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MltGtf~A CC?F.t~R C(lfrPANY 
S~9.n N8.nuel Di'V:Lsion 
S.~{n Mrulu'~l, Ari ~n)().a 

April, 1968 

Dissem:i.nat9{'H:; m:tncl'81izat:ton in mOJlz,etl1:tte POJrph~TY ;~rid qu['u;t~ 
mon~onite" 

PrincipruM Sulphlde IttlJilc<r'als ~ Chaloopy,ri'te)f C"tWJ..Cfjc:i . .A~e, Pyrj,i;,e, 
and 14olybder.L:tte" The grade of the o~e is leas th~4n IlJt 

we:rbu:ro.en ~ 0 to 1900 feet t!1ickt. Ave:l."sge OVfJ~' "the) Sovlthenst 
{ti1ain~ 01'"0 Body ls 670 feet th:ic1t:, ~~nd <con~:istH 
1nf.dnly of a very (~ompet,ent rock Cftlled Gila Con­
gJ.omel"'a te G> 

~~~~;t 

Depthg 2,.262 fet":t,() ~E'oJ1," the Second L1ft9(J) 
((Sinking t)o a depth of 3,1('(0 feet is :tn p~rogr~~6s(» 

Di me!lsi aUl g 25 Ii .,. 5 '7/8 n x 6 0 
.. t~ Coro;pa.~tme",'ts ~ 

2 hOif3ting, 6 0 _5~tff X 6 Il ,·oft., 
1 manl·my, 5°'''0 178u I(B~lO"\"r 11~75) 
1 service hOist, 5 0 ..,,0" rrBelow 1475) 

Ventils.tion Downcast 0 

structural s'tee.1, Sets nnd Reinfol"'c~d. Concrete (I 

Headframez 

Skips g 

Hoist,s ~ 

100 II ..,6 H t() ~ sheaves 0 

r.rwo 12 () (lj.iUmet?e:!i,~ steel sheaves 0 

f.;1ain Hoist;, ·t.iNe) 200=hp motors, do\)~ble dxwYlo 
ROpeSpeed = 800 :fI)l'!l) with Lebus 'W:tnd~ 
Rope Si::l,e := 1-1/8" 0 



!~ -- cOl1tOd 

This shaft is used to hoist waste muck from the development head:tn.gs (> 

Mnnway compartment cont~lins .m.ain Purr.rP discharge coltwns ca.:n.7!ng 
most of the water pumped from the mine and power transmission lineso 
'rhe Service Compartment has three 8"'in() heavy-duty pipes for trans ... 
portat1on of concrete (> This is the development shaft, and. it will 
be s\.mk to provide initil!1l access to future levels" 

T'tdn tre Hoistil'lg Shafts, 195 feet apart 0 

Depthg 2~305 feeto ~For the Second Lifto~ 

Dimensions g 29 II x 7 0 inside concrete 0 

Four com.P~t:rtments" eac.h 61l~61f x 7°-otto 

Vell'~ile,tion Exhaust Shaftso 

structural Steel Sets pOllred in con('7ete for smooth lining" 
Conc:t:llete curtain 1<lalls between each C()mpsl-.tment, with 3° =7~ff x !~ 11 

windows in eacl1 seto 

steel guides supported every three feet j~ hoist1.ng conrpartrnent;s o 

Timber guides in seE'Vice compartment sUP:Pol"'ted every 6 1l 
... oif 

Q 

Coarse 
Ore B:I.ns~ 

Fine 
OX'e Bins ~ 

Loading 
Pocketsg 

181\) to lJ sheaves, l!~ (l d:tameter cast steel sheaves 0 

Diameterg 
Heightg 
Capacity; 
Loadi.ng G·ates ~ 

Diameter~ 
Heightg 
Capacityg 
Loading Gates ~ 

60(1 
66 fI -6", top of bin 92 \) above collar 0 

750 tons total 0 

2 on eaCh track per bin, air operatedo 
2 loading tracks 0 

65 1
) 

81 1l -6", top of bin 107 0 above colla.:ro 
lO~OOO tons total~ 
6 on each track per bin, air operatedo 
On same two tracks 9.S coarse ore bins (> 

Ttt;o in 31\; one below 1775 SubLevel, CaplO.city = ).,100 tonso 
one below 2075 Level, Capacity = 1,500 tenso 

One in 3B helOt,! 2075 Level, Ca.pacity :;: 1,500 tons" 



Sk:i,ps g Bottom-dv;m.p si:,eel skips '\<\yith alJ.oy· stJeel ]J .. ,nc~~s) 
running on solid rubber tireso 

Capaci ty g 22 tons '~Jit,h + !!'Q 5% moistU!.r~~ 0 

Dimen8i01i.S~ 35 f1 -5 H long, 6 ° -1'~ lvide~ 6 tl"'3u dee~9o 
Weight g 30,000 11)8 0 ~~ apPl"oxiroate) 

Aut,omationg Skip loacling and hoisting are ful,ly a.utomated" Sk."l.p 
loading and dumping are vil~wed on <t~osed c5.t"cui t~ 
television and the car dural1ing and hOisting syst~em.s 
are mordtore.d on a control panelo 

Hoists z Double drum, 'V~i th Lebus wind; automatic or ron-DUal Opel"'''' 
at:i.on; 15 {1 diameter fs,ce drums with 3,700 f.eet of 2lt" 
rope c~pnci ty in t'tIJO layers <l 

Drum Shaf''t g 27 U diameter through drums 0 

Hoist:tng Speedg 2~800 1);>mo 
T\-10 3,OOO-hp DoC" motors equipped 'With MoG o Hat <CC$l1'" 

sisting of one Lt,OOOmhp motor mld two 2,500=ID~ D~CQ 
geners:torso Steel plate flywheel, 44 tons (app.,r,oxi­
mate) 1'01" 80% pOMer peWt equallzat:ton 0 

Sel'vice ho:tsts are equl.pped with an 8-passenger cage and 45 cubic 
:teet, sl~ip combination with solid rubber t.i~es rurming on t;.imbe~ 
guides,. Ho1.sting rope is 1-1/ 8" 0 The (Cage and skip at'e countel:"­
balanced by &1 8;? 4cO""lb Q counterweight in t;he shaft IrltmWHY", 

.Primary 
Cl'Ushel~~ 

N<1" .. :'f _=§HAF! 

Depthg 

Dimensions~ 

The 265 n x 50 1l Cl""llsher Building houses two }+2 x 65 
gyratory crushers" There 3,:re two 96 Tf x 62 11 

.. 0 n PM 
feeders, 'Wi til a capac:l.ty of 1,500 tons per hour, 
one fed from the 3A and the othel" f'-tOOl 3D (.'Oarse 
ore bins" 48 ft conveyo~" belts transfer the crushed 
o~e from the crusher build:i.ng to t:r~msfel' towers 
(222 II ), and back '1;0 the fine ore bins < 421 () ) Q Skip 
dumping, fine Ol.""e bin capacity, and tr~"18fel" belts 
~:K"~ v:i.ewed on closed circuit i,:.elevision ') ~~he efltire 
automated c:r'usher operation is monitored from control. 
pMels a t. etl~h crusher loca:tion /) 

26 {) -6 u :x 14 1/ 0 structural steel sets pOlu,"ed :111 conc1"(ete 
for smooth liningo 

rr't>fO cage compa.rtment S J each 14 g x 8 0
; two l'otmded end compartrmen ts 

for manway, pipes ~ electric cables and venti,la.tion 0 Manti'ay com .. , 
partment also contaiirts the mai.n co,ID.""Pressed ai~ line supplying the 
mine" 



Mlen and Supply Shaft and Dotmcas't Ventilationo 

Cagesg 2 decks, 50 men per decko 
Inside dimensions g 6 () _%n x 1311 .. 6~r 0 

Hated 
Capacities g 20,000 lbso supplies per decko 

12,000 lbsQ men per decko 
Cage '\'leight g 20,000 lbsf) (approximate) 

Headfrnmeg 109 feet to b aheavesG 
~10 ll~ \I cast steel sheaves 0 

Hoist~ Double d!~lo 
15 Ii dirune ter, 90 II f~.ce c1rums 0 

2t" hoisting ropec 
I'4aximlll1'1 hOisting speedg 1,500 fpm<!l 
Sip..gle redu~tion ch"ive, two 700 ... hp DoCo motors 

equipped with M.~GQ set consisting of one 1750 ... hp 
Aoeo motor and t't10 6oo-Kl'1 DoCI) generatorso Hoist­
house equipped with 3Q-ton crane '\t7j.th 5 ... ton auxiliaryo 



, " 

~ 

'P.C~JTS g 12" x 12 f7 x 10 Il e<,1!. H 

a&.1?S g 12 ff x 12" " J.O It 
Set9s on 5 fJ Genters" 

Single lIes,ding ..., 3 me:o o 

Tl-;O Headings ... 4 men o 

39 holes drilled per setQ 
50 lbso + of Ammonium Itttrate 

primed"l.;ith a st.ick of 60% 
Amogel pe:!~ hole 0 USlla.lly 
fuse blastedo 

4'5# Rail f()!' Deve~opment 
90# Rail F'.1.l'.ished Trac1t 

If ("lOll Rail ia used~ 6J~u is the gJ:"3,deo 
45# Rail for Developf~ntQ 
70# Rail. Finished Tl'f9.ck" 

~~~.J~i----~-'~~-'<--I 

3"" 3/4 u x·or h5# Rail 0 

11· .... 5/8" for 70# R8l.il o 

5""5!8H fo:r 90/1 Railu 
~_,. __ ~_._, .. , _____ . .,..~~~.-.~_.~ __ ~, __ ~.J 



\ 

'" ' , 

~." O~ 6" W of 0 Arch ~ps s.nd 
9 G =6 It Posts fgJ.,~ in:tt.ial 
g:round SUPPol"'t 0 

Sets on 5° Centerao 
C:re't'i'S srune as (l~imber H~.ulage D:rifi~ 0 

Il.1i.tial Ground SU.PP():rt 
4H Steel Set (HG-3) or 
I: it.!- t f! 4~ o S~~el Se ~HC-; 

If 70# Ha.il is ~lseo." 64H is the devHpt. g~ade I) 
4.5# Rail fo~ Devel{Jlpment" 
7011 Rail }i'irdshed Ir,racko 

45#: Ra.il f©r Dev(~lopme:nt" 
90# Rail. Ftinished 'l::raclt . .) 





h. 11 ;,{ 4 \l inside 0 

IAINING:; 6 u )t 8 H cribbing, 
~ix'rnOi~fJd 't..r:l th 3 H x 4 H x l/L!. 4~ st.eel 
MB1~s and '!fj~I1"""i:tonso 

IN(;1.;:n.t~ .. fof!!0N g 63° 
LEN<1lfH g 1+8 () 
C:RE~VS g :2 eoo m.tl.P. C);'e\'lS advan~e 

tvTO raises a:t once, 
turing 3" Btt)I?e~"8 0 

Il!. hol.es drilJ.cd 5 Il dE:~ep ~ 
35 lbso 60% Amogel used 
.pel" round, de'tont;,ted 
'\:11 th electri(c ct),PS 0 

Vent,:i.la'l~:t()n t'/i th corr~prl£~$s(.::d 

T!'~jo.sfe;( R~d_sc f3'tation~ ~):e tCu:t by the 
J~egulH:r' drift,· C!'e'I,,,'1 using 1~he ~t~me 
equ'1:pm~nt. t;hey t"l.se t~ uri ve the d%'ift 0 

'rhe~y' al"''2; cu.t as th~ dt"':l.ft head.:ing :ts. 
ad'i,[~ncr;,;cL 

Rn:l~e GtJs.t!ions 
top of s:pt1~ial 
non","·,,'e~!..nfOl,~ce;d 

~n~e steel p0rl\V sets on 
(l\:~j.:ft sets 0 Jd.ned 'VIi. th 



EJtctLva ti~jn only g 
Hoel;: Bolt.s and stp.e.l st~raps 

GC= 3, (l"p- 3 
are used as prt;;'-!··"conc:rete support,o 

SIZEg 10\1 ... 3ft x 9 1J 
... l tl 

E;ach round n:.ar'ked 0l1. face by boss 0 

TWOl-rnml crews 0;;'''' 3 me:n ill t'110 het:tdings 0 

29 holes drilled 611 deep" 
40 loa 0 ammonium nl. tra 'l~(1 pji,"imed 

wit;h fl stick 01' 60% Amogel pel" 
hole Q Usu~.lly fuse blt-l.st,edo 

Ventilation WiJ.Dh fans tll'1d tubing 0 

Ini ti@.l Gl"ound SU~PpOl"t 
Li· n Steel Seti (GC=3) or 
6 ft steel Set (GC .. ·l) 
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A
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~,--, ~~L-- ·t:LJ;q/(~"'· .:r~;;§f":f-{¢T-;r- ,h i.f~ 
<:J ,~. ..,.:di·~4f~tft:<'~:.-;;:'-- '- In llovember 1964, the surface mixing and underground distri- ~i l~ 
"~'I! .. ,..,.'f~~.,~~~ b k.i t" t ~ d Th t·.-.e> th b' _t... ;'.:Jl 1 1'\ 
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plant" includil:lg the di ve~sioo of concrete to the various <?~ . ~~ 
levels, is entirely controlled by one man located in a central ~~ ~Z!;: 
mom taring staticm on surface 0 The aggregate is moved from ~~;r 
underground storage bins to the batch plant by conveyor belt 0 .5Jl~" 

-:rruclt-de1i ve1"ed bulk air-entraining cement is transferred from the truck by screw ccmveyor and bucket )~~ ~*'. 
eJ_evato~ into either the 500-bbl or 800 ... bbl cement 31100 ~.ixers are 1-1/4 cubic yard, double-drum 0 ~~~ ~,~ 
Mix water is chilled to 43°-550 by portable refrigeration plants in the summero Dispersing and retarde ~1 ~~I 
ing agents are added. with the mix water!) Mixers discharge throu.gh So screened hopper into 8 tf hea.vy-duty l~J f\{. 
pipes suspended in Noo 1 Shafto Concrete disch.arges throt.J.gh a heade..r into remixers on the various levels, it i'Y 
whi4lh f".t.lls 104 cubic ys;rd portab~e placers. The placers discharge pneumatically through a header and '~1111' 
6·

t 
slick line into plywood or steel forms 0 :.~§~{g~ !.* 
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;Vt II (.t'/~ 

~z. ua"',, .~:J! !:~ !'~~ 
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~,~.t;,;' <~t., ,! ' ::~'~, 

From 2,500 to '7,000 cubic y~ of «!on~ete per month 
are pOJ..l.Ted on a one-sh1.:ft-per«>d8¥, s:L~""day=per-week 
basis 0 Fo~ng is also doo.e on one shift, six ~s 
p~ l"leeko 
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Unde'rc.ut drlf'ts a~-'e 5 x 7 timbe~'ed w:i.th 6n l'@und. posts tan~t 6u x 8" 
«:!<,l:P~L> These drift,s &),:f.'e fu'Qi ve.t.'l over t,ha tops of. ill 'l~he dl"a,\,l raise,g, 15 
:eeet ~,bov~ the gl;i~z1y d"cift floor (l They are d:ri'fen ~:t right :sngles to 
tht::' gri~z.ly drifts 0 Access txndercut m='ift:3 8l'1S d:d.ven l)~t"~llel to the 
g:r:t~1!.ly d:{'ifts ovex' the 'tops of '~he northernmost and a~,:~then1lTLOst tops 
o draw ;r.'~ises,. and. ;}Lu blocks ~dth five or mo:r.e griz~ly line~:; an add!= 
t~lonu.1 ,n:tlC(;t&SS t~ndexcut d!'ift is lJ.st'$,nlly drJ.ven a.«!.ross the cente;r of the 
blockc Co;rner re.:lses ax'e driven u:nless the rock is relativel.y SQift~ or 
w'hl~:t'e the block, joln,.~ tan ~lde1C' 'hlo~k " Undercut pill~~l work usually beg1.ns 
befog:'e the d~"'i.fts are all cemplet(~d to prevent excessi va drift l"epai~" and 
.mainte:nrul~e " 

U:nde1t~cutt)ing oon sta7t1t at ~ny pos! t:i.on in 'l~he block, but is stuted 
®l,.gs,inst rul oldel'" ~ved block m'1d r'etre~ts to &\ ,solid (QOnl~X' or comers oJ 

