1. C. 6269 ' | - Arric, 1930

DEPARTMENT OF COMMERCE

UNITED STATES BUREAU OF MINES
Scort TurNER, DIRECTOR

INFORMATION CIRCULAR

MINING METHODS AT THE CAMPBELL MINE

OF THE CALUMET & ARIZONA MINING CO., WARREN, ARIZ.

INCLINED CUT-AND-FILL AND SEMISHRINKAGE

BY

H. M, LavEnpER



A T AR i m e e

Il-’ 'O."‘L&“’OJ CIRC ’La.?

TEPARTIET 0z oo EERCT - ‘“U‘..AU oF L.I"::S
MINING UETECIS AT THE CAMPBELL UIIE OF T CALUMET
;, * & ARIZONA HINING-CO., VARKEM, £RIZ.1

. THCLI:ED CUT-AND-FILL, AND SEMISERIIZACE

Ey E. M. lavender

a

i¥TRODUCTION

Tris paver descridving tne inclined cut-and-fill and the semisihrinl-

mining at the Campbell mine of the Calumet and Arizona [iining
Co. at Tarren, Ariz., is one of a series being rrepared by the Tnited States

Tureau of iines on mining ue.“ous. practices, and costs in the various mining
districts in the United 3:+ates, e major vortion of the nroduction from the
ZFistee m

ines of the corpary is mlued ty these methods.:

The total aversse rearly production for the last tvo years 1as been
tons of 5 per. cent coprer -ore.. The average emnlon.ent in tn, mining
went was 240 men. ; ; :
Tith the exception.of a szall tonnage mined for the hizh ‘rOﬁ and
sulphur content, the ore is direct- ”eltzng and is mired for 1ts copner con~
tent and eszociated goid and silver values

M ardhabe e lanthlsr
1&\4 Loas's ilwb‘-ﬂ T

Tais op,o nitj is ta ren to acliinovwledge tle afid and assistance
~iven by D ¥, Rait, suserintendent of mines, Fred J1iff, zeneral for

nreran,
J. 3. Tisher, divigicn foreman, L. L. Valton, diviginn foreran, and %re other
menhe

3 of thre engiree*iwﬁ and miningz desartrents without whose cooperatinm

ticle would nst Lave bLeen possitle

EISTCRY OF TEE DISTRICT ,JD DALY IETALOELTNR

Tae first Iocaticn re

it vas goon stasdoned. In 1573
group of claims fron which, in
nal onroduc

in 2877, tut
ssociztes relocated the same
mer was produced., The orizi-
ing comparny vas Inovn as the Goﬁ er Q;oen vinine Cd.

rded in.the arren district vas
or r 1

] e 3 : e R I ‘7‘7”"““""‘;' - TR e
1 -~ The Tuireau of lines will velcorme resriating of tals paser, provided toe
fz lioving fostaote melmovledganent is used: M"Renrinted from T.3, Dureau
of ilives Inforzetion Circular £232.%
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' las d the Atlanta ifining Co., wyian .
In 1861 Dr. James Dou 22 fom'e" in to form :}?e Co’ \:‘Cn 12
1884 was combined with the Ccopper Queen iining Co. m ODDEr Quee,
Consolidated Mining Co. of which the Phelps-Dodge Coi‘p?ratlo(ril gained conty,
izati ' i ral other claims and comani

This organization which has acquired seve .

es hag
been onerated'continuously in the Varren district from that date.

In 1898 the lLake Superior & Western Development Co. was orsganizeg
and started work on the Irish Mag claim. In 1901 ore vas encountered on tye
750 level of the Irish Mag and in 1901 the Calumet & Arizona lining (o, was
formed to take over the stocl: of the Iake Syperior and Western Development Co,

By means of consolidation and ourchase the »nresent Calumet and Ari-

zona llining Co. has acquired an acreagé of approximately 2,091 acres on which
they have operated continuously to date.

" GEOLOGY

_ in the Warren district the fundamental rocks are pre-Cambrian schists,
senarated

by 'an unconformity from the overlying beds of the Cambrian, Devonian,
Carvoniferous, and Cretaceous formations.

 The Cambrian formation consists of a quartzite about 430 feet thick
and a thin-bedded, cherty limestone, known locally as the Abrigo limestorne,
about 770 feet thick. ‘ :

The Devonian formation con

sists of about 340 feet of darlc—.
ferous limestone known locally as th

ray fossili-
'3 . . =
e ilartin limestone.

The Carboniferous formations consist of 700 feet of tﬁick-bedded
limestone kmown locally as Escabrosa 13

imestone, and at least 3,000 feet of lime-
stone known 1locally as Haco limestone. T

At the close of the Carboniferous period there was an intrusiog of
granitic magma accompanied by very extensive faulting angd foldine of the forma-
tions of the district. During this period the limestones were tilted towarg
the east; the average dip is about 250,

Thé“mineralization of this district
pProbably dates from the time of this disturbance. -

The so-called limestoné‘ore of this district occurs in fissures ang
brecciated areas in the limestone. The fissuring and brecciation, with the por-
phyry intrusions, evidently had a marked influence s

on the mineralization, Com-
mercial ore has been found in the Cambrian,'Devonian,.Escabrosa. and lover beds
of the Ilaco formation, with the Escabrosa producing the major part of the ton-
nage, - ‘

In addition, large areas of both low and high grade ore has been
found in the porphyry itself. Sacramento Hill is an e3 mple of this tywe of
deposit, )

. The greatest deptﬁ at vhich ore has been produced to date in the Varren
district is on the 2200 levels of the mines of both the Shattucli-Denn: Corporation
and the Calunet & Arizona Mining Co. ' d
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1.C.62869.
PEYSICAL CEARACTZRISTICS OF THZ ORES AND ELCLOSING ROCIS

In the Warren district as a whole the ore shows a marked variation
in physical characteristics, ranging from the soft oxide and porphyry ores %o
tpe exceedingly dense and silicious sulphides. As this paper deals only with
the stoping methods in use in the Caupbell area, the discussion will e con~
fined to the ore occurrences of that locality.

Tae

ore body as developed on the 1600, 1700, and 1600 foot levels
averagres about

et
800 feet in length and veries in width from 50 foet to 250 fee

The
fracture zones

variation from

footwall contact is fairly well defined, with the exceotion of
which have caused some displacement. The dip shows 2 arked
nearly 90° to as flat as 250. Above the 1700 level the foob-
wall rouchly conforms to the normal dip of the limestone beds of the district.

1 G : 1 han
The hanging vall is subject to a greater degree of variation ti ]
the footwall and changes from an economic silica-pyrite contact of low copPpe

content to a sharply defined hanzing wall conforming to the local bedding
planes .

The greater mortion of the ore coasists of a mixture of pyrite?
silica, and limestone as the zangue with chalcoprrite and tornite, the maln
visible covper-bearing minerals. Along the limestone contact and fracture zones
are found native covmer, cunrite, chalcocite, and other sccondary minerals.

Tn commarison with the other extensive ore bodies of the comrany,
the Caantell ore body, as far as stoning is concerned, may be classified as a
fairly homogeneous body of sulphide ore of rather high silica content vhich
lends itseli readily to the r§quirements of the stoning methods now being used.
Tie stoninz requiremnents may ove briefly stated as follows:

1. The back must be able to sustain itself with a mininum of gun
) B} * -~ —_—
port, when Droperly arched and trimmed over the area beins mined. I

2. TIxtraction inust be comnlete in the section being mineg

(Y Lha °
2. Eomogeneous deposit which rcduces to a minimum anv 1
i . o e ik imumn any selact;
stoping in the section being mined. ctive
4, As nearly as possible the promt

and complet $774
- Ul e f -
stopes or sections as comnleted. 1111nb of all

The hard character of the ore makeg heavy blagt;
. ) 2 D < ne
order to prevent excessive formation of bowlders, Sting necessary in

MZTHODS OF FROSPICTING A "
CTIXNG AMD EX PLORATION
Tue to the desth at which tha Sumbe

11 ore »
Y 1 - 3 3 re . .
prosnecting and exploration, with the excentiop vody ig encouns

A 11‘.4" |\ T S t N r-r)oo f + 1 l Of a smral l l'l»{)l'b‘xi &1 1
drilling below the 2200~foot level, has been b e 11 ameynt of "
v UEENS of drif & @Qamong
iy ifts ana ayg
7538 nd
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1.C,62E2
The ore body 1tse*f vas discoverel as a result of the company relicy
cf exnloring areas in the favoravle ore Liorizons., Tue early exploration vori
o”tlineﬂ the boundaries of the ore body, " Subtseguent develonmmernt worlz in thi
=2 has largely conformed to an sarly established secticnalized zlan
this cre boﬁv was divided into the n*]’ar and stone sections as th

L/r «-‘”, i Cu.

1e7 nov exist,

VETECDS OF SALPLING ADD :CTI’L‘&TIGI C? TO.IILG:S AlID VALUZS
Sarples are talfen from 211 ’aces of both drifts and raises in minersl-

ized oron nd b7 shift vosses after each round. T.iese samnles may be obtained bty
vicking

ing from the face, by.catchingz the drillings from a drill hole, or by taking
grabs from the muck pile or cars: In the event ore is encounteresd the sam
procedure is followed, except that the motorman or tram.er handlinz the cars

of ore, semples each car from a working place and consolidates this samzle. The
samvles so obtained are sent to the assay office daily and from the returns

made the meterial . is classified. '

The same procedure is followed for stope sammles. In dountful areas
an effort is made to obtain sufficient face and drilling samnles to determine
the charzcter of the material before blasting In case of uncertzinty as to
the results, channel samnles are taen under the ‘supervision of the ensineering
department. The interval chosen is usuzlly 5 feet, due care beinz talen to

have the samples renresent sections at amiroximately r1gnt an*les to the beddinz
of the meterizl in.question.

'
Tre assary returns from 211 working fzces are recorded in the engZineer-
irz office; tnese data are used in tne estimation of tonnage. An assa” correc-
tion fzctor, based on comarison of mine and smelter returns, is anylied. A
factor of @ cubic feet mer tox of sulnnide ore in plzece and of 12 cubic feet
per ton of oxide ore in place is used in calculating tonnage. These factors
have been arrived a2t by a comarison over 2 lonz neriod with smelter tonnage

returns and also by actual ceterﬂlnatlon of fne spvecific gravity of the differ-
ent materials,

. ETHOD OF DZVELOPLENT AND MINING

Shafts
All shafts of the Calumet & Arizona Co. Bisbee mines are ve“ticala
e Cambell ore body is scrved directly by two shafts. The Camobell s.a2 aft
itsclf is used for supnlies and ventilation. It is oval in shape and consists
£ t7o sliiy commartuents, 5 feet bj 4 feet 7-1/2 inChCa. and a larze service
commartaent, 10 feet € inches by O feet 3 inches The shaft is conC“ethto .
the 1600 level, timbered full size to the 920u—¢oot level, and is nov veirg ¥

to ? depth of 2,350 feet. On copletion of this operation the section £ro?
1,600 to 2,250 feet will be concreted.

s s N
\ . due Junction shaft is the main hcistins, ventilation, and DUI™
shaft, It is a 5 -

o~-comuartment concrete sihaft froa the surface to tae 2,30

rZ
-5 1s
i

i
00 1e%

n ) _"'tSD
Fhloh = -6 Campbell area is also coinected to the 3riz~ss and Cole S8~

ct ng ventilation uncasts,
75383 |
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e gn general the plan kdopted tas to have two adjoining stove sections,
each from 45 t0 50 feet wide, separated by a pillar about 45 feet in width
from the mext ivo stoping sections. Fipures 4, A and 7, A, show this general
arrangement. Where the vidth of the ore bedy was not excessive, the stopes
vere to be mined from hanging wall to footwall. Where, as above tae 1600 level,
thé Ylath of the ore Lody is zreater, the sections are’cut off bv eitner 2
single cap or regular lead, and new sections are established con%ormins to the

o In E?ylng out the stope and pillar sections, it was planned to work
both store sections by cut-and-fill methiods. The pillar was to be recovered
by means of a U P

S g 2} s o . 3
. 3 LtFne*l slice running at right angles to the long stobe dimen-
sions. Whi*e worlz at present has not prozressed to the point of mining the
e - 4 +1 . = -, % .
oillar sections, the success of the cut-and-fill method in this section has

made it probable that a serious atteomt will be made to use the cut-and-fill
in mining the nillars, S

In verticel extent, it was planned to take up each section in 2G0-
foot blocks where the continuity of ore would mermit; the interval chosen is
the distance betwveen haulage levels. Thus one series of stoves will be from
the 2200 level to the 20CD level, another from the 2000 level to the 1800 level,
and So on in similar blocks for tne full vertical extent of the ore. TPillars
are carried througnhout the ore body in one vertical section.

In this method of stoning, the waste demands for £311ing are subject
to extreme variations. Therefore ample storage capacitly is desirable, and
nrovided for by a series of storage raises which directly or by means cf a
short transfer can in a brief time supply a large amount of waste to a given
stope. TFigure 2, A and B, shows a svstem of waste storage raises wiich are
planned to meet the conditions previously outlined. ZFigure 10 shows the con-
struction details of the waste transfer and storage chutes. Waste is obtained
from develonment headings. An attempt is made to balance the stoping and de-
veloning wo}k. No waste is handled in thg shaft excopt between levels and from
isolated areas.’ '

At nresent all ore produced in the~Campbc}1 area is tramned to the
Junction shaft for hoisting. Provision %s made at the Campbell shaft for an
ore pocket below the 2200 level, vhich will ?C eormpatad t? & serles af ora
rais;s from thc 1800 level. The total capacity of both raises and pocltet will

be about 1200 tons of sulphide ore.

aft loading station arrangement on the 2200

" sh
szure 11 shows the 1 sfe 2
Fig eral plan of the transfer raises from the

level, and Figure 12 shovs the gen
2200 level to the 18C0 level.

1 StOPing Details

i]1ustrations show 3 ~

Aokle Lead Sets.--In the 11tus tratlo ey (ses figs. 3 to ¢),

1Dl AW O T S ne t

. ;;:W_fmzw—nﬂwtre nillar and adjoining st pe sections along t

itDSScuts are driven 13 .; tJ t for stringer sets,
isn lines, Tune ground 1

Le sec-
nen cubt ouv

-7 -
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£ o~ IR e -~ -
ts © feet 2 inches long are used, the Lﬂses 0l Wwaicl are 39 incheq
S ¢ € i . 8 - A Y e o R
o ine of track. The bottom end lis sunz o taches delow tig Taiy
Frow the gentver 1ina oo of the posts and the stringers.are placed 3 by 19

ion. 3Retween the t O . - .
eleyatlon _zevr mye stringers, winich are 10 by 12 inches in section, ayep.
inch crush blocks. Lg nd are 1aid with the greater dimension verticel, This

feet in lengta and & . b £ e : =

age 13 I??tt n ‘eé?bg feet 2 inches from rail to stringer. Tae sets arg 5 faet
g;ve: 2 G:s azce et ar After the stringers are placed, chutes are built in
Zpare conker by pemtel. ik i al : } iz S 1
alternate sets and mining operations star?eg akiove t“? strirgers. bjﬁhtanemmly
ith the cutting out for the lead sets, mining operations are started in the

I e AL S A~ = 135 - . . N 5

stope between the lead sets. In a flat-boittomed store, tpe ore‘zsh§LIOWed to
pile w> to form a natural slide toward each lead; the back of the first cut ig
shaved for the initial £ill. Meanvhile worl on the £ill raise has deen nushegq,
Ny N T B ~

the raise holing to the level above and frequently to the next h?UAabe level,
a vertical distence of 200 feet. The ore from this raise is worked to the
chutes in either lead. On completinn, the raise is stripped and serves fop Yoth
fill arnd ventilation vurposes. Since the natural ancle of repose of the fill
is approximately 370, the back of the stope rougnly follows that angle. The
cheracter of ground determines the height to which the initial cut is talzen,

Simultaneoucly with these operations, the placine of the lead sets is
started along the stove boundary lines. Tioor ng 3 or 4 irches thick is »laced
over the stringcers, ang sills are laid on these.  Tie outside row of nosts in
each lead set conforms to the store section line. ThLis leaves %he extraction
crosscuts both in solid grovnd vith the weight of gob on the solid ground be-
neath, thus relieving the crosscuis of this weight and enabling them to Te rain-
tained with a minimun of revairs, -

Stancard 10 br 10 inch po

sts 7 feet 4 inches long are used in the
outside of eacl row of leads. fTue poSs
z

ts of the insicde row of fill side are
irches long. This Cifference of 3 inches
is to 2llow for the comression in the timber on the £i11 side due to the setting
of the fill, and thus nelps to maintain relatively level floors.

Le leads are carried sufficiently in advance of the fill to provids
ammle height for gob lagzing and also to give access to the worlin: floor for the
succeeding cut. A manvay set is usvally carried in each row of leads.

On comoletion of the iead sets and the section between leads, the
stode is cleaned out by hand-mucl:ing and drag scrapers. Tuhe bottom of the stope
is then coverec witn a timber mat, vhich is scmetimes laid on sills nlaced for
the nurpvose. The mat consists larzely of scrap timber gathered in the near
vicinit;, : ;

The lead sets are lazmed of f on the £111 side with either snlit lﬂ&fi’lé
spaced from 3 to 4 inches anart or with 2 by 12 iach rlanks 10 feet lonz, laid
edze to edre. Care is taltea to have tlie outer grain of srlit lag-inc pleced ar
the side away from the fill. The coparent advantage of tie solid lagiing is 18
;&313::zegcy of the gob in‘svtt%ing to Fl:dé aln?g tae smooth surfece, taus
: part of the courressicn on the fill side of the Lead sots.

3 feet of faSte is then dropved throush the £ill raise wnti
> o) ; . ~
he back of the stove., As far as nossidble furthe
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™ dlas iy@- opeyations 0. 8 C‘ rtorators, Sﬂf(‘t}’ fuze aad G0 DeT cent

e
stronr*h relatin d'mamite are mostly used. Along sose limostone conbacts wherg
the softer oxide ores occur 40 per cent gelatin nay be used, Main blas sting
onar onws are permnitted only at the end of tne shift., A limltsd amount of bew]
ders may be blasted at tite noon or surner hoeur. '

Semetizes in order to avoid the necessity of mucking in flat places
a crithed raise is brought wo from the hanginz-wall end. 3Iither & or 10 inch
criholng may be used, devending wron the height to which it is expected to- carry

A chute ani manvay set may also bde carrled to the level abeve from
one of the lead sets. =:is serves as a travel, ventilation, and sunply raise,:

‘ in the stope shown in Figure 3 the fill raise was started on the
harging vall and one of the crosscuts is insidec the stope section., This was
one of t 1 eariiest stopes started and was made to conform with then-existing
raises and crosscuts., Q] lerwise the procedure followed is exactly the same as
catlined in the previous discussion. As will be noted, tbe floor in this stope
is of the rafter type. fThe ourpese of this is twofold: Pirst, to avoid ex- '
cessive wuckiﬂo on the first cut due to a flat place in the bottom of the stope;
second, additiosnal head rcom is available beneath the flooring for driving a
crosscut to serve as a swply end ventilation outlet for the section below when
mining w to this level. ’

A and B, and 8 is shown a single-lead, sincle-cap stope
ined from lead set to single can. As will be noted
ion of the footwall raise has been moved to 2 nosition
¥ line. It is planned to have the one £:il11 raise
Thre necessily for two extraction drifts is also ovviated,
n&le row of caps and wosts reprlaces a double rov. It is
better filling of the s‘n“c mar be obtained with less utten-
il

e
th

)
1, thus imoroving miring conditions in the adjacent.

Vith the excentions noted, the work is carried on in the same crele as.

(o]
¢}
o
<
(=3
Q
b

usly described.

Semishrinkage Stoping.~--T¢ e oround requirements of tho semishrinkage

metnod as used in the Bisbee mines of the Calumed & Arizoma llining Co. er
similar to those of the cut-and-fill msthods, with the possible excertion tiat

tack conditions must te uniformlr good.

Tigure 13 is a drawlnF of a stove using this method in actual overattor
The store is bounded on one side by a fawlt, on another oy a lead set, 2 single
cap forns the third side and the footwall forins the bottom of the store. The
faot7all contact rensresents roughly the norma’l bedding of the limestone at trat

voint,

In starting operations end to the’ cow 1’et’on of thie floorin> of tue
first fiil, the nrocedure is tie same as for the cul-and-fill stoping, On coo-
vletign of the first cut, mining ooerat‘oxs are started as vefore, but instend

7528 & - 10 -



g oaldng 00 12-£504 44 1,2.0200.
p d the lead CUt, succee
02 ond the dead ecty prg . UOFEIVe eypy oo,
P Thiceq gy, n-; T8 talon; the erceas are is drawn
L s l"

' PTO¢Teg
Zoth lead g.+ Tt

i 3 and
wound DY means of cotleg ¢ 8in, . .
. vent - 5 -')iit& ¢ e lln(:“!',red to tho Q’J’C‘PC"I" "Ol‘d
_‘hiﬁ preif‘n 8 Bn,/ t!ltin», Of th 0 anc‘n()rs in ‘,)01 lr:.' \J‘,,_, T :J - 11d
ne £i11 18 »laceq, - ¢ 8cts afggn il +68 drilled intc the so -

4¢ removal Af the ore and before

8 of mining,
].0 c,{ln B

In bl&ﬁting. the Bolimss
4th the exception tphps mxr{{ e;
ach blast 8o that in th, ok
o0 a minirmum,

01 nrn y |

ar ea ‘”t;ce in cut-and-£i11 stopes is folloved,

N MEDy bnl » i

final drap 2};9 valen in blasting all bowldlers after
ki ute and érizzly trouble may be reduced

By vslng semj

e 4 o ghrin},a,’ i ”
: ‘age

mense 18 mode, as gome cutg ;Oac* ~HHS tethiods a larpe reduction in flooring

efore elng drawn, 2 8 height of 40 feet avove the £ill floor

A congig
Slderable tresi o, - :
e br eclare of floorin: results from the blast-

ng in stopes.  Althowrss -

ords may te used fcr“laf;plii:,g,e,‘ge:gent”{ie of the cracked and braken floor
coresents a distinct lo:*.;h‘iqoa; Jge rezainder for timver mats, this breakaze
hich is ore feature of the germsa cuts. By reducing the nuaver of floors laid,
he lakor incigd ¢ semishrinage method, a saving is made not only in
he 1 ncidental to this woric, but alse in the zaterizl itself.

Althourh rrizzly floors are carried w with the advance of the lead
:etsﬁ, they are used only for the ore derived from the advance of the lead. As
-8 saown in Figure 13, the excess is drawn off on the srizzly Tloor one set
\bove the interscction with the fill, Tuis nrevents any movement of broliien ore
tlong the floor and thus reduices vear-on the boards.

Avove the grizzly floor the 3-inch lagging is placed verticelly, thus
2liminzting the tendency to remove additional lagzing in créer to temnmorarily
‘ecilitate drawing onerations.

: ‘ :n~> oneratinns are started in a stove, tine.
Eefore the final ore-drawing 27’?1 - +# wl o C“:‘CI’C have
. % 1 b o s 1 D11700T parak S n

sack is closzly inswected and very careililsd e 4 e " : N
Sevoloned or ) se .any weakness of the back the aifzcted area is suvorted
- ! ma - 1 . e . . . 5
.O‘)e. Ralen "‘“”’-,Ca e .",',ﬂ.,,,. rastencd by anchors in holes drilled into the
°7 & oridge consisting of timuers -

1 . . n question.
50112 back on each side of the place inq

—~p EXTRASTION
PER, C,,.u. ol __n.H./lI
. e 3 L RER)
e recovery is atten ted. A slisht loss

i
ersn cOTDLIEY

=

n the floorings but .oy careful cleaning uo
iminnta tais loss. A small anount of di-

P g vhere +he contact is an economic

: sacts are rather sharsly de-

ITn the Campbell
°f fines cccurs through b
&n’l chcni:ﬂg on ettemt ig Ta L - 4B stove
lutign rav gecur at the ede€ses O Ceguplly tie cod
- ~ s 20C e RY
“fle, ag with silicious 107 ETZTF° s
Tina N . dilution
‘ined 8o that very little ©*°

Ty T METHODS USED-
I

.. advantaze over the cut-and-£ill

+od has tne Also, due to the lonzer cycle

» Yeey o ‘s " ¥ ; .

The sexmishrin@ss is afforded, thus increasing

et . leu
-*hod in that tnere 16 2%

(934 s cslanc
* Operations, a better ©
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FIRE FAZARDS AND SAFETY WORK

n

hafts servi \
Tving the produc

3 B in"‘ "
will be within a short time £ areas are eit

ol ier coumletely concreted

Figh-pressure wvater linesg

- > v - are n i
peavily timbered stove sections, - Provided for protection near the

T7ith the general ag N
f timber in th dontion of the minine me thods bed
amount 0] i 4 ne areas has ‘been greatly r\; i [V g1e] elng used_’ t'he

¢ o 5P 1ir i ot & : : . ’
zainl¥ of limestone. Care is taken %o avoid fi] t}llced. Tne fill consists
oid filling in an; )
= vy one stone exten-

: 4 the low-g Wlvhi
slvelff with & owv-grade sulphides encountered in devel : i
» tendency to heat and cause unduly hizh temperatures SRS e Stk fems
i R ¢ -< - * Ve

Chute blasting is done wit: .
] ne with permissibl
. X o A9 U m e powder All £ y
+ . T h¢ . uze is ca

ond cut in the respective lengfhs and delivered daily, | 3 Smes

S dersrround macazi - aily, together with powder, to
the UNGers nagazines on the various levels of the mines. The powder and
fuze are lovered into the mines between shifts. ’

. Prox.rlslon is made in the ventilation system for reversal of the oper-
ating shafts if occasion should demand.

Uncerground watchmen are provided during the graveyard and Sunday

shifts. They patrol the stope areas after blasting and malze insnections for

zny unusual condition.

mrained helmet crevs are maintained from among the underground force.
Training periods are held once a week. There are two helmet stations, one on
the surface and one underground. Z2oth are provided with oxygen-breathing

emnaratus and the necessary suxiliary equirment. A
i

Tirst-aid instruction is given on occasion of the visits of the

Zureau of liines instruction .car.

He makes recommend-

v at all times.
sible.

A safety inspector is also on dut
p , a decree of safety as posS

ations for necessary measures to secure as higl

COSTS

in this vaper has been confined t? the methogs
o of theo total tonnage, it is deemed ad-

Since the discussion
direct charges vhich relate to the

ﬁzibin an area producing a minor par‘:;h:

Net -ode to‘inducle in the costs only
‘0CS under discussion.

rect charges more nearly represent

iti 1 ed
+he locel conditions are refiect

dered that di
g that do not effect the methods

on, as
re influe nce

the It is further consi .
© information desired for comparis

in ¢y "
. “1e general charges and as Sucd &

75\38 ~ 13 -
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Bisbee mines.

- .\ a2 L4 (-\o
. : izona MiIning CoO.,
Teble 1. - Direct charges, Calumet and Ar

t

' . LS T
Xk T : e

68 stone, 1800 level (fig. 3)

Double lead, inclined cut and fill, raftei typelgggton
Period mined: May, 1926, to Japya:y_lé .
Height mined: 170 feet at the nigh encd.

v ¥ " . ' . ‘o S O

$32,065.38 $6,990.45 $8,027.57 $11,234.42 | $58,326.82 51,270

Cost _ i - , R, :
PEr ton . 4062 #0.135  $0.155 $0.215 $1.125 -
Per cent e 2wk - iy PR
of cost 55 12 14 19 100.0 -
S0 stope, 1800 level (figss 7. A and B, and )
Single lead, single cap, inclined cut and £ill.
Pericd mined: Janvary 1, 1928, to January 1, 1930.
Height mined; 80 feet at the high end.
Labor Explosives Timber Air Total  Tons ore
$14,582.12 $2,094.57 . $2;771.88"$4.213.90» $23,652.57 20,894.0
Cost o N -
per ton $0.70 $0.10 $0.13 $0.20  $1.13 -
per cent 9 11.5 17,6, i1 _
of cost 62 _ , o ‘ 100.0 ‘ .
= 3 s

7538
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I.C.6289. o
$ o ‘.ﬂlnwntp 0.
alumet and Arizona Mining 2
- Direct charges,. Q_;ﬂ_,ﬂ___ﬂ_z
E&b}a e Bisbee mines--Continued

A1l stopes
{a) Campbell ares - Two year veriod.
‘ y o 1, 1930
January 1, 1928, to January 1, .
Labor Explosivesf__Timbéz_ Air Total Tons ore

$214,567.57 $33,350.70 $50,025.15 $62,052.60 $359,996.02 280,527.0

Cost .
per ton - 20,765 $0.12 30.175 $0.22 $1.28 -
Per cent )

(The cost shown here renresents the entire vroduction of the
Campbell area during the two year ﬁeriod from January 1, 1928, to
January 1._1930. During that time a large number of stoves tere
started or were in the initial stage.. This higher vrovortional exoense,
together with ore now tied up in shrinkage;ogera?ians,.is{d;rectly re-
flected in the costs. The stoping in this area is almost exclusively
inclined cut and fill and semishrinlage. )

(b) Upper Junction mine costs. Two year veriod
January 1, 1928, to January 1, 1930.

(The ground of the Ubper Junction mine is not as kard as
the Campbeil‘and Lower Junction a&reas; sections are smalier and a con-
siderable part of the stoping is in finishing out sections in o0ld ore
bodies, Square-set, cut-and-fill, and Mitenell-slice methods are all

used in this section,)




e Bl e o i e o, S )

> TR A DUBaTONS T

? gost

Pe:‘ ton

; per cent

of cost

t Cost

ver ton

- Per cent

of cost

Table 1., - Dire

$420,073.34 $33

$0.98

6S.5

(c) Lower

I- Co 6289’

B =
ish sbee miﬁgiN::ﬁgqptined
———— ——— : —
(6)  Unpe T e
nper
Junction mine costs -- Continued
Iabvor Exnlosj
B 0 :
el = 81ves Timber Air Total Tons ore

e

——————

Q s
#47.82 $117,451.51 $69,205.60 $636,717.77 427,571.0
$0.095 $0.275 $0.14 $1.49 -

6.5 18,5 9.5 100.0 -

Junction and Campbell mine costs.

Two year period - Januar& 1, 1828 to January 1, 1230,

Labor Ixplosives Timber Adr

THtal Tons ore

8474 ,016.34 $58,186.24

0,785

64

(Generally

and semishrinkage.)

$105,6067.91 $104,772.0 $742,649.49 605,540.0

5 0.175 $C.175 $1.23 -
$0.095 3

14.25 14,25 100.0 -
70 ‘

xclusively cut and 311
3. Alnost exc
.- hard grout




1.C.6289.

t charzes, Calumet arnd Arizona ¥ining Co.,

Tatle 1, -~ Direc

- S —

Zisbee mines--Contined

All stopes

(d) Junction and Campbell areas combined.

labor Exnlosives Timber Air Total Tons ore

4394,089.68 $97,133.56 $223,159.42 $164,284.60 $1,379,367.25 1,033,111

Cost

ver ton $0.865 $0.0S5 $0.215 $0.15 $1.335 -
Per cent _

of cost 65 - 7 16 12 100.0 -

Note: The labor charge also includes bonus.

The charge for explosives includes powder, cavs, and fuze,

The air charge includes:
1. Cost of comnression.
2. Air and water lines, hose, and connections.

3. Drilling machines and repairs.

7538 - 18 -
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