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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 drill ed. The skildl
securely put in timber, thereby making the workplace safe for
himself and all around him. The almost occult of skills

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 alterezftanchcompetent. Only

the most massive of suppdimbering 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 labovetensi
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 comfience i n the experienced minero6s |ab
confidence was well placed, but as the mines deepened the clues to new ore were fewer anfl
fewer and théargersmelter andvasdemanding more ore.
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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 ventilation, 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 thexitdhiozedgdteg mined at Bi sbee was
i n nature. This materi al could often be m
benefit from blasting, very Ilittle powdwr
just continuedegrcavagi hgntbuo wake sure th

This softness made mining a bit easier and faster, but this was more than offset by the threat o
collapse and the amountwell-placedsupporting timbers required.
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Ben Williams, the first sperintendent of the Copper Queen, in the Czar Mine sitting on a ledge formed b
hard ore at the soft ore contact. The material in the upper part of the face could easily be removed by 1
of a pick, while the lower would require drilling and blagt (Douglas, 1900)

Graeme Larkin collection
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The miner

Most people think anyone who worked underground was a
miner. In truth, most were not. It is 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. It is the miner who leads the team

in the working face and woe to the foolish "
shift boss who thinks otherwise for he is Graeme Larkin collection

. Men at the top of a raise
doomed falil. C -1908

The miner is a skilled worker in every sense
and knows it well. Both his I|Iife and i ncojme
must have a qui ck wrhdangstwomrdk ngnwif r d rhme retv ewh i
daily basis. Every footardeff faeliveamtcei mnsiome ¢r g
subtl e as t o dehfey mivessecrrri gt d gomi,z ebutthe change| i
and adapt $§ gamlhausss Inyay One keep this inherentl
therefore efficient and productive.

The miner had to understand the changing grjou
fundament al as from tkPadcdwdr yaclklta gliemnisngvetre trted
of go-cwrfkasl | i ng from the back or rib. The |mi
was above him for his own safety and that off
in charge @fentimeg wdr K hlmap point in the mine.
This man had to be sure that all |l oose roclh I
unsupported back. Someti mes a rock would gou
fall no matt er ehxopwe nnduecdh. e fTrhoerste waaesr e al | pol e
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eomest¢ he matter of | oading the blast hole Wwi!f
s now charged, first with a stick of powde
se andbyf otlhleo weidght amount of dynamite. Tpo
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rew. The effort was al ways worth t
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the mutual ,absenlednus owasallbdsedcdheonradwikntre an
stopes, the tons which passed wehrreo utghhe tnheea scy
for bonus pay

T hsee me n wh o o gveotr Hced rdb sheebcya me Apartnerso deva

underground asmmdcri ¢adpvienyftdi mga,amawdrhegi vi 1
| i ves npo osae&wd Thhiesi rwaRarudn.i versally true eve
not | i ke each other and would nevertbopgaket

ontehey, watpartaklk s.
Who were the Miners?

For the most part, the men who followed mining as a careerwereas s secti on o
working men at any given time during Bi sbe
growth. Early on, may of the miners were immigrantsnew 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 skilsirseys. And too,
therecame well experienced miners from Germany and Sweden as well as men from the copper
regions of Northern Michigan amdetal mineslsewheren the U.S.

Good miners were never commbmever and they knew it, which bred in someeegd sense of
independence and wanderluéift 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 s 0 u | re both theé boemandbare lofetlle A
mining companies. Their skills were desperately needed, but their free spirit and independent
natureoften caused them to quit over a minor matter, leaving the mine shorthanded. A stable
workforce was highly desirable tbe longlived mines at Bisbee and much was done to make
Bisbee a desirable place to live and work.

The drong social forces of the timeld much to shape how the town was peopkidbee was
to be known as a,asinsedby Brimdeaid id @9renaia sofpr much of
its life, reflecting the temper of the times that influenBasbee, the west anduch of America.
Chinese were never welcome in early Bistkseartifact of the California mining districtwhile
American Indians never lived neBisbee thus none were employed in the minksfew small
groupsoccasionally coming t@amp near the top of The Dividehere there was a source of
good clayto make and setheir everpopularollas to the townspeople.

Also, in spite of its proximitytfo Mexico, Mexicans were relatively few in the toandthe
small number employethosty 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 ard rich mining legacy of MexicoThe Shattuck and Arizona did employee Mexicans
underground as did many of the small time leas@sthe Mexicans that did work fany ofthe
mining companie any capacitydifferential treatment was practiced.

Over ime, the composition of the work force changed, in large part by necessity. As more and
more mines were develop&udBisbee in Arizonaand America as a whqléhe pressure to find,
train and importantly,keep goodnining men increased. Fortunatdly the mining companies
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this need wasearcoincidental with increased immigration to the US from southern and central
Europe. To be sure, the earlier arrivals and their descendants, largely from Britain, Germany ang
Northern Europe as a whole, were none pteased with the influx of their ancestral advisories
and kept them relegated to more

menial jobs as much as possibl
Then came mechanization.

The advent of the pneumatic rog
drill did much to alleviate the
effects of thedire shortage of
miners. Now, a reasonably strong
and intelligent man could easilf
master the heretofore almog
mystical art of efficiently drilling
blast holes. Other improvemeng
in the handling of broken rock
safety and mine ventilation dig
much to makehe mines at Bisbed|

and elsewhere, places where
most men could wotkalbeit the  The owner, staff and a few residents of a Bisbee boardingheiS6@

work was hard and. as the [Inspite of the finery of the men seated, their rough hands speak of har

Bisbee Daily Reviewroteabout ~ WOrk. perhaps as miners. _ _
Bisbeein 1904, ilt is not a place Graeme Larkin collection
for a personnot in the best of VISITORS® FIRST IMPRESSION OF BISBEE
health. But it is a place for men of good o N
constitution. It is a placeof men of nerve. *5
| t is a place for maEs=
are no drones in this hive of industiy. e

Before 1910, mosbf the several thousand [7
mine workers were single men, living in ongs i

oyt
£y

of the numerousboarding housesluttered &
about the canyon wa#l. A number of
entrepreneuriavomen operated the boardinglm%
houses usually providing little more than a; %" [in:
bed and meaJsgperhaps laundry, but not the?ﬁiﬁ‘-’
washing ofthe deeply soiledunderground L_\
work cloths Of course, there were also J“ﬁi A
number of otherlocal businesss which N
catered to the needsd wantsof the single

miners

W~

o
»
)

Right: A C-1905 comic postcard depicting the
abundance of boardinghouses and places to €
while showing their very high cost for the time,
as a miner earned $3.50 a day
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depictedin the centerright by three small
houses with stairs.
Graeme Larkin collection




The staff of the Can Can Chop Housel&1. Note the miner at the right, lunch pail in hand, which no doub

was filled

boardinghouses.

.‘l'" T L T A N W ARy 04 i e e B
Last night marked the fnal ap-| While none of the places bave clow | P THE MAN WITH THE BUCKET
pesrance of Hisbee's tenderivin as al od 8% yet, it In known that over half| o © 1o o ot et et b, o b b i o st

Hazing wyriad of mahogany coun-
tern, foaming liquor, polished glasses
asd “smiling young mao all dreased
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 oither
be left deserted or Jurned into parior
compartmenta.

at the Can

C a n .d such\visearwce, asfdid Biostsobtleee 6 s

re

Graeme Larkin collection

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

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 ¥ b o

.v-v_—vv-, 3 e \wd W sl et ha, 30
- e e L
Sut o s ey pob. Trn g f00 buze rebumey = wer wow of
e e B e e T e e

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

GEO. E. STUART Prop.

Bastr v & »---—m---—ad
Vo coea 0l -

1907 adfrom theBisbee Daily Reviefv o r  mi
lunches from the English Kitchen restaurant

Graeme Larkin collection

n

April 1, 1910 clipping from th&isbee Daily Review
noting the closure of the Red Light District.
Graeme Larkin collection
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And too, it wadargely ths groupof singlemen that gave life to th@bundanggamblinghouses,
salons dance hallandbrothels, for which Brewery Gulch is gastly infamous In spite of this
high-spirited living, little true violence resulted and Bisbee did not haaedfor a policeman
until after 1902. In any event, by mi®10, all the rowdiness came to an end by city ordinance
with the forced closure of the dandalls and a prohibition of women working in any place
where liquor was served

The Bisbee Daily Review 1 91 0) noted that many gambl er s
district had left town ahead of the full closure to seek opportunity in,dtlerdier 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 reméambai t e 0 tovan riod several
decades morentil the labor shortages of World War Il forced a change on the.camp

To be sure,ite social blending of the varying European groups working in and around the mines
had beerachieved in a most harmonious mantleoughmany watched in amazement as some

of their neighbors left for Europe to defend the Serbian daus@14 And too, the revolution in
Mexico that had its genesis a few years earlier in nearby €anaould cause fear and further
suspicion amonthe Anglosaboutthe 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 @aeesluring the early 19308Vorld

War Il broke the policy bnot 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 Bisbeeds success.

Wor |l d War I 1 al so br ouSpldierMit roe rBsi edusas droa the u mb
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 therendere

no problems in the mineghey did their joh but found Bisbeaot 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 mmeverywhere, there were two things a man never went
underground withodit 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 afi¢heworking nearby
andinacommonplagei tting on a | agging (a plank thig
blast missed holes or the occasional boulder in the stope or crosscut duringdewcty the
area to eat allowed time for the smoke to digsipa

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 downtenithcoffee (we ate a lot
and there were few fat miners). A few had wives that weoemional cooks These lucky
chapswere the envy of the rest at lunch. Theu§ln Jacksfavoredthe English pastya treat
most enjoyedand with the entry of those of Mexican heritage came tamales and burritos, all
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eagerly sought by the other mineshen shared, something not uncommoindeed it was
common for someone to bring
special food to share with his
lunchtime friends. ‘

pail or into a raise or chetaway
from the lunch spot This was
important as rats had entered th
mines during the earliest of years |
and followed the miners to depth
as the mines advanced. While
never too numerous, theyould :
soon spoil a lunch area if food &
were left around. Thiis not to say
that the mines were septic becaus
there werea fewrats andin some |
places there wereoaches around.
Quite the contrary while very
industrial in nature, they were
reasonably clean.

To be sure rats would show up a &
lunchtime because &w miners
would feed them scraps in a ' =
playful manner. The end to the {8
rats in the mines at Bisbee cam &%
with the protracted strike in 1967
1968. They simply died of
starvation during the eight months
of inactivity. The roaches,
however survived and wepgesent
in small numbers, scattered
throughout the mineso the end,
but rarely where the men eat.

Postcard view of a lunch break underground at Bisb&81XD. The
settingi a dry drift in a mining area is so typical as is each man witl
lagging or block to sit on.

Graeme Larkin codiction

As wasso prevalent during these times, many miners used tobacco. A few clotherd
smoked Except for a short period during the 1950s and early 19605, fAr ol e your
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. Whe
left unattended or discarded, a tailor ma&iharette would continue to burn, potentially setting

fire to timber. A roll youown 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 workingantewell paid for their
labas, 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 wadaudn the context of the times,
indeed it was very good, far, far better than most had knowime place they had called home
before coming here As miners and craftsmemany stayedn the minesthe 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 alongs
men who seem to be of northern Ewrap origin and American, such as the
engineer with the lace boots at the far left. The man with the oil lamp on hi
near the center may well have come to Bisbee from mining areas in the ea
mid-west, as this style of lamp was common in the mifidésese 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
is an area under the supervision of a given shift boss). These were all good men and great miners. At on
another, | workedlangside 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 1930s 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:
Tool nipper Powder monkey

Ventilation Pipe and track
H : Graeme Larkin collection
engineer repairman Mining crew at a crosscut

face drilling and mucking
C -1908

For every minewerad st her if@aiceg!| ¥y hleaeg® nmeinb evio
in the mine just to, makergyteremegbaded heo ¢aéate
and out After all, this was fAwhat put the
I n addition to thorsee Werse eidnv oal vgerde aitn ntahney sn
repairing thel|l i menrd equi pment or getting t
materials ready for delivery to the mine ya
't may sbameottdetehift boss | isted as a ser
direct supervisor, but It was the shift b o g
and support the mining crew needealware hawda

order tools and timber or send

authority t
wor ks as cl
to be sure
pl an a bit,

0
0] as needed. The shift bo
t

t he sel dom dared to tell

Even though the shift boss was al most
mi ner at th

s e
hi ngs wekempgaiemg ivad !l Ip.r o bHe msl xaa
bu

e face knew Amiys sworf ki ogp sl avcheo I ¢

S S w

t he

al wa

ou

y S
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how to do his
instruct qui ck
al |l bohyosaondl
mi ners wer e

superintendent
watso raplcau@l e

J

[

W he
woul d
of

t ake
al fwiaryéf ewe rsyhihfar db otsos e sf ama dteh @ hmjisn

good

o

soon

ften
fenc
i nst

mi ner s.

heweswasors ol dallgiyn
e and woul-idt quijt ,
ructions from sjom
deme diestbh@at s it hamgsi
He was right.
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Starting the day i the change room

For most, the day began by changing fr
Afdi ggerso, those work clothes, washed <c
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 Adryo as it was often call ed,
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. Thento e : _
the time keepers office to get the — Sraome Larkin colloction
brass and report for work Sacramento mine change room -1915

Mi ne change rooms at Bisbee were truly wel!/l k
one world to another took place and tthkee wnirjkie
cleanliness and health, so good showers wer| e
deep appreciation of i ndustri al hy dfcema uwly| c |
placed a new emphasis onsthaeddebegoombpbami eag ¢
industry |l eaders in providing for the workejs
However, | ong before it became standard to |pr
di splayed his concern for the mebhhédty pooei ¢fr
homes in early Bisbee had access to water i|n
essential. Early on, mi ne water was wused f|jor
on occasion it Wacrfdéeswenrn $rainn peelfleeawi. sh, smpl |
altogether rare. This was particularly trde

mud al ways settled out of the ,miared wWwateed oo
tank bottom.
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Change room attendants were always around
shift came or went. These were usually ol
demands of the work wunderground odi smabl evd o
result of an accident in the mine.

Showers in the Czar Mine change root
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

to pick up his brass, a coin dike piece

stamped with his payroll number and kept ,

on a large board placed in a conspicuous Obverse and reverse of a custom

spot for easy visual reference. struck brass of the Shattuck &
Arizona Copper Company

Ci 1915
When the brass was given the miner by the Graeme Larkin collection
time keeper, this indicated he had reported '
for work . The process was often
referred to as fAbrassing
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 k e e p e offics, it was e a0 ) aat 2990 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 Pricki bRsStoSa bupdnBororl N . O
whole process was a simple, but important engineer of the Copper Queen

Branch
safety measure Ci 1970

Graeme Larkin collection

For safety reasons, every pieclkhosp whosweat b
from the time keeper to show that he Hlad r e
pi ece, which was stamped with his payroll
ma n . A shift boss could tell by a glance o
at the end of the shifte,ifastidye Mmadoeals|l redme
the time keeper before entering the change
The careless miner who did not +te@t paosn Ihhiiss bbb
and others went Iwaskifroggnfdor nhiam.l oclafi e i nk
dead or injured in the mine, he would soon
publically chastised and humiliated. Few r
Underground, t haelsley wuesreed otcoc aisn i cate who wa
Working in a fire amaeex aomplbeeCutnsd dee wdat etrh ed
door, every man would hang his brass on a
coltl eict when | eaving. This all owed the shi
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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
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

minuets or

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._-_. BLASTING o% menoy ro swoor,

THIS IS & CAUTION SIGHIL AND 15 THE ENGINEER 1S
PREPARED TO ACCEPT T HE MUST ARRGHWLEOSE BY
RLUSING BUCKET 8 CAGE + FEW FEET THEN LOWERING
ST AGAIN, AFTER BCCEPING THIS 5 INAL ENGINELR
MUST BE PREPIRED ID-AWSYN[VAW-YMV BLAST
AS SOON AS SiGHAL TBELL® /S GIVEN AND

MUST BLCERT NO TTNER SIGNAL IV THE MEANTINE,

6.BELLS, AIR ON OR OFF.
~___DANGER SIGNAL, Forcowsn

BY STATION SIGNAL CRLLS CAGE TO TMAT STAFNVY
PRECEDENGE OVIR ALL OTHERS

TH/S SIONAL TARES
EXLLPT AN ACCEPTED BLASTING SIONAL.

STATION SIGNALS.
-2 BELLS COLLAR OF SHAFT.
3&:;\.5.! Lever | 45seus 3™ ‘LEveL

5
5
B-
5.
5-
é
6

6
(=5

1

BWNTORWN

mmmmr&m&/wm,\/m CR LONERNG
SICARL ~ THE ENGINEER SKILL NOT MOVY 2 CAGE SKR O
WMISKMN~AM‘ T SRABL~ L Y
TRS SoNaL GOt i B POSTED Q¥ TN GRLLEVS
IMN”(‘#S&M‘(‘/&’NB{(AJ# (P
OKBMJ.'{ ST MiInE NSO
COPYIOHT L e JWSTONTEILST . DOV S0

Graeme Larkin coIIectlon raeme 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 stamoint. 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 sigmal$912
whereby the cager who loaded the men and materials on the cage,
could communicate wh 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
surfacewanted to lower the cage load of men to the 1800 level, he
would ring 551 3i 2 on the shaft bellendicating the destinatiowas

the 1800 level and that men were being lowereds the mines
became deeper, this chart was modified.
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Underground I 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
safety. All loose
rock must be
barred down and
temporary
support placed
where necessary
and this varied
for the different
environments
stopes, raises or

(-Braeme Larkin collection
Walking to the working face,
Campbell mine -1950

el SRR I“h A
W o .:c"l{r ;

-
W

9

Ccrosscuts

Graeme Larkin collection
Barring down , 2966 level
Campbell mine -1973

Graeme Larkin collection
Boarding man cars, 2966 level
Campbell mine -1950

Miners leaving the cage to board a man car on the 2966 level Campbell W93®.Graeme Larkin collection

15
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a newly blasted face waited for the miners coming in

Blasting was always carried out at the end of the shift to

allow 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 venture 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 codiction

VAR e
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Slide 11

Booming out for safety

In squareset stopes and crosscuts where timber support was
needed, temporary support was p
Aiboomso hung i n iron hangers an
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 onthe 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 s
compressed air RN

~ Graeme Larkin collection Graeme Larkin  collection
Cleaning the face under boom lllustration of how to boom out in a
support in a crosscut C -1915 squareset stope -1955

rovi ded
d pushe

It will come as no surprise to learn that the most common accident underground was falling rock.
Thiswascak d dAf al | of groundo and e wechegvens Meclo a ut
of the rock mined at Bisbee was oxidized by the 1seaface decomposition of pyrite. This
alterationgenerally made the ground soft and unable to stand without constaattsupp

To be able to muck out and make room for supporting post required the miners to work under a
potentially bad ceiling ofibaclo, as they call it. The most common approach was to use large
timber boomswith planking (laggingas shown above until th@gt could be set.
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Collapse of the @0 level Czar Mine station due to a lack of timbe
maintenance 1964
Graeme Larkin collection

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

"™ no warning of an impending collapse.
Below: Collapse of a stope due to a lack of adequate backfilling coup Graeme Larkin collection

with a natural weakness of the rock caused by void formation along [
existing calcite lined subsidence cracks.
Graeme Larkin collection
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Moving the broken rock in stopes

For the first 50+ years, all mucking was
done by hand. In stopes, raises were
closely spaced and as much as possible,
rock was blasted directly onto an
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
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.

