist
and most were used for light duty work such as men and material movement. By 1934, Phelps
Dodge had installed large, fast skip hoist in both the Campbell and Junction mines. These were
electric driven and, like most electric mine hoist, operated on DC current because it was possible
to better control the hoist. Thus each hoist house had adequately sized motor-generator (MG)
sets to convert the incoming electrical power to DC. An MG set can be seen in the very back of
the below photograph.

The large Allis Chalmers, grooved drum hoist for the number three and four hoisting compartments at the
Junction Shaft, soon after instillation was complete 1934.
Graeme Larkin Collection
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SLIDE 17

MOVING BROKEN ROCK WAS ALL DONE BY HAND

THE INNOVATIONS WHICH CAME TO MINING IN THE EARLY PART OF THE 20™
CENTURY WERE GREAT IMPROVEMENTS, BUT MINING REMAINED A VERY LABOR
INTENSIVE INDUSTRY. IF THE BLASTED ROCK COULD NOT BE MOVED BY
GRAVITY, IT HAD TO BE MOVED BY HAND. EVERYDAY AT EARLY BISBEE,
SEVERAL THOUSAND TONS OF ORE AND WASTE WERE HAND SHOVELED INTO
MINE CARS. IT WAS AN NEVER-ENDING CYCLE. THIS ILLUSTRATION DEPICTS A
MINE CAR BEING LOADED WITH A HAND SHOVEL WITH THE TRAMMER STANDING
BY TO PUSH THE CAR TO SOME
COLLECTION POINT WHEN FULL
OR IF WASTE, TO DUMP IT AS GOB

INTO A NEARBY STOPE AS FILL.

TRAMMER, BISBEE
GRAEME LARKIN COLLECTION OIL ON PANEL, ABOUT 14 X 20 INCHES (1923).
DUMPING A MINE CAR INTO A RAISE - 1939 UNIVERSITY OF ARIZONA MINERAL MUSEUM COLLECTION
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SLIDE 18

THE TRAMMER

KEEP THE ROCK MOVING! THIS WAS THE JOB OF THE TRAMMER . IN ADDITION
TO THE CARS HAND MUCKED, H E ALSO LOADED CARS WITH ORE FROM STOPE
CHUTES. PULLING CHUTES WAS NOT A SIMPLE TASK AS THEY OFTEN HUNG
UP WITH THE STICKY OXIDE ORES OF THE TIME. IT WAS HARD WORK TO FILL
THE CARS. HE THEN PUSHED THEM TO THE SHAFT FOR HOISTING TO THE
SURFACE. HIS WAS A JOB WHICH REQUIRED LITTLE SKILL, JUST BRAWN. IT
WAS REWARDED HOWEVER, AS TRAMMERS WERE PAID THE SAME AS MINERS

GRAEME LARKIN COLLECTION GRAEME LARKIN COLLECTION GRAEME LARKIN COLLECTION
LOADING A CAR AT A CHUTE CLEARING A HUNG CHUTE TRAMMING A LOADED CAR
C-1905 C-1915 C-1915

The trammer was the lowest position in the mines in terms of required skill and was back-
breaking work. All shift long, he loaded and pushed the full cars to the shaft for hoisting and
returned an empty car to the chute to start over again. Because it was so labor intensive, the tram
distance was an important consideration and every effort was made to keep this distance at a
manageable distance of less than 300 feet in one direction.

However, loading cars at chutes was not usually a simple task. The oxide ores were high in clay
like minerals and would often just hang in the chute, apparently defying gravity and would only
fall with much prodding with a long steel bar or eventually with a long pipe connected by hose to
the compressed air line, called a blow pipe. In the worst of cases, dynamite would be attached to
a long wooden blasting stick and placed in the chute to blast the muck free. This was always a
last resort effort, but not altogether uncommon.

When the sticky ore finally would fall, it often did so suddenly and with great force, spilling over

the chute door. Looking into the chute as shown above was a very dangerous and forbidden
practices as one never knew when the muck might fall. The only thing worse was to climb into
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a hung chute for any reason. More than a few did and most never had a problem (including the
author —dumb), but some were less fortunate.

POWDER
S

|~

WIRE BASKET
FOR BLASTING CHUTES

BLASTING STICK

Safety drawing of a wire basket for
blasting chutes - 1955
Graeme Larkin collection

In the sulfide stopers, the hard boulders of ore would jam together and move only with great
effort by the trammer as he poked and pried with the long steel chute bar. When the boulders
broke loose and fell, it was a tense moment for the trammer as his bar was thrust about wildly by
the heavy, falling rocks. Injuries were not altogether uncommon because of this.
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In the above postcard view, the chute door is open, but no muck is coming out No doubt it was wet (as can be
seen) and sticky. His face is mud covered, except where protective goggles (removed for the photograph)
were in place. Loading cars in this very common condition was dirty, difficult and very hard work. C - 1910
Graeme Larkin collection

Using a bar to prod wet, sticky muck
from a chute. Note the use of a
“loading board” between the man and
the muck in the car. It was a safety
feature to protect the loader from
injury if a large rock rolled out with
some force.

C-1915
Graeme Larkin collection
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SLIDE 19

MULES ARE BROUGHT IN TO AID IN MOVING MUCK

HAND TRAMMING WAS EFFICIENT TO ABOUT 300 FEET, ONE WAY. BEYOND
THAT, IT WAS TOO TIME AND LABOR INTENSIVE AND TOO, ONLY A SINGLE CAR
COULD BE MOVED AT A TIME. THE INTRODUCTION OF MULES FOR HAULAGE
MORE THAN DOUBLED THE EFFICIENT TRAM DISTANCE AND THREE TO FOUR
CARS COULD BE MOVED AT A TIME. NOwW THAT’S IMPROVEMENT! THE
MULES WERE WELL TREATED AS ANY IMPORTANT AND EXPENSIVE TOOL WAS
CARED FOR. THEY WERE NOT OVERWORKED, WELL FED AND THE “MULE
BARNS” WHERE THEY WERE STABLED

WERE ALWAYS DRY AND WARM ~~~~~

GRAEME LARKIN COLLECTION GRAEME LARKIN COLLECTION
MULE PULLING FOUR “A” STYLE CARS “MULE BARN, 1500 LEVEL, JUNCTION MINE
C - 1910 1973

A postcard view of a

mule barn in a dry and
well lit area. C - 1910
Graeme Larkin collection
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The introduction of mules into the mines in 1907 for haulage made an important contribution to
the efficient movement of material. . A number of trammers were replaced by these great
animals, thus reducing costs and allowing lower grade ores to be mined. While it was to be an
intermediate step, as trolley motors soon followed further improving haulage. Still, it would be
1930 before the last mules left the mines as they were useful in the small, older workings.

Mules were expensive animals and always treated with care, every effort was taken to assure
their wellbeing. Both large companies had full time veterinarians on staff to take care of these
important animals.  They were well-fed, receiving hay and oats daily. More than one miner
was found to have his lunch pail filled with oats to take home, attesting to the quality.

To enter most of the mines, the mules had to be well trussed and partially sedated. Getting such
a large animal down a shaft safely was no simple task. The Southwest Mine the only mine that
had a cage to allow a mule to enter, but even here they were blindfolded and tied to the cage to
keep them quiet.

A well trussed mule
that has just been
unloaded from a cage.
Note the sand on the
turn sheet to protect the
animal when laid-down.
C-1913
Graeme Larkin collection
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Postcard view of a mule pulling six empty cars. C — 1910. The double track, timber type and
stored pipe suggest the photo was taken on a shaft station.
Graeme Larkin collection

Local lore among the non-miners had it that the mules were kept underground until they became
blind due to the darkness. This was untrue, as there were lights present in many places in the

mines and all mule barns were well lit.

There are numerous humorous tails of miners and mules interacting. Given that both miner and
mules are traditionally stubborn and slow to yield gave a good deal of credence to the stories.
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SLIDE 20

THE MOTOR REPLACES THE TRAMMER AND THE MULE
ELECTRIC TROLLEYS (MOTORS), WERE INTRODUCED IN 1908 AND GRADUALLY

REPLACED TRAMMING BY BOTH MAN AND ANIMAL. BY 1930, ALL MULE
HAULAGE HAD .

BEEN REPLACED BY NG e oo
MOTORS AND HAND 2 o AFTER THIS SIZE WAS
TRAMMING WAS S [ monucen ooz
UNCOMMON. THE )

EARLY MOTORS
WERE SMALL -2 /2
TONS IN WEIGHT ~
AND LACKED THE
POWER TO PULL
MORE THAN JUST A
FEW OF THE LARGE
GABLE BOTTOM
CARS THEN IN USE.
THEY WERE SOON
SUPPLANTED BY 5
AND 8 TON UNITS,
WHICH MET THE
NEEDS

~ o~ o~~~ GRAEME LARKIN COLLECTION GRAEME LARKIN COLLECTION
2 /2 TON MOTOR HAULING “GABLE LOADING A “GABLE BOTTOM” TYPE
BOTTOM” STYLE CARS, C — 1910 CAR FROM A STOPE C - 1910

Motor size matter a great deal for the long hauls required when the Sac was made the central
hoisting shaft for the CQ. The smaller motors were unable to meet the need as their pulling
power (draw bar capacity) was but the equivalent of three to four of the newly introduced 1% ton
capacity gable bottom, side dump cars. Hardly enough to keep the chutes pulled and pockets
full.

Larger motors of several different brands and sizes were introduced and the five ton units were
able to pull just over twice of the load the smaller motors. The eight ton motors pulled almost
four times the load. These units continued to serve the mine well until closure. Only a very few
larger motors were ever used and these for long, regular hauls. On the 1400 Cole to Dallas run, a
15 ton motor with a 24 inch rail gage was used with great success pulling a six car string of five
ton capacity Granby style cars on a consistent waste haul.

Interestingly, the area where this motor was used had three rails. One set on 18 inch gage for
normal traffic and the other with the 24 inch gage for the large motor and cars.
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Three trolley motors of varying size on the 1600 level of the Junction Mine, C — 1916. This was a main haulage
level where ores from the Briggs and Hoatson mines as well as the Junction stopes on this level were all collected
and brought to the Junction Shaft for hoisting.

Graeme Larkin collection

Several styles of storage battery locomotives were
used successfully in the mines as well. The small
“Mancha” trammers was common, while the eight
ton locomotive, such as that show at the left were
less common.

A eight ton storage battery type locomotive pulling a
string of “K” cars in the Campbell Mine ¢-1970.
Graeme Larkin collection
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SLIDE 21

DRILLING BY HAND WAS BOTH HARD WORK AND AN ART

FROM THE BEGINNING OF MINING HERE, UNTIL 1905
ALL DRILLING FOR BLAST HOLES WAS DONE BY HAND.
IN CROSSCUTS, RAISES AND STOPES, MEN WORKED
ALL DAY LONG, FOR SEVERAL DAYS TO COMPLETELY
DRILL A ROUND CONSISTING OF AS MANY AS A DOZEN
HOLES UP TO 41/2 FEET DEEP.

IN CROSSCUTS AND RAISES, THE CONSTRAINED
SPACE HAD ONE MAN DRILLING WHILE THE MORE
OPEN AREAS IN A STOPE OFTEN ALLOWED FOR TWO
OR MORE MEN TO DRILL AT HE SAME TIME. SOFT

OXIDES COULD BE DRILLED BY USING A HAND AUGER.
' e o T THE AUGER WAS A
AR HELICAL SHAPED
PIECE OF STEEL
ABOUT 4 FEET IN HAND DRILLING IN A CROSSCUT
LENGTH C-1903

: _
GRAEME LARKIN COLLECTION

HOLE PATTERN
FOR HAND
DRILLING IN A
CROSSCUT -1910

RAEM ARKIN CO N GRAEME LARKIN
SINGLE JACK, HAND DRILLING IN A STOPE COLLECTION
C-1903

~ o~~~

Before all of the muck from the previous blast had been removed, drilling would start because it
took so long to drill a round. A hand driller was at the top of the skill level of the day. Good
hand drillers were rare indeed and the best were typically Cousin Jacks (miners of Cornish
descent). Hour after hour of hitting the chisel-shaped drill steel with a four pound hammed was
hard work. Holes had to be drilled at all angles making the task ever more difficult, miss hitting
the steel with the hammer and it your hand that was hit with obviously painful results.

After every blow, the steel was rotated a bit to make the hole round and to keep from sticking the
steel in the rock. The first steel used was both the widest and shortest. Steels were changed on
about six inch intervals with each successive steel used slightly smaller at the bit part to make
certain that the next steel would follow the previous.

Holes were not randomly drill. The pattern and the inclination of the holes were vitally
important to assure that the blast accomplished its goal of breaking the rock while maintaining
the opening size, shape, direction and inclination. To be sure the nature of the rock to be broken
played an important role in the hole placement and number. If the rock was hard and competent,
more holes were required. When timber support was to be required, the pattern in the back was
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such that a more or less flat back would be left to facilitate placing the timber. Raw (untimbered)
crosscuts had a hole pattern which would yield an arched back for natural support.

Hand augers were extensively used in the soft, claylike ores to drill holes in material which was a
bit harder than a pick could easily remove. Only one or two sticks of powder were placed in
these typically wide-spaced holes to break this material. More often than not, augers were just
used to make shallow hole to allow for the proper placement of timber.

Hand auger used for drilling
blast holes C-1910
Queen Mine Tours collection
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SLIDE 22

BLASTING USED DYNAMITE

DYNAMITE WAS AVAILABLE FROM THE VERY BEGINNING OF BISBEE AND WAS
USED AS THE PRINCIPAL BLASTING AGENT FOR MORE THAN 80 YEARS. FIRE
FUSE WITH A BLASTING CAP WAS BY FAR THE PREFERRED WAY TO INITIATE A
BLAST IN THE UNDERGROUND MINES.

THE BLASTING CAP WAS ATTACHED TO THE END OF THE FUSE BY THE MINER
BY CRIMPING IT WITH A SPECIAL PLIERS-LIKE TOOL OR A HAND OPERATED
MACHINE WHEN DONE ON THE SURFACE IN BULK.

A HOLE WAS MADE IN THE STICK OF POWDER AND

THE FUSE INSERTED, THEN IT WAS PUT INTO THE

BLAST HOLE.

OTHER STICKS OF

POWDER WITHOUT

PRIMERS WERE

THEN PUT IN THE

HOLE AS WELL.

THE FUSES THEN

TRIMMED TO

VARYING LENGTHS

TO CONTROL THE

BLAST AND THE
GRAEME LARKIN COLLECTION GRAEME LARKIN COLLECTION
FUSE IGNITED A PRIMED STICK OF POWDER FULLY LOADED ROUND IN A CROSSCUT

~m~~~ 1939 READY TO LIGHT C-1900

The use of dynamite to blast was something learned. Among the first things learned was that
more powder did not usually mean a better blast. Well placed and well-timed ignition was far
more important. In fact, the hole was not even usually filled with dynamite.

The first stick placed in the hole contained the blasting cap or primer as it is frequently called.
The cap had been crimped onto a length of fire fuse either by the miner or a powder monkey well
ahead of time to save the miner some time as well as assure uniformity. This primed stick was
pushed to the back of the hole and lightly tamped, to assure that it would stay in place, with a
long, wooden stick, called a loading stick. This was done with some care as blasting caps are far
more sensitive to rough treatment than dynamite. Other sticks were then placed in the hole with
each somewhat tamped into place with the loading stick. Finally an inert material, tamping,
(paper, wrapped sawdust) was put in the hole on top of the powder to help control the blast and
gas emissions.

The fire fuse used was all of the same length for a given blast. This fuse had a definite burning
rate measured in feet per minute. When all of the holes were loaded, the fuse was cut to
determine the blasting sequence, the shorter the fuse, the sooner the hole would go off. The fuse
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was ignited by candles at first then carbide lamp and finally by a hot wire sparkler like device
called a “spitter”.

1890.

Graeme Larkin collection

Right: Number six size blasting caps as used

at Bisbee — 1930.

Right: Apache Powder ad - 1926
Graeme Larkin collection

ts standard
throughout P-D
for
underground
operations

ne  tined

APACHE
POWDER CO.

e rce,

Anrome

Empty 50 pound Giant Powder dynamite box from

In a blast, center holes were always shot
first and they threw a small amount of rock
out to develop an open space for the
remainder of the holes to break to, Lastly,
the bottom holes (lifters) would fire to
throw the broken rock back from the face to
allow for easier mucking from the steel
sheet as well as provide space for drilling to
begin as soon as possible.

From 1923 onward, Apache Powder Company
dynamite was the most commonly used explosive in the
underground mines at Bisbee.

Two empty 50 pound boxes and a roll of fire fuse and a
pair of cap crimpers.
Graeme Larkin collection
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While dynamite was a safe explosive, it was expensive and the nitroglycerine in the dynamite
and the smoke following a blast caused intense headaches, if one were overexposed. In the early
1960s, dynamite was largely replaced by a blasting agent manufactured by Apache Powder and
marketed under the trade name of “Carbamite.” This blasting agent was an oxygen-balanced,
free flowing mixture of blasting grade ammonium nitrate with approximately 6% No.2 fuel oil.
The oil contained a dye which gave the product a distinctive red color so as to be readily visible
when a hole misfired or the product spilled. The blasting agent was loaded via a pneumatic
venturi tube to suck the material from the sack and fill the blast hole using modest air pressure.

Dynamite was still used — one primed stick per hole — to detonate the Carbamite and if there was
water around or the ground badly fractured, dynamite was used exclusively. Typically reluctant
to accept anything new, the miners quickly adapted to using the new blasting agent as it was
quick and easy to use and the problem of “powder headaches” largely disappeared.

FIG.»  ROUND LOADING PROCEDURE

Procedure for loading blast holes with dynamite and/or Carbamite
as indicated by ground conditions. Phelps Dodge, 1968
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Missed holes — the greatest explosive related danger a miner
faced!!! Sometimes and for various reasons one or more holes
in a blast would not fire or only partially fire. These were
missed holes, often hidden in the short raiment of a drill hole,
or “bootleg” from a previous blast. You never drilled into a
bootleg — never.

While the miners took every precaution to prevent a misfire,
they still were common. The miners loaded the blast holes
with care, assuring the fire fuse was undamaged and well
placed with no sharp bends or kinks. Blasting caps well
placed in the first stick of powder and all subsequent sticks
tamped into contact with the first stick. The miners carefully
lit the fuses and were sure they were burning before walking a
safe distance to wait and count the reports as each hole fired —
one-by-one. All recognized missed holes were reported to the
shift boss and was carefully noted on the “Missed Hole”
board; prominently placed on every station.

The on-coming shift would check the Missed Hole board on
the way to their working place. Even if no missed hole was
reported, precautions were taken. First the face and muck
pile were thoroughly wet down and inspected. As mucking
progressed, further inspections were made. Most often,
nothing was found.

If a missed hole was found or known to exist, the miner was
faced with the troublesome, but relatively safe task of either
cleaning out the residual powder using a long copper
“spoon” made from the heavy trolley wire. Copper was
used because it was no-sparking and thus a bit more safe
around the sensitive blasting caps. Alternatively, using a
new primer and stick of powder, the miner could try to blast
the hole, usually at lunch time. Both were standard and safe
approaches but time consuming.

It was equally dangerous to hit a missed hole with a pick
while digging. More than a few men had the extremely
unfortunate experience of doing so. Some were killed, some
blinded, but all were badly hurt as were those nearby. These
types of accidents were totally avoidable.

HE WILL NCVER DRILL IN ANOTHER BOOTLEG

NGNS &

Safety cartoon C-1960 illustrating the risk of
drilling into a bootleg.

Graeme Larkin collection

A safety photo C-1915 taken where a man was
killed from drilling into a missed hole. Note
that the drill column was blasted off the bracing
blocks.

Graeme Larkin collection
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A safety photo C-1915 of missed holes that
were completely cleaned around. The bulge in
the wall is a clear indication that the blast was
incomplete and that missed hole are almost
certainly present.

Graeme Larkin collection
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SLIDE 23

DRILLING CHANGED FIRST

DRILLING BLAST HOLES BY HAND WAS THE MOST LABOR INTENSIVE PART
OF THE MINING PROCESS AND IT REQUIRED THE HIGHEST SKILL LEVEL.
TRULY SKILLED HAND DRILLERS WERE NEVER ABUNDANT, THUS THE NEED
TO DEVELOP AN ALTERNATIVE WAS EVERMORE PRESSING AS THERE WAS
ALMOST ALWAYS A SHORTAGE OF HAND DRILLERS. PNEUMATIC DRILLS
FILLED THIS NEED AT BISBEE EARLY IN THE 20™ CENTURY.

THESE HEAVY, COLUMN
MOUNTED MACHINES MADE
DRILLING FASTER AND LESS
SKILLED MEN COULD NOW
PERFORM THIS VITAL TASK.

THE CLEARLY STAGED
PHOTO AT THE NEAR RIGHT
(DRILL IS SET 90° TO THE
WAY THE COLUMN IS
BLOCKED, AN UNSAFE
POSITION TO WORK) SHOWS
AN EARLY, DRY DRILL.
NOTE THE SUBSTANTIAL
DUST BELOW THE LARGE GRAEME LARKIN COLLECTION GRAEME LARKIN COLLECTION
HOLES DRILLED IN THE EARLY BAR AND COLUMN SETUP BAR AND COLUMN WITH DRILL
FACE OF THE CROSSGUT .. . C-1908

Miner assisted by a mucker removing the
heavy drifter from the column setup in the
Campbell Mine — 1939.

Graeme Larkin collection
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The first pneumatic drills (called drifters or Leyners) were very heavy and two men were needed
to mount or move the drill on the column Because of the weight and need for stability these
machines were, by necessity, mounted on stout columns with adjustable, horizontal bars which
supported the drill in a saddle which allowed for some positioning of the drill The columns were
secured by tightening massive bolts on the base which put pressure on wooden blocks at both the
top and bottom.

The drills were noisy beyond belief and the early ones were dry machines which generated
clouds of dust. Both the noise and dust were very real health hazards. Progress had brought with
it new problems which were overcome in a few years, but more than a few miners suffered from
long term exposure to the very fine dust.

Ad for drill steel showing both the
conventional steel with the bit formed on
the steel as well as steels which could
accommodate screw-on, detachable bits -
1949

Graeme Larkin collection
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DETACHABLE BITS Ad for screw-on, detachable bits -1949

l | Graeme Larkin collection
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SLIDE 24

DRILLING BECAME EASIER IN STOPES AND RAISES AS WELL

THE COLUMN MOUNTED DRILLS WERE ADAPTED FOR USE IN STOPES WITH
GREAT SUCCESS. VERTICAL DRILLING, SUCH AS IN RAISES WAS DONE USING
STOPER DRILLS. THESE WERE MUCH SMALLER AND LIGHTER THAN THE

COLUMN DRILLS AND EMPLOYED A PISTON TO APPLY THE NEEDED PRESSURE
AGAINST THE ROCK DURING DRILLING. THESE

WERE NON ROTATING DRILLS AND THE MINER

HAD TO CONTINUALLY MOVE THE DRILL BACK

AND FORTH TO PROVIDE ROTATION. THE EARLY

DRY MACHINES COVERED THE MINER WITH FINE

DUST WHICH ALSO FILLED HIS LUNGS AND

CAUSED “MINERS CONSUMPTION” ~ SILICOSES.
= A . SO R

T ﬁ A
5 A b o 1 3 -
MY LOAREE - 2w Y
: ~. i ‘

GRAEME LARKIN COLLECTION GRAEME LARKIN COLLECTION
EARLY BAR AND COLUMN SETUP IN A STOPE C-1908 Ifadatadiad STOPERDRILL INUSE C- 1915

Early stopers were a mixed blessing at best. To be sure, they made drilling in a vertical or near
vertical position much, much easier. Now, however, choking clouds of dust were made by these
dry machines. All of the dust fell directly back on the miner and he was forced to breathe the
fine rock particles.

For the most part, this fine rock dust was just a temporary irritation, but where there was any
quartz or other forms of silica in the rock, this dust became potentially lethal, over time. The fine
grained silica particles lodged in the lungs and the body reacted by trying to reject them by
surrounding them with liquid. With continued and extended exposure, the lungs became scared
and partially filled with fluid, making breathing difficult. Because this was so very similar to the
— then very common tuberculosis (consumption), and as it was largely restricted to miners, it
earned the name, “miners’ consumption”, a simple name for a horrible industrial disease which
killed so very many. Soon these drills were known as “widow makers” as they sent many a man
to an early grave and left many widows.
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ENGINEERING

Huylng

(14 '} 99 That’s all d
lt S a waugh an:vj 2boi:uan§:op::

Octolwer 7, 1016

The first successiul air-feed
Wiaugh' and the name has since been syn-

onvmous with “'standard design” for stop-

ing drills, The Waugh "Valveless' Stop

ersrepresent the highestdevelopment ol

this type of drill yvet produced and

are the result of unremitting study

given to the subject of efliciency in

stoping drills.  With "'Waugh'

drills in vour stopes youn insure

the greatest economy of re

pairs obtainable, rapid drill-

g, minimum of steel break-

age and contented drill

runners—due to their

case of rotation

One of the 122 "Waugh'
Stopers used by the Copper
Queent Comsaliduted Minimg
Campany of Bishee, Arzona

Large users of stoping Jdrills
who demund the best bave
stundurdized  “Waughs.”

AND MINING JOURNAL

sloper was i

Sechion

We  positively  claim

that “Waugh'™ Stopers

will drill the greatest

footage on the least air

with the smallest cost

of maintenance.  They

are designed in different

sizes adapted to all classes

of rock and for cither low

or high pressure.  Also they

may be equipped with a most

effective spray attachment for
allaving the dust

T \ v ook \ Fm\:\}m\\\f\\\q Q.

Denver, Colo.

[ TTPANE Miehi., b, Mo

Kingmian, Aris, Jog
Canadian Wock Drill Compaay. Limited
Relfirar Aperet
18 Sowds 3. Tamttn, (et . Selsim, BL €

2

winy, Datte, Momt
wutS Afrhen

1914 advertisement featuring the type of stoper used at Bisbee.

Graeme Larkin collection
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SLIDE 25

EACH BLAST WOULD NOW GIVE MORE LENGTH TO THE WORKING

MACHINE DRILL HOLES
WERE MUCH LARGER IN
DIAMETER AND COULD
BE DRILLED DEEPER.
THUS EACH BLAST
WOULD NOW GIVE
NEARLY SIX FEET OF
ADVANCE INSTEAD OF
JUST THREE - FOUR FEET.
HOLE PLACEMENT AND
ALIGNMENT WERE STILL
IMPORTANT TO
ACCOMMODATE THE
ROCK CONDITIONS

GRAEME LARKIN COLLECTION
HOLE PATTERN FOR COLUMN MOUNTED DRILL
1910

DRILLING AT THE WORKING FACE,
BISBEE
WILLIAM DAVIDSON WHITE
OIL ON PANEL, 14 X 20 INCHES
(UNDATED, C-1923)

FULLY LOADED
ROUND IN A
MACHINE
DRILLED
CROSSCUT
(ABOVE)
C-1915
GRAEME LARKIN
COLLECTION

UNIVERSITY OF ARIZONA
MINERAL MUSEUM COLLECTION

In the photo at left, each of the bumps in the
back and ribs reflects the length of crosscut
advance per blast — just over five feet. This was
drilled by a column mounted machine in the
1912 — 1915 era. Its height and width suggest
that it was driven with long-term use in mind.

Crosscut on 4™ level Southwest Mine -1957
Graeme Larkin collection
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SLIDE 26

SMALLER, HAND HELD DRILLS WERE USED AS WELL

AS THE DRILLS IMPROVED IN POWER AND BECAME LIGHTER, HAND HELD
DRILLS BECAME PRACTICAL FOR USE IN
SOME APPLICATIONS INCLUDING
CROSSCUTS AND STOPES IN CASES
WHERE SOFTER GROUND CONDITIONS
ALLOWED SUFFICIENT PRESSURE TO BE
APPLIED BY THE MINER USING HIS BODY.
THESE HAND
HELD
MACHINES
WERE QUITE
ADAPTABLE TO
VARYING
CONDITIONS
AND WERE
CHEAPER. FOR
THESE
REASONS, THEY |[.» .
WERE FavoReD | & ‘ T e

BY LEASERS = OIL ON PANEL, 14 X 20 INCHES
(UNDATED, C-1930)

GRAEME LARKIN COLLECTION UNIVERSITY OF ARIZONA
HAND HELD DRILL IN USE C - 1915 MINERAL MUSEUM COLLECTION

Hand held drills or, pluggers as they were called, were used very early on in a number of areas.
They were largely restricted to the softer ground as they lacked the power of the larger and much
heavier column mounted machines. And too, they were always used to drill downward or
horizontally as the piston in the drill depended on gravity to aid in delivering the needed force.

These drills were quite versatile and cheaper than their mounted kin, thus they were very much
preferred by the always budget conscious leasers. Their smaller size made them perfect for the
typically small spaces they worked. However a day of holding one of these drills was quite
tiring. Someone came up with the idea to drill the first hole in the back of the working face, put
an eye bolt in it, run a rope through the eye bolt and suspend the drill, adjusting it as necessary.
Doing this, the miner only had to push the drill forward and not support its weight as well.

What an idea!! It made drilling with these little machines so much easier. Local lore has it that a
Mexican miner working for a leaser came up with this idea, in any event, it was forever called
the “Mexican set up” as a drill mounted on a column was called a set up. This was used in the
mines into the early 1960s, long after the leasers left the mines.
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Crosscut on 5™ level Southwest Mine
Graeme Larkin collection

This exploration crosscut was developed
using handheld, plugger drills in the 1930s
by leasers. The drill type is indicated by the
short distance between blasts (3 feet) as
shown by the bulges in the left rib.

The small size indicates it was not expected
to see anything other than hand tramming
and modest use.

Cochise brand plugger drill ad
(top) and an example below, both
C-1920
Graeme Larkin collection
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SLIDE 27

THE MOVE TO MACHINE DRILLING WAS SEEN AS IMPORTANT

THE MOVE TO MACHINE DRILLING WAS SUCH AN IMPORTANT
INNOVATION THAT MOST MINING COMPANIES WANTED TO SHOW THEY
TOO EMPLOYED THIS NEW TECHNOLOGY AND WERE, BY ASSOCIATION,

MORE EFFICIENT AND THEREFORE MORE PROFITABLE.
THE STOCK CERTIFICATE

VIGNETTES FROM ALL THREE OF
THE BIG PLAYERS AT BISBEE
CARRIED IMAGES WHICH
DEPICTED SOME FORM OF
MACHINE DRILLING. THIS
CONTINUED FOR YEARS AFTER
THE APPLICATION OF THESE

VIGNETTE OF THE CAUMETAND AIZONA - 1909
DEV]CES WAS COMMONPLACE GRAEME LARKIN COLLECTION

3 .\?'v -

ey -

VIGNETTE OF PHELPS DODGE -1952 VIGNETTE OF THE SHATTUCK DENN - 1925
GRAEME LARKIN COLLECTION GRAEME LARKIN COLLECTION

The design of stock certificates was and indeed, remains an art. One where the company is
attempting to send a message of stability, strength and profitability so as to be able to pay
dividends and increase the share value. For mining companies in the early part of the 20"
century, it was common to have mining scenes as the vignette and many of the companies
working at Bisbee did just this.

This practice changed somewhat about mid-century when more art-based illustrations began to
appear.
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SLIDE 28

DRILLING EQUIPMENT CONTINUED TO BE IMPROVED

THE DUAL BOOM JUMBO, WHICH HELD
TWO DRILLS, WAS INTRODUCED IN 1948
FOR USE IN CROSSCUTS. IT WAS A TRACK
BASED CART HELD IN PLACE BY A PAIR OF
PNEUMATIC PISTONS. VERTICAL AND
HORIZONTAL ADJUSTMENTS WERE MADE
WITH A “COME ALONG” TYPE CHAIN
HOISTS. CERTAINLY PRIMITIVE BY
TODAY'S STANDARDS, BUT IT WAS A HUGE
IMPROVEMENT. THESE WERE USED UNTIL
MINING CAME TO AN END.

JACKLEG DRILLS WERE A GOD SEND TO
THE STOPE MINER. THEY WERE MUCH
LIGHTER AND COULD BE USED MOST ANY
PLACE. A CONTROLLABLE PISTON LEG
ALLOWED RAPID VERTICAL ADJUSTMENT
AND APPLIED THE NECESSARY
PRESSURE AGAINST THE ROCK AS WELL.
THEY WERE FIRST INTRODUCED IN THE
VERY LATE 1950Ss AND CONTINUED IN
USE TO THE END ~~~~

GRAEME LARKIN COLLECTION

SETTING UP A DUAL BOOM JUMBO IN THE
CAMPBELL MINE -1950

S 4 f

GRAEME LARKIN COLLECTION

DRILLING WITH A JACKLEG ON THE 2833 LEVEL
CAMPBELL MINE -1973

Ad from Phelps

Dodge showing the
use of a jackleg drill

underground at
Bisbee -1970

Graeme Larkin collection
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SLIDE 29
THE EVOLUTION OF INDIVIDUAL MINE LIGHTING
~~ CANDLES ~~

NOTHING IS SO IMPORTANT TO A MINER AS HIS PERSONAL LIGHT - IN THIS
WORLD OF ABSOLUTE DARKNESS. FOR THE FIRST 30 YEARS, MINERS AT
BISBEE LABORED IN THE DIM LIGHT OF
ONE CANDLE PRE MAN. THESE WERE
CLIPPED IN FORGED, STEEL CANDLE
STICKS WITH A LOOP HANDLE AND A
SPIKE END TO STICK IN TIMBER AND A
HOOK TO HANG ON A ROCK. THIS FEEBLE
SOURCE OF ILLUMINATION WAS ALL THAT
WAS AVAILABLE UNTIL 1910, ~~~~~

CANDLES IN
CANDLE STICKS IN
USE -IN A
SQUARE SET
STOPE (FAR R)
AND WHILE
GOBBING A STOPE
NOTE HOW THE
HIGH HUMIDITY
HAS GIVEN AN
AURORA EFFECT
TO THE CANDLE
LIGHT C - 1905

GRAEME LARKIN
COLLECTION

SAN FRANGISCE. GALIF
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Stearic acid candles were preferred as the incorporation of this, now common, additive made the
wax harder and the candles burn longer, thus they were better suited to the typically rough
treatment. Of course, the longer burning aspect was important to the mine owners who had to

buy the candles for the miners.

O R I'(—ifN,gL Y.

Mining candle box, candles and
candle holder, all C — 1895
Graeme Larkin collection




Mining candle box, C — 1895
Graeme Larkin collection
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Miners at the Spray Shaft, C — 1895. Note the number of candles evident in the pockets of the men on the left.
Candle wax is visible on the clothing of several of the men as well.
Graeme Larkin collection
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SLIDE 30

THE EVOLUTION OF INDIVIDUAL MINE LIGHTING
~- CARBIDE LAMPS

THE INTRODUCTION OF CARBIDE LAMPS BEGAN IN 1910 AND THE
TRANSITION FROM CANDLES WAS COMPLETE BY 1915. THESE LAMPS
PRODUCED FROM 10 TO 12 TIMES THE LIGHT OF A SINGLE CANDLE. THE
BENEFITS OF MORE LIGHT ARE OBVIOUS — IMPROVED SAFETY, AND BETTER
PRODUCTION. THEY WERE CHEAPER TO USE THAN CANDLES. FIRE DANGER
WAS REDUCED, AS BURNING CANDLES, SET ON TIMBER AND FORGOTTEN,

WERE THE SINGLE GREATEST

CAUSE OF FIRES AT BISBEE.
THE COPPER QUEEN HAD A
LAMP MANUFACTURED FOR

ITS MINES BY JUSTRITE IN
1912 WHICH IS MARKED
“COPPER

GRAEME LARKIN COLLECTION
MEN USING CAP LAMPS GRAEME LARKIN COLLECTION : e
RE-RAILING AN “A” STYLE CAR MEN USING STOPE LAMPS IN A BISBEE MINING & HISTORICAL MUSEUM COLLECTION
C -1915 STOPE C - 1915 SUPERINTENDENT STYLE LAMPS IN USE IN
THE CZARMINE C - 1916

Cap style lamp fitted with a candlestick holder
(left) — 1916. This allowed it to be stuck in a
timber just as the earlier candlesticks were used.
Graeme Larkin collection

.,ﬁ;".,,,‘ﬁ’
|

' |
2

A A

291




The carbide lamp came in several types, hand held lamps with a bale and a hook, often referred
to as “stope lamps’ as a stope miner could hang the lamp by its hook in a convenient place, and
the much smaller, cap lamps which attached to a soft cap. Cap lamps afforded "hands free" light
and the ability to move about or work in narrow area where hanging the lamp was not practical
as a shadow would result from working in front of the light. Superintendent style lamps were, as
the name suggest, used by supervisors and engineers. These were fitted with wire handles and
lacked both the hook of the stope lamp and the cap bracket of the cap lamp. They were typically
a bit smaller than the stope lamps as well.

The lamp its self was made up of two chambers. The lower chamber which screwed off from the
upper one contained the small chunks of carbide which were very much like crushed gravel.

The upper chamber was filled with water. A tap protruded into the lower chamber from here. On
top of the lid was a small handle for the tap which when turned
on allowed a drip flow of water into the lower chamber and on
to the carbide. This fusion of water and carbide produced
highly flammable acetylene gas which traveled up through the
upper chamber and out through a nozzle on the front of the
lamp. The front of the lamp consisted of a shiny reflector, the
nozzle and a small flint (similar to a cigarette lighter). When
the miner wanted light he turned on the water tap and flicked
the flint to generate sparks and out shot a burst of flame like a
mini blow lamp.

Inside
Construction

Left: A stope type carbide
lamp in use.
Graeme Larkin collection

1. Warer Cuap.

2. Removable Valye Stem

i. Tip Protcctor,

4. Spring to hold Warer Cuap.

5. Locking Clamp.

&4, The Spiral Valve Stem~—~the devicethat
feeds the water steadily and evenly to the
carbide, Tt is not affectod by shaking and
jarring. Cannot beeak or ger out of order.
An exclusive Justrite feature. Muintains
uan even flow of las and uses up cvery bic
of carbide without waste,

Cutout view of a Justrite Uncle Sam
lamp — 1916. This was a common lamp
used at Bisbee
Graeme Larkin collection
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(FRAGE MARK

save you from $9.00 to $11.00

per man, per year, as compared
with candles—and give more
and better light 9% “THE LAMPS THAT PUT

DAYLIGHT UNDERGROUND™"

Carbide Lamps will

Here is the story of carbide lamp satisfaction all wrap-
ped up in the word “‘Justrite,’” The reason is funda-
mental—the same as for other products of merit, It
taok the best material, splendid workmanship and
practical workaday knowledge of ore mine conditions
to produce it. There was a need for a lamp producing
a steady, penetrating flame. The Justrite is just sueh
Light, Bach lamp is strongly made of brass or alumi-
num; equipped with self-lighter, and apecial water fecd

No. 101 Lamp oaly—26 Gauge Brass which eliminates clogging and produces a steady flow
No. 103 Lamp oaly—22 Gauge Brass (Extea heavy! of gas.

Made of polished brass—d-

hour capucity — 6.7 _candlo- Cap Lamps

power - furnished with an

extra hottom on packe: ears Lighter Attachment

bide can as desired, Equip- R e
ped with a steel candlestick LEVER FEED SPIRAL

and hook — self-dighter and

2}-in. Reflector, 3vin, Reflector
the “Jewel” Metal Tip. ;

We make o number of
2 models in Cap Lemps—
If you are not using / equipped with round or

Justrite Lamps you are it hoolis-- oo datalos.
paying 50% more for ks
your mine light.

Seamless Aluminum
“LITTLE GIANT"

We make many different Superintendent’s
models of Carbide Lamps.

A suitable lamp for every . Lamp

mining purpose—send for Nickel Plated
catalog showing our com-

plete line. Free for the

asking.

Justrite Manufacturing Co.

Dept. C.
Southport Ave.

Chicago, - - U. S. A.

Justrite carbide advertisement from 1916
Graeme Larkin collection
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Justrite aluminum stope lamp model 110, as made specifically for the Copper Queen Consolidated
Mining Company C- 1915.
Graeme Larkin collection
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A pair of group photos of miners with their carbide lamps and lunches prior to going on shift. Top — Czar
Mine, C —1928; Bottom - Junction Mine, C — 1935. Interestingly, some of the lunches are in paper sacks,
something fairly rare because the mine rats could easily gain access. Perhaps these are new men or
surface workers.

Graeme Larkin collection
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SLIDE 31
THE EVOLUTION OF INDIVIDUAL MINE LIGHTING
-~ ELECTRIC CAP LAMPS —

ELECTRIC CAP LAMPS WERE FIRST INTRODUCED HERE IN 1938 AND THEN
ONLY IN THE CAMPBELL AND JUNCTION DIVISIONS. BY 1944, ALL OF THE
MINES WERE USING THE ALKALINE WET CELL MANUFACTURED BY THE
EDISON COMPANY. THESE MORE THAN DOUBLED THE AMOUNT OF LIGHT A
MINER HAD TO WORK BY. IN 1965, THESE LAMPS WERE REPLACED WITH
SEALED, LEAD ACID BATTERY WHEAT MARK Il LAMPS WHICH FURTHER

GRAEME LARKIN COLLECTION GRAEME LARKIN COLLECTION
MINERS USING EARLY EDISON CAP LAMPS, CUTTING ENGINEERS WITH WHEAT MARK Il LAMPS WAITING FOR THE
FUSES IN A STOPE IN THE CAMPBELL MINE- 1939 CAGE, 2700 LEVEL STATION , CAMPBELL MINE - 1974

The Edison alkaline battery proved useful for lighting railway cars and signals, maritime buoys,
and miner’s lamps. This storage battery
eventually became Edison's most profitable
product.

OF MODERN While the Edison mine lamp was a true
MINE SAFET benefit to the miner, it did have its
: | drawbacks. The lamps would leak the
alkaline electrolyte if tipped sufficiently.
Bending over for any length of time or
working in a prone position, common when
shoveling gob in a stope, would almost
always result in the fluid leaking out and onto
the miner. The strong solutions from these
batteries burned many a miner’s backside.

Advertisement for Edison cap lamps of
the same type as used at Bisbee after
1950 296

Graeme Larkin collection




Also, the bulb, which had two filaments, was held in place by the pressure of the lens. When the
glass was broken, the bulb would pop out, leaving the man in the dark.

Shift boss, Keith Lemon (L) and geologist Geologist Richard Graeme, with Wheat Mark
Richard Graeme, with Wheat Mark Il I lamp in the Campbell mine — 1972
lamps in the Campbell mine — 1974 Graeme Larkin collection

Graeme Larkin collection

The Wheat lamps were excellent lights with very well sealed batteries. Few burns ever resulted
from the use of these exceptional lamps. The two-filament bulbs in these lamps were held in
place with a twist. It could be focused from spot to wide by a simple turn of the knob on the lamp
head.

Each miner had an assigned lamp. A number was stamped on a metal tag attached to the battery
case. One never took some else's lamp, ever. It was the miner’s responsibility to always return it
to the proper slot on the charging rack and make sure it was charging before left.

Both of types of electric lamps were extremely durable and seldom gave the miner any problem.
If there was a problem, the miner would tie a knot in the cord as he placed it in the charging rack
at shift’s end. The lampman would check the rack at the end of every shift and take any lamps
with knotted cords to his work bench and usually have it back on the rack and charged before the
man came back on shift the next day.
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On periodic Sundays, the electrolyte levels were checked and filled as needed, by a mine
electrician.

T

]

Lamp charging rack at the Queen Mine Tours was identical to those used in the mines from 1967 to 1975
Graeme Larkin collection
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SLIDE 32

SELECTION OF MINING METHODS

THE SELECTION OF HOW TO MINE AN OREBODY WAS A VERY IMPORTANT
DECISION AS MINING COSTS VARIED DEPENDING ON THE AMOUNT OF TIMBER
AND LABOR REQUIRED TO REMOVE THE ORE. IF THE MINING COSTS WERE
HIGH, THEN THE GRADE OF ORE MINED HAD TO BE HIGHER TO COVER THE
ADDITIONAL COSTS. THUS, SOME POTENTIAL ORE COULD
BE LOST IF A HIGH COST TECHNIQUE WAS SELECTED.
FOR THE MOST PART, THE STABILITY OF THE ORE AND THE [
HOSTING ROCK DETERMINED THE METHOD TO BE USED
AND THE MAJORITY OF THE OXIDE ORES WERE SOFT AS
WAS THE SURROUNDING ROCK. THIS REQUIRED A GOOD
DEAL OF TIMBER TO HOLD THE GROUND IN PLACE.

THE CHANGE FROM GOOD, COMPETENT ROCK WHICH
NEEDED NO SUPPORT TO VERY SOFT AND WEAK ROCK
THAT COULD BE DIFFICULT TO KEEP OPEN WAS OFTEN
VERY ABRUPT. THE EARLY ORES WERE ALMOST ALWAYS
SOFT AND UNSTABLE WHICH FORCED THE CHOICE OF
MINING SYSTEMS WHICH PROVIDED A GREAT DEAL OF
SUPPORT. SQUARESET TIMBERING COUPLED WITH
FREQUENT BACK FILLING OF MINED AREAS WAS THE MOST  GRAEME LARKIN COLLECTION
COMMON. IN FACT, UNTIL 1912, 100% OF ALL ORE MINED  crosactr nome mie
USED THIS SYSTEM. SQUARESET MINING WAS USED TO ABRUPT CHANGE IN ROCK

FROM COMPETENT TO
MINE SOME ORES UNTIL THE VERY END IN 1975 ~~~~ HEAVY TIMBER SUPPORT

1910

A mining method was selected based on the factors of the size of the ore body, its value (a
function of ore grade and recovery of the metal by processing) and the physical nature of the
rock — both ore and hosting waste. Other factors such as blocks of waste in the ore, shape —
irregular vs. somewhat symmetrical, were important factors to consider after the other conditions
were determined. It was these sets of criteria which combined to determine the use of squareset
mining at Bisbee. This choice was a considered decision because so much timber was needed; it
was expensive from both the materials and labor perspectives.

Bisbee’s ore bodies were very irregular in shape which precluded some other methods because
less than complete ore extraction or excessive dilution by waste rock would have occurred. Also,
most of the orebodies had internal zones of low-grade or waste that needed to be left in place.
This precluded some of the caving methods.
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Though expensive, for Bisbee the squareset method was the most practical, just as it had been at
the Comstock Lode in Nevada where this ingenious system of timbering had been devise in late
1860.

= N

The classic graphic of the Comstock Lode mining methods — 1876- with squareset stoping in the center and very
much as practiced at Bisbee a few years later.
Library of Congress collection
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SLIDE 33

SELECTION OF MINING METHODS

BEFORE 1912, ALL OF THE ORES MINED AT BISBEE WERE REMOVED USING
SQUARE SET METHODS WHEN CHANGING ORE AND ROCK TYPES BROUGHT
ABOUT THE INTRODUCTION OF OTHER MINING TECHNIQUES. EXTREMELY
SOFT ORES IN WEAK ROCK BEGAN TO BE MINED WITH TOP SLICING. THE
MASSIVE SULFIDES WHICH WERE BECOMING MORE COMMON WITH
INCREASING DEPTH, WERE MINED USING THE CUT AND FILL METHOD.

THESE WERE THE MINING METHODS USED BY PERCENTAGE
1910 TO 1938

THREE PRINCIPAL %
METHODS USED OVER 100
THE YEARS. ALSO, 0

VERY SMALL
TONNAGES WERE
MINED BY SHRINKAGE
TECHNIQUES

80
70
60
50

OFF AND ON FOR THE 40
PERIOD, 1925 TO 30
1944, BLOCK CAVING
WAS USED, WITH
MIXED SUCCESS, IN
THE EAST OREBODY

20 —MmMmMmMmMmM ——— — 0
10

[0}

1938
1910 e SQUARESET TOP SLICE e=ssCUT & FILL

The selection of mining methods employed over time was driven by several factors. To be sure,
the deepening of the mines give access to less altered sulfide orebodies which were in more
competent rock was an important factor in the increase of cut and fill mining. Equally important
was the fact that men of lesser skills could effectively mine in this environment and good, skilled
miners became more and more rare over time. Costs were also a driver, as mine timber was
becoming much more expensive. Also, cut and fill was less labor intensive, as the rock was
moved less often.

Top slice mining was both timber and labor intensive and thus expensive. The increase in this
approach was a result of the perfection of this mining technique in mining ores that could not be
exploited by other methods. The easily mined ores were gone, now there was little option but to
mine the more difficult, albeit at an increased cutoff grade.
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SLIDE 34

JUST HOW UNSTABLE WERE THE ORES?

MOST OF THE ORE MINED IN THE EARLY DAYS WAS IN A CLAYLIKE MATERIAL
WHICH HAD ABSOLUTELY NO STRENGTH AND WAS OFTEN PLASTIC AND WOULD
FLOW UNDER PRESSURE, EASILY PUSHING THE LARGEST OF TIMBERS ASIDE.
WORKINGS OFTEN HAD SOLID WALLS OF 12”X12” TIMBER TO KEEP THE AREA
OPEN. THE UNRELENTING FORCE WOULD SOON DISTORT THE MASSIVE
TIMBERS AND FILL IN THE OPEN SPACE. THE BEST STRATEGY WAS TO GET IN
AND MINE AS QUICKLY AS POSSIBLE, BACKFILL FREQUENTLY, AND GET OUT

i .
QUICKLY. SOMETIMES, ey
QUICKLY” WAS SEVERAL . e e

YEARS OR MORE. OFTEN
ORE WAS LOST BECAUSE
THE GROUND COULD NOT
BE CONTROLLED. NOTE
THE EFFECTS OF MOVING
GROUND WHERE THE
SQUEEZING HAS FORCE
THE POST TO BE CUT TO
ALLOW ACCESS TO THE
CHUTE AND HOW LOW
THE DRIFT HAS BECOME.
ALSO, THE DISPLACED , v A8 ' -

POSTS JUTTING OUT OF GRAEME LARKIN COLLECTION GRAEME LARKIN COLLECTION

HEAVILY TIMBERED AREA DISTORTED BY HEAVY TIMBERING IN A
THE RIGHT RIB PRESSURE— 1915 DRIFT — 1910

While the vast majority of mining was in relatively competent rock, some took place under
extremely difficult rock conditions. Several types of rock environments required extraordinary
efforts to safely and successfully mine. Running ground was a generally used term to describe
the material in which it was the most difficult to drive and maintain openings.
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The early ores mined at Bisbee were all thoroughly
oxidized, ores often surrounded by soft plastic clay-like
masses that had no inherit strength and would collapse
if not totally supported — always. Later, some of the
sulfide ores discovered were surrounded by
unconsolidated, granular pyrite. The miners called
these “sugar sulfides” as it flowed much like granular
sugar. Clearly, this material had no strength and had to
be supported. In both cases, not only was support
important, but it was also essential to keep the material
from oozing or flowing into the open space the miners
were creating with their workings, as this would allow
voids to develop around the supporting timber.
Unsupported voids always represented a place for a
collapse to occur and were always tightly timbered.
The illustration to the right is an approach for cribbing
open spaces at the Copper Queen Branch.

The very arduous task of advancing openings in running
or other badly broken ground was referred to as
“spiling.” This required the
physical driving of 4” X 6”
boards which had been
tapered on one end to aid in
their penetration of the
unstable ground. The
driving of the spiling boards
was one of force using 20
pound double-jack, type
sledge hammers, swinging a
heavy  rope  supported
timber, a pneumatic drill
with a wide, flat steel
inserted or some other
means of pounding.

In  running ground, the
spiling boards had to be
driven side by side, with no , ' 1) P @
space in between. This was A e s N A U

done not only in the back, et LN % & e — —
but also along both sides
(ribs). Breast boards were

FIG. 2. TO® AND SIDE SPILING AND BREAGT-BOARDS. SOOMS NOT SMOWN.

in the faf:e to contain th_e A schematic diagram of timber placement while spiling at the Copper Queen
muck until the back and ribs ~1920.
had both been secured, and Graeme Larkin Collection
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then removed one at a time and the muck removed. An advance of two to three feet in 24 hours
was common under these difficult conditions.

This was incredibly hard work, where miners would swing the heavy hammer to the point of
utter exhaustion. When a spiling board would hit a boulder, this would limit the advance until
all the muck was removed, temporary timber set and new spiling boards placed. Then the
process would continue again.

SIRTd e f
sexze gl
L3

L -
—FER /O Lt N‘(//
A

A sketch of a spiling — timber setup from the Shattuck Mine C- 1918
Graeme Larkin collection
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SLIDE 35

MOVEMENT UNDERGROUND SOON REACHED THE SURFACE

QUEEN HILL WAS IN A STATE OF CONSTANT MOVEMENT
BECAUSE OF THE ORE REMOVAL AND THE PLASTIC CLAYS
SLOWLY FLOWING INTO ANY OPEN SPACE. NOT ONLY
WAS THIS A HUGE PROBLEM UNDERGROUND IN TRYING
TO KEEP OPEN ACCESS TO THE ORES, BUT THE MOVING
HILL WAS A CONCERN AND BOULDERS OCCASIONALLY
ROLLED DOWN FROM THE NEWLY FORMED CRACKS

BLASTING BOULDERS LOOSENED BY
SUBSIDENCE ON QUEEN HILL - 1916
GRAEME LARKIN COLLECTION

GRAEME LARKIN COLLECTION GRAEME LARKIN COLLECTION
TIMBERMEN REPAIRING AREA DISTORTED BY SURFACE CRACKS CAUSED BY THE MOVEMENT OF THE CLAYS
PRESSURE OF MOVING CLAYS C— 1910 UNDERGROUND C— 1915

The limestone mass which became known as Queen Hill had long been moving, first cracking
and adjusting to the development of the oxide ores and the associated clays for tens of thousands
of years or, perhaps more. Over geologic time, the cracks caused by this natural subsidence had
developed slowly and usually vertically over the orebodies. They were fairly wide zones of ten
feet or more but they had filled with calcite thus, they were not obvious before mining began.
They were however, zones of weakness and quickly failed again as the support was removed by
mining and the subsequent mobilization of the clays.

The slow, but constant movement of Queen Hill toward Bisbee was a great concern to many.
The removal of ore and the plastic nature of the oxidation formed clays had the front part of the
hill sitting on an unstable mass of jelly-like material. As the cracks on Queen Hill widened and
the hill continued to sink, boulders would break loose from the crack faces and a few rolled to
the bottom of the hill. The movement of the hill and the cracks were monitored to protect those
below, but the hill continued to move. There was nothing that could be done to stop it except
suspend mining and that was not reasonable as the whole of the community depended on this
continuing.
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The movement added a twist into the 400 foot deep Czar shaft which caused constant
maintenance to be required. The Czar Hoist foundations became unleveled because of this
movement and it had to be re-leveled on a regular basis. The first Holbrook shaft was
completely lost because of the moving clays and was replaced by a new shaft nearby in 1906.

By the late 1930s, the hill seemed to have settled into its final position. No doubt because little
mining was then taking place at is base. Today, there is no evidence of continued movement, but
the several series of cracks above the Queen Mine Tours speak of a time when the mountain was
unstable.

Old and New Holbrook Shalts  BISBEE, Arizona,

gl
TLLE
WM

Postcard view of the old and new Holbrook shafts (Left and right respectively) 1910
Graeme Larkin collection
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Surface cracks caused by
underground mining under
Queen Hill. Right - 1913,

below 1975
Graeme Larkin collection

LOCAL LORE AT BISBEE IS
that the many cracks on Queen
Hill were formed as a result of

the massive (7.6 estimated)
earthquake that struck Northern
Sonora and Arizona on May 3,
1887. This is incorrect as the
cracks are all subsidence related
and not tectonic in ORIGIN.
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SLIDE 36

SQUARESET MINING

EACH SET IN A SQUAREST STOPE WAS BUT 5’ X 5°’X 7’ WHEN SUPPORTED
WITH 10” OR 12” TIMBERS, REALLY A SMALL SPACE AS SHOWN IN THE
PHOTO BELOW. THE SLOW, STEADY MOVEMENT OF THE GROUND AROUND
THESE STOPES HAD THE TIMBER ALWAYS
MAKING UNSETTLING NOISES, POPPING AND
CRACKING AS IT ADJUSTED TO THE EVER
SHIFTING WEIGHT LOAD, BUT THIS IS WHY IT
WORKED, IT ADJUSTED INSTEAD OF FAILING

GRAEME LARKIN COLLECTION
STOPE CREWS IN A SQUARESET STOPE
C— 1900

30 BOARD FEET OF TIMBER WERE USED FOR EVERY TON MINED BY GRAEME LARKIN COLLECTION
SQUARESET STOPE TIMBERING - 1955
SQUARESET, THUS A TYPICAL OREBODY OF 25,000 TONS WOULD

USE ENOUGH WOOD TO BUILD MORE THAN 30 HOMES OF 2,000 FT? ~ o~~~

Once an orebody had been found, raises on about 30 foot centers were driven to the top of the
ore and if the ore did not extend the 100 feet to the next level, several raises were driven all the
way through for access, ventilation, backfilling and supplies. Mining would start on the lowest
part of the ore with sections removed usually equal to 20 to 40 sets then backfill (gob) would be
poured in from the level above and the open sets filled, tight to the caps. The number of set
which could be mined before gobbing depended greatly on the rock quality. Sometimes more
than 100 could be mined, but more often between 30 and 40 were the limit. In really bad ground
no more than 10 to 12 sets could be left open before gobbing.

Gobbing was a critical part of ground support. Every effort was made to fill all open spaces.
This included many hours hand shoveling waste to the very top of the timber in every set. A
huge task, often performed lying on one’s side, but no space could be left open. The movement
of the ground quickly came to rest on the gobbed sections. The gob slowed its overall movement
and making the area more stable. It was important to make sure the area above the stope did not
start to move as there was always the possibility of more ore above and broken ground is much
more difficult to mine. Also, in the early years, the mines were close to the surface and it was
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important to protect the surface from subsidence to the highest degree possible as the mine
facilities were often just above.

Then, the mining would move to the next set above and start the process all over again. This is
referred to as “over hand” mining as the work progresses upward.

Orebodies were usually exploited in more than one section at a time as once the ground started to
move from mining in one area, it was possible that it might move too quickly and the orebody be
lost because of caving.

Very large orebodies typically were mined in as many as four sections at one time while leaving
an un-mined pillar between each section. These pillars were large enough to support the mined
sides and they would be mined after both sides had been completely mined and gobbed.
Sometimes they would be mined from the top down (under hand mining) using top slicing if the
ground was particularly bad.

Diagrammatic sketch of how
timber is framed and then
pieced together in square set
timbering — 1912
Graeme Larkin collection

Souarsz SET UsSed AT BISBEE, ARIZ.
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SLIDE 37

SQUARESET MINING IN GOOD GROUND

WHEN GROUND CONDITIONS PERMIT, SQUARESET MINING CAN PROCEED
BY OPENING UP THE GROUND ALONG THE UPPER ORE-WASTE CONTACT

AND MOVE MORE OR LESS HORIZONTALLY SEVERAL SET HIGH AND

THEN

DOWNWARD TO MAXIMIZE THE AMOUNT OF ORE EXTRACTED. GOBBING IS

STILL A CRITICAL ASPECT AS MINING WILL TAKE

PLACE UNDER THE

GOBBED AREAS. THIS WAS AN APPROACH WITH THE MORE COMPETENT
ORE FOUND IN SOME PARTS OF THE SOUTHWEST MINE.

MANY OF THE
OREBODIES
FOUND IN THE
AREAS ABOVE
THE QUEEN
MINE TOURS
WERE
ASSOCIATED
WITH SILICA
BRECCIAS
AND WERE
MINED IN THIS
MANNER

~ A
GRAEME LARKIN COLLECTION
COMPETENT OXIDE ORE ASSOCIATED WITH A
SILICA BRECCIA IN THE SOUTHWEST MINE

GRAEME LARKIN COLLECTION
SQUARESET MINING UNDER A COMPETENT BACK
C— 1920

Aerial view of Queen hill
showing the surface cracks
from the collapse of the un-
gobbed 105 stope from the

th th
6 to7 levels Southwest
Mine — 1976
Graeme Larkin collection
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In those rare cases where the ore was weak, but the hosting rock reasonably competent, the
approach to squareset mining could be successfully modified as shown above. However, even
the hard silica breccias would fail after time unless fully supported.

In the uppermost parts of the Southwest mine where the ore was near the surface, the ore was
removed using squaresets, but only partially gobbed if at all because there was no access from
above to introduce the gob. Over time, these stopes failed. In the early 1930s one such collapse
extended to the surface with the radial cracks very evident today.

SLIDE 38

TOP SLICING

THE TECHNIQUE CALLED TOP SLICING WAS USED WHERE THE GROUND
CONDITIONS WERE THE WORST, SO BAD THAT SQUARESET TIMBERING
COULD NOT SUPPORT THE GROUND FOR LONG ENOUGH TO MINE ALL OF
THE ORE. IT WAS OFTEN USED IN THE STICKY, CLAYLIKE ORES THAT HAD
NO STRENGTH AND WOULD FALL OR EVEN FLOW INTO THE SQUARESETS.

AS THE NAME IMPLIES, THE MINING STARTED AT THE TOP, USUALLY WITH A
SQUARESET SUPPORT. WHEN THE FIRST LEVEL WAS MINED, THE TIMBER
WAS BLASTED AND THE ROCK ALLOWED TO CAVE. THE NEXT CUT WAS
UNDER THIS MAT OF ROCK AND TIMBER. THE SAME PROCESS WAS
REPEATED ALL THE WAY TO THE BOTTOM OF THE ORE. THE GROUND
ABOVE CAVED FOR A GREAT DISTANCE AS THERE WAS NO BACKFILL OR
OTHER TYPE OF SUPPORT, THUS

Caved material

IT WAS EMPLOYED ONLY WHEN | EiEE s
THERE WAS CERTAINTY THAT NO|l i

ORE WAS ABOVE OR THAT THE
SURFACE WOULD NOT BE
IMPACTED. SEVERAL MINOR
VARIATIONS TO THIS METHOD
WERE EMPLOYED AT BISBEE BY
THE C & A AND CALLED THE
MITCHELL TOP SLICE AFTER A Side Elevation

GRAEME LARKIN COLLECTION
~ N N N~
MINE FOREMAN TOP SLICE MINING AS EMPLOYED BY THE COPPER QUEEN

C— 1920

Only the worst of ground conditions warranted mining in this manner. Top slicing depended on
the quick collapse of the overlying waste to become a part of the protective mat of rock and
blasted timber. As mining progressed downward, more and more timber was in the mat
immediately above the miners, but they seldom ever saw this mat as they had placed a plank
(lagging) floor in the cut above to first mine off of and then mine under as it formed a part of the
overhead protection.
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Because top slicing depended on caving the ground to work, access above such a stope was
impossible because the ground was broken, often for a substantial distance above. Thus the need
to assure that access above will never, ever be needed.

A large area along the Divide fault, near the intersections of Dubacher canyon and Mule Gulch
was mined in this manner. It extended to the 400 level of the Czar mine and for several hundred
feet along the strike of the fault. Mining by squareset had been attempted several times, but the
ore was too soft and plastic. Soon the sets were squeezed closed. As expected, the subsidence
from this mining reached to the surface, directly under Mule Gulch and any water flow entered
the mine through the cracks, something that was not desirable. The problem persisted until waste
from the Sacramento pit was used to fill the depression and divert the water.

The road between Bisbee and Lowell, the railroad and street car tracks were all affected and had
to be relocated into the footwall zone of the Dividend fault.

SLIDE 39

CUT AND FILL

CUT AND FILL STOPE MINING ONLY CAME
ABOUT WHEN THE COMPETENT, MASSIVE
SULFIDE ORES WERE MINED STARTING IN
THE EARLY 1910S. THE STRONG BACK
NEEDED ONLY OCCASIONAL SUPPORT
FROM UMBRELLA STULLS AS SHOWN
BELOW. WHEN POSSIBLE, THEY WERE
INCLINED AS WELL, TO HAVE GRAVITY
MOVE MOST OF THE MUCK.

GRAEME LARKIN COLLECTION
BREAKING OVERSIZED BOULDERS IN A CUT & INCLINED CUT & FILL MINING AS EMPLOYED BY
FILL STOPE, CAMPBELL MINE ~1939 THE C&A — 1930
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DRILLING FROM THE
PLANK FLOOR IN AN
INCLINED CUT & FILL
STOPE, SIMILAR TO
WHAT ID DEPICTED IN
THE ABOVE
ILLUSTRATION.
CAMPBELL MINE —
1939
GRAEME LARKIN
COLLECTION

CUT AND FILL MINING WAS ONE OF THE CHEAPEST MINING METHODS EVERY
successfully used at Bisbee. While this technique was in common use in many mines for years,
it was only after the massive sulfide ores in competent host rock were found at some depth, that
it could be employed at Bisbee. This was in 1913. The whole of the success depends largely on
the ability of the back to stand unsupported across reasonable mining width.

As the name implies, the ore was cut
out then the space filled, in the
simplest of terms. The waste gob
was then planked over to form a
surface onto which the ore could be
blasted. The ore would then be
mucked into a chute. Inclined cut
and fill stopes were the best of all
worlds in that the blasted ore largely
flowed into the chute by gravity. A
slope of about 45 degrees was
maintained in the stopes to assure the
free flow of blasted ore to the chute
while not being too steep to work on
safely. Obviously, it also required
great care in blasting so that large
boulders did not result and block the
raise into which the muck was to
flow.

MINING OF A 45¢ pillar by
inclined cut and fill as
employed by Phelps Dodge in
the Campbell mine - 1938.
Graeme Larkin collection
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The ore bodies were typically mined in sections and it was not uncommon to mine more than
one section more or less simultaneously. Mining began at the bottom and worked up and the
raise would be extended upward before each fill as mining moved up. Gobbing was relatively
simple with waste rock dumped from above and no large amount of special shoveling or slushing
required.

SLIDE 40

BLOCK CAVING

THE OREBODY WHICH HOSTED THE SACRAMENTO OPEN PIT WAS IN TWO
SECTIONS THE WEST, MINED BY THE PIT AND EAST, MOST OF WHICH WAS
TOO DEEP TO BE MINED THIS WAY. IN EARLY 1920S, PORTIONS OF THE

EAST OREBODY WERE PREPARED TO
MINE BY BLOCK CAVING WHERE

LARGE AREAS ARE UNDERCUT AND
NUMEROUS RAISES DRIVEN, THEN THE
BLOCK WAS ALLOWED TO COLLAPSE
UNDER ITS OWN WEIGHT.

THE EFFORT MET WITH MIXED

RESULTS AS THE INTERNAL

FRACTURING WITHIN THE ROCK MASS

WAS NOT IDEAL. WHILE

SUBSTANTIAL TONNAGES WERE

RECOVERED FROM SOME BLOCKS,

OTHERS FAILED TO CAVE

ADEQUATELY. THE SURFACE

IMPACTS WERE SUBSTANTIAL

HOWEVER. IN THE END, THE AREA GRAEME LARKIN COLLECTION

BLOCK CAVING AS EMPLOYED BY THE
WAS MINED BY THE LAVENDER PlT COPPER QUEEN

Block caving is a mining method in which ore is allowed to collapse due to its own weight in a
controlled fashion into chutes or draw points. Block caving is usually used to mine large
orebodies that have a more or less consistent, disseminated grade throughout. The rock mass
must contain natural fracturing in sufficient density such that it will naturally cave when
undercut. The caved pieces of rock cannot be too large or they will be difficult to extract from
the drawpoints.
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Successful block caving is dependent upon the joint
frequency, joint, and joint characteristics of the
ore. The most favorable conditions are a rock mass
with two sub-vertical joint sets and a flatter joint set
having a dip less than about 30 degrees.

Block caving occurs sequentially in segments or
blocks 200 to 500 feet on a side in all three
directions. A series of haulage tunnels are
constructed under the ore to be mined. At
approximately 100 foot intervals along each tunnel
in a checkerboard pattern, 10’ to 20’ diameter raises
connect the haulage tunnels with another series of
crosscuts. In the crosscuts, slushers transport the ore
back to the main haulage level. The ore falls down
finger raises intersecting the cross drifts below.
These raises are driven in many directions into the
UNDEBECU? SLOCK CAVING METHOD ore above; usually with four or more intersecting at
one point in the cross drift. These raises act first as a
Diagram of the undercut block caving method place to blast the entire underside of the ore block,
as employed at Bisbee — 1938 then later as a funnel to draw the blasted ore. The ore
Graeme Larkin collection continues to fall under gravity from the bottom of the
block as it is pulled from the raises. No further entry
can be made in the finger raises once the block begins to cave in.

As broken ore is removed, the capping or non-mineral bearing rock above the ore will gradually
descend until broken fragments of it start coming from the draw points, indicating all of the ore
has been withdrawn.

There is typically large scale subsidence on surface as a result of block caving. The area of
subsidence is usually greater than the caved block but not as deep since it is usually partly filled
with collapsed rock from above the cave block.

The area of Upper Lowell was adversely impacted by the block caving efforts of Phelps Dodge
during the late 1920s. Ultimately, the Copper Queen Hospital had to be relocated to Bisbee
because of subsidence and Lowell school had to be relocated as well for the same reason in 1928.
Also, the ice plant was moved to near the Denn Mine while the power plant operated by Arizona
Edison was relocated to near Naco (Mill, 1958).
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A view of upper Lowell in 1927 with the Copper Queen Hospital in the center and ice plant/power plant to the
right with smoke stacks and the Lowell School a bit more to the right.
Graeme Larkin collection

Much the same view of upper Lowell in 1940 with the area that overlay the block caving operations now
totally devoid of buildings
Graeme Larkin collection
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SLIDE 41

TIMBER AND TIMBERING

HUGE AMOUNTS OF TIMBER WERE REQUIRED TO KEEP THE MINE WORKINGS
SUPPORTED. MANY PEOPLE WERE INVOLVED IT GETTING THE TIMBER TO THE
WORKING FACE IN A FORM WHICH WAS USABLE. TIMBER HAD TO BE
PURCHASED AND DELIVERED TO BISBEE, THEN IT WAS CUT TO STANDARD
LENGTHS AND FRAMED SO AS TO MINIMIZE THE AMOUNT OF CUTTING NEEDED
UNDERGROUND. FOLLOWING THESE STEPS, IT WAS DELIVERED TO THE MINE
YARD AND ULTIMATELY LOWERED INTO THE MINE AND TRAMMED TO THE

WORKING AREA. IN ALL, AT LEAST
TEN MEN HANDLED EVERY PIECE OF
TIMBER FROM THE TIME IT ARRIVE IN
BISBEE UNTIL IT WAS INSTALLED
UNDERGROUND. THE COSTS
ASSOCIATED WITH THIS MULTIPLE
HANDLING WERE SIGNIFICANT

GRAEME LARKIN COLLECTION GRAEME LARKIN COLLECTION
FRAMED TIMBER IN THE JUNCTION YARD READY TO BE THE MASSIVE TIMBER STORAGE YARD AT THE JUNCTION
TRANSPORTED TO THE VARIOUS MINES - 1962 C-1932

-

ma——- - ’
S WT5 T &z. At SV

TIMBER YARD FOR THE SHATTUCK MINE AT THE TERMINUS OF THE AERIAL TRAMWAY, NEAR
THE HOLBROOK SHAFT -1923
MELVIN ELKINS COLLECTION
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Timber was one of the most needed of all the materials in the mines. Early on, most of the
timber used at Bisbee was cut in the Chiricahua Mountains with lesser amounts from the
Huachuca Mountains. With the construction of the railroad, it became cheaper to buy timber
from the Pacific-Northwest. Obviously, it was always a logistic challenge to buy the timber and
have it delivered, especially in the large quantities needed by the mines.

Once it was at Bisbee, it was placed in a storage yard, then set to a sawmill/framing shop where
it was cut to the standard lengths and the ends cut or framed in the pattern needed to make it
usable underground. Timber was cut and framed for use in raises — both six-post and cribbed;
drift sets, squaresets and miscellaneous pieces for stulls of all types. The way the timber was
framed allowed it to be pieced together in a way which offered the maximum support.

Early on, each mine had its own timber storage yard, sawmill and framing shop, a necessary
duplication of facilities because of a lack of mechanized handling and easy transportation. By
1915 each company had developed centralized facilities.

TIMBER YARD FOR THE CZAR MINE WITH THE SAWMILL AND FRAMING SHOP IN THE CENTER OF
THE PHOTO -1890
FREEPORT MCMORAN ARCHIVES
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Sketches of
timbering, timber
sizes and cuts as used
in the Shattuck Mine

C-1918

Graeme Larkin collection
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SLIDE 42

TIMBER WAS HELD IN PLACE BY PRESSURE, NOT NAILS

WOODEN WEDGES AND BLOCKS WERE WHAT HELD THE TIMBER IN PLACE.
NAILS WERE SELDOM USED AND NEVER FOR SUPPORT. THE WEDGES, MANY OF
THEM, WERE DRIVEN, TIGHT TO APPLY THE NEEDED PRESSURE. THIS ALLOWED
FOR MINOR MOVEMENT WITHOUT FAILURE AS THE WEIGHT OF THE ROCK
SETTLED ON THE SUPPORTING TIMBER. THE INTERLOCKING WAY THE TIMBER
WAS FRAMED BECAME TIGHT WITH THE PRESSURE FROM THE WEDGES

GRAEME LARKIN COLLECTION GRAEME LARKIN COLLECTION GRAEME LARKIN COLLECTION
TIMBER SCHEME FOR SQUARE SET UMBRELLA STULL, NOTE BLOCKS AND SQUARE SET SHOWING BLOCKS
USING BLOCKS AND WEDGES - 1955 WEDGES, CAMPBELL MINE - 1974 AND WEDGES - 1908

Wood was always the best support option given the ease of working with it and the tendency of
timber to absorb substantial force before breaking. However, timber was always expensive and a
substantial part of the overall mining costs. And too, it took skilled workmen to put it in and to
maintain it in good condition. However, no better material for supporting the overall support of
ground at Bisbee was ever found and not for lack of experimenting.

Over the years structural steel was tried in several locations with less than satisfactory results.
Reinforced concrete was also tried and here too the results did not prove satisfactory. It was not
until the introduction of rock bolts in the 1950s that a partial solution was found. Still, timber
was to be the main support material used at Bisbee until the end.
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SLIDE 43

EXAMPLES OF TIMBERING

UMBRELLA STULL INCLINED RAISE

A FEW EXAMPLES OF
TIMBERING SCHEMES AS

EMPLOYED BY PDIN 1955
GRAEME LARKIN COLLECTION

. s I
X8 POST =TIMBERED SOUARE SET STARE, usims 22"l
CXNUTE LINIIVG & ORIGEE LAGGING. \

SQUARE SET WITH 8”X8” POST

DRIVING A WEDGE

Ja-Store
Cole SiaFE.




Previous page; left — segmented sets in the Cole Adit — 1962; Right — experimental timbering
scheme for top slice mining in the Cole Mine — 1920.
Below — squarest timbering in a stope, with miners inserted for scale C — 1904.
Graeme Larkin collection




SLIDE 44

ROCK BOLTS ARE USED FOR BACK SUPPORT

DURING THE EARLY 1950S, EXPANSION SHELL ROCK BOLTS WITH A FLAT
PLATE WASHER WERE INTRODUCED INTO SOME OF THE CUT AND FILL
STOPES WHERE THE ORE WAS NARROW AND COULD BE MINED IN ONE PASS.
THEY WERE ALSO USED IN CROSS CUTS SUCCESSFULLY REPLACING TIMBER.

ARMY SURPLUS, STEEL LANDING MATS
WERE OFTEN PINED WITH SEVERAL ROCK
BOLTS TO HOLD A WIDER AREA AND CHAIN
LINK FENCING COULD BE PINED TO COVER
AN EVEN WIDER AREA WITH SMALL, LOOSE
ROCKS TO PREVENT RAVELING

Rock Bolts In Stopes

/. Bolt lengths are stoggered
to prevent pressure from being
applied fo the same bedding plane.

2. Oriil bolt holes at right engles to
the bedding. AK-1544
GRAEME LARKIN COLLECTION GRAEME LARKIN COLLECTION

A THIN BEDDED CUT & FILL STOPE, IDEAL FOR SAFETY ILLUSTRATION FOR THE USE OF ROCK
ROCK BOLT USE, - CAMPBELL MINE BOLTS-1955

To emplace a rock bolt, a 1 4 inch diameter hole was drilled slightly longer than the bolt to be
used and the bolt assembly inserted and tightened by a special wrench made for this use.

. Expansion shell for a

rock bolt

The rock bole assembly came complete and all connected. It consisted of a 5/8 inch diameter
threaded rod with a square head at the opposite end. A two piece expansion shell was attached to
the threaded end and a 6” X 6” square, flat steel washer was on the rod. As tightening took
place, the shell expanded in the hole and the flat plate washer was pulled up very tight against
the rock. It was this compressive pressure which held the rock in place.
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Expansion shell, rock bolts in place
3100 level Denn mine
Graeme Larkin collection

g VEE FOCK LXEANSION SIHELL TVIEE
T ASSEMBLY ROCK BOLT A.5SEMELy

ROCK BOLT TYPES USED AT BISBEE —

1955
GRAEME LARKIN COLLECTION

As shown above, a wedge type bolt was also used here. However, these were less dependable
than the expansion shell type and thus saw less use.

At the end of World War II, there were an incredible number of surplus landing mats used to
make landing strips in the Pacific theater. They were 6 foot long, relatively thin with stiffening
ridges and holes spaced about every foot and they were cheap, very cheap. Some genius thought
of pinning them to raveling rock walls with rock bolts to hold larger areas. The rock bolts had
flat, six inch square washers which covered only a small area. It worked and soon there were
few landing mats around as they we all being used in mines and construction projects.
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SLIDE 45

MECHANICAL MUCKING MADE WORK MORE PRODUCTIVE
THE INTRODUCTION OF MECHANICAL MUCKING AND LOADING EQUIPMENT IN

THE 1930s WAS A

COMPRESSED AIR SLUSHER
MAJOR CHANGE. MOVING BROKEN ROCK IN A STOPE

1938 (R)

BISBEE MINING & HISTORICAL MUSEUM
USING AN OVERSHOT COLLECTION

MUCKING MACHINE ON
THE 2833 LEVEL
CAMPBELL MINE

1973 (R)
GRAEME LARKIN
COLLECTION

INDIVIDUAL
PRODUCTIVITY
INCREASED

SUBSTANTIALLY,

COSTS SOON

DROPPED, AND

LOWER GRADE ORE

COULD NOW BE

MINED, VERY LITTLE

ROCK WAS NOW EIMCO OVERSHOT LOADER WORKING
MOVED BY HAND. IN A CROSSCUT IN THE CAMPBELL

MINE - 1939 (R)
~~~~~ GRAEME LARKIN COLLECTION

Model 128 Rocke

Ad for the Eimco 12B overshot loader -
1939
Graeme Larkin collection
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One thing stayed constant — muck raked into the raises still had to be loaded into mine cars on
the level below for haulage to the appropriate pocket for dumping and subsequent loading into
skips for hoisting to the surface. Surprisingly few improvements had evolved over the years.

Sticky muck still had to be forced to flow by the motor swamper using eight foot long blow pipes
with compressed air and steel bars to prod the hard sulfide boulders that jammed a chute door. |
personally have spent hundreds of hard hours doing both; much as had predecessors for fro
decades. For some task, there was no substitute for a strong back.

Left: Preparing to start loading “H”
cars from what appears to be a new
“Verde” style chute in the
Campbell Mine C-1955.
Graeme Larkin collection

Right: Dumping an “H” car into the ore
pocket on the 2833 level of the Campbell
Mine — 1974.

Photo by Pete Kresan
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SLIDE 46

GOBBING CHANGES

FINDING SUFFICIENT WASTE FOR GOB HAD ALWAYS BEEN A PROBLEM. THIS
WAS SOLVED BY USING TREATED TAILINGS FROM THE CONCENTRATOR
BEGINNING IN THE EARLY 1960s. A “SAND PLANT” WAS BUILT AT THE
CAMPBELL MINE AS IT WAS NEAR THE MAIN TAILINGS LINE. THE SAND PLANT
REMOVED THE SLIME PART AND MOST OF THE PYRITE, THUS MAKING A MORE

COURSE PRODUCT WHICH WAS THEN MIXED WITH MINOR AMOUNTS OF
CEMENT AND PIPED AND TO THE

AREA IN NEED OF GOB. IT WAS
DEPOSITED AS A SLURRY, FILLING
THE OPENING COMPLETELY AND
ALLOWED TO DRAIN, LEAVING A
COMPACT MASS, SAFE TO MINE
UNDER IN JUST A FEW DAYS

S

~ 7 ‘| \\‘
SN

GRAEME LARKIN COLLECTION
DIAGRAM OF HOW TO INSTALL THE BURLAP
LINED, RETAINING STRUCTURE FOR SAND FILL
GOBBING - 1967

GRAEME LARKIN COLLECTION
THE SAND PLANT AT THE CAMPBELL - 1964

Pyrite was removed from the tailings to mitigate against sulfide mine fires as pyrite was usually
the principal material which burned. The sand plant at the Campbell was large enough to provide
sand for all three operating mines. Old haul trucks from the Lavender pit were converted to
transport sand to the Cole and Dallas when needed. A small plant and holding tanks were
constructed above the Cole mine area to provide the sand to these two mines as their proximity
and multiple interconnections allowed the Cole plant to connect to the active areas in the Dallas
via underground.

The introduction of sand fill in 1964 and 1965 brought with it a good deal more water which
needed to be removed from the working areas. The grades on new crosscuts were increased to
6” per 100’ and water ditches kept cleaner. While it was a great deal of work to prepare a stope
for sand fill, it was a much cheaper and safer way to backfill. The hydraulic filling allowed for
complete filling and there was surprisingly little compaction of the tailings as they drained.
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SLIDE 47

THE JOBS RELATED TO UNDERGROUND MINING

THERE WERE MANY OTHER
ROLES TO FILL AT ANY MINE, ALL
OF WHICH AIDED IN THE
PROCESS. A FEW ARE:

HOIST ENGINEER AND OILER

CAGER

MOTORMAN AND SWAMPER

POWDER MONKEY

VENTILATION ENGINEER

PUMPMAN AND OILERS

SAFETY MAN

TOOL NIPPER

SANITARY NIPPER

PIPE AND TRACK MAN

SLUSHER REPAIR CREW

DIAMOND DRILLER, HELPERS

SURFACE SHOPS _ -

ENGINEERS — — ;RAEME LARK;N coﬁ.u-:cnon
A GROUP OF SURFACE AND UNDERGROUND

GEOLOGISTS WORKERS AT THE GARDNER MINE HOIST HOUSE
C-1905
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SLIDE 48

THIS WAS A MOST RESPONSIBLE JOB.
EVERY PERSON WHO WENT INTO THE MINE
LITERALLY PLACED HIS LIFE IN THE HANDS
OF THESE MEN. THE MANUAL HOIST IN
USE HERE WERE FINELY TUNED PIECES OF
EQUIPMENT. TO PRECISELY PUT A LOADED
CAGE AT THE STATION, A DIAL INDICATOR
SHOWED IT WAS NEAR, BUT THE MARKING
ON THE DRUM WAS ABSOLUTELY RIGHT ON.

CAGE
ARRIVING
AT A LEVEL
IN THE
CAMPBELL
MINE WITH , L
' ; IR TR
CAGER b | i ) ‘\\\\“I‘\.t‘l‘\.! N
OPENING - ‘ ol R RN
\ \ (LA
\

THE GATES :
1950 H \ \

GRAEME
LARKIN
COLLECTION

GRAEME LARKIN COLLECTION
CAMPBELL HOIST WITH ENGINEER (TOP) ;DIAL
INDICATOR AND DRUM WITH LEVEL MARKINGS
(ABOVE) -1939

Hoisting engineers were the highest paid of all of the hourly workers, appropriately so, when the
responsibility of the job is considered. These men were, carefully selected, underwent annual
medical examinations to assure their fitness and spent years as a “Hoist Oiler.” As oilers, they
were responsible for the lubrication as well as continually checking the mechanical condition of
this complex equipment. They were also responsible for the cleaning of the host and hoist house,
both of which were maintained in absolute spotless condition. After several years of working as
an oiler, they were allowed to relieve the hoist engineer during his lunch break and other periods.
This apprenticeship, of sorts, made the oiler keenly aware of the need for complete cleanness and
mechanical perfection as a part of forming the responsible character of these exceptional men. It
often took ten or more years for an oiler to advance to hoisting engineer, in part because of the
low turnover in this group and in part due to the necessary training.

The method of communication between hoist engineer and the cager was a series of bell signals
which were codified by the State of Arizona. Each of the signals came in a mind bending blur of
sound yet must be absolutely understood before moving. An example is if men were to be
lowered to the 2200 level, the cager would ring 2-1-2-3-2 with 2-1-2, the signal for the 2200
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level and 3-2 to indicate that men were being lowered. A rope speed of 800 feet per minute was
the maximum for moving men, while 1,000 feet per minute was allowed for rock and materials.

Each of the two sides would operate simultaneously with individual task being performed such
as loading or unloading supplies, some of which could be heavy enough to stretch the thick cable
and he must be ready to compensate for this change. The bell sound for the individual drums
was different, allowing the hoist engineer to distinguish between the sides. A light would flash as
well with each pull of the bell rope by the cager. Hoist engineers were forbidden to talk to
anyone while the hoist was in motion because of the absolute concentration necessary to operate
the machinery.

When hoisting muck, the drums were synchronized to have one skip being loaded from a pocket
in the shaft while the other skip was dumping.

Skips passing at the same point in the
Campbell shaft — one going down and
the other going up - showing that they
were perfectly synchronized for hoisting
rock -1939
Graeme Larkin collection
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Skip dumping into the ore bin at the
Campbell Shaft -1939
Graeme Larkin collection
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Loading railcars from the ore bin at the Campbell Shaft -1939
Graeme Larkin collection
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SLIDE 49

EVERYTHING NEEDED CAME DOWN THE SHAFT

IT TOOK A GREAT DEAL OF SUPPLIES AND MATERIALS TO KEEP A LARGE
MINE OPERATING AND EVERYTHING HAD TO BE LOWERED DOWN THE SHAFT
CAGERS WORKED IN PAIRS, ONE ON TOP AND ONE BELOW. IN PART, THE
JOB WAS TO LOAD THE NEEDED SUPPLIES ON THE CAGE AND THEN THE MAN
BELOW WOULD UNLOAD THEM ON THE STATION OF THE APPROPRIATE
LEVEL . THE MOTOR CREW OR OTHERS WOULD THEN TAKE THE SUPPLIES TO
THE AREA WHERE THEY WERE NEEDED
OR TO BE STORED FOR LATER USE. THIS
WAS HARD WORK AS LITTLE USED HERE
WAS LIGHT IN WEIGHT ~~~~~

GRAEME LARKIN COLLECTION GRAEME LARKIN COLLECTION
CAGERS WITH A “SCOTT” TRUCK LOAD OF 2966 LEVEL CAMPBELL STATION WITH SUPPLIES AND
TIMBER, CAMPBELL MINE -~ 1939 MATERIAL LOWERED IN PART OF ONE SHIFT - 1962

Cager & helper unloading timber on a Scott truck Campbell mine -
1939
Graeme Larkin collection

Cager at surface (L), Campbell mine -1974 332
Pete Kresan photo




The handling of materials at the shaft was always a problem as so much had to be lowered, and
quickly as, at most shafts, no ore could be hoisted until all the supplies were down. Until about
1930, every item that could not be placed in a car of some type was handled individually. This
meant that anything longer than three feet was a problem and most timber was longer than three
feet.

Scott trucks were a reasonably successful effort to reduce the handling of individual pieces of
timber in several steps of the process. The timber was loaded and secured with chains onto the
Scott trucks at the sawmill/framing shop after it had been cut to the standard length. The trucks
were then made into small trains and pulled to the Campbell mine on a narrow gauge (18”) rail
line built in 1932. Alternatively, the Scott trucks were loaded onto highway trucks for transport
to the Cole or Dallas.

At the mine, the whole truck with timber was loaded onto the cage by standing it vertically and
lowered. Special, small wheels on one end allowed for the relatively easy removal from the
cage. A motor crew would then pull the truck to the point of need and it was unloaded, then
returned to the sawmill for use again. These were used from 1932 until 1953 when steel bands
replaced them.

The timber was banded into bundles which were sent by highway truck to the mine. Forklifts
would take the bundles to the shaft where a small electric chain hoist on the cage would pull the
bundle into a rocking base which tilted the bundle backward when loaded and would tilt forward
to aid in unloading the bundle on the shaft station.

Supplies in steel-banded bundles at the Junction mine yard ready to be lowered into the mine — 1962
Graeme Larkin collection
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Handling timber bundled and banded
with 1%4” steel bands and using small
electric hoist on the cage to load and
unload at the Junction Mine - 1952.

The top photo shows the loading into
the cage on the surface, while the
bottom illustrates the unloading onto a
timber truck underground.

Source Mining Engineering, March 1953.

Graeme Larkin collection
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SLIDE 50

THE MOTOR REMAINS MUCH THE SAME

MOTORS CHANGED LITTLE OVER THE ENSUING DECADES AND THE WORK OF
THE MOTOR CREW REMAINED MUCH THE SAME. THE TASK OF LOADING THE
CARS FROM STOPE CHUTES WAS STILL THAT OF THE MOTOR SWAMPER. ALL
ORE AND WASTE HAULAGE AS WELL AS THE DELIVER OF SUPPLIES TO THE
WORK AREAS WAS THEIR JOB. THE CARS DID CHANGE TO SEVERAL SIZES
OF ROCKER DUMP TYPES, WHICH WERE EASIER TO EMPTY WHEN DUMPED.
HAULAGE REMAINED A CRITICAL ASPECT AND LIKE THE OLD TIME
TRAMMERS, THESE vy, o '

CREWS WERE ONE y
OF THE FEW THAT

WORKED ALL THREE

SHIFTS AS IT WAS
ALWAYS A REAL
CHALLENGE TO KEEP
THE ORE AND
WASTED MOVED.
OFTEN MORE THAN
ONE MOTOR WORKED
ON A LEVEL AT A
TIME TO MEET THE
NEED ~~~~~

PETE KRESAN PHOTO PETE KRESAN PHOTO
MOTOR CREW HAULING “H” STYLE CARS, LOADING AN “E” TYPE CARD FROM A
2833 LEVEL CAMPBELL MINE — 1973 STOPE CHUTE 2833 LEVEL CAMPBELL
MINE — 1973

As the mines grew, it often became necessary to have several motor crews operating on the same
level. The obvious risk of collisions and congestion brought about the use of a block type system
to control motor traffic. The level was divided into zones or blocks with manually controlled,
electric signal lights at all of the entrances and the exits of a block.

The signal light controls were in areas of good visibility for safety reasons. At the entrance were
a pair of pull ropes which changed the lights. The first rope entering a block would turn on all of
the red lights at the entrances to the block, while the first rope on leaving (the second rope on
entering) would turn off the red lights and turn on green lights at all of the block’s entrances.
Thus, as a motor entered the block, the first rope was pulled and it turned the lights red,
indicating a motor was active in the block. Upon leaving the block, the first rope was pulled
which turned the light green, indicating to other motors that it was safe to enter the block.

335




Block light indicating that there is rail traffic with in the block and
that other motors should not enter and that foot traffic should be
aware.

Graeme Larkin collection
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SLIDE 51

THE POWDER MONKEY AND THE POWDER MAGAZINE
POWDER MONKEY IN A MAGAZINE

EXPLOSIVES ARE A
TOOL IN MINING WITH
GOOD CARE AND SAFE
STORAGE A VITAL
FUNCTION. THE MAN
WHO CARED FOR THEM
WAS THE POWDER
MONKEY. HE KEPT THE
MAGAZINES WELL
STOCKED AND

ACCOUNTED FOR THE
EXPLOSIVES USED BY
WORK AREA.

- n W POWDER
POWDER MAGAZINES WERE NEAR |tau - - : - MAGAZINE 116 XC

THE WORKING AREAS ON EVERY APACHE Y T P 2833 LEVEL
LEVEL . THEY WERE PLACED IN  |MCia S oy o)
DRY, DEAD END CROSSCUTS AND

KEPT WELL VENTILATED. FUSES [ BFCe S0 i moxEs oF
AND CAPS WERE STORED INTHE  [EIRPRSSSH oy o Macazne
SAME AREA, BUT WELL REMOVED AT | St S BOTH - GRAEME

FROM THE EXPLOSIVES ~~~~~~~ LARKIN COLLECTION

The Powder Monkey was always an older and experienced miner. One who could not or chose
not to continue in the physically demanding job of mining. My maternal grandfather spent the
last 15 years as one until he retired at the age of 75. These were responsible men with attention
to detail necessary. The magazine could never run out of dynamite, fuse and primers, loading
sticks, spitters, spitter boards or skewers, all of which were stocked in each and every magazine.
These men were practitioners of the “first in, first out” principals of warehouse management long
before it became a common trend. Dynamite had a shelf life of just a few months until it became
less dependable, thus it was important to keep the stock rotating with the older powder dispensed
first.

He would order powder and supplies on a regular basis. The dynamite for each level would
arrive at the surface from the central magazine on the surface. The boxes of dynamite were
placed in special wooden car designed just for this use. The red painted powder car would be
lowered to the waiting powder monkey on the appropriate level only when no one was in the
shaft. The powder monkey would immediately hand tram the car to the appropriate magazine.
Explosives were never allow to stay on a shaft station, as a safety precaution, and no motor
haulage was permitted because of the very real danger of accidental explosion from the sparks
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were | ' 100 AT
constantly . 9-Inch Hot Wire Lighters
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the _ | Itahshed 1598 28AIKD |
contact of : g 5"“::;: ;n;tcmm. U. S A

the trolley : iy KEER COQL ‘A

pole with

the trolley

wire. Fuses were handled separately in special cans

which were made in the tin shop. Above - spitter box - 1970

Graeme Larkin collection

In the magazine area, the skewers, spitter boards and

loading sticks were stored just outside as can be seen in the 1973 photo above where the spitter
boards and skewers are in cardboard fuse boxes at the left. Powder sacks were stored here as
well as kept by the miners for convenience. These were made in the Rope shop and of heavy
treated canvas with no metal parts except for a few aluminum rivets to secure the shoulder strap.

Inside the magazine were fuse racks with lengths of fuse pre-cut to standard lengths and with the
caps attached, a function performed in a shop with the finished product shipped to the mines,
then to the magazines in the round cans such as the one by the fuse boxes in the above photo.
The miners would take the take number of fuses of the needed length, roll them into a coil and
put them in a powder sack. No dynamite would be placed in this bag as mixing the two until
they were to be placed in the hole was absolutely forbidden. Blasting caps were the most
sensitive of all of the explosives used underground and could be set off by impact, such a
dropping the sack. This was an uncommon occurrence, but always a possibility. If a cap
exploded by its self, a minor injury can result, but if it is mixed with dynamite, the resulting
injuries would be horrible to fatal.

Boxes of dynamite were at the end of the
magazine on shelves from which the miner
would take the needed number of sticks of the
appropriate type and place them in a separate
powder sack from the fuses. A skewer and the
needed spitter boards and spitters could be put
in the sack with the dynamite. The miner
would then fill in a form recording the work
place and quantity of explosive materials
taken. It was largely an honor system as the
powder monkey worked only day shift and

LEFT — FUSE CAN OF THE TYPE USED
TO TRANSPORT FIRE FUSE ALREADY
CUT TO LENGTH WITH THE BLASTING
CAPS ATTACHED FROM THE FUSE
HOUSE AT THE JUNCTION MINE TO
THE VARIOUS POWDER MAGAZINES
QUEEN MINE TOURS COLLECTION
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usually had more than one magazine to care for, thus he was seldom present when the materials
were removed. However, he was responsible to reconcile the inventory with the slips filled in by
the miners. In truth, errors were few and there were very few known abuses of this trust based
system.

SLIDE 52

MINE VENTILATION

AS THE MINES DEEPENED THE NEED TO USE
FORCED AIR VENTILATION BECAME MORE
AND MORE PRESSING. IN 1912, THE CQ
BEGAN AT THE GARDNER. OVER TIME MORE
AND LARGER FANS WERE ADDED. THIS IS A
COMPLEX ENDEAVOR, BECAUSE IT WAS
IMPORTANT TO GET GOOD AIR WHERE IT WAS
NEEDED. THE DRAWING AT THE SIDE GIVES
A SENSE OF THE COMPLEXITY. MINE FIRES
MADE THIS EFFORT EVER MORE IMPORTANT

I O

GRAEME LARKIN COLLECTION GRAEME LARKIN COLLECTION

65,000 cuBIC FOOT/ MINUTE FAN, 2200 LEVEL VENTILATION SCHEME FOR THE GARDNER MINE
CAMPBELL MINE -1939 1925

Air doors were strategically placed in pairs -
separated by a distance a bit longer than a
typical motor and cars - forming an air lock,
as only one door was to be open at a time.
These wooden doors controlled the flow of
air, forcing it to the areas in need of
ventilation.

Air door in a crosscut Campbell mine 1939
Graeme Larkin collection
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“Huving donned regulation mine cos-
tumes eaxgly one morning, wo started
for the underground cavern. After de-
geending the Czar shaft 200
the ‘second level,’ we walk 1
westward toward a point almost “di-
rectly benenath the summit of Queen
Hil A quarter of a mile or more—

at least a mile—from the
blg shaft we came to the foot of u
‘raise,’ up which we were drawn 400
{feet by an clectrle holst. The journex
from the shaft along the level throug
d limestone had been cool and com-
but as weo went up the raise
both the moisture.and temperature of
the alr increased, because we had en-
tered the 'leached ground, where the
oxtdation of the original ores produced
heat, just as does burning coal. A few
vards frotn the raise we reached the
top of & ‘manhole’ eyt through the
heating ore. Now it was necessary to
1imb ?orly feet down vertical ladders
ko the heavy plank door that guarded

Viotor passing through an open air door in the Campbell mine -
Graeme Larkin collection

Excerpt from the January 15, 1912 New York Times,
describing a trip into a cave on the 5™ level of the

Southwest mine
Graeme Larkin collection

The article above tells of a time when the Southwest mine was hot, uncomfortably hot.

Most of the mine workings at Bisbee were hot and humid, even in the oxide areas such as found
in the Queen Mine. This was an artifact of the continuing oxidation of the ores. The mines
became cool after multiple, interconnecting workings had been established and natural
ventilation had been function for some time.

As the mines deepened, sulfide ores became more and more common making the already
uncomfortable mines unbearable. In the oxide areas the temperatures were seldom above 90
degrees, but the humidity was also at 90%. This made for a difficult, inefficient working
environment. The sulfide environments were hotter as the natural oxidation of sulfide minerals
is an exothermic process and the amount of heat liberated can be high, very high. This was
particularly true in the transition zone, just above the oxides, where the sulfides are oxidizing at a
relatively high rate.

Natural ventilation had long been depend upon to ventilate the mines and for a while it was
enough, if effort was made to have more than one entry into a work place such as several raises
from level to level passing through a stope. Soon, however, the productivity of the men became
lower and lower because of the difficulty in breathing the poor quality air.

Also with the sulfides came mine fires and the highly toxic gasses they liberated. These had to
be controlled to allow mining to continue in the other parts of the mine. A strong, steady and
pressurized flow of air would keep the gasses in the fire zones and not allow them into the main
air stream. However, this was not available until forced ventilation came into use.
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With the advent of pneumatic drills in 1905 came some very important relief as the exhaust from
the drills was fresh, cool air. For a while, this was enough. Also, it became common to just open
a compressed air line into a dead end working which helped even more, but this was a noisy,
inefficient practice.

Large fans were placed in the Gardner mine and doors to control air flow were installed to force
the air to the desired areas. The Gardner shaft had air entering, thus it was termed “downcast”
while the Irish Mag and the Hoatson were exhausting air and were termed “upcast”.

In the last years of operation the Junction, Campbell, Cole and Congdon shafts were down cast
while the Denn, Dallas, Saginaw and Gardner were upcast. Because of the very high humidity of
the mine air, the upcast shafts were always wet, often miserably so. Working in the shaft at the
Dallas, while warm was unpleasant because of the wetness. Conversely, the down cast shafts
were dry, but very often uncomfortably cold, even in the summer, because of the great volume of
air moving through the small space of the shaft. Coming off of shift in a down cast shaft, one
always wore a jacket on the cage, year around, because you were wet from work and the short
ride to the top was bone chilling.

Ventilation engineers were specialist and always an important part of the engineering team as
every change in the mine, no matter how simple, had to consider ventilation. Very much to their
credit, no one ever was ever killed at Bisbee from fire gasses because of the caution taken by
these capable engineers over the years.
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SLIDE 53

PUMPING THE MINES

THE MINES AT BISBEE WERE ALWAYS WET.
ON AVERAGE, MORE THAN 5,000 GALLONS
PER MINUTE WERE PUMPED WITH PEAKS
DOUBLE THAT. THE JUNCTION BECAME THE
MAIN PUMPING SHAFT BY 1918 WITH MOST
WATERS ROUTED TO IT UNTIL 1940 WHEN
PUMPS WERE ADDED AT THE CAMPBELL

VIEWS OF THE
HUGE # 3
POSITIVE

DISPLACEMENT

PUMP ON THE

2200 LEVEL
JUNCTION MINE
1939

GRAEME LARKIN COLLECTION — " P & o
VIEW OF A WET CROSSCUT, 2700 LEVEL GRAEME LARKIN COLLECTION
CAMPBELL MINE - 1974

The pump station on the 2200 level of the Junction mine was something to behold. First built in
1924, it continued to operate until 1981 when pumping was suspended. It consisted of five
positive displacement and one centrifugal pump with a capacity of between 1000 gpm and 2250
gpm against a head of 2,500 feet to the storage tanks. The plungers of the positive displacement
pumps delivered such a force, that it was essential to consistently bleed super compressed air into
the pump column to keep the hammer of the pumps from destroying the one inch thick walls on
the 16 inch diameter pump column. The air would act as a shock absorber becoming more
compressed with the pulse of the plungers as they forced the water out of the chambers into the
pipe line.

The noise generated by these machines and their huge electric motors defies description. It was
impossible to talk to anyone, even by shouting face to face.
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The Bishee mines have always been wet and at the present time

are mitking water from the 200 level of the old mine to the present
2.700 level, & vertical distance of over 2,700 feet. The amount of
water has steadily increased as the mines have become deeper. At

NOte.S on the 2200 level pump present all water is routed to the 2,200 level at the Junetion Shaft
station from.a 1930 booklet where the main pump station is located. Water from the 2,700 sta-
Graeme Larkin COLLECTION tion is pumped to the 2,200 level where it goes to the surface. Equip-

ment in the pump stations is as follows:

2200 LEVEL PUMP STATION
No, of Motor Capacity
Pumps Type Head GPM
4—73%" Plungers 24" Stroke . 2200 AP. 1000 each
4—733" =5 30T 200 P 1500
4—614" > AT 2200 P 1200
7 Stage Centrifugal . . . 2200 P 2250
6—7 34" Plungers 36 Storke . 2200 1P, 2250

Steam driven, piston pumps, with 1,000 GPM capacity on the 910 level of the Briggs
Mine — 1905.
Graeme Larkin collection
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SLIDE 54

THE 2700 LEVEL PUMPS

THE DEEPENING OF THE JUNCTION IN THE 1930S HIT SUBSTANTIAL WATER
WHICH REQUIRED THAT A LARGE PUMP STATION BE BUILT. AS THE
CAMPBELL WAS DEVELOPED, IT BECAME NECESSARY TO ADD PUMPS ON THE
2700 LEVEL TO FIRST PUMP TO THE JUNCTION PUMP STATION ON THIS SAME
LEVEL WHICH WAS THEN PUMPED TO THE 2200 LEVEL AND TO THE
SURFACE. WITH EXPLORATION EAST OF THE CAMPBELL FAULT CAME MORE
WATER AND PUMPS WERE INSTALLED TO LIFT IT DIRECTLY TO THE TOP.

= = )

GRAEME LARKIN COLLECTION GRAEME LARKIN COLLECTION
THE 2,000 GPM PUMPS ON THE, 2700 LEVEL PUMP STATION ON THE 2700 JUNCTION STATION
CAMPBELL MINE -1962 1972
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SLIDE 55

DEEPENING THE DENN AND CAMPBELL REQUIRED MORE PUMPS

THE DENN HAD A LONG HISTORY OF HITTING HEAVY WATER FLOWS AS IT
WAS SANK DEEPER AND DEEPER. DROPPING TO THE 3100 WAS NO
EXCEPTION, THE EXPLORATION TO THE EAST FOUND EVEN MORE. PUMPS
WERE INSTALLED TO LIFT THIS WATER TO THE 2966 LEVEL WHERE IT WAS
ADDED TO THE CAMPBELL WATER HIT BELOW THE 2700 AT THE PUMP
STATION THERE AND RELAYED TO THE 2700 THEN, ON TO THE SURFACE
WERE IT WAS USED IN THE CONCENTRATO

3y

. ¥ 3 s
GRAEME LARKIN COLLECTION
ONE OF THE PUMPS ON THE 3100 LEVEL DENN PUMP MAN AT THE PUMP STATION ON THE 2966
MINE -1962 LEVEL CAMPBELL MINE -1962
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SLIDE 56

DRILL WATER

WHILE MINE WATER HAD TO BE PUMPED OUT OF THE MINE, WATER FOR
DRILLING AND DUST CONTROL WAS BROUGHT IN. THIS WATER WAS
TYPICALLY THE CLEANER OF THE MINE WATERS PUMPED TO THE
SURFACE STORAGE TANKS. IN RETURNING IT TO THE MINE, PRESSURE
CONTROL WAS AN IMPORTANT CONSIDERATION AS TOO MUCH WOULD
BURST THE PIPES AND TOO LITTLE WOULD NOT LIFT IT TO THE HIGHER
PARTS OF THE STOPES . EACH LEVEL HAD A SMALL , OPEN SURGE TANK
ON THE STATION WHICH WAS FILLED FROM THE MAIN FEED LINE IN THE
SHAFT. THIS TANK FED THE LEVEL BELOW , THUS THE TOTAL HEAD WAS
NO MORE THAN 100 1O 133 FEET, ON THE LEVEL, THE PIPE LINES
WERE ADVANCED ALONG WITH THE DEVELOPMENT BY THE CROSSCUT
OR RAISE CREW, AS PART OF THEIR NORMAL WORK. FUTURE CHANGES
AND REPAIRS ON THE LEVEL WERE THE RESPONSIBILITY OF THE PIPE
AND TRACK REPAIRMAN. REPAIRS OR CHANGES TO THE MAIN FEED LINE
WERE CARRIED OUT IN THE SHAFT BY THE UNDERGROUND “BULL GANG.”

DRILLING WATER TO ALL WORKING AREAS WAS A HIGH PRIORITY AS THE
CONTROL OF DRILL GENERATED DUST WAS AN ABSOLUTE
REQUIREMENT. CARE WAS TAKEN TO ASSURE THE NECESSARY VOLUME
OF WATER AT THE RIGHT PRESSURE WAS ALWAYS AVAILABLE.

~ o~~~
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SLIDE 57

COMPRESSED AIR

THE NEED FOR COMPRESSED AIR IN THE UNDERGROUND CAME WITH
THE INTRODUCTION OF PNEUMATIC DRILLS, BUT ONCE IT WAS THERE,
A NUMBER OF OTHER PIECES OF PNEUMATIC EQUIPMENT WERE
INTRODUCED. AIR POWERED SLUSHERS FOR STOPE MUCKING WERE
AMONG THE MORE COMMON AS WERE MUCKING MACHINES.

AT THE BEGINNING, EACH MINE HAD ITS OWN COMPRESSORS WHICH
SUPPLIED ITS RESPECTIVE NEED. WHEN THE LARGE STEAM POWER
PLANT WAS CONSTRUCTED NEAR THE SAC SHAFT, HIGH VOLUME
COMPRESSORS WERE INSTALLED AT THIS CENTRAL LOCATION TO
SUPPLY ALL OF THE CQ’s MINES. THE C&A HAD A SIMILAR PLANT
NEAR THE OLIVER. LATER THE WHOLE OF THE DISTRICT WAS
PROVIDED AIR FROM THE JUNCTION POWER PLANT.

GETTING THE AIR WHERE IT WAS NEEDED, AT THE REQUIRED
PRESSURE WAS A CHALLENGE. IN BUSY WORKING AREAS WITH A
NUMBER OF STOPES WHERE THERE WAS A SUBSTANTIAL DEMAND,
BOTH VOLUME AND PRESSURE WERE A CONCERN. IT WAS COMMON
TO PLACE AIR RECEIVERS , (PRESSURE RATED TANKS TO STORE AIR) TO
ACCOMMODATE THE SURGING DEMAND. ~~~~~
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SLIDE 58

SAFETY WAS REAL, IT WAS PREACHED AND PRACTICED

MINING WAS HAZARDOUS WORK AND GOOD SAFETY PRACTICES MADE A BIG
DIFFERENCE. EVERY EFFORT WAS MADE TO MAKE THE WORKPLACE SAFER
AND TO TRAIN THE MEN IN ALL ASPECTS OF THE JOB. THE SAFETY
DEPARTMENT CAME INTO BEING IN 1913 AND THE DIFFERENCE WAS REAL
AND IMMEDIATE. THE MINES AT BISBEE WERE AMONG THE SAFEST
ANYWHERE

GRAEME LARKIN COLLECTION GRAEME LARKIN COLLECTION GRAEME LARKIN COLLECTION
SAFETY PHOTO SHOWING THE SAFETY PHOTO SHOWING THE SAFETY CARTOON ABOUT MAKING
WRONG WAY TO HOIST DRILL STEEL CORRECT WAY TO HOIST DRILL STEEL THE WORKPLACE SAFE
INTO A STOPE C - 1915 INTO A STOPE C - 1915 1955
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SLIDE 59

SAFETY ~ THE DRILL HOLE BOOTLEG

A BOOTLEG IS THE REMNANT OF A DRILL HOLE FROM THE PREVIOUS ROUND.
THESE WERE COMMON, BUT POTENTIALLY DANGEROUS, FEATURES IN MANY
MACHINE DRILLED FACES. IT WAS NOT RARE FOR A SMALL AMOUNT OF THE
EXPLOSIVE TO REMAIN IN THE BOOTLEG THE FIRST STICK OF POWDER HAD
THE SENSITIVE BLASTING CAP WHICH COULD EXPLODE. THUS IT WAS EASY
FOR THE PRESSURE OF THE OPERATING DRILL TO CAUSE A BLAST ~~~~~

HE WILL NCVER DRILL IN ANOTHER BOOTLIG

GRAEME LARKIN COLLECTION GRAEME LARKIN COLLECTION GRAEME LARKIN COLLECTION
BOOTLEGS IN A WORKING FACE, ONE SAFETY CARTOON CONCERNING SAFETY PHOTO SHOWING SITE WHERE
OF WHICH CONTAINS RESIDUAL DRILLING A BOOTLEG A MINER WAS KILLED BY DRILLING A
DYNAMITE C - 1915 1955 BOOTLEG C - 1915

The small remnant of a previous blast hole was referred to as a “bootleg.” It was absolutely
forbidden to drill in or very close to a bootleg, even if the end of the hole can be seen and the
miner certain it was empty. Collaring (starting) the hole was always the most difficult part of
drilling as the bit would dance around on the rock face, so bootlegs were tempting, but the risk
was just too great. Anyone who was caught using a bootleg was fired on the spot.

These bootlegs sometimes contained residual dynamite and with the dynamite there was often a
blasting cap which, for some reason, did not explode with the pervious blast. Blasting caps are
much more sensitive to rough handling and were almost certain to explode under the pressure of
drilling. More than one miner and/or his crew were either killed or badly hurt when this was
done.
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SLIDE 60

SAFETY IN HOISTING — THE STATION AND SHAFT BELLS

ACCIDENT INVOLVING THE HOISTING OF MEN WERE USUALLY SEVERE, OFTEN
FATALLY. THUS, MANY PRECAUTIONS WERE EMPLOYED. ONLY QUALIFIED
AND TRAINED EMPLOYEES WERE EVER ALLOWED TO USE THE BELL SYSTEM
TO MOVE THE GAGE. THE SIGNAL CODE WAS POSTED ON EVERY SHAFT
STATION, IT WAS INTENDED TO BE USED TO NOTIFY THE CAGER TO COME TO
THE LEVEL VIA THE “CALL BELL” HUNG NEARBY . THIS BELL DID NOT SIGNAL
THE CAGE TO MOVE. IT WAS THE
SHAFT BELLS THAT WERE USED
FOR THIS AND THE CAGER
ALONE RANG THESE

y

GRAEME LARKIN COLLECTION GRAEME LARKIN COLLECTION
CAGER ABOUT TO PULL THE SHAFT BELL TO BELL SIGNAL CHART ON STATION CALL BELL ON STATION
SIGNAL THE HOIST ENGINEER TO STOP THE 400 LEVEL POWELL MINE 2700 LEVEL JUNCTION MINE
CAGE, CAMPBELL MINE - 1939 1962 1972

Two, independent bell systems were employed. Shaft bells for signaling to move the cage and
call bells. The call bells were signal bells used to notify the underground cager that a cage was
needed at the level from which the call emanated. This bell would ring on every level in the
mine as well as the surface at the shaft collar and in the hoist house. By law, the state code of
bells was posted on each level. As a backup and to be sure the person calling the cage was aware
where he was, every station also had a sign with the level and the call bell code.

Call bells were set back away from the shaft to preclude the accidental use of the shaft bell. As
can be seen in the above photo, a call of 2-2-4 would indicate to the cager of a need for a pick up
on the 2700 level. The cager responded as he could, however a 20 to 30 minute wait was
common except at the end of the shift or at the lunch time run. If an accident occurred, seven
bells were rung followed by the station signal which would bring almost instantaneous response
by the cager. The mine foremen (not shift bosses, engineers or anyone else) would ring the level
call twice in secession and, needless to say, when the big boss called, service was soon to arrive,
but woe to the insolent pretender who tried this call. He was soon standing in front of the mine
foreman explaining why he should not be fired for disrupting the work of the cagers who had to
get all of the supplies down to working levels and that were a huge task.
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The shaft bells were, as the name implies, actually in the shaft. These were the sole domain of
the cager as any signal told the hoist engineer to move the cage in the compartment from which
the signal came. As the hoist engineer could not see anything, he would do as the bells
instructed. If a cager was doing something in the same compartment and the cage move
suddenly because of the unauthorized use of the shaft bell, he would most certainly be badly
hurt. As can be seen in the above left photo, there was ample signage to help avoid this
dangerous possibility.

Shaft bell in the number 3
compartment 1400 level
Cole Mine — 1964.

Graeme Larkin collection
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SAFETY — THE CAGE AND THE HOIST ROPE

A BROKEN HOIST CABLE WAS A FEAR. IFIT
HAPPENED, SAFETY DOGS WOULD STOP THE
CAGE BY DIGGING INTO THE GUIDES. EVERY
EFFORT WAS TAKEN TO MAKE SURE THIS NEVER
HAPPENED BY COMPREHENSIVE ROPE
MAINTENANCE AND FREQUENT INSPECTIONS

HAND INSPECTING THE
HOIST CABLE ON THE COLE
HOIST BY SLOWLY RUNNING

EVERY FOOT THROUGH

LIGHTLY GLOVED HANDS

1966 (UPPER R)
GRAEME LARKIN COLLECTION

COILING HOIST CABLE ON
THE 1400 LEVEL COLE
STATION PREPARATORY TO
CUTTING THE DRUM END OF
THE CABLE
1966 (R)

GRAEME LARKIN COLLECTION

GRAEME LARKIN COLLECTION
SAFETY DOGS
SUNRISE SHAFT CAGE
1960

A hoist cable breaking was the worst nightmare of every mine manager. The potential death and
destruction from such an event were the worst of all possible events. Bisbee never suffered any
loss of life or damage from such an event. There is only one recorded event of a cable breaking
and it was in the muck compartment at the Sacrament shaft in the late 1930s and was the result
of a kink in the rope caused by slack rope not being taken up in the proper fashion.

This lack of such accidents was not because of luck, it was because of good care and a set of
operational and maintenance practices that took luck out of the equation. To be sure, there were
backup safety dogs on all cages, just in case. These were cam type cast iron masses mounted on
a shaft on the cage and there were four in total, two for each side. When the cable was tight, it
held large coil springs in tension. These springs were connected to the shafts with the dogs. If
the cable went slack, as it would do if it broke, the springs would cause the shaft with the dogs to
rotate, forcing the teeth into the guides and bring the cage to a safe stop. The dogs were tested
weekly by the boiler shop based, cage repair crew. A beam would be place across the shaft to
support the cage and the rope allowed to go slack. This would kick the dogs in as well as
activate the radio “slack rope” signal.
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Hoist cable maintenance was a complex and time consuming task involving a number of
procedures. Every month, every hoist cable was inspected by running it through either bare
hands or hands with very light gloves (see above photo). The idea was to find broken wires or to
detect any distortion such as a kink would cause. At the same time, regular intervals were
cleaned of the heavy lubricating grease and oil then wire wear observed and the rope measured
with a micrometer to determine wear. Tonnage lifted was an important factor in cable wear and
two points would suffer the highest wear — where it passed over the sheave when at the collar
and where the cable would start a new lap on the drum.

To change the lap point, one full drum diameter length of the cable would be cut from the drum
end. This required supporting the cage in the shaft at the lowest level of the mine, then carefully
coiling the cable on top of lagging (to keep it free of rocks) on the station of the level as shown
in the photo above. The cable was then re-secured to the inside of the drum with the bolts and
steel plate type clamps and the slack carefully pulled up as it was uncoiled by hand to prevent
any kinking. The other wear point had to be corrected by cutting the cage end by an amount
equal to 1/3 of the distance to the sheave. This was a much more complex task as the cable was
connected to the cable by a zinc filled socket.

The cage would be supported in the shaft, at the surface, the king pin and safety chains removed
then the cable pulled to a nearby spot, the point to be cut selected and tightly wrapped with soft
iron wire then cut with a large hydraulic cable cutter. A large, cone shaped, cast steel socket
threaded onto the rope and a second spot wrapped with wire. The first wire wrapping then cut
and removed which allowed the cable to open up as it naturally does when unrestrained. The cut
end was flared by separating the individual wires from the lays and bending them back. The
whole mass was then absolutely cleaned of all grease with solvent and paint brushes, a very time
consuming process. The hemp core would be removed at this time as well. The clean, flared
mass of wires was then dipped into hydrochloric acid for a few moments to prepare wire surfaces
to accept the zinc metal. The wires were they washed and thoroughly dried and the socket pulled
into place, over the wires and the distribution of the wires in the socket made even. The socket
end is plugged on the outside with moist fire clay and molten zinc poured into the socket until
full, making sure that no voids are in the metal by constant vibration during the slow pouring of
the zinc. The socket is then reattached to the cage and the safety chains re-installed.

Either of these procedures forced the relocation of the level markers on the dial indicator in the
front of the hoist engineer as well as the remarking of the drum to locate the cage exactly at the
levels. The ropeman would take the cage to each level and signal the hoist engineer when it was
spot on for marking. Each and every level in the mine had to be marked thusly.

These tasks were always performed on down days, typically Sundays as it was a long process. A

process which would have had an unacceptable adverse impact on production during operating
days.
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SAFETY IN BLASTING

BLASTING HAD THE POTENTIAL TO CAUSE
VERY BAD ACCIDENTS, THUS A GOOD DEAL
OF TRAINING AND CARE WAS GIVE TO
THIS STEP OF THE PROCESS. TWO MEN
WERE ALWAYS PRESENT AND NON-
SPARKING MATERIALS USED IN CONTACT
WITH THE POWDER AND CAPS

LOADING A
CROSSCUT
ROUND USING A
WOODEN
LOADING STICK
CAMPBELL MINE
1939 (UPPERR)

GRAEME LARKIN
COLLECTION

SPITTING A
CROSSCUT
ROUND
CAMPBELL MINE
1939 (R)

GRAEME LARKIN

COLLECTION
ROUND LOADING PROCEDURE

GRAEME LARKIN COLLECTION
SAFETY PROCEDURE FOR LOADING BLAST
HOLES-1967

Safety drawing of fuses in a spitter
board — 1955
Graeme Larkin collection
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Placing fuses in a spitter board — 1939. Note: the spitter boards are made from Apache
Powder boxes.
Graeme Larkin collection

PREPARING FUSE FOR LISHTING

S/ TTING
o A HOT WIRE
£ LIGHTER

TRIMMING, SPLITTING &
LIGHTING FUSE

Safety drawing of trimming and spitting fuse — 1955
Graeme Larkin collection
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SAFETY - MINE FIRE PREVENTION AND RESPONSE

MINE FIRES WERE AN EVER PRESENT THREAT AND POTENTIALLY DEADLY.
BISBEE SUFFERED MANY SUCH FIRES, BUT NO ONE WAS EVER KILLED. IN PART
BECAUSE OF THE PREPAREDNESS OF THE COMPANIES. FROM 1908 UNTIL
1975, THE MINES HERE WERE PLAGUED BY FIRES. THE GREAT MAJORITY WERE
SULFIDE FIRES CAUSED BY SPONTANEOUS COMBUSTION. THE DANGER WAS
THE SAME FROM ALL — CARBON MONOXIDE A SILENT KILLER IF INHALED EVEN
IN VERY SMALL AMOUNTS. THE KEY — KEEP IT CONTAINED

MITOAN
LA U

GRAEME LARKIN COLLECTION GRAEME LARKIN COLLECTION GRAEME LARKIN COLLECTION
AUTOMATIC STEEL FIRE DOORS- MULTIPLE MINE FIRE PROCEDURE SIGNS FIRE RESCUE DRILL IN THE
IN CONCRETE FRAMES C -1915 400 LEVEL, CZAR MINE -1962 JUNCTION MINE YARD -1920

A part of the Copper
Queen “Helmet
crew” used in
firefighting and
control of ventilation

W

during a fire C —

1917
Graeme Larkin collection
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THE SAFETY DIVIDEND

1930
1928
1926
1924
1922
1920
1918
1916

1914

1912 J /7
O 1000 2000 3000

ACCIDENTS VS. TOTAL EMPLOYED
TOTAL EMPLOYED

B ACCIDENTS

EVERY JOB PERFORMED IN THE MINES HAD
BEEN THOROUGHLY EVALUATED BY
EXPERIENCED, SAFETY CONSCIOUS MINERS.
TOGETHER WITH THE SAFETY DEPARTMENT,
MANUALS WERE DEVELOPED WHICH COVERED
EVERY ASPECT OF THE TASK AND THE SAFE
APPROACH TO COMPLETE IT. THESE
MANUALS WERE CALLED “CODE OF SAFE
PRACTICE” AND EVERY EMPLOYEE WAS GIVEN
THE PARTICULAR ONE WHICH CORRESPONDED
TO HIS ASSIGNMENT.
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DRINKING WATER

THE PHYSICALLY DEMANDING WORK IN OFTEN HOT ENVIRONMENTS
BROUGHT THE NEED TO HAVE A DEPENDABLE SUPPLY OF CLEAN, COLD,
DRINKING WATER. WHILE MINERS OFTEN CARRIED CANTEENS, IT WAS
STILL ESSENTIAL TO HAVE WATER IN THE WORKING AREAS. THIS WAS
ACCOMPLISHED BY USING WOODEN KEGS WITH A CAPACITY OF ABOUT TEN
GALLONS WITH A DRINKING FOUNTAIN TYPE FIXTURE ATTACHED TO A
SHORT PIECE OF 3/4 INCH HOSE. THE KEGS WERE FILLED AT THE STATION
OR SURFACE EACH SHIFT AND TAKEN

TO POINTS NEAR THE ACTIVE STOPES

ON THE LEVELS BY THE MOTOR CREW.

THE WOOD ALLOWED THE KEG TO

SWEAT WHICH SERVED TO COOL THE

CONTENTS. AT THE JUNCTION, AN ICE

PLANT WAS BUILT IN THE 1920s, TO

CHILL THE WATER BECAUSE OF THE

VERY HOT CONDITIONS UNDERGROUND.

BY THE EARLY 1950sS, ALL WORKING
LEVELS HAD HIGH VOLUME WATER
COOLERS INSTALLED AND THESE WERE
ALSO IN SEVERAL OF THE WORKING

GRAEME LARKIN COLLECTION
1300 LEVEL COLE STATION, NOTE THE WATER
COOLER AND AIR RECEIVER -1962

Drill water was everywhere, but it was not potable --- ever ---- and all were instructed to never
consume even the smallest amount. After all, this was mine water and the drainage ditches
throughout the mines were convenient places to dispose of last night’s beer and everyone used
them in this manner. In fact, the drainage ditches, or water ditches, as they were officially known,
were called “piss ditches” by the typically less than refined miners, because that is what they
used them for.

Every effort was made to keep the kegs and their contents clean. The metal lids were made so
that they could not be used to drink from. The drinking fountain like fixture was constructed so
that contact with the lips was impossible. Each and every month, all of the kegs were taken to
the surface on a Sunday and the inside steam cleaned to inhibit algae growth. Now, while the
insides were clean, the exterior of the kegs was often the opposite. The handling and re-handling
by the motor crews coupled with the general dusty or muddy environment made the outside of
the cleanest of kegs, an unappealing source of water.
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SANITATION

UNDERGROUND MINES BY NATURE ARE CLOSED ENVIRONMENTS. THUS
THE NEED TO DISPOSE OF EXCREMENT IN A HYGIENIC MANNER IS SELF
EVIDENT. UNTIL 1915, EMPTY DYNAMITE BOXES WERE USED AS
TOILETS AND A NEARBY CAN CONTAINED LIME TO BE USED TO COVER
THE LATEST CONTRIBUTION. LIME WAS BOTH ANTISEPTIC AND
REDUCED THE ODOR. A FULL BOX WOULD BE DISPOSED OF IN THE GOB
OF A NEARBY STOPE. IN ALL, THIS WORKED, BUT WAS NEVER THE
BEST. STEEL TOILET CARS WERE

DESIGNED BY THE COPPER QUEEN

AND A HUGE IMPROVEMENT MADE IN

WASTE HANDLING. THE CARS WERE

FILLED TO ABOUT SIX INCHES FROM

THE TOP WITH A WATER/ CREOSOTE

MIX . THE OILY CREOSOTE FORMED A

LAYER ON TOP OF THE WATER AND

WHILE ADDING ITS OWN STRONG

ODOR, IT STOPPED THE WATER FROM

SMELLING TOO BADLY. THE CARS

WERE PLACE NEAR THE WORKING o B . e ,
AREAS AND WERE CHANGED OUT ON - RAEME LARKIN COLLECTION

TOILET CAR AT THE CLEANING STATION IN THE
A MONTHLY BASIS . YARD OF THE CAMPBELL MINE -1962

Illustration of the Copper Queen toilet
car — 1916
Graeme Larkin collection

3. MINE LATRINE CAR
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The aroma of an underground toilet car is
both unforgettable and indescribable.
The strong smell of creosote permeated
the air, and to be sure was the dominate
odor, but other, less agreeable smells
floated in the air as well. Few lingered
while about natures business as these
were unpleasant at best.

Local lore has a number of “Honey car”
stories, all humorous, and perhaps even a
few true. Greasing the black rubber seat
was a common prank. Stories are told of
miners changing carbide in their lamp
while using the car, and then dumping
the mostly spent contents into the
adjacent hole and thus, into water. This
would quickly form highly flammable,
acetylene gas. Then the stories go on to

say the miner disposed of his burning

cigarette into the same hole, igniting the Toilet car on the 2966 level of the Campbell Mine 1970.
. ’ . The setting is typical - a little used, dry crosscut near the

acetylene and either badly burning a working stopes

most private and sensitive part of the " Graeme Larkin Collection

body or literally blowing him off of the

car as the right mix of air and acetylene

is explosive.

The cars were handled by the “Sanitary Nipper” a man often teased, but never maligned. You
wanted to be sure he did not “overlook™ the car in your work area when it was time to change it
out. Equally important was making sure he was not mad enough at you to park the car at the
blower intake for your work place, or worse, spill a small amount of the contents at your
ventilation blower. He had a number of ways to get your attention if you did not respect his
humble, but necessary job.

When changed out, the cars were trammed by hand to the shaft station and taken to the surface.
Hand Tramming these from, oft times, distant locations was not easy work and the downhill
gradient of the track to the shaft station both helped and hindered as the full cars were heavy and
unwieldy on the sloping track. More than one honey car got way from the nipper on the way out
and derailed on a curve. The cleanup of these incidents was, needless to say, an unpleasant task
and despite washing and frequent dustings with lime a lingering odor reminded all who passed of
what had occurred at that particular spot.

Once the cars were on the surface, the contents emptied into a sewer line. This was done by

opening the valve at the bottom of the car by turning the wheel on top. They were thoroughly
washed and refilled with the creosote - water mix and sent back underground.
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THE MINE SHOPS
A LARGE NUMBER OF DIFFERENT TRADE SKILLS WERE NECESSARY TO KEEP

A BIG MINE RUNNING. EVERYTHING THE MINERS USED HAD TO BE
MAINTAINED AND REPAIRED, OFTEN. MUCH OF THE EQUIPMENT NEEDED IN
THE MINES WAS ACTUALLY MADE IN THE SHOPS SUCH AS MINE CARS, DRILL
STEELS, VENTILATION PIPE, SPECIALTY TOOLS, CABLE SLINGS, AND ALL
TYPES OF BAGS AND BOXES FOR USE UNDERGROUND.

THIS REQUIRED A SIZABLE, SKILLED WORKFORCE AND COMPLEX IN WHICH
TO PERFORM THEIR TASK. EARLY ON, EACH MINE HAD THEIR OWN SET OF
SHOPS. BY 1910 EACH COMPANY HAD CENTRALIZED THESE FUNCTIONS.
THE C&A USED THE JUNCTION AND THE CQ USED THE GARDNER /LOWELL

. WAREHOUSE (SUPPLY)
. MACHINE SHOP

. ELECTRIC SHOP

. BOILER SHOP

. BLACKSMITH SHOP

. ROPE SHOP

. CARPENTER SHOP
FRAMING MILL

1

2

3

4

5. PIPE & RIGGING SHOP
6

7

8

O.

1 0.UNDERGROUND PIPE

GRAEME LARKIN COLLECTION
VIEW OF THE JUNCTION MINE COMPLEX AND SHOPS - 1950

The many shops necessary to support the mines and their principle functions included:

Warehouse — Purchase and maintain a reasonable stock of supplies and materials for the mines
and mine shops

Boiler shop — mine car repair, make chute door kits, build mine cars, repair slushier blocks, build
and repair cages

Rope shop — maintain hoist cables, sew flay rope (manufacture) make slings, powder bags, nail
bags, repair lamp belts

Tin shop — make vent pipe, vent pipe fittings, tool boxes, fuse cans

Machine shop — Manufacture replacement parts for most anything, maintain hoist and pumps
Blacksmith shop — sharpens drill steel, bits, picks, axes, make specialty tools, timber dogs
Electric shop — maintain underground power for lights, pumping, slushers, trolley,

Pipe shop maintain water lines (drill water, compressed air, pump,

Carpenter shop — put new handles in sledge hammers and picks, make air doors, cut spitter
boards

Saw mill/framing mill cut and frame timber, make wedges and blocks
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MANY CRAFTSMEN SUPPORTED THE MINES WITH THEIR WORK
THE MANY
MULTI-SKILLED
CRAFTSMEN IN
THE SHOPS AT
BISBEE WERE
AS GOOD AS
ANYWHERE AND
THEY KEPT THE
MINES RUNNING

GRAEME LARKIN COLLECTION
SHARPENING DETACHABLE DRILL BITS IN
BLACKSMITH SHOP — 1939

SEWING FLAT
HOISTING CABLE
IN THE C&A ROPE
SHOP C— 1918
GRAEME LARKIN
COLLECTION

PICK /STEEL
SHARPENING
ARRANGEMENT
IN THE CQ
BLACKSMITH
SHOP C— 1912 v e s i -
GRAEME LARKIN vk i {5 GRAEME LARKIN COLLECTION
COLLECTION N= ' /IEl SHARPENING DRILL STEEL IN THE CQ BLACKSMITH
] SHOP C— 1916
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SENIOR MANAGEMENT 1965

IT TOOK MUCH MORE THAN MINERS TO MAKE A MINE A PROFITABLE
ENTERPRISE. A LARGE SUPPORT SYSTEM, INCLUDING SEVERAL LAYERS
OF MANAGEMENT PLAYED AN IMPORTANT ROLE IN ALMOST EVERY
ASPECT OF THE OPERATIONS.

OPERATIONS
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OPERATIONS STAFF 1965

By 1950, WITH THE ADDITION OF THE LAVENDER PIT AND CONCENTRATOR,

THE BROAD SCOPE OF OPERATIONS BROUGHT WITH IT A SUBSTANTIAL

INCREASE IN MANAGEMENT SUPPORT REQUIREMENTS.

GENERAL MINE
FOREMAN

SAFETY
DEPARTMENT

CAMPBELL MINE
FOREMEN (2)

DALLAS MINE

FOREMEN (2)

COLE MINE
FOREMEN (2)

CAMPBELL MINE
SHIFT BOSSES (6)

DALLAS MINE SHIFT.

BOSSES (4)

COLE MINE SHIFT
BossEs (6)

UNDERGROUND

GENERAL

SUPERINTENDENT

MASTER MECHANIC

GENERAL SHOP
FOREMAN

VARIOUS SHOP
FOREMEN (8)

F |

A

OPEN PIT
SUPERINTENDENT

CONCENTRATOR
SUPERINTENDENT

A

LAVENDER PIT MINE
GENERAL FOREMAN'

GENERAL
CONCENTRATOR
FOREMAN

A

VENTILATION
ENGINEER

LAVENDER PIT SHIFT
BOSSES (4)

CONCENTRATOR
SHIFT BOSSES (4)

LAVENDER PIT

STOPE ENGINEERS,
MECHANICAL
ENGINEER, SURVEY
CREWS, BONUS
ENGINEERS

ENGINEERING
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THE MINES AT BISBEE ARE VERY COMPLEX

OFFICE
(APROX.)

MAP OF THE COPPER QUEEN MINE -1902

HIGH QUALITY SURVEYING AND ENGINEERING WERE ESSENTIAL TO
INTERCONNECT THE MANY SHAFTS ON ALL OF THE LEVELS. IT WAS ALSO
VERY IMPORTANT TO BE ABLE TO CONNECT FROM LEVEL TO LEVEL WITH
RAISES FOR THE EFFICIENT MINING OF ORES WITH VENTILATION AND BACK
FILLING. THIS TOO REQUIRED VERY PRECISE ENGINEERING.
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ENGINEERING WAS GOOD AT BISBEE
VERY GOOD ENGINEERING SKILLS WERE AN IMPORTANT PART OF SUCCESSFUL

MINE OPERATIONS. IT WAS A COMMON PRACTICES TO CONNECT TWO
HEADINGS DRIVEN FROM TWO OR MORE POINTS TO EXPEDITE THE WORK. THE
CAMPBELL SHAFT WAS BOTH SUNK FROM THE SURFACE AND RAISED TO FROM
THE 1300’ LEVEL. THE CONNECTION WAS MADE AT 700’ BELOW THE
SURFACE AND WAS ESSENTIALLY PERFECT WITH NO VARIANCE. IT WAS A
SIMILAR STORY WITH THE SUNRISE SHAFT WHICH WAS WORKED WITH RAISES
FROM THE QUEEN TUNNEL LEVEL AND THE 7™ LEVEL SOUTHWEST. ALL

CONNECTED WITHIN
INCHES WHICH IS ESSENTIAL FOR THE

OPERATION OF A SHAFT. CROSSCUTS WERE
OFTEN DRIVEN FROM VERY DISTANT POINTS
AND THE CONNECTIONS WERE ALWAYS
GOOD BUT NOT PERFECT. THE GREAT
DISTANCES MADE THIS DIFFICULT AND TOO,
IT WAS NOT ESSENTIAL. THIS SHOWS THE
CONNECTION ON THE 2966 LEVEL OF
HEADINGS DRIVEN FROM THE CAMPBELL
AND DENN SHAFTS. THE MODEST DOUBLE
CURVE IT THE RAIL SHOWS THE VARIATION
IN THE TWO CROSSCUTS. THE CHANGE IN
GRADE IS EVIDENT AS WELL WITH THE TR ST

SLOPE TOWARD THE DENN SHAFT~~~~~ LOOKING TOWARD THE DENN ON THE 2966 LEVEL
CAMPBELL MINE -1962

The water from the 3100 level Denn was pumped to the 2966 level and carried by pipe to the
point where the Campbell/Denn connection was made and then allowed to flow in a water ditch
to the 2966 Campbell pump station. The point shown in the photo above is where the two
headings joined. The slope of the heading drive from the Denn is toward the Denn shaft at a
grade of 0.33% or 4” per 100 feet. The slope on the Campbell side was slightly greater in order
to make the connection at the same elevation as the distance from the Denn to the connection
point was greater than the distance to the connection from the Campbell shaft.
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Underground survey crews at the Lowell Shaft - 1904
Graeme Larkin collection

There were a number of two-man survey crews in the mines. Every crosscut had to be given
lines daily to stay on course; all new advance in the crosscuts had to be surveyed as to direction,
distance and grade (inclination to give elevation), all of which was then recorded for plotting on
the mine maps in the office; most raises needed to surveyed daily to assure they were headed to
the desired point (this is far more complex than it would seem as a slight variation would bring
the raise many feet from the intended target); shafts needed to be plumbed and kept absolutely in
line and vertical.

These were all important and exacting task, but which had to be performed rapidly so the miners
could quickly return to work. As the miners were paid for advance, then were in a hurry to be rid
of the survey crew and made little secret of their desire to start mucking again.
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GEOLOGIST KEPT ON SEARCHING FOR NEW ORE
TO THE GEOLOGIST FELL THE TASK OF FINDING
NEW ORE. TO DO THIS, THOUSANDS OF FEET
OF DIAMOND DRILLING WERE DONE EACH YEAR |4
AS WELL AS GEOLOGIC MAPPING OF EVERY
CROSSCUT, RAISE AND STOPE TO UNDERSTAND
THE CONTROLS WHICH GOVERNED ORE
PLACEMENT. EVEN WITH ALL OF THIS, NEW
ORE WAS VERY g
DIFFICULT TO FIND AS
THE CLUES WERE SO

GRAEME LARKIN COLLECTION

SUBTLE. INCHES = , e DIAMOND DRILLING CAMPBELL MINE

AWAY FROM AN Ve T 1950
OREBODY, THE ROCK ¥.as
LOOKED UNALTERED
WITH NO HINT OF THE
RICHES NEARBY. BuUT
SUCCESS DID COME
AND SUFFICIENT ORE
WAS ALWAYS FOUND
TO REPLACE WHAT
HAD BEEN MINED

GRAEME LARKIN COLLECTION GRAEME LARKIN COLLECTION

~ N N N~
EACH YEAR. GEOLOGIST AND ASSISTANT SAMPLING DIAMOND DRILLING CORE BEING REMOVED
WORKING FACE C- 1915 FROM CORE BARREL CAMPBELL MINE -1950

The geologist only became a part of mining at Bisbee in 1905 with the C&A bringing in the first.
The Copper Queen was slower as the senior management placed little faith in the ability of
science to replace the mysterious senses of an experienced miner at finding ore. By 1913,
geologists were employed in all of the mines.

Good, detailed geologic mapping of all working areas helped to develop a better, but not perfect,
understanding of the natural features which controlled ore deposition. As geology is an
imperfect science, this better understanding aided in the search for new ore, but did not guarantee
success as it was not uncommon at all to find all of the right conditions for ore deposition, but no
ore. Many of the massive sulfide replacement bodies were either low grade or barren of copper
and these masses were far more abundant than the ore bodies.

The wide-spread use of diamond drilling was a great savings as previously all prospecting had

been done by driving of crosscuts and raises. It was much cheaper to drill a small hole for the
hundreds or even thousands of feet than to drive a development heading to the same point.
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Once ore type mineralization was found with the drill, a number of holes would be drilled in fan
patterns to determine the probable extent of the mass. The drill core from all holes was reviewed
and recorded (logged) underground at the drill location by the geologist on a daily basis with
sulfide bearing pieces sent to the assay lab for analysis. The information from the drill core was
transferred to the individual maps corresponding to the elevation of the hole at a given distance
from the point it was started (the hole collar). This information helped give a more in depth
understanding of the areas the holes passed through.

Rock quality was also noted as so much of the rock masses were cut by numerous faults. The
ground was frequently so broken that it was necessary to pump cement into the hole to keep it
from collapsing. The photo above of the drill core shows a very white section which is cement
that had to be placed to keep the cooling water on the bit. The cemented part of the hole was
then re-drilled when set.

Malachite/goethite ore in place — Southwest mine, view 5 feet.
Graeme Larkin collection
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ENGINEERS AND GEOLOGIST WORK TOGETHER

THE WORK PRODUCTS OF THE
ENGINEERS AND GEOLOGIST WERE
COMBINED TO MAKE MAPS OF
EVERY WORKING EVERY 8 FEET
VERTICALLY. SOME 12
HORIZONTAL SLICES OF THE MINE
WERE MAPPED PER 100 VERTICAL
FEET. NOTE THE SURVEY PLUMB
LINE IN THE PHOTO BELOW

1800 Jevel - sl Jevel CAMPEELL MINE

axide ure mined - 2o timber

P, ,' exide ore mined - squareset tanber

slfide oro mined - no timber
e ¢ sulfide ore stined - squareset timbh:

T cromwost 2 mwe
S feet >

GRAEME LARKIN COLLECTION
BURTON & TAPE SURVEY IN A CUT & FILL STOPE,
2833 LEVEL CAMPBELL MINE -1973

GRAEME LARKIN COLLECTION
~ e~~~ SILL LEVEL MAP, 1800 CAMPBELL MINE -1950

Azurite and malachite in
manganese oxide in place
— 770 level Junction Mine
Graeme Larkin collection
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SAMPLING AND ASSAYING

THE WHOLE OF THE MINE DEPENDED ON THE COPPER THAT WAS IN THE
ROCK, BUT HOW COULD ONE DISCERN BETWEEN ORE AND WASTE, LOW~
GRADE AND HIGH GRADE. THEY OFTEN LOOKED VERY SIMILAR. EVERY
NEW WORKING FACE, EVERY FRESH MUCK PILE WAS SAMPLED EVERY
SHIFT. MOTOR CREWS SAMPLED EVERY ORE TRAIN AND AN AUTOMATIC
SAMPLER TOOK A SPLIT OF THE ORE BEING DUMPED INTO THE ORE BINS
AT THE SURFACE. ALL OF THESE SAMPLES WERE COLLECTED AT SHIFTS
END, PREPARED IN THE SAMPLE MILL OVERNIGHT THEN SENT TO THE
ASSAY OFFICE FOR DETERMINATIONS. THE RESULTS WERE IN THE RIGHT
HANDS BY THE END OF DAYSHIFT . A 24 HOUR TURNAROUND ON
SAMPLES, NOT BAD SERVICE AT ALL.

THESE RESULTS WERE USED TO DIRECT
EXPLORATION, PLAN MINING AND
PREDICT COPPER PRODUCTION.

HUNDREDS OF ASSAYS WERE MADE
EACH AND EVERY DAY FOR COPPER
GOLD, SILVER AS WELL AS OTHER
ELEMENTS, WHEN REQUIRED.
WITHOUT THIS RAPID AND ACCURATE
INFORMATION, THE MINE WOULD HAVE ==

BEEN F'AR LESS EF‘F‘]C[ENT ~ o~~~ GRAEME LARKIN COLLECTION
A WET DETERMINATION FOR COPPER CONTENT

IN THE ASSAY OFFICE AT BISBEE - 1950

The samples were delivered to the various shaft stations by motor crews who collected them
from the work areas. After the men had been hoisted, cagers collected the samples from the
stations and took them to the surface for pickup by a truck which delivered them to the sample
mill. At the sample mill, the sample sacks were emptied into pans along with the paper tag
which the person who collected the sample placed in the bag. These trays were dried in large
ovens, and then the samples crushed and ground to a very fine particle size for easy chemical
digestion. A 200 gram split of the whole sample was then packaged in a paper bag, labeled and
sent to the assay lab.

Base metal determinations were typically made using wet chemistry while gold and silver
content were determined by fire assay, a much more intense process. Hundreds of determinations
were made every day by the assay office and these in turn were used to direct much of the
activity in the mines.
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SLIDE 76

THE END OF THE SHIFT

To BE SURE, THE LABOR OF A MINER BECAME EASIER WITH MECHANIZATION.
WHILE, IT WAS NEVER EASY WORK, IT WAS GOOD, HONEST WORK. WORK WHICH
WAS DONE BY GOOD MEN,

BREAKING BOULDERS

SKILLED MEN, WHO LEFT AN || ° - b ON THE GRIZZLIES IN A

INDELIBLE PRINT ON BISBEE [[i™" ¢ CUT AND FILL STOPE
% 2833 LEVEL

ON ARIZONA, ON AMERICA " . - A CAMPBELL MINE =
Al : 1973
p GRAEME LARKIN
TAKING THE DRILL OUT . COLLECTION
OF THE SADDLE ON A ;
BAR & COLUMN SETUP
CAMPBELL MINE -1939

GRAEME LARKIN
COLLECTION

END OF SHIFT,
BISBEE

OIL ON PANEL,

ABOUT 14 x 20

INCHES (1924).

UNIVERSITY OF

ARIZONA MINERAL

MUSEUM

Miners
removing
their lamps
to place
them on the
charger on
the way to
the change
room at the
end of shift,
Junction
Mine - 1956
Graeme
Larkin
collection




There was a ritual of sorts about coming off
shift.  Almost always there were thoughts
about the day, the things accomplish and the
things left undone. Miners were largely paid
for what they accomplished during a two week
period. That is why they had work on their
mind, planning for the next shift, ready to ask
the shift boss for supplies, if needed and leave
word for the opposite shift that will be in your
workplace for the next eight hours about any
important issues.

The cage ride to the surface was always cool, if
not downright cold. Wet with sweat, the
rushing air on the way up the shaft would chill,
even in summer. Thus, everyone wore a coat
on the cage, but never underground in the work
areas. You turned your light off before
boarding the cage, so as not to shine the light
in others eyes. Between leaving the cage and
the change room, the lamp was off the lamp
belt and placed in its spot on the charging rack.
Then off to the shower and on to home, or
where ever there was good beer.

A trail of men on their way to the change room at
the end of shift, lunch pails in hand. Junction
Mine C - 1920
Graeme Larkin collection
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