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STOPING METHODS AND COSTS'

INTRODUCTmN

This bulletin i, c>nn of """;0.3 of Bmeou (If }rille, ,,,,porls dealing
with mining methoo", p"."tice", and coats. A study of this "ubje:et
wos undertaken by the BUI'C"U in cooperation with a large numb"!' of
mining compllJlies ill 1928. This ,tulh- cOlltinu"d for 5 years, durillg
which ellgineers of the Mining Division of tJ'" B,lll'eaU visited most
of the larger miIl~" ""d many smaller one" in the ,Dnita,] StaffiB, a~

well as ""..aral mines.in C...,,,,,1Jl, '"HI Me.."ico.
.A.. a ,,,,,,,It of this 5I:udy, 7,;, I"P01't~ denling with uncl"rgrouTLd

mining m"thods and costs at difl'ol'""t min",., W"T~ published", infor,
matioll ~il"ClJll1!'8. Circular_ also were is"lIed OIl 6 "pen'pit mines amI
2 gold-drodg:ing "l'"J'lltiml'" These, eireu!>,,'" We!" written by the
manager" BUl'eJ'inkndent", and. enginee\,s ;11 c]"'l.'ge of the opera­
tions, in 50me ;nsb,"""" in collaboration with. n"rell[! nn~jneel".

They were preJ;la"'d a,,~)rdin~ t{J a shmdard outline .rh'",wn \LI.; by the
Bur"au t{J obtum uniformity in texturei lJ'eat·ment and in th" ",]'rang'e_
lli(mt and b"sig of oetting IIp ":ogt and operating datil,

In ,,,Idition ill thB eircuhr3 on individual mines. slllDJllary "in",·
ill,"!; we,,, p,'epm"d by Em'","'. engineers deaiin~ with ooch of the
princip,,] underb'l'Ollnd mining method,,, 'l'h",," were breood Ul'LHl
the eireul",,"s dCSCl'ibing individual min,,"/"pnn. "xt~l18iveHe!ll8tuclics
by the authoT5, and upon dreta obbined l'om I1l.'l.ld" in the jj>('.hnicnl
p""5 and in ULe t1'"""",,t]on5 of technical societ.]e".

Other c;I'''u!""" and bullotins <1",,1t, with "peo;"J mini,,!,' pl'oblems
and diffmeJ1t pbases of ullderg1'''Ulld practice."



2 BTOPlNG METHODS A1'lIl OOSTB

OBJECT AND SCOPE OF BULLETIN

This bulletin deal_ with stoping methods and c""ts and mllllllilrizes
the dol'" ill earlier publicariolli< and those obtmned dUl~ng investignr
lions III the field that apply particularlv ill stoping:. The object is
to disC1lffi and aml1yze the several methocb of ,to-ping:, Witil ti,e
principal y,"~atioll!;; of elWh, the conditio'" und",' which ""eh i.
"-pplic"hl", tll0 £,Wlm,; tlult s1wuld be oo"sid"",,,l: in th~ selection of
" stoping m&h"d ""d,'r aiffCl'i'.nt oct" of "t>~,]it,i()n", t.J,c illhel"n~'

advantage" lind rlisadvant"W's of "nch methnd, and stc>piTlg co,l., in
dollars and in units of labor, m"teri",ls, and mechanical power.

It is realized that stoping ()p~rations are ail'€cted by and in turn
affect related underground operations, such as exploration, develop"
ment, tramming, and drainage, and even milling operaticm" allLl
1:111,1; tlu_ """'ion< opel"~,ion. mlli' he c<lordiTLlLt",d to o!Jt"iu Hl'''''"UILl
effiei"'",y in il'e mining of ore. It is, therefore, impo.5ible t<J di,cm"
stoping eompr~he"si"l'ely without "on"idering reluted operutitlll".
Howe"l'er, storing will be di"orced from otllGr phase, of mining,
insofar us it 15 possible to do so, in order to compare the diffe1-"ent
stoping methods mOl" clearly as to procedure Olld detail" c>f practice,
applicability tc> differe:"t cc>nditions, inhere:nt ad"l'antage8 and dis­
ad"l'aJltages, and relati"l'e efficiency.

III stndying different stoping methods and their Y"J.~"tiOIl" it
,hould be remembel·eJ that physical conditi""s Olld cha.ractel~,tie"
of an nre deposit which cannot be. altered by the operat,Ql" determine
the .toping method. to he employed and tb.~t in comparing method"
at cliff"""",ll, mines tilese ehal'acterifltics also must he cmnp"l'ed to
''''Mh corr•.ct "onc!u.ion". The ,liscuBsic>!lS in thi, [''''per will be
presented with the idea. or Jinking the opel'~ting- conditiC>J1s. imposed
by nature to t.he pract.ices employed to cope with the."" condition,.

DEFINITIONS AID! CLASSIFICATION OF STOl'ING METHODS

DEFINITIONS

A stope is defined as follows:"
1. An ~~'"Vntl"n fe"m whk" tl'" 0'" ,,", been cx~·"ct"d, dIhor nbove or

h.low" lowl,!n n SO\'Jo, of ,tops. ' • • Us<mlly npplJoc] I" hlgh~' i"cliuo;]



,

00 "ortlool "~1"",,. Fl'oquonU)' u,,"1 In'Ol'r<okly a, fi '!inOD)'lli 01 room, ,"hkl<
!. ~ ",hI. wOl"kitlg pI~oo in K nat "';00.

2. '1'0 o~oa"'1:o ",e ;" a ,,,in ~,. d,;vio~ ~'''i'on("ll" '",On it " oeM"" of
wo,-tin"" 000 ;nUTlodlalo\y ono1' tl'e olher or ~Ico ~Ol""". Eaoh horlzon!al
",ork;n~ is colled 0 stope (p'<ltahl)' a oorl1lption 01 ,top), b,e.Jlll'" when K
numb"" of thorn m" 10 pl"Og"'"', "'>oh w,,,,kffig !~O" being a little ;n ad"n«
of 010 nort .horo "' holow, th. whole r"", "n<ler uttllck a""mo' II'e ,hape
01" night or 'Lai,'s.

Stoping ie, the", tl,e Mt of .""ravatiDg oro, eithor ahoye or below
~ level, i" " "'''-'f'' "j' BoopS. In recent yeRT, the term has acquired
l\ "oln"",h"t brnuuer mCIlHing, as it is omployed oro covel' tho re­
moval of ore not only by a "aries of horizontal workings but by
vertical or inclllied working' a, well.

In this paper the wrm ""I,oping" is cmployed in its broadest
,-..use to mean the act o'f "xc,m,U,,!;" m-e If\' mcMlS of a seri", of
horizont".l, vcrtical, or inclined workmgs in veins or lM'ge, il"-egnlar
bodie" of ore, or by rooms in flat dep""it,. It co,-ero th~ bro~king

'md rem ova.] ,of the ore from unde.t'gl'oun,l <>peni"g<;, cxcept those
d'"w,n for exploration and de,·elopment. The r"mo'-a.! of ore from
drjfts, cro",",,!", shafts, winze", ,,"'.] l'~i"e", which lITe excavated
to explore am] do,-el01' ~n orG depDilit, i~ incidental t<> t,h" main
]1urp''"" fer which "top,,,, are ih'iven and k not a stoping op"r"tion
in Ihe ",·n,e here "",ployed. Exploratory and development open­
ing' arc driven to prepare a mJlle fo.. 'extt'actio" of the ore by
stoping,

arc depo,its vary greatly ,t, to their phY"ica.! charaeteristies and
the economic proh[,.Jn" invoh'od in thai"~ exploitat.ion. VaJ'ioWl
methods of "loping have be"" devi""d for e"trncting the O1'e safely
"nd economically frum d"posit~ of different types, and" nome,,­
cl"ture has been dm,<,lopcd for n"" in refe,~~nA" 10 the different
method", Some of th~ terms adopted are d,"Cl~ptive lInd "'quiTO
no ;tl('''J'preb,tion, whil" other" particularly tho,., applied to varilV­
tim'" of tbe p)'jncil',tl methods, aTe nof..

CL4B5IlrICA'l:lON

Nllmerous c],'88ifie"t,;om of stoping methods have been v.roposed
to eiRrify the llomencl"tnre and to "how the fundamental ddferencp.s
and relationships among the <lifIel'ent mcth"d.. Thffie have been
made upou llUJllerOUS bases ",nd h",ve been ,.,t up in t"bll]ar or
"bart f01111. ~ome bave h"en simple, while others bave included
all vadations of tiw principal method", One of the iRtter t.ype in_
cludes 175 diffeJ'ent meU""J. and, like ot.hel" elaboraffi daEsifleation",
was rlevised pl~neipa1!v fm' instruction -in the elaSiIToom. The
write"s, in ""m"",n wil"J; m,mil othero, pr6f"'-' a simple cI""siJie"t.iol\
of tb" principal, fuudament"" y differo:o.t methods and con'ider the
other methodE merely Yarlation" of the."e.

In W23 the mining method. commitwe of the American IlIfltiLute
or Mining and Me.t~Un"gic".j En!;"ino"rs adopted a da",ifie~ti01\,
aftcr careful comideration and dl5cnsBion o'r the subject! This
classification was ba""d upon the direotioll or stoping and the method
of fllpport and included I' numb"l' of thc prilleipal val~atiolls,
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Other classificatioll. ha"e ,heen hased upon llie lneUlOfl or ""ppod,
direction of working, sequence of operat\Olls, or methods of hancllin~
the broken ore,

In T928 the, Bureau ,jf :Mine" 'i'lopt"d" pI'eliminary cla"ification
which wa" ma,1e ll. pal't uf the outline fOl" pap'"'''' on mi[ling l1l"thu,h
awl co",t"" mcntio[lc,1 in tll~ jntr<l,lucl:iull. In the fin"l ""a.Jy>;', the
method of ,toping that can bo used for mining a giYen deposit, da­
pend; upon-thosG CMncteriotics that det~rmille the area or span of
back and walls which will he .self.ouPl'0rtilll!_ during the removal
of t·he :ore; .tlle -nature, ,uze, ~ni! interyal between snPP01'lS required
to maintain the, hocl: and wall" of the excavation.'; :tnd I,he requin,­
ments fO!' permanently'""ppo1'ting tl", ove,l"lyi"g ,md ""n'oundi"g
lw,k. aod .• lil'faee to we"cnt nL",,~')Tl"'" and subsi[[e:nce, ThiE is true
"egal'dk;s of whdhcr thc ']eposit is h,rge or sm~U, regular 01' iITeg­
"lin' in ouoline, Hat, i"0]i",,,1, vertieal. low grade, or hig:h grade.
Thcsc·f"ctor" "re "ec"~ni""d liS having an important bearmA" upon
t],e detail. and vario!Ion.,.of the principal method employed, hut
the fundamental factor and ·the one which mllst mv"ri"hly 10" cn,,­
,idered. is tbat. of.mpport. of the st<JP~1;.. It the,I'efnr" '<:em" logic",]
to.base a· cla'sification .of ,t<Jping methods upon the, llletho<1 of s"p­
port. of the back ond .waIls of the stopes while the Dr" i" b"ing
erlranted.

.The cla5'Jification mlopted by the Bur""u in lD28 docs not take into
,;on,n4:",~tion.the dll;~CtiOli ~f ~topin~, such ,~, " IHld"l.'huml "t :' over­
l,and' ,'·.hol'lzonta.l " Dl" rIll" ,1<Jplllg"; 'h" '"'lu"nce of workIng. as
by "advanclllg." or. "retreating"; 01'. th" mcthods of hanc1ling ore,
rrs by " h1'rrnch rai.", ",: ele, I-I"w"vcr, thc,c eonsiderat,ions aTe Teco~.

nized a, important in di,tinguishing .bctW""Il yariot.ion. of the prin_
cipal methods. The Bureau d"""illc"tion, with minor changes.
follows: .

OIa,d~,oli"" 01 slo!,,,,~ mol"O'!'

A. Stope, ""tun,l!y .u~port,,(l.

1, OJ,,,n ,toping.
I~) Open ":Olle" ;n """H o,'e'bOilks,
(1,) Suhl~\'el ot""ing,

2_ Open. ""-'1"'< w;th jllll,," 'UPPOI·'·'.
(a·) Oa"ual,pllInl'."- ,
(b) Room (0" ,toj,,) "n,' Ii;]'",· ("gular "l'.rallllCmont).

p.. Slo,",s o"tificlolly ,uppol'.ted,
3. Slu1nk,ge sto"i"~.

(~) With p11l~ro.

(oj Without pill.,,,..
led Witl\ 'tlb,el)"out wa"t. filling.

4. Cut-and-tlll "Iop!ng.
0_ Slullod 'lODe' ;n ''''''r,,",,' ,-eil',.
6. ~quMe ..et "!()j)in~.

C. Caved stoP"" . ,.' ,
~. Gav'ng (orelll'oken bF induce(\ oa,·ing).

(~) nJOd, ,~"i"g: inc]u(l1llll '"",,l1lg to '"".,,, Icyo!s and Cfi,.]ng to
ctlutos oo.·h"nchO{1 I-.i,"-"

Ib) Suble<el ""I"".
& Top .uo,ng (mining under fi mat "'hkh, tOgell,m wllli ca"e'] """"ing,

[o"ows 'he mh:iln~.doWllW"ro in "'-""'''',e St"g05).
D. Co~1>inatiOll' of ,uppocted and ,aye<! ,ro~",_ (A, N,"I"ka"" sloping With

Plll"r CHing. ont_.nd_fin Slop!n~ with top ,licing Of pllI""" eco.)
A "jmil~: clas.;;ification, also bused on the, me(,J",d of SUppOl't but

an-ru'ged dIfferently, WU" adopt<Jd by the Demogl'aphical Di'''.ion of

<

,
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the TI"J'eaLl in 1930 £01' mc ill obbining accidcnL ,tatistic8 iIl metal
min",. Thi' cI.a.soification i, ,hown below.

""hodor ,,,,,poc',,

1---= ="-----
'""""~""Y

P;Lh",
_"u'"~,,",
8,j"""-,,",, ",,0 ilL"""

, ",",h

I

"ull' ",," tlillB,"m"" on1,.

FW",.
TW,""
1\"0 ""''''''''''''' ,,,",,,.c,

In reporting accident stati"tic., the minin" compallle, wm" rc·
'luested to check I:he mining mol:hod~ emplo.l'e'd, tJ,c method of tern·
P0l'llry BUPPOr-t, "",l tho method of pBl"mane.nt support.

A. STOl'llil sUPJ'on','EO NATDRAL',Y; OPl'.N STorES

Stop"" rLltturally supported ".'" th'Be in whid, Tl() ""gub,," "rtifid"l
md-hll(j of ,UppOl't is ~mploycd, ulUwugh oo-e""i(>Tl,,1 props 01" e,'ib"
may b," ""e,] Co hold local patches of LO,ecure ground. The w...n~ "ll(j

.'

§
~". "=l;"-" :.:. "'"

,"eo" "OP'" stop. ".--"
~". o~ r, . "noh",.,,,,,,m' '...~

~,'

._------'~~--~-:;"~~- ,,--­" -, '
~I :.' ,
"i "
"".To of,,.

.'

SEC1lQ" A-A U """'" 1r_B

Fro""" I.-Open ,,,p[Dg witn,ul pH"'" in 'moll '" ""Of.

roof' am self_supporting,,-,Llld c:~cn o~,ope" can b" ""eel only wh","e tl.'6
"'"" oml wall rock. are £irm. IhB ""uple"t, 0peo ,topes arc tho"" m
which tho entire ore body iB ,"[)J[Ioved from wall to waIl without )c,w­
ing any pilla'''', (Suo fig. 1.) Th~ "wping of ore io rhi" malm"," is
coniine<! t,o r~lati"elv sm~n ore bodies. sJn(){\ l'eg:ardleEs of th" firmness
'of tho ground ther",s a limit to the length of umupported span which
will stand without bre~ldng.
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In· suhle,el stopin!!: the orc 'is cxcn'-atcd in open gtope." Tetreating
from m'e cnd of the stope tow~rd IlIC ot,her. (See fig. ll.) Thc ore
bOlly i~ dcvclopecl firnt by '" "eri,,,, of s"h[e,el drift~ abo"" the mall
l",,,l,,:.':" level. The,e sublevels uSI"'.lly "'Te 20 to 25 feet "i)(\.!"t vCTti_
,,,,Ily but in some inslan"es .nre '10 01' 50 feet apart Th0Y aTe con­
nected by.a sooting r".i,e at one end of tha ,!.np~. Mod by a· manway
raise fo!' ~,d',r~nce to the sublevel, nJld "tope f"ec nt the other cnd.
ChlltQ n,ises connect tha haulaw, le,wl W tJ,c lowest suhlevel, at wJ,ich
tJw tQPS of the chnte ,'"i8"8 "''-' bene,1 out to form millhol"s. Begin.
lLi"g at tho starting ,'".i'etlic ore is OOnehcd down f"'m t.h" eublcvel;;;
t,ho broken or" f,,]ls into the miUholes, whenc" it i8 oIl'Il,wn off t-hrough
the chutes. The stope faoo is kept nearly vertical as it is be:llche<l
backw',l'Cl towfLJ'd the manway rai",.. In tl,c commonest variation (Jf
the method the bench beJow ,,,wh wbkl'ci is farther back from the
stnrt-ing end of the "I:o[>e th",n the bench above, so thaI:, thc st0I?B face
ha5 the appearance uf '" A"c.p invert~d ;;tail"way. In of,her varmtio!lli
the ,tope face n,ay ovel'lnmg at "flatter ang:la, ""'y be curried verti_
cally,01' (in ""ft",· g['(Jllnd) may BlopB slightly olltw""d toward th~

bottom. In ally C\WLO the miners always aI'" working L1ndel' folicl,
nndisl.urbe<l grO\md while broRkin" the '",,,, wt into the open stope.
iViti,i" u, gi'-en Btope pillal'" aI'E) i;;n o"ly if grollllll is "n"ol"''cre,l
which is too low in grade to bo mine,l profitRbly. 1n wille ,"" ho,lioo
tr"nsvcr,e Iillblcvel Btopes may be m..iJlnd hel:w"en regular pilla",.

In opon ,topes wit-h piIla~' slJpp01'fs the 'ongth of unsupported
q>au i8 reduced by ItavllW !,ill"rs of ore in 1'1,,'8. Pill"rs may be of
the ,,:"-~ua.l type, the."·l'0£,t-wn and size beil1!'; de,t,~'rmin?,l by ground
eomlitLOl1S ",nd th.~r urrangemellt ""t cOTltormmg with =.1' pre"
<1~t.~-min"d, rcgu[".r geometrical patwJ'[l (lig. 3); or tiley m"y bo of
a 3bUldanl "i7.o and a.rrangemont, eOIlfu..mi"g t.a " regular room_

..and_pill".. 0,. checkerboard l?attelll (fl.!,. 4).
In Hlin.es where open stopmg: i" "mpluyc,1 tho "t'Opea may h" fiUed

wit.h """>\<' "fter they hava been worked out, but ,inca tlus Jillillg .is
riot, introdu"ed during excavation of the s(QpOS it does not ~J]'ed

the >(Op;I'g method.

R STOPES SDPl'OR'l'l>[} ARTrne;'.'U'"

Shl'illkag:e ..,LopLng is placed fl.ret unde,' ,I,opcs ollpporl::ed "rt,[·
ficia.lly sinc" il; is moro like opon st0l'ilJ15 (.,Jmn the. other' methods so
das:;ific<l. Indeed, thal'~ [8 some questwn whethe!' ihrinkoge stop­
i.ng should not he, I!laccd under open st"pe'. In shrinkage "toping
brokon ore is l.,ft III the 5tOPe,~ print",cily 1:0 form a Hom' 1m' the
noine,rs I,) ",,,nd upon while they "Te br"akin)r ,lown t.J,e buck. On
the other hand, this broken ore und()ubtedly "fl::ell prorideB a cel'Jail!
mea"nr" or t"ml'0cary sUl'pm't to th" w"Us of tho stQPes, thernfo,""
shrinkage sl:Ol'illlr ha" been placed more or le", arbitrarily ul!dcr
st<,pcs supported -"rl::i li"i ~lIy.

In this method of sCoping the ore is minocl out in succes,ive Hat
01' i.ncJined ,Ii"",, working upward fro", the level. After aach slice
~~ blaste,l down enough broken oc<) is drawn off TI'Qlli bclow U,
provide a, working space bot-ween the f.,p of the pile QJ' broken or.
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• Q "'

and the hade of the stope. (S"" fig. 5,) Usually about 4() percent
of the. brDhn ore will h,,:,c bCGn drawn oU when the stope ha" been
mine,ll" th" top.

,
, ,

Shrinkage stopes often are excavated b,)' tal,jug .lices "long tlw
vein (eapooially 1Il nanow vei,,") from' one end of .en ore shoot to
the o[.h",-" without leaving a.ny pjJ]~l'S for sUJ'l'oriing the walls.
Sometimes ('lspe:ciallj' in wide yeill") the ore 18 mined in a E€l'ies
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"f tr""s"'£.'O stop", of limited "i.z", ~"ch stope heing sop"rated from
tJlC next by a pilla.. of solid ore to rech,ce the length of the ummp_
I'od"cl SpOOl, In 8Om~ instance.. ""sual pillars may be left to "UP_
port local al'cEl.s whero the walls arc weak. and itL others pillars ot
.le,m ore Or ",,,de witbi" th<:> 01'0 body are'left. The latte,. are left
primm~]y becau&', il. doc;; not p"w to mine them, but at tl,e "~",e

time t1<<')' reducl' the leng;tJl uf tlie nn,upported "pan '\11() ",sisl in
8uPP"rting the walls an,] oacl:.

After '" sJ'T'inkag:" st"p" haIl hee" minoo out to tl", top the broken
me is dl"fl.Wn off, le,tving the stOpB empty. The '["pe may be fined
with w,,-,I:o bter, eia,,'l", bec"U"B th" ~ml'ty stop" affords a han<l'y
plac~ /,,, dispore nf w,"ste rock from d"'I'~.1opm"nt, or becan'e, it JS

an """"tia! part of the ewpiug method. Thllil it m",,, h" ,,,.,,cs>ary
lo fill twO emph- stDIMS tr> ",;:trad th" ore f"OIll an int~'''e"ij]gpillar
with saiety. •

Stull> frlld pl"<'PS often are elllp10ycd t<:l support ;n'''''ure patches
of gJ'Onnd t",,,po]"[,,,ily in shrinkage .1<,1""'-

OVj~"'-t<j ..= "~PINO

In cut-,mcl-fill "toping th., 01" is "",cavated hy "uc~eoslve fino {}j'

incline,l sli~es, wo!'king upwar,] f'"(lm the !<,vd, "" in ,Iu~nkage

st<lp'ng. However, ,,;Hm' e"ch ,.-lice is blnsted down all h"oken ore l~
removed, ",,{\ the storm i~ filled. with W"sLe upt,) wl,hin a few feet
of the llllek before the "ext ,lic" is ulkcn out, just eno,,,,,h roolll being
left between ,the top of the wast" pile and th~ bacll: of the etope to
Vrovi<Jo working "paJJe. (See fig. u.) Tho wl'm "mt-and-fill swp"
lIlg" implia, u, definite an,] ehar"etm'i"ti~ ,",quone" of opeJ.1ltlo"s'
(1) Bro"king a slic~ of Ol'C hom. the haci" (Z) removing tJH·, bl"(j1<eJl
orB, \3) introdu"ing flllinlj_then (1) breakmg again, and <0 on.
Th" fill ing is intro,luced p1'lm,,-,'ilr to suppm'!; Ill", walis of Ihe, stope
and ,,,~y consist of waste sOl1:e,] from the m't in the stope, w~'w
rock f,,'m developnJ€nt work, roc!' from wa"lo stopes ex""va""d tf)
providf. fl1ling mate!,;"l, rock how snrface glory hoI"" or sand and
grave] ,JI' min tai/Lt,g.,. Swlls, pl'Op'" ov crim oft"" ure employed
to SllppOJ-t 1o"".) 1mkha, of ;JlUOCUl'" gl·D1md.

,,-"<J.LEO ",OP'_' IN N,,"IUJW 'lOINS

The wall, of narrow "eh,s freque:lltiy' ill'C supported b)' "i,ull tim­
bers placed bdwcen t.he. foot, and 1nu'ging walls, whi~h oon,titute
the only Rrl,inoial "'Pl""'I, provided during the a""a"ution. of the
stopea.. Sllills m",y he phteed at ineglllu.r intervals w SUl'por't local
pat<Jht'8 of in,ecm'o ¥rolllld, in which caae the stop"" ""e vil'tually
open "tope". Sometune. til<' ,tuUs are :plQccd at r~g-ula" int.e,·vals
both aloJlg 11H.\ slope "-'HI "",'!.icaliy, in whlch en"e stun ",oiling should
be ooosi,lered a di,t:;ndiYe metho,L (See fig. 7.) Filhng may he
intl'Oduced wheJ.·fl n,,"""""'".!" to pr"vide hettel' ~n(l m(}l'e !osting "'lp­
port f",· h"","Y groWJd. If do'e fimng is l'equll'ed and the l'egular
eyclG of ol;eratinns charaderi,tic of out-and_ftll swping is followed
the methOfl is <)/"s>;fiecl ~"Cl1t-~nd_fm sloping.

"Q-';-"ll&-'~~ "'J'OPJ~"

The term" square-;;et sloping" i3 applied to ,hat methocl of min­
ing in whieh the walls Rnd back of the exca"",tioll aTe ,_upported by
rogullll' f"a'Hcd timbeJ."S feJr'llli ng a skcleton e1,do,ing a .s~r;"-, of con-

--- '



DEPI:NITIONB A"Il eUaSlFlOATIOR OF STOpr}!G ~r"~:EfOD" 11

1,
z

~
0

§
i •
•z

i

j
,,,,
!
•,

~
I

w
>



12
lleeted, hollow, r"cbHLgLJlal' pl'is'ns in the spacn fnrmerly occupied
by the ""c",-ated .or" unci providing conl.inuous lin~;;; of support in
t,hr<,c directions "t right angles' l<, each otheL'. (See fig. 8, d.)
Th" oTe is exeavat{)(l iu"man, I,,<,"~ngularblocks just llll'g<; "nolJgh to
provide room fOl" ,tanding a set of timher. The e"-'eJll:I~l timbers
compri>illg '" ltauda.r,l s'jnU,r,,-,Bt aJ'C respectively teJ',r",d " post, " ,
"""PS", "nd "gi,'ls" (or" tie.~"). The posls are the upriA"h, ""'lll_
bel'S) and the ""T'S amI 0l't~ ,MB the hOl'izo"'almembe,'t'. The end,
of tbe mernb"rs Me framed 1.0 give Md, a bearing'again,l; the otJror
two al. f.]'e cornel'" of I.he S"t~ wbe", they join I,og-el.her, The ,1;01'""
nHIJ,,;ly are milled out in fioors or horizontal p.n"ls, and the s"t,; "f
',"oh suee"",-in no()r are framed iLJto the "et~ of the preceding floor.
(SCB fig. 8, n.) Sometime", however, (,he ,el',s are mined out in

• •

F,o,,"~ 7,_"romp", ,r .,,,,, "'"p'De In DO"'W vel",

,
Ii

i "",
c",."

a "O~""" of vmtical <n' inelined panei,. Square-sec ,I.oping usually i,
aCCOlllpaJliecl by filling: of thn doped gr""nd, and ofl:cu in heavy
ground the sels are fille,l with wa,te .hortly after tiley n,r" put in,
lca,ing onl.y'" small "Volume of unfilled "t()pC at n.ny one time.

c, C"-VED ,"'op>:s

'.rhere llJ"e two di,l,inet types of c'l-yed stopeB. In the fiTst, the me
is hrokeu by caving induced by nJL<lercntting a block of ore. In the
~"cond, the Ol'e ik;clf i;; remo,:ecl by exca'-ating ,t serie;; of hOl'i/,OJl_
tnl or incJi"eu slices, while the oyedying capl''''g i, aUowad to cave
a.nd lill the spa"" occupied pre"l'iouslJc hy the ore. The fir.1; type.
eompri""" the"eavillg methods of ",iIliuO", while the ""cond C()mp"lses
the top-slicing method. 0,

llLOOR aa'"rN~

In block caving I'!' g) a thick blo"k of 'ore is pa.roly cut of!
f,'om surrounding b Or: '" by a serie.., of drift., one above the other,
or by bonndary shl'inkuge ~topes; it is then undercut by relIlO"Ving
a. slice of (Il'" or R series'of shees scpRrutecl by ,m~ll pilla.rs under_
neath tl,~. hlod,. The'iwhw,l, unsupported block Qf, OI'B breaks
lllld ca.ves LIJH1€r its own weight. The broken Ol'e is dra,yn off from
below, and as the" caved lllir;s mOves downward, due !() continned
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dra"~ll(! "j' broken 01'e fl'om b'il"w, it is broken f"dhe,' by pre"­
"ur~ "J1d attrit,im]. The 'ovel'iying capping "a\'e, and follows the
broirell oro downwal'd. Tn the eadiest '"pplieations of the cavmg
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method the block "'''-, undercut on or immcdiately, ",have the Imulage
level, and cl", caved ore w,,,, sh~veled into c~r' ill drifts d1'iven uncler
the eavc 0" spiled thl'Ollgb. it,. This sy.tcm entailed the driving a.nd
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",mnteniiJlce of "laJ:gc number of drifts to reWl'el' the ore an,! hflS
been ,uperserled by caving to chutes or brand""J rai,..,. At pre.<;ont,
the block of- Of<) is usna.n~"'llldel"C\lt.•ome di'ianee ~bove thc haul""""
level, SO that by driving ~ nnmber of inclined branched l"~ises a
large 11Ild",'eut )Lre" can be tapped "t dose!y 'race,! point-, from
rilatiycly few mnin-level h"nlage d,~ft3, which may be placed well
bdow tl,e infhwn"" of the, 1'1',">1"" induced bv the ca.ving block.
(See fig. 9.) ,Yith this b'ystem h"n,j .hoveling is vi"tuany elim;_
natec!.

In sublevil Cllying, relatively thin blocks of ore ~l'e caused to Cave
by 5u""c,.ively undermitLiTlg ,mall panels. The ore d.cpo.it il d~~

veloped bv a Berios of sublevel" spaced at veJ,ti"al inter,,,.ls of 18 to
Q:; or 30 feet and ocea'ionally more. Figure 10, Lt, B, and 0, ,how,
"nlnp!ele dc"elopment af a block. '1'hi5 is )lot all don~ before stop­
ing "peratinn;; axe begun, but umltlly only 01\0 or two "ubleveh are
developed at a· time, beginning: at the top of tlle ore bod\'. The suh_
leve.ls a'" developed by (~)Jmecting the r";,,," with l1 longltuclill"l
subdrift f,'om whieh timb",'ed "lice d"iits are d,'i,'en ri$hL and left,
opposite the rai",," to tIoe {\l'" bonJl,la,~"g Or 1.0 the llmit,; of the
block. U_Llully aUH'llam ,hift. oro driven fir.>l:, and cay.ing back
hom thmn is begUll and cOlltinued while the int.""Ulediate slice, are
llei"g driv"", The "lOving is l",gun at the ends of 1h.\ slice, by b!ast-­
ing onl· c"t", "" showl> III figtll"8 10, D, ~lld retr"ating in th" ,".me
n",nn",' towa!'d the rai,,,,. The broken and c,,"ved ore fo!'mexly was
,hoYcle<l into ,m,'s an.;! t,rammod to the l'llises, but in J'«cent year;
it is {h'rrll:ll:ed to the r"i"'el bv power "'''''pel'''. Suce",>ively lowl"
suble""k al'e o1,;',,!oped ",](! cavell back ulI'il the entire !,]ock has
been mii"~J. Thi, met.J",,] i, inti'.'·meiliale b"tween blo"k ,,~vi.ng and
1..01' sli"illf!, sill"" I'Rl't oT the or" is minod llS ii' tDp s[ioillg rrnd parl
i, cavcd.

'ill' ".rOINO

The t.,,!'m "!.(]l' slicillg" i, applied to the method oT mining itl
which t.I"" ore " e",lm'oted by ,,-"<"avating " ,e11es o.f horizont"I
(,Olnetimes. indilled) tirIlbe",J ,lice, along;>'iol" erreh oth"", begin,
!Ling at the t?P of the Ore body rr",1 workIng pro(l:res'ivcly.down,
ward; th.e shocs are {'a"e'] hy l:>lfj"tlllg out the tunbers, b"lngilig
the cappmg Or overbHr(len dowlI upon tl,o bottom of th" ,li"",
which h""e be"Ll previoll,ly oover",J with" floor nr mo,t of timbe,'
to "'P"J'J1.W til" errved ml1terloI from the "olid ore be"e"th. (See
fig. 11.) Suce"e,lingly lower ,li"'" ,n'e lnin"a in a simila" mOllner
"j' to the ovedying mat 01' f!o1" wl,leh co",i", of on aooumulatioll
o lu"lren 'imbers l1lld h,¥gillg fr"", the npper ,\ie,,,, "nd of "aved
""pping, ~'I..'< the sli"e8 are mined o"t, and eave.] tW" mat foHo,,'s
the "Lining dm\'llW",tl, filling tl", "pace nccul'ied l'J'c"iously by the
me.