Undercut pi.lla:r ~re1"S st~J.t'~~ the ~~Jle by drilling (,,~ld blasting out a 
pilllClJf be't~ween wd .. I:'ts ()l' at ~, boundary of the blocko ~t'he pill~l:r cret>m 
1retr~~'t, 'JJ,'i,;'IID.y fro.m thia i:ai t,tal ~~lve, breaJrlng the g1,~ound :into thf! caved 
a:reao Bei'ore (~ncb pillaI' is bl~,sted2 t,:b.e dJrift is. ~4idened on one side 
~ab~ut fO'/l!f feet and timbered if necessary <) The :rernaining 1J111wr» about 
eight, feet t,bi\Ck~ is dl"'1.11ed t,hrou.gh~ lIllad the b$l,(Ck of the w:i.den~d drift 
is then ct.'(;'illed out to a height of l3 feet 9.bt}ve the fl()or of' the Q.,'!').dei"'" 

iCU:t mld th,e p:l.ll~r and "I-lidened (b:-ift ~l.l"e shot 0 The timber is dl'illed. ~Ji th 
wood @"uge2~s 8.nd sh{Jt ltd th the u.'O,de:!C'cut 1"00110.0 Genedrally ~ a 15",·fo,lot sec'" 
'tim1- ialong the dxLet length is cr;;;(fl,ktek1 w:tth each blnst (from one ~aw raise 
to the 11,e.Yt:'{~)" care is takell t~ insu:re tha.t the pillu is «!©f@letely brtj}ken 
by ~~.u1ng off suffi({.~ientb bJt'Ok&l mu~k to observe ~'phe erfe~t of the blas1P 
befg;{,~ the next ~djoini,ng pillat' is shoto 14illisecond delay eletC;t;r'i© <r.~ps 
~xe u~ed in pill~~ bJ~sting~ and ar~ wired in geriea~parallel~ with not 
more thtln 25 primers in an.y one Be:.t~1es" C:i.:r©ui ts ~l'e t~sted l'd. th a gal..., 
vatlomet,€n;') befo!"e being connected to ·t.he prn~er s©u~~e" All blasting lines 
go t~hrough an 1lnt~er:-t~upt;e:r s-wi t©h and from this swi tcll to the main pillar 
b1.l!lSting s~t1itch idli{~h is a oomplet~ely independent ciJrcu1to 

TIMB11Rg 
Round p~~stiS sd 6ft x l]f' ~a.ps w:tth 6ff x 8H stringers oX' sills 

ove7r raise tops" 
2H x 12~f side end back laggingo 
Haise tops t,eDlpormuily covered with 2" l~:tngo 

(""REWS g 

2=man crews drill 10 to 18 jackleg holes and 20 to 30 at-opel" 
holes, de'p~.::t1ding on dl"a1Jl raise spacing and gJrO\.md. cOf.ldi tiono 

·45% 1\f 0 G (} ptJWd.el' or wnmoniurl1 ni tra te primed ~d th ~. sti ck of 6CP/o 
Aroogel is u:~ed with Millisecond, electric bl~.stingo 



r----'.~ ---~. __ ~d/;;'l-O! ___ ~U __ 

SECS1'IONS 

PROGRESSIQ\I O~., UNDERCtJI'TING 

TYPICJfL BLOCK 
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Ope:rs:t1ng Shifts per Day 
Operating Days pe~ Week 
Operat.ing Days per Year (7 Holida¥s) 
Production per Day, Tons 
Production per Year, Tons 
Active Undercut Area, Sqo Fto 

Draw Point Spacingg 
1705 u East-West x 15 g North~South 

Block Dimensional Datag 
Block Width 
Block I.iength 
Present Aver~e Block 
Ore Height. above Undercut Floor 
Distance undercut Floor to Grizzly Level Floor 
Distance Floor Haulage to Floor Gr:i.zzly Level 
Grizzly Bar Spacing 
Grizzly Bar Materia.l 

Draw Points (Average pel;' Month> 8 
Active 
High .... l?a c'k 
Held for Repaix' 
Held for Grade 

Total Draw Points 

Rate of Draw, Inches per Day 

Types of Explosives Usedg 

:3 
'7 

358 
l~O,OOO 

1.;+ II 320,000 
368,000 

140 0 

150 0 
... 240 0 

1·40° x 180 0 

lOOfl ... 600 11 

15 11 

60 1l 

14n 

Salvaged 90# Rail 

18 

~£ondru:~l.J?l:.!1st:ing .,. !~5% ((Noo 3; Amogel in 1-1/8" x 6 ft sticka 
Ot' 66% (No 0 1) Amagel in 3/1~"'lb 0 l!Uld 1=2/3 lb 0 bags '.I lnt 1:;ia"" 
tion is with zero delay electric blast,i:og (~ap'so These ~e 
t,ied into a trunk line tC) s. central undergl"ound location wheK'e 
the bl~stir.1lS switches tixe lO~'!f.!.tedt' 

P"t'imary Bl~.~ ... In the large:" headings ml ammoni urn ni ';;,:rate 
explosive is used except in wet holes 0 1m tiatiO!l iL:; by a 
1-1/8" x 6n stick of 60% Amogel 'I]hich~ J.n turn, is i.gnit(~dby 
t.t fuse capo An 8 fJ length of fuse vrl:l;h a spitter (\!or"d f,?.lse 
ignitel~ on the end opposite the ca,p is ignited With a hot "'lire 
fuse lighter" 

All other development, except~ transfer rru.ses:I uses ~.mm.onium 
ni tl"ate with regular delk~,y electric bl.aati.l1g cap~J" Tl"'W'lsfel" 
raises load with 6o~ Amagel only" 

All bla.lsting is done e..t the middle m'ld end of each sh.i.ftQ 



tJig drifts u:se to. S$l1 jt/~Xluel""tnade jumbo wi th fOtU~" 8 0 ... bo~ns ~Jld 
:f"ou.,''r 3in drifters with 6 n SCl'e~l feed. shells 0 The bO()IDS ~'l"e 
hydltaulically oper£J.ted and ~At'e pO'Wer~d by two 1·".3/4 gpm~ 11,000 
:psi hyd't'opulnps thtl't feed i.nto fi hydrouJni~ ~nif'\)ld" 

Mucking 5.s done by ~ :il."'ockcr' shovel 1vi th a steel flight con ... 
veY<f).r dumping into 10--t.on bottom .... dum:p d€yve.lcipmet.lt c~rs 0 The 
cars are ~ni"l tched by an 8""ton, ltO.."hp ((OX" 9""t021:; 4O=hp) stol':a,ge 
ba:t,texy lo·comoti ve 0 

Smaller headings use feed .. ·1.eg drills tvltll. 2 f' or l~r: single 
Btat~e legs and sto:p~X' dri1.ls with 18 e? steel ch~nge () 

Development slushif:1g is hnndled by ni:if""po'Vlel"ed 'double=d~um 
slu~he:r$" 

Haulage lCH!omot1ves ~1re 23""t©l1 Jl h, .... "iheel t:r,ol.ley type~ eEFHm 
.loC~}!ilot,j"ve with two l25mhp 275=vol t D" Go WfltOl"S ~ 'J~he:~r h&U1l 
f:tft~een 12.... to l};e ton captiei ty CaJ~S 0 

Ore C8.l"S are 15-ton box"",type with one st~®.tion~y CQUIJling and 
,m.e r()'lI~ti:ng tCoupling 0 

L-ength csntel" to center of «;oupl:tng g J.1 (j ",,6 H 
0 

vlidt~h, iOvernll g 6 ii ",,0 H 0 

Height ~.bove tr~ckg 5 11 ",,6" Cl 

Couplers g Rot~:ifY and nOI1""l"ott'lry co.Alple~.s equipped with rubber.., 
cushiQned d~aft gear" 

f£raf!k gauge g 36 IY 0 

Caz' Loading thT'Wg'h air ... ·opel'"a."b,ed gl'dli()tine tmdel'<mxt ga:~~es" 

In .r,he dump:tng c~rcle the :Mot~rmtm pulls th:rough the dump ~nd 
spots t:h:ree ceara 1rll.t,hout 1.1ncouplil:llgr. Cax'=s';:'ops rise ©nd lr.Jlck 
the t:re,in in posi tiono The Mf.;)toX':i1WJl €),ct1 vates the d.TJJTIper whi<eh 
rotat~es l800 and red~u.rns to th~ upright posltiooo 'The ca,r,~sto:9~! 
t,he~l retrac't and the Hotorman advrallces three cal" lengths to the 
l,"l~~t dump po~i tion a:nd. the operatic:n is l"'epeqltedo Three C9:f'S 

are dU'Ull)ed in about one minute ~ OE' fi.ve min.utes per tx'a.i:n of 15 
cal'S <i Devele:)pm~,.nt c~}rs ~.l"e designed to 1"1 t the dumpe:r!; but b~!'" 
cause of their lengt.h end ty:pe of cou.pling, they must be uncoupled 
t,@ dump" 



L~ 79) 000 cfltl goes ~m #l~ and #1 Shafts from tlle ~)m'f'nce (> 

20,900 cfm Miscel~eneous intakes, 'in add:i.t~ion to sha,ftjs<1 

24,000 CfIll .... J..st r,1ft (141.5"'1]·~75 Levels) 
160,000 cf'm c' Subwvel (1715-1'775 Levels) 
315!jOOO cf'm <;. 2nd r~ift (2()15<w2075 Levels) 

115t Lift - One hie,speed. P.xivane mine fan~ 60=hp, 1.750 I'P,Jll, 
5 it diwneter on the 1415 r-la.in Cross cut v 

Sub,..,Level Two hi .... speed Axivane mine faUCq ()).e MXC., 1 .. ,15, 200-hp, 
U60 rpm, 5(t d~iameter; one MXC, ln5 200-hp, 1160 rpm, 
5 f) diameter 0 

2nd Lift - Three hi .. speed Axivane mine fens g One MXC, 2CJ75, 450-
hp, 1160 rpm, 6 1l di,ameter~ one VIC, 2015~ 450-hp, ll60 
X'Pm~ 6u dIameter,; one vxe, 2015, 200 .... hp, ll60 :rpnl, 5° 
d1ametero 

Auxilim."Y ventilation air i~s directed throogh operating blocks by 
metans of ventilt:\tion doors and Axi vnm.e 20aohp ~ l.a.~ge volume, 101\>1 

pressure, 101'1 speed mine fans 0 Indi v1dus.l working places $U"'e ventJ.­
late<l by 20 .. ,hp, high pressure, high speed :em-AS Ol" air !Q{~vers with 
tubing 0 

Hau.1Hge tJ?ains and 3UPPly tt"ei.tl$ are moved on di~"'ect, oI'de:i"s f~ fa 

Dispatcher by the use ~)f a ;re.dio phone systenL) lin addition, :tC"adJ.o 
phone~ fl.re ixlsi~al..led in :repail~ shops snd lilt V!tntl9ge points fol,"' use 
by su:per'visiollo 

Dl'aW Md haulage operations are ~oordinllted th~t~~lgh the D:Lspat~che:r 
by an ftlldio paging system" 

A stMoord t(~lepholle systam consisting tl)f seven t~i~cllj.ts aids j .. Xl 
coo>:r.dirw.tj.ng hOistlng, nlf).intenMf;e, ~nd s~rvice fe(cill ti;~s "be ... 
tt'1'een the surface and th(~ mine ul'lderg~iUnd 0 

Newly openecl ,",xee.a show an appx'eciable flO'w ()f 'tii"1ter wh:i.~h is em" ... 
ried out~ of the b\;'Orkiug a:rse, by air ... .,ope:r8.t-;ed sw.np pum;pG Hith .a 
capv,ci ty of 150 gpm at 100 fI ht:~s.d (} Mine unde:t-'g'round \oJas plw:med 
GO that V.~tle'r drains either' to No 0 1 Sfutft or ·to 3A Dnd. 3D Shafts 0 



, ~ . 
.I .. 

Nco 1 Shaft :i.a pumping 2,800 gpm, principruly from the 2nd Lift, ~ 
200 sm, fran 3B Sh~t Bottom; 

Present pumping is 3,700 gpm Totalo 

Mine water is pumped approxinmtely 8 m.i.les to the Plant site fOl<a use 
as miJ~ t-19.ter 0 

To prevent surface drainage ~~om entering the mine, surface washes 
leading to the cave area are either diverted or dammed up to hold 
the wat·er for evaporation Q 

C8l.~a g 

I"o~om.oti ve ~ 
Trackageg 

CHiU'lGE ROO4 

100 tons capac! ty, 35 to 40 per train 0 

125~ton, 160o~hp, diesel-e1ectrico 
132.:oo1bo rail, 7-mile haul to rece.iving bin at 

reduction pl.&mt, level track" 

Accoounodates 1,900 employees with lockers, shOJWe:irs, and. toilet f'aclll"" 
t1eso Heated. with gas space heaterso 

In the same buJ.l,ding is the Foremanfls Office, Time Office, Saf®ty 
EngineerOs Of'fice, Dinpensary, Lamp Room., and Dus'C)"",Counting l.abol'''''' 
atoryo 

Five 3,500 cfm ~ompressQrs, delivering at lOOQlbo air pressure, 
e~Ch equipped with 600-hp synChronous motoro 

(ne 1,936 cfm ~ 350~hp synchronous motoro 
One 1,596 cfm .... 300-hp synchronous motor 0 

Total, :::: 21,032 cfm, delivering .at no lbso ~ir pr~·ssu ... ,'~'''e for 
appl~oximately 100 lbs o mine working pressureQ 

~~ .. _~8 

Surface installations in this ares. include a Machine Shop (including 
car Repairs), Electric Shop, Drill Repa:lr Shop, Blacksmith Shop, 
Tl"Uck Maintenance Shop, Frmning Shed, ~nte:.r Shop, Warehouse f~.tcU .... 
itieso Timber Treating Plant, Salvage nrea., Pipe Shop, Cylinder He..., 
pail' Shed, Sand.,..,Blasting Shed, Paint Shed~ Fil"e Marshal Shed:) M:lne 
Rescue Training Center, P\1se and Cap storage Tunnel, Ba.tcll Plant 
(illcluding mix \-'later ooolilrAg plant and addati V~ stor~e tanks ~ , 
St®nd.,,..,By Power Plrmt, Compressor House" Noo 1 and Noo 4 HOisthwses, 
PotP8.bl~ water Treating Pl.ant, and Change Rooms 0 



The:rs Sl"e sto1tage ~eas for all material used in the min:tng operationo 

steel~ 

Timber a 

V~iet;y' of structural shapes for shop fabrication jobs 
~nd. mine ground supporto 

12" x 12" drift timber 0 

2ft and 3" l~$Sing, vax'ious lengtheQ 
6H .01:nd 8u cribbing, )?l'c""frwnedo 
Pole llOsts - Texa.s pine for undercut t:lmber {. 

A large cxploslves magaz1.ne is maintained to ~nXp'ply the m..ining 
operation .. 

A planned maintenonce and lubrication schedule :is folloved for al~ 
SlU"face and underground operati.ng equipment" 

Ave:rage Daily Mine lToduction ""- Dry Tons 
Pound's Oopper x'ec©JVe~recd. per IrOn of Ol"e Mined 
(t~.f:Fp~)r"", r p~~:)lH1F~ 

!-'l©lyb dG!1'lU1l Sulph 1. d(~;, pQ)~;).nd$. 

Gold)) oun~es 
Silvel~, ounces 
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'I'his panel ~onstrJ.c-tlon tr.ras applied ,to the Noo 1 reverb "1hen j~t wa.s rehuilto 

The only dif·r0!~enCO in construction is that. Noo 1 has only seven pal1el~ to the !"OW 

1*he b1..41ick in the balance o.r the roof =r.::,= from the last z~ow ot panels to and 

includ:tng ·t,he '1.1pt,ake, ar,a GuepancleHl :f.ram pipe~J t~hat pass thrlOu.gh t,he V0!'t:t©al legs 

oi~ h~avy a.ngle iro!1s ·that tl~3 la:1d pa1"allal to the furnace length 0 These angle 

The sta~l ho.x€:$ t,h&~.t oj"lclos(~ th~?; f1 ni:Jned pa.:nels are obtained £'rom the l'(tf!i:;h:t!lf£! 

shcp (Slide 1) (1 Thess t-tr3 mvile f~!.~~~.tffi l;i. 6".,f"~:)o"(, 'bY' lO"""f'oot ~he~t, of' 18~.~g~"'1ge;) (~old<"", 



; 

hl.g}~, 

) 

·d $), .. es 

Pege 3 

fifteen=:1.nchc~s 



) 

Pa.ge 4 

by i~h(:-) uptake cra.ne 0 It monol'a:tl tUrects the transfer of the panels from the uptake 

crane ·;~O th(3 !'e"re!1Ib craneo 'rhey- t;!:r::e then placed on tihe reverb super structure for 

pl~\Bheating by t,lrlE'~ re,diant h~aLi from the reverb roof' 0 This preheating may progl:-esB 

for 8.8 long aG thl'G~; 'tieeks be:roro i~he panels are instal1edo 

Sv)V(~n p.s.nelt:1 iI1 the tl,rc-;rt. J:("T') vS'ere changed out'. on Ecit:rt.er Sundayl' Jt~al"ch 26t, 1967 

clf-a ... ~n~ {linet.een lilOIrhhs (if Be1L"''tri.ce .. ', '1'he ere~ as~signed to this wOll1k consis-ted of four 

The let p@.!1.0l '«;0 be 1}~movt?d ULM1 loosened f:f:'OM the adjacent p&A,el and the shoulder 

lKt~ick~4o%ik l:l:t:ih i?. ba:K'o The cr.ane -Mael1 lif"ted the panel out eaeily and set i't, on the 

fee.rl d.{\~~k O1J'el'tlo(Jk.i.ng the ~f.lnVf~rtii;1.~ aisleo The repa:t.r.man cut t,ha bolts otf of the 

eight hanger l:och] ;:\ih~a11e they atti~.Gh to the panel!' and 'l'the four helper.s started 

3't.l"'ipp:Lng t,he b~')lok h£',Rlg(:1il~S a..T1d p:ipa arid t..l-tl~mrl..ng the (~ltl brick into a ladle in the 

eonve1:,~eZ" td.sle balmfjo In '"he t~.em:rt:tma~ a second panel W~\S being wtlthdrallSrA!) and itl 

'~m.H h~iLldlet.~ in the EWll~® :r.~shi.m·L tile; StOm 2,8 the ~ight hclt,r; ~rer~ cut off of this 

Be;«~"::1d :;:Jar..K~l~ t.h~J er~'t:ne. sr::·ottcd. t~l(;) l:='baam 1-:-,lth itf1 eigh~~ loose hangar :rods over 

t.lw f~:L:'f.J·t. :;~eplfic0.}nant parll21; the hrlnger 140tlS 'tmre atttlohed the:re~co t~'lth new boltso 

Ttl{,~ mur::e oequenco 1<ja~:; then i'ollO".Red a:o= ~·:tth one p&11al ill and one panel f"l"t @~ 

·urtt~l.:'t .!~:11 St}'ilnn 11~nc18 had he-an chrlngooo '111e ,.4,:,o·i;al td.me irrvol'\red was three hotll"S$ 

anil 210 ~cr.l&,ri:: r(i~et of 4~ocf 'f;(ia$ l~~)pl(uced -vr.i til. '{'j/~7l1 brick of the ~;a~Gne thickn.ess as the 

or1g:t,~:r?.1 fJ Th0 tiIBn :t.nvolvY,)Q W0:fi') {';iGith:,:'7:;:" "l:m,mad up" ncrtt a}rhaust~sd as is llsuu1.y the 

c8\se tslth :';'oo~'? f~~0pPJ,il"ln; 1~h.tlr~:t w-e feel tha pM~11 ~oostlru.(rt,ion ia l:J\')l1=s\\bst,a,ntiated 
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vi~(:! only ten d8."ys ""Then the l10rk st,oppage oo~u:rred9 and the re~rb ha.s been on a hold",.> 

E~j..sed upr.)1.l this limited but r.ewarding experience£) we feel that the high=fired~ 

in :rool a.pp1i©~:lt:l.f)nS 1it proper prstJautlons can be taken in t.heir installation on a hot 

rur;;}aCI~ (\ 'l'he panel type c(lnstru/;tion has proven to us to lend itself' readily to such 

opt tonal T:rl. th the panel type roof 1 
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INTRODUCTION 

The replacement type ore body in limestone, which presently 

accounts tor fifty per cent or the Magma mine production, 1s 

located 1n the eastern part or the Magma systemo The general 

area 1s named the East D1v1s1ono 

Tbe central part or this dlvl~lon 1s located about tour thou­

sand teet east of 1'100 2 and NOGl3 Shafts ~lh1ch are located north 

and slightly east ot the general orr1ceso In relation to the sur­

face the East Division 1s located below the -tunnel on the Superior= 

MIami highway n 

Aotive stop1ng in the replacement deposit has been oarried 

on tor the past ten years«I From a. small · tB1nterest1ng" occurrence 

of copper=1ron m1nera11zatlon§ the replacement bed ore body has 

been developed into a sizeable part or the production and reserves 

of Magma Copper Companyo 

This paper is an introduction to some of the geologic features 

or the replacement deposito · The major features to be discussed 

include the fault structures» the relationship or the vein to the 

beds a the barren embayments within the deposit» and the types of 

mineralization fringes bounding the ore deposito 

GEOLOGY 

Rocl, Types 

Within the Superior mining distriot a variety of rock units 

ex1sto (Plate lAD Generalized geologic column or the Magma mine 



areac) The oldest rock encountered in the metamorphic P1na~ schist 

of older precambrian age, with the younger precambr1an sed1mentary 

Apache group unconformably on the sch1sto The Apache group includes 

the Scanlan conglomerateD Pioneer shale, Bames conglomerate, Dripp­

ing Spring quartz1te, Mescal l1mestone.!) and the Apache basalto 

Overlying this group 1s t~e Cambrian Troy quartzite followed by th~ 

Devonian Martl.n limestone» Mississippian Escabros& limestone and 

th~ Pennsylvanian Naco 1~e8toneo Intruded into th1s·metamorph1c­

aed.1mentary sequence 1s a very 'thick section of diabase 9 probably' 

Pre~evonlan in age, and quartz monzonite porphyry dikes which are 

early Tertiary in age~ 

Allot the above types have been locally covered by the Wh1te~ 

tail conglomerate and dac1teo Quaternary basalt dikes cut through 

the Naco 11mes~one within the mine area, but undoubtably penetrate 

the dacite outside the areao Very late sands, gravels$) and ero­

sional debris now partially cover the topographic surfaceo 

In the East Division proper» the rock types encountered In­

clude the diabase, Troy quartz1te~ Martin ltmestone, and the por­

phyry dikesa 

Underground the formations d1p thirty degrees eastward, Just 

as they do where exposed at the surtaceo [Plate IS, Rock sequence 

near the replacement deposito) In the East Division .the Troy 

quartzite 1s about 100 teet th1ck~ while the Martin limestone 1s 

about 340 feet th1cko !he term footwall limestone 1s used to de­

signate the portion or the Martin limestone which underlies the· 

mineralized bedso The thickness ot the footwall unit ranges trom 

12 to 20 reet~ The replacement ore horizon occupies a zone ot 



~t-3 t,;he limestone beds above the top of the «Jre horiz©rlo 

y,!)~= StructEQree 

Only one m~G1or vein structure 1s associated 'w1.th the repla~e= 

ment deposito It has been given several designations but the pre­

sent correlation is w1th the South Branch of the Magma Veina Com= 

p11cated fault stl~ctur~s between the central and east portions 

or the Magma mine system precludes a defj.n1te ciorrelation" Minor 

rt1inerellzed shear zones and small vej.n structures are abunde.nt 

in the diabase and especially in t,he quartzite underlying the re= 

placement hor1zon a but few penetrate up into the Martin l1mestoneo 

Fault Structures 
_~"""'~IJf'P'IiIlr"~,u~~ 

lltajor through-going fault structures are minor in number 111 

~,;he :n:nst D1vis1ono However9 these major faults may be classified 

ilrrfr;o sev raJ!. sym:temB==east=west» north-souths northwest and north ..... 

ea[Jto (Plate IIg Major fault structures in the replacement de= 

pouito) The east-west system is well exemplified by the major vein 

structure as noted aboveo Tbe vein fault is a normal fault with 

'the south side down relative to the north side 0 It has been t,'ollow= 

ed in the quartzite-limestone replacement areas from the 2250 level 

dO"iln to the 3400 level f) or covering about 2400 feet horizontally 0 

The largest :rault~ in the north=south system!) has been desig­

nated as the NS 5 W faulto This structure has a horizontal com= 

ponent or movement or about 400 feet <east aide north» and a verti­

cal oomponent or go feet (east side uP~o Paults having a larger 

horizontal component ot movement than vert1cal component may be 
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referred to as strike-slip taultso 

Two more strike-slip faults have been encounteredo Tbe first 

is located about 575 teet west of the NS 5 W faulto This fault 

has around 50 teet ot horizontal movement and less than two teet 

of apparent vertical movemento Its trace 1n the beds 1s N lSG Eo 

The second fault lies 250 teet farther west and appears to 

be of limited extento However, it does offset a mineralization 

fringe some 30 teet with no appreciable vertical ottseto The tr.ace 

or this fault is N 25@ Eo 

A third fault, which may be a strike-slip type~ has been en­

countered in the main level drifts as they were driven from Noo 2 

Shaft to the East D1v1siono Its effect on the beds is unknown at 

the present time but it apprently offsets the Magma vein some 80 

feet 0 

All of these strike-slip faults have the same direct10n ot . 

movement--the eastern block has moved north relative to the west­

ern blocko 

A number or east-west trending taults v other than the vein 

system, have been found which generally complicates the explora­

tion and development of the replacement deposito Usually they 

·begin to rorm east ot a str1ke=s11p and first appear as a "roll lV 

in the mineralized horizono As they are followed eastward 9 the 

roll becomes more sharply developed until at some point the ac­

tual fault forms with a faulted displacement between the two sldeso 

Structures or this type are known as hinge taultso Generally the 

displacement increases eastward and on one of these faults has 

attained a maximum of some thirty reeto These faults generally 



terminate near the next strike-slip fault east of where they or1g1= 

natedo ibese are normal fault structures in that the side which 

1s down dropped lies 1n the direction of the dip or the structureo 

The northwest system 1s not well developed by throughgoing 

structures~ but they are round throughout the deposito 

A flat~1pp1ng (30-40 degrees) northeast trending group has 

only recently been encounteredo The structures formed by this 

system apparently are bounded on the east by the f1rst strike-slip 

fault west or NS 5 w taulto The effect of these faults within the 

ore horizon die out rapidly to the westo This group ot faults 

probably does not extend much farther west than the second strike­

slip taulto 

Minor fault1ng throughout the replacement deposit generally 

had the same trend as the major structures~ that 1B~ east-west 8 

north-south9 northwest and northeasto The major rault~ the NS 5 W 

tault D has been used as a d1v1g1ng line tor naming the position of 

the working places east and wasto The workings east or the fault 

are called east bed workings and those to the west are called west 

bed work1ngso 

Relation of the Vein to the Beds 

The east-west trending South Branch or the Magma Vein is also 

used tor naming positions within the East D1v1s1ono The replace= 

ment beds looated north ot the vein are called the north beds 8 while 

those to the south are called the south bedso (Plate 1119 Vertical 

section showing the relation or the vein to the bedSo) In a verti­

cal section it is noted that the south beds are displaced about 30 

feet downward in relation to the north bedso It 18 well to point 
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out at this time several interesting pOints regarding the ve1no 

10 Deep in the diabase the vein is little more than a poorly 

mineralized fracture zone containing hematite and sphalerite 

with little coppero 20 As the quartzite contact 1s approached 

the vein widens and the copper values become of co~ne~clal 1n­

teresto 30 The width and grade increases to a maximum in the 

quartzite and little hematite or sphalerite 18 roundo ' 40 As 

the footwall of the south beds is intercepted the vein struct­

ure begins to break up although quartz, pyrite, chalcopyrite 

and bornite are abundanto 50 The vein is not esa11y traced 

within the south-bed-~north-bed replacement zone but generally 

a quartz structure helps to identify ito The hematite content 

is usually quite lowo 60 The structure 1s usually lost as the 

north beds are" encounteredo 70 Where tollowed up into the hang­

ing wall above the north heds s only a fracture zone is found with 

minor hematite and z1nco 

North and South Beds ...... . .---. 

The north beds have a much shorter lateral extent than do the 

south bedso The limit 1s generally less than 150 feet to the north 

of the veino The average thickness of the north beds may exceed 

that or the south beds but averages under thirty feeto Thicknesses 

of Sixty re~t have been mined but in these areas the horizon con= 

ta1ned poorly mineralized limestone beds between h~avily mineral.­

ized limestone beds 1:' 

The south beds seem to have been-much more favorable tor 

mineralization than the north bedso The m1nera11zat1on 8 on the 

average, extends over 500 teet south and in some places extends 
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J?(;pl~:tc .d \") 1- ar3:'en ~v~ l~S e.l{;~Lf~t \'Jh:lch ()',cupy -the ent:tre ve:r.~t1~;a.l 

i~'1tf~:~v:'9.1 of. tbe repln.cerne[~ri; b(~d ;10X'jJ~11)n" These bod;-les trend 

and stl~Jctur'e except for ·scatt·ered pyrite and a few minor vert~5 . .,., 

c!a.l h:reakso 'l'hey have the same a.ppearance as 'the limestone out'"-' 

side the limits of the ore body 0 ~Pl:~te IV ~ Barren ernbayments :t.n 

t;he repla(~.ernent beds '1 :» TrJi~~ h,~ve been fou:nd w:lth:\.n the or'e l~tm:1:te 

both of tht~~1e B' pronga tUf' m:~»neral:1zHd replacement beds have extend.ed 

uea1;'.Jaro on both sides of the bar.ren blocks" 

£2!lf:!e;urant=!.2!! 0f-n~_~e2}~.~or1zon 0 

The present configuration of the replacement horizon is dom1= 

=1-



nated by the initial eastward dip or the limestone bedso ~Plate 

V9 East-west section through the replacement hor1zono) In an east= 

west vertical sect1on~ the dominant fault structure is the NS 5 W 

fault which was discussed ear11ero Throughout the west beds the 
. 

replacement horizon dips eastward at its normal thirty degreeso 

There 1s little flattenIng or the beds as the NS 5 W fault is 

approached 0 However~ on the east side or the fault'the beds are 

much flattened and actually re~erse dip in the vicinity ot the 

fault 0 The change in dip of the beds on the east side has been 

attributed to vertical fault movement on the NS 5 W fault but 

undoubtably compressive forces have helped by bowing and folding 

the beds either before or during the period of taultlngo 

In north=south sections the main features noted are the 

ba.rren embayments within the ore horizon and the displacements 

on the steep=d1pp1ng east-west hinge fault systemo (Plate VIa 

North=8outh vertical sections across the east bedso) In the east 

beds~ a central high is noted with down dropped troughQlike areas 

on both s1deso In the west beds (Plate VII$ North-south vertical 

sections across the west bed8~ the central high 1s m1ssing but 

the trough zone 1s well developed on the south side of the ore bodyo 

The complications caused by the hinge faults are well showno 

ORE DEPOS rrION 

~pogene Minerals 

The relative importance o volume=w1se 9 of the minerals in the 

East Division 1s as followag Specular variety or hematlte o pyr1te 8 

red hematlte a chalcopyr1te a bornite and chalcoclteo other minerals 



alao occur and include quartz, ankerite (?), magnet1te g bar1te p 

galena$ sphalerlte g calcite and rhodochros1teQ Minor amounts 

or gold and silver are ~oted in the assays but the specific 

minerals have not been 1dent1tiedo 

The minerals ot commercial interest 1nclude chalcopyr1te, 

~orn1te and chalcoc1teo 

Within the vein system, quartz, pyr1te!) ohalcopyrite,; bor= 

nita and ankerite (? ~ are the common minerals with m1nor specu= 

lar1te, sphalerite and barlte o 

The replacement bed horizon contains all the minerals named 

above g but specular1te and pyrite are the two most notedo 

Mineralization Fringes 

The mineralized ltmestone~ltered limestone fringes or cut­

offs are ot special 1nteresto 

Three minerals cut-orr types are knowno (Plate Vln~ Types 

or mineralization fringeso) The first is the fault cut-ofr where 

a pre-mineral fault 1s the controlo The displacement across this 

fault 1s generally very small» being less than two reeto The 

second 1s the "barren=wall" cut-orr where the mineralization 

suddenly changes from a completely replaced section into barren 

fringe l1mestoneo The replaced section is generally thicker than 

12 feet on this typeD and changes to barren limestone 1s less than 

two teet or lateral d1stanceo The third type 1s a combination or 
the first twoo In this a fault partially controls the mineral­

ization and the top side 01' t he mineralization zone will gradually 

begin to drop toward the tootwallo When the mineralized thickness 

decreases to 4-8 teet the mineral then ends on the barren=wall type 
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cut-otto 

All three of these types can be exhibited in less than twenty= 

five teet or one ancthero A fault on the fringe extends out into 

the ore body and the other two types become domlnanto 

In general high-grade ore 1s round on the south fringe or the 

ore bOdy but the other mineralization fringes are not particu~arly 

noted for their association with high-grade oreo 

Sequence or M1neral Deposition 

Mineral deposition appears to follow the normal sequence 

round in other hypogene depos1tso Magnet1te tJ hematite, and pyrite 
\ 

with minor quartz flooded the replacement horizon by extensive re­

placement or the limestone, with some copper being introduced at 

this tirneo The quartz and pyrite are early minerals and continued 

to be deposited throughout the mineralizing per1odo Following the 

extensive pyritization and hematlt1zation of the ore horizon some 

of the faults were react1vatedo This stage was followed by the 

major influx or copper mineralization which formed the economic 

ore body as it is known todayo 

Controls on the Mineral Deposition 

Tbe pr1mary control on the mineral deposition is the host 

rocl! itself "11th the phys1cal=chem1cal favorab:111ty of this parc= 

t1cular hor1zono Why this specific horizon is most favorable 1s 

unknO"alno HO\'leVerl) it is well to nlOte that this same stratigraphic 

unit 1s ver,y favorable in other areaso The lower Devonian beds 

at B1sbee 8 Morenci tJ Christmas and Globe contain replacement ore 

bodies similar to that which is round hereo 
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The faults in many places show a ve~ strong control on the 

copper m1ne~11zat1on but at this time the structural history of 

the area 1s not well enough known to limit the major dlrect1ono 

It 1s Buggest1ve i however, that the east-west trend is highly 

favorable as a control but there are exceptions to thlso 

Within the beds the copper mineralization rarely it ever 

occurs outside of the hemat1te-pyrite areaso It would thus seem 

that the pre-prep~rat1on or the host rock by the earlier iron 

mineralIzation was also essentlalo 

SUMMARY 

In summary, the replacement deposit located in the Devonian 

ltrnestone constitutes a unique type or ore deposit for Magmao 

Some of the features can be easily traced throughout this 

deposito Such things as the taultingg the warping or the beds 9 

the types or minerals present, and the barren embayments ot l1me= 

stoneQ Allot these features, and others a are currently being 

examined and recordedo Much progress has been made in the last 

ten years 1n the exploration, development, and m1ning of this 

deposit" 

The progress made in the 1ntegrating or geologic information 

is very encouragingo Projects presently underway are numerouso 

They include a detailed paragenet1c study~ a study of the stages 

or mlne~allzat1on and faulting with their interrelationship, and 

a study of the minor mineralized fracture-vein zoneso Many of the 

points discussed today are early tentative concepts based on these 

stud1eso 
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Through the integration of data an understanding ernerges 9 not 

only .for this deposito but ro~ others as wello Understanding this 

deposit will aid in the exploration tor ~ddltlonal ore bodies with­

~ this specific horizon and other favorable replacement horizons 

w~th1n the Magma ares.o 
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SAFE HAULAGE OPERATION 

at the 

SAN MANU~L COPPER CORPORATION 

By Wo Ro Collier 

Perhaps in no other phase or the underground opera.tion at San 

Manuel has safety played such a vital part as in the ore haulage level 

operations 0 Size of the equipmentg tonna.ge requirements~ electric 

power used, and overall size ot the level presented a unique type of 

proolem to the engineers who laid out and brought this large under­

ground mining operation into productiono 

Full use ot radio communications, intercom type phone circuits, 

block signal s.ystema~ and full safety features on the haulage equipment» 

10809 deadman type controls j three separate braking systems, air horns» 

dual sealed beam headlights» overspeed circuit breakers» and all other 

modern safety devices available a~ the time were used o 

Safety engineering of particular problems is a normal part of 

operations 0 However, one major factor must now be consideredo Due to 

the delicate balance and smooth operation ,of the mine haulage operationI' 

any major change must be completely analyzed as to how it will effect 

the entire mining operation before it is usedo "Trial and error" methods 

have no place in a haulage system that has beconle .9 in a very short time!> 

one of the largest or its kind in the worldo 



During the initial period of training of ore haulage personnelJ 

manpower was in short supply and it was not always possible to employ 

men of the caliber desiredo Experienced underground haulage men were 

not available and had to be trained by Com~ supervisorso Allor our 

haulage level supervisors had the benefit of experience in high tonnage 

underground haulage operations prior to coming to San Manuel~ 

Since the first undercut pillar was blasted on November 24, 1955, 

over 37 million tons of ore have been hauled and hoistedo The present 

monthly quota of approximately one million tons was reached in early 

Heav.y ground weight in some sections or the main· haulage lines 

adjacent to active stope areas requires major timber repairo Development 

work being done» as well as normal electrical and mechanical maintenanc88 

presents a congestion problem that is eased by a "Draw by shifts or 
different blocko"o This~ in turnD has presented a s&~ety problem or 

housekeep1n69 ~terial 5torabe~ and elimination of electrical hazardso 
. . 

Timber repair crews must leave haulage lines in safe operational 

condition for the oncoming shitto Electricians and mechanics can do 

only that work that they can complete or leave in a sate condition 

without interfering with normal operations or creating a hazard o 

Development of new haulage lines in new panels» driving or 
transfer raisess and concreting operations are serviced and supplied 

trom main haulage lines» and although ore haulage equipment does have 

priority or move~ntD traffic control is a haulage responsibility admin= 

iatered by a dispatcher in radio contact with all ~ocomotives on the 

level 0 
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Tests ·made by the Safety Department show that a communications 

circuit (radios audio intercom, or telephone) is opened to the dis­

patcher on an average or twelve times a minuteo Incoming calls are ' 

handled in sequence ot importance as relative to ore train movemento 

~ error by the dispatcher giving non-haulage equipment access 

to the main haulage line$ or any unauthorized use of main lines could 

result in a very serious accidento 

A complete description ot the commun1cati~s system is outlined 

in a paper, "Mine Communications System at San Manuel," written by Mro 

Co Lo Pillar, 1~e Superintendent, tor presentation to the Ao 10 Mo Eo 

in San Francisco during their meeting in Feoruar.y» 19590 

For those present who are interested in the technical details of 

the haulage operation and equipment, an excellent article by Mro Co F 0 

C1gliana» Mine Foremans was puolished in the 1l4ays 1958, issue of 

Mining Eng1neeringo 

Strict enforcement of safety rules, seeing that other depart­

ments working on the haulage level comply ~dth haulage regulations9 

screening of haulage employees within limits of existing union labor 

contracts» and a planned system of training are the foundations on which 

the haulage supervisors conduct the program of accident prevention.o 

An experienced, safety-conscious group of haulage supervisors 

expedite the program
b 

under the guidance of Mro GQ Massey» Haulage 

Foreman, who is present at this meeting o 
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POLICY 

Responsibility that a well coordinated safety program is co~ducted 

oy the supervisory stafr rests with the Safety Department I') 'The respon­

sibility for the safety of the men on duty rests with the supervisory 

stafr one hundred percento 

The foreman or first-line supervisor is the key man in accident 

preventionp particularly wi:iih regard to unsafe acts 0 Because these 

supervisors are so integral a part of the safety programy their trainingp 

sincere cooperation~ and contribution towards improvement ot methods is 

a primar,y factor in considering future polic.yo 

GENERAL OVERALI" PRCGRAM 

Supervisory safety training is done in three different methodsG 

loA tWO=lnonth tour of duty in 'che Safety Department is given 

each mine shif.t bosso He is selected for this tour of duty 

by the l~tne Forewan from a list compiled in the Foremanus 

officeCll DUl-'ing his term with the Safety Department he receives 

coneentrat~d safety information and acts as a Safety Inspectoro 

Two mine shift bosses are assigned to the Safety Department 

ever.y two-month periodo 

20 Bosaes g Safety Meetings: Twice weeklY a JO=minute meeting 

is held in the Safety Officoo This meeting, held after shifts 

is attended by all day shift mine supervisors and all shift 

work 'supervisors who are CtU·rently on the day shifto Meetings 

are planned and prepared well in advance as to subject matter 

to be presented to the bosses" 



-5= 

30 Inf'orrr.al approach: As briefly outlined in Sa.fety Department 

H.elative to Haulage Operatione Safety Engineers and Inspectors 

work through the immediate boss ~y calling attention to unsafe 

conditions or unsafe work practices, make recommendations and 

suggestions to assist the bosses in correcting the unsafe 

condition or practic8 0 

Firs protection engineeringp inspection~ and maintenance are all 

Safety Department responsibilities, as is the maintenance of stations of 

emergency equipment» first aid supplies~ and rescue apparstuso 

As of January, 196'6!) safety meetings :tor e:l1lployees were set up 

with the thought ot allo-vrlng the employees to take a more active part 

in the safety programo Meetings are engineered as to topios, time ~ and 

10 cation 0 Employees are encouraged to otfer practical suggestions at 

these meetingso Suggestions are forwarded to the Safety Department·for 

consideration and processing if found to be practical o Written answers 

to these sUf'~es·tionsJJ and suggestions turned in from 6u~gestion boxes, 

are returned to the employee through his bosso 

Introduction of new/safe practice procedures and equipment~ issu­

ing or revising of rules a.re a Safety Department function" This is done 

by consultation and concurrence with the department heads affected by 

the change o 

Investigation of all serious injuries, compiling monthly reports 9 

the use of pictures and films, maintenance of bulletin boards~ signs, 

and the many other usual functions of a Safety Department are a part of 

the general safet,y programo 



SAFETY STAFF 

The Mine Safety starr consists or a Mine Safety Engineer and two 

Assistant Safety Engineers, two ~ine shfft bosses as Inspectors» and a 

Fire f~rshalo Safety Department personnal carry no line authority except 

the authority to atop any obviously unsafe operation until a foreman can 

be contacted(") 

}{lNE SAFETY PROGRAM HELATIVE TO THE HAULAGE OPiRATIONo 

In addition to the "General Safety Rules and Instructions"t an 

"Operation of Trains and Motorstt pamphlet was revised and re-issued in 

January5) 19590 This procedure covers four main sections of ore haulage~ 

10 General Rules: Motor operation" Handling equipment,9 Working 
near haulage equipmento 

20 Ore Haulage Levels: Ore Train Operationo 

3" Loading ot Ore 'trains: Car loader safety» use ot loading 
lights, tools o ' 

40, Supply and Development on Haulage Levels: Operation or 
service crew motors, Car transters~ 
Changing batteries o 

The procedure was read and explained to the workmen during safety 

meetings held during January and February~ with special emphasis given 

parts of the procedure governing work done by the men under the super-

visor conducting the meetingo 

Safety Inspectors use "Check Sheets" daily in haulage level inspec= 

tion tourso These notebook size forms facilitate checking of: 

10 MOtor and Motorman: Gloves l respirator~ safety glasses» rs= 
reilars~ tire extinguishers, horn8 brakes, etc o 

2Q Pony Sets: Trolley guard~ loading lights» ladders~ tools, 
sprays, housekeeping, control boards; timber condition[) etc o 
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Carbon copies of the Check Sheets are processed through the shift 

bosses with a follow=up inspection at a later dat8 0 

C 
In addition to a round-the-»lock safety program carrj.ed out by 

the eupervisors~ nB" (afternoon) and "Cit (graveyard) spot check inspec­

tions of haulage level operations are made by the Safety Stafr on an 

Blasters a.nd battery motormen IISafety Job Instruction" forms are 

provided for the haulage bosses to assist in qua,lif)rj.ng and instructing 

employ-ease 

Haulage bosses report dailJr on a "Haulage Operational" report any 

defects not corrected during their shlfto 

Accident experience» while not comparaqle with a surface haulage 

operation, does compare favorably with other departments in the mine in 

trequencyo Actual statistics areg 

1959 = 8 Months 

Lost Time Accidents 

Days Lost 
(Including 3$000 days charge permanent partial) 

Frequency 

~everity 

1960 = To March 1st 

Lost Time Accidents 

Days Lost 

Frequency 

Severity 

a~682~ 

2 

6 

23080 

71 
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SUPPLr.avl&NTARI L"IJFORMATION SHEET FOR ~ RATED AS BLASTERS 

BLASTERS 1475 LEVEL 

In blasting hung r4is8se the blaster should first find out~ if possible, what caused 

the hang-up, and place the blast where it would do the most good~ 

As an . example-If because of a thick bank in the raise I the raise has narrowed at 

one point and rough muck caused the hang~up» it is much better to undercut the bank 

to bring the raise in than just to free the boulders in the hang-up, because rough 

muck behind the hang-up will hang the raise again and more blasts will have to be 

put up" 

Small shots against "key" rocks in a hang-up do much better than large bOmbs not 

placed properly/) 

"Concussion" shots should be used only for fine or wet muck o They should be limited 

to two sticks of powder» placed three or tour teet away from the muckn 

Each blaster is responsiole for all explosives in his lineo Sacks should be 

separated when not in use, and a bench or box should be provided for storage while 

trains are being loadedo 

Clearance to blast is to be obtained FROM THE DISPATCHER ONL!o Clearance should be 

obtained as soon as the shot or shots are loadedc As soon as the blasts have gone9 

noti~ the dispatcher because workmen on the 1415 Level are being held upo 

A good blaster is not known for the number ot blasts he puts UPB but for how well 

he keeps the raises free or hang-ups in his 11ne o As the senior workman, hOUS6= 

keeping both in the pony set and in the drift is his re~ponsibility» as is the 

reporting to his boss of anything ·~hat is in need of attention in his line that is 

not his normal work to take care of (} 



No 0 ____________ _ 

Name __________________________ _ 

BLASTtm, 1475 LEVEL 

TO \tlUALIFY AS A aLAST~ OU THE 1475 Lr.;V1!:L, A MAN MUST BE ABm TO ANSW~R THE 

LIST~D 8 QU~T!ONSo 

10 How many sticks of" powder are you perlnitted to use in a bomb, without first 

getting the bosst} s okay to use more? .... __ . ____ . _________ ---

20 wny are NO electric caps used in active transfer raises? 

30 How much are you allowed to cut off of an 8=foot f'uss? ________ _ 

40 Explain ho\oJ" you get a clearance to blast? _______________ _ 

50 Allowing for manways to the 1415 Level,& how is a blast guarded? 

60 After you get capsB primacord and powder trom the main magazines~ how do 

you take care of them in the working area?_, _______________ -

70 ~enuet~b~s~~~? ___________________ ~. 

S¢ Show how you make up a bomb~ using primacordi show how you tie a bomb on 

a blasting stick,) 

Supervisor checking procedure 
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CHECK LIST FOR BATTERY MOTOruv~N AND SWM~ERS 

10 When do you need a swampar? 
20 How close can you follow: 

a 0 A muck train? 
bo A supply train? 
Co Another motor? 

# __ , ________ ~ __ ~l~------------
Motorman Swamper 

Inspector 

.30 How many motors are allot~ed to be in an airlock at one tilne? 
40 How many lnen are allowed to ride: 

a o A 4=ton motor? 
bo An S=ton motor? 

50 When is it safe to get on or orf a moving motor? 
60 When does the swamper walk behind a string of flats being pushed? 
70 How far ahead of cars or trucks baing pushed should a swamper walk? 

i5 fto 50 ft: 150 1'1'.0 200 fto 
80 Is a whistle required tmile swamping? 

Does the motorman have to answer the m..ramper(1s signals with his whistle? 
90 Where do you get satet.y glasss s? 

Demonstrate use of hatuage block lightsc 
Demonstrate leaving motOl:" for short time 0 

Demonstrate changing batteriea~ 
Demonstrate spotting trucks 01" carso 

100 What should a motorman do when approaching men wor~~ng or walking in haulage 
drifts? 

110 vJhat are the hazards in coupling cars? 
a c Can moving cars or trucks be uncoupled? 
bo In lirdng up couplers sho~ld the car or trucks be stopped first? 

120 Where do you stand: 
a o 'While re-railing cars or tlJucka? 
b" While train or motor is passing you? 
Co it.ihile coupling or uncoupling cars? 
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