Il n many cases, t
by pick and shov
removing all of
sorting was an i
process at Bi sb
mechalhi tcoader s w
with relatively
The sorting t oo
deemed to be che
for the | abor to
t ttoh emowoerotchkl e s s

he surface,
emewats t teh
e of t he
tantially. It

Thi s
mat er i a [Gobwajlsqnpdg from wagje maquglysorted §opq @rq irg

fill,

had

Fig., I—A typical
square-set stope
in the

Copper Queen

process

Graeme Larkin collection
Squareset stope timbering

rai sed

t h étopg,g‘zlszv I Sopthwest Mine

raeme Larkin collection
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maki ng
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| ed ma(eabnalt hav asitlopkelse whorc hb a
ype of

t
i s mi ni ng.
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 toAwmisigown in the
illustration below, mining between two correctly filled stopes to recowe pillars was practical.

Illustrationof mining an ore pillar between two gobbed stopes
19309.

Graeme Larkin collection

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

Graeme Larkin collection
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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 ho per 100 feet (0.55% grade).
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 : Bl =
could drill while the mucker loaded the Graeme Larkin colection

. Hand shoveling broken
broken rock into cars rock in a crosscut -1920

In the 1904 photo to the left, a stee
sheet (often called a tusheet, as
mine cars could be easily turned on
such a sheet of steel) has been set
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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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 - T S i
tie intO Squaresets in Graeme Larkin collection Graeme Larkin collection

Six post raise timbering plan Cribbed raise timbering plan
the future SY(0]0]S] 1955 1955

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

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

" FPest

70" 10

A | Brealiars i
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Left: Standing the three, 1206 X 1
a raise. To this point, only a single round has been taken out of the cross
back. Ci 1910
Right: The illustration of the sill timbering scheme for a standarghast has
these three posts shown in the photo shaded for reference.

Graeme Larkin collection
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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 T 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 varied 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. T

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 4 L2

resistance to shoveling by the water e, iy

iS try|ng indeed_ A|r movement iS n|| Sinking of the Cochise Shaft C -1902. Note the

tripod headframe and the horse whim for hoisting

with out help’ making for a humid and of rock. The miners are in wet gear telling of

. water and the plank extension of the headframe
altogether un pleasant environment. is to enhance natural ventilation, suggesting a

hot work environment.

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

This was the typical manner
to enter and to leave a shaft
during development. Here
too, the vertical boards to thg
right have been placed to
form a chimneylike duct to
enhance natural air
circulation.
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Right: A handoperated windless over a small
Prospect shaft ©01814Bu
Graeme Larkin Collection

Early on at Bisbee, shafts were used
explore for possible ore occurrences,
there were almost no recognizalsdarface
indications. Thus, many eve startedin
modest fashion, perhaps with just a windldj
or a tripod head framer a small with
wooden head frame§hese were replace(
or enlargedwith depthif mineral was found.
The shaft size would be increased
exploration was promising.

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

Above: The small wooden head frame at the Dallas Mine
sinking was being initiated-902.
Graeme Larkin Collection

The wooden headframe at the Junction Mine is being
overbuilt by darge,steel headframe which will replade i
when complete. A new hoist was also added, 1906.

Graeme Larkin Collection A map of a part of the 1600 level of the Junction Mi
with t he 2006 di ameter st
circle. G1950 255

Graeme Larkin Collection




Adding additional compartments to the shaft was needed to allow for reasonable production to be
achievedOften, the shaft size was enlarged by working it as a raise, miningtaigetadvantage

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 allldped 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 wasalmost alwaysiecessary to protect tis¢ructural integrity of thehaftby not mining too

close. Typically, a 200 foot diameter shaft pillar was defined and considered sacred until the
mine was ready for closurelhe Holbrook Shaft cut ore when it was being sunk ahdewhe

ore was left in place, the soft, plastic supergene @ageciated with the ore made it impossible

to keep the shaft timbers Aligned. 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 & Aundertook severalvhile theShattuck Denn,Saginaw and otheshaftswere
eagerlydevelopedy their ownersseeking ore below the thick limestone cover.

The Copper Queen dpened th&pray,Gardner Lowell Dallasmines and sank the Sacramento
Shaft at much the same time. In all casks was serious work and great care was taken in
developing and supportirthe shafts.

At the Briggs Shaft of the C & A, huge amounts otevavere 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 wag
often stopped until the water was eitipumped 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 goss an of the oxidized
surface material.

Graeme Larkin collection

In Later years, the Copper Queen would fadg
the difficulties of large flows of water at the
Warren Shaft, while the nearby Cochise &

Calumet Mine (C&C) had been reopened a
developed with the hope ahtling water

Examples of shaft timbering and station
development as practiced during the N
deepening of the C&C were included in thqf
fiPractical Mining Coursé by P h e | l————c—g——

(1920) are presented here as they so typify most that was carried eusumidar conditions at
Bisbee.
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The Gardner Shaft was wet, always wet, as can be seen i@-this
1910 postcard view of men in rain gear on the cage.

Graeme Larkin collection

£
Station .:
development and X
timbering as 2
implemented in the
C&CMine i 1920.
Here, steel bolts
are used to
maintain the

desired shaft

o RIO

dimensions by
holding the
vertical post in
compression
again stthe end

.
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Above: Shaft timbering for the
three -compartment, C&C Shaft
using steel fAJo
timber hangers to support the
sets as downward advance is
made.

Graeme Larkin collectio
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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. Howerethe several ventilation shafts such as the Saginaw and Boras
remained as timbered shatfts.

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

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 ontwo compartments were used for hoisting at the th®d 3.
Graeme Larkin collection
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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 i 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 adeq
for exploration, their small size was an impediment to
successful mining.

Mining has alvays been a volume busindgsshe greater
the volume, the lower the costs. From the earliest of
at Bisbee, the need to maximize the tonnages handled
apparent. Thus, as the mines expanded, the facil
related to getting the rock to the surfagere improved
and enlarged.

'i‘ JPER »
. NEAR Dou Louis AT J
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Small wooden head frames we
replaced with well designed
massive steel structures, capable
supporting forces of the hoist cab}
and the loaded cagesskips

For unknown reasons, the firg
head frames built at Bisbee e
enclosed structures, with the hoif
in the same building as the head
frame, something common in th§
frigid copper country of norther
Michigan but seemingly out off.#"
place in Arizona The Czar, &
Holbrook and Spray mines, af}
Copper Queen properties wese ||
designed. With time and probablk
for . re_asonS of ~improving Construction of the Spray hoist house, enclosing the nbuily steel
ventilation, all were later opened, oaq frame. 1901

with only the hoistremaining Bisbee Mining & Historical Museum collection
under cover.

“MAVE N8 3%

By 1910 a number of fine and substantial steel head fraraesadded tthe landscape. These
included the Irish Mg, Junction, Oliver, Hoatson and Briggs of the C &tie 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 als® built t
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 orasramlonger did the shafts have to be clese
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 yearshaul distancesnd 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 othe 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 largehoists at Bisbee weral of
the flat cable type with redke drums. 3 ——
Flat rope(in mining, cable and rope are Ee———— G a——"

used interchangeably to describe W S -:3?—=-‘—=~‘_’*‘ ——

should be callewhs ww:i i ¢ 1+ upowy
An example of flat cable. Apfproximate widtlfour inches.
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composed of numerous smaller, mulire cablescrossing each other and sewn together by
multiple, parallel strands @ft steelwire.

1.51!4!:

!
i

HI
|

N!'

|

Flat rope hoist at the Gardner Mine wtiewas just installed-1904. As is typical for double
drum hoist, one side is overwind, while the other side is uwitezd.
Graeme Larkin Collection

The earlyhoists werdargely steam driven and each mine had its own steam plant with a number
of large boilers to drive the hoish@later, air compressions and electrical generai@® also
steam power. When electricity reptaicsteam as the most economic form of power, this hoist

was converted to compressed aBy 1938, a small electrical powered round cable, drum hoist
had replaced this magnificent unit.
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While round cable, drurtype hoist were introduceshrly at Bisbee,gw were truly serious hoist

andmostwere 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 electntine hoist, operated on DC current because it was possible
to better control the hoistThus each hoist house had adequately sized fgetwrator (MG)

sets to convert the incoming electrical power to DC. An MG set can be seen in the very back of
the bebw photograph.
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The large Allis Chalmers, grooved drum hoist for the number three and four hoisting compartment:
Junction Shaft, soon after instillation was complete 1934.
Graeme Larkin Collection
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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
L p— 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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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 | owest positaowasd nbdadlkl n
breaking wor k. Al l shift | ong, he | oaded @noc
returned an empty car to the chute to start| o
di stance was an i mportant consideration andg
manageabl e di 3t0f0ee¢ oh beesdihawcti on.
However, | oading cars at chutes was not wusujal
|l i ke minerals and would often just hang in |th
fall with much prodding whthl &dohgngi peeelbnhjec
the compressed air |ine, called a blow pipe|
a |l ong wooden blasting stick and mlaateadysngth
|l ast resoraledbfgerher buncaoammon.
When the sticky ore finally would fall, It Jof
the chute door. Looking into the chute as| s

practices as one nmvght khaiwl whenThhbheomluygkt hii

=}
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a hung chute for any reason. More than a
autimarmb), but some were |l ess fortunate.
PO'DEQ\
———
BLASTING STICK
N Safety drawing of a wire basket for
blasting chutes 1955
Graeme Larkin collection
WIRE BASKET
FOR BLASTING CHUTES
I n the sulfide stopers, tbgebhhed Aaondl dhewve
effort by the trammer as he poked and prie
br olkoecasned f el | | it was a tense moment for th
the heavy, fatlesgwepbpeksot &htogether uncom
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In the above posard view, the chute door is open, but no muck is coming out No doubt it was wet (as
seen) and sticky. His face is mud covered, except where protective goggles (removed for the photo
were in place. Loading cars in this very common conditios eigty, difficult and very hard work. €1910
Graeme Larkin collection

Using a bar to prod wet, sticky mucl
from a chute. Note the use of a
Al oading boardbo
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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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 ti me. Now tt
mules were well treated as any important and expensive tool was

cared for. They were not overwor ked,
barnso where they werf

Graeme Larkin collection Graeme Larkin collection
Mul e pulling four fAAO0O stylefdMad® barn, 1500 l evel,
Ci 1910 1973

A postcard view of a
mule barn in a dry and
well lit area. G- 1910
Graeme Larkin collection
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The introduction of mules into the mines1907for haulage made an important contribution to
the efficient movement of material. . A number of trammers were replaced by these grea
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 uséhd small, older workings.

Mules were expensive animals and always treated with eagry 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 wdlfed, receiving hay and oats dailyMore than one miner

was found to have his lunch palil 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 suc
a lage animal down a shaft safely was no simple take 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 t¢
keep them quiet.

A well trussed mule
that has just been
unloackd from a cage.
Note the sand on the
turn sheet to protect the
animal when laiedown.
C-1913
Graeme Larkin collection
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Postcard view of a mule pulling six empty cardg. £910. The double track, timber type an
stored pipe suggest the photo was takei shaft station.
Graeme Larkin collection

Local loreamong the nominershad t 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 mulesdtitgra 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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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 —— e =
‘ ; LY Five ton motor in the

been replaced by — RS, Gardner mine soon
motors and hand e after this size was
tramming was 4 Gi?atgiuf;fmfouecnln o
uncommon. The

early motors

were small 2 Y2
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

~ Graeme Larkin collection Graeme Larkin collection
2 h ton motor haulingLédgdbhg a fgabl e
bottomd styl e 18l@ar s, C carfromastope C -1910

Mot or size matter a great deal for the | ongp
hoi sti hgirhehadQThe smaller motors were wunablje
power (draw bar capacity) was but the equivijal
capacity gable bottom, side dump carsecketHsa| d|
full

Larger motors of several di fferent brands 4and
able to pull just over twice of the | oad the
four times the |l oad.eThkeseemunetwekcbnunnhukdc|to
| arger motors were ever used and these for |l o
15 ton motor with a 24 inch raisicxgagetwasasguee
ton tgp&cianby style cars on a consistent wajst
Il nterestingly, the area where thi8 nmbdt gragweg 3
nor mal traffic ahhdchhgagehéeorwthb thege motipr
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Three trolley motors of varying size on the 1600 level of the Junction Ming€,926. This was a main haulage
level where ores from the Briggs and Hoatson mines as well dsiicion stopes on this level were all collecte
and brought to the Junction Shaft for hoisting.

Graeme Larkin collection

Several styles of stage battery locomotives were
used successfully the mines as well. The small
AManchad trammers was €O mnme
ton locomotive, such as that show at the left were
less common.

A eight ton storage battery type locomotive pulling a
string of AKO car<€4970.n t h
Graeme Larkin collg®n

271




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 4v% 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.
' T Lo SO , The auger was a
- B helical shaped
piece of steel
about 4 feet in
length

Graeme Larkin collection
Hand drilling in a crosscut

C -1903

Hole pattern
for hand
drilling in a
crosscut -1910

Graeme Larkin
collection

Before alll of the mucknfremovbd, pdevl busghbiy
took so | ong to drildl a round. A hand dril

hand drill ers were r atryepiicnad dleac €asnud{ innhnee rise s
descent ). urHoafr haifttieinraghetdharchil s eslt eel wi t h

hard Mor&s had to be drilled at all angl es

the steel with the hammer and it ydwr hand

After every Dblow, the steel was rotated a bij
steel i n the rock. The first steel used wa
about six inch intervwmdasdiwghthl yeasmalsluerceasts i
certainxthat!|ltweuhe foll ow the previous.

Hol es were not randomly dril |l The pattef
i mportant to assure that tkhien gbltahset raocccko mmpH ii
the opening size, shape, direction and incl
pl ayed an important role in the hole placem
more holes wbhea teqmqbwasesdupphbetrequired, t he
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such that
crosscut s

or e
a

a m or
had hol e
extens

than a pi

Hamdiger s wer e
bit harder
t hese
used

t y psipcaacleldy hwil dees
ow

to make shall

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

|l ess flat back would be
pattern which would yi
ively wused in the soft,
ck could easily remove
t o br eeank tthhains nnoatt, e ra uag
hole to allow for the
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Slide2 2

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 dike 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
1939 ready to light C -1900

The use of dynamite to blast was something]| |
more powder did notstusuaMWeyVylwegdiamtegddbeoitither wli § ¢
more i mportant. I n fact, the hole was not vV
The first stick placed in the hole containgd
The cap had teea Icemgiprdofonfire fuse either| b
ahead of time to save the miner some time gs
pushed to the back of the hole and | itghtay | t:
|l ong, wooden stick, called a |l oading stick.
more sensitive to rough treatment than dynajmi
each somewhat tamped intdiphatg wnthneheée Imaa
(paper, wr apppaudt sianwdtuhsee hol et onbeéebpr of tihe |plo:
gas emi ssions.
The fire fuse used was all of the same | ength
ratasmeed i mi nfueteed Whpeer al | of the holes wer|e
determine the blasting sequence, the shortej
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was ignited by candles at firse dmaeamkieair b id
called a fAspittero.

I n a éhtset , hal es wer e
first and they threw 3
out t o devel op an op
remai ntdree todl| é&s,e alka sttd |
t he bottom hol es (rif
throw the broken rock
all ow for easier mu ¢ k
sheet as well as provi
begin as soon as possi

Empty 50 poundsiant Powderdynamite box from

1890.
Graeme Larkin collection

Right Number six size blasting caps as use:
at Bisbed 1930.
Right: Apache Powder adl926

Graeme Larkin collection

ts standard
throughout P-D W R Y A
for pATR TR T e From 1923 onward, Apache Powder Company

underground i =t dynamite was the most commonly used explosive in
Operatiors 21 S y - underground mines at Bisbee.

Every w0l e i

Two empty 50 pound boxes andddl of fire fuse and a
pair of cap crimpers.
Graeme Larkin collection

APACHE
POWDER CO.

e rce,
Anrome

275

O o~ T ~
— DO 3o



While dynamite was a safe explosive, it was expensive and the nitroglycerine in the dynamite
and the smoke following a blast caused intense headdatbes were overexposeth the early
1960s, dynamite was largely replaced by a blasting agent manufactured by Apache Powder andl
mar ket ed under CCalbhamitedbr ache sn drha s anioxy@gerbalapeedyt wja s
free flowing mixture of blasting grade ammonium nitrate with approximately 6% No.2 fuel oil.
The oil contaieda dye whichgavethe product a distinctive red color so as to be readily visible
when a hole misfired or the product spilledhe blasting agent was loaded via a pneumatic
venturi tubeto suck the material from the sack and fill the blage using modest air pressure.

Dynamite was still usetl oneprimedstick per holg to detonate the Carbamite and if there was
waterarouwnd 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

guick and easy to use and the predlem of #Aplow

FIG.»  ROUND LOADING PROCEDURE

Procedure for loadinglast holes witldynamite and/o€arbamite
as indicated by ground conditiorihelps Dodge, 1968
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Missed holed the greatest explosive related danger a mi
faced!!! Sometimes and for various reasons one or more
in a blast would not fire or only partially fire. These w¢g
missed holegsoften hidden in the short raiment of a drill éol
or fibootl|l egodo f r ¥am nexer grille@ intd 2
bootlegi never.

While the miners took every precaution to prevent a misf
they still were common. The miners loaded the blast h(
with care, assuring the fire fuse was undamaged arid
placed with no sharp bends or kinks. Blasting caps
placed in the first stick of powder and all subsequent st
tamped into contact with the first stick. The miners caref
lit the fuses and were sure they were burning before walki
safe dstance to wait and count the reports as each holeifir§
oneby-one. All recognized missed holes were reported to ,
shift boss and was carefu i e
board; prominently placed on every station. HE WILL NCVER DRILL IN ANOTHER BOOTLEG

NGNS &

The onrcoming shift would checkhe Missed Hole board on
the way to their working place. Even if no missed hole wa$afety cartoon €960 illustrating the risk of
reported, precautions were takefirst the face and muck drilling into abootleg.

pile were thoroughly wet down and inspected. As mucking
progressed, further inspections were made. Most oOfj
nothing was found.

Graeme Larkin collection

If a missed hole was found or known to exist, the miner
faced with the troublesome, but relatively safe task of eit
cleaning out the residual powdersing a long coppe
Aspoonodo made from the he{
used beause it was ngparking ad thus a bit more safe
around the sensitive blasting capg\lternatively using a
new primer and stick of powddhe miner couldry to blast
the hole usually at lunch time Both were standard and sa
approaches but time cemming

types of acidents were totally avoidable.

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

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

Graeme Larkin collection
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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 th 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 0 to the
way the column is
blocked; an unsafe
position to work) shows
an early, dry drill.

Note the substantial
dUSt beIOW 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 crosscut € -1908 C-1915

Miner assisted by a mucker removing th
heavy drifter from the column s in the
Campbell Ming' 1939.

Graeme Larkin collection
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The first pneumatic drills (called drifters| o
to mount or mov®|l ume 8&8echiheenmnet bht and need
machinesneeeesi by, mounted on stout col umns

supported the drill in a saddlder iwhliodThhreanls| ovwee
secured by tightening massive bol tsatonbdthk {bhae
top and bottom.

The drills were noisy beyond belief and t hle
clouds of dust Both the noise and dust werje
it new problems whitbwwgear syvebuobmmore than| a
|l ong term exposure to the very fine dust

Ad for drill steel showing both the
conventional steel with the bit formed on
the steel as wellsasteels which could
accommodate screwon, detachable bits

1949

Graeme Larkin collection

DETACHARBLE

e

=
= —

BITS Ad for screwon, detachable bitd 949

|| hl l-lv Il‘l

o Flade

PP

hh nn

Graeme Larkin collection

lll ll Nl
e Fhad .
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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 fAminers conslicogep.t i
— & o - < N ) =7

g 1 Al v

Graeme Larkin collection ) _Graeme Larkin collection
Early bar and column setup in a stope C Stoper drill inuse C -1915

Early stopers were a mixed blessing at bestj.
vertical positiomw, mhowevmuch chadkiag. clMads |of
dry machines. Al l of the dust felbreathieet vy
fine rock particles.

For the most part, this fine rock edwestwawa sanjy
guartz or other forms of silica in the rockj
grained silica particles |l odged in the 1lunigs
surrounding them witrhd |lexqtue ndded WA xtpho scuornet,i ntupeed
and partially filled with fluid, making brejat
Tthen very common tuberculosis (consumption),
earned etmignerasnms umpti ono, a simple name for |a
killed so very many. Soon t hhewGegriskens wamn|y
to an early grave and |l eft many wi dows.
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Octolwr 7,

“It's a Waugh

(RALH

Huylng

The first successiul air-feed stoper was a

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-

ENGINEERING AND MINING JOURNAL

Sechion

99 That’s all you need to
Know

about a Stoper

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

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.”

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

Denver, Colo.

[ TTPANE Mieh., Kingman, Ans, Jog

winy, Datte, Momt

Canadian Wock Drill Compaay. Limited
] . Wutd Afrhen

olfing Ape
1% Sowds 3. Tamtitn, (et . Nelsim, B €
2]

1914 advertisement featuring the typestfper used at Bisbee.
Graeme Larkin collection
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Each blast would now give more length to the working

Machine drill holes
were much larger
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

Drilling at the Working Face,
Fully loaded Bisbee
round in a William Davidson White
machine Oil on panel, 14 x 20 inches
drilled (undated, C  -1923)
crosscut
(above)
C -1915
Graeme Larkin
collection

University of Arizona
Mineral Museum collection

Graeme Larkin collection
Hole pattern for column mounted drill
1910

In the photo at | eft
baakd rreifblsect s t he | e
advanceipest bbast f i
drilled by d makbhmne
1912915 era. I t s h
t hat it was-tdrmrimv airs ew

Crosscut on #level Southwest Mine-1957
Graeme Larkin collection
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Slide2 6
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

' - Driving a drift, Bisbee
were favored = William Davidson ~ White

by leasers _— Oil on panel, 14 x 20 inches
(undated, C  -1930)

Graeme Larkin collection University of Arizona
Hand held drill in use C Mineral Museum collection

Hanhdel d drills or, pluggers as they were

They were | argely restricted to
heawiodrumn mounted machines. Ao
horizontally as the piston in th dri
e re quite versatile and
er e hewagssbudgdgadei cossmal
ca spaces they worked.

ng. Some e came up with the ide
v bn ithromypre aeyrompeltt and suspe
g his, the miner only had to pus

- ® D

S
f
[
|
[Se)
i n

ca

the softer
ddtiol]
o .

dep

cheap

bes

S i

Howev

a t
nd
h t

o d
t he
h e

What an idea!! theseaaletstblf enbucghoBr wes boc al I
Mexi can miner working for a | easer came

the AMexican set upo as a dril/l mo u n
mi nest hienteoar |l g 40660 ,thenl easers | eft

ted
t he
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Crosscut on Blevel Southwest Mine
Graeme Larkin collection

This exploration cr
using handhel d, plu
by | easers. T hde bdyr
short distance betw
shown by the bul ges
The small size indi
to see anything oth
and modest use.

Cochise brand plugger drill ad

(top) and an example below, both
C-1920

Graeme Larkin collection
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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
devices was commonplace

Vignette of the Calumet and Arizona
Graeme Larkin collection

>

Vignette of Phelps Dodge
Graeme Larkin collection

Vignette of the Shattuck Denn
Graeme Larkin collection

The design of stock certificates
attempting to send a message of
di vi decdhdsnarease the share value.
century, it was common to have

working at Bisbee did just this

Thi s pcrhaacntgiecde s o me wheantt ua lyp@ uwtdrbeaas d d
appear.

mi

ustrat
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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 Acome alongo t
hoists. Certainly primitive by
today's standards, but it was a huge
improvement. These were used until

mining came to an end. Graeme Larkin collection
Setting up a dual boom jumbo in the
Campbell mine -1950

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 1950s and continued in
use to the end ~~~~

Graeme Larkin collection
Drilling with a jackleg on the 2833 level
Campbell mine  -1973

Ad fro
Dodge s
use of
undergro
Bi sHe&e 0

m
leo
a

Graeme Larkin collection
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Slide2 9
The evolution of individual mine lighting
----candles  ----

Nothing is so important to a miner as his personal light

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 arock. This feeble
source of illumination was all that
was available until 1910.

Candles in
candle sticks in
use -ina
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

RANGISCO. CALIF.

# 4 g 2

-in this
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Stearic acid candl asowpmfe atpiriesh,ermew @emmdre,

_“ N T 7“"‘ )
~ S\XES's

wax harder and the canddlesbéedutrear | dmigeed t b

treat ment . Of cour se, the |l onger burning
buy the candles for the miners.

OR I'(—ifN,gL Y.

Mining candle box, candles and
candle holder, all € 1895
Graeme Larkin collection
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Mining candle box, G 1895
Graeme Larkin collection

gf““ ')}\'i,ﬁf N ’

¢ G huEEN “\'R""ﬁ,!_:“'
%u AT T

Miners at the Spray Shaffi 1895. Note the number of candles evident in the pockets of the men on the |
Candle wax is visible on the clothing of several of the men as well.
Graeme Larkin collection
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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 T 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

Men using cap lamps Graeme Larkin collection
retailing an f@Ad Mer ysingstopedampsina &
C -1915 stope C -1915 Superintendent style lamps in use in
the Czar mine C -1916

Cap style lamp fitté with a candlestick holder
(left) 1 1916. This allowed it to be stuck in a
timber just as the earlier candlesticks were use

Graeme Larkin collection
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The carbide | amp came in sever alndt mpeao,okhamdt
to as Astope | ampsd as a stope miner could |ha
the much smaller, cap |l amps which attached |to
and the abilitwortko imowerabowutarera where hangi:r
as a shadow would result from working in frjon
the name suggest, used by supervisors and gng
| k@ed both the hook of the stope | amp and t he
a bit smaller than the stope | amps as well

The |l amp its self was made up of two chambejrs

upper one oaantlaichead ktsh e fs c avrulzihdcdr indshdi ecdh gwearvee |v.

©

The upper chamber was filled with water. A |ta

of he |Iid was a small hand.l

1 ed a rdriinpt of Itohwve o fo weat ¢c h
e carbide. This fusion pf
y falceemnyd helméec g atsr avel ed up
chamber and out t hrough| a
The front ods htiyher dfalmgpc tcgorn,
|l e and a small flint (si mi /|l
mi ner wanted watgearp bhedt 6fpe
tfol igneth eraande owptarsklsot a bur pt
bl ow | amp.

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

« Warer Cup,

. Removable Valyve Stem

. Tip Protector,

. Spring to hold Warter Cap.

+ 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
lampi 1916. This was a common lamj
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 flat hooks—see catalop.
paying 50% more for
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 carbi delbdvertiser
Graeme Larkin collection
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Justrite aluminum stope lamp model 110, as made specifically for the Coppen Qonsolidatec

Mining Company €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.Ceayp
Mine, Ci 1928; Bottom- Junction Mine, @ 1935. Interestingly, some of thenkthes are in paper sack
something fairly rare because the mine rats could easily gain access. Perhaps these are ne\
surface workers.

Graeme Larkin collection
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Slide 31

The evolution of individual mine lighting
----glectric 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 I Iamps which further
increased the available light 0 -

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 flor
anani nelr@mp s . Thi s storn ac
eventually became Edi s|on

product

OF MODERN Whil e the Edi son mi ne| |
MINE SAFET benef it to t he miner,
: il dr awbacks. The | amps v
al kal i ne el ectrolyte i f
Bending over for any | e
working in a prone posjit
shoveling gob i n a stlop
al waysi nr etshuel tf | ui d | eakji n
the miner. The strongl s
batteries bunsedam&sy dag r

Advertisement for Edison cap lamps o
the same typesaused at Bisbee after
1950 296

Graeme Larkin collection




ich had two fil ame
t,hd elawli m gwd thled mmap

F v T
L. > 50 e

Al so, the bu
gl ass was br

Shift boss, Keith Lemon (L) and geologit Geologist Richard Graeme, with Wheat Ma
Richard Graeme, with Wheat Mark I [l lamp in the Campbell ming 1972
lamps in the Campbethinei 1974 Graeme Larkin collection

Graeme Larkin collection

The Wheat dxaamplsl ewetr el weglhlt sts avaitl tEbrdy \elssu iy n s

nt s,

in the

ever

wa

r

from the use of t hetefhielxabagnkdiso nianl tlhaerspes .| a njiphs

pl ace wiltthulcad tbwei fto.cused from spot to
head.

Each miner had an assigned | amp. A

to the proper slot on the charging rack and
Both of types of electric | amps were extrem
I f there was a probl em,het hceorndi naesr hwo ull da cteide
at shiftodés end. The | ampman would check th
with knotted cords to his work bench and us
man camehbacktbe ®mext day

wi de b

number
casC®ne never took some ani snar'resd Pl cantsp, badlwetnys rl
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On periodicelSentraqylswetree hlecehveet] kskeddse cannedeyd ed , mi n
el ectrician.

Lamp charging rack at the Queen Mine Tours was identical to those used in the mines from 1967 to 19
Graeme Larkin collection
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Slide 3 2

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 o e
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 nmbg support

1910

A mining method was selected based on the |fa
function of coorveergyr aodfe tahned nreet a | by processi|jng
ro¢koth ore and hosting waste. Ot heri facti ol
irregular vs. somewhat symmetrical, wene i mpo
were determined. I't was t hedsee egtattien apdjel aa fée $ et |
mi nanhgBi sbee. This choice was a comsededed d
was expensive framdabbotrh ptelres preacttdrvieasl. s

Bi sbeebs ore bodies were very irregular in |sh
|l ess than compolreteex coerses i evxet rdawlauitlodo rm abvye woasctug rre
mo s t of the orebodiegr achad omtt vasmdettbinesbefl ¢
Thprecluded some of the caving met hods.
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The classic graphic of the Comstock Lode mining metfiob&76- 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 3 3

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

three principal %
methods used over

the years. Also,

very small

tonnages were

mined by shrinkage
techniques

Mining methods used by percentage
1910 to 1938

Off and on for the
period, 1925 to
1944, block caving
was used, with
mixed success, in
the East orebody

= squareset top slice ecut & 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 alseriéde orebodies which were in more
competent rock was an importanttfaicin 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 moegeover time. Costs were also a driver, as mine timber was
bemming 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
approachwasa result of theperfection of this minig 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 3 4

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.

Wor kings often had solid walls of 120X1.:
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, backfi get out

quickly. Sometimes, i
Aguicklyo

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 -1 ‘
pOStS juttlng OUt Of Graeme Larkin collection

) . Heavily timbered area distorted by Heavy timbering in a
the right rib pressure i 1915 drift i 1910

While the vast majority of mining was irelatively competent rock, some took place under
extremely difficult rock conditions. Several types of rock environments required extraordinary
efforts to safely and successfully miRunning ground was a generally used term to describe
the material irwhich it was the most difficult to drive and maintain openings.
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The early ores mined at Bisbee were all thorougff*
oxidized, ores often surrounded by soft plastic -tilesy
masses that had no inherit strength and would collg
if not totally supported always. Later, some of the
sulfide ores discovered were surrounded §
unconsolidated, granular pyrite. The miners cal .
these fisugar sulfideso |3
sugar. Clearly, this material had no strength and ha
be supported. Irboth cases, not only was suppq
important, but it was also essential to keep the matq| *
from oozing or flowing into the open space the mingl
were creating with their workings, as this woualiiow
voids to develop around the supporting timbg
Unsuppoted voids always represented a placedo
collapse to occuand were always tightly timbereg
The illustration to the right is an approach for cribbi
open spaces at the Copper Queen Branch.

The very arduous task of advancing openings in run
or aher badly broken ground was referred to as
Aspiling. o “—
physical dr i

boards which had bee
tapered on one end to aid i
their penetration of thg
unstable ground. The
driving of the spiling boards
was one of force using 2(
pound doublgack type
sledge hammeyswinging a
heavy rope  supporteq
timber, a pneumatic drill
with a wide, flat steel
inserted or some other
means of pounding

In running ground, the
spiling boards had to bg
driven side by side, with ng
space in besveen. This was
done not only in the back
but also along both side§
(ribs). Breast boards werg
in the face to contain the A schematic diagram of timber placement while spilinthatCopper Queen
mud until the back and ribs i 1920.

had both been securednd Graeme Larkin Collection

FIG. 2. TO® AND SIDE SPILING AND BREAGT-BOARDS. SOOMS NOT SMOWN.
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thenremoved one at a time and the muck removed. An advdrem @o three feet in 24 hours
was commonunder 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.

jcz //'/:/J' 3 f 2t nl}/
/ 7%

A sketch of a spiling timber setup from the Shattuck Mine £918
Graeme Larkin collection
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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

Graeme Larkin collection
Timbermen repairing area distorted by
pressure of moving clays C T 1910

Surface cracks caused by the movement of the clays
underground C i 1915

y .
Graeme Larkin col

llection
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The | i mestone mass which became known as QU ee
and adjusting ttohd hexidke edrogpsneaartd otfhe assoc| af
of years or, perhaps mor e. Over geol ogic t|im
devel oped slowly and wusually vertically over
feet or more but they had filled with calc|t:
They were however, zones of weakness and qufic
mi ning and the subsequent mobilization of the
The slownstbant movement of Queen Hill towatl d
The removal of ore and the plastic nature of
hill sitting on -ankensmbakbreamasasdfilhevedlegnells ;
t he hildl continued tloodsreokn, theulcdack wawled | @an
the bottom of the hill. The movement of 't he
bel ow, but the hil | acsonna tnhuiendg ttoharrnovceo.uldThbJLere
suspend mining and that was not reasonabl e| a:
continuing.



The movement added a twist i nto the 400 0 (
mai ntenangei niwdebeCzraea Hoi st foundati ons began
movement and 4dtvaéalaedd ton baThegtl ast bélsil br op k
compl etely (bst mbleacyasym sendfwas repl acle9ddo6by a | ne

Bythe | ate 1930s, the hildl seemed to have spt
mi ning was then taking place at i s base. Tlod
the sever al series of cr acokfs aa btoivnee twhhee nQutehe¢n r

unstabl e.

Old and New Holbrook Shalts  BISBEE, Arizona,

gl
TLLE
WM

Postcard view of the old and new Holbrook shafts (Left and right respeg¢th&lp
Graeme Larkin collection

306




many

he
wer e

t

Local lore at Bisbee is
t hat

T
9n
a0
3]
Q
=3
o S
© 5 _%
arneL
(0]
- o Vot
-5 O &
unu )
SUQ

forr

mas si ved )

he

t

© - -
P
<
(7]
© T -
~x <<
s ©F
5
o ©
o -
..I.O—/
go®
A2

e al
driginc t o

ar

cracks

not

and

307




Slide 3 6

Squareset mining
Each set in a squarest stope

photo below. The slow, steady movement of the ground around

was but 56
with 100 or 1206 timbers, really a small

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
Ci 1900

30 board feet of timber were used for every ton mined by
squareset, thus a typical orebody of 25,000 tons would
use enough wood to build more than 30 homes of 2,000 ft 2

Once an orebody had been found, rai ses on g
ore and if the ore did not extend the th®0 f
way through for access, ventilati on, backf.
part of the ore with sections removed usual
poured in from the | eveltighoveéoandteticapepe
which could be mined before gobbing dependeé
than 100 could be mined, but more often bet
no more than bb@E ttlefl2 opetns bedwlree gobbing.

Gobbing was a critical part of ground supp
This included many hours hand shoveling wa;{
huge t ask, o fy toermn gg@sdfeor maud no space coul d

of the ground quickly came to rest on the g
and making the area more stabl e. 't was i m
sttart o move as there was al ways the possibi
more difficult to mine. Al so, in the earl.y

Graeme Larkin collection

Squareset stope timbering -1955
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mportant to protect the surfeaceofssoml| sulasi d

facilities were often just above.
Then, the mining would move to the next set
referred to as Aover handd mining as the wo

Orebodies werei nmsmarld yt exmp |l ond edecti on at a
move from mining in one area, it was possib

ost because of caving.

Very | arge orebodies typicalnsy aerocenemitnieme i
an -nminned pillar between each section. Thes
sides and they would be mined after bot h

Someti mes they woul d nbel umidneerd hfarnodm nihnel ntgop
ground was particularly bad.

Diagrammatic sketch of how
timber is framed and then
pieced togther in square sei
timberingi 1912
Graeme Larkin collection

Souarsz SET UsSed AT BISBEE, ARIZ.
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Slide 3 7

Squareset mining in good ground

When ground conditions permit,
by opening up the ground along
and move more or less horizontally
to maximize the amount

downward

squareset

the wupper ore -waste contact
several set high and then

of ore extracted . Gobbing is

mining can proceed

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

Graeme Larkin collection
Competent oxide ore associated with a
silica breccia in the Southwest mine

Graeme Larkin collection
Squareset mining under a competent back
Ci 1920

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

th th
6 to 7 levels Southwest
Minei 1976
Graeme Larkin collection
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overhead protection.

311

|l thoseare cases where the ore was weak, but t
approach to sguareset mi ni ng nc ocaublodv eh e  sHuocwcegvses
the hard silica breccias would fail after tjim
I n the upper most parts of the Southwest mi mn e
removed using squaresets, Rwts eonnlhyer gamwtaisa Inlpy
above to introduce the gob. Over time, the|se
extended to t he csruarcfkascoveav @éveinytth ttoldeayr.adi al
Slide 3 8
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 (o]

other type of support, thus S

it was employed only when : s

there was certainty that no

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 Sida Favetion

mine foreman Top slice mining as employed by the éaga;;el}aélljnec:nectlon

Ci 1920

Onl y t hegrwaerosdtd iotéirornasmtiendy min .t hi 8o pnasilnieci ng |de
the quick coll apse of the overlying waste |to
bl asted timber. As mining progressed dowrnwsa
i mmedi at el y abotvleeyt hseelndionne resv,erbussaw t hi s mat
(lagging) floor in the cut above to first min




Because top slicing depended on dava ngt otphee
i mpossi ble because the ground was broken, o
to assure that access above wil/l never, eve
A |l arge area along the Divide fault, Gouéah t
was mined in this manner. It extended to t
feet along the strike of the fault. Mi ni ng
ore was too soft and ptadtcktcos&don Abeespes
from this mining reached to the surface, di
the mine through the cracks, something that
from the Swasamsedotepitill the depression a
The road between Bisbee and Lowell, the rai
to be relocated into the footwall zone of t

Slide3 9

Cut and fill

Cut and fill stope mining only came

about when the competent, massive
sulfide ores were mined starting in
the early1910s. 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.

Breaking oversized boulders in a cut &
fill stope, Campbell mine -1939

the C&A

Graeme Larkin collection

Inclined cut & fill mining as employed by

T 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 1
1939
Graeme Larkin
collection

and fill mining was one of the cheapest mining methods every

ccessfully used at Bisbee. While this te
was only after the massive salkfisoeeotdregptt
dceu lednpl oyed at BIsdbele wWholse wafs time s ucoa
e ability of the back to stand unsupporte
the name 1 mpl

t t hen t he

mpl est Tdfe twers

s then pl anke form

rface onto [ coul

asted The t hen

cked into a i ned

d fill stope

rids in that

owed i nto tyh

ope of abou

i ntained in

ee flow of

il e not bei

fely Ob v i

eat care in

ul der s di dl oncokt

i se i nto whi

ow.

Mining of  a 45 © pillar by
inclined cut and fill as
employed by Phelps Dodge ir
the Campbell mine 1938.
Graeme Larkin collection
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ypically mined
ess Ssimultaneou
ore each fildl a

The ore bodies were t
one section more or I
rai se wouldd upevae xdt ered

simple with waste rock dumped from above an

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 pit Copper Queen
Ci 1925

Bl ock caving is a mining methedtioni wki olwno§
controll ed fashiomoiinnttso. cBhluotceks coarvi cdirgaw s u

orebodi esa tnhoarte choanvsel e s ent , di ssemilfrhat
mu st contain natur alnsfirtayctauudamgt h at
underTthiet .caved pieces of rock cannot
the drawpoints.

i n sec
sl y. M
S mi ni

eocligr a
siutf f wec i
be too
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Successful HEepehkudemt itrhge ij
frequjemicaytrd j oi nt ctfhat het
ordhe most cbadotablhe ar e
wi t h tweor tsiucbhal j oi nt sets
having a di p3@egrseagsh.an ab
Bl ock <caving occurs sequ
bl ocks 200 t o 500 feet

diecti ons. A series of

constructed under t he o]
approxi mately 100 foot I n

i n a checkerboard pattern
connect the haulage tunne
t

cCrosscutcmrsos Shuwtstdhrearnss por t
back to the main haul age
finger rai ses i ntersecti:
; These raises are driven i
AR AN oreebovusyal ly with four or
one poibhhe cross drift. T
Diagram of the undercut block caving metha place to bl ast the entire
as employed at Bish&e1938 then. later as a funnel to
Graeme Larkin collection continues to fall under g
bl ock as it i s pudrltehde rf reon
can be made in the finger raises once the b

As broken ore is remowverdal thearciap@i mgcloramhw
descend until broken fragmemntantefngitatdd tcarft {
has been withdrawn.

There is typically | arge scal e s ubrlshied eanrceea
subsidence is usually greater than the cave
with col Fapsmedbowekthe cave bl ock.

The aUpplwowyel | was adversely impacted by th
dur i nlgaitee s . Ulti mately, the Copper Queen

because of boawsk kdedadcdmarbde rel ocat ed ians 1vwge?l8l
Al so, the ice plant Mranse mwdhvd e ttch en gpaorwetrh e | @
Edi son was relocated to near Naco (MilI, 19
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A view of upper Lowell in 1927 with the Copper Queen Hospital in the center and ice plant/power plan
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 tiheaathat overlay the block caving operations now
totally devoid of buildings
Graeme Larkin collection
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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

. T

-
y >
AN . -

-
.

T Vs P

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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Ti mber wahse omoes tofneteded of al | t he materi al

ti mber used at Bi sheeMowast wd infs |1 es$dre Lmo wu |

Huachuca .MouWitdadinnssthreuctiaohr ofadt het became ¢
frame PNocritfhhwest . Obviousl vy, it was al ways
have it deliveradgaaspe¢ digsltiihgeidme cdtelse

Once it was at Bi sbee, t he nwa sat pslaannehdb pi/ niv haa ms
it was cut to the standard | engths and the
usabl e underground. Ti mber TtWwas$ hpcogsttx aanndd fcrrgi

dri f,t sseeuasndseni scell anesusf paEheswhppstise ut |l
framed all owed it to be pieced together in

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

i 4

i 7
it e 8 ‘f/
.

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 use
in the Shattuck Mine

C-1918

Graeme Larkin collection
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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 absdr substantial force before breaking. However, timber was always expensive and a
substantial part of the overall mining cos#nd too, it took skilled workmen to put it in and to
maintain it in good conditiortiowever, no better material for supportitge toverall 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 resultetdimlove satisfactory. It was not

until the introduction of rock bolts in the 1950s that a partial solutias found. Still, timber

was to be the main support material used at Bisbee until the end.
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Examples of timbering

Umbrella stull

A few examples of
timbering schemes as
employed by PD in 1955

Graeme Larkin collection

WITH OFE IN S&x, LY

N & FPOST wTIMBERNED SOUARE SET STAE  SiNGE FX/2" 8 }
CHUTE LINIIVG & BRIEE LAGGING.

Ja-Store
Cole SiaFE.

Inclined raise

Driving a wedge




Previous page; left segmented sets in the Cole Adit962; Righti experimendl timbering
scheme for top slice mining in the Cole Miin&920.
Belowi squarest timbering in a stope, with miners inserted for scal&dD4.
Graeme Larkin collection
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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 empl ace 41 roc&hbdl ametaer hole was dril
used and the bolt assembly inserted and t

The rock bole assembly came tceoedmpboete 8&hHhHEH
threaded rod with a square head at the op
the threaded end and a 60 X 60 squar e, f
pl ace, the shellandxp @ieadwhd aienr twaes tpalld ed
the rock. It was this compressive pressu

323

P
I

u
r

0
a

P
e




V_‘_ e N uecf,\-

m‘ e o VAT LS
[ Ak Fosr

’ o

’.-——-f-"«.'k Solf

I

|

| f

| | i |

k [ e A Hegpe ’
N X

GE TVREE FOCK
(T ASSEMBLY

Rock bolt types used at Bisbee
1955
Graeme Larkin collection

As shown above,

r_‘,_ S EAe S
|

- T Ky fe

TSREx NI TR - S o
o Evred S Rock Brtt Prriesish ,C-;;,,Z;":',,
e of ook Solf

LXBAMSION SIELL TYEE
ROCK BOLT ASSEMELY

a wedge

than the expansion shel
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Graeme Larkin collection
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Mechanical mucking made work more productive
The introduction of mechanical mucking and loading equipment in

the 1930s was a
major change.

Using an overshot
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
moved by hand.

Compressed air slusher
moving broken rock in a stope
1938 (R)
Bisbee Mining & Historical Museum
collection

Eimco overshot loader working
in a crosscut in the Campbell
mine -1939 (R)
Graeme Larkin collection

Model 128 Rocke

per mingte,
Track googe 15"
Air powored mod

Ad for the Eimco 12B overshot loader
1939
Graeme Larkin collection
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One thing stayed constanhtmuck raked into the raises still had to be loaded into mine cars on
the level below for hautge to the appropriate pocket for dumping and subsequent loading into
skips Pr 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 ldew p
with compressed air and steel barptod thehard sulfide boulders that jammed a chute door. |
personally have spent hundreds of hard hours doing both; much as had predecedsors for
decades. For some task, there was no substitute for a stckg b

Left: Preparingtostait o adi n
cars from what appears to be a ne
AVerdeod style ¢
Campbell Mine €1955.
Graeme Larkin collection

Ri ght : Dumping an ¥
pocket on the 2833 level of the Campbell
Minei 1974.

Photo by Pete Kresan
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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 eary 1960s. A fisand planto was
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

SN

Graeme Larkin collection
Diagram of how to install the burlap
lined, retaining structure for sand fill
gobbing -1967

Graeme Larkin collection

r
t
60 per 1
for sand
compl et e

[ it was a much cheaper and
i I Tummpmr iashidn d lhye rlei twtalse ¢ chodnypaa cnteido. n

The sand plant at the Campbell -1964
Pyrite was removed from the tailings to mit
the principal material which burned. Tilee sa
sand for all/l t hrlede hoapue r attri uncgk smifnresm t h@G L a\
transport sand to the Cole and Dall as when
constructed above the Cole mine area to pra
and multcphmerectinitens all owed the Cole plant
via underground.
The introductnon964 baraodudglh®t b bwli t h it a good
needed o f
00
f
f
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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 . — (‘Braeme Torkn c'ollectiovn
A group of surface and underground

Geologists workers at the Gardner mine hoist house
C -1905

A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
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The Hoist engineer

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 alevel
in the
Campbell
mine with
cager
opening
the gates

1950

Graeme
Larkin

) Graeme Larkin collection
collection

Campbell hoist with engineer (top) ;dial
indicator and drum with level markings
(above) -1939

Hoi sting engineers were the highest paid of] a
responsibility of the | ob ulsl yc osnesliedcetreedd,. u njdhe
medi cal examinations to assure their fitness
wer e responsi ble for the lubrication as wlel
t his ceogmuplpeae gt were al so responsi ble for theg c
both of which were maintained in absolute s|po
an oiler, they were allowed to reliewnvepédrmieo (ho.
This apprenticeship, of sorts, made the oiller
mechani cal perfection as a part of forming |Jth
often took ten or mnmomaecgedanos hfoostangoehgintger
|l ow turnover 1in thisiegreoswsppraynd rian npanrgt due |t o

The method of communication between hoist elng
which were codiAriiezdo nbay. t hEea ccht aotfe tohfe si gnal g ¢
sound yet mu st be absolutely wunderstood bejfo
| owered to the 2200 I[-Ie23€1 wi-t-2ne 2iclages i gvoalll di o
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| evel-2taondi m3di cate t hat men were beimign weoswer pd
the maxi mum for movinmi mwae whl bwed, 000 f eelk
Each of the two sides woul d opleagianfeo mEaentul t g ne
as |l oading or unloading supplies, some of whi
and he must be ready to compensate for thig
was different, allowimnghthetweiesnt tdrgisnaers .|t @&
wel | with each pull of the bell rope by the
anyone while the hoist was in motion becausje
t he machinery.

Whe hoisting muck, the drums were synchronijze
in the shaft while the other skip was dumpijng

Skips passing at the same point in the
Campbell shaft one going down and
the other going upshowing that they
were perfectly synchronized for hoistin
rock-1939
Graeme L&kin collection
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Skip dumping into the ore bin at the
Campbell Shaft1939
Graeme Larkin collection

o 41 Y
x 81 F
I’l I - |

Loading railcars from the ore bin at the Campbell SH#89
Graeme Larkin collection
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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 AScotto truck 2966 &l Carhpbell station with supplies and
timber, Campbell mine -1939 material lowered in part of one shift

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

Cager at surface (L), Campbell mii974 332
Pete Kresan photo




The handling of materials at the shaft dwas

guickly as, at most shafts, no ore could be
1930, every item that couly@aeasohabdl ptlacedi vi
meant that anything | ongear molsan tti hmbee fwaest |

feet .

Scott trucks were a reasonabl yfsuande®iveddeuda | @
ti mber in several steps of the process. T h
Scott trawhksl bt ftami sg shop after it had be
were then made into smal/l trains and pull ed
Il i ne built in 1932. Al ternativel yf ot heer Sco)p ¢
to the ol e or Dall as.

At the mine, the whole truck with timber wa
| ower ed. Speci al, smal | wheels on one end
cage. A mot om pmulelw twhhal dr udhke t o the point
returned to the sawmil |l for use3walgean nst e €ellh g

replaced t hem.

The ti mber
would take the bundles to the shaft where a
bundle into a rocking base which tilted the
to aid in unloading the bundle on the shaft

Supplies in steebanded bundles at the Junction mine yard ready to be lowered into the h%i62
Graeme Larkin collection
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Handling timber bundled and bandec

with 110 steel b
electric hoist on the cage to load anc
unload at the Junction Min€l952.

The top photo shows the loading intc
the cage on the surface, while the
bottom illustrates the unloadirmgnto a
timber truck underground.

SourceMining EngineeringMarch 1953.

Graeme Larkin collection
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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 asect and like the old time
trammers, these S '

crews were one
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 alevel at a
time to meet the

Pete Kresan photo Pete Kresan Photo

Motor crew hauling AHO sloadihge acnarfisEd0 type car
2833 level Campbell mine T 1973 stope chute 2833 level Campbell
mine i 1973

As the mines grew, it oft en cbreecvasmeo pneercaetsi snagr
l evel. The obvious risk of collisions and
to control mMmetobevelrawadascdi vifTded into zones
electric signal l ights at all of the entran
The signal |l ight controls were in areas of
a papul lofropes which changed the | ights. TH
the red Iights at the entrances to the bl og
entering) would turn off the arleld olfi gthhtes balno
Thus, as a motor entered the bl ock, the f
indicating a motor was active in the Dbl ock
which turned the nlgi gt ogheen moitmdiscd hat it
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Block light indicating that there is rail traffic with in the block ar
that other motors should not enter and that foofi¢rahould be
aware.
Graeme Larkin collection
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The Powder Monkey and the powder magazme
Powder monkey in a magazine
C i 1920

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.

. - 1 W Powder
Powder magazines were near . - ‘ - magazine 116 XC

the working areas on every APACHE R R 2833 level
: ELATIN 12369 s Campbell mine
level . They were placed in J AR 3w T I 1973 (above)
dry, dead end crosscuts and 5 c04b f
. i » 0Xes O
kept well ventilated. Fuses * e s SEEaRY | It dynamite in a
and caps were stored in the SR A B c ,_mlaggzegi(ﬁ)
N 4 3 | e
same area, but well removed 57 et S Both -Graeme

from the explosives Larkin collection

The Powder Monkey was always an ol der and ¢gxp
not to continue in the physically demamei ng ]
|l ast 15 years as one until he retired at the
to detail necessary. The magazine could negve
sticks, spitters, spitteerp bbacdsdoinskawéer gand
These men were practitioners of the Afirst |fin
before it became a common trend. Dynamite |ha
|l ess depeintdawde,i mparst ant to keep the stock|r«
first

plies on a rejgu
e cenamiatle nwaegraez
pl aced 1in ci al wooden car desi grawaduljdi slhel f c
|l owered to e waiting powder monkey on theg
shaft. The powder monkey Wbuldhemmpﬂrapelﬁte
Expl osives were never alakow tsaf & tagnydp oneoc andastihoar
haul age was permitted because of the very 1 ec

He woul d 0

rder powder and
arrive at t h fro

sSp

t

sup
sur face t h

e
e m
e
h
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whi ch

wer e y ' 100 eih 't
const § A ' 9-Inch Hot Wire Lighters
O o wine ) The Ensign.
ma d e ,L:C}m.'ll.‘: ! ﬂJvG(Wml‘.\?at?lf;t‘:::‘ofcﬂglmwa 5 ?8'{3KP L
t h e lf.lhhigh:ud 1830 = ? !
conact i.smubm.'_._.__.._: mpotiety U. 3. A,
the t '
pol e
the t
wire. Fuses were handled separ atel T Ss[pe
which were made in the tin s%@;{éﬁg'ﬂ:ﬁnbfoﬁeﬁzg
I n the magazine area, the skewers, Spitter |
|l oading sti ckoesutweisdee an ob e ds ¢ ags ta ho i éh ewhH 9r763 [ph
boards and skewers are in cardboard fuse boXxe
wel | as kept cboynvtehne enTitineesres weorre made i n the F

treated canvas witl fewmal ami pamt s i excaspt of [cr

Il nside the magazine wer e -dwts et o asctkasn dva rtch [l eemat
caps attached, a function performed in a sho,
themn heomagazines in the round cans such as| t
The miners would take the take number of f (se
put them in a powder sack. No dyrga nihtee twwoopu | u
they were to be placed in the hole was abfpol
sensitive of al | of the explosives wused wunde
dropping the sack This wasvapns anpomsobi pict
exploded by its self, a minor injury can rjles

e
injuries would be horriippl

Boxes of dynamite were| a
magazine on shelves frpm

wodl take the needed nunbe
appropriate type and pljac
powder sack from the fulse
needed spitter boards ajnd
in the sack with the dgyn
would then fililnginha fWwpr.]
pl ace and guantity of e
taken. I't was | argely | ar
powder monkey worked opnl

Left T Fuse can of the type used
to transport fire fuse already
cut to length with the blasting
caps attached from the fu se
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
were removred.he Heavevieesponsi ble to reconci l

the miners. Il n trut h, errors were few and
system.

Slide5 2

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. Thisis 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

7 Grame 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 strateg
separ atcidstbaynca® a bit

typical mo-f or mang aar @
as only one door was t
These wooden doors <con
air, forcing It t o t
ventilation.

Air door in a crosscut Campbell mine 193¢
Graeme Larkin collection
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“Huving donned reguiatio 3
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 ghaft we came to the foot of u
‘raise,’ up which we were drawn
feet by an clectrle holst.

The journex
the level throug
een cool :;’r:d com-
ble, but as we went up the raise
g%rt?uf:: molsture. 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

the

Motor passing through an open air door in the Campb&lé

Th

T —Toac >
O VSODOSV”

N
e
f
I

(@ Jan Biben B o))

Al
be
pr
ai

Graeme Larkin collection

e adboitellés of a time when the Sout hwest
st of the mine workings at Bisbee were ho
the Queen Mine. This was an artif acdas of
came conaull t,iapiltetre r cwoorr rkel entgisn gh a d been est a
ntilation had been function for some ti mej
the mines deepened, sul fide ores becamg
comf ortabl e mitnhees auxnebdesar talbé et empgeir at ur es
grees, but the humidity was also at 90 %.
vironment The sulfide environments were
an exophecmss and the amount of heat |
rticularly true in the transition zone, j
|l atively high rate

tur al ventilation hadtilloamtge bteleen miempesn dam
ough, if effort was made to have more th
om | evel to | evel passing through a st ope|.
wer and lbédwehebecddseul ty in breathing th
so with the sulfides came mine fires and
controlled to allow mining to continue I
esszedof |l awr would keep the gasses in the
rrstream. However, this was not avail abl

from t he

ng a

Excerpt
descri bi

mi

Sout hwest
Graeme Larkin collection
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With the advent of pneumatic dr i Ihles eixnh aludsOt5
apehi |
wor Ki

the drills was fresh, cool air. For

acompressed air Iine into a dead end

inefficient practice.

L
t
w

oo 9

r
e air to the desired areas. The
ile the I rish Mag and the Hoat son

I n the |l ast years of o@elra@amagdanr es hJaufntcst | voea]
Gardner
t he mine ashagf ttahlewauyps awsett |, o.f t eWlo rnkii snegr aibnl yt h

while the Denn, Dall as, Saginaw and

wer

Dal | as, while warm was unpl easant because
were dry, but very often uncomfortably

air moving
al ways wor
t h

e
ride to e top was bone chilling.

Ventil ation engiamele rash nwaeyreep os [t edihaelpiasntgi neer i

every change in the mine, no matter
credit, nNo one ever was ever kill ed

throughet ikafstmal Comipag e o foff
a jacket on the cage, year

how
at

these capable engineers over the years
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Pumping the
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 | > g <
View of a wet crosscut, 2700 level Graeme Larkin collection
Campbell mine -1974

The pump station on the 2200 | evel of the Jjun
1924, it continued to operate unti/ 1981 whe
p03|t|ve di s pcleanctermef nvppy aam da omaepacity of bet wpe
gpm against a head of 2,500 feet tdoi stphlea csetnogrnat
pumgsl i vered such a force, that it was essept
t he ppeml umn to keep the hammer of the pumpg f
the 16 inch diameter pump col umn. The air| w
compressed with the pulse of the plrusngiemrtso atsh
pipe |ine.

The noise generated by these machines and tlhe
i mp o stsa btl@el &knyone, even by shouting face to |fa
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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 pum present all water is routed to the 2,200 level at the Junction Shaft
stationfrom a 1930.b00kle': where the main pump station is located. Water from the 2,700 sta-
Graeme Larkircollection 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—734" 5 36° o . 2200 P 1500
4—614" > DA 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 Bri
Mine 1 1905.
Graeme Larkin collection
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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.

" ; N

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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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 concentrator as it was clean

s ¥y - -
Graeme Larkin collection 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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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 to 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 i n the shaft

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.

by

t
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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 CQ6s mines.

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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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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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
of which contains residual
dynamite C  -1915

Safety cartoon concerning
drilling a bootleg
1955

Safety photo showing site where
a miner was killed by drilling a
bootleg C  -1915

The small remnant of a previous bl ast hol e | w;
forbidden to dril!] in or very close to a bopot
miner certain it swastemmty.t he Gwmlllearwiamsg a(l way
drilling as the bit would dance around on the
was just too great Anyone who was caught s
These Dboottilneegss csoonmeai ned residual dynamite @noc
bl asting cap which, for some reason, di d noft
much more sensitive to rough handlingssnde wef
drilling. More than one miner and/ or his [r
done.
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