The guestioll hrrg beell l'ai,ccl frequently ·as to whothel' combillJL'
!.io", of supported and crrve,l st"pe meth",.!. ,b.ould be classed ""
di,tinctivc method,. The writers believe f.io~t cerhun ,nch COll!­
bj"atioru; ,11OUld he. Th u" where a .toping .y,tem is hiol ont in
udva"ec of opel'a,ions jrJ whioh a ,eries of s~opes ,eparated by
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regular pjJl~rs are to be mined by a ffllppor,od stoping method,
such a.& s!ll'inl<aJi'e, and the pillars ,,,." to h, mined b:\' caving, '"
di,t.indive stoPl1lg llletJ'od seen'; to ""m!. Another example ;"
the method. in wmch block cavillg: is preceded by excavating boun­
dary shrinlmgc sl<)p"' ''''ound tl", block to bo caved or the bloci'
is undel'cut by Ii series of shl'!nkll,gc ,toP"" HOWOYeL'. where 1",,"

"",...,

<h•.,.'" h~,.,~" _"
'ore (~f-."'""~"

~_4q\<-,",'·1 ,
~'''b- '5.-,,,,"'",,,<-,,,,,..,, ,
-"""~ ,
~,""lJ

~~~

" "F,oc"" 10c---E,.mj',," "' ,ublo'" "01""., A.• PI", or "b],vel; Ii, "",Lea, 1,,"<:Im"'"
."f.lm, , 0, ,-.,'tI""" "'0," "'tJO"; Il. "'" ""'" ;on, ,'","no ""'illl.' " '~,i,," bock,
,u', ."'"",," out in o~l'" ",,"",

than.2 pel,,,,,,,t of the oJ'e in ~ block i5 drawn from shcilllmge ,tope'
(uow th" rrlwtice i" rno,t mill"" employing block cRYing) 'Lt would
be illogica to cOl"id"r it a mmbiuation methol1. A thlrd oxamp[o
is " _,)'Stem in wl,ich the pll!>,,'s between mined-out, eut·an,qm "topes
a"c mined by top-slicing or "quarc-selting. Oll tIle other hand,
wharc a. nnmhM of dllte""nt methods fer" used independently TOL'

In'i''ing differe"t· ore hodies or d[U"ront [",dB of Uw sam", ore bl,ly
in II mine hec,mse of aill'eren",,' ill the phlsical "harad-l)l" of tho
ore and walll'ocks. it \\,Oll[d not be considere( a co",bination method
of stoping. '
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The 'imple cI"~sificatiQn adopted by the Bllre~ll of Mines em_
braces only the principal methods of "t()l'in~ ""d is bnsed upon
support. or lack of support fol' the stO]l"S and I.h<, )l,,·th~d of sup­
port employed. The terms applied 10 (,he methods Rrfl in ea"h
instance those with which minin~ men nre. gcncnl.11y fllJlliliar; v~ria_

tions of the principal method", tH which different mtm"s "aye been i
n-pplicd I"cu.lly, are not included. ,!

Fr<>m the foregoing briel' ,J;,em,s;"Jll of the clas,ified method" it j,
evident that there is not ",1,""Y8 a sharp distinction between tIl" dif_
feJ.·ent classes of ,lop,,". This is well-illustra.t"d by ilirinbgc "-Wl'i"fO'
which may he e(u"jdel'cd either as open stoping m' a" "L'p;Jlg witn
artificial sup~>or" depending upon whethel';Il ".ny gi"cn instance the
htohn O,B sImply pm\ides a footing for the men t" work on 01'
",hethe" it provides esSfml:ia1 ""I'l'or' to thB "tope walls. Mm'l'A)\""', a
stulled slopemay lJ" con,,1(1crml an opon stope if the >;tull timbering is
il'1'Bgular and i" u""d on1;' to ,upport o""asion,,] wcak "ections ;n the
slDpe, 01' FIS "n ".r';6.ci"lfy sllppbmd stope ",h"", the stulls a,e ;n_
"1,~lJ,,,l rOI':"lHly and sptematiC<lI?' throughout the slDpe al'ea for
sElppurt of the walls. Some "tulh .otopes ovon might be consid.~'eFI
caved stopes whem stull, "F'e "'''d "long a retreating"longwall f~"" for
temporary support an,1 Lhe h'mging wall ii< pel'mitu,,1 tn I1n,"k the
timber" and com" down be1,in<l I.he worlrinO' face, D"l'il1g I,h" 1'""t
10 yeal's the aut-h()r., h".YO pllrticil?ated in, JjSkne'1 h;, and rcad nmneT_
011" discussion" 0" the cla"oificatlOn of stoping methods but haw yet
to "~B a c1ass;JJcatiun to which all anthotW"" WQuld agree 01' one i"
whi"h the cla,smc"tion of certain ()J' thc principal method, i" not
open t<:> som~ question. That "dopted by the Bul'€sU seem. to be the
Ie",t UpOT( to "r,ilument nf anr p''e-'''mt"d. FinnlT,\', the prine-ip,,1 nllIO
()f ", cla'sifi""tJon i" to cla-rlf.r the basic pI'i,,~~p]cs of the different
llle(.1",<1s ll-Hd thO;l' distingui,hing features, ",,,1 jt is belicyed that of
the Bu,.c~u ()f Mines does this.

PRODUCTION BY PRINCIPAL STOPING METHODS

'rhe tOllllage of Me mined by each sloping melI"'<I cannot bc con"
oidered a measure of it. impo,'t"-"",,, o;nca e""h i, iml'octaJlt to thoee
type5 of ore bodies "'H] milling condition" lmder wbi"h it;o "pplie.d.
A table of "re w"""ges mined by the "arion" mcthod" ii< ni int."",t,
h"we,'Cl', a~ it ;",/i"ate" the importance of the different. types of ore
bodies tQ which Mch llldhod ;" applicable; when comidcred in COI]_

j\metion wlth the c",t, dll-ta "nd dat.. on unit" ()f l"bor and ,upplio._
given later t,hc t"ble oupplies a rough rner,~"r8 of the labO!', timber,
cxphlSi\-c" Rnd p"wer cost. fo!' 1:-1", "t-npin" of ore.

Tuble 18how" the prO(]lletiou of tho principal metallic ores mined
in the Unit~AI Sl:o.l",_, iFl 1030, by eueh of t,he principal sloping Hle.l.h_
ods. Th" y""r 1930 h,,~ been "elecffid mt1'el' than a later period, sinee
1\130 wus the lost year d lll~ng: wiMh practically aI1 of the producing
comp~ni",? were opel'ating. D1l6ng 1931, 1932, an<ll~aa most of tho
"mallei' hIgh-cost prodlwcrn und many lal'W'r produccrs we!'e cl"",-,<1
or their output was gl'e"t.JJ' curtailed. ll·;g"rcs for 1930 thcrefor<'
..<1ve " true,' pictllre of pl"oduction as l'egar'<is stoping metlwds than
those fol' later y~ars.
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The fiiJIIT"" in tabl~ 1 are admittedly incomplete, They h","I'c been
ffiunrn~rized f"om repnrts of the mining companies. which O.1'B conn­
dentiul us far as individuul mines "'l'b ""ncel'ned. However, prucluc­
tion figUl'es fl'om all of the lRrgl'r c"'''l'anie" and ,a,'e,'a] hundred
smaller one, are included, and it is helieved tlll,t the table covel'S at
leflSt gO 1:0 ~fJ 1'0reent of tIm t.('HTUlge prod "<Jed by underwollnd meth­
ods in the umted States during 1»30. lVJ,el'c mC>l'e than one stoping
method was cmpl<>ywl the percentage of ore m;Ileu by c",eh method
usually was giveIl, so tJ",t·lt was possible tD allot the tonnages to th~

pmp"" sroping method, However, th_ tonnage" include <)r~ J"C­

Itlowe,1 in development work, Ull<l there are no available data showing
tho pOT'oontage of dtwalopmelll, orc, Tile output of mines ",porting
cJovelopmcllt produotion only MS boon O!llil,t",l.

TABLE: L-1'''nMue'<' of mdalJio ore, ml""a Ii> 11<" U,dte" Slat"", by "r,=I,,",
.<!opi"g mellwd" l~HQ

0r~'" ,to"''''' I""'u",,,, """L
'"' ,",;" "'." ',",," bod~,
"th ",,"01 pc""" ,md wI,"
,"""", "Ill",,) _'"0'''''' ,to"',,__

r"",,,,' IOth" IT,,,,,,"" '
---- --- ._,---

AFPLICAlIILITY OF DIFFERENT STOPING METHODS AS DETER­
MINED BY PHYSICAL FACTORS AFFECTING STOPE SUPPORT

The staWrnent alreadv 11I1s been lllilde that the applic"bility of
the different stuping ",e"hoe], depends fundamentally upon .t,lle de­
gree to which the Ol"<) "ne] wall rocks will stand ntLsllpporle,l "n,l
how the methods lllOet the l'eqmrenrents for snpport of tl,c hid,
"nd walls of tllfl stopes"

A "eli"in st"ping method rtW,y be highly de'irable os to simplicity,
low ""st. ,,,\d high production uk, out its use m"y be, imp""sible
due tc thlllimH,aUcIlS >et by the·phy"i~ul chul,uctemtics of the ore
depo,nt as they aJYeet ~uppoi-t.

A number of othr f,wtm-, tllat govel~l the seled,ion of " stoping
metlwd will he di'cussed late'" 'l'ha,e faotor, often ~re of t,he ut­
mOEt imporbmee to SIle",,"sf1l1 mine operoJion) bnt- they are detBr"
minatiye cnly withi" limits governed by the physical choraotemtica
of the me and w"n !'ocks' ""d tho support of th" stupes. Usually
they determine tl,e vadations of the pl'il1"ipal methods "nd detail"
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(If pl'flcoioo rather than the methods themselves. If the ":op"" C>ll­
not be kept open while the' Ore ;. bci"g extrllcwd,.it is obvious that
a meJhod otherwis~ de.;;irahle '''a"ll"t he employed.

BeforG beginning ". broader nnd mor" iIlvohcd discussion of the
factors governing th~ selection of a stupin,g method it th.ereforo I
",,,'Us logical to discUffi bl'i efIy the appl i,.nbili tv of different SLOpi.,.!':
methods as d"krruined hy physical factor" afl'ecthlg stope support. I

BPECIPIC FACTORS ,I

STRENGTH OF onE .!>;" WALL'ROCI<S

Snellgt.h of lIl'O "nd wnlll'Oclc" ',s the first important ch"xaderistic
of the ore deposit that affects the stoping nlethod, as it·determines
tl," ~i"e of e:xc".va!ion, the ]~.l\gth of time it will l'eIJl,.in open, ~nd

the characle,,. of SUppOl't r"(lui:t'~i!.

The stl'englli of the ground as it. is eonsWMed here depenUs npml
the inh"rent strength of the rook it~elf, the :l'J'u"tmffi ami planes o(
weaknes" n.nd their '''T,mgem8E\' ""d 8p""ing, rnajor >.trlJctural fea­
tures such as fanlts or bedding plunes, and t.hc alen","t of time. A
"mall block of I"(lck of uniform t"xtnre and stnlCtuI'(\ which i. nol
cnt hI' rractlH'e "r joint pl:",c.> ma.y b" mllch ,trong"r than a larger
m"ss j"cking uuif0.rmit:\, and ~"Ut by such plane, "f wealme."" The
arrangement "1\d mte:l'val between pJan", "f w",,1.""'8 als" affect
the 8trength of the r:;rolln<l. '.rhus" seri"" of joints or b'l1d\ng
pl"ne8, all running lrt the same 'liT'ection-l:hat is, paralic! to
each other-rnav illake tl,e ..ock 1"e,,1. ill its l'csist""ee w st..,,,,s,,s in
one direction while it is strong ~t J'ight angles Lhereta. If the rock
:is cut by numeroUS plane. of wem"". at various nng]es to ""ell
oth"," the. ground ll1J1;;- be "h~lot1l1"allyw""k, ,lthongh the 1"ock itself
may be lohe1"cntly stI'ong. N"ar niult pia,,,",. the grouml may. be
wry w!\Ok, wh"ro". at. 80me distance fm)ll th" faults it may b" str<lng.

FI'e'juently, f"""h rock i" str<JIlg, but afte1" i, hu" heml expnscd to
th~ air fol' "Ollle t.ime it m..v s!ough. n1" swell "wi become heavy.
SomeJ;;mes the. £11"""",," impoied on a ""'J'Ollg rock arch may Wl'H.ken
it gradually nntil it will no !ol1g"r "'"ud. Thus it appeal'S th"t
111e time element ",,,,,-{ be "onsid""ei! in rolation to stnmgth 0:1' the
ground in mining operation•.

•'llZ)!; OF DEPOllIT

.A. small O1"e body with 6,'''' ",,,118 ofk.n can be slo1'oo. out from
wall to. wall wWarnt anJ support to the 8DJl" ot.ho1" than t.hat
rrlfDnled by the. walls th",,,,,,,lves. W'llh l""ge.~ Ore bodies in the
""me kind of g1"ound it mayb" ne.oo,;;s"r:Y t''1'l'ovid" odd",l support
in the 1m'rn of pillars, filling, a'· timber 'he""u",, of th" greater "r"""
of wall 01" back e"po"ed by IJ'e exca.,'a'ion of thc ore. In other
words, th"re is a limit ·to. th" unsnpport"d spnn or arcll that will
stand by irnelf, "",m in wry 8trcmg grollnd, t.herefor" IJLe size. of
the or" bo~y help> to d,t"'mine the ntoping method.· applicable.

SlUm ANn PJP OF DEI'O~lT

An ore bo~;v ill"')" be. ]ar~ in total voln''''' but m"y be naITOw
in OM dimenSion and wide ill two dimensions \tabu!i<1") or narrOW
in two dim,m"ioIlB (pipe ~eposit). In a lftbu a.r depo.,it dippjtlg
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at a high ",~gle tho Ull",'ppOl'wd horizontal spa.n is ,malL frp<1 it
m"" be poseibJe to S~0I'C the Me from w.all to ",,,n ""thou\. mtro­
clueing supp"'-'ls iI the wills. ~1'5 moderate,ly firm, In <toping .'1
similar daro;;it dipping ><1. ". low ongla th~ mOO",· of h~"k 01' ],01'1_
zontu.l spun. TrIlL:\' bo so' gl'eL\t. th"t it is nece,sa.ry to ~UPPOl't .he.
hangillg wall with l'illm'3 Or bv other me"ns.

ITl stopi,,"", ll. dep""i" which"is regula" in ,h"pc mo.y .require leES
mpporl. I]",'n nne whid, is very irregular} ol.lwr ",,"lIitio,," being
IJLe ",JUG, Thu;;, in mining an irre.gular depob~t the walls of tl'6
stope" may be very une-venJ . wiU, ovel'hollg'illg- slubs' or P],('j"(\cting
columns of w1l11''D(.l< e",tm"ting into tl'e Al'P".. Such il"reg:u al';l,ies
ma ,. "equire SIIl'port, wher~"8 if th~ w"l1s wcm o'r Ih" sa.m~ mhcl"eJlt.
stl'ength but "mooth lwd 1'e,."Il1M' th~y migM stltn[l WithOllL Mldod
,uppor!:. Thh factor i" of p".l'ticmlar impor(-,Imcc in very deep
WOl",;ng"j in tlie d"ep 01' "rock-burst" zoue it ·ha, been fonnd
that c"rn~rs and pT'vjeej,ions arc aJf~cted mOot by rock bursts,

It therefore app""TS \-.\,at I:l,C sho.p" and dip of the dey",it may
have an import.ant influcnoo "1'''n the method of ,uPllOrt m ;,toping,
hence upon the stoping mel-hod,

It happens frequently t.hat llS the depth of miilitLg opel'Mioll,
inCl.'eases the mininJl: method must be chwgecl, due to requin~nCllts

for increased BUppOrt.. :\fear the ""duce the rocks"are not under
as great ;,tre," as at dcpths wher~ the Sllpel'incumbent load of the
"v"dying ,·ock pl,",e" a strain on thc walls of. the eXeIl.vat.icns.

Thc ,,1i'<l'ud'llr of the oVel·buTd"n D,,,I the coniliti"n of the. g:round
alooye (',hc wOl'kinw; have ".n important bel1l'ing on 1'oek stT'ej,;,,,,, at
depth. The w"igl,(-, of 0. thi"k WI'S of HIw'me"U,lnted ovcrburden
is susbillOO by IJJC lUlderl)ing 1'ock, and if 1;11" lattA" is hOIWyc:ornbed
wit.h mine CX",,\'~tioosthe we:tght is tmu8mitted to the·pillalos, ,,"u.Us,
or other suppert" citller dil'''CWy or hy the Ull'lI'" of ULe r"f)k arches.
Similarly, if a p'""ss","" Nod. i" f(Jl'lll"d over th" woddngs loy hugo
mas,"s of rock becoming "ev"o"ed from the 8nrron.'llliTlg f(lJ"llllLt,ions,
gr",,1; pr",",uJ'"' m~y 00 tr.aIllilllltted to the ""pports ill the nUnte. Pr,,,­
,,,rc blod" of LremenaoHs ,iz,e may b~ present, fi" " r~sult of lllLtllral
phenomelllL, such as faults, or as [l. ",'SuIt of mining.

'[11" direction of pTe'iJUre has an important bearing: upon. tlie
method of suppo,-t in ,toping. Thll~, in a steeply dipping tubular
deposit, filling gnncTOlly wi!] furnish adeqllatB support aga-i",t side
pressnre from the wal.Js, whel'€fl,£ in a wide deposit, where. the g,\;at­
'''" pn'»;Ul'e acts vcrtleaJly uowlJw~T'd On tl," [w,k" of 11,e ,(-,oP["',
filling cunnot be rclied "po" to pl'cyenl, mov"rnenL In the lutter,
filling cannot bo introrlueecl t.ightly enough again5t th~ back to
,upport permanently any g:l"e~t weight that m~y come upon it.
Fnrthel'm~I'e, JiUing U511~Uy "hl'inks III volume aIt";I' it i, 1'1llCed,
till" leavmg open space" and nn;"ppo['u,LI "rer" oI ronf. Thcre­
fore, a cut-and-fill motlwd cun b~ emplovcd where the pl'Cs""re is
from the sides "nd the back i. ,trong onCl. self-supporting, where,,"
if the pre'SUl'e is fl'om above.. sql1Ur~-"etting: Sllpplemented by filling,
or some other method of holding the back, inay b~ neceS8ary. '



22 STOPTl<G ME'£FfODs AND COSTS

REQum:J<'''''''''' >'on PER~IA"IEN"" S\lPJ'O"T

The J:{',qlJirements for perJJjR~ellt ffllpport of l,he stDpC;; mn.y deter'"
mine tl,C method of stoping. Thus, if it ;$ H=sary to prevent
caving and ,mbsidellce of the ,urface be,,~us" of permanent BUl'frr"e,
impI'ovemenm, or to pre'-cnt the wateI' from a lake or ""ream ,,,,m
entel'ing tJ!e ~ne, a C~Y~~-,"tope HLdJwd could not "ufdy be e:Ill_

plnyed. L,kewl.", tlw P031tlOfi (jf sh.L£I:s and Gther workmgs ma­
tin\ to the storml a.rea may be "LJeh thut a caved·A"l'c methDd.
<lr one that WGul< p~rmit ,orne gl'OLH,d mOYemffi't, "ouM not be
employed.

A~<'LlCABILn'YOF PRn;CIl'AL ltIE'rHOD~

'!'he applicability of the principal ~tol'iJLg ffillthod, from. th"
standpoint of .",pport i' di,cusood briefly in tJ,e following "eetion.
Otl,er fuctors governing Die appEcability of tJ'B different moth"u.,
will be di'CUl3sed J"w!' in this bulletin.

BTDPF-S BUOl'OllTEID NAT1)1lAUi'(; Ol'EN STnPIN(f

Open stopin/,: is applieo@e to deposits of _!J:ong, firm OTe ha"iIl~

stroug, firm w,ills. III table 1, H>l,05>l,OOO short tons of ore are shOWll
to have been IIlin'll by open ~1,"[Jing in 1930, nut of a total of 91,,,20,.
000 "horl' tons mined hy ull llnderO"rounc] methods in the VIIitcd
Shlto" (]u,·ing that year.. Of the met~!Jic or<," mined by underground
methods, 36 percent" therefore, wa" l'ecoVf'l'ccl b.v open sf,oping.
About 75 percent of t.h" ol'en-BtDpB tOlLllJLge W05 p,'oduced in lead,
zinc. copper, and i..on mines of the East"m and Cent,'"l States,
indicating tho predominance of ore (Icposits worhbl" by open stop_
ing in these ""CtiOll< oI tho countrv. Much of thlS t.onnage came
froIll fhlt-lying heds, '''eh as tho';:' of Iha Tri·Stat<, >111d Smlth­
east~,rJl ;\Ii'souri districts, the Birmingham (Ala.) diskint, and
easteI~' Tennessee.

In the n"CJ'owm' deposit" IHO t.o 50 feet, rrLJl,ximum width) the 01""
oft.m "an be sl"ped the iul width of the d"l'osit withont leaving
,my pillar,.. 1" widm' depo,it" it usually is n=~sary to leave
pilla,'" to ndueo the Iml~th of unsupported spun owr the ,t."P"" '1
lind prevent failure of the b,,"k.

In general, ca"ual/'ilhrs are u""d in t.he thicker, 11", bods. whereas
regular r~Ol"_"l\,j_pil~r min~g 1, used mo~'e for ,:'ini:ng th~ ~,"inncr
beds. W,t.h c",n",[ 1'11],,-,";: It frequently", po'%tble to 1I1,lh~B the
lowBl"·gmde areas within the ore bodio" 'for pillars, at 10lt.at, in part,
t,,"us permitting a larger pl'Oporti"H of the belte.. grade o( Ore to
he extractwl thllJl if the pill"r, were in tl", g<>o,j ore. The method
of ca"ulll pilla!'";s generaHy >1l'pli"able to the firmeet type of ground
in ore deposits of va·riable t'hickn",g wherc the Mea "I tho pillars can
bc proportioned to ollit t.he condit.ions of the bHd, ~nd the h"i¥ht
of the me. The .method may be €mployed where ""M sloughmg
of tl,C bade und plllm:" may o""ur after the st"pes arB worked out
~nd obandoned bllt Wlll !lot ,'esult 80..io",lv. UBuaJly JL somewhal
high"'-·.l~erc<'nbge ~d' th" tot"l ore in the "dep03it is· recovered by
fil"ilt n"nIng than Wltl, the ,,,,om-and_pillar system.

'1'1", room-and-pilla!' ["echocl is po,'tielll"rly adaptable to tJlin, fbt.
lyillll' beds of oro whore the roof muflt be ,upporced definitcly and
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pennanontly "no whero th~ bad' i5 s1",h th".t \111Supporl.nd "pans
no",],"r" cun exceed !L predd"rminod IW'.ximum .length_ill "ther
words, whenJ it. is nni, sdo to ruly on p,,",ona.\ judgment for dew,'·
minl"g the a·'1HJ\lllt of support rcquil'ed at individual 1o"".] poi"t,B.
An example of Ihi. is afforded by con(liI,;om; at sOrnO of the iron
mines m the Uirminghom (Ala.) di8tL'ict whel'H th,,,~, i, " thick,
porous stratum saturated with water "bout 150 fed nboyc the oro
bed. ReI''' it j, neces;ury to make S""" that there will he no> c'wing
01' hrew in th•. l'Oof wl1;"], """,1d let ~hB waWl .from this stratllTIl
into the minc. U'l(kr Euch conditions", room-llJld-pil1ar system in
whi~h the pilbrs are spaced regularly and are of a size eapable
of resisting the roof preJi3lll'e and pr"venting "ettlement genemlly
is ,afer than fl, Cfl"ual.plihr Bysl:~lfL -

In the suble-.-el stoping "Yiltem Ute "top" face~ reti'eat, Im", the
ends of the ore body oJ', ill tl'en""",,,,, ,tope" Irom n. v",n. Tho
mine'" alWll,yS al"<) un,l"r solid g"mlrld an'! have n. mfe ~venue of
re!a'""t through t,he subdrifts to the manway r~ise,. Slabbing of the
roof and walfs at the worked-ant end of the stopa docs not en.daugel'
the workmen and, if the stope is mined h~ck_rapiilly, usually ,Viu
not dilut& the ore with waote. This sy,tem i, applicable. tv t~bul",'

ore deposit<> dipl;'ing 50' or more and to wide, thid, Me bodies ill
whi"h the "i'e wlll ,t:md wdl without timber and wJ,i"h heye linn
imlls. It i" ~pplic~ble io w<,ak,,"' I"OUnd t,han eould be wOTked
safely by ol.her OIK',,""I.O!,iIlg mdho s, as the miner, .are working
llnfk,. solid gi'OLJnd ,mt, o"ly by n,u'COw ,ubkyet dril'ts WheT'B ca"es
or falls "rB not likel)' 1.0 oe"u,' amI they do not have tOlo undel' the
ba~k of the stope itself. Lar~e open st"pes aTe work" Bucoo6SIully
by thi, method in .!l'ro\lnd wIllch ea.n ba drilled with auger "ted. r"
fact, the method lS applicable whe,.e th" ore i, too ",,,ak tIJ be
worked by flhrinkage sloping, whieh is clas,ified a. "" ,,"-[.ilici~lly

aupparted "tope methocl. The walls slwul" 00 firm, howe"el'.

STIH.'ns SL'P"OlCl'J',D "RTIF1OI.lLLY

Shri~kage stoping '" applieable to bodie, of "ronr!, finn N'e en­
do,ed betwwm firm walls which will no!, sh:mgh LO miy ..,,-"'at e,d:...n[,
,dtel' slanding f01' a considerable t,ime. The met.hod is a.Pl'lied mcst
often to thin, ta.bular depo,its (lippill~ »t angle, grentel· than 50°,
in which there ,am few hol'so, of WJlste (>llthough oometimes th"", are
left e. pillars) and which have fairly rogUl"T walls.

II; is also applicable t" !al'g<" i,l,i"k ore bodies in whicb the enti",
,lcposit i. to be mi""d from wall to ""ill, l'egll!'dless of homes or
b~nds of low_grade or waffie r<lck within the ore bacly, wmell are
removed wiLh th" Ore. In this typ" of cre body modifieatioll.~ of the
,imple method cmploy,,,l fo,. "hrinking in narrcw, t.olmh,,' de'p()sit~

u.nally al'o "mployed. OVQr one-I.,hird of I.he V)Ull~ge mined ill the
Ullited Sl.ates "nd Alcl.. by .,hrinkage .toping in 1930 Came from
two operatiOTlS cf I.his I.ype.. Shdllkage "t<oping also is employed in
widB ore bodies by e"c~y"tingt,'anSWTee shrinlmg<>. st"pe", .,cp"ml.ed
hy regular pill""", lising: a .s:rsl..em virl.\l"Uy idenl.ieal to tJ,at u.sea
in t-abuJar ore bodies for illdividual ,topes. The pillaTE are left
between th~ stoP"S to r<,d"cc I.h" unSllpported span, which ollie,·­
wi,e wanld be too wide to ~L·~nd,
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For shri:llka~e stoping I.l,e ore. must 1Jo strou~ and firm, sin""
th~' back uud",' which t.h~ men work is Ul15uPIlOrted except· for
occasienal props under p~tches of in,eoure ''l'Ouud. Although the
hrokell ore 'Ieft ill t.he ,topo "f[{ml, ;;upport"'to the· wa.Us unt.il t.he
~topo is worked 'out =d is drlLwn cmpty, the walls mlLY slQugh or
e>'<", collapse (lUl~ug and after drawing un1cffi U", 'w~ll" are strong
aud firm. Sl"nghilig. of the walls will dilute the broken' orc with
waste,'ew,n thoug:h the wolls ,10 not collapt;e. Therefore, tho walls
"fIlsO h, lii'm f"r'shrinkag" >;toping to be, o,pplie,l satiEfadoriJ)'. In
g~n,,,'o1, j,,,.. fhI~Ukage ><topiug the or" itRd-f Imi4 he firmer a-nd
slrnnger th"." is I'equired for ffllbleyel stoping, whilc·the waUs.may
bo somewhat. weaker. Sl\l~uk"",,,,,, stoping is a-pplica-ble to ·narrower
OTC bodies tban is sublcvel ",oping', o1though,t.his is due morb to cost
eom]deratiollS than to 'luestiollS of ""pport..

Cut·llJld_fill S!'c>ping fiml, its besl:. a-ppliefLLion iu r1,n mmiug of
finn ore cndn.,,,a .b"tween walls, one or bor,b of which ,,",,, weak.
The depo"its nmy to of lh<l tabular t.ype, {lippinf\: ,>0" or more, or
they mav be w:id~, I::hi.,]o 01'<1 bOllies. Flatt~r deposll"s TJ"'y bo worked
by 'proyi'dillg spcnin-1 nleJlJ" for ,rallSferTing the {lrc frmTl thn face
t.o the leyel. Tn gcu~,·".l, thi, metlW<1 i. appti""ble to mor~ irl'egnlar
ore b"di~"-than is sJn'inkage stoping ,md to d"po.its illwhich shrink­
age stoping ,"oLild be dllplo)'ecl except for the f,wt, that the walls aTe
too weak. Iu "nt-an-l-lin stopiug the fill support~ ail'ee-tly only the
wall" of the stopcs "nd dnes not H1PPOTt the back.. F"il"l'G of the
w:til" howey",', may undnrmiuoo and induce failure of I::,he bark The
0,." it"M, therefore, should be ,trou~ for out.-and·fill st,oping. Other
c<mditious are frequ"nlJ)' 'is important as tho,o I.llat ,,:m,et ffllpl?ort
in .tlle 8eleetiou of eul·,""-l"l.JiIl in prefCl'cnco to> "hri:nkage stOplllg,
and these will be diHou,s",l lat~r.

There is .ome q,w><tion us t.o whother "l,,1:1 ,loping ,houltl be con_
sidered one of .th" prine-ipni stoping lnotho,k Stuil I,imhel'ing oft""
is uecd ill open ,toping aud in other stc>pi"g methods to OllPPOrt local
patcJl<!-;; of bnd grolllld. Howe'-cr," l'e.gnla.t· arrangement of stun
timber:> ofl")) i, empioyed to mpport the iTmne,dinw hangiug wall in
~topl"g thin, t"bulaT' (lcpooits, constituting a· di,l,i"ct mdhnrl of
suppo,i. H;, e,p"ei".lly app1 ;0'lb1" to thin, tabular deposits h,wlng
"u illllnediat.e h:cngiug waH whieh is we..k aud ",ill ,lab off for sev­
em1 :teet bae-k to a- sb,bie hangiug wall lillie", support<,d in "ome
m'<nllec. In other word" when tho ore is hlasted out, if a ,lab o-f
lmnging ·wall soou .will com" ""'fry, eudauge!~n~ the miners a.nd
dilnti.ng. the brokeu ore, this spw", .,ometime, is more economic~

thaJllt IS t.o let U", hang:mg: wall cove and· wet tM ore "nil wa,,,, 1n
tl,C gtope. ,Vher<' Om "'-,,ak haugin~ wall exWnrn fl,r back from lh"
ore "tun timbcriug C'Ulnot he depended upou to hold it up, but where
thcl'e 1s only it· compul'llLivel.l' .tbln "lab of weok hanging wall, a-boy"
which the gTo1lTId i,li,.,,,, reg:uiar stull timbering" may be very effec·
tive, acting to ,w~dy the waH ,'ather thau tc> hold any great weight.
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Squarc-'d "l()l'i;l~ i,. adapted to the mining of ",g,ihll' ill:, irregutal'
Me boeD.." commonly on dips steeper than about 1,,", WheJ.'B the .ore
andio" ,,>dl. "I''' tm, weak to BtflJld',oven o-.cr ,hod" "P"l1S :1'01' more
thou" vcrI' brief time and ,where ca"l'ing ,,,,d "ub,i<1"TL"!) ,,£ til" over_
lying rock mud be l'reve:nted. From tho o,""TJ(l\,,,inl; ol "upport
ulonc, both tempOl'aL'Y md l'0TlIJOJlcn" the me,l",; ;3 "l'pli""IM to
conditiojJ' "ndel' whwh no other s.nl:,id""tol'y menlO'] has as yet
bee'l,]cvi_e,L l'Vhere the oyerlying stmLa lllfJ.y bo, ,dl"w"d to ea,,~

uml wJ,eI'c, the, ]08" of 8om"- ore or some dilul'jon with W,,"V, i" not a
seriou~ ,.bj"dioll, c~ved sto])e methods are "dRpl'."blo. (,0 ,,"' b~d or
worse grOLHl(J as "'lual'e.settlIl!i' Other aspects of-I:ho nl'l'li""bilily
cf the method will b" m"Cllsse(J later, Squa.re-scl' stopi~g.is not used
extom;ivcly any more, excepl, where the ground is '0 he,,"y thllt tho
etOPM must be closely Jill",l witt, wa,te to pro,ide pel'manent iJUppOl't
soon a.ftei' the timbors "m pl",,~d, and \Vh",'e only a' .,mall ,olume of
"top& can be left ,unfilled at'one j,ime, Tho .met.hod often;' use,l in
eOrt\bination with othel's for ,toyiJlg oct pilla,," between 01' ayel' filled
stope,,_ )'Il0reo,er, i3quu..re-"el,tlllg ofr.cn is "se[1 a, au. auxiliaTy
,ncthod to other method" lIB.for SlJpporh"g the ,ill and first fioors of
""me cut_and_fill or ,Ju~nkage stopes.

0.."ED STOPE"

,Vhen' ca"ed-.,j,opc mclh",], al'e.-emplayed they ,,~ll·result sooner OJ"
lu..tet· in bn"h to or sLJb,i,lence of the surface, ,pm,ided the slop"d
"rea. is la.rge ~nd I:hlek enough inl'elation to the depth and Charllder
of·the o,'erbnraen. There-[Ol'e, caved_stope method., lITe applicable
only where I,hcre i, no objection to caving of the overlying stmta
and iJub,idc"ce 0-[ the "lll'fa"e. '

nr.oOK CAl'lKG

In t,he c~,'ingmdho,kthc ore, itself is brcken by c,wing and by the
wcl~ht"nd ,"",'emellt ,,-[ the mllSS a"l' caved Ol'e. In the block-c"l'inry
mdhod eReh ,""ction of the, ore body, ccnstituting a caving' block, ~
p"nly isolated f,'om the surrounding ore or walls by bOLlndary drift,
and r"is"s or b, boullClary st"pes, ~nd t.hH supporls boncath it ,n'"
e.itlol\l· (mt away' entircly or "rG' we"kcned so I.hat the b[,]Ck will crlli'h
them. The ore must be of sueh .-'cha1'lwtj)l' that ," it e~,",," an,l ",c've;;
downwar[! after the support and broken om "ro removed from the
bottom il will break up finely enough co pel'ITlit dI'Uwlng' it 0:11'
through rais"" (01" dl~fte) below. mock Gaving is adaptablc r,o oro
which behav,," in ,hi" manner a.nd which occu,rsin depo>;i!s of lorge
"1'elL and eonsider,b[e thickness. The method is u:m"l1y applie,l
only to mining low-gl'a,lc or", ae will be pointed 'out later.

In sublevel caving the ore is sloped partly by exc"vation and
partly by c~vinll:. It kmcnnd il'" succession of smalt,caved stopes,
llilually 18 to 30 feet high, bcginning I,t the top 0" the deposit and
working downward. The method m"y loa flpplie<l to smaller depcsits
than -block'cay-ing but IE al,o applicable to large depcslts and to soH

",0."--',----3
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orcs which will stand faith well for a bl~ef time "vel' short spall;;
with light timber supports· but will cava when an appl'eciabla area
1s undercut. The capping (and laiN' the gob) should h~ng up oyer
short "puns fol' "' long enough time tD permit reTnoy,,1 "f the caved
oro bcne~th in s,afety ;l1Id without undUB dilutiu" of the ore with
w,,,,te. Sch,ms' h'ls well ollmm""ized th~ l'equh'em~nts for sublevel
",tying as it is Rpplied in the iron mines of the Gogebic range, ""
fe>llows:

The dei,mnlnlTIl< ,","dilion. to whioh t11," "'0\10"" is atlaptod ,,",'0: (a) ,J..
[lIppIng "",I p'tc!lln~ ll,'cgulol' "l'~ body whioh *,"" not lend i1~.l! t'! ti,1'
sliciDg; (0) a medium_,olt 0<' ",1,;"" bc""ks lIno yo! ,tan,]. w"" ami i. notfr," ",,'i'iug: (t) a llHrd ""p.plll~ "'''1oll o.a,o, in ,,,edi\\m-,i',,d block, without
much lin"" ""d ",hloh Is ca,n.v """t,olled,

It "all bc "ppEed where top slicing would bo dangerous due to the
ha"gh'g up of the gob. In blook caving the broken ore mnst he free_
l"1lJlning; that is) it must be of such a nature that it. win not p"ck
llJld form a senusolid mass which cannot. bo dTaWll off frortL below.
Ore of thi, dllm,l'!:er usnally is hard. On the other" l",nd, dlle.to the
relatjvely thi" b"ck and 5Iillll! units caved at, one time in ellblevel
caving, pa"kinl5 eun be avoided when llsiIlg I,his md.J'od, ml<l it is
the,rof",.., fl,pplwable to sofwr ancl ",'Tnewhnt ,ticlrier or"s than i.
block cavjug_ It also ie applied to ,,-toping 80m" hard 01'"", howev",·.

"'up BLIOlKG

In top sllclng tho ore is removed by e",c,watinj a, series of slicc;!;,
une alongside the otho1', beginning at the top of t", OI"e body_ (Soo'I- 11.) Aft",. the orc is TenlO"l'ed in slices thb u."d'urden 1s caved.
S iees ,,"e take'll in the same way at Eucce;;sively lower levels, the ore
behlg removcaup to the o"ved gob. TIle mdhod i8 ",ppJieable, j'.o min_
ing soft, weak ol'C which will "t,"nd unSllppoTted for on!:,· ~ vc'ry shmt
time e""" OVe,· 'pall" of "few feet rnd wmch is overbin by an Un_
"omolida"!<',d o"el'burdell or w""k capping wmch will b,'eak "I' "nd
cave as soon a." th" S11['pOrt ig removed, tightly filling, d,,, spuce
formerly occul"e,d by tho Ol'e I],,,d lc~ving no open hole,. It llJ"X be
~mployed for mining tabulur depo,it. IVlllg "I; an "ngles of dip from
flat to vertical, or in wide, thi"k ,nI'e hodies_ It is llSed "uceessfully
in very irregular depo,its. Top ~Hdng ",~y he employed fOL' extl"",t_
ing pilla]"" fmm between "awd or filled ,topes and for mining b,'uke"
ore 01' old caveS which would he 1JllS:ITe to work ;(rom tl'B botl/Jill
upwRrd. The method li; iJimila.r to sublevel caving in chat tho ore
is mined":f:l"Olll the top oownward by a series of sliecs and diffe.ra
:feom it'i" that I:l,C wblcwls are ""I; so fur "part ,md the ore is
excav"tc,d up to the c",pping or the mat ~bove, whe:L·eas in snblevel
caving only part of the thiclmB'3' of the .rice i, e"cilvawd, thc I'Qst
being c",,'ed down on the ret,reat.

SELECTION OF STOPINll- ltIETIIOD

If. h>ls boon p"inte<! out in thB foregoing discussion that the selec­
tion of ~ stoping method i.e ooneernoo fnndamentnlly with the
roqLLircments as to ~upporl of th" ,topes. III IL giVe:Ll instfiJ1Ce ""'y
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method by which support'will hit before the ore eM> be removed
in supporrod stope.> 01' by which the ore will not c",ve ElJl.d brc~k up
Buely NlOllgh in caving methods m"y be disregorue<l ltt on"".

Sometime, selection of the st<lping method bMt ad"pted to the
cOnditions m"y be .comp",rn.tivcIy simple due to t.he i.d, that only
one method can be applied <:>r that tho choiee lies bet",,,,,,,, one of
two mel.hod" 01' "uri",t,;ons of Me method. At othor times the prob­
10m is :tlliJorc complex, and the b",,-t; method cnn be seleckd DIlly
afffiL· full cOlLoideration and careful weighing of "' number of int",,.­
related. factors. Safety of operation nnel the health .:nd wdf"l'C
of the workmen Jll"e of conrS(' prill""r" cousident!iollij then come
flWtors of ""Vel'al dur~rent types. •

li'ir.>t a>'''' tho"~ related to the, pm",ly physienl cha.:racteristic, of
the orB deposits .,nd or the .url'onnding I'£",b:. and .ndace, which
have been di,eus",d h";efly as they aUect '''1'po'1; bu, whieh also
InU,t be Mn>rldel'cd til I,J~tion to othe" f""lor., The impOl't':llt
physic~l c1",,'.e(;cl'ioLics that, ",/feet the choice oj' a. sloping method
are: (l) 1:\tirongth of ore and w.:tll'ocks; (2) sh"pe. hOL'iy.untal ",1''-''',
volumel and regularity of the hOUIldarios of the ore body; (3) thiek.
n",,", 'dip amI/or pitch or the deposit "nd inclividual Ol'U shoo"";
(4) elUltinuity or ore withiu th.e boundaries or th~ deposit; (5) deJ;'th
below surface. and mtmB or capping or overburden; (6) positlOn
or dopo,it relative, to surfac<) improvement. aud drainage.

Se"",,,l "1'0 f"dors relat.ed t<> the ,,~I..um of tho m'e itself, pa,·ticll­
]",rly its gl1l<le ll""lu"it ",due., h,u'dllesS Il.<td fJ-i"J.;Hitv, Ill'""eni.ag<'
of orc ,,,,'C,ver,,ble by tlw sj;(tpillg mcthud ,,<in-pled, <lhl"ibution of
the vu.hmble mincrals within t1,<.\ ore bedy, fOlld. dIent of t.h" ,tt,ping
method UI"'" tJ'B p().l'OOntagc "ccov&y of v~.1uabl~ mi!l~~'''.1. in U",
millIng pIimt.

Third =d do""ly relat.ed tu the type and grade of the oro are
economic f,tclora, which involve consideration of the cost of stoping
compared to thc value of the ore, ,,"pital available, pl'wuetioll rate,
uv"ilabilil,y ",,,d e,,,t of llJtlle timber, po'sihiJitics for '\<1i<:1' expaJl­
siol( Or ennl,I',wtinn (}f l"·mluct.ion .."te, ".nd dew"" wit, whkh th"
grade of om mi,,(~l may b" ",:l:justed to mM'ke, cOllditio", w"hou"
los" of Ore 'UIJ] cOllseqnent imp~iJ'lll<>nt of the v~lue·e>f til" mine.

FUUJ'th arc fnct""s thllt "Jrcct l'dlltod mining; opcr~tion". ouch ""
development, haubg" and hoiilting of ore, procurement ami hwdllng
of filling material, 'disposition of waste rock, nne! handiing timber,
drill. and drilling gear, drill ,;tool, aJld explosives.

These severnl types of f"dors ar!\ intcrrd".tedl and in selecting a
"toping mathod it is u5llally necessm'y to cousiaar t.he influence'0'[
.""vel'al factor> .and finally to disFegal'l1 tilo.""e of less impm·tanne to
satisfy the '''Q\1lrem'':lltS of more illlport.ant ones.

.l'RYSICAL CHARAC:I:ElUSIICS OJ? ORE DEI'OSIT

The ph;\,8ical eh""""teri,tics n( 11,,, m'c (lepo.";t includ!\ (.,lu, hl'O"der
pllysieal ,,,peets of thc Mposit "ather tlmn Uw COHJlmsition of the
ora itseif. The e/fed of tlwi«l chu.rad<lris(.i!\s np"n the met.hod of
support and hance upon the stoping mathod h"" already been di,­
cus.'e,l.

In this connection the gtl'ength of the or" and walls ""d the size,
hOl'izontal area, .nd "!l.pe of the depo;it. !law. been shown to h"v&
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pnramount import,mce. A ca.ving method cmillot. be employed if
I:hf', hvrhoT,,!:>tl "r~a is '0 5Illall inproportiO'Il Inth~..',t,rcngth of tho'
o1'e that the ore will not· ",""a when support is removed from bencat,h
it. On tJ'6 other hand. if the oro bodv is of laTge lIT."'" the difficulty
of Druviiling t"mpOl'"ry OJld perDlOJlelltslll'port is l\:,'eaIBr, and ;;ome",,"I. of support in the form of pillars, filling, ortpnbari,!g usually
is require,l if .'" 5I1Pl'0rt~d-stop" method u. emple>yed. It h .... been
IJointed out that fiUmg usually will provide' ample sld~ Sl1PPOl't tn
the w.alls but COlln"t ,be placed so as to afford mur.h SUI'Il<)rt to tlLe
J',ack. The aTe", of back that will .bnd p"l'UlaTll'Tlt.1.v oYcr,," filled:
.,wpe therefore is limit~d by the weak!l<"C~of t1o" I",ok, ,m'] the largcr
t.he area the Ie,," i~ the probability that filling wilJ supp!}rt iL ade:­
(juatdy_ .Filled "quare-;;ete which eatcl, upthe hack "1.'0 l1lU"h ill!}rQ'
effective than filling alone 0': ",!llare_setLi"g ".Ione.

In very thin, tabula,' d.cpQ;;it~ the, si"e influences the' .toping
method qultc "pm £1'0'" iki,eff<'ct on supj.'lOrt, The width bet",e";,,
walls may be w" small 1:0 :pt'oyide room:ill which t" "'''dr, and it
may he """e.'"aL'J' t!) hro,,1< into [',he, wnUs t" jn'o"i& stDping width.
H L.l,is iB do"e the wuste from the walls either 1I0e, out ",ith j,],c Me,
l.wlu",ing the grade of th" material taken 0111, ",I ,t,he miii", "r i',;
1"-'-jJt "CP"I'"I<,. TIi sln'inkage stoping it c"nnothe:k"l-'t s';j:>fl.r'ute. ,If
the, vein is flat the wo.,te may he tl,rown tn Om, ,i<1" )Lnle,s the hang:
i"g 'Om]] is so bod thut spuce conno(. be kept "I'C" in wllieh to store
ilo. H t.he vein dips at n, stGel-' angle either f1 regul,,,,- cut,-n,nJ-nl1 or
" resuing sy.>t<om m"y be cmployecl. In tIle o.-dinary eut_ond_fill
,ystem ore llml woH rock are blasted down together, the waste is
,'orted' out and left in the stope for fillin~, an,l the ore is 80rl<\J and
thrown intD the C>Te e-!lute. This can be ,([oue only where the appefll·.
anoe of or" un,l wu~te i5 quit." Jiffal'ent, so tlmt they e"n be sepal'ateJ.
llurLh,rlllor'J, 1JIlle"" the wall Hwk bre•.ki; into large pie"'" it cannot
he l'ickeJ out, aJld any fine w""le will have tc> he -"ent Ollt with the
lite. In uny event, hand pickillg is expensive and 810\\'" down the,
1'aIR. of !"'odnctJon fL'Om ,he 8t<Jpe.

In'i'e:ming (m' ""Mij>plng"J either the ore i;; broken do\"" first
and tben'the w.oste, or vice vema; usually, tiLe on" which b""iks
eaoler is blasted fu'St" The broken waste is lefe,in tbe stDl-'B as Jilling,
and tbe are is l:>1'okeh down onlloo1'intr laid on,the fill tD pl'event,
achnixture of are 'und waste: UesuinO" is upplie~ble, where the' ore i.
not" f,'ozen" to the w~1l5 a.nd worb he," if t.krc is eonsidel'ahle
differ"n"., hetween the hal'dne.'" "f the or!> >J,n,l of the willl1'oclr•.

If the ore bmm<li,i·ie.' Jl.r<.' VeI'V ij'-re'-'y'ula-r a flexible stoping "y,wm
,ho"ld be employed, bywl1ieh ll'J.'egu orities in the 0"" may hI' fol,
lowed" and the ore conbe 1'ecov.ered from tongues' ,md "lFsl'oot" from
tl,c tHain <We ,na"", Tbus'ilil~nkoJ!<' 5t"ping mi~),[ bQ upplicabll' ,,-,
for us shJp" 'UPl'''''O i, "",,,'crm,,l'biJt might "01'. be flexible enough to
permit recoverv of the or~ from smull. sllt,c>ts or inegnlar )nfl''''' of
01'0 projecting 'ontwn-rd from the main 01''' 110d~'. Likewis", the me
of 0 blol'k.eaving method in llJl' ore body having verv,lITegnlur
boundaries "",,1<1 r~-,<ult eitiw." in the incl"8i"n of ""nside.:rable waIl:
",,,,k,wit.h t.he or" or ill tl'e,los< nf ore whieh w(lilld have to be l:eft
beliind to "void dilution, witJ, w~s"" l"(lek- H"we.er, if such a depo,it
wcre of Jarg" horiwmt.nl u'"" the h.ound"ri", might be mined by u
suppoJ'I~(I-;<Lol'e'U1el-.]lUd andl-he mum mass caved. ;
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Thc tbidrn",s ,,,,,I dip or pit"b of i.lic deposit anil oj' the ,il'e >!l,wts
'HIVC "" irnporl;lH't. bC"T'i"g uVOll th" ",ethod of getting tl", 'broken
01'e Oltt of I:he "I',Opc" which '" I,mn inilueI'''''' the ,toping method.
Tn t.Jlis "'"I',,,,I:,l:bidrn(,"s ,md ,lip may Ill' corjsidered' as'similar' char­
ael,e,·i,ti"s. A thin, tOlbllbT' 01'C body (lipping at n, "teep llngle fu1'­
J1i,h~8" "ondition ,i,nib" i'" tl"lt of " thick body of la,'ge hoi'izontal
lJI'ea, ,illce, in hoth i,,,,,,,,,,,,,, the vertical dir"emion of th~, OTe is
h,'go "n,j gn,vil',y ,,"n be clnpi(j}'ciIl.o ""lYe 1.)""u"'; fL'i)Jjj ~lil"stDp,do

the h,,,,lage lovel. , ' '
In a thin. tablll"r eleposit dipping ,,1 "n "ngie lowl'r t,hOln' O,e angle

of repu"e of ti,e bl'Oken oTe, the ore in a slu'inkage'stope will hnng up
and c"nnot be drawn nfl'. Near this c1'itiCll.] angle'the ore rna}' hang
up in place•• leaving brge openinge over whieh hUJJg-up ore may
eoJj~pse 8uddenly and [mrlanger th" miuers. It, rothe,r ca,e income
plete I"covery of till' hroke" ore wouid r~:llllt witl".hriJJkag'" ,toping.
To o,'e""onw I.bi., <lilIiclJlt." ~"""ml nlternative. coulc! b" "mployed,
i,h" one, to b" ",<Iopt,",l i1"llL\lldillg lm'gely ()n the ,l:r""g1h of'lh" hnng"
iug w~ll. If I.he h",llgin~ w"n i, finn an oJ",,,",l:npc 1""l.bnd is'ind'·

. cated, and the ore woulrlbe mov"d 1,0 01", lcyd by illc"ha"i""l nlo"n,;
HlOh 'as ,crapers, go-de,iis. or conyeyor;;. Eithr..i. e",,,,,l rilhrs or a,
series of regula" pilla"s might be €mr1oycd to l'cduc" the mi,up­
ported span, 01" stull timb~r,couM be useel, sp"cin

l
,," them ot intervals

", tho(, the or" conhJ be moved between thom. I 'the hanging, wall
i, h"d It clIt_aJld_fill 01' Hquare-;;etting mel:hod might be"appJicobl,,;
ill which Ute, o,oe wo1l1,1 he loweJ'ed to the levei through chute, c",'·
ci~d i.,]ll'C>ugh Lhe fill 01" ill iillC, nf square-set, kept op'en, for tl,i, PUT'­
po,e, or it could be trumm,,,l in, the ,tope to mi",,'pnL Ill' ill the wall;,
at an angle ,I:ce!? enough fo1' thc UN' tn rom ill th",,, by gl'''Yity. With
favorable hangmg-wail conditions del'",il" of I.bis i.\"p" sometimeg
a"" worked by " 1"etreoli:ng lOllgwJLll s}'skm, in whief, tho l(lngwall
f~"e, 1., r:al'ried 0.1; rill:ht angles to (be shih (up the dip) and the
Illlllg;JJg wan i, allowed tn ea.-e, 01' ;;d.Ue down behind tho,face "s it
l'"l:n'Ll>.

The pitch ,of indi,idu".j ore sllOol:s ""t<, ,imil",rly t.o 1he' ,lip of the'
""in in tI,"t a flat. pitch pl'''V""l.s gI'>l\'il:y nj()vmn,,"t of ,t.he, ,or" 'from
i,he &tope face to the ioy,,] LJ11k., ,1:",,1' raises ~r" ,hi"ml in IJ'e' w"n
for transfcr of the ore.

'Vide ,"oTiations in the angl" oj' dip preclude the us" OJ')ill inflexi"
ble stoping mctlwd. Th,,,·,, ;hrillkog:e method storting {,'Om the
l~ve.j on a 81:eep pHd" might worl~ well !1lltil t.h& yein flattens "OtR"

d"t"nco aboyn thc h,ve.l, at WhlCh pomt tbG l1l'oken ore wooltl
ha.ng "l'.

The continuity of Ol.'e within 1,1," houndaries of th" de'1."o,iVluts
"" impol'l.ont hearing- UPOil 1',1.0 .,t.oping me.l.hnd" pOl,'l.i,iul"rly, if
oontinu'jl.y i, comidered with "-""Per,1o to tl,c pt""'crw." "nd ,dislr.~bu­

lion. or ab""",o, of w'L'I'" indu"ion" 01' "homes" within to]", depo,ut
and the existe11Ce 01' ab,.."we of ]oe"l offsets in llw 0'" aile to fa1l1l'.,
of ,mal! <ii,phc,'men!.. AiLel'naiing 'bands nf 0"" ,i,,,r.! '"",,1,-', bay;"
a similol" cft'ect, although th~ ltwt.ho,l "I ove"coming tIw'd;fficulty
pre,eni.ed '''!LX dHrer'_

Occl1sionallacge hoT""s of w",I',) e~ll llsuolly be'ldt in 'pb"c, and
the ore can be ,topcd oul: around t.l'mn with anysljpporticd"tnping
method. When thcy "",,"." fl"{'qucnll.y and ,u'o relal;ivdy sma.l1jn,
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di"iduaIlJ' the problem is wheth.l' 1.0 l",rve them in pl"",c, take them
out separatBly and le""c the resulting hn}ken wast" in th5 "[ope for
filling, Or sand the w",,~e out of the mine separate ,Il'om the arc; or,
if thev cannot be kept III place but break down wlth the oro, to re_
move "the brok'''1 wast" with ih~ ore, thus diluting it, orood the wasta
from the ore. If 8hrinJmw, stoping were need under the,,, condi­
tions, lc,."ing horses as I'ilh,,'" WQuiet COU.<e ,;om" o~ the 01"" ,~, hang
"p, with attencGJ.nlloi<S of ore and danger to tho mIllers, ,,"<1 If they
are blasted Ollt or fall out there is no oPl'ortnnil)c to separate Gl'e
from wast<> •.nd k''Cp them supal"al" in th" ,1.'''1'''' In n"",.OW vein~

dipping ut stcap angles, where hal""" or ",,,ste bTeak away from the
walls ~nd the walls are f"irly strong, "",w m"y be kept s"p~r"tc
from thB ore by "OJ,ting it out, or b"""king it sepamtel}', and ,toring
it on hl'[gcd stull timber;;.

SometImes tabula,. ore bodies fl.l'I) uffset by " ,,,,ries of oblique <>r
strike fsults of small displacement. Thi, mn}' result in sections
of the vein being till'(}wn ,,"t over the back "f lower eecti"ns, and in
mining upwa,rd from tho h"I,I:om the bad[ of the lowei' SClctions.m",y
be wcal<cued.. and the f(}otw,,1l side m~y bcook back to O,e underlying'
stope when the upper sootiona are min",]. If the di'pl"o=ent along
the £~ult is in tJ,C roverse directi"", the off"t in tllG stope may result
in caving of the ](}W'el' portion of the srope and Teffillt"nt <1ropping
of the hanging wall in the 'Ip,per portion, Such a cOlHliLion rnswd
at a- mine with which the Slilllor auth<>r is fn.mili~J" ""d resul,,,,] in
aband<>nment of,sh.l'inlo'b'" stopin)< jn favor of cut-ond-flll stoping
in thc narrower stopes and square-set stopinl(" in the wider stcp~".

1There the ore ()()Ilsists of "lt~l'n,,_tjnl(" bonds of ore and ".".t,e the
ohoice lies betwe"" minllll(" thB e-nl;ire body as it unit fro,," waIl t.o
wall ond ,'emo,·jng ore and wnste together, OGlting o,'e from ",nete
in th~ stop's, ()j' bl'eakiul(" o,'~ )],nd wash, ,eparJl_""l,. If eh",'e are
~~"cral thin bm,,]" of ore and w,"st", it USlJalh- i,not feasibl" to bre"k
Ol'e "nd w",te .eparatah-, and thl' ability t" sort in the "WpM will
delltmd upon 110" "i~o of the 1'1""0.• into whi,J, thl' rock bl'caks a"d
whl'ther the are and w.ste diffe!" ill. phy,icai app<mTance.

Depth below ""tfaw, nature "f "appl1ll(" awl overburden
j

and posi­
ii<>n of the deposit rcl"tive 1.0 surface in1\movement~ an, dJ'o';nage
an facior8 that a:ITe"t ouppm'\.. If the d~po"it i, lal'rre and close to
the SUrTIwe, the choioe may li~ lletweeII underground or open_pit
mBtho,]s. Howe"~T, this hulletll is not "oncerneL] wi,,, open_pit
methvc1s.

GRADE OF ORE

The grade of ore or valu •. per ton has an imporumt he"illlrr upon
(,he stopin! method and lllu,l; be considcJ'ed ill :rel~~ion to po,'c:'mbgG
"eoo,,"",1' <> _UTel in the d~posit and co.;;, of mining,

If the oro is low f(rooe, ct>llsid~.r"b]e may bc left in th~. mine in the
fo"m of pilla_"" nnd the samo ,,"ICe need n<>t be exerdscd to cer.oVe,·
n high perc-e:llta.,,"" as would be ndvj.able in mining a hirrh"g"llde
rJ~posit if sud, ", pI:actice will effect appnciablB ,,\,"'ugs in ':ost,. To
be more prccise, if the added COEt of sroping by a high-T'ec(wery
method a{!,w....gJlte., mor" th:an the ya.lue of the addition,,! ore re­
covered then a lower teeovel'y method would in geneJ'''! be (J,e more
pmiitwle One to use. H'-'wever, the unit values of the ore,;; dmnge
with m:u-Imt conditions, and if ol'e is left in the mine during pel~ods

,

.1
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of low prices so that it Nmnot bc rceo,'crcd htcr a· con,id"r"bl~ loss
m"y l'f'.Eult dUl~ng periocls of highcl' price" whcll it might. p"y t<> go
t(, ~,'Cater expense to obtuin a gre"t",!: pcccenb'go of thc O,'e.

Wlth ores "hipped a, mined without any benefiui~tion or milling
pro=s thc inehmwl> <.>f ~l'preolable waste with the <ore in the p="
of stoEing usmrlly reduce:; the "elling price comiderably Mld i"""eases
tha sluppmg "".c, by tl,C frell"ht p~"l on this valuele;;s material. A
clean method of stoping wou d be p...,fenw under these conditions.
Iron ora i~ a good ,'"ample of tIllS, ail peHaltir\S i'l .priCB inereo.«e
with the oont.,n' of silica ana other impunties o"er a cerl:ain arrwunL
High-ll:ral1" PY'~te" furnishe.:> another example. A uumber of non­
mctQllic orcs "Te ,,1"0 in thi, OW"S.

In caving mol:hods u& "toping I:hel'e is always some loss of ore amI
80mb dilution of ore, with waffi~. Where top f;11dng i" applicablc hIl>h
reoowrv awl clem ore can be obtaiued bv this method. 'W,th
shrinlm·g., .toping, orb will be Jo,t and diluted with waste if the
wans aro iuegu)a.r 01" alough oll' rcadily. With cut·aurl·fill .toping
a high l'eOO"el'.\' can b" obtaiiJ.cd, irl'Bf,'Ularitics ilL t,he ore body. calL
he foHow<,d to" conside">1I:>le ellt.""t (but not ,0 well as with square­
getting), and wast" CJLtI. be soJ'j,,,], ~n(l kq)t, ",Bparate h'Olll the ore
in the stopes.. 'With open st"pc" aclective mining is poesibl", lean
<W b,"',-en ""ctions oH~n can be left In "" pilhr:s, and them is con­
sid"mbl~ 0l,porcumty for >;orting w""te from the broken ore, espe­
cl"lly ill del' wit>; dippillg at low angles.

DISTRllIUTION OF VALUABLE MINERALS WnE:lN ORE :BODY

Th"rn are five prillt\ipal t,ypcs of ,Jistriblltiml. from th~ stan(Jpoint
of their effect on the st"ping mcLho,l: (t) UnifOO"HI, di"",,mln~tion of
nIuabl" mineral parbd", I:.]lroLlghout the l1eposit; (2) el'l'lltic
minernlization 'With the valuuble mi,,"ru.1s cOHc''''''ruted in bunch""
tlll"oughout the depoEit like phmls In a pudding, the 511lTOllllCliug mass
heing low ill grade Or harren; (3) bands Or irreJ;ular and disconnectecL
strlngel'll of high-grade ore .altcrn~ting with bands or ·st,ring<m; .of
"asi", roek; (i) dep05its in which them are two 01' ·more grades
"f or", 01' two 01' more d=es of oreI dii3tinguished from each other
by the predominauce of minerals 0 different lllet"I" tha different
I,'rade" or c1asffi~ of orB beiug as;;ocinted rather dosely; and (Il)
(]Bposiffi in which the boundari,," aTe gradatioTInl-that is, where
the,'e b no "harp line of demarc"tion between thc ore and wali!l but
the ore oleereas"s gradually iu value t"w"rd thc bOllllduri"s of the
Ol'~ body.

1. Whel'e the villuable mineral is di,tributel1 uuif"rmly through­
out thc 0l'0 body. ", flexible, aeleetive stoEing method i" not e.;;sen­
tia.l. In Ja.rg<> dCl',,,;ii:s of th;, type, whmh COlll1llonly are of low
grade, sue·h methods as block caVLng, "nbl,we] C,."illg, "lId mOllified
,,"l1~nkage gwpiIl.)!; 01' in fact unl md-h"d which will fullill '''''luire­
Inmll:>; ,," to support and give t le lowelSt opcrutiDg costs often can
b~ employe,l.

\I and 3. In deposits where the minem1iz~j,ioll ie erratic and ls of
type..' 2 or 3 the fir", qlll",tion is whether to employ a selective 01' a
llo""deetive ~I:oping method. In selective stoping thB stvpes aro
confincd t" the bun,;h,," 0" lem,," of om, and CllI"C is takon to min" as
littJ.o. wus1,o. 01: n<:>"c.<:>nmwrci,,1 material as po"';hte. In n.OllSOlIretive
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milling tho depo,it is mine,l nut from wll,ll tD wall alld I,llli 01'0 is
'w,p",h'tcil ftullh, w"ste on the S1Irface by hawl sorting", milling, 01'
b<lth.

IilBel""tivB mining tllli object is to obi,ain a relati"ely high gl'ude
niine'."roduct; thi" UH1,,11y cnc~ils the US" c>f '" mud, mOl'e cxpcmjyc
ffi;6ping: 'J',tMl ,,)],1 high exploration amI devI·joprncnt costs in
s'",,'d,i"g for und'de,-cloping the scpar'affi hln10,"s, stl"i~gelO, len"e",
amI bands of ore. If the value of tJ,,, oj'(\ 'w'Ncrod will tWa!' these
combined co5ts '" .electiv" method is wnrthy <}f comridel'ati'H!, In
general, seleetive methDd~ Jj,J'C Jj,l'plic~ble whue the, v".lu"bl", se.ctions
(;f the 'deposit' am r"ther h,l'gc, (~)mp",nl.tively f~w i)] nu'nbcr, llJld
,wP'MIl,i..d "y rdittivcly brge volumes af wam:c. Dndei' these condi­
tions' r<Jm,w,,1 of the inffirv&ninJf borlie." C>f w,",t" woule! EO dilnte
the or~ th'at"it would be too low,grade to I"",dle llJle! treat.
, In nonselective mining the object. is to seeUl'e a Ic>w eo.t, !elleraJiv
'by using", eheap ,toping method combined with lu '·g,,-sea. C c>per';­
tiori;;. This jn"thod ",m be used in <1ep",il:-, where the. indivjdual
'strin.,"')rs, 'bllJlcls, 01' lenses of hilrh-gr",lc """ are '0 nUliwrolls and
f'D itreg-ulal' in occurrence ami separaku by swill thn1 ians". of wa~-t<,
that a "elective'method cannot he, "mpi.oycd. A very goo<l lex"mpln
"f this practice is flU'nished by 0", Ai"ska-Juneau meth<><l of mining,
-Which wiiJ:bo <l,'sl'I'ibe,d lal:c,·,

.. The sclcel,iw 'jT1ethnus of sl.opinO" are: Squal'e-"d stc>ping, open
stoping in low-dij2ping beds, and ~an!l-fill sl.oping, Some va,,;,\.­
tion!', of cut-and-till sropnw ar~ 'HOi" ""lccl,ivB than or.llers. Nc>n­
selective metJiods nlclllde: Caving methods, tc>p slicing, 'Ome forms
"f 01''''1 ,",oping" and ,hrin!<"g" "tnpi ng undel' "'0,1, "onditions.

4. 'Tn dep,o"its eontaining cwo <}r more cln"",s vr grades of 0"0
,e1ed,ive ",,,ping methods ~l'C cmployed if f01' ""mm~rci"l and oeo·
no'.Illi<, ,,",,,ons it'i" desitnb15 to ho,p the vori"uscla,,"s of ore separate.
If, ,ha diUe1:ent, clas.ces "f !)CC' ~I'C ycry clos&ly ",,,onintcd sc> th",t
clian"fs,fl:om one to another ''''C Rj"'Upt, '" high d"g,·oo of 5el""tivitv
is n":;'ss,I,ry. Squar".""t "toping "",,1 .",me types oJ opcn ,toping are
applicable. Horizc>nt,,1 eut·"nd,Jill stoping ma}' ho mcd by pro­
,iding:' S.e1"wate chute.~ for Mch c1""" of ore, but Utis mdhod is not
as .-!lexible as 8CfUa.,..,-sct Iltopin~. ShrinkRge otc>pn1iJ: docs noL permit
,,-ortingin the stopes.· .

'5, In deposits with gra,htional bOil n<lnri", ",.nc>nsel"cl,ivG mcthod
,!,ay:be emp(o:y~d for ,,:ctmct:i:nl! moo~ of the 0"" if thc ?re body is
wi,lc ,,"d lllnfOl~nl:\, Hl1nerall~ed except nt tile bonndanes. If the
JUllr¥ilHd 1"'I\:·gJ',~de m'ttecial is thick cOlll,p,u'od with U,e emnmel"ei"l
m'e,It ,18 ",cl'~.lsable tc> empioy, a md.l,od whereby tl,,, low-gradc.ma_
terial can' he ('toped lace," if 1T1",rlmt condition, cl""nga to such an
"xtent O,at I,hi,· becomc9 of ,cc>mmercial grade. If a caveo_stopc
HldhQ<l is, '''''l'loycd it woule! usually b" impo,sible, 0)' "I, Jc"st 'ill­
pTvfit,abk,to attempt t<> l'etnrn nod mine the 'lla'·gi,,,,.\ or~. A cut·
,und-flll"or filled "'lua,,'C·""t, mdhod would u.llow '" rctul'll to tl", old
workinll:s for i-,',.,)ve"'y nf th is c>re, but the', r\ost of these. metllO(h might
bf prnj1i.biti"e,lu;~ng ~he ~arlicl' mining .or be 1Jnju"cifi".d hy the
prc>bability of,tbe rnllrgltlUl ore eve", beemmng; of commlH'c'al grll(le.
Where;'" nonooleC,tivc method i3 cheap "nd milling is )]ot ,,"pensive
it may be ,1esi""ble, to empio;l' 3"01, ", method, t"j<ing out the beet
?f t,l'e,ma"g;Jl~l:m'e during th,:, Jirst mining md dclibemtcly ahandon_
mg the po"..,b,lity of eve.r gmng bRCk tc> stc>p~ fOl" !"hB ba.lance of it.
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EFFECT OF "TOPING METHOD ON M= REOOVllRY

a3

The mining method m",\, n.Il'cct tl", percentage of valuable, mineral
To'tovercd in the milling pbut, '''''p,,~i~lly whe" ""rtain sulphide Or,",
~I'C treatod by flotatiun. SU"''' 8lllphid"" uxi,li~" rapiilly llpun,ex_
p,,"lll\' to the air, and if left hruken.in the stU\"" ftw only,,, short
l;mc (sometimes as little as ~ Or 3' dail") the,u phide partides will
"'''lui", a thin film; of oxi(k which "i interfere with their rec;ovc,"y
in the flot»(,ion ph"t,. In :such cases.it i',necessary .!{)..",iil'loy"
stoping metllod by which the ore can he ren",ve,l from tl,e stol'e,
and sent, imn""liutdv to the mill a" f,,"t 'L', it i.,< 1",)1""". In ;;hrink­
age s({)ping the broken or0 usually l"emaii,~ 'ln the stope for a long
time, and the sulphid" l"'l'[id'", 'will film if they ne sll6c"ptible to
oxidation. LTnd!\!." ccre"i", ('onditioT]~ pa-rtia-l oxld~tio1\ of ,""lphl,]<,
minerals m»y ooellr in a- colmnn of cave,,] or" in Monk "'lying t<> ,,'n'
exteno tl,,,t willredllce recovery in the, flotation plaJl(;.

lYit,h "th"r method;; of minillp: ti,e ore "all ueu"lJy bo remo'-cel 0'
last '" it is broken.

EOONoM'c FACTORS

The rdation of same "f,Ul" ""Ul"'rni'~,fadol's IAl the phy,<ieal eh"T>
,,,,teTishes of tl,e 01'" ,lepo,its "!lei tJl() gmde or ,.-",h'''"of tho, ore
alre"dy h", boen dkcus",,,),

C08~' OF STOPr:,,~

Obviously i.f the ,iaille ni the ore will not covel' the coil'of ml"ing,
tl'e"tln~J'!" ,md transportati.on and Ie>1V6 " l'oasonable profit a'mille
co.nnot ""j,tinn" to 'overate; in general, it maybe, 8'aid'th"t a low­
cost "toping metho(l '" e,sentl,"l for milling low-gr"dc McS.

The cost of stoping i, only one of 1.1," itoms in the ,coot of mitring
(which, in turn, " one of "e"cl'ol cost it,<'ms in the total cost of 'or,,,
production); neH,rthcJ",,,, it i, om' of the largest, an.l often the
lacgcst, si,ngle it~m. In thi, conned-lon tJ,e "'>e[ pe.r ton of 'oro,
"':"I'''d is important 'bnt not as imporlnnt M the tilbil cost, 'of produc"
;,ion (inclllding mine operat-iom, millillg, tl'flllBporl.atioll, and oy,,,'·
llend) pel" unit of metall'ecovered, n, i[ i8 not'toh5 of OJ''' hut t,he
':o"b, iJled metal which the buyer 1''''.13 for. A stopillg mechod 'wlJieh
permils "- low mining co,t per ton of Me may result,'in" high"r
to!',al pro,luoi;i,,,, co"t VBl' unit. of met~l recovered Hum,,' .topillg
method wl,i"h l,as a, lugh"" mini"g cool, pel' ton of or". Tho low_
,,<>st.per_ton mel.J,,,d rnav so <lilut", the ore with waste th"t the eOm_
hined. eost of bre.llkillg, 1,andling, tmmminO", hoigting, ",","hlng, >11,,1
mming this wru;w may be, gl'eatN than' the ,""ving-' in sluping co,t
OVe,r '" higher-c05t"pol'~l:on me.l.hod. Tf t-he ore is shipped direct't{)
a ",neae.,· witlHltIt first being l'OTl"""I',r"t<,d lh~, freight on the b~l'ren:

'n~h,ri,u must, be ",elded to the "ost pel' ,\flit of metal, and pe.nalties
may be i",po"oo bv the smelter for treat-ment of 'are" containing
comidcrnblo implU"lties.

C1>PITAL AVA'IdBLE

The amount of capital available may be import"'1t in, deIM",in·
ing the m£thod of stoping to he e,mployed. Some method", p"rtku,
lady block caving, I'equil'~ bl-g'e c,.pital exJ1endl~ul"M for general
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develoJ;lmcnt an<l stope prepfLT"ti"n before ore production hom tlle
8W]'"S JS begun. Ol>on stoPJUg '"Ld ;llnl'le types of "hl"ink~""stoping
require compar"tivcly SItllll! prc]jminary oxpenditure" f"r stop" de­
velopment, as st.oping can be begun "lnlO" as ,oon as the (l~vel(}p"
m<ont levels haw pe"e!."",I",l the ore bo,li"s. Sllblevel stoping re­
quires SOIll.Bwhat hrgor pr"liminary expcndiLmes thllJl olher typee of
"len stopes. Modifiod shrinl<a(!e methods, such as the method e:IIl­

p uyed at the Alaska-.Tuneau lInne, ,'equire greater expenditures fot'
development than the simpler sllrillk"ge ,,,ysWrns.

Capital requiram~nts ~nd rate "f producHon nre dosely r~lfl-rod.
If a miM is to be d"vc]"pe,d for a high rat." of production, capital
"XI"'nditurcs for equipment und mine development 011. n. sea[e ade­
quate to obtain sllcb. " rate ob-viOllsly will he proporhollntely la"ge,.
Low_grade mes uslllllly mllst be mined. on a l"rgc ;ellle t<I obt",in cost~

low enough to imuce profitable mining, and t,hen) is no eEcaping
large capital expenditures.

Factors not related to the mctllod 0'[ ,toping cr.mtc of produc_
tion IlllLy also make large capital exponditm·,., neces,ary, Thus, if
the ore bodies lie a.t )l;,~("t depths or "'['<.I' ,"),ttered W th",t '" large
amollnt of' laterlll developmBllt i" necessary to 0.l?0n t,hem up, c(}nffid­
""",bl" (",pital will bo rc<jllire,(1 to place th~ mlJlO on " p,'odueti"c
b~sis,

If e~pital is limited it m~y be necessary to adopt a Stopillg method
that, will bring the mine illio pr"du"tioJ1 quickly, with the Iffi,,,ll()..'t
pussible.illitilll outl"y. ~or exmnpl<;, limlce,l e"pital may mnJre i,
lllll'~ratlv" to emplo;l' shrmkngc stopmg eVen though'oubkvcl .,top_
ing, cut-und-fill "wpmg-, e>r "umc ol.l,er m.ethorl is l:.etter suit.ed t<J Lbo.
conditions, would l'e.su[t in lower 00'1:.'<, 01' would recover ". grCfLtc"

l ereantage of the orc in the dCjW'it with Ie.'%; dilution. ::IforeuYcr,
ack e>f' capital might preclude t 1e uoo of ". eh""l', l\()"se[ective mIn­

ing methoc! otherwise Ilpplicable to th~ deposit, 1,""u1"e of the high
cof;!, of prelimimuc'Y r1,,,,elopm~nt and "f "11, "l'eAll'~"rJng plant te>
"~parllte WllS'~ fre>lli .th~ "Te on the "ur'ln.ca Fr~quent1y aTl ope,n_
"tope methoc! is e"'ployer! in smoll mim's.in pl'ef"rence to shTinkage
stoping, beeallSe the immediate demund for l'e"enue does not permit
tying IIp broken "ra ill th~ stope,.

Availabilit.y and coot of mine timber may lnlluenc.e the choic~ of a
slx>ping method in. ""'M districts. Tim", if timber i5 8Xp~.Il"iv~, cut­
nnd-fill sfupingm£l.y be ch""en instead of sllu,u",·sl't stoping, Illthough
the laUer method might pe,"l)dt a h.igher perc~llt.,ge of 01''-' exLr~c_

hon. Alain, th" nature of tl'B ti",he,r available I"ca.lly might in_
fluenc.e he ehoic0 betwe~n sC["",'e,.,,,tting "nd top slicillg. In tup
slicing the sfupe timb~l'" remain in p[><co onlv " ShOTt time rnd
usually ne.ed not be of us Il:ood a gr".de uS foe: "'l'mre_setting; top_
slice tlmbel° may be "y~ihhle loeally at STIlull-eoslc whereas tim"",.,·
8uitable for squllJ"O.5et'illg may have to be shippcd in and m".y bo
costly.

-~-----
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!If,'mmr ~O"DlT1<J"S

"",'hen d",nges occur iu market {)onilition,'a mining method :fi~xible

enOLlgh t<:> meet IJ",,,e chong&> promptly is un "uYan~"". Chan~O"ffi
in conditions m",y coli t,,1' Slldde.n cxpun,ion <:>1' com;r~tl(m in the
"cale of operations, for changlls in th" /,"'w1" of or" milled, or t,,1'
both, A method'that will m~cL ch"ngcs in I'llW of output bcst may
not. peJ'mit the desired changes in grude of c>l''' Dl.ined "~tisfn.et"rily,

L~I'g~ ,'xp'ln.<ion of ·"utput in min,,-~ employing slow stoping
meJ.ho,ls, ,,,,ell JlS ClJt,_,u](l·fi]1 ,t{Jping and 'quare-set st,opi"g, ",,11 b"
b1'ought "bouL only lJ}' l,,,epiug " lar-gc amollnt of devdopmcat ahcad
of "ctu"I ,loping, "" th,lI; il a sudden inCl'ea,e in prudll.clion IS
dCllllluded additi"".LJ ,f.apes m",y bo h,,,ughl into production quickly.
The some is true with the simple forms of sl,rink,,,ge f;wping, with
top "licing and sublevel caNing, and to a smaller e"runt with other
methods. Advance devalopme:llt naturally ties up ,,"pil:,,1 in unprQ_
rluctive workings and may entail cOllBidBrable ad,htiGnul m,d"l.onall."e
cast,

1\'i'll sOme s!;0l'illl' JtLethods production from individmtl sh,pes ""ll
be forced when de.ill·cd. Thus, with suble;-"l ~t{)ping, it is poosible
tD work a.number of machines on eudl of the ben"hes in tl'e stope at
the "ametime. wherea" ordinarily only onc machinG wouhl work on
en.eh bench, 01: only Lwo or three benche, in a swpu wo"ld bo wo"kcd
,llnllHaneomJy. In other tYJl"" of 0l'eIl ;JtD!?"", pur[.i"ul~rly if t,l,ey
".re I~rge, l'J'o(lud,ion cu" hc foceed by arMing I>;) the number of ma­
"hines normully eml,'loycd in euch stupe. IVith block "".ving best re_
sults are obta.ined with a reijular rate of drawing; tlw rate shoulU not
be s" rapid that it came, plping t1u'ollgh of was!;e or that thc "",vod
"'''' does not have time to bl'eak up be£e>re ''''aching the dmw points,
noI' "hould it be "" ,low U,at excessive weight will be thrown on the
e"tmction olJenillW and thus result ill high mointllmmoo costs. Within
thc limit" l"""'cnbc.d by these "oll"i,l~""I:ions exp.~nslon of output
can be forced to 80mB &rlent with bl"ck caving.

With mo."t mining ",,·,km<, particlLlady t·hose "-<llpluyed in heavy
I[rtlHnU, ,,""ilden c,;ntuetioJl in rat" oJ' output is apt to bring m"re
;cI'ious eon3eqUeJlCt'_" t.ll"", :m expansion. If output is to be curtailed
bv reducing thu number ot active stope", a numbuI" of parely mined
8!Dpes must be left Hamling. With some methods of "toling and in
sam" da"""" of ground idle stLlp,," will cave, with otten .nt 10'" of
ore or dIlution of ore with wa,w, and l"tcr reopening muy be expen­
sive and d",ugerou" unlo," c.onsidumble. W(lrk h.s been done in puttlng
them in shape 'for 0 pl"otraetccl shut-down, Furthermm:", undedying
and adjacent development and erlract.ion opening" may l'"quim ron­
,iderabl" maintenance dm:ing the.. idle penod.

If H", ul,tpU(, i" eUrialh,,1 by "ontinuing t,o operate ail the stol'e" Oll
a reduced "o,de it muy be po,"iblo to m".i"tnin 1:lwn' in good "on itioIl,
but" small productIon scattered ovur a largu number o£ "I:opes in·
creases unit co~ts for haulage, handlIllg mateTiols and supplic5, und
mlUntmanoo.

D;f\i""lties ",ttC"du.nt Up<m "urb!ilm,,,,t of opcmtion, Ilj; it affects
sloping and general condition ot the mille u.ually are leas S<J!'iOlli;
in open-stope min"" than in other types.•IllCO the wall, and ore Rm
s,rong and firm, and often the stopes wiil stand top ye"rs with little
c"ving Or ,labhh11!.
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ec""""ion of operation, for fl. co".idel'Il.Llc ti'JlC .in uncompleted
BIll:1nl,0)):0, "ut~aml-fill, equarc-oet, o!' (::1\',,] ,toP"' uoually require,
t)",,~ TllOl'e or less w'ork b& done"" tJ",t, the ,topes will relIHun ill good
condit,;?n, for re~umptionof operations 1".(,,1'. The back..~ 01' "'It'lnka.ge
or cut_andcfilJ stopes nHty h"ve w be caught up with pmps, ",gular
.em, or C1'ib~ pl,,,,,,j on top of the broken ore 0'" filling. Squal'e-set
stopes aJ'c'lIsu"lly filled completely (e)",,,pt for (,he ,,"",,,s,ary ore and
w ...,I,,, p""'''8 "ndmanway,j b.-1o", 0l'Cl'utiQns ","";0, and some lining
~"t~ uwl bruce;; may hil.\'6 to be put ill.
, IIibloek-eaviTJ):; sec'ti()n~, wmeh are being <IraWll, ce"""llan of draw"

ing'is ",pi; to """"It,i" the broken ore packin" .'0 I:l,,,f, "pon re'mmption
0:[ drawing co,,"idcruble difficulty willl:x·, er~"ount"r",,1 and extraction
'drifts :11\d 'pill",:;,.between finger' raj"e" umy 'TII,h if ti,e sU"l'ension i~
'prolonged" " '

,Yuh suble-l'€! c";l'mg it i~ '1J,'uRlly necessary to complek "RYing
oock U1 all slic"" in'which it, l,,,s been begun 3Jld 1.0 Limber socurely
'any intervening' ,liM drifts. With tDp' filici"g it is necess",,'}' to
cOlltil\u~ aeti,:c slil'es ,",til no small pillar;; ''''e len between them
:m,1 th,-, ]i,ne between the cave oml the "ulid ore is stra.ighkl",,] out;
th"H, ;f ,,,11 'the slices are bla~teA, dow.\ llnd ca,,,'d 11lll, the ,ninn
will ':us"ally ;remn.in in goo.l ""udition for a: eonHi,I,,,,.h1e time.

'When mile Ullctllati.clHs in the demand -f"r ore ar" anticipat.",l
it i8, theref"J'e" wise 1:0 "onsider their possihle eff"cts npo!! the mn­
dition of tl", mine, "nd " stC>PU1A: m",hod which will Ill> Hexibl.,
'with "",lden expansion or eonlraet;"" of 0l,eratic>ns if< M_,il'uble.

The dfect of eha:nges in thel",iecs of mota- s npon O,C grude of ma_
h,,'ial whieh may be el,,,,,,,,l "s orB has bee" tn",'hcd upon in ~

pTevioH" "".dion" whe,rB it was pointed out that n, flG"ible stoping
,system, which will pelmit roontry into low.~rad" ""ctions, of the
mine duriug p"riocls of high metal priccs is desirable.

FAOlORS AHFEOlING RELAlEIl "'urING' OfEnAnONS

Stopi[Jg is Closel:!:" rela-wrj 1.0 OU''''C llTldecgl'OUlld npe,ea!.i[]n3, ,ueh
a~"Jewlopment, 'hanla-",""'" an,] hoi,!:-iJlg of are, proe-INUl" ",,,,] Imnilling
filling" ".lid h"rrdling'timbel's, drj]j ,[""I, n-nd ather >upplies.

DEVE,LOPM"'''',

It llus, been pointerl olll, that sOme stopuw metho(l, l"c'Inire eon,
,;id~rable stope dev€lopnwnt- beJo;e the Hapes """ begin to pro(1u""
.ore a,nd that, if, ":epiL,,,1 i, not a-.-a.ilable f,lT' Sllel, development, a,
:stopinK method J'f'<jtJ;,'i:ng less prelimin....y e"p~ndit-ure 1m')' h~ve
to be employe,d. '. .

D<wcl(lpmcnt and Htoprn/!: also Me rclaterl as T'C'~""ds tho> ,,,Japl.,,_
tion,Qf the development pf:t-n Lo v~ri~t;on" (If ~"J, gen.~'al "topinl<
:m~thod: 'r:hus, ,in,," wide, st<'Alply dippjng v~in the Ol'C- m~'y be
stDpell, by Clthm: of- several methods. th~ O1'e berne; mined in longi_
tUdinal st"pc,; taking- out tI", full width ", the '''6 or in ~ ,er1es
of, 1.1'''JHver.,~,stopes'- In the- fmme,· thb ILfJuhg0way8 will c"usist
"f ""B or more Jongitlldinal drifts in the ore or in til<' ",,,lis on
each le,-el, wherea" in, the latter", ",rieil of o"trHe-tion .Jeifl.s driven
,HCCO'" the vein Hnder ,Lhe- ,'"'''PO" and eGn"ed"d to a mal" longitndinal
huulugeWHy will hc ro<juired,
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In other,instanc<?B \,ho g<>lleral whe"''' of devei"pi"l!: ]'f"€!S m~}~ be
the ",me or similar, w1mth'c'- "'Ibleve] "tD],ing, shrlnkllg" etopmg,
eut,and-fill sloping, top slicilJg, or "\lbl"\'~ cu:ving is "mployed,
wheI'''"' the development: dcl",js may b~ .'ILlite ddfoTent. A <lmple
il"inkllge <top'e is, UiHli,.1ly ihwelopcd by, a. "Ingle longitufJinal drift
on ,tho, 'notwaJ;t On cach lewl, whc,:eic' witll cut"~THI.jill st0l'Uw nr
sqU&T'O-sl\tting it m.w be rleslTabl" to provldc " '''I'tLl'llW "rmgmf('
wall .dl~ft f';l: introduction oJ wast~.filJiTlg, I'articuludy if the ,11]>
,if the ,,~jl1 is fh,t, Th""hriTllmgi' srope would be pro-vided with
a' ""J'ies of compal·,:ti"ely d;)~dy ~pace,l Ch'Ite, fo1.". ,l",,:wmg off tho
brok,,,, or" ,and W1LJ, (Jnly oceus'onal through raJ"CS t,o Ulc.level
"boye fOl',tl'aver of men, himdli,ng of supplies, and ventilation; thes~
raist,.,· .aTe frequenl..]y put thr<J1.igh f~oJll ih~ back of the ,tnpe "TIer
stoping hLh~ heen :going on (or Bome time. Cut-anil-fill stope" Rnil
"quare-sd-an,l-fill Stopes uwallJ' require tJ",t ~t lea"t one raise be put
through to the le,el above f,,," intlwlueing'fi1lin(!: b.,.[ol'e "loping j,
begun, and. fl, numher of o""h rLLise, :I'\"J' be r.o'1\1J"o,1 f(}t· each stopeJ
the distancc betwe~n thorn deponding upon t.I,C details of Ute stoping
l'J""tice..The di,tonoc bd\\'een .ore clmte, in "I,t_"ncj_lill gtoping
y"ri ••~ with the d"tL1ils of .p)·adoiee but mm"lly is gr<'~t"r thu", in
shri"kag" stapillg.

Suble;ml ,copillg. ,,,ble,,el e,r,mO", >lnd top ,HeinlY require con_
siden,bJ" sublevel d"velc>pmont, as do". th" suh·l&yel-inelined >ari~­
tian of tJ,e clll_and_fi]] method, and t.he ,unnunc of ,hi, and nf mi,e
developnlent will depend upon the ,1etai1:< nf "foping pmdicc-, as well
,t>; upon the siz" "",d dip.o{ the ore body and thc gene""l etnping
mcl:hod empJoyed.

The YeJ'hcnt dict"n~e botwcen i;he main haulagc levels aJsc> "tleds
or i" .affectod by the "toping pr""tice. It· ueually i& ner.'",sary to
adopt a compllrLlJively short ]<,vol.lnwval to J,,'o,pect amI dovelop
or""ti" are hodi"" or ven", thol'oLlghly, whereas if the ore bodi", are
rep;uJ".r and cantintJo,," .from lcvd to hwel thc,interval may he ec>n­
siderably greate,·. II the le,'els are-.cl",c tog;etbm' the llcig;ht ,,{ the
otop'" hetwoon them obviou<1y is cOl'l'esp'llldlllgly sh",.\.. If the
st,opes aTe b"glJn mme <1i'.'LL""" "ho,e the back of the levcJ, lcaving
all arch pill,u' oyer thc .dJ'ift "nd.lllldcrtho bott"m of tho "top,,,, th"
e1!ective ,tnplll/.' height. i" reduced: furthcr. If R oubet"ptial i.loor
pllhr aloo mLl,t be leH b"low the 1,,'-eJ above, tJle. "topl1lg h()lght
will be reduced still m01'o, an,J t.hc .co,I. of deyelopmont pH' ton of
ore st<Jpc<J wlll be high. The effect-ive "toping h"ight, and: hence
"o'-CJOpHlellt chJl,T,o;"', are I'oduced by inC1'oasjn~ the level llltorva.!,
IN stOping direetly on le,,..J Limb",-,", and by roducing the thiokne'E
o~thc Ilo~l' pilla1·". \'I'h~r~ the haulage dl~ft~ ,u'ein the foolwall
or the vem l~ narrow and 11"-,, strong walls ~o that the "wpes and
t,.,wks can ·he 8upported ,)]1' "tull.timbm·g it mRy be I,,'"sihJe 1::<> ,I.ope
throllgh from level to !o"e}·"ithout leaving aw,h 01' tlaal' pillaT" thus
obl1<ining a mll,xilrl1lm ,toping height and. .... minimum of development
per Ion of ore ,t.oped.

Sometimes a givcn stopinl! method may b~ "ppli"abl~ if tho lewl
inWI'.val i5 shur, whieh wuld not be moo if the lewl interval wem
1<>llg.. Thus "hrinkaIYe ,toping might b.e pmcticablo with a ,hort
leyel mtel'val, "S the "lopes can be C]Ulelcly completed hef(lrc ex­
posurc I.o the ail' hu" hud time. to .cause sl~cl<il1g "",d "loughing
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of the walk, wh~JO"as with a long inter"n.! It might be Doc.o<;sary to
"f;{l ~ut"an(l-fijj s1:<lping. Ilecauec f.hc otoJ?" ,":ells would slab off anel
get lj"~vy before Lho stope could be milled up to the top und the
hl'okclL oro drawn off. F",. similm' l'eo"onS the U"~ of a rapid alDp_
ing molllo,) by \Vhidl each stope men be deveJnpcd llJ1d mllled "uf,
quickly would permit a greater level interval ill some in"t"nr<~ th"",
woul,] a slow stoping method, tlou.< Teducing lhe amount of (leyelep­
ment per ton ,tope,].

,n,,,,," top dicing 01' ,ubI"".,) <",ing is employed ,overal different
mdhods "f dc,clnpment o.all be "se,) which .m gOYCl"Jw] llot onl!
t»" the phv.,icul charade ..;,tic" of the depoeit but "J,n by the rod-he
of handTi~lg the ore bcLween the ,Loye fa"~B and the h~"l>l¥e leyel
and by t.he method of dri\ing the shee ,hifl.." Some vllriat.lOns reo
'lui!'o only" cOlllrJn'ati,ely "",,,11 munber of rm"e",. while other'"
l'<'l'luire more. Likewi;;e, t'he details of practice in sublovel caving
JJ1l'gely dei<>,l'!1l.iue the number of hanl,,15" cros,cute, rna.in 01'" pusse",
and bnlneh rm'e<;.

Th" forefloing disl'1l"o10n iIl(jie"les hl'icffy some of t,he way' in
wllieh ,t,oplllg "](\l.hod5 Olld thoi, variations are, rolat"d to mine
de,veloprnent. The oeciion On "toping ,""to indu,les a· table, ~",wini\"

the "mount of de\-elopmenl. work reqLlir"d at tYl'i"nl mirJe' unci it,
cost pel' ton of ora produced by diil'erenL ,toping method, ""d under
,ariou. <,onditiom,

HAULAGE A'''' HOISTI1W OP ORE

For efficient operal.:ion, n!l' broken ill Ll,c stope" must be·lr"mmed
and hoisted ,," ecunomically "" possible. Up to ",",rt"in point "Oll_
cant:ratloll of ,Loping opemLion" within a oman section of the mine
is deoir"hl", but· if e~'r'l'i"d to ext·reIn", it may ,'e.,"lt in """ge,tion 0"
thp. haulag€wafi' Up to U,'" point concentration of operations i,
{avor"ble to low h~ul"1l" """I.e, as h~ulJl15" mlit" '"'a kept bus)', tun·
1YJil""ge is reduce<l, and supervi.,ion <>f lmulall" i, fucilit",I..ed.

S"mc metllOds, such a~ ""blewl st"ping, ccrt",in "",riatioh" of
laJ'i'fr"cale shrinkage 8toping, an,l hlock CJl,,,jog, are "dapted 1.·0 a
high output from imlividll',l "tope,. In tramming f"Jlll ouch ,f.Ol'''''
"" ont.ira train or sovera! I.rajnO' in _,uocession may be loaded from
" single ehiIte, wheTeas when tl,e prO(lllction comc. fl"Om a large
llumber of mutes or stope, scatte""cl over a wid~, at'ea con"idcrable
"witclting m"x be Ile~""sa'ry to obtain a trmnlow:l of ore, which
obviously mid" tD the haulage oosts.

IVi,h SUIll£ method!; of sl.::Dping in which produetion j,,·intermitteTl!.;
or' only", snlall produdion. can be obtaiIl"d a.aily from. c"ch stope,
R large. number of stO!?"B lS neces~ary to mOl.nI.::~.in a high rat.c of
prodUCfjOH from t]tl' rnllle, Tim, m ,Orne vatl"tJon, of cut-and-fiII
"tDpittg pr,oductio!l fro,,! ""eh "t~pc is intennitteIlI., .an~·1 ]]0 01'0 is
drawn whlle I,he stope is belllg Hll€d, In othe,t Val'latlOns of this
method, hmaking ulld removnl of Ol'B und filling are continuous 01'­
"ratio,,", OM operal.ion going on in pnrt of the ,tope' while t.he
other, a!'e being ",mduete.<l in other pnrl,.

In sh";nkage, stoping onlv ahout 40 percc"t of tho ore is dmwn as
it is broken, and usually only a small amOl1nt of om is drawn daily
from. each chuffi .hefore t.ho stope hos heen compMed und Jim;1
.dl'&wmg of the hl'Oken ore," begun.

I
!
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Wh{)l'B tmmming distances aro short and oilly a small tonnage is
draw" from «Wh. stope at one time hand tr':mming ofi.en i" th£,
cheape"i., method. On the other hand, whel'O large tonnag<lS lUU..t be
drawn <1u.ily from in,lividnal stop"" or where (,he haulage <1i,1"ne""
are 1onf' ..orne form of mechanical hanlagB is u"Uallj' the mOBt ecn"
nnmwa.

Som" stoping m"'hod. ,,,,!uim th£, ore to be <hu.wn freqncntly but
only .in HlUlll amuu"t.~ at a time; "" in shrinkag<.> "t"ping prior to
fulal dr"wing, or in lup ,"-icing "",1 sublevel caVill!> atter the ~~-ti"o
slices havo reached ltn elevation only tL ..hon distau"" 'wOVe the
haulage lewl and the capacity of the or" dmWi< is th<>,,,foI''' ..mn-U.
In the latter instance, tl,,, ("huu>~ must be kept empty so l,J"tt opcr,,-­
tiOllS will nul; bo '''tarded in the slices.

When ore is hauled to tl,,, mafl, in j,u'ge t,.~illS and the huist, i~
t'lxed to handle th~ ,'equired tonnage, shaft pockets of OJIlple capacity
m"~t be pl'ovided fol' ilt<>rage, "~)·tll,,t the trains 1I"')" be dump""­
qu.ickly and ti,e "mpty C01'5 returned to the stopes and .." that
hoisting will not be dela~'ed.

Fn)m the fo",going it ap)'o,,,," th ...t the £loping method may deu>l'­
mille the method of tramllllllg and the hoisting facilities needed and
aff"et the eost of haulage and hoisting.

FlU~"G """-TERrAL ~"" S111"'LIl'.s

1\'here eut_nnd_fill or square-ret-and-iill methods ar~ employed fill­
ing must be ayailable when and in 1.1,,, lUll.<>unts needed. In smne
inst",ll""_" ",,-ough wast,e may be proyid~'<l from ..orting in the stoVes
and from de"etopmcnl, h.,ailings in rode. Iu other imtances fillmg
from tJ'e"~ "om'""" may h",ve to be augm8nt."d by waste ,,,,,terial
from special w,..te £lup~<;, surface quarries, suriae,,· gJ.1l,Y8! pits, or
mill ta.ilings, '>1" it lnay h ...ve cn be mpplied entirely from sud, sourCes.
In deciditLg upon a filling method· of ..t"pin...., th.~'ofore, it is 00­
porbLnt t" considel' the !ivaiiable goUTe"" of liftiu!; matm"-al. Some­
times " SO\1I'C~ of ohoop filIiJ1g matedal may be readily av";hil,)",
but the, pI"Ocul'ement or filling m",im'ial ha" been a ""rjous pI"Ohl"ID
at som" mine,.

Wh"n filling is p""'ill"8d. from outside tho sli.pes it~ j~'~mjlortal.ioll

alid handling to and in Ill" stoP"S sometimes !ire problems, The
haul"W' of waste and on', throug:h the ""rna d,'ifts may eOjj,plicaffi
h",u)"ge .inoo, unl..", speoial provmion" are m"de, tramming of wootf!
may interfffi'e with tr"mming of ore and viee versa.

Hunilling timb"," lLwl ..upplios in conge'<t-ed l'lL"h,g~·vmys uHLy fur­
ther comphmd." underground tran.pul"lation 'm] hoisting. H ~ large
"nwunt of timber is require,] rlue to tho £loping method in use, it
may b" "oce""o,ry to pr,,\'id~ a ..pe,e.iai timoor ..haft, or a speci:al
timbe,' compa.rtment and eage in tho ",ai" hoi.'fting "haft, to avoid
deloy" aud cong:estion.

Ii4FETY, HEALTH, AND WELFAltE

The lnrg<J.'t single cause of Eeriou.s accidents ill lInM\'gl'ound metlll
minos has been f"lls of gl~mnd. l'rBve.nti"n of accidents from this
e.ame is possibie OJliy if th" si.oping method afforili adequate sup­
pm-t fo,. the grouncl and protection «1 tho workmen at tho working
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facs. TI,;S point wa~ stressed previously when it :wns.poinw(l,(jm
that the baSIC 'fador u, sele.ct.ing n. stopin". JIlethod is stope ,uPI'",t.
AccideJlt_p'""cntion woek does not cense, however, with the adc>ption
()f 1\ s"fo stoping .method, us "ccidenls rill. GCCUJ' with flJly .toping
method ume" "~fu pr~dic"s ":,-'9 employed. in eHITV det",il of the
work. KeverLbde,s, if tlle A'~~lel'J11 stoping method ,. not the safest',
"nato me in n. particular illi<!"ncB accident p''evcnl;;olJ is impossible,
no, m"tLer l,(jw much attelJ~j()n is ,given to (l"tilil~of pn,ct.icc.

H j~ no, within th~, ",'.n po of this ,paper to <Iise'''.s the safe!.,.-, heo1til,
llJld we]f,n-o of the-",,,,,k,,,",,. amI much that will O"~l1r to the reade"
0'" tl,,'~e >1,bjects will roJllilin"unSaid. Their impOl;tflJlCC I, r.e""g"i "cd,
by ull openton' lod",y, nnd it i, tl'ite to S"y that the, weifal'6 of the
workmen an<l t,l'ci, fowlie" dere,,(J;; upon safety ",wI h""lth· in thei,.
""cllpation. It lhercfOl;C is nec"""u'y in ""looting u st"ping method to
consider itsejj'ect on. the eafetv and health of the ,,,en,

The stoping methodm"y ~lr"<)t not only the ~ccident. rate but al",
tha mineT's' health. IT the .mining, metlJ<ld "nd details o,f pmctlce"
cnleil ""001' 'Ventilation at the woi'ki.ng f"c" the helll,h of the lllOll

win he lIDpai1'ed' b.,. work l:n "'i1' deli,'i,'!,t, in oxygel1, high in telllpeya­
tnre, laden with hnrmflll.grl.se' p'"i}tlueed by bl""ting, ""d carrYllli!:
lI. high duet ,munt. . '

Good w.ntjl"tion can be ()ht~ined with .,ny of I:h" pnncipal "toping
sygt.em~ bill; Cfln be pr(",id(il,.",{\r~. eo~ily wi,lL 'ome metho,l, thaf\.
,,'iU, Ot1001.'8. Open stop" ~I''' "',,ally "asy to ventil~te,and ordi"al'ily
nal:lJT'ul v"ntilatioll ie. ,dl"th",t i.'> r~q[]h'l',d, except pel'h",p, at great
depths below the ~ll1"f~"e. Shrinkage "1:"1'08, cut.aml·jill stopes, and
,;quare-,ot ~tope" olt,,,, Me 'not 'l'entilated as e",,'ily, us othen', hut
good ,'Ventilation c~" bo obtained by meon. of ,'" adequat~ mllnl:>cl'
of opening" large. enough to p~rITlit ~irculntion of nil' .fI'om the level
holow the.>'t<JjJe to the etope l'""e. uml .from the ,r.op" fMe to U,e le\'"1
.bove, .1' o,.c~a ventilation maJ' ."1.. mao}' not be ruq Il ',,,,,d.

In bloc.k caving'; \',cntilation,.lllll.t he snpl']j,"l ,to. the b""n,],,ry
.lll-jnlrage ~tOl'''s if ""el, .stopes ~u'" employ"d, to .the underclI,ting
level, ~.nd partJcuJad,. ·1:0 the W'lzzly level ".)\[l draw point.~ whe!'"
exce",iye dust oHe" is produ"",]. Suitable l<1'rfl.ngement.'. ell,n he
p1'o'l'i<1",l f01' Cil'c.ubl:ion of nil' in all these pla,,~', "nd forced' v"n,il~_
tion m";r- 01' m:ty Hot he requirud;

Slice, in .,mblevcl-r.",,,ing.. amI tc>p..,li"ing.llletho,i, aro pel'hn1''' the.
most ,Iifficult face".lo '-ontila!e. Fortutlat~ly these. method. have
fmm,I thei" gl'l'aJ.o,t applic~tion..whcre.th...minm are .compe.,·"tively
cool (except where tile mino" are' deep ~n(l "thick timber mat which
w'nera"," heat ho, ,e""'"nnl~ted) alld the ore Is d,""p ,an,l p.roduo""
c9mparntiwly litIJ" d",;t.. In "aved, "lice;; them is no direct 'mtkt
fl'Olrl the IaCB [".t,],,, lH€1 ahi)"{~ (\,. other SePfLraW r~tlll" for. the
air '''''Ding tn tlie face. antI f~n" may be "Hjuired tn blow "ir l:ntu
indiyidual f"ces.

SUllllrAllY

FrnITl the foregoing it is el·i,leTlI'. t.het altllougll, aftm' eomidera­
i,i"", "f safety "",1 hmdth of tll~ millers, support is ,l,e husic factor
i" ""lect-illg-" ,;toping metllnd ,th" ,importance of. meny "ther f""tol's
mum' 00 "onsider~d ~J\(l woi¥hed h~foj'e the best "",thod 01' mdhod,;;
for an ,- pfrl."ticnlar Orc ,kpOiat ~an, ,be determined. TheS!', ia"l<!r, are
int~miJ..wd "nrl rx""lncntl.v,Pi'esellt a COlllpl~", problem.

, ,
I
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IlISCUSSION OF DIFFERENTSTOPINGMETHODS WlTlI
EXAMPLES OF PRACTICE

The diff~"mtstoping methods and their Yll-eiati'>ll' can b~ described
",,,I di8cuSi<ed best by presenting examples e>{ practice, t<Jgether wj.th
"0,1; .and unit d"t~ obt"ined from achml mini,,,, o~mtiom.

Tn (,his.""ction each prin<';pal.toping llldhoJ'will bc d"",,~'ib"d, il­
lu.tratod, lW,l di",,,,,,"",l sepRr"tely, its inherent adv"ntal'ew ,md di,.
adl'anlflI5"S. win bo pOIllted out" olld ,,,m,,,pl€!; of practiCe and ,:tI,t
data win be giyell, with the mining eOIl,liticn" under whieh the
",ethotl i. applied,

OPEN S~OFlNG

The silllplest.form .'.f stoIW.is the. open stope, I;' wJ,jch the entire
oro. bi><lyi••.cltca:vated fl"e>m wall to wall alld from top to hottom
witho"t lc~"ing any pillars of ore,us "hown in figure 1 (p.5),
which depict, '", "mall, nelil"ly lmrizonlfll OI'e body with irrcgulaT OLJt·
lines. Tabula,' o!'e Lodi,,", diJlping at steep "ugl"" may be mined
Iron\ wall to. :wall and fl'o", bottom to top, but in sueh del'0,its the
ddnils or operation diff"r ,nIllcwh"t ,uHl are' not as ,implp a, in
flat <Iepo"it". 1<1 steep are bodi",;; stull, ",,<1 staging' mmt be in,I:i<lle-d
fn!' the Ill".!' to stlilld on. while d:61ling:. . -

In flattol', tabulae deposit, hancUing 0-' the b,'ol",n Ore i" all adde.d
p"nhlcIll, ,u"l "'JIlle- >upport m~y ha.ve to 1", ,uppli"d to the hanging
wal1, os a lu"!;"e are~ pI hallging wall may ~ ""posed. even thougf,
the o,.~ body IS tl,ill. Snelumpport may be suppli",rhy pill~r" or
,tull tllllbel'&

In .large, horizontolor fl~l.ly (lipping'. irreO"Ular d"posite whe!'"
pD.la'!," are left tQ support. the baob of til" "I,~)e. the ore i,. stopo<1
us in ,nLilll depo.its of the typc shown in jiglll,,,.l, eacJl~rea betwe"n
pill",'.'s being "quiyaIffilt tu a ffilallBingle stopc "imi!>.r· t<l I,hat shown
ln the figun'. Fig[jl'~ 3. (I" 8).• ill which the black areas "l'pre"""t
pillar", is a pJan of 8"d, ~ d"I""j,t showing th~ stopocl ,,,,,,,," wiU,
(.h~ ·houud,,".ic' of til(' nmJ,o,]y, and the pillaTi;.

Depo>its"dippillA: at angles ao low tl,"t. bl'Oke,n ore will not run by
gravity on the ,fool.wull aL,,·, pill'"") in this c~tegory. Often 'c\,,"cl"l>­
lllent and prepamtion for stc;ping in deposits 01 this type, mim,(] .Ly
opon-otope mc1hoc!" HC quite ,imple,: The outline;; of t·ho OJ'C hodie<
mually "''' "t l,,~,'·'padlv det€rmined by·drilliDO" or to,t. pitti!,g fl'om
the ,urfacc befol'o nn<lei'ground work i;; begn;, Rlld the,i,- clevelop­
ment requires merdy th" sinking oj' a.J,aft in or Ilear the on' to 1..1,,,
butto", of,the ore body and crns,,,ul,r,iug t,o r,h" Ol'e if tl,e ,haft is
ou[,ide th" nre' bOUllc!ari~., As soon a. the .ora ie p"n.tr~tec! a· ShOl'l.·
disbn"," otopi,,,, "'''\ be beAUn, 'alld 'further developtTlcnt i, ",u'ried
on si1llultmwo\l;]Y with tl LA ,t{Jping, or the orc eVCll may h" ,1eveloped
trom th~ Btupe face;; 'os I.hcy nrC' ·advanced. '

Whe,1t the ore i" 'llOt more thun 'uhout lZ to 14 feet thick it is
mw,lly ·eto!!cd out hmYl. top to bottom· in m,e ,lie" ai' bl'eaflt. ·In
thickel"01'" ,tis 'CUstO"'"TY j""t to tillre. out a· "lice or he"ding 7· OJ' 8
feet high diTectIv under the 1."1' of .the <>I'<l and then to bench OJ' etope
c!fJwn the Ol'e' belwl'"n tho· bol.tom o·f the heading .and the- bottom of

'""~'~'~'7----4



42 STOPlNG 1>lETllQDS AND OOSTE

the Om Or floor of t.he l~ve!. The heading is kept J1 short di"tllnec in
advance of the hOII"h or stope. Thi8 system;, termed ,. heading and
bonch" or "heading llJld "tepe" mining. Some stop"" have been
mined in this,mOJiller In a height or 200 feeL Wherldhe oro is of
medium thickness (14 to ~bout 2·0 fed) a· slice sometime" is breasted
out first along the bottom, t.hen the upper half of the or" i8 drilled
and bla.ted by ~tandjng on the pile of broken ore f,'om this hre""t.
The hefl<]ilJg and be."d, syBlcm is tlm most common method, however-.

WI,,,,, the ..oro is thin enough so that it, can be taken tra", fln,," to
roof in Olle elic" the "t<ope j, advanced b.v ,hilling "nd bhst,jng like
the heading ill the heading_and_bend, "y,l:~m.

Figure 12 show. ,dn[!lih of typic".] j'eacling-llJld-beneh stoping
pl'actice. Fign"" 12, A, ,hows st,ope or bench holes drilled flat from
the stope f"oe. This is the usual practice in the '£ri-State lead llJld
zinc district. whero t.he grmmd is seamed, vuggy, and fl'actured and
where flat holes are more easily ill,med "ml deaned than vertical
holes lUld fewer hole, are lost due to "luck ,tool.

Figure 12, B, ,how, .<tope o~ bench hole< drille,l JLelj~ly veI'ti,,".]
from flat benche" Thi" pmctic" i" typical of the SO\ltheus!; :Mi",ouri
lead di>trict.

~'i~ul''' 12, U, ,met\" ",,,tical hcnch holes wlteI'e the heuding is
dri""" ifl. step., Fig1ll'e 12, lJ, pic1ul"<), a "calling and stope in the
Tri-S!:ll,!.n Jclld ""d "inn district shown diagmmatically in figure
12 A.

"'here flat bonches are curried, no in figurc, 12·, B, and 12. 0, and
holes are drilled vertic-ally, muck blasted from the heading; \I·ill pile
up ()ll the, benches, and th& latter mu.t be cleaned "I, befoJ'e t.he
bench holc..~ nan he adle,]. Where t.he holes ~re (h'illed llS in figures
12, B, and 12, I), t.he STllitter hoI,," u""tlly enn be clrilled withont
mu"h cleJ1lling of the stope fo"" whil" th" muck is b"ing sllOveled OIl!;
from the lo~ o:!, the ,tope. The drilling .)"1:<~n to bo uscd, 110wcve~,
depend. pnnclpally upon th" way the ","oLmd drill. "nd hroal",
Uules.> the character of t.he jl:"ound i, ,""f,: lIm!; b",,,,h 1",],," ,,"c im"
prll"ticable they nsually are 'cheape1' to'<l~iI1, "f; h".nd·hcld plugg"'''
ean be u.ed and no ,Irill mounting; i" r"qoi~ed.

The h1'oken ore is loaded into car. ami hamIlled to ,I", .llllfL It
is loaded by hand shoveling, powe,' shovels, or p'owe~ .craper.. If
the -wnnage of oro broken by each stope l'Olmd Is small hand loading
may be L1l1' mOi<!; econom;,,~l md-hnd, in whid, c".~ lo~(l;ng tl'~elrs

mll,t be move,] 01.' lengthene,l fl'equenUy to ke~l' them do,e f-o Ih"
mllek pile. Figure 3 (1'. 8) shows the track layout in "' Tri·State
district. mine. ,

Where e:llough muck is broke:ll to. keel' a· loading mach;,," hu,y
POW(H' loading mually i, cheaper than hand loa,!ing, unh,,,, 1,,1001'
1S y<ory cl,"ap 0\' nnwh sorl.ing of wuste fl'om the ore i. roquimd.
If shovei-type loadern are employed the tracks must be kept close.
to the llllJek pit", and unle,. th" ,t"pe i. w-ry high UleY will 1lilYe
'0 he mov"d or le1l~ethened l,'equ",!-tly. If .c'·"peL's "'" omployed
tt-~c!mgc enly neNl 10" changed oe"",,,onally, as Uw ore can.be {lragged
oco"",,,ieally to a· emtralloading point from faces within a radius
of 150 to 200 -Ieel, or .ometim.. eomiderablv nLO,",'. First co,t· of
~crapillg e'luipltlent i" """lllv 01,ty une-hulf to one-fifth as great a"
that of shnvc! loaders, while powor J1lld lahor costs ai'S usually about
the .ume. The largest single item in scraping cost, aside from

,
i

"
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Tabor, is that of replacing dr-ng cables: "ther mainte.nance co,t, al'e
USHall;1' lower for ",taping c'luipmenc Ill ... for power cllo,ds. H?w_
ever, some operators prefer ·powor shovels lo .'CrnrOI"" fo1' ['he pal'beu­
Tar c<mditioJls under whleh 111cy opec~le •

...".~

",

ll&nd loading genexaJly has be'''' prefelTe'] in the Tri·Rta!~ dis­
t"]el" uW",ugh one of tl,c "",diost "c""pc" f",· lln<lerground work
in the United State.. wus dcvclc>pcd thure, ..:I.. high output per man
has always been obtained by hand loading, aml a" IImlLy uf I.ho mines
haw had ashortlifA the outlay for power loading equipment. has been
l")Tlsi,kr"d unj"..1fied. T" .orne of I:hc l''''gec an,] neWel' operations
of the distrido power loa.d~r5 01' scrap",,'s h"v", boon ill"taIled or the;"
inst".ll~tion is pIR""od, und witka reViYRI of mining morc med"",_
ionI lORding probnbly will be done in the future thun in tho paa.
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In t,he Southeu8t IIIi,,-,«mri leid dist,.icf; most nr thi'> lortilmg is
done by power ,hoveb, which are pl'etelTcd to SCl'aper~ in that
reg;"", At M""co~, Tenn" ""rILler" are .prc-furred tD powe,. shovel",
"nil very little hand loading is (one.

Where powe, loading is practiced cllicient 0}2!"-:atiun depe,ucla upon
adequate car sllpply and transl''''"wtion famhtle" 1:0 aVOId deh"y~

in ]O!UIillg:; large "ltra ",,(1 llIochanical hauL",,, are preferred.
Figure 13, Lt, .dellid,; an elect:L~c"l iI","cf lo"diIig tl'OlTI the toe

"f'R sl:ope in the T";-Sl>lw dish~ct and Iigllre 13, B, h,,,,d load..ing

ill the ,an", ,ji"triet. Note trw:" "allS" intD which LJlG "I'e i, 10OOe,).
ThesG cans lfOld only 1,200 pC>UJH]s of ore and al'e nul:.lllJ"g& enough
fol' thl' most. c",,~OmiC",lll"" of power loaders.

Fi(!Ul'B 1'.1;, A, shows a 8pecial type of electric ~hoyelloading .;"to
ca"o ll\ >1 stope in .~ "outh~"-~t Mi,souri mine, "I\d figw'" 14, B, II
"el'aper loading from heading an,l bench into cal" which are "ll"
1lllcler" lo,uling sIicle. The btter install"tian i" in a larg" tunnel,
lou!. IJw ;;arne method eQuid be a.pplied in atQping. 'l'h~ muck is
droggod frmlJ t.he hcading: over the edge of the bench and then
dl"agWd from the bottom OYCr the slide and into tho cars.

Fig,u'~ 15 showE a "c'""per dragging ore from a.stopc.:into!t mill­
hole at }fascot, 'renn. 'When .till> floor of t.he stope.,•. at tht\ eieva_·
Non of the haulage drift. the sam" equipment is ll5e'U" drag the ore
from the stop" to a loading slide,

NMrly all the:ol'e cl"posits of the 'l'ri_Slatt\ distTiet are ,in the
.Boone formation of lower Mississippian age. Thi. fOl'nmtion,
believed to have hee" ·or:iginaI1y a Jimes(o'ne, ha, .been dolomitize,l
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and silicifiod and i, now lImn" up uf lIat-lying beds of limestone,
dolomifAJ) mld cl'ort, nodule bed~, and ouo or more ,",lite bed"_ The
exploited part of the Boone formation has been divided into 16
disti'rct be,b, ranging from 4- to 55 fe"1; in thick"c"" of which 6
h""o provided the, principal ore-be"ring horiz",,", All of the ore
depoSlt.~ are relate,l to sl1'lwtural feutu..." ~,,(l occur in zones of
"~eal'ing, *att~l·jn!" lIJld 'br"cci~~n an.d where the,'c hn, been con­
",dernble 8il,c,IJcutlon of the orlgmal liu""tone. lIIost of them'Jie
wil,hin a hOl';'or, 200 D"lt thiel" ~Jt,houll:h "few high_grade but ,mall
(]cposits ~]<t<",,1 upwanl into the overlying Che,u,l' formation. They
occnr at ,h,dl"w depths, the holtom of the ,ore seldom heing over 350
feet h"low the surI"ea and US,,"Jty not over 300 feet. The top· of tho
f~vorahJc. formati'Hl usuall:l' is 95 t" 175 feet ·beIow the ,urface. The
ore beds rang" in thic1mefiS from 5 to 22 feet. Only pad, of thc boo
ma.;' contain Ol'e. The lateml boundaci"" of the ore bodies a.re vel'y
irreg~l"r. and the line of 'lcmarcation b"tween ore an<l ","ste may be
quite shn'rp; in '",my in,I,"nces, however, the tr"nsition from Ol:e to
waste i8 grudu,d. The height of the ore v",cies widely, and ;n,)i_
vi.luaI ora facos r=ge fj'om 1l 01' 8 to ne~t1r 100 feet in lleight.
St"pes 30 to 00 feet bigh are typ"c,,1 of tiLe dm.rid.. The "ce min­
"rals are ".phlll"rit", and gaIen", 'lOd the aVN'ligl) grack of ote mined
ill the di"I"'i& over '", period of "",-eral yMcs hu.s ],eCll around 4-%
peroCllt of md.allie zinc, with a "",allet· percentage uf lead.

The ore and wall" usually "1,,,ud well, except in rubbiy 01' bonIdel'Y
Rnd b",IJy fractured grouruJ, or "hetB the l'oof i" shaIy. Unsup­
pOl'ted spans of 30 \.0 6CI fed; >ll'e common in the stopes. Pillal's of
Ol'e M t,o CO fee'! in diameter ,utd 40 to 100 feet ",part fro," center to
center >ll'e left to Sllj>j>Ol't the roof in the wi.le,. deposil,(;. From 15
to as nmch a, 40 peroont uf the ol;a is len ill pillal':> on first mllling,
dependilJg "pon ti,e ""lure of the ground and tbG hei.ght <If the or'~

Ultimate "xf.raction u.;;uaIly l"an~es ?'om 80 '" no p';":cent, Many
of tho ",incs haYe bean rnlllH, "ncl mille, of 4DO 1:0 51:)0 NilS e~paeity

per day have been t,rpi,",1 of ,he distI~ct, Recently a numbel' of
much Iar~r mine, h,,'-e been de,-cioped. S"me mille" are equipl?ed
with "a"", but ioading i,:!to.can, of 1,200 pounfls ea.padL,,- and hoistillg;
the cans to the surface m Email shafts has been 3tanda.~d practi"e for
mfillY yc~rs.

'1'h" method of st"l'ing ~y the hmlding and otope-hol~, sy.stem has
been dCilcrlbed ul,'Cady, Figlll'eS 1, 3, 12, A, 12·; D, and 13 Illustrate
praetice in the Tri-State district. Mo"1; of the Ore is loaded by hand
llJld either 1> hllJld-trammcd to the ,haft or ha.nd·t,rammed lo a lay-bv,
whenee it is hauled to the shaft by mules o,·loeomotiYes. •

The ave.!·agro stoping: c,,~t at seven typical mines in thi" district,
take" from figuI"€~ l"elinrted 'for di:ffN'ent perioils from 1\1'.<7 to 1930,
inclusive, w"" $0.1i04 per ton. The distribution of sl;oping ooalli is ca­
tmu.t<,d as fcill<>ws,

0,,1 "''',.
Lobo" "'eahiog $0.144
Ltc"oc, Ioading "_______ .12ll
Suporvl"toll "_________________ . (l2(l

Oomp"'''e<l aif, drlll" "'ill"leel, "lid o1e llne"--- ._____ .102

fI,,, ,," too,
E,ploslvllS "... " '1(1. 10.
Power (t"r l'owec shovel'! _•• " .0(1,')

Total sropjng co,t..______ .W>



,
j
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At five of these mine.,'; the d&il;\' output li,'eraged 400 rous pe~ d,%
at One it was 725 tons l'e~ day, and at ",,,,the,· about 1,200 tons per
(I~y. The staping cost ranged from 45 to 55 cents pc" ton. '1'he basic
figure;; hom which these dnn,. WerB tillwn did not sop,,"ate the devel­
opment and stoping costs, ami the development ha" been estirn~ted 'llld
dedu<>wd .frorn the rota.! to rc"eh the above fignres, Hand tramming
was included with Inading in the original figures, "nd the aUthOl' has
<leduct"d 25 percent ,,1 the reporh"l lo"dmg coots arbil.!'"rily :1'01'
tJ"lltuming. The cu'ls given do not indude tmmming, hu.u L1ge, hoi"t_
ing, pmnping, and general charges and arc b"li,wed to approximate
adual stopin~ costs at typical mines "f the distl-iet from lOgy to
1930, inclusive. •

Wage ml,"" varied at different mines with tJ,,, ~Jling j}l"iee of ~in"
",mCeJltrates ana were af follows:

.OM 10
.33 to

MnohlIlc rlUlne"_" • ~4, 2~

Machine hclve1'" • , '" ~_ 7"
'L'camllM'S ""d m\\le ~,"'ors .. ._____ ~. W
Blli cl;:;'n,l~"- ,_.____ __ _ _ __ _ 4. ~~
Hul'lmou • '"__ ___ ~. 7"
LocomotiVe upm'at<..", .. _ __ ____ 1. 25
Locomutlvo ol'aliemOll_____ _ .. _.... 3_ 00
PowdeITll"u .; . , 4,00
-"""r tl1mme"' • ... __ _ 4, ()(J
'l'rnckmell •••• • __ __ 4, ~.
Sb""et "'J"""trll"l'-_•• ,
8h",,01 o~e'"to"" on oontnwl .. p'"cnn u__
Han~ 1MOO1" on oonlrooL .. •__do "_
IDmd 10a<I"" on c.outcnC\ .... po, 1 'l..--lO" ot'C__

tu f1, 75
to 4.2;;
tH 4_ {)Ll
10 U. {)Ll
to ,r;, 7,
tel ,,_00
to a 75
'" ".00
t" 4_ '"to 4,50

•. 00
.005
.14

"', 1 mlue, ~".,o,

"1 '"L"" $",00,"1.'"" 1,,,md, of ""'.

TI", p~oductivity "f 3tDpn l"bor at the O<)ven min"", me"~Il"ed in
mall-hoUl'" pBt' to.m, is shown in the following table. The figll!'cs in·
clude a !it,ll" deYe..!0I',nent work in WlllB inst~IlCeS, but the llJIll>Ullt is
so ,man that it do.-, not aJfed the ,toping figu",. seriomly.

_d~.m_

,,,,~ ill

,'"''""

L. •__

"--- ------------_.--,- ----------_.. --,-- .. _- ---------_ .. -,.-­,-_.
,----------" -

"'IT ~""5 ., '00 CM '".~ .~ "" .~ "'-,
'" .'" ."', "' '".~ -"" .,

:::: :':~:~:: I "' l'l.'
.~

" '" " "'0 _"l2 ",''.'" _W< ,"" -"" ".,
.~ "" ""', .,,' ", ,
-'"'.i. "' .., ,

.""' 1<.4------1

'A"''',,, _d ""u ""w'e'"""""",,,",, "d !"""",Ln" •."'_'A_", "~on" "d pow""",,,,,,' )"dLn, "U" '''ill'''''', 0,'"",
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'"

'C,"' "W..",,, ""0"»<->'''1'Tn 1,""(11n."'. " •• •__ 0 _ __ 40
In "'"po face' __" " ...,",._", BU_ 70

2 ,l.,-cl'og,.(h""di,,-"" "illl .row,,)______________________ OU
n Ho

e
._., . .,__ "~, 5

{ In hoadln""__________________________________ 30_.40
In .toP" (n'''' " __ ,.___ _ 8f>-100
..l."~C"g.,_ (l'''''''lDg. an<1 'lopo.)"_'"__________________ ij~

"'.>0_"________________________________ Uf. 2
fj Do_~ ._: ~__________________ ~r._7

7 lJu ~~_ _0,' 62. 2

Con""n;plinn of ~xpl,,"i,'o, at the different 'mines w,," ae fonoWs
(ehe jigIJr", include a smull amount ~f powder .!)un'unle,l ill
development work): p,,,,,,, p,',:M',,, J",," a"~ ,"',,', 01 ",,,,.,,,-, to"""'",n

1. (1) "_" .______ , U,7;1O
2 Amlllo"ra, 3~ p'~'ent c 1_ ~iJ5

~ Gcl~tin ,I.Vll'lllltC, 20 pel""nL . . 875
1 GolnUl< dyllftlll1l0, 30 IJO"O<'ll' .______________ _tffi4
" Ammo";,,, 40 porl'enL .. c___ __ 005
o GeJ)Wn ",llamite, ~O pcl~en'________________________ ,741
7 .illlmOlii", 40 ~""Ce"Lc .. . _. 1.-120

FLirthel' deL"ils of practices ancl cost, in the Tl"j_SL~fu district­
given iu inforinntion Cil'Clllal'S rle~lillg with ilLuividual mines'-",

In the SoutlWIl..'t Mi",,,)lll'i lead elistrict the om is mined in open
,topes hy the he",liJlg·""d_bench sygt&ll. The (ireS are fmmcl in
~edimenbl'}'ro"ksof )lliddle Cambrian age, chidly in n" Ron1l8t~i'""
lime.tolle, which C01],i." of ~b01,t 400 feet·of lll"!,flle,i~n lime,time,
SOme of which i, :!l-gill"c<Jous' und """"rbeelded Witll bye"s.of ,lark
gl'''J' and black shul". Th" Bo""el',ern' form"Jioh rests 'upon thll
P01'OU, La .Motte "and,[mle ,,:nd is e"pperl by·tbe·Llavi, <!HIlc, which
i, ,ilJOut 160 to 200 foot thick, Th~ ore-bearing 1\0(1" In'e Marlv
l]()l'izuntal, although I.l]~y (lip ·up to 20' local!:\'. {hlr'm', is the pri,;­
"ipal mineral, but. "t " few pl"""" enough "phalel'i(e OC"LJ1'S to -mf>k~
it pl'()Jitable t(} )','od,,""· bol.ll ·lead an,l zinn Co""elltr,,i,,-~. At ol;l'er
p!ac"" there is nn ~in" ill the ore, 'rile ore;' fmHld l'l.'ineip"lly iu
tho low",' JOO (>r 150 feet of th~ BOllllete,~'" lim,,'lone, ulthough it
"eWI'S at ym-ious hori"ons foom ·top to bottom of the formation. Tn
some phces the workahle hOl'izon, "l'e ~"pa]'ated by barl'en m' low"
,,"'frdn rod" u!ld aL o,hc,," the depoEits are workahle ow,' continuous
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lleights of .200 feet. The g"lcnlL Q"ou"e diEseminated through dolo­
mit!c limestone llJld shaly bcds t in horizontal _heets along bedding
phlles, in YLli(S and cavities, filling or lining lhc w~l1s of joints and
crevices, an,j as aggl'e",,,,,,te,., of cubes ill channel> and joints, The Ol'eB
average "bout 3¥2 l",rc,mt, lead, although some are mneh rid,er.

The OO'C ]Yo,ji!).> a.l'e. ll'J.'eglllap ill plan llJld elevat,ion. Fig,,,,, 1~

shows a plan of a partin" of tI,C working" in one of the mines and
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figure 1'/ er''''" seetic.ns cd the ""me ·working;;. ,st<>pini( wldth..~ l'an~
from a hw feet along 30me of the uEper, Il",ITnw fCIl,d."1'e" to ""wJ.'al
hundred foot. SOlLIa of the Ol'" bodle" are 700 or 800 fccot w,de and
J)~()O fed IOllg. T:, some p"rt;; of tho (]i"tl~rt the ore bodies Rro
almost contmUQUS fur "evcral nul'B.

The formation YaTi"" eon,i,Jc,·"bly in ,trength iu different local,"
ti"", ~nd different sections of the s'une mine but ,>ll the whole is verV
strong, "nd the.l'oo£ ofWn win stund oyer spaIlS of 100 feet between
villars, Rlthough the lliURI B]J,m is i() to eo feet, The wallE are of
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the Sllme ch""""ter as the ore, and the ore-lwari"g areas l'a&S lat"r~lly

into barren rocl<, in some 1'1",,<,,< abn11'tly "no] in oth""5 gradulllly.
[,,!-'egulnr, ro~gilly cir~u.l"r rill""' are used to '~l'por~ the roof in
wlde ore bo,he,s. Ind"'ldll~ stoP" face" range hom ., tD 200 fed
or more ill height, At pre"'nt most. of th~ I''',uuction come" hom
depths of Ie'" than 750 £"eL
Th~ Drc" is .tDped as prevloll"ly de'cribod ])}' dl~vlng [[. heading

,mder the I."p of the ore "11<1 benching tlw otoile fnce down to th"
level. (See lig. 12, B.) The stoP" is bl'easted out. 1,1," full width be­
';"'&lm pillm" and ",he,n the face r.,u.eh.~ '" pilbr H"~ the pillars
al'", "turned'\ "' shown, branch 51:01'"" heing driven to right ane!
left. hdween pill"rs. '

At No.8 mine of the St. Louis Smelting & Refurin~ Co.," tl",
ground is strong but, b.-euk;; well llJld is drilled by one-mllJl, wet,
jackhammer-typ" ,h~ns. Thu headulg is carried G to) 8 feet high
directly under the top of tho ore. At'this mine tho "WI'age height
of the 'ore is "hout 20 feet, the maximnm being 35 f"ct. Uole.< are
d,~Jled ± to 18 fcet de,ep, starHng with 11 l%-ga~e bit and decrcu"ing
one_eighth inch for e,,"l, 3_foot chango in steel.. Stope, holo" carry
3 tD 5 feet. of bnrden and (,,'e, blasted with 3"-p''I'"""i, gelatin powder.
CompaT'itivelj' Ettle b!ookholi"g Is nece;;"""'Y, a;; the ore brm,h well.
An entir~ eye e----drilling, blvstmg, und mncking_is ""';"1'1<>1.",1 L'ach
working shin, Efrch tommge conl,met"r i. allotte'l a !'tope awl i"
respo""ible for the 'a.fety of the roof and pill"l'. thm'ein; no roof
trimmc!'" ~J'e employed, e"cept nnder unusual "onditi"'L". Tlln com·
pany flll'ni,he., all 8npplics and "qnipment necessary, a"d the ddllel'
load, and llee' hi' own holes an'] i. paicl a Etipnhted \,ri"" J)(\1' tun
of rod, bI'oken which vaTies ,,~th th" height of thc$topc. nnt.h hand
shovelel'" aud power-shcvel OpCI',,[.oI" work in pairs on ,. (,,,,nage
basis. At, this min" the ore i5 10"de.<1 dil'ect int" either 1- cr 2·_mn
cam and h"uled to iliA Bha.ft by tl'olley lOCClmotives. A mechanical
!"ad"r (flg. 14, A) i8 med ,for lORdin~ whel'e, t.he tOllllag:e wai'rants
its [we. Ail,,"(, 12 perc":llt of the on '" lefl; in t.h" mine In the form
of pilhI".

In lU28, 1~8·,08f) t~\llR of orc were mined at 1\0. 8 mine from open
smp"s. Direet stnl"n" cost, (e"elnding i.rRmming, 11<>isting, pump­
ing, and gCllera! minelnaintonan~e) for t.l"l(. ye",: wcre 'os foll"ws :

~OD"'''""''I"",!n_
L~~",,"

Lot,,,__
,"[,,,,;"~n_.

E,,"k~=. _. __ .. . . ...
,-ow« .. ......
M"t","" ",., .,,"pLLos._

",,,,,-.

SO.I'19 IQ2lUl $0.0110 ,,".""
, "" ,OJ" ~~

'" "'"= .""'" ""~ .m" ."''" , """
, 0101 .,," I .,," ,""
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Base raks of pay for ",,,'iOll' occupations in 1928 were '" fol1<lws:

R,t. "",. R"'"l'.
Oc""pati<m: ,.no"r,""'1 Occupation-CUll!.;''''''')'' ,.,,",'" ""

Sl,lf, bo", ' 81i.-Or. Ha"d ,h,,,"ol", {minimum,
A"i,l"nt ,l\!lt """________ .,. «0 IS 'em,) __ ._,._. •__ $5, 00
Mechanioal_,hoTOl HP"''''tu.'. O. 80 Ge"e""lllD(\o"'gr.mnJ labo!". 5. O~
COmp"Dl' ()l'ille" _.__• n, or;

The rate of $5.'80 f(OT' ,1""l'e1 opento,'s ",p1'lio<1 only whe-ll m"ehani.
ca1. loading c-<lnili!..-ions we:"e ve1'y adyerse. Th~ ,Opal'atOl'" "",,ally
''6'.'oiYo,l 8 cents pOl' ,ton, ,,,,(1, if their .al'ning:> ""cyeded' S80 pe~' wcek
l,a]f Ute ""ce," wa" l'etuJ'ned to U", [,ompany. Conl:l,wt hand shO\'_
"l"J'H receil'ed $5 for loarlin" 21 ton" $;;.55 for !na<1ing 22 tnns, and
$028 for euch additional t/~, oyor '?'?: tons. All br""l<in:; wa, donc
on COlllrlWt. E"oh tmlllage contl'ilcto'p was 'gnni;anteed (!to e,!mp''''y
ml;5 of $5.051'"": "l,ifl;. Forstopes.s feet 01" Ie," in l",igllt the price
wus 14 cent, per ton bl"oken,fo1' .top"" 8 to 20 feet high 13 ,'ents, an,l
for stoP"" HI01" thon 20 feet lOY2 c",nts. ,The"!" mte. >ll'plied wl:"re
the ore wo.;; loadod by han<l; Wl"'ll the 9,'e, was taade<1 by ","nhame"1
ffiUl'el tIL" rute wa.,l ,.""tlc"" ):\reakillg Rlld 10a<1u;g ",,,re paid
101' accoT'dinp; to actnal llnr]""grolllld ge"le :Yeight" "nrl not by cal'
nniL,. ,"

The llvemA'" ,,,,,n.hom> pel' tOll ill' breaking ill "t,opes, includillg a
lit,I..1.e labor in ,]j'jftillg,'dm~ng 192H' was 0.122, repT'c""Iltill!' 65.5 tons
per man-shut. Th" n""n·hour pel' ton in loadu,,, was 0.319, cquiva_
1m, I', to 9li ton~ peT m~n-;;hifL 'The t,oj',nl mfin.h,,'ir ot 8IDP" labor per
'ton was 0.4041' (18.1 (lms pur m~n~.,hift). The cOllsmuptiw of "xpIo_
sly@; 'ayern.gerl 0.5~1; ponnd p"I' ton broken; tl'ree--qua1't'"~'Swas a bnlk
dVll~IJliL'," (170 stick, rer 50-pound box), anrl onc_quarter was
,.eg"T~T 35-per,,""t ge"'trn dynamite.

Tho, pru"ti"e at another mine.in Ow SoutJ'ea'8t Mis""uri lead ,lj,.
hid has been dcsc~~bod by J'~rJ,,()u." ,Figu'e" 16 aIld '17 show p,n'li<
of the lJ1 ine worliing:>. The thidrne,g of OT'C rangeg from, '7 to oyel' 200
l'e"t, bul.- in 1929 no acti,-c ;topes ,\'erc over .35, ti, 40 fi",t. high. Tn a,
r':i\'en arell- the ore m~y occur at ""verill oYerlapping horizon<' (fig.
17) Or be confined (0 1 ()C 2. In 80m" places pilL",," arc o"er lOll fn<.t
&part,'while in other pbc,," t.l,o chal'acler of the ground make, it
necess~,'}' to limit Sr"n~ to 17 or 18 feet; the average spacin~ is ~o

feet in tile, d",u', Sllaly layers tend to "I>ld, npon. exposure; a,,<1
vert,ieal channel", slips. ,and 'joinls congtil,ute ,othel' 'Ull!"C"S of weak.
ne,S in both the ora and l'(Juf of slope", Where tILe ore oceur" ~t
mo,.e, tT,an one hOl~zon ~nd whe", "lopc. at yarious levels OO"'e under
0" ("'{H' those aboye or bolow the pillars are HLntehed to cOme under
"" oYl'r the pilla". ~h"ve or below.

The ruck (h~lls e".,ily and i" 'Illite uniform in l.e.xLIJn', ".nd 80 to
100 f~et of hole is a fai,' aYcragc fc"I,~g" per machine shift, Most
of thH ,h~1ling i~ do"" with lii(ht hammer clrilk Fo1' drilling fiat
'or "j,wa-1"Cl-polllt:'d l]()le" the dl'ill" are equipl'oo with f'''"ulllatic
f"cd GgS, and fo1' "top" .ond o(bel' down-hoi<" and fnr d1'illing liftm'.<
the)' are hand_helr], "Vher.·. the ore is J]"t oyor 9 nr 10 feel', !l,id,
-it is b1'east,,<l Ollt the full lwighl In thicker ore". h""ding: 7 or 8
f"et high is bl'cllsted ont'immediately under the t"p of the orc in

w " ..k,"", '-""'" F.. 'j"~,,,,",, '''oL''" D'",c'mLn,',d 1-"011 O,...t. "',,' In tbe ",un,.,"", M',,""" DJ"","', lnf. ClI'" """. BII',"" ,,' "'''c'', 1020, 21 W'
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"dvanceof the slope, (See fig. 1B,) In the headiug thee holes
lLl" dl~l!.a<l abov" cadl ot!,,,r,. but the middle or brea6t· 1",1", i<,c]r'illed
with about 6 inches les.;; burdon than the back hole lIn,l liItel', The
burden usually is 3 to 4 fo,,1., Tbese holes a"',, ,hilled 8 t" 10 foot
deep, ,,"eJl.'iionaJ.ly dcoper. Inturning a pill".. the hole, arB n~.v"r

,hillod toward thB pill""' but·(l.re drilled t,"TlIt,mtiallv, as shown "t
X-X (flU", 18) to av"ict sh"ttercin;; it, Aft"" a roll'" l~ fullv "poned
U8UiJ..ly 2 and ",?Jlletim,~. 3 headmg>' are III OD~':"t,i,,": O"e d~~lJar
works in "lWh h~llding and the sb>pc 01' "bluff" b"hJntl. 'Jt, Stope
hol"" aI;" drilled :1 h) 4 f""t b"~k from the face lind "1'"",,,1 6 to 8
feet ap,,,i, Tbo,e ddn"d {"om the flnor ,,[' th" he"c1ing an' 6 aml
those ill the low"l' IWJwb,," 10 feet dc~l" In a h"oding or low .wpe

."­,

""..""""" ''''"'~ ,,~,",,,,,,,,,,,,,,,,,-,~

.,..",,-"'""

."

."

'" dr.iller llffUally ;w.ill bre~k nhout. 30 tDnS pe..l' .hirt ·"nd_more. iiI
high,,,' stope", '.In "'l)l"ll'''· miniilg gO to 12(} tOllli per ,hift "re
COlliHlon, An ayem!'e' ,hilt's :work'consisi:« of about 12 hol"", or
80.to 100 feet of drillillg... The dI~ller.s.work on contract and are
p~id a. stipulate,1 pric" pa' 'ton' broken, us "''''llilll",d by t,he numb,,,'
of c"l'~ of. 2'12 -tOllS C!'1""dty.loaded out. In J<>w st"pe~ and ha1'd
gl,,\mo1, -the .price llL1929 ·wa,· 16 to 1B eents per tm" ill stopes of
medium height 12 cents, .nn<l in very high "top"" "s hw "" R ",,"ts,

In (I~vc!opm"nb wOJ'k alid stoP"" where not enough OTe ,",11 -he
broken,·to Jrnep a m"cl"mi!.'~1 loader' bU3y the ore i. hand-loaded,
The usual task 01' !'.score." for' .(],_ lalld load"r is 211 I."''', This w""
IS 1.""']('e,d "'h"" lo~ding is .difficult or wlLen I.here .is a 101lg tmm
to thti ".1001'''' or.·.sieling, \IechnnieaI loac1C1's ~1'~ of the slonyc! m"
dipper. :tvpe, "I'~ mount.ed 'ori e~l"rpillar traction, "nd hO"l'e a' full
360' ,;wInO'. The .s1,ovel 'operato,"ll'Onsf"l's his'- own OJ"''>; to the
loop and is paid' foe loading umler a bonns ,,)-stem whffi'eby he·
1'o""i,,", a regular Wllge i'm" ~ given taBk or scoJ'e ·f11lrl 11 bonus for



54 RcrorlNG ~IJ;TIIOPB AND COSTS

Wnn~g:o III exc",," ()f this. The LL!<U"j score i. ·1.2 CFLl'S "f 2~2 to"s
each, but this is varied to .uit cOlLditiollS -,.",1 l1lngcs from 28 to 48
,~,

This mine is onO of th" "Ide,," in th" di,.:-rict, and much c>f the
Or~ ""mes from cxt,onsions nf old stopes awj areas, which were too'
low gr,o.de to work in earll"r duys. CUlTCnt workinglJ must ba
plm,ncd t<> jit tho old wOl'kings and' new pinal'S to" ,,,~tch" earlier
unCi;, and the work is ""littered. Lahm- perlOlnlanee in .I:opes, as
measureu- in JllilJl_houl"'~ l'or ton during an avc,,,,go month in 1929,
was as follows:

B''''.'n' ... __
1.00<1"', '"'''><1)'. __ ... __
L",dlll, ""'"'mnJo.'!' _
L••,,", IhODd 00" "''''''''';'''U' ... _
"""'m'" (nEwm=, ...

"'0"" . _

The r.o""umptio:ll of rxp!oslw., in stope" for the saUle period was
0.i59 pound af iO-pm'ce"t omlllo"ia gel<Jtin por tOll of ore broken.
J1fechaui"alloadiug "cquired 0.2 !<w._hl'. p,,,. tOll of Ol'e n"d air rOm_
pre>'Sion 3.7 kw."lll'. por ton,

A unique feature of thn practicn in this mine and o,l,cr menos
of the ,]ist"ict i;; the U,n of ;;cafrold;; suspmlde,j from til" roof froHl
which the had. ma~' be lnSl?ccted an(l (,rimmed 0",1 t<',t holos drilled
in the roof. Dd"ds of tIlls f,,,,turo arc given in Btl,e"" of Mine,
Information ei,,,,,l.,, u170.

At :M"s"ot, Tenn., ~inc ore aVffi·"ging 2.9 pel·o,,,,t. zinc (liHg) is
mined by a mi1Il1Ole \'",l.t.ion of the hend~.aud.bonch system.
The ore botly Ims au aYM"gc diP. of "bout 20 , is wide and lOllg,
and ranges from a· few feot to 150 fuet in thickn"s,. It occurs ill "
dolomitic limestone. The ore miMral is ,pl,,\lerite of exceptional
purit.y, which or.mll'S aq seams Rnd veinlets with "econda,,"\, dolomite,
~nd cementing p~lticles of brecciated limestone. The. mill~raji"ed
ground oI'(jin"I'ily will not stalld long' ovm' wide ".I"'''s without "lJ p.
port, where,," the unmin"mjize<l ruck comprising the roof aud walls
of the stDpes often will .1."",] nImmO:. inddlni.tely ovor 'p~l1" of 100
feet. or mol'''. Locally, <w,.msiol1al thin shale pa'rtingl;' betwccn beds
so wMh" the w'onn,f as to caum it to faU; hut. su{'.h parlings are
not <:ommOll. 1VilC11 thev o()C", neal' the top of the ore the ilL"Cellre
ground i;; uS11ally I",ken down, l(.nd some st\"Ollg.ov"rlying bod is
can'ied as a "oo( The stoping practice ha. beel!, described by Coy."

The mine i, ,je"cloped by ""l'lticaJ shaft el~ feet deel', and stopes
are being mined both abo,"~ und below the sh"Ji; level, which is at
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,,,
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~2(} reeL The om bl,lml' t,he shaft level ie de,vo!Ol'od bv .topes. In
the orrlinal'Y headillg_,,,,,]·beneh 8t<1l'ing 'J'.I,orn indi'vidllal stope
units are. ad"allCed in one ciil'eetlon. III the millholo '-ariation of
t,],l~ "y,-tem a raise j, [HIt 'up to
th" top of the ore, a heading 1
feet high is ,,'hanr.ed illlm~"]i_

ately under the. bed ,"!""ted' fot
the roof of th~ stope, and tllis
h<:'nding spread. out in an dirac_
l,joTIS from ll,e rOll"". The ori'
then is benchN down by Ullder­
ham! ,w1'1DO" around the raise,
forming a tLlnnel.shaped stDpe.
The (Ire l~lllS by gravity to the
hott"m of the Tai;", when"c it 1"
drawn off through chut"" into
Cal'S. 'rhe headings [U'() f~'n"cd
Qut until they read, l,ilI",," Ii",,,,
an,l the benchinro; conti"uo., until
llLH "lope of 0,,, "·fun"d" or
millho1e sid,,,, is flatter thflJl the
a:ngle of repo.;;e of the: broken
O1"e (about 45"). 'l'he stope COll_
tum"s to widen until it meets
the next stope between th" pil.
br" awl tI'e [wo]",,, ore is
drag..",.1 r,o 1.1'0 mHlholcs !oJ.
powcc "c"".pors. .As IIlllCh US
100,000 tom; is wmdim,,,, minecl
to n. singl" miilhok Pili~r6 are
,,<}ughJy dC"!JJar 'in erosS sedion
lUl.d prol,,)1-I,'o"er] to the ehRr""­
rm- of thB ground anti height of
th" "'".

Ordinarily they are 25 l<) ~o

feet in diameter, and the stope,
botween ne" 40 to 60 feet wide.
Figllm 1~ "hmv" the develop­
ment.. of t.ne miniIlg 1'ToOOS8e5
di~g:rntnrnal,ie"jJy, Ash ow s
j'I'()sp"d,ing <It Jow elovations by
(TOS,eut~ und diamond driiling;
11, ,,,,blewl oporation" employ"]
U1 earlior day" of the mine. 'lor
cleanin~ up ",ell ore"" remained
h"tw.~", h"uh{,,'CwnTs a.fter the
toe of .·n open stope had 1"eaehed
the feot-wan; 0, '" st<>pe <>pened
up from a crosscut pag,,':ing throngh the 'we houl'; J), ,lushi,,!, or" to
a ",i1lhQle after ,he OOl1hol" silk" huve 1"Mchect the angle of ropooo
of brokeu orB; 'E, millh(}!e (}pera.tieng befere sluehin;:: become", neces­
'iil'.l'; F, "l",hing in thin are considerably above the h"'lll~ge level;
aIld rJ, miliholing a thick (}re body "onsider~bly abov~ the 'ha"lag.,
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hive!. Tho lll.8thocl emplo)·ed at, this mine is .l'articuhrly adapted to a
hl'ge, rather thick deposit in which the or,...tself does not neoo,sarily
,tand· welllllliffipportcd but which hus a VeTV firm and strong roof,

Figure 12·, U, ilimtmtes the method of drivin~ headings und cnt­
ting the benche" "I; Ma,oot. Headin~ holes are.6 to lO·:feet deep and
banch hole, ""ldom O\'e,' 10 f""t. Thirty-percent ·gelatin. 'dynamite
is """J. in :;hootin" all hol~_".

Xo ""sene of u,'ok"n Oi'e is "tOl'eu in the ~t<Jpe;; 01' ltullh()les, and
any ore that lImy be left in the~n at the e"u' of th~ da.y.mft llidrawn
oj[' nn WIG following nighl,. "hiit. The workin~ fac"" mTIft he. un_
cnvB,,,,d each day for in~pectiOll, to maintain, the gm,Je. of the or,e
brokml.

In 198H eo,,"i(le"Jt!>le hand l"adiI12 still wus ,lnne in,·sl"pe., opened
out, f,'om tho leveJ~, but tmlay (19a:l). "ery litl;Jc hund loading. i" ,Jone
illl;h" ,t"jles, and thi" is C(lIlfined to "m:LJI t"nnage" in e:t"'Ul-tlp work.
Yirl,,,,,lly >dl "f th" ore is loaded from chutes "1' b1 '",,,'ar""'>;, and
"''''''VOl>; ,,:,'c used In tll" "Lo]les to <11"1"15, the orc to .'"mh"le" whell
it w,JI not run by gn'Y!I,y. S(T"PCr h~I~l.s "Te. driven eJed.I"i"ally by
g5-hp. dircct-e.ulTent l[lQtu.rs, ~nd "l:e·shnped ma-ng~m.sc-"t""l

""nLp"", wi!.h reel'h, G feet wide, 21 inches high,. and weighing 1,7~O

ponn(ls, nrc cmI'JoYl'd. Impwymncnts,in sera-ping VrReti"e, ha"c
made itpossible to scra·p" or" from 2 or;>' stope;; to l[. smgle miUhole,
thu& reduci:lll' the number of long ra,ise, through rock t(]o reach. the
h(]o[toms of the. stopes. are is sCraped in· one. plaCe '" di&tance of
450 feet, and the average scraping d.istance i" about 175 feet.

O,'e is hl'okBn Olld loaded by contract. The "t<Jpe oontractol' brel\b
Olld delivers the ore into cars at a "tipulated.l':ric~.pe,. ton; the com_
pany furuisl,es drills, swel, and powm".anJ. th~ QOllu'ad"r fU1~lishe"

the labol' nnd I;'~Y5 for the explosives, Slu,hllli': ·contr~ct~ cover
breaking, clrag!,:mg, and "hute pulling at,.,!, .8tipulated price pel' [(In.

, From December 27, 1928 t<J October 3D! 1929, thLs mille ]lroduced
528,u20 tons of ore; 1u.81 P"ru~"t of this was loaded by. hand on
contT"ct.. 3.01 pCl'''''nt lw b"nd Oil mmpany aewunt, 15.21 percent
from mlUholM on co,,[mel;, a"d 1.()4 pc",,",n!.. from miJlhole;; (]on
"oml'~IlY ,,"m'l"C, St()ping: "o.ts f"r I.hi" l'"dod ~i" us follc>ws:

~'1'!j>i1l" •.'."1,1, 1[",","" '1'"""., l!'~O
1," 00" _
Comp"",<l air. d"ill" and .tee' ." __ .__ . _
JD~plo'ivCS_ ~ _
mILer so I 'pIi.,;; , _

$0_.180

'".04<1
.~

To!.1 " "" _ _ _222

Labu,. perform""c", a, ',,,,,,,,u!'e,] in .mall_hour, .per t()n, WJl~ us
Joll"w",

Delll'" ,00.b'",ID, , ,
'",,,,,,,,,"'-- ---- ----.--
""~''"''''''","pID, __ .._ .

Too" "'"'9-,.""
m""~",,,,

,",1
''In.'
,", ,

~',,,, ------ ------ ---"---- ------- ------- ------- -_c· ------ ----- I
c """ puu,", uo' J,_N"."'_

..,lO
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At a hard-ore mine. 011 the. iliarquott" rrlJlge in Miohi~an" 1]10
ore is mined III open SWP~" sepamted by l'egular 1';1h1O, form.Lng;.'"
c.beckel'board stop~-".Jl{l-pillal' pattern. HeTe t,he dev,""()prmmt '"
n"t a~ simple as in the examples just given.

'1'he ore occur, in aJl irregular, badly folileil, and fanlt"d heel ni
ii'Oll fOrllJalion, ...:ng'ing in lhick,,,,", fl'om a few to 100 re"", wiLh
,m ,wer"!,:" tJlickl\!C," of ~o L·U :-\Il fed', llL the Jill'gel" ore boclies (fig.
~.O, A Jlwl B). It ,is ondain bX 'lu".rl.d.c "nil "hllA\, and the foot­
W>1n. i .• ju.,pCl' and altered clionle. TJI~ dip of 1.1", Oi'e is variable
but in g""cI'al is too low for tho "TO [0 T'Un b.1' gl'avity 011 the
footwall.

The capping over the ore bod.y must be peri'rutnell,l;]y ~\lpp(jrl;e(l

hecause the f0l1n"tion j, overlain by 50 to 100 fec~ of qnicks,m(l
"",l ho"an,,, tho oro exu,nili long distanco, nndor the husinms se''''
Gon of a town.

'TIll, (H'C is", ):taru\high-g,.,,,k, spe,cuill," I,eTl"d:it<, which is tough
awl h'1T'(l t,o (I",n.. t "I;~n,l< well "wI ']0'" nOL slack on Hl'Dimre
to tho air. Soam~ of rod, :L 01.·~· i""h"., 1.0 '[ 01' 2 f(,,·,' thick "rUell
O""lll" in the orc n.nd 11111S1; be sorl.c(1 '"" b)" k,nd lJll<Je,"gl"ound. TIH\
hanging wall, which in most placcs j, "' ~I"l.e, slud," when "xp",c,I
1.<> the, air; therefore,. a small anlount of on' is kfl. W p",I."ct it
wI"""""",· 1)()",ible. Overlying the sillte, wmch ,eldolll is ov..' 15
,,'Ct, thid, and lJ"llful)" much Ie", is a strong, har,I qn~rtzit" whi"h
form, "n exrA'U""t ""I'l'ing OYel' the stopes. Di,pbeenient or th"
ore bodies bl f'J.<Jlting anu their il'regLllo" Bite have, fllll,d" it im·
pos.sible to b oik Ollt brge OL'e bodi,,, for milling. Flexibjlit,y in
BtOjling metharj is r"qui",,) to permit foUow ill" tbe oro.

\I'here the thiclrne," of tl,,, 01'0 wjll [!'.','",;I:, room, 2·5 feet wide
by ~." 1',,01', ILig-I, aI''' ,hiven by hl'e"st or headinll;-:m,l.belJ"h ,t0l'ing,
and fI(]or.,_~,' f"ct HLid, am ldt between It,vels, ""copt 011 the "I'pet"
kvnls wh"n' Ih,y ",re only 15 feet [.],lek. Pilh,'" b"lwc,LHl I:h.. stoP""
"n Q5 Ied. "gHar",. Abollt 72 peTcent of tlw Or" is extl'ude<l fl'um
tile. orc bo(]je,; the bala.nco i, tied up ilJ pill""s.

'TI", mOlTlS (l,re ,,,lvaneed b.)' eOlTyulA' ~ he~,ling out, 'r no- 8 1".',1;
llil-'h ""a~, wide ~s lhe ,tDpe, 10 feet "head D1 the bench (lig, 20, 0),
wllit:h is bhn up aftl\Pward by liftUlg' hoI,," rlrillt.d hmi~()j]l"lly.

'The h""diJlg ""I. i, dri"en by ti'e use of &lnbbi:tw hoh~" "w] wl,en"e"
p(H<ihlc ,,,h',,nt,,ge i, I.a],,,n of &lips. When the h"".,liJ1g." ,,"1, js f",
enollg-h "hlOad the face IS dril!"(j Il-g"in blLt not, hl:de,d, alld the
bench i• .,]""""d oIl'. LiltiJlg hole, S to 10 f"et de,,1' at'" drilled 5
or 6 1'cd "pal" jn hOL~zont,,1 "'J\"" "jUL " bunle" ,>f "bant 5 feet.
The wholo breast t.hen is J,h,l:"d ,," o"e Lime. Sjnc~ the bottom
llOlM do 1l0t ext,,:nd in as far as thQ"~ ~bove a toe is left a, a "I:art
ro,' " llCW b,meb, ,mel the .broken O1'e lie~ 011 ilii~ to" in a pilo l1igh
enough to' allow th". minel" In l'ea"h tI,e ])""k "ol1ve,ni~nt,ly. The
],o.ok "",I breast th"" al'C I',]'irnmcd, "nd drilling faT the next eut iH
begom. This SyECeIll hag rna",\' ach-anh,go>;; it f""ilitates trimming
the bad" alway, leaves. a be:neh or pile of bl'oken ore 1M I.bc miner.
to "Ln,r"] Oll, and provide, a fairly eominuollli '"pp[y of bl'Olre" ora.

" ":"'0 ", 1,r""", .\1 ""''' ,,," ",,' "' '" "'n" H.m' "poe"],,. H"" <""~ "" "" ''"OJ'''Lt.R;"q;" II .bi""., Inf, Ch'c, "'30, B",,"" 0' Minc" '"'V, '" "0,

",,""'-"~,
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lVhen the ore do,,-, nol, erlencl up to the, nexl. level the stope must.
be finished b,Y h~d, s(..ping. A. stage is built, of ladders and 3_mch
planks, and fro", it '''. many holes as po;;siblc are drillel! in the
back The hoi,," .re charged, tila ~t"gc is lorn down, and the holes
are then firod. Th~ 81""" "gain is e,ect",l on top or the broken
ore, and tho operation jg repeatt,d unt,il the. pile of broken or:c is
leigh enough to reach the btl,d, wil.J,uut staging. The ,tor" i~ "un­
jjll"",j 1.0 the top of the 01''' ",nd th,,:n is advanteL! ](mgrtudinally
OV"l' j,he dop~ bel"w, uJ'"al,;ng the ore down loy hOT'i""nbl holes
dT'i1leil in row", tki3e hal"" oft~n c~rry " 6.'fooL burden. ShO'l'eler.
begin al; ti,e ",,,I ,of the pile of brokell '''''e lInd'loa,l it out, followiIlg
up the mining ahead of tlwm.

Tn mining J100r pillars, practi<>-e in 1~29 was '0 WOl'k 011 a sllblcvel
inste"d of mininil: til<' ,,"til'a 25 fect and dropping tho ore to the
level below. (S"e Hg. 2·0, D.) ..i raise was put up,,,. dll,te in,tlliled,
and the ore arO~Jl(] the noise milled into it to ". depth of 18 feet.
When the me no lo"gI'-r would 1"illl into the chute hy gra"l'itv it w""'
shoveled by hah,1 at first, "nd aft." the sLope had been ,,'i,lene<l
out i& Wfl" dmgged by scraper.. A.~ the footw"n i~ Jlat the on\
woul<l haY~ to be rehandled seveL,,,1 throes if it were ;;hoveled hy 1m",!.
R"iSf',_ u~,,"lll' were about lDD fed, "'1'",:-1:. Olld the fe-raper l'ould
"""el, 50 feet" in either di,."ctiofl fl"<lm. t.he clmte M,ily. Wh~Tl all
tho oro had been milled dowu 1.<> til<' :floor of the ;mblevel tl,c rewain­
ing 7 feet were·mined ill OJ1" lift, bre"kinA' the ure down to the le"l'el
helow.

,About 5 or 6 hours of drilling wa, don" ,,,,dl ,hift, "ud the ma"
chines ave.mged about 2;; to 30 f,,,,t per ,hift In f"n-Bi'e stopes
"bout 1 ton of ore was hrohJl per foot of hole; in b"xwt hol"s tho
~H'e"k w", l""-s und in bopch hole.' more. lj'OJJl]]y l111iner worked
In €Jlnh stope, but, oecus"Jnu.Jly there wm'0 2 miners lliillg Z ma_
chines. They were "paid by contrad acrnnling tn t,he number of
Z.5-ton CRr, trammed from the, stope; the iJiy.e of the ,Lope und the
h~rdne.," and t''''glme'ff of the ON' WOI'C t~hn into "cconn, in sotting
a'll price, Con,r~ctors were oh"rgeJ lor ,lI\ e"plo!3ives U",,(] and
fen- e"l'bi<lc, pieks, sho'-cl:;, and other hand tnnlo. The ore b,",)k~ in
larg" piee"" and c,,,,,id,,r,,uJe ~lcdgi:llg lllld blockholing were "e'lui ",.rl.

}fo,t of I,he oJ'e WJlS loud,,'} mt<) cam or dra[fged ('·0 ehutt\iJ by "'''''1'­
e~.., b[Jt wl"'l'e 1,1",,,, WflS nnldl rock to sort nut lill,l whet'e the life of
the stoP"" WllS 8hod, 11l1nd loading was prefer"h!". When ",or" 'wre
loaded by hand on ""ntl"Jld: the shoyelers were paid u certain pl'ice
fol' filling" lilA·t.on c",· "Tld 1 cent, additional Ior·ev"l"}' 4!i feet h"n<1­
trlHllme<1.

Cnnt,.o.ct 1"'i",," in HJ28 were as follows:

n,,,,,t ,,,,,,,,, '-"__
elm'" "''''',,, _
T",nill;'", I'" " "",,_. _•. ", •••.•. _

$0,"

:::::::1 .<11
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On suble"01, und wh,,,,,, a ellLlin \y~' within \'0"d1 tho broken 01:"
waS move,l froID t,h" brea"t to thA dmte by Bci'uper,. (Sec fig. gO,P.)
Thes" "('""1)"~'" W''''n of J,oo type, were 4R lnche, wiele and" feet
long, nml welghe,!1,5110 p"und,. SGJ,apcrs we!'" haTJdlcdby 2ii-J,p.
uOllble-ch1llll electric 101;;ts. One miner' and one SCrapCTlllan con_
'tituwd the usual Btope crew; the ,cmpel'Jllw, ll!\lpcel the rnliLer to
"~t np on,] t.~'lr' (lown" nwl the min,," 1101p"u tl", ,cr"perll"'I~ rig up
Ill" "eraper hlocks. Contmd l)l~""" PCI" enr of 2-"" lons for both
breaking llJld scraping r,tngod (182i>--,W) from ~(l,DO to $1.M. In a
few places scrapers loaded into 5'\>S-ton cal''' over ,,,JIl11'0rl.ahl.: lima_
lug slict,,,_ (See fig. 20, C.) Foul' ear" (22 t<m") 'were Joaded PO"
hour, indndi."1! 5\\'itdLinl! and nth"r <1day,.

DIJ"iTlg: H)~H, w!Jen ·HIJ,OOO long: to"s (2,240 ponnds) were mined
"mllo"i"leu, sloping; co,ls 'WCT''' os fol!"w";

Per too,
~O.l05

.orr2

.on

lh'li".i,0"-. _
Tilllbo" _
mbel' sllpuli" _..__ ... .

. :10+ ._
.00(0 Total '"Oping (.0"________ . ,70

in stupe", ,., m"asured in mon-hours per. t<Jn,J,,,lJOr porf,,"mllncl'
wa" as follows:

P,et,,,
T."ho'· ~. 014
SUPOl"YI,lon___ ,o's
C<lmpl"",cd nl" drm" nnd"to", .. . _
)'(>".<"1" ..__.__

0"",,,,,-.. Mm·',,",
I'"'. L,m

"m,""
"''',"'

""n~hJjt

n",,'in,__ . _
Tlmbmog <md filllog_ _"""_
Shovolh" (,"cluo'" "",pj",,) __

"'d,L

",.,,".,
~,

11.·J

Rxpl",iv,," ,,,,,<1 ill ,loping amou)]b!l:o 0."705 pouud of 60 percent
alllllloni~ dynamite pcr t()U b,'"kcn.

b.t Mine-ville, N'. Y., the ore is mined in open stope" wil:h c""u"I or
ITrcgul".r :riJl~r support. HeI'(' th" 01'e hodie' fir" ,liff"r"nt, from any
,1o"oribe(l h"r"tofor" ill th"l:, altllOng;h 'l'[[lH thick ore hag been minec!
(ove,· zoo feet in one am,,), the ora mined ill recent ye~l"~ 'lJns'b""H
<\ to 40 f"et lhick and "Yer"ge" only 10 feet, and the ()I~' 'bods dip at
ZOO. to 30".

The are is l1lag',ei.jt", J'IIrming from 25 1.0 a, hil(h as G9 pel'eent
iron, but it a,verugc;; <>nly 42 pcrecnt iron "s mined. H O"ou,'" in
bells Inl:ersh'atiJied with hed" of gneiss. The, productive ur"ls ex­
tend. several hundrud to "e,,"ro1 thousand feet in de,pl.l, on the dip.
with ooITc']JoTldille;ly !aq'>;B !nt,,,,,li dim"",io)]", Fi~urc 21 i, a plan
of the Old Bed mlne. Tl'ap dik,," cut Ghe Ol'e bodies, nnd they m'e
m~l'kedly folded n.nd faulted. In places there 1;; no sharp E"" of
dema.rcation between are and rock, and magnetite i~ f"uml dis­
seminated j,hrough gneis"'i'l beds in sca.ttered gmin., in sufficient

I
.1
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'l,n~nt.Lt .." to bo locml}' of cOJlLtlJor"i,,1 gracie. In OtheL' pia""" ""1'''­
cu,lly along the footwall, t,h" line between ore and rack i" sha·l'J}'

The mine is do"e}opel! r,y long inclinec! shafts anc! am,ilia,·y in­
- clines along 01' in the footw>l.n frm" which ,toping leve!> ,n'e, {-,urn",}

0/1' following the Ol'B contollr' "t HI)_ 1:0 lO()-foot inter""k Ht.n!:,", are

=~••-" ~,"_ ---­'.".'." ,..

hl'ea;;ted out the, full tlLid<Tll'''' of the ore. leaving pillars 20 in GO
feet in dL~met"", clepe,!lding upon th" height >1!l,l character of I;he
roo·f. The'e piU~r;; are spaced ;;bout ,,0 feet ap"rt centeL' to center.
Tho roof is archcc! het,ween pillars to prevent slabr,IDg oif uf ore and
rock. Pillars contmn about 2" percent of the ore in j,he mined
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areas. but late" il; will b" l'og;;ible to Tee"""" " considerable propor·
tiDll of this orc,

j),fo,t of (,he Or" i" loaded mech,mien.lly or is BCI'ilped into loading
ehute;;, Senpe,", and I'""''''' shovel. arc emplo"l'<ea. The former
arB electrically opomt."d, 'tn,] the lattel' are opemt"d by COffipreBSed
Ilir. The 01''' brenJrs in hj'~c dlunh and ,lobs, und the '"""-pel's
"TC 4~ inch"" wide and 2(i~'2 im.•,""" hiI'll, h',"1'8 a" long bu.il (7 feet
G ineh,,,), "wi weigh 1,400 po"mls. S,}{ fLJllload" will fill.", 7-ton
car, although H to 10 lood, 15 the a,crugo. S"l"'j1el' hmsts are

,"""moo 02._""""" "01'''', ,,,'''''''"0_ N. Y_',.! PI,n"', .to,,,, , B, "Of" ",~""
t,CO""" ",,,",; U, '"',,-,'g,d """ ,,<±ion "",,,"" ",",upi,," ro ,hul,

powBred by ~"-hl".di,'e"t·"urL'ant motors. Maximum ;cmping d;,,_
t"ne" is 330 fc'<Ct" L.h" ".v<'!'''ge beillg 180 feet. }j'i!(uTe 22 shows"
plan and sections of 50""'1'"" "toping op"",,tlnns, th" method (If d"ill_
lllg the fIlee" lllld scraping into cal'S 11,,,,1 chutes.

The rouk is llarrl and breaks largn. Minor;; in the stupos break
an average of no em" pO-[' man. In 1927, 14 cents per ton was paid
",wh .h~lJer, hut if the average wnllfrge fell belnw 30 tons the h"sic
wage of 30 cents pel" hOllt" ($2.88 pel' shift) was paid. The U""l'a~e

w,,~e {01' all men at tl", H"I'm.ony and Old B"d min" in 1m Wll.>
*1\5.63 \,e,' shift.

----- -------
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'Where OI'e. W'-' loaded "m1 tranuuod by hand the lIiudmr' were
paid 28 cents p'''' c"r (1_ton average fillln~) for 10 0.01", 29 cent.
per car for 11 ",tS, 'Uld 30 cents for 12 or more cars.

Direct "(,oping c",ts per ton for 1921, aH given oj' Cummings",
wel"~ as follows,

Labor __ .... .
Hupel...-:!,JQll___ _ _ _ _ _ _ _

C'''''",eo''"" 'dl', iIritl" ",,' 'I~"'__ _
EIploslve, .._, . ....__"_.. ,_." _
0' he" supp]]c, • "_" _

0", ''''",," te,"
·~~.lUi

.01,1
,11:'
.12~

.003

,41~

Llbor performance, a, m"asnT~d in mall-hom per tOll, wus as
follow",

n,"",;;,," I,',ll"", ''',,' """[;,,,1_,"'"<ill",, I",.d '"" ,,~or ]""d<n,J ' __

T,ml.. ............ .[
~,,, ",'
.," I---;"~':,n, 1l.2

At the E(lwar(l~ ",in" ~ine OJ'''' occm' in ery,talJinc dolomites inter­
bc,lded wil;h qn~l-t~i~, s"hi"ls, an<1 g;nei,"e5, The or" hodi"" are
lenticulO£ n"...."'es 5 I." % 'feet thick "n,l 1110 to 200 feet long, amI
peL'si"!, down ilia dip t(l ~ vert-ioal depth of 1,700 feat 01' more,
The ",varage dip is 40' t(l 45' but 10c",.lly TllJlges from neaTly huri­
zffiltal to ne""ly veltical. The outli!le~ of the ore. bodies are quite
Slllool,h "nd regular. The wa.LIs ll!'e generally" eommercial" O!leS,
although <1", giadntioll from lll"-'sive ol'e tc> virtually barren llmtedal
is 'omdlmes quite abl'npL The ",veragBgrade of tile [)re i" about
17 "pe~'ce:llt zinc hut in place" reaches 35 percent or more. Some
dilution ocellI's in , ..lining dne to til" ()'1J':r:l,;n~ of minimum stope
width" wl,i,,1> onen mo.ke it necessary to mine 80me wall rock sc>
(hOlt the averag:c grade of 01'" hoisted is about lily" pel'eent zinc.
110t,h "re .anel wnll l'o"ks "(,md w"n for' " long tim", C"",,pt where
parallel slips oeem' and wh"re the walls ,,'mtain consi<lerabl~ ser­
peRtine which spans in irregular slal)s. The t~",lency of wal.Lj;
io fail hom U,e"" eau"e~ increases", the mine become' deeper. 1

Figure 23 sllows r.he rnd,ho(! 0"1 "lopinll: wh""c the dip is flat enough
to '""'luiJ.'e the '''" of ,n""!'""" l" '''''VC' the {H'" fn>m th" f"ce' to the
chute«, Opon st"p"" are wJ"un.eed b,l' both overhand and m"lel'lla!ld
mBlhod", dep,,"di"p; npon the di,tanc~ above the level, the. homo_

"Cnmm'ug., A. " .. """,0) ,,0) c'", ,r "'''10. 'lO""""" ,,, "" "r;D"'Ill. "M"k',
N,",' y,,,., Inf, Cl"', "0"', lim"'" 'f Min", lOaS, 12 op,

~""""",,, ,,,to" II" ",,1o, ,.",,,.,,, '" th, Ed"""" 'Un' 'f th. "to J,,,p" L"'d "c.,
S~, LOy"'''''' C."",,-, !'.Y., lof. C'"" ""80, am,," ,f Min." ,"'a, "pp,
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genaity of the OTe, its thickneS8 and dip, ""d the condition of tim
walls. .Often", stop" is worked hy a· en",binatiorl of OVCrlllHJU
and underhand "toping:. In ol'el'llall,j \Yo!'], dLUk m;,es m:c ,h';yc(t
on th" footwall at intel'Vah (]f 30 tc> 40 f",,'. 1'heso ,",ro driven up
the dip 15 to 30 feet, a ,ubdrin is [lHlle,] oIl 10 or 15 feot ahoye tJ,~

back of the 'level to connect tI,C mi",", und tloo l'll.;'"8 are "belled
out. Stope" al'e then bl'€"SI:~d nut above tho ""bdrift. kl'cl. The
'hl'"" ~l'C b,"ea"Led Ollt at le,""t Gf"et high along the, hMlging wall,
an if the ore is thicker the bottom L' llSlln1!y be:nche<l up from
below afterward. The gys10m is thus virtually an Inclined heading_
ancl-banch oysteffi. Pill"rs are left a" l'€qutl'eJ for roof ,upport,
and often low-grade or baJ"ran ground can be utilizoo for pillar".
Ordinarily spalli> of 40 feet or more will Btand dmin'l the life of
a. stope, Olld the pilla,." nee.d not be vel'Y large. In ,Om" ph"e"

'",0"". '''. 0"'. """in. ",W, '''""'''. "dw",d" C/, Y., d, ,-.,,,,,\10,,,,1<0"""\ p,.>j,,<_n,,,: ~,mtL"J "~ll'''' X_1'

in t.ho 10,,",,!" le""l" ,h'o<Lg joinLiHg pnn,]ld to the ore body is com­
bined with a system of imeL',ectlllg hactlll'"' whi"h cut, it obli'juely,
producing a blocky and dangel'olJB bangill/! w~l!. In s\1~h places
rcgular breasts 15 feet wide fire driven up fhe dip lxltwm", ",gulfir
pillars 40 f~et wide. These pillars are l'ecDve'"ed l~te, by cut·
throul';hs and elabbing on the I'dreat.. .

Dl~1Jing i" done principa.ll.\, with monnLed one-man machin~J;,
althoup:h ,tope,,,, ""mci,imcs ".r~ ~",ploycd, especially .for cuttiog
around pilla1's ill sw~p stopes. A maximnm of nille 8-foot hol,," is
drilled per llt'adinl'; or ureast in ,topes. I<'or tfild:ng "1' the lJMChes
of oro vertic"! holoo are drilled (at an nngle nf al,nnt 45' with the
footwall), and the ore. is bcukeTl i"l:o the stope, beginning at the
bottom of the stope "nd au V"""illg up the dip.

Underhand working is ernp!oyccl pl~ncipany to mlne tlla upper
pOl'tions of hlocks which have been worked overhand from helow.
It is al"o u.,ed in oombination with Oyerhfilld working, "nd a stope
muy hc workci! at. vario11s stage" bv several alternntion.;; between the
two system,. Underhnn.l work Is·cheap~.r, pl'l'mits better selection,
and result.;; in ellSier breaking, bnt it. is uo" sc> safe where the g"onnd
is weak, and greatm difficulty is ""pel'iene~(l in cntting aronnd pill"",,,o
Defmu on underhand ,tope is begUIl " I'aisa must be driven to the
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level above or to the top of ille ore. The ore ;~ then he~lched down
;(J'oLJnd 1h" mjse in bon"hc" 7 feet or mo", high. Bench"" al'e
usually about 6 feet wid" Rnd "''8 'lrjJ[eel with thi-oo I"O\'I~ of h"le8,
.-ad, c=-yjng: a 2-foo\. bun!<m. "("nuerhalle! stoping i~ u.ppHcable to
steep nrc bodies where th& 01'(\ and wails a1"C "t,rong,

The :lJlg:],; of rap(1S~ of tb" brok~n O1"e is 42° to 1J)0. 'Where thc
dip i" k" scrapers arc employed to move 1.1'0 OTC hom th~ faoe
to the chutcs, (See fig. n.) SCi'ajler, am used for lJlilu, up to
300 feet loug, 1'J,C ll2e of ,e1""p"," i" fl~t stopes .h"s g""atl,Y in·
cr",,-,ed the Ol.ltput per man awl T'",ll11ed III appre".\U1Jj" sal.'mg. ill

mining oo.>ts.
'The prouLJct.iyiLy 0:1' laboT in ,tope" in 1930 wos us foilows:

l' ""n.''''",-'on
-..-...-...-...-...-...-..-...-.....1'-,rnBee"",",..

T',,'l.''''o,. ' .em

¥_,e_,~_,_::~:.o:;::~rn:c,_.: ::::::::::::::: ~..:::::::::::::::::::::::::::::::::I=:',::,: I
, n "eo ,n '"L,,' '''"''''' " "" lrom ", ",,,.,.

1'-",,,. ,
',"" "'S3. ,..

In t.l'o lIfiehigan COppCl' ,Jistrict open stopes with pi.1lal' support
are employed where Flie dip i, flat, whe:t'ea, ill the steeper Jodc,
,h"inlcHgo ',toping or "ut·"n(l-fill stOPllll: is used. In the Congl"",·
erutB lode stulls am employeel to ""PPOl't the haugllg wall, and thc
method usuuJly i" cla,sed U" op'''' ,t"ping with ,tull surport. In
this bnlletin the ""i.l,O," ha, ela&qified ,tUpC'5 with a mgulacr syotnD'
"f ,tull "upport '" ". distinct stoping mel·hod und,,1.' OUppoT't•.,l A.Oj""1
and the pnlN,i", will he. ues"ribed .I".!.o'· uTIdn "SlJJ?f'm'L"d ,tope,.'
Two types of pilIar-,upporl€d m,o]?"" '",'C mnpJo)''''l III U1<) lIfichigan
copp"r min~., Rn,) have been dcscnbml by CIW",'": (i) Large open
stopes with irI'ee;llb,. pilla!' ollpport and (2) long, n~I'l'nW open
,I:0l'es supported-by "~1"J'OW pillars,

In both types a rd.relLL, sy"em is employed; that is, the leveliJ are
dcveloped to the pl'(>p"rLy lines Or ..mds of the ore, u-net stoping '"<,.

~reats from the cncl.s tow"l'd thc shaft. Chutea are in,t"ll"d at
regular interva.ls and an) ,kil"~lnp ""bort distance where they"",
eOJUwcl:ed by' a. sub'!l'i:l't nr "lI'"-ll stoP"' In I,ho fi"st t:ype or stope
the ore is bT'Cllst",.1 olll; on ""cIL "ide of th" rai% uutil adJllc~nt, si".0l,e,
meet and mcrg<' i"t" a si"gle brg" stop" which 1" a,!vanoed up
thc dip> leaving llTegulm.· pi\lu-T~ of ore or I"an "'d' u', J'I'qHiI'ed for
le~ul SUppMt. of the h,.nging wall, (See fig. 24, A,) In the ""oond
typo of 'copo adjo'inillg "t"pe, clo not m&rge but are sopllrakd by "
long, thin pillar. (S"e fig, 24, B.) In hoth types of stope an aJ"h
pilla" is left OVer the hack of th~ level.

'" C,unc, W. )L, '''llin, "''''''d' and Pmd'" in tl'" 'li"'i,"" C,""" >l',,"', "oll. ",,"."m"u of ""n", moo, 82 M.
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Th" lodes "My in thickn"s> and wl"'rc "pCll ,,""'pes with pilla"
support aTe ~mployed dip ret all~[e, "r "bolIt, 30' to 40°. The, Ol'Q
i' llati,,~ coppe,r occurl'Ing in b""ic amygduloidal be,]s, whid, lie
hd.w,~'ll distinct hanging- and foot-wall trap rock,,; jn(ljvid,,~l bods
Tory in thiclme;;5, a"l'eraf!'lng 20 to 31l feet. The mi.neralized 1'01'­
tiOll OI an amyg:da!oi,l \",,1 often is very irregular, sometimes being
on "ne wall, Bornetim"" on ,I,,, Ot1161', and Bometitn"" in tJ,e mjodle
0:1' th" lJed, awl (JIll)' (lc,,~,if)llJllly i.> " bed mineralized erJOugll I:()

............IL .......·....... L-

"",

',0
"''ffi"..oL ''"'"' ~_.

1l',"C"~ H-_O"," ,(wIng, Mie",-"n CO""" ml"'" "-, L,,,," opc_" ."or" with i,,'"''''''
Nil,,,,,; JJ, 'onO, ll""''' ,to"" ",,,,,md by "","ow P"''''',

make. urn trw" w,,11 to wall. Usually ther" is no shurp line 0"

demarc"l.iou between are awl rook. W<>"knble lode, in the di~tri(\,

ranl\"e from 3lj2 to 50 feet ill width. Probably the ,,"c'·n.ge width
of lode worke,]. to,]",~' i, ~ foot, althoui(h Incul enrichments Hl"'y
inereuse the width to 15 feet or mol'''- The amygdaloi,] is ]lot vcry
hurd to drill nnd h"o"l", well, bnt bU]lches of nat.ive coppcr oft€Il
mnke ,]riJIij]g difficnlt..

The gWLJ"'] in I'.he open-stope mines ~til.lld" wen over considerllhle
spa.n..' for ""me Hme except where badly "huttered by f",ulting, The
or" i" low grade.

At the O"ceoh IniM the lode dip, 37" n.t the lowe,t level', awl
tllB. ho"' 01'C is just below th" J"'Jlging. wall. . L"wls aTe driven
I~O feet UpUl" meusured on the dip and '~l'e 1~. tu IG feet wide

I
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oJong tJl~ Jlanging w~l1. StaItillg al. ell" ,md fadhcst {l'mn the sllait,
box holes '"'' opened 0\'e1' the back of the drift on 2b-foot conk".:
Ihe", a.re ",mnected 10 or'12 feel', "hove th~ lovel, leaving a pillll,r
of this thickness ""er d,c back of tho drift. "'ide s\"P"' then a.rc
b,'eus!c<l out al<,lllg t.h" hanging ",oll, leaving irrcgOll.ar [JuJam {(]r
"UPPOTt os l'e~Ulred. T••wal bUlge", roll., or troughs 111. ell" ore are
2·" te> 30 fe-el i:hick in plac"". Where Hoc O1'e, is thick it is 1J~~l"hed
rlow" fl~)tn the ]langing-wu.ll l"~lding or b1'<,"~t. Considenlble lean
ore is left as ir....·~LiJar· pillar>. I<l 1931, ''11']1011 th," mine Inst wa.s
v:isit~d by the ""mOT "mhor, 26 1:011" per muchi""_Hhift (one-",an
machi"",,) ",0>; the ",,,,,,'a,," break in the stopes. 'Ph" b"Oken or~ wa~

dragg,,,1 ,lown the j",t,; iTregulL'" t'ootw~ll by 48-ineh hoe-lyp"
scrapers h"n,lled by 25-h1" electric llOi,ts. .

At tho Ahrn<:ek mine Ihe n~rrow stope and long, m,"'"o", plLln1'
'J',l.ejjj "'a" employed. The pillaTs nn up the dip "nd 'w',,, only
5 01' G fe"t thick be,,,,e,,n ,top"" Thicker pilbl", caused the han~­

illg w,,1l to shelOr oj[ ,,,,,1 hre"k, but, by kocpillg I,hem n"'TOW ~",l

worki"g on the retrcat H,e" """du"lly "poll off or "",,"h l1llcl sotHo
LmdeI" 0'0 wd"rht of th" 11a;\g~g: w~lrwi 1,1wllt breaki Ilg it. The. Dr!}

",a" !JOt as 1,}""k:If! .~t the O"ceola, aven,g,ng only T~·S feD" Chutes
we'" 0" the conIc" lUll~' of the stope" and we"e ~.!. f""T, .apart. Th",e
were cOI",,,cte,d OVC1' I:h" back of the, level, loaving a pillar only 5 OJ."

6 feet tl,iek The "onne",tion w"s dri,,"n abollt 20 fe"I', wi,l" lllOasured
up the dip, ,uHl from it the stopes W<\1'<) drive" up L],e (lip ill line
with the chulH<, 'Vhen th" mine last was \'i_it"d (1D31) n.n aym'age
of 20 ton, per ma"l,ine-shift W~, broken in the 81,,'1'0,. The a"<)T"ge
dip wu~ ~bout 33', which modo it neee""""y to dmg the hroken ore
to th~ eh"te" with powor SCl'apel's. Uull"r" bonus S,,"tJJn1, in foree,
'" l",-"ic wage, of $4 pc," sllift was p"id fm' ,hilling 35 tD o() feet o-f
hole, the baso foot"g" clel.',mding upo" th" llatUl'e of the ground,
atld " bonus of 5 oenls pm foot was 1'",,1 fG'" e~eh ~ddition"l fool;
of h,,]n drilled.

Th" bre.Liking cost at tl'6 Osceola dUl"n" J"nuary n.nd Fobl'Ll''''""
1\131 w"",, $0.456 per ton a",l ILt the Ahm"ei" $O.5Sg pOl" to".

;·~-,;",m;J.l J.lD;E, n1>J.", COl.o.

At thc m'llA of the Unit",! Rt,,!.e" Ynn~dinm Corporn,ion, Rille,
Colo., a l'oorn-and_pillar "y,rom of op"n ,l;()ping is ~ml'loye,l."

The 01'0 occurs Jil l~ns,," in cro'3Shedd("l mndstones, rung!ng ill

dip from 2;;' near the ,,,,tel'op t<J 15' ill Ua) l<Jwer levels. Th" Ol'e
l'I<n~~ from u, few ind"" tc> 30 feet in thickno,". The ore-he",ring
"andswnc is 50 to 75 fed, thick a.nd generally 'forms 0 st.rong )'00'
OVCI' the "lop,,", )I,lCh of tl,e or'(\ C<Ln be ,,,,,overed without ming
erion""e ]"oof SllWm't, but support )11"'1', he provided tD th" h~ng',ng

wall 1:0 obt",i" a hIgh l'ercenL',"(!o of ertrndion, The "tren~lh of the
nmf is sllch U,,,, III retro"ting progres,i'-e roof ,,,,,'i,\" cannot bo
brough, "bout, alld ade.quato 2'lppOl't mu&t be providod' to pl'went
heavy squeeze.s OYcr large "."oas.

In fil'st minin", NOllli< 25 fed wide are dri-.en up to the next level
(120 feel on th" :Ji!'), loaving 2·5·f()ot pillnrs betweeu the rollJnS, Tho
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broken Ol'~ liJ draggecl J()\,(fi to the lewl by power SCrR])""s. The
ja"o is nd"l'anced bv driving ... 12·foot breast., using u. conter V.cut,
followed by 'Jabbing tD" wl<]I,h of 2-5 feet. Th" 01'e is tQugh, blocl'y,
and higWy abrasive_

After the, rooms "r~ mined from len,j to tHe] th" pillars are at­
t".ek"d, l'c'n,,,,t.ing from th" ,md of a block of 1'OOl"". Ad.ificiall'ooI
"HI'port generaUy ;" not """lull'cd in mining tlw tOO])),. bllt oCC,~<;iOll"[
stull.;; are set to "enc "s a ",,,ruing or to BUPP()l't, 'mall slabs of ,"oof.
Before ti,,, pilhr.,'lCC removed, however. 1:,,""-' wa~te pack~ ,"" hUll,
in 1'J'e1""'iil,;on for a· he"vy ;que""" wJli'ch ,;';ay occu," in recovCTing
the Ja.,t of the pillar~: from, HI t<> 20 percent of the """";5 supported
in. this manner. l'ach "J'e 15 by W feet, mad" with "tulls and heavy
woyen wire, and fill"d ,,~th w;,to rock from sOlt;ng ill the "wl""
llJld from d"wJopm•.nt. Pillars finally "r" blu.s!<:cl, and the 0'" is
scrape<l nul".. 1Vasl".e handled ell the lHiM "mounts to "bout m; per­
CCIlt ,,1' the ore to"na"e.

Self"rotated stope;:;' with Jl.l\ ",)justablc stop h""1'd ""e used fOl'

drilling: holes at allA'l<'s o( I"" to vertieal and l]l'V" proved more
econoIlUcaJ than mounted TllIwhines.

In mining thin Ol'e (,..,; liCtle as 10 ineh••< Ulj~k), ..tripping and
,oJ1in~ (".'",ling) '"'' l"""Gl-led to, and lo"._typ~ Beraper" [C1'e am­
ployed, which llJ'e 1Z inche~ hj![h "nd 5 feet lang.

1I'fost of th" or'" b "(:1'''I",d ill medium_ "nd thick-ore ,top•." al­
though an ai,'.ope!'".c"d mo,el i.~ ueee] to O'Jme extent in higl] oro.
Chinaman_type "hutes O1'e used fo, hilli"g eal'E on the l"vek Con­
flidel'able. h~ll<l >;hove1ing is dane ne,n' the Chlltf'8 an,l wh"re sorting
of 01" in the. ,I.ope" is neces'ary. III scraper mi"in/; three m,,:n make
up ~ ,rn,-l'ur' crew; tho,,"" mffill'lRce the ey"bollos fvI' the cables, block
llf>h' "",,,"So dlllJlb, and load ,,"d tram the e,l"S to the le-vel gci>'.dy,
In hig-h ON' liOO hms or mOl'" ,"met-imo" ue bl'Ok"n ill adv"uec ~f
Bel'aprll!!, but u"u,lly the On) i, nwoye<l as it ;, bJ'oken. The out~
put peL' ,cr'upe!' ,,,.,,,,. i, 30 to·n ton, 1'''1" "hift

Stopin!;" cost" d111'ing July. .allg',"', and Sept"mhcr 19B1; whell
14,G23 tons wro'" lIli",Jd and trannnmJ, were as follow5:

a", "" ,."T;mocc . $0, iH
ou,." 'u]'I'I\""_,.____________ _ .10

V""'r•• "_" $U,74
SUl"'l"I'\>lon .________ , O~
Con,pr,="" alj', ,I'im, and o'",L ,OU
ro'~er________________________ .10 I
E,,-V'""'''"'-'_______ __.. ,20

C<",t~ in terrHs of mall-hom" por tall
a" follow"

Totnl . 1,3"

<luring (,he sam" I",rio(l were

""",1","",
o",."Up"tion; orr to"

Bre"k1TI~ " .. " -7 ,~O, 30
Tim~." "od mJl,,~ ._"____________ ,2,1
Sh0"eling_ __ _ __ _ ___ , ~O

T"''''I''
""'""' II'

28.7
B&~

""Tot"l__"" .... " 1.14 5. ()

Consumption of explosives in s4:opcs was l.O"l'ounds pro' hm of ore.
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OPEN STOP]"-" L'f DBPOol"S 1ll~J!.lKO AT "'<ill A""LES

Deposits dipping"t "ng[e, 8[Beper th~n the angle of repo,,, of the
broken ore al'e ineiud.el in thi< cat"goTy. 'Th" depqsits ul'e I."bular
m'lentieul"r, wide in two dimensions "nd n"n'ow in the ~hi,'d, or
wide in ll,e thirr[ dimcll,ion al;;o,

At Ill" (lranaeh 1n inB the Ol'e ''''CLli', i" qU"Ttz vein" IllO,tly in gr~y.

w"eke >Lnd conglomm,,,te but ill pl,,''''''. close to or ~longporphy"y "ills.
Th£ s"(liments ha,o " H10l'keri schi,to<i~y which serilms N. '70" ,Y.
and dips 1,," te> 55' te> the north, The WielL',), Tid",e",. ami nature
of the quad'". veins are ol'l'utic; the great~st thi"kne;s of. qnartz
i,- 12 'ie"t, and SOH", se"tions of lite veil\~ ~,erage 5 or 6 feet or leos,
'l}le w"li ,,,ck onvolop~ the ore ]c,!S'" 1l~ f,ight shoils. Gouge ii>'
Vlrtnally "1,,ent, but the wfllls am sl,cimn,,,led, Although the w"n
rock cont",ins n, "mall um,mnt of gold only ""ii,l (I"o,rtz and strillger
zone> haY" p1'oved hi b" oro ,_0 far. As,ay yu ,''', ill the ql1orl:..
"i'e erroti~ b'''::1u"e of tl,c pI'e,en"" of COUr," gold in ,hoot~ of
lligh"OTada ore.

8h:.lnkage st<,ping lITst was mnployer[ bue WUfJ' ahando",e(] Jot"" tOi'
opon sl;Oping. The ,nils are sl.rong, but thc sohL,u"iL,y of ell<' l'oek
within ~. or: 3 fee.t {If the gUMI'" makes the hanging wu11 likely t'l
"lab if ldt ,m8nppoTl:etl ""or [""ge "",,,,,. 'rhi, caused· no trouble
(with ShTilllmge 'toping) until dru.wing of t.iLe ore wos beg-un. Thc
<Jil' of thB vei,," (4,[)' t{l ",,0) wa, not 31:el'p ,mor'g'h tn pB;'mit even
d""wing 0,01' the irr"gulur lootwail, md u.n.,'!' oTlerhOlf tn two_
thirrls of thB oru h"tl been <1mWrl from the sh.rini",go stope< tha
l'em"in,Jer Jay in tl,c >;tope8, oxtending up as mnch RS lUU fe.,t he­
twee.n 1]," dmte., (2U to 2" feet ap"l'L) Open stoping is ,,,lY'CTll.ail"·
"ill becaus~ of the irregular to,,,\}· of the ",'e: orB can bo d""'<'in US
mined Dr left in the st"l"''' ,t few dEl'Y', ".nei t;"·,,eIBctiIllr thB lroin~~
tl'Oll1. which thB orc i, <lmwn unif'H,tnlty eon be oblaiTw,fi" j;m,le of
or~ ,cnt to the mill. 'Where tIl<' ljuartz is OYe" 3Vo feet thwk little
W0.8·". is hroken wil'.h th~ oro. ,Va"te can be "ort"d in ope" Sh)pe2,
min!> S,!.IIlJ. co,cr~d with lao-ging t<> .upP')]·!: (\i"",,'d~d w~,t,,, rock,
11l1rmg August 1~~2, a typj(,,~ ll",nth, ~2.:, peTcent of the rod. bi'oken
was sn:L'Uld out 'L< ",osto Rtlll gobbeel III Htc ,I:ope> and ~.2 perecnt
hI' the tmllllllC"'.
"In lJOf(inning ~ stope tw.o l'ounds are hhsl.t,,] (Jut of the b~ck of th~

drjfl;, IJnd the bJ'oken ore is mncked Olll'., Jef1ving thB back. of the stope.
14 feet ",bove the track levul. ,stnTh '"'' put 1(\ 6 foot ~boyo the tr,wk
~n~ 8 f""t apart· "n"l In.ggcd 0'""1' tighiJy wi,]; 1101e8, e."eel!t BlOt
".foo~ "1''''"''' 'U'B ldt 1:"" clmte;;; 'W~-l'Y 25 fCl\L "'I'h" hadr lS then
drillerl 0""", but bdore thi~ &lice is hbHted. indined ,li,l", l'J'e built
of pol,," to dclled til" broken ,Ol'e onto slloyeJing platforms alongoi<Je
the chut".~. After t.it" round i5 blasted muehl'S rCntO"" the top lag­
ging 9f slides, lo"vjng on opcning through wl,jeh may bc thrown
,,"a,te sorted fL'Om the O1oe, the orc, of course. bcino- sho,dc,l inte> the
ehu'e" At ,his d •.go l' mi,e' uona}]}" is drhen to the le.-o1 aho,e.
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c,,,",,
"nho"t,d

]hpl'''i,e'_.. ... __ ~D, 60"
T;"'""r, ... . MD

'.fhe "tDpe then is advanced upwa",[ by ,hilling from staging on
temporary "1.,,11 timbers. )Vhen the "tope is 30 to 50 feet above the
bnck of thG level anothe,· "OW of stulls i, put in ",:nd lagged o,er 6
.fed bolow the had" the "huteo are extende(j up In this level, unclstop_
ing is continued "" bufora. Tn" long :;tope the Oro sometim._~ is
shovel",) int" " cnr on the mucking level and j~1inllued to a <:",,,r,ml
clmt.c. The minimum stoping width is 3JA, fcct; where the vein
lim "g ",,1 C%, tlw foot wall uOIJ"Jly is broken, le"'(lllg the hllJ'lIl',ng wall
intact and therefor" J",", likely to slab "fI. The min 811peJ'Lntendant
estimates that 35 to 50 pCl'cent of the ",ill food i.~ wall rock. 11:. j,
efflirriateil1.h.~t ns pcro.'nt of thH C>m 1S recovered, the Qilly ore left
being in 3· to 4-foot leye[ pillal's ext<:mding over about l'a[f the wi,lth
of !;he (lV'pe to act as a footing i'or lmck,.

D"ri!Lg July 1932 th~ direct Sloping cOot, per I."n of ore l",;,t,,,l
",en' "~ f"llow,;:

c"","" I'", ,,,,,,-/_,il
L"bOl' • 8'. 5~U
~ll""n';"i"n,. '____________ ' O~7
eomp",,,,,,,r aIr, drllJs, &Hd

sloe! (inclulli"g POW"")_____ 1'0 'f"t~I__• ~ 76;1

A, one-third of IJLe ruck bral",,, '" "I-_"pes was soded out as w,,,l.e,
the coot peT ton broken was $L~-I.

Du,.ing the eame month the Jin,ct stoping ,,(Jot in man·hou,'s per
ton wus us follows:

-""'~,,"""
Ocrnpalj"", "ee ,,,'Dl-."k; ng •• _ _ f), I\<Jg

~""reH ng__•• __ ..__ _ • " . . 2-l\I

T"" """'On,""I',. "
~,

'1'011>' .. ,, .. 1, m~ ~. B

Cons\Unption "f explosives ill >tope" was 3.927 p<lUnd;; of 40-per.
""nt gclatin dYllalUit~ P~l" tOll hoi'h"l, and CDlli!Um pt.-ion of timber
WR, LG5 boa-rd feell per ton.

Figure 2" ,how" I:he slopillg metho,l emplo}wl "I; tho M,al')" min"
in the Ducktown (TL'lln.) ili,triel:."

The method sometimes is termod "ull,Jel'1'~lldin~" and is an "l,J
C"rni,h 'y"I.,'m. It i5 .i",il"r in ,0111e_ n-_"peel'. to 1],,_ sy.km H""l
"0 .!'Ira"C',,!., b\lt a '''g'lTla,: or "heekerhoacd stol'e-&nd-pilbn' p"tte,." is
e"'l'l"""d. Pilial's On oaeh level ~l'" dir<,_otly under tJw,~ Ull the
level "bove, l<)l·wing '" continuo,,, pillar floo"; bott"m '10<) top of tho
oro. ,

The oj''' 00"")"8 in lenso, J'epl~"ing cmtnin foldcrJ lOnd faulted b"ds
in highly !Ila!;"mo,.ph",e,] so<limunts comu,ting mainly of graywacko

I

.I
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with ",'kos", w:a.yw"d", eonglomcTate, mic~ "Gllj,t, ,l"t~, "lliurolite
schist, and g:al'net scms!:. The "hape of the ore bodies is eontl'Olled
largely by fohlin" of the eOillltry rooks, which exhibit "W"US on
the Cl'C>!:" of anticline" ~nd (lomes and pinch", Oll th" fl~nk,,- Tho
orc, bodies are ,]ispla""d bv p(dmincl'aJ r".ulb< They sf.rik" N. ,150 E.
and dip 65° 8outhe"~t. The Mary OT~ body is 2,000 feet long and
"""gog from" few feet t.o 150 feet in thicknem 'fhe wall rocks aTe

mica "CMt ,,-nel gru.ywaek~ all(l stand well OV~J: 8PlUl" of 100 feet.;
in SOme pi,.,,", in the mine loO-foot Sl''')lS have been self-supporting.

'rile principuJ. 01'8 minerals arB pyrrhO(',jffi and cluut'{)v.Y'·ite, tlnd
thn Ore is moo primal~1y for th~ manufacture of slilphUl'lC acid, the
coppor bein~ a byp1'Oduct. The principal gangu5 minerals arc
qu~rtz, amphibole, and diopfride, with sm~lIer om{)unw of ll010_
mite, "akit., "oi>ite, epi(lote, ~lld Il:arnat. The ore is h=l to d,·ill,
"nd after blasting some buHdozing- is re,!"l,ed.
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The chambo-I' and stope 'yolc,", in which tlw ore is helldL<)cl down
as in he,uling-olld_lwnch ~tDpil\g, was "'"l'lo,\'<,d almost ,,,,elusively,
although ~()m" bl'e,,,t stoPlllil; was d,o~e '11'11"", the ~rc extended onlJ'
,". "hort dlStftllCC "hove the JewL file regular Tllll"T "'Tungement
was not always adher",] k> .,I,rintly, a" it was po",ibh" by vR;t,ing f.h~

,uTangement .orne,what, to 18,"" ,tlU"j, of tbe 'e-,iller me III pi!l"rs
"nd extract '" ),igher pC""cnt.age of beLtor-W'adc m'l'. Sharp dl"nwS
OCCUr in till' grad" of tbe ore, due to dislocatinns of the "Co body by
f.~ult".

A mntm! ,-ai,o is pu~ '''1' in "ach "["j.lO are", "nd t.his tJ16n is
"',"'tLed out if) 10 roet in dinmckl'. .Si."rting; jll.,,, nndec tho floor
Filla. or th", hwcl above, which i8 30 hct, thicJr, a L'c,dillg is dr""I'en
"'"Ollnd the mise. .Ail tlus.is widened the ore below'is benched down
with "I'.~iic,<l holes. At fh,t mo,t of the oro f"Us dir"eth' into tl",
raise, bnt aftffi' th~ stope is wi,leneil con,iderab1e Ore i, ~auA'ht 0"
th~ belld,",:; below .n.ud must be ,hov£1ed off. ('1'hi" com6tutBs one
of the di,adv,,,,I,"gcs of the mdhod.) ALlothCl' di'ud"l'antagB is tho
irmbilir,y to inspeet ,,·nd tpim the high roof over the lower bcmhes
".Hor the ,tope become;, wid", It is n'we""ary to t.ake down Y~l'}'
ca.rd<Jl1y any ]00"" gronnd in the back whife it is stilJ ""cc,sible
from the ho"diTlg heilch. The hJl.d", of all '1:<'1'0' arc "rehod to
lessen thc d"Tlgcr of falJinp; gronnd. One ,,,h,,ntap;n.of the "yst~m

is tho t![())'ollgh exploration of ill<, ore hody 1dora storing.
An"" ,he .,tope, 01' " d1 ".mb&r" " 1'''"1'0 beeLl mined ouL 1.0. the pillll,r

line" """J] sectIOns of the pill",!'" "re cut out betweA\n levels connect­
ing the stapes. Lli',,,r rhe floors Ol'C exl;r"cl:ed by hOilching ·them
down into the SUI1"", ,mrJ Jill".Jl" the pillR!'i3 all the lo'-els ""e trimmed
1:0 1.,J,e minimum size, eOllson""t" with .ou.fr,ty. 'l'he mot.horI would not
be suitable for rnini))g" high_Wntlc om b"c~uSG of the Jar;;e amount
of me left in pillal".

At the Jllary mn,., stope Jal,o,· was p"i,l 15, 20, 01' 25 "ents PCl'
l-wll CJl.r of Ol:e (ldiycred to tho 1,,"1'9[, t,,~ pri"" depcll{llng ,V'on
the clHmlder of th" ore Rnd the m'O", and hC1ght of tl,~ stope, 1\.,wh
crew of contractor's l1su"lly l,,,d two ,16J1ers, wl,o paid for." the
ILdditional1abr>L" L'e'l"i""d in tli" stope.;; amI fOT'the e"'plo,""1''''.

In ln~H, 108,510 lnne of O1'e wore ",in~d oml hm,t.ed, of whid,
OO,ti51 tOllS came from stope". During that y"",r a cOIlsi,]er".\>le
pmi of 'h~ tonn~gt.' was de,,'lv~d fr~m nlurgina[ a.l'c~s whel'~ the Qre
Wfl... '"'ToY Il'reguL',r and whero cOllSlderuble devdopmeut ",as nee"s_
5>\'1' with the, sl.opinA'. ~h a ~~ult co,t, we)'e hIgher" thall in jJIG
l~.rger, HJO!'e rcgular stopes. Dlr~et, stopnlg cmtB fo,' (.}'at yea" 'LT'"
gl"e:ll below,

c", por 10"
L"llor (,loping "-lid iJ1o'ekhoHng) .. ~ $0, 270
Labor (L.ond ,),oveli"g"-lid "'~mming) • " *~.3W

Deduoe"5 T"",oont In, t,,,mming 'm le?eL " ,000

'."tor {hand "".volin'; fill';)m!abl. ,,, ,ro"lng) . 2ao
Sup<m,lW'n .... ." .. .. _. __ _ __ __ . 0:12
Comp,e.s,e~ .olr, ,10';1]" an~ 310,'L_... , ,177
1']"1))0,1,0.' .__ _ _ ____ .. " • . om

TotaL ." .. ,. .. _ _ . 7M
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The productivity of Etope lahar, "" measured in liaJl-hour, per
tOll, was as follows,

P",aUd;1';'Y Of ,,""" '~I,m·. "'~T!/ ,n!"", IB£8
,If"",k",,-,O,,,,,pn',,,,,,, fl"'''~

H"'''L'''"g ' ''. '' ' ' •• 0,42[;
Blo'khoE!"" -•.'c---_,.._"_. ,130
S1Lo~cliDg an<1 tl'"mmjn~, less m ~N"C'" 1o, I.,'• .mmlog

0" \e'e'-- ._.' • _"__ . J ("

·'rOI~l- 1. ryJ~

The consumpt.ion "f explosives in stopes wa, 0.42 poun,l
percent gel"tin dynamite per lon of "," h1'01<en.

~,,,"",~

'""""""1'
is.S
'lUi

17, 1

7, s
of 10_

At the DUJ'l':1-Burro, mine O,e suhlevel stoping vuriation of open­
,tope miniJlg: i, employe,L TJ,O {"" I""Ji", arc d"scr.ibed as replace.
menl" of a lim"storlc bed, thicl""",d in place" by thrur,t fold' an,l
strike fn.ults, in wholly mctamorph0i3cd Lower Cambrian sedllnenl~

{',()n"i,tin~ mainly of gmywacke wiUL arkose, grn.ywackn "ongl"rtL_
',"'"l", n,ic" "ehbt, ,hte, ,otauTolite "'hi't, n,,,l gu,rJlot sehist, Tho
BUT'n', m'O body ,lil" 7fi e "oLJI;]L",~,t "t, tl,o ""rfa"", flattens to iJO'
at the si>:kenth le.-ol, ",nel loc"lly dips as low as 35°. It. occurs
".-eJ' a length of 2,:)00 foot on the fourteenth level, whem the min­
"l,le thickness'rango' from a few foot to a mn.x;mllm of 180 feel',.
The immediate wall, rocks are higWy metamorpho,ed schist" ~llLl

g",>\'W"cke" the beddin~ plOl'&; of ",hiel, parallel 1.1", 0"", i" dip
"n,]' ,1,l'ilw. The £chistosity g:enerally, but not alway., fnllows tl",
b"d,li"g.

The wall;; g""''''a.lly sumd well, ,,,,,J. '1'''''' of :tOO feet are gen­
erally, self-3U1'porf,ing, "xn,vt wlmrn tl,,, ground is fmetu,'C(l due
to foldin~. The ore itself '" cJ'amewn7-ed by few 'Prominent slip"
,md joint' which, whe.m they d() "ppe",l\ are ll"UFI.lIy hori7.()ntnl.
The orc tomls tD ,,,,110,,1'(' te} the wall" ~nd, alchou"h it i, no" ",H"
mpl'0rciu([ OVl\r ,,, long "pan, as Lhe walis, i, iii:"" ,u"l 11Iml awl
"trmcts well. It b,'e,d", lnrA'" aIHl eOllsidel'flble hloddlOling ig "".
quircd on I:llc gri~di"" under the "topes. In the primal'}" "one tu
which mining 10", heen l:onJined jn lat" yem", th" l'rmcipal 0""
mi",,,'''ls lll'e ",a.si"" ,ull'hides--pyl'rhatite, pyrjte,. and chalcopyrite.
'The g-an!(lle mineral" are chiefly lime-hearing 5ilicat~E, quartz, and
cabte with which the sulph.i,)c mineraI, aTe intergJ'own. The ",ver'­
"g" graM of tile 01" in 1928 Olld 192,9 was 1.G lJercent COppel" 24
'P~rconl; sulph"r, "",1 32 ]O'''''ellt iron. The ore mmt be ~m<l~rl

dose!y to pT'oduc~ tl,e "'-'I!lin"l plH'"on(.>lg"' 01 'lJ]phllr' i" I,h" dil'ed,·
,melting ore and in thc 01"<' which goo, t" th" fl"h'l',ion phn!:, il
b~iTlg l'ri"'Ol~Jy a gulphur are used for the ",,,tLllf"el.lH'c of "<llpllloric
acid.

Before 1910 ore above 1:1", "i::<tll level was min"d, by llml&rhnn.l
'(Dping in O]len stope" with Lrregl11fll' pilla,," for ""ppOl'(', of ,the
wall, 'LIld haclrs. Spans of 50 feet or more betwe'Hl pilhT's '1"<'1'0

"",N.",h!ou, c. H" ""Dlo" "'''''d'"' tt" T,"o''''" CO""" Co., 1\'''''0''''', 'P"""
lnf. C"", OH8, IJu,,'"" '" """', ""', 17 "p.

','0.,'--,'----"
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eOmllwn. Since thon a. larg'o pel'c<mbg" of the pillar 01.'0 ha;, been
recoverei!. Later, shrinkage stopinA' W"3 ~Jnployed. Abo,'" the
tenth level th,,,c stope;; we,'e caj'j'ie,1 longitlldina.lly and virtuuIly
the fun width of the ore. Rel"w thi, leyd tram",erse stapes 80
feet wide with 30-foo, pilll,," bdween were employed in wide OTe
and longitudinal ,topes [Jl Jl"ITOW ore.

In 192;; the '[jule"cJ stoping mcthorl woe Introduce,} on 1:1,0. fOIlr_
teenth level ",,<1 is now the principal metho.] <employed, but, iEt 192H
only 32.B percent of tho output came from ,ulolevd s(,ol"". DLlring

'",_.
! 'I ' '

::I-~~~_~Io
--"''------''

B v"'"J.ti\l\'iIi~~,x-r

""0"'" 2G,_'.bl'"'1 ,'opln. '" ''''''" '''0, n"IT"--n""-,, DO;"'. Du,kto"''', Tonn., A, la,,;_
'''''",u1 ,two in ""IT'" m',; H, t,'""w" "~,,,";" ".;"" ,,',

t,hat year 23.3 pel'cent of the OTe e"lll.(', from mining pillar;; under
old shI'inkuge stopes, g pel'Cellt Trom shrinkage slope" 17JJ pel'cent
fl'o", floors amI pillar" on the lIpper le,'els, l~A percilllt from 11"t
,topes and pullini( ea"l'M, ~n(I 5.1 percent from deyelopmell!. in OTC.

"VheTe the ore boel}' j, ["" than 40 feet wide "nbleyel "top"" "re
run [ongitudi"ally, (S"" fig. 20, A.) The bln"k to b" stoped i5
developed by long nises dl~ven 011 tl'e fooLwull to the level abm'-"
(1g0 f""t vel'tically bdween 10'·(·.h;). Tn the block shown in figure
26. A, two of tIle", mi,,,s wen' driven, one at each end or the block.
At 40_foot inlcn'ais ulong tbe haulnge drift 4- by ".fool rm,e,
called" pnillwle"" arc drivon In the first ouble"l'el. tinbl."el drift"
,,"0 10 f'~'l "p",1't "crticol/y..Before stopiu,i" is hegun cl,arnIJe,r" an'
Ol",nc,l OYCI' the haulage drift at one end of tiLe b[""k, "Ild grizzlies
are ll"~tallod immediately D"I'e!' the d,'ift tiIlJIJeL'". The tutu[ stope
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development required 101' pre]l~rllig a "tope 40 feet \\'id" ar"j 3~O

re,,~ long is a" follow,:
p"t

Long mi,,,, (2) 4GO
S"W,vel. (4) " om)
l'ullllol"" (8) " __,,"" "" "" • . • _" __,,. ,WO

I'''.H[ .,__ • ,. • ,, 2, ~lf)

The !DlIlW!fe de,-do!.""I, exclu,in' of """ in pin,,"" (YI'"r the Iuluhge
(l,~ft ,,,,,1 in floor pilla"s, j, 206,000 tons; thlli3 1 foot of develOl'meui.
is r"'luirerl fo,. overy -93 to,,, of OL'e developec/o This development
a,sU<ls lateJ.' in extracting the pillar>, willch contain "" ad,htional
103,000 101l8, CO jJel'""nt of which (62,000 t.on,) ""n be, ""coYel'ed
lat,,!'. Thn" a I,ob,] or J~() tOnH o{ l'coovel'uhlc 01'0 is dcvelope,l 1"'"
foot of stopc devc!opment,

Stopin!J,' i" beg1ln ~t one e,]](l of the blod" nUl''' tll<' top" of the pull.
hol,," l,,,vc ""eu funnele,1 by drilling down""'l'd from thc hottom
suble\'d; at thc SllJllC ti,,,c tl, e h"nging"WH]] si,]c of Ihc "uh(lt'ift i,
sl"bbed off, thus exposing both walls, lkg;nni"g "I: tl", long "",ise (>11
the ,""ond subleyel the ell'ift ig slabbed out to th" waH" aJld th~ ra.iso
i, be",,),,,,] Ollt 1.lH, fllll wi,li.], o[ tlle o!'e, A eli"e, abl>,it ,j feet thick
111,,1 ~ feet high, extc",hng 'fT<m' wall 1.0 woll, I,h"n is ,]rill.e<l and
bh,,',O(l bdo", I:he "ubl'",eL jlJ'ovi(li ng a setond bencll ~ foet lower f!'om
whkh downhole.' ">111 b" ell'illed 1.0 {orm ,mother bonell. AnotJ"'r ,'nw
of hol"s is d,'illc,l f"om the ,ublcvel,'wid"ning I:h" seem,d bendt, oml
downhole, are drilled thcl'G'!"mn to a third bench, formilLg" sk,pped
j"WB fig fillown in the dnwing. The sl,ope then i" conljnued in ,hio
form bv ,,}abbing' "nd benching, roi.Tc"f.iTw {''OJ'' th" ,'ni,,,_ The two
~ottol,11be,,"he" a"e ,ll~Ued with holes 10 l,et d""12' The l"'oke,, Qre
rolLs mto l',he funneled tDpi' of the pullholc, aml" put, Ll'l'oilgh ~
gdulies intD CUT' on tho ]e"d, Whell benching on the. w,om! "'lb·
feH,l has l'ntre"t~(1 fm' e;[lough, slahbing '\llCl b"nGhilW are ,taTted on
the [hir,l ollblc-l'cl "nil, ,irnit:JTJ,\', un llie {mllth eublevd whon tho
beHch"" 01\ the 'lower ,,,,\,level, ,"'e back fm' ~,,-ough. Staping ""',y
he dOlm 8imultaneonsly frO"1 aU ,ublevek The bOlleh olT",,,, ,u,,, "e>
proportioned that, ","n wOi'kmg on the be:nehes between ,uhll'vd, ~re
never under ground wl,i"j, "ounol, be toet.cd from I:he ,,,bleyel above
",ith a 15-foot b"J.'. At the BUl'ra-Bnrra minc be)lehing; i~ done en_
tirely with dOWllholc,; in thi, respect pructieD at the mine djJIc'o<
:£rom Lhat at m"",y (lr.h",: mine, emplo:ving the suhlevd--;,topinl,( '.Y'­
tc,m, where the ,tope f'l(:~ i, bl'oken back by both np- llnd down·h"les
from the ,mblcyclj"",ch ~nd the men do noL', WOl'k (m hendl"" bel ween
tho slJble,,~ls,

BBnoh hole" am 4 to,5 feet ulmrt. ll.long the face, Witll a burden of
~~'2 feet, The slllilbing rounds for "",loning thn llpper bench "T"
drill"l 10 feet d""l' with three holes in >1 verb""l row ~nd ~ 1:0 ~J,-S

f~"t of hl1l'den on ead, row 01 holes, Usu,"lly 9 holes nw h~ di'in",l
III a shift,

Wher<! the OJ'e body is mor~ tha11 40 reel, wide the sublevel "topes
a.re opened up 40 feet wide aero,s the strike of the o,'e body with
40-fonc pillfir:< between thc HDl'e,_ (See fig, %, B,) 1'1,"," 81<1pe<
or" do,-dopod fmm cros,euls on the hfiulage Jayel in the ""m~ mml_,
ner that the n3,rrow.longitumnfil ,I,opes al'e opened from the longi-
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tudilml d,iIt. Up t<> 1829 nu pillars ha,1 bo"n l'''"OV01'OO between
tr"n"I'e1"'Jl stopcs, but t,he method of Te(~lY"I'y will be the s.mc as
(hll Lemployed in milling tl", pillars belween ll;" old "hl'inlmge stapes.
This is done by palily undcrcutting: ti,e pillar 50 feol.: Rh",·" the. hanl­
age.lewl un<l hJa"thlP; the broken on) into pullholes of (lLe ohl.stope.
TI",n, with deep·h"lc l,ammer drill> ,et in SI."ti011" cut f,'om the foot­
w>tn r".i"" opposite the I1li,hlte 01 the pillar, long hol,," ,n", fanned
out into I;1,C pin"r from a few feet to ~ maximum of BO Te"t in
depth, . The look, aI'" loaded wil.l, {iO-per"ent gelatin dvnamite ,,,,,1
<1etollated with "Onblll, suuiing with I.l", bottom raw of holc" Tht\
eh'l1'(je is 0.1 pound t\f expto,iv,", per ton of ore.

Drltlinl' ill the stopes cost $0_07 1'''1' li:llear foot of holc d['iUe,l
(1928.--29)" and "" ";,,erage of 'k8 ton" pOl' drilt-shift was broke11
ill the s(opes, tlw pOW<lOl' comumptio11 bcing- 0,33 pound of 31i-pcr­
"en i', bnlk powdel" I?er 1.0" of ore broken, The,c fii,'lll"" include open­
ing I,he 8tope, ",UtJ.lllg gl'izzly chamboTS, an.d fHn11"ti"~ the pullhole,.
An RVC""gC o( 72·,5 tons per l'",n.8hilt wa" put throllgl:l 1:]", gri~zli"",
with.a pow'].,!, consumption of OJ6'( pound pel' ton of on\. 1."1,,,1'
for blocking an,ll"wiinll through gl'iy.zli"" wa.'; paid at 4 to '7 OC111<:
P"'-' ton.

III 192B direct stopmg eo'{~, including blod",." IlHOLJgh gfiZzlie"
,,"d ,,,wel'illr-' ~il ,topl1lg~Llbtevel etopmg, lnllllng pdt"."" "hl'1nk_
age, und plll!ing caves-were flS foHow",

C,,, I'~' t,n
Lobm·•• • . .__ ~_ 1%
Comp",,,,,,,l air, ,)";1]" an,] ""'L .. ,001
E,pl"';"e, __' .. _{)ffi

Ol-hOl' '"PPU"-'_.__ __________________.00-2

'l'otal ._

In 1032·, "!"lwn a g",al"" propoTt.ion
"tope" stopmg ",,"1.8 ",,,",' as follows:

- -',--------------------

of Ih, 01'" cam" from sublevel

Ln\>or______________ __._". "___ __. .. ._ W· 100
Oompl,,,,e,l al", chill" nnd ,t,cL .__________ ",001
'""Plo"1<0' .. ,, .. ____ _ __ ____ . O,g

ToM.. .___ __ _ _ __ _ , 288

Stopillg and blocking costs during the J1,-st. J m011th" of 1933 totaled
abollt, 21 "ents peT ton:

Productivity of an ,tope l"bol' in 1028, when only 32.0 percent of
'J," tot"l output, "r ulw·mine was from 'LJbh"'d ~topes, was as follows:

,,,",.M,,·
Oceupntion ; 1"" '"~

Dl'!lUng "",1 1!1O'Ung "__" Q. 21~
HlMdag tb,o,,~h ",1"",,, .. _. .. ,_ .1S~

""" "",.".,..1,;/'
~7, 0
GO. 0

Sub!ot" , ,,_.__ , _.'14H 23_ U
_Md ,",ove'in~ (m".U,· In !lIbel' ilion Bublevel "'ope,{ , ,258 SJ_ 0

"-0\" ,___ __ _ __ ,~06 13, 2

~-
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The ""bk",,1 "YSt~m "f open ,,",oping ,is USf>,l e.:<tensive1:y on tl,s
)'fcnorni",,'" mnge in lIfiel1igan. The Ol'e bodies 0"0"1' in ll'on for_
rnatiOllS comi.ting of fmTElginou.., clJ.el'ls inkrbedfJerJ with slates
llW] Ulla[tel~d iron_k"",oj1lg rocb;, The ~\I"'",tU1,{> af the b"<l~ ;"
eh,,,,wterized by close "nd "omple,;: folding lUll] ,;(nne fault.ing, Th"
oro bodi"" ueuully dip !It ,1'",1' angle" and OC,n,r on (J1l" limb of "­
major fo],l, b<Jt rrequ~lltly the}' ""cup}" the "ntir~ trough f<mnecl ll}'
~ minoT plunging 10M and'n'c ycry il'r~gul~ in oul..lin". 1'1", ore
i, & firm, bllt nut 'l'erV harcl. hvdr,d:<~l helll~tik which "bULd~ well
in la~a slopes ",,<1 i";. not aECctoo by ~"q)03Ure to the air. The
f~1'l1lgmou5 cheds ,uu harder than the ore and stand well. The
~lat"" forming t.he walls swell on exposu1'e to th" "tmo,pllcre at'd,
R" th~_v oontain o.pproc;~bl" pVl~k and earb')llll-C"Oll' ill'nter;ol, .,.N)

apt to'c~kh fire if exposed hong in dry pl""es.
"Usuall:r the "uble"cl "to!'"S rd.rcat from tJle starlini;' ral;" with an

'werh>lllI!HL,lt face, as;n glITO~, hole." be:mg dl~ll"<1 ul'w~rd and
downw,,,'<1 l',u", the 5uble"el bcnd,es without inteT'IT",dLat.~ b",whe.,
snch a; arc ,"cd at ,he Burra--Buna IT.-inB. The ,uble""J intcnnl
usually is 20 1<, 2;'; fe·t, and with tllis spacing tl,e: entire bend,
between sublGvols "an 1.", ,...Jnoved by rounds drilled dO'iYIlwfITd tr",,,

.O!l" .subleYel and "1"""-1'0. from the next suhlevel l,elow, In thc
SV;tffill shown ;n ligL1l'e 2 the are is bl"sh'd int" rtlillhole' flmnaled
,;;,t abo,:" .a gri~dy .level and i" p"t through f,'rizz!ies into chu.t~s,
whence lt 18 drown ",1:<> ear8 on the hall1"go lev"]. In "ome mme"
wllere Lhc me, breaks "malleI' no grizzlies aTe used. It is ,.-,jyis"bJe
to hop the faee of tIm stop~ a" =rly vcrtical as p,,,dble an,l at
the Sl,m" time to maintain thc hEmeh 011 each snbkvcl hr ellough
b""k (If n",t on the sllblovd "bove so that the mi"cTO oro pTe.b,l·",1
fr(lm, (lr<' falllllg from the level "bove. An ovel'1mng of about 8 f""t
between "u!Jlel'els is cDnsid~.]'"d id"".I.

Stopes O-l"e carr;"'! eitho~' 101lg-iLwlinally n,e ful! width or the- ore
b"dy when th~ ore is llanow, or transversely with pilla," bel:ween
,I"0l'es in wide or" Th" pillars mll-Y be ,ccover",l lat"r, In thc
former CR,e the ore hody may be ""ctionalizcd 1:0 1",,,,'i<1,, mOre stopo,"",
and sevel'''.] longitudinal otopos may 1>0 worke,l at one time, the
~topes baing rup"""'ted by small pillJlr,~ os "hown in figure 2. '1'he
pill","" betw"cn stop,s al,o recluc{'. tJ", 1Jn~-llpl'oL'!",1 a.rea of backs in
the stope,. 'The o""aslonaI coil"pse of stDp" hack< ha, not been
"ttendcd by ,,,,iaus conse'l,"cn<)c;;. W1H,n tILi" {",cur, it is only neces­
sary- to "lnp back a short d,st.~ncc,l,,~ving:" thin pillfll' of ore again""
the ""Y0, "n,l to resume etopJtlg (rom subl<",m. already e5Utbli£he,L

At one mi)]c neIL" Iron Hin... the 31'01'"8 ",'er"g" 51) feet. in wi,rt,h
"wI are 90 to 125 foot illlenl,'th, 'I'hc me ;s fir"',.s[-,rong, 'end n1(lder­
atell'l",...d. Main k"el" al'e i60 f.£I, aport -.-erticullv; and the sub­
l""e inkn-al i;, 2" feet. The step~:< nre can·i.d Im:g,tuclinally and
s<>parated b" p,ll,,-,,, 2:; to 40 fc.t thj()j" Manwav ra,""s fO!' ""trance
to t.he stopes aTe CIlrrie<l ',um le"el to le",,1 in al1.ernll'!:<' pilIars, thR
other pill~r" !Jelllg left 1.ol""k The ora is blasted into miilholc"
from which it ;s pUt throu!(h gri1.zlic" into chutes. The amount ,,f
Etope dc"clopm"nt pe.. tOll of ore 40ped is "omll"'hat higher than
at oome min~s whe!'e no grizzly chll-mbe"" and gl'izzly le-.-els ar~
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lli"'l. About 4" tons of 01.., is d~YcJ"pcd pcr ]jn~~l" foc>t of st.opo
dcvdul'men(;, which cosl" about 8 cents por 1,," of ore mu,le. ayu.il"blo
for st"ping. Light, LllOlmt",] hammer drills are employed, amI 50
to eo feet of hole is drilled per man-,hift,. Breakae;e. per man-,hift
1M "toping only is 40 to 8D tC>ll' of me ami for SI.C>plllg ",,,1 d,,,,,,jo1'­
mont combined g4 to Ml 1m",. EX'P~o"iH' CDI18UDlptioll. aYcrn~cg U,)
pounds of 4O-pcT'cnn(. gcilltm dy",umts p~r t(m broken ill iiwpmg and I
development combinec/o In 192·~ lOlll' "dj"c ~tope" were prodll~~ng 0'
100 long tOM per day and could i",vc I'rfJdu"ed 1,OOIl tOllH pel" day
H fm',,,,,1.

At another min~ main level,., J11'<I 120 feet apart ,md sublevels 25
fcet "IHlI't v"rl;kll1l:l'_ The 01'" !"uns [;, "' ,,,,,,,Unum of 220 feet in ,.1
width. In witl" ore, }oJlgitLJ<liIllLl h""lllgc ,}rift, ao.'e ddvco in the
Ore bOlly on ~,5-foot CB.ntcrs. Ru';S{'" ure pur. up an lii·toot eentm's
on olternate sides of the ddfts w the first sub}ev,,}, whe,", thev ure
helled out to ,'eeei"e the ore to he. ol08t"d from the stope taces above.
Stop" gl'izzlies ar" not ",,,ploye.d '" thi.< mine. The ore is quite hare!
and (h~\, llm] lJreak,,; wil:h >L largl' l'"reenlag" "r lin",. It i, drilled
wit.), light, Tn<mnl:e,l hJHtLlJ1(,r drill" two UHm ","rkin/,( together on
"",,11. J""d,i"". An "vem;;" of 7" 1.0 100 fed of hok h d"jlbJ per
maehine-shifl:t hut. us mucU os 1-'iO feet cun be d"ill"u ,mder -law'rable
conditions and when it is not nece",ary to rig Uj-' ".11U l:eM' down e"d,
GhifL Holes aTe Uf' to 14 feet dcep. The bac d1Olo.;; n.1'o !-1'e easiest'
and cheapest to drill and oftell ore dl~lJed with a heavy bUT<len of
6 to 8 feet. Some stopes have been 200 feet long ond 150 foet wide.,
w.ith l"Tl~ h'~lCh faee~ aC1'OS, the "tn})e. 'l'hesB often ore curved in
plan. givinl( henche" eOl\sideraolv longer than the width of the. ore
bod);. In fha'" wid" ,I;op,," 'hc·cappi"g ""entLLally caVe8. A thin
pilb,' of ore then is left to l1Ol<} Dock the caYe, and the "tope i, again
opened 1Ip. The stop~ faces aTe carried with only a slight overhang,
"" O"'!; if ~ ''l'.'''' O"CUTe " Yed·i",,1 pil:h,' c"n 1)(, Id" thlJ~ tying up
a minim"m of ore.

Durin" I:he lit,I:,·half of 1021:l, 44 I:ons were lwodm,,,J l"'" mi"er per
~hin, in~uding min"r, ()J] <le"e!opmeJ1!-. Sinell I:lH'r(' were a" Tn""'.\,
minel's on deve10pmeIlt a" Oil "tnping th" jll'O<!Lwtion 1"'" mirwr pm'
,mft in BI:<Jp",-' w", ~bout 80 tons. Iil 3 years :llld B mo"th. B7n,mm
tons were prodllced h'Dm an average of 6 stopes, Or "bout 150 I:em.
per stope per day. III Uay 1929, 2,j,,535 tons were produced f,-o", ~

"topes, working ,1 ,Ioys per' week and only 1 ,hif~ [lor day. Tills
is cquLY:Jlent to 350 tons per sl:ope per: ,by. ConsLlmption of e"plo­
,ive. awraged 0.509 pound p"r tOil, in<;1uding development. Over
a period of y"ars ti5 tons of ore were made avauabJe. for ,topi"g por
lineal' foot of Hope development.

At fOme mines wher& "uolevel 8t<Jping i, med thc orci" saftenough
", that it can bo drilled with lighl. ",,,chine" ,,"ino; auger steel mid
is 1'.00 we"k to hold 'ill OYCr},"nglTlg bend,. Indeea. 80metime" it i,
nccossa", to 81"Ve theillope faco slightlv outwa-l\1 tm;'".rd tho bat-t<Jm.
Roeh sublevel '8 thllS stoped back fa-Tt.her than U," 01>0 below. In
;:meh cases e""h suhleve1must be deveJoped with" serios of longitudi.
nol dtifts if the or" body i, wide., Johe drift,; ""i"g I'eporated by pil­
lal', of "l1"h thickness (".bout 20 -r"et) tI,~1: thoy {'-an b" d,·med lind
blnstod out- by 100'g hnlcs d,-jllod into the "idcs of the dcift." The
Subclrifts a-re driven sm"ll in moss ""dian. At the fac" of tho 0POll



"ope they are widened, and the top Ie taken down to make mom for
long "l-e&1> employed 101' ddlling' upwm'c[ and downward into the
benoh"" OJ,,] bterally into the pillars between the driftB. A round
of holes i, drilled "I" and down ancl taterallv into the pillars, and
".j] ~re bla,tecl l(lgetler, Ih& hrolm:ll ore fallillg down the stope fuce
into millhole" below, A, the miners work back of the face in the
5ubdrifts they o,'e protected by solid ground aho,e 1.11=. In wide
or" more sublevel development i3 ,'"quir~d thftll where. benches are
cal'l~ed, becml£m ,,1 the greater nUlliber of drifu. Wher" the gl'ound
"ill not hold ". bend" 'however, it ll~ually i" llluch ""ftel', the e",t
pcr fnot of driying (..I'e ~"hdl'iH~ ;, Ie"", and ,he d"n,joprncnt e[]st
per ton of "re. ~t(jl',.,d i, ~bout th" ,am" ,,~ in tlLe OV"rlllULgillg ben"h
system use,1 in harrier OTO.

At one mine using the vertin"l "r ""twaI"l_'lopiTlg stope face the
or" body was very irregular in o",line und e;<t<mclecl 350 feet above
t.he lmLI]"g" level:' It W~g worked '''' on" high 'tope with eubleve!8
25 feet "l""'c vel-t;callv. When th" mine was visiterl in 1911B, II r;angs
of 2 men "aeh wc"e ';'ol'kiJlg iu the "tope (12 men ow· Ll,e 2 sluR,),
ancl the stope was producillg GOII tor" of 01''' pc" duy 01' 50 tOILS pel'
IlJall-"hift. By working ,,1I the ,ubkveh "t tl'e s"me t.ime tl,e output
oould l",Yc b"en incre~secl consic]embly. The "tDl)e faee Wa3 cur""cl
in plan and on s"m" subleveb w~, 200 feet long. DIH'jng 192B, gOO,­
000 long tons of ore wel'e mllle,d, [lJlLI the Jired stoping "'''~s werc
~, follows:"

c", PO"
,,,'" to"

"'h"h,,' .. . $0. UUO
Othc" .uppllos________________ .011

..1'<\(" L .. .

M"I'elopment), as

c"" pm'"',," 'onL"boL "_"_ $O,24r.
Sup,,·v;,;Q" . O~l
C'oillj)""""d air, (\"[11,. fin'l
"~eL ........ __ .. "___________ . (1.'0

n~r>lo.'ive., . O~O

P",r'luet,i,·it.v of "tope laoo" (including stope
lnc"wrcd jJl man-hOllrS por ton, wa, as fallows:

,"o"·h",,
Oocupation: """ Ion

lJr,,,l<1n~ __ • o. 3r,~

Timborjn~ ,... .. . n3~
Shovoling .._... .. .... ". .... . on

"''',",,".,".·,hil'
2~. "

""'0.5

Total_.. ,4<12 1n, n

Consulllption of explo,;"es in ,topes wa, O.Gl~ pound 0-1' 40-percent
g:elrd,in ,ly1laruite pel" Um of ore broken.

At, another mine ill "'hi"h most of the oro hodie", were, ,mall the
lal"gcs~ ,tU!)C w", obnut lOll hy 1()O fe",t in plon "nd 1,,0 'feet high,
:';ubJev"L~ were 25 feet apart. ycrt-ieolly, "lld t.he drifts on each sub­
level we"e % 'feet "1.""" center to center. The ore wa, .\Oft ,,!\(I woe
drilled with iockl"unlllel' ""gel's. Rai"", wem Pllt up olt"rnatcly on
the right and loft. sick, 15 fODt "paTt along the l10ulage drift,

'1'1", "tope face sloped outw"rd tOWOl'<] the bottom, os the ore wos
too "oft and weak to holel a bench. Thc ore broke fine, and it wos

,
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STOPING MICrBODS AND UoST3

unnece,snry t.o Use ~j7.zlies. In stoping, 80 to 100 tons of ore were
broken pOI' mall_sinH. In one big "I,ope I.wo men r<Jglllarly broke
l{)O Cill" of 1l.3.long -rons euch pe!' shift o\'~r u "msic!cmble period of
l',imc.

A ooblevcl stoping method wos e!Ill'loyed under rather unusual
oondi,;o,," at the Carpenter millo, Crystal Fans, :Hich." The ore
bod.\' fillec! a pitcbin<' ("oug]; a,'eraging ;;00 fed in Iml[lh Mlc! about
200 l'l',," in widl,]" Ti,e sw"f,ccc nU1terial, C01l'i,ting of tin~, wet ,aurl,
gravel, nne! J1 JiLtle h,.nI pan, was about 175 feet 1.10 iek. H aulngc levels
we,J''' 150 feet apJLrt vel"l,icallJ" a"d weI'e driven in ore n€ur the WJll!:J
of H,e trough. Thus there were t.wo longitudinal drift. on each
level. l'hese weTe COllllected by crosscuts "poeM 80 feet "pal" OlL
the rente,· line", of a "ede" of 40_foot sllblcvel stopes soparat"d by
4(j.J"ol; pillar', LateI' e1'<l,"cuts ",el'e dd\'eu under the canwr of
tbe pilllll'.. Tbe stope" werc d,,,c,,]opcd by miw;; from leyel to le,el
on tbe "enl'"r line of t,he stope "long 0)\6 wnll, one to serve a..~ a
stal"t.ing raise for tho Etope and the other as a llla.nway l'aise from the
dl'ih ne"r the othCI' wall. Tbc~c rai"," were connected with IL cross­
Cllt on eacl, sublevel. 'n,. first "ublevel w"-< :·10 f""t above the hanl.ge
level, and ;lJcceeedillg mblevel~ ',,"l'e 2!i :fL",t llpal't. The top ollblovci
",os I!() feet Imlow tIj() lLpper worked_out h",'-uig" lcvel, Jellying a 15­
foo, pillaI' IJr"le,· t.he le\'el. Chute rai,,," we.." "'agge..."l along the
",,.in levd cT'o"-',,n!,,; at 12" to l5-foot inte,"'als and werc put up to
thc first subkv"l, lat!.H· ULC' Wel'C bolled out us etopillO" retreated
toward the hauJa~a drift.. Stoping is begun on the low~t suble\'el
at the starf.ing [>11"", which i.;; that hrthest :from the m""way ""is"
and the hOllluge drift.. A bench is Cllt right and left frQm the suh·
le"ci crossnllt to the pillar lines, the broken ore :falling into ,he l'ai""
"nd u' U", ,t,,]'c faee I'etr<,<,t, "aeh slJbhwd b<'11"h is fart.bel' back
frmn the ""i,e tl"m the bcn"h abon, 1hus <ri'~ng all overhrmging
si"pG hee. UppCI' boles we"" drillcd 8 to 10 foot d~Gp, and the l;ack
w,"s blll,tc<1 clown: thcn, "t",J'ting f'TIm the pilhtr elld of the bend"
,Jow!lholes wer" ch'ill",l an,l blasted, knocking down 1.1", bench into
the mL_e. The stope was continued baekward from tho l'"i"" until
t.he lJad{ "howed sign~ of weakening, then blJlkhc»ds wcre put in
"ach >1,hle\'e! CI'''''"CU1, and a mat of ore was Ie'lL i'n tl,C bot,tolll of the
"t.op". The bulkheads were to keep ."nd and 3urfll"C 1I10kTiai fTom
JiUing up the 5ubdrifts, while the mat (lj' me l"'offield Lho main
11",uhge ,1rifl:. They were of timher "nd h"d a "",oIl door through
which elltranCC to the ,tope could be gained, They weTe p1&ced
direetly abo"e Gach oth,,,' on the "",ernl sublevels ~t ,. point whL""
it was thought stoping operatioIlf< could be "",r1"ie"l beforc tiLe sLopc
wOllld e,we through. If the, slope did uot f"W "ftcr 2 or 3 dR'VS it
W".~ ,'J11::<)J'ecJ t!"TIugh thc Imlkhe".i!", ",nd aflothel' be,wh w".s shot off
.rwh sublevel to wi1hin ,; fed. of t.he line of bul!rhead3. The,n. jf
the stope did not cave, long holes were drilled ill the lO_f",,!; b;",k
piUa", ,"HI ",ftel' tIle bulkheads wero closetl O,e,e h"le, wnre bla"led
dcctric,.lly. Aftm." the stopcs had c~Yed and the wakr had dra.ined
thTough the chute, and hulkbeMl., t,he b,.oken ore mot and the ore
from the caved bRcl, pill"r wcr" dmwn through the chutes until
dilution with sand prohibitod further drawing, Than a new stad·



ing rai", wa, put .up just bade of the bulkhead", "nd ,toping; waS
cOllti'll1ed as before. -

After' the 5to-pos em "!Wl, sid" of a 4O-foot, pillar Wm'e mined anll
can"l the pillar w,," dCY6lc>p,"1 in the samG maunCI' llS t.he stope",
except t.111tt tht> middle or 80_foot suble,,"l was driven hTge Ollough
to ll<:comm"dfrtfl ehu tas and sublev€l tram;f~,. C"'~'. Stii,.'ing at thi,
Bubkl'ol the "pl'e!' half of. the pilla" wos mined bv sublc'-ol hwping,
dropping the oj" into chutQS in the suMrii". As the storr rd",",.l<',J
test he>les were d,';lleLI into the woJls t<1 <leterr"ine. the poslt.ion of tho
5~nd in the o!rl5tope". lVl1en a pillar was mir",,] between ht"pcs in
wJ, ;"It >andy material COTl,t.ll,;ning. 30me clay h"d "",narned for a yea,.
or mm" a,,,1 had dl"i~d out the Jill would ,und witllOLJt "l.Ipp011; from
tho ore, and the piUM' conid be, mined clean. "'h,m the Jill Wll..q not
firm it w,.~ necessal'y to lco:ve", "l",ll 0'( ore 3 to 5 fe"t 1.1,iok 1.0 hold
it back. ~"fu,,· th" pari of t1w pillar above ilia 80-fooL slJhleyel was
mined the lowe'· part was mined ill '" "imilor manner, Ic"yiTlg ~
lO_foot floor pillu'·lAlow the 80_fool· lcYct.

Suble'l'€1 5toping is elDploy~<1 in part of ml1l~ 110. g on the
.M:anjuettc r"ng,,:,

The ore ocenrs in tloLJghs nnd folds us ]enticnl~r mnsse<, shc!'I<,
'Ind chimneys. Th" dLp r>f the formaci<>n is fairly steep ~t th" sur­
face "nd beeDmes flatkr ~t depth. The OrB bodies al'e 8lllaJI and
scattered. The me itself io " wft, hydrated hcm""i", which can be
drilled wil.h aug"r steel and g"nerally requires timbe,' eUPPoTt, except
in the 5JIlalb,· openings. Th" ()\'frlying jMp"r is fuirlv h"rcl n.nd
generally &t"lJds w,,]J. '1'he "late llneJel"lying the me i, smumvhat
fri"ble ond drills and b'1)ak, readily, bue n.~ it "tands at a "",,"p "nt;h,
littk timber is rcqui''''.d t,o mppart drifts U.rollgh it. Much of the
lW" i, milled 1Iy top sli"ing, lmt in 80me of th'''I''''roW, steeply,di Pl'ing
oro hodi"s, ,-ublevd sl:oping: "LUI be employed, and this method is llscd
Wh(illeVer possible', H the ore extends rJpward from a mlJru l<wd"
drift i, driven lengthwi", o( the ore body, ~n(l raises orc put 111' at
25·Jont intuva.ls 0" tiJe footwall side to the first sublevel 25 fcet
"ho,"e the floor of the ",,,in level. The main level is timber",l, "wI
lJ dmte is built in en"l' rai,e b"t. one, which is 1100(1 as a m~n·"my.

The. raioo" am conl:,jnued 'to th" to! of I.he ora an(~ connede,l (J." .u~­
"cs"ve sublevels, 'which are 20 ed; apart wThe"Uy. St<Jplllg IS
b"L"'1I on t.he first sublevel in the Ta.bB farthest fl"m tho TtL"nway.
The rme is oiJCD."l out into all inverted cone the full width of the
0'" body, uSlmll.v 140 to 2i5 fed und Llppers a'"I) drillc,] ill the hil.dr
aNund fhe rmse am] are hhsW. Th," i. ,,,peated on ffllCC"5siv0 m1l­
levels until 1.he .tope has b"en opened th"'lllgh tll the t<J.!' of the ore.
Starting on l.l,e t.op ffllble"d two vertical row, of J'('rlZonbl holes
then ,1l'8 drilled in tl,,, side of the b1lblev~J drift at right angle, [',r> it.
course and blasted. Thi, leaves room "nough on the bench thus
fOT'Lned to drill ,011\holes both ways from Ule dl'iftto reoch the w"llr
of the or~ body. Vh"n thc.';" Ill" blasted a rut " fee!, high i~ left
a"m"~ the, ore bouy. Then" donble ,'ow o~ upper holes IS dri1Jed
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'md bl"~tBd in tl'e brow 0"1''''' tills cutl leaving n,Ol" to ,]r'iJll0·fnot
hole" into U,,, l"mu.ind"r of th~ brow a.Dc>v~. '1'hi" pl'CN"'''' is J:{'.pc".w,l
on succ"",nv"ly lower Bubl~'re!s, and the '"'''pc f""c rdrmd:s from th~
end (>1 thc ore hudy, mainwining: all SO' ,"-up~ b""kw'ml from th~
dmoo. .

Direct; sloping: cosL~ fo,· WgS ill sublo"l'cl stope" at thl" HUM Wer"
as follows: .

",,'"" 'on" to"or '" ",j,,,"
Lab,," •. ,._.. $(I, 18U
SnM,v;,ion.. . mti
Compr"'''''d' ol,. \1"H", ,,,,,I

"'ooL______________________ ,000
Powe'_______________________ ,U4,

a,,'"'~ !,,,g;.,.oro,', m",,"
Ex"''''i'''' .._ _ (;0.0-;;0
T'inllJer______________________ ,1)10
Olhor suppU.,_______________ .fI75

Tol.L______________ .417

At the nor"" ",i"", Nomnda. Queb,'c, a m.,thod io ~mployed simi­
lar III prJjl~'ple to the subh',c!.,I"pmg method fol' mimng large
bo,hes 01 massive sulphirle (\re 'l'he large H ore body i<t this mi""
has a TJH1X'ffiUm w,dth of ,wOld SOD fe'll-. in phccs. Th~ ore 'antl "'all
roch "I,and well 0"1''''' Spallo ui 50 fcct, 01' moru. Leyel" arB 125
feet, ,"part "l'el-tieally. and large hauh!=(e drift" '",'r) (h~ven alo11g or
near e"ch wall or "tong the cente,' 01' tlw <0"" body uu eo"h level.
St<Jpe" 46 fe"t wide are laid out between Sr,-fout p1llaTs ,"cross the
ore hody ",nd ar~ de"l'elopml hy inclined mi,e, freom the haula!=(e
Iey~k A s,·",i", of para-Uel brl1JlcJl raloes is dri"l'en from the main
raise, iIl ,.,eh ,t.ope. TIl""e parallel mi,,,,, e()T"espond to the 8ub.
le.vel drift" 11\ subloy"j stoping, uml from toh"", toho O''C is broken
down into tile open .,t.opes, whence it is dmW11 off thcough chutes
installed "I. the bOI-.I:onJ. of the mmn raise". FigLJI'" ~7, A, is a "l'crticnl
oro" .,ee(ion thl'oLJgh ". fully developed ,tope al'e~ e"t'H"ling from
th~ ninth t.o the filth Ie,'el, a-nd figu"" 27, B, shows the method .of
stoping hom indined ,I-.(Jpe mi.'es by drilling np. an<l ,l()wn_]H,l."~,

The 0TIl is a high-g:mde COPp!))' u"" carryiug appreciablr·, gol<l "".lues,
and after t.h" "t"pes h'l:I"·, l,,~,n filled it will be neo-e,-sa..y to mine (',he
pillars between them. .TIw "dphide <Jro tal<"", on." p:iI'tIy oxidi~ed

film after exp()",r~ to tho ,,1.mo,pheTc for," few dny,; a11d mlllinj':
ore, conc-entmted by lloh,tion, m"st be remo"l'ed n" r"pi,]]y ~s it '"
broken and put I.hnmgh the mill immediatdy to obm.in maximnm
rocOYeT-y. The stvlJing lll€thod employed p',n"its illllllediat" draw_
ing" of the ore.

In stoping, the rai,.,." 1i1'.4 ~)'c "la-bbe,] out t.o the pilla" lince, mal!:_
;ng them 40 feet wide. Then, beginning Il.l; the lower serie" of pa-l'_
aIlel bnmcheo, the orG is blnsted off bv '''l'_ "nd down-holo". Simi­
lad-v, bCll"h"" am bl""ted :hom the lither branches us nomt as the
lc,wei- one is far ffilOngh t",,,k SO thot ore fn1ling hom, llbmre will 1101.
ffildang'.". tho ",m'kLU~Jl below. Entranc" to i,he sl:op,·~' is t.hrough
manw"," ,...ioos in t.he pillaTs, from "'hieh sm"n drift" are d'~,·rn to
tbe .topes. By the me of inclined )'a.i,es instead C'f "uhleycls no
mucking is required, either i" deye]opmo"t of the "t"pc", 0, in
slabbiug operat.iOns. The disadvantages are that the men a,,, work_
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illg Oll "n inclined botl<>m "to the edg" of a high open ftupe; it is
Jiffieult to reach and trim the back; and h,mdliIlg of steel, drills.
'''lid drilling gNU' is rno)'c difficult than on ]"",,1 honches. '

.,IEIlJllTT """"ON ""OE, "",~rron.,

Brown" has ue3''''ih"d the stopilW metho<liJ "t the Sherritt COl"
<lon mine. The 01'<) """urn in two el,mg"ted. l~nt,iculM' bodie.•. 'J'j,~

',,\.at ore body i, 4,200 feet long an" ",'ec,':Ei' 15.2 fe,-t, in widl:k Tt
dips 45' nOI'th uo the ~. ~nd, ."t<,cpenmg gradually toward \.h"
"fl8t to no. 1 "huf~, where 1t 's ",,'i,;<OI1, and theJl dl"Tlgi's to a south­
erly 'lip which f1atr..ns to,]OO !It t.he east end, '1'''" west ore body is
5,800 feet lnng, with lUL ,n~""'ga "idth of l,'.~ feet. Th" dip ranges
fl-uJtl300 to 65'. In both ore bodies the width "aries greatly, ,'ang­
ing from" few inches tD over 50 feet. The oro Olld walls al'e fi1'm
and ;Gnr\ wcll OYer wid~, span~,

An "d"ptation of til" sublexd-stnping sy8tem, mnl'loyed at the
Burl',,_Burra mine i, employc,\ for stoping ·om dil'ping "" angles of
~"o t.o vertical. Th" IcveE are 150 feet 'apaL't '''""",,,00 on a 51"
dip (the shaft 1""lil,,,(;on). Tnm'"arl of sllblev".ls baing u'3<'d, how_
ever, the ore ;s beTlched down irr single "Ii,,"s or b"nch~:e abrmt 8 f~"t

wid" fmm one 10vel to th" ne"t. l3"xJlOl~ raise3 ",era put "1' OIL the­
footwall side of the hau],cge- drift on the thin] Or "OO-foot level at.
inkj"v~ls of 30 -feet. '11",se- ,,·ro flllmel~d out above I;hc level ulltil
the funnels cOlllleet, awl t,hc ore is slabbed "If ·t" _,"po,c b"th w!l,lls
Oil. I.he stopa floor abovc the rui""". This "hbhiJlg .w,.~ contrnded at
~O.4() to SO.TO per ton :for labor and exp!osiYc', the pl"i"c vu-rying
with tbe width "f I.he ""6-

Starting: ro.;,,," arc driven thl"OugJ, from, the thi,><l. level t() the
""O<>11d l~"el, Ihen to the first love[, ""(1 finally to t,h" sublHd below
j-],e sllTf.oCe pillar. Th(\._" T"ise" are 12.1} feet ap"'-'1 alo"g the "'rike,
of t.l,e ore bod:]. Swping;s begun at the second levd by shbbing
,,,'m",,! a startmg raise tn ""POW both waUg and cutt.i"g " bench
"I"'ut 8 feet wide on hoI.!, .<i<ks of the mise. The, hend, "" nne sidc
is then carried down until it brc",h throuO"h to the stope fI"",. J",lnw,
t.J,e l".okcn ore falling int<} the belled-out- 'boxho[e.., at the thi".] [evd.
Ho!e" ;n I:ho benehcB are drilled 10 feel. deep, and each blast c"l'rio,
tJle bon"h down tha·t distance. SIlce.ccding benches o.r" earri",l <low"
ill the ""mB m"n11er, l'etre"tillg fr-om the raise. After" ",tope has
"dl'~atcd. 30 to 40 feet back fcnm the raise a similar ,toP" is begun
on the next bigher level, thc ,jre fulling: down through tho lower ,topo
to tbe, boxholc.; ut the third level, Simil~rl\" when l".his ,topB is back
Ln' ,>."OHgh 1]'0 ooto]JlJ ab"vc is begull awl mi ;""l b"ck.

"Whc-rc the ore wa~ oyec 9 feet wi,le tJln'~ men w"c" e.mploy",j Ull
each bench; in narrowm' 0"" ollly t.wo mel1 wm'e empli>ye,l All
work ill stop"" w"s dono on oontl'ud. Contract. pl'iees covering labor
~lld ""'1,lo,i..."., were us follows:
Width. of U'O; I','"",, ,,,'

0,,"" m ie'L ${I. SO
Ove,' 12 ION, 10" 'h"" ]ij fe'l· .. .... __ . .S"
O,'<r 0 feet. jesil limn 12 ieeL____________________________________ .40
Ovor ~ r""t, 1o", thon 9100'- ._ .. .4[;
I,e;;., lllan 6 feol ._.... .50
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Where t1w dip j, less than 45" overllaJlc! open st.op"s aTe used. A
,tope floor is cne Ollt in the same nlannel' as in th~ et.eeper ore, e"""I"
that reguluT pill",," divide. the or" body jut<> IOO·foot ,ectiuns. .A.
,"Mll heading i, driven iN'" the hanging wall for wout, 1.0 f""t to
"''''ve as a scoml'er gtati"". .A. belleh is b,~un each WRy fl'<llTI tho
foot of t11O, "aise in the "..ntel' nf the stDIle and carrioo hOI'i/'ontaIly
15 to 50 fed. ~nd the full width of t,h" QJ'e, """"pt whero it ,,-xc,,,,d, 8
f""t. In 01.''' O",H' 8 feet wiile 1.10& bench is "",I,tie,! £1i il f"et high Mong
tl,o ]"mging '1',,1[, and the 01" left on the fo(,twall is taken "V lly
""del'hand working. using 1'1 [Jg"i(er.. Aft"" the, lir'i. heneh is nn"hetl
a. s""ond is bcgLJTI hom the ru.i,,, in the sam" m"nner. W110n the
bad< of the EtopC get.q $() f>1r ahnve the boxholcs t!l".t illli muck si.'u1:s
to pile "p on the footwa.[], a doubl,,-drum s"roping outfit iB put jn
operati(}Tl for ""raping ille ore down to the bomo1es. Ore. iB seruI""l
"lleeer;,;;fully for dishnr.e, of 2QO foot on ill" in.clin",

Direct si.oping eost~ Jming 19~1 and 1932 we,"" [l.' follows:

e""",,,,,,d oJ>'_"'''"',", _-ld'"" ",,,"L
:;0,302

.11'

, "UG
, no<.,,"

.0OJ

J~"',_. ._'''''''0'... .. _
D~lL "'DO""' ""d ",LL",",

,,';';li~j;io;\;i~';,~iDTD"

Direct 'lo"i>J1' co,I". S,,",i'l G",'"o>' "".hw. lV3.l-Ji!---, =~--
"oo'" "'''''' ,r ,,,. II I Coo" poe '0"" oro

0'1" ,,' ,,! :££; ~~, l"n, W to I
,," '""-'"~:'. (1"") "'.')""~"}

COots induJe writ0-o1t, on all m,,,,hines and elu.ipmCTlt ,,"eJ. The
R\'erag" "<l'i. is "lightly Jrm'€l' nn dillS of les> t an 4(;0 b,,,,,,"",, 'fut
"topes wer" not begun until ,T"nuary lJ132, when general cfflcien~y

in the mine ",os bell:cr than aUl'lllg the fin;t 8 months of 1931.

TJ,,, ore or",ur~ in Jar6"'~ inegulnr, conta.ct-metamerphic c1"poo;l..
coni',aining l;"0l<l os the onl,\' \"~iluabl(\ m;nc",il. '1110, eomaets a~'e !,,,"
twCl'll the IJl,,~Aone and an mttUSlVe 1)0<1)' of line-OTaJned choTll:e.
The average gI'ilde of the ore is about $0 pcr um"'in <'old. It;,
exl."~llely hare! "ntl tough and will ,taJld D"er 'p"n, of 60 feet or
roo,.." although ic is craclmd "wI eeamed in. many dil.'l'ction,. The
otc i" quit" irn'glJl1n' in ontline. Th" dip is nearly vertioal in mo,t
phces bul.loeaJly fial.l.e,t\" to as 10w as O()".

LHe!, ,"['0 "paeed al: 11l0-foot "eme",1 in!.c'",al., from which i.hu
<we. w"" developed HJld m;m,d fM a time by slll·jTl];~ge ,toping.
Owmg to the WIdth of the ore and L\,,, natur" of the ground slH'ink_
age BtopiTlf';, enta.i1ing wOT'king UIlder wide b"clo.<, was dangerou",
aJld a modlH"tl sublevel-stopil1g system was inauguml:e,d. An inkr·
mediute lesel or sublevel was driveu halfway between tlJe h,llllHge
le"els, f,'nm whicil l.h" (\t'e is benciled ,Iown jnt" the pal'tJy COm­
plct"J sln'inlmgc ,topes below, as in regui>,r sUhlevel. :!tOpllli\". 'Where
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the oro body JS nalTOw 8111,jnk"ge stoping is sl.ill emploY"d. It, .is
eslJmate<l [h".' ~O percent "f lhe ore above the haulage level wlll
be extracted by the present "ysl:em.. The1'" is yjrtw,Ily rio dilutiolL
of the ore with wali j'o~k. and the latter stILnds well. Pier<:e cOm­
1,arcs tho old (shru'kagc) and llew (ouhlcycl-,;;tDplng) syskms as
£"nows:

In " w1<1o """ bo",v, _'u"lovel ,topJng .1>." the "'!lowing ,'!v.nt"goo O~OI'
,1Ll'lnkng<> '"0P;l\g; (1) Subl,?,] "1.0p;n~ ;" salor llOCfi"'c men am wo"kin~

lUldol' " f"e<ll'Y b",k,m "nd t",,"oa book wh;eh is '"adl!>' noc;,,,ll"e dUT~
(he ,1",", Hillo iI. "",-ve, fur j1l'Ot~"lOll, "'iii the ill,'n are ,,,,t ,xj>O,od to 'ho
"""gor or b,'"", '[".",11 "o\m w'l" lI'e um lIthe t'",""'01'8 pull Ihe ,,.,-0"" chute
,,, if tlLc oro hong>< ll]J and "nu<1~nlr dl'Oj"'; 12) Illore ore ;, ",mvo","'I, ""
j"rcgulnrILi'" "ce fon"d fine] ro][,p",eu mor<, co,;,,,; (3) tho 00', nl mlnlu
io 101'70" h,u,,,."" "oultl,"" (]<l .not ~"vo to be> "~fOg O\1t of the '>ee (0 be b'o,k~
hol,,~, ""d !Lonc ='1'" U,o ;",i,ol)' to "10'" UjJ lramm,,,g; (4) it ~j1miD"""

. Ille in""I>Dllenl in i,ml,OIl 01'C, "hid, ""come, ox,.,,;ve witl, ~ lL,rgo m'e lJO(ly;
(5) trammillg r,'om !Ill,' gl~"n D"llhOlc do," llot )"n'~ 10 sl"p b,ea,"" mon "r~

\~o,kh,g above it.

The dil'c<'L. stoping ,"O"t., August 1, 1mm, to April 30, lV80, was ""
follow",

c""""t,,,
Labor," lLl' "1TIJ< " $0.4{H
J .['01' bloekboL,"g___ _ ."74

___ .0.738
Coml""",,cd air, ,11';],,, and ,,",L__ ... "________ .:12<1
EIpI"'lve.'_____________ _ __ • 178
o ,her 'l'PpHc. . " __ . W2

TOlat .. " 1. 072

Pl'O,l udivi ty of ,toping- la-bor ill 'nan-hom'S p",. ton wos as follow. :

,"0""""","".".Ilronki"g {i1r;Il!TIg and bl,,-".',,~) 0. 0,"
BloekhoHug . .4<1U

""" "",
ffl""~N'

11.B
19. ,

TolaL .. . .... . 1. 051 'i.4

The above ew,l~ were o!>tamed during the cransition from ,jlrink·
age ..wping to sublHel ,",<>ping and inelnuc shrinkage-sloping c",ts
in fla.-f't "f the miU" whe,·c the """ b"lly was narrnw; therefore they
do not indicate ilLa full b~~l"fic ,Jeri-.-"I from the ~h"nge in the ""'1;­
ing system,

'rhe. On., ""curs in Ie~llie'a1ar masses ,lip!!ing abOllL 50°. As it i,
VC1'y i"egulm' in i1"'" contmt ""U distl'ibut'lOn of i'UpIlTities-----ciliel1y
sulphur, ,ilic:L, U-IL,! maA'1e,ia-'t sloping melJlOu mug(; be ns",l tJ,".I;
will pellllit seled,jve mining and allow Ore "'-'ld Wll&& to be lahn out

~ h"'" ;",1""" ,",,,,,, lob",· ;n "'oe' """p 'D. '"''P'''~''' roo,", '
.>0 Knle,n, Llo"J M., MluLu". and £ug""""'" ""',1"",, on" ~'"', " t10 IT"no,"B""",,"" "",, " ~,p"" Co., ]I,,,,", N, """, 'n'. r:"..,. '."l, B"",.u ,,' ",,,leo, ,""0,

," "po

-----------
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OOl'llrately as conditions {'.lH\nge, Thl} ore ocenr~ "" replacements in
limcst<lne beds at and n""" their <,,,nt,,,," wIth e. ~,...nodiorite bath­
olith. The magnetite orB bodies Me ycry in"l!'"hl' 1n ,ize, rnn more
or less pa"allel t.o th" gmnodiorite contad'" "Jld ""Ufi.lly are lenticulm'.
Occ,,~i()n,"l]y ". tl,idme", or 200 feet is "tmined, unl, I.]", ~YC,""w. is
about.·W f"ol; III many imtan{'es alwr""tc bed" 0"" "b<jV~ th" ot.her,
have been repl"ced, le"'l'ing beds of altered rock ,"nd low-grade iron
IwtWBml. and fuur pal'" llcll,erl, o·(ten OCelli'. Th" ore and wall rocks
n.r" "trong an,] s~Jf-suPPi}Tl:ing OR'·r considerahle "",,as, Lwel" "1'"
,l,:';"cn in the lower ore bed at 125- to 175-fuul, inton',d", anc] Irom
the*, uh[J('''' I'~i""" ]],re T'1ll "I, 150-foot intery,,];; along tho dr;f(s trt
grizdy uhunibcJ's 25 f"eL "hOl'" the level. Th~ grizzly chambers ar"
conllMted by a mammy drlfl'., to whIch ""ce", '" afforded by mRnway
l'ai"e" holfw"y between the chut" nises. From the gd..ly "hamhers
iJ",]jn"d,~tnl'e L'.'US"" ~l'& opened the full width of tI,e <,,"e, pitehIllg
up along tl'B ore bOLly "bout 45' from the horizontal. A pilot. niso
also is driven stmig1lt. up 1:110 .lip hom the grizzly chamber to the
Ile:d', level. A small pI]ot drift ;" ,1rIyc" "long aw 01'e ""del' the
2,5-{oo~ /1001' \JillaJ" oJ the level abo"", Stud,Ing on th" pilo,-drift
1,,,'el "t, th" plot raise and at. the intCl"oectioIlB of the pilnt-dri£t.lcvd
with tlw indI".,rl "lop" raises the ore is bencherl down by under­
hand nllllIDO', the bl'okcn OT'C J'nnning l.>y gl',wlt" to the gl'izz1ie" he­
low. Oeca,;'lonul connection, from, the stope rH,~ses in the ]OWC1." bed
ulJows the ore fpom the stopes in the upper beds (which ure mined
in tho sarno ml",n",,) to rru;> by gmvit.y to the A:'-'izzly ohmnbars in
the lower bed.. IJTcguJa.1' 1"11,,"" ,,"'C 1•.rt ", reqlllh',d to flllpport the
hanging: wall, ami w[,crncr po,,,ibl,, Ul<' pI]]" "S "ce leIt ill 1<",,,, ]",,"1.
siliceous mat.,riaL ,'Vhell "tDpin/; is nearly compk<t~d In one sectiOli
of an ore body, pilla,," of Me "a" be tl~mm ..] considerablv and in
mnny CO""" taken out c"tl,,~Jy. Caving eW~ltnatly occm'8;and the
Jim",tom, between the 01''' beds ,w(] Ion,",",,,, 0-[ wo,te 1,,1l ,tnu mix
wiI.J1 U,C remains of tl'e oro pinu,n;. Oft"" it ;'; po"ib1e ,w drl'w
thi2 mbr:ed m.awl·ial. ami ro(){,ycr tho magnetic ore in l!m "ohbing­
pl~nt.

Costs of stop; Ilg per long r,on of ore mine.] in 1930 Wllm as follows:

OJ, '",'"'",,",
,":0

'"'m

~,t"'
(J~"J',"~"L

""

10 '" OJ,'''_,",.,"'
,,"' ,"-,"' "","or
,12G i .m

" M
.M,. ."",

_"51 -'"
~~~

- In ,110 I

"'OP'"' (J'"t hm",,,,,),l)@'",__ _
Exp[",=-­
"""'-'°t_ --­T="=__l"p''''__
Gop",,"__

To"" ,I"J""" {o,"" ,~~""~) __

,- """""'''-''''''"'"''"[",1",,],,,__ ,"" .W;
""P]o~",,__ _"21
On"],, "''''n''"",,,",_ .001

T""~:;~:;::'~ b'~~~~----------_:-.··.::.::.::•••::_.t::itl::~~::::a"1:t,::::':~~~
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Comumption of ~xplosivesper long ron in stoping: is 11.~ij5 pound
for first bl'OflkiTlg und O.OIJU pound fo!' """Olldar:v bn,,,];jJlg_a total
of O.4fJ1. pound pOT ton.

. 1. Al'plicoln"lif:;I.-Opcno3t?ping Il1;ethocl.' arc ~rpltco,blet~ the mill­
Illg of mLall "nd I"rg" de,p"-',1:8 ,hpp1np: at an~le, from J",rlzontal to
ve,.tiCJl.] "Nl1",;vin!,: lhm, ,trOllf!; ore awl wall 7""k8 t.h"t will support
l:hcHL;;dvc" o'""r conside.mblB a",a" while th~ 01'6 is being taken oul;
The i3uble"el-stDpillg eystem i, ",llJ.pblble to somewhat wealmr" OTe'
=d wall rocks than other op"n-st"p;n~ sy;;lems became tl", men
u1:vays OJ"" workillg lJ ,,<1,," solid bRd", which can be read;ly inspected,
trmulled, '"H] !<epl: safe_

2. Fl,,,,;oility.-Conside.mbl& f1exibilih C"" bo "ttained in open
~I',opi"g; irrej!11.1arities in thc Me hnuy cuu be followed. lean ore and
wa"te inclusions ,"" he left ns pillal's. and wast" "OJl b" ",..I,ed and
I'ejecteil from tl'e broken ore. The r,re can ll" r"moved from I:he
,-topes "" i, is broke,,; or, if de3iTed, con"ider",blc ot.'e On,'ll ean bo
aeeumul"C"d in the stoP"S to pro"l'ide a 1'cse,'''" of broken or".

3. Re~o~,",;!,-Exe"l'l; for ore I·.j"d up in pilIn.r5 complete ""b'll.Ction
of the. (,re i, ohlain",] re"dily. Since the ,tope wnlL~ "L'B "xpo<ed at
all tin"," O"e is no, apt to be o"l'erlooked, ,uld irregular." ton~u<,s ,,"d
offshoots of ore may be ta.ken out. The amonnt of ore left III pilla.l'8
varies considemhlv with I,he ,t,'ellg:lh of the 0'"" and wan rocks an,l
their action Oll· pJ'olonA~.d e.xpo,ul'O to the ai" and with the need for
l'e"non<mt ""ppoJ't uf U>e ba.ck and prevention of ultimate c,wiug
,mu "ub"ill,,,,,,". From 10 to 40 percent of the Ol'e lll"}' be left in
pilhl". the llil'her 1,,"'c""i',fJ,g<," being left whel'. it i" iml'c,·"tive that
hreaks in the c~pping: be pmvenled because of o"l'erlaying wa.i.or_
bearing 'tl'a.ta, stl'eams 01" l"kcs. or ""dace impr('lvemenis, Ofkn a.
lar~e 'percentage of til" j,il!"r o;'e Tna.y be extra.eted b~fore tIL" mine
is aoan<lone<l so that 1.he 1i",,1 10" of ore in pillars may range hom
zero (in ccrtn.in =0.11 or~ hodies) to 10 01' 15 peree"t. Except UlldeJ'
sp",,~a.I conditions, uo1lally 80 to' Vr, perC/'.n1: of tl,C ore ultimately ca.n
be l'Ccov"red.

De1!dopment.-Development is larg:ely in url\ 011<'0 tJ,C 0,." body has
Ime" 1'""01:1,,,tod and la1"ge development openin,b'S "all be employed
witl'out mud, "dditiolla.l eOBt, since with large ho",Ung$ the eo,t pel'
ton is Ir'~s than with small hea.dings altho\llCh tho cost per linear foot
dri"l'en may be greatel". Once the (we bo,l y-l",s bocn penetl'ate<l ot<lP­
ing can bogin almost inullo,liatch- wii.Jwut much j)"elimi'Hu'l' stope
p"epo.ration. (The. sllbl<wcJ stopfng system is an excepl-jon, but the
prelimin""y work ",rvcs to block out the Me thoT'oLJl-':llly ahead of
,topilJg ,m(l fL'"ist;; ia obtaining low over_fill cos!.;;_) Tn some min",
u"ill&: the opwHtuping metho(J the on ie deydop"d large.]y by ad­
wnclllg: the stope face;. If the ore is high grad& "Onle me"ns of
extmctlng the pill<ll's UlIJ<t be employee!. ond this may JH'"c",ita.te
filling the ,tope, and nsing a snpported-Ewpe method fo" p.ilJn"
recow."y.

Table 2 gives I:lw development cost in feet of de"l'elopmel\l', lJer ton of
ore developed, as wdl as tha tons of ore de"l'e!ope.d per hue",,, fool
of stope. ueveloplUent, a.t ~ nlIllli;'er ()f mine;; emploJing OpCH slopin_g.
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T~roE 2,_V"_<'!o",,,,nt (""I in to,,' of a01!eW",',"l1! reo' 1M &1 ore "",elop,d,
"",n-,Iope mi,,~,

"""
1"01'0,10.",:'p",,",

p", '''',,'"""".,,.ov,d, (""

0,"""",,',
''''''­",,'"""'" "0_n"'p,""",

"""
Burro_n""" Do,",,,,,,. "01"00',1 "'OE,b,

'l',,,U I
if:'~~ff~~l~:'~~:~::-: _~~'t~~_~~L~~~~~::~:"t_~~~~:~~'~'~::-
M,""mJ".,,",,~, ""De a '_ , ",.
M ,,,om",",,,,,",,, """' l)' _, 0'. _
M,,",,,LIm,,,", m"" " ""j () ",d,,,,, .."'-kin,, ..~""" rAn" ,,,,,,on;"'p"

"'oot w,"o.
('0," rn I",. 0",",', ,__ _ Su b~""""'" _
]"mo, Quo""" __ _, T,," ""d "'"I'." """"'~,, ," j" '" b~,'""",,,,,, _

O.<M'l

.""".,'"
It!'

""
, "".,''''

'HmO, _ "'ODd ="', ",'\o_"m"",,1," roe,
''''''1, ""' 0", "",] "'"Ll, p;l]"," lolt 1m' p"","uontsupoo",
'Flcm, ","D', ",d m,d,,"lo'y '",n' OIC: ""Ll, """"'.m'''',' ",,"~: ,,,hi,,·,, J''''''''Al, '" r,,,,,
, 0'" ,,," wol" """""'"" ",on" ,"b~,"In"",,,, "' f,ol,
, Ore m,d"",t,,,, ",on, Oil' 1m"" w,O" "",'" 'm'. '1"LL ",,"'w",, "l"" "DOO",", ,,,blo," to""''',

~II..,

., Q" "" ",,,1 ",' ,~". "'""" ,"'''' r"", """. "''''"d, ,"b"VBl ;,toml, "' ""., O",,,,,d wall. fum, ". ",oo",,,"ly ""d,
, 0'" ",," w,,'i< '~"j ,_,," """,,, ,,,,,,,oj In",",'", " ,,''',
• Ore ond ,~ll. ,~,""""",""" :"'""',,' ,,,,Ow",,, ',~,","",:~ foot eont" '" """.

5. ('od 0/ OP"'" ptopi'/!.q.-'l'he cost of stoping gonerally is com­
paratiyelv low in opeTl-otope llJinin~. Although the ore often is hard
holes ugna]])' ean be dr:llh,d 1.0 bI'e"lr 1.0" ".IId sometimes ~fl'e" faces
for bla,ting much of the orc_ lu de,pooil:" ,li\,ping at anglos ~t"epel'

than the ongk of repose I;he <we I'll'" by ~T'aVlty to tho !Lau!age-le-'c!
cbutes, "nd ill flatter deposits pown" 'He""!,,,r; '''Mlly ""n bn em,
plo\'cd to good advantage, ,0 that liHle hand sll(>Ynllng is "equired.

Dir"ct "topin~ eO.'18 per tOll mined ""e g:iven ill tabl,,- 3 fo[' a
numbe,' of mill("; ,,,ing open'Htopillt-f methods:

Tnble 1· "how, the produotl"it..- i,f ,1(Jp" l"bOT in m.n-hOU1'" pel'
tOJ1. Table 5 shows consumption of e::<I,lo,I1'e, In op""'HI:opc mine",
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STOI'I:'lG ~mTHODS A::'ffi COWl'S
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Q ""

':1~;
_".,.,0;;
_'·ll

l.1ro_,c,

'"
" '~I
l o,.!
'- '""''0
'- ".!
'- "'~

"""
'-'-",.,"
-"
'. '"'AO[

>:,.,,,, """ ,",,1, ".""",,~ m"d

"1_
Amil"""', '" ","'''''_"
a~,,,"""'"'"'''", ~1 j ,,',",'" lO,l,';n ",o,w'"', '" p,,,,,"L
Ammow" "<>p"',,,,,,,.. _
Gcl,Lm "'"'"'''.,'' ","''' _A"""""',',,",""',, _
" '""","''' ,~"",," ".p,,,,,,,,,trBD"" z:; p."""' bul, ","".'mHc.
,I "" """''', " """",,- _

V,,'''Jon oJ 'l"n~'"p'''' '''"''",,'

__ d., .__

"""_I)," ,,"lo,n w"b "",,,,",,,
p;l~",

~l,,"""toKo. ,. "'¥",", ,wJ~~,,<l."j'~, , AmmonL., """"";__
M"'"""'0 K,. , S,wL,,"B!"'00''''__ __ , '''"'''"''''','' '.'""".__M,""mLD.. ~'o_l do_ __ !Am"""",, ,,-=, _
],onn",~-'__ ", .. _ ... a,c,"Od,,,",,",,,,"'p",,,n'. __
'CO" ,,,',,, J\ 00 do__ _ _
],on wi., D do__ _ d' _

M',,""lk L'","'rr "j'w,,- " r,,,,",,t ,,,1,,,1" """'''''''", 40.
l~",,"L ,L",,'h; """"'" "L_
'0" """om"', "-1''''('''''""",.IF",,,,,-010"'" d,.""",,,__

BUIT3_Bo","_
lion""" Jl~,"m",_

An,",", min"
"c,ut"",,, ""0,,,,,,.

M",,'--__

""''''''''­M",,_

Coo,",",_
t'"" of",pI",=

",<'ton or
ore1mk,0,

! ! P"""'"---- ----!-'----
'h'·",,", No, , r",,,,',, pm,,_,_T,;_",,,, No.' .",,__'f"·"",,,,,,,,_, _,', _
"".",,,, No,' ",__
T"·""dJ<>..\ _ .•,, _'r,;."", No.' '0__T,'_",," N". ,__ __.,'0 _
K",." ,,'""'",,' 00__
~[~'oud,

SlIRINXAGE sIOPmG

Sln'inl""gc "t,opin¥ in itB simplest, form i, ()LIlploJ'"d for minmg
tabulaL' dep""it,,, of th·m., strong ore l'o:ngin.!( 1L'()J11 :.) m: ,t f"al',;n t],i"J<­
na88 t" the mwmum tl,ickn"," O'l'e1' whiclllhc l",,,k of tl,e ~'OP"S will
£tanel Ulliupport.e<l, elLc!oooc[ between ,tront( wall, lll,d flipping at.
angle" of iiI!" to nO", It is also used for mining d"1'0si ls In" wide t,o
stand lJIlwppm·ted, in whie-h ca,e the stopes >erc l'nn "t right anglcs
to the Btl'ike, n."" of n, width which will "taml 3afeJy, and are "epn,"ated
by tmn"verw pi1],,1's of ora. The,e -pillar. oflen "an b" mined
eo"nomimlly later, but usually the stapes lllW,,-t he fillcd first, ,,"d a
different method of ~to-pint! lllil-}' have to 1Jc "l'l'li"d for miui:ng the
pill",,". Mo<!ifieMiollS of'sln'inl"'ge sl'''yi''g at'a used for milling
j"""" Illll-"'.S oj' low-gr,,,,le m'c, In modifieations \1!G1l as those em·
plo;c<1 at the Al""ka ,Iuneau mine" and tlw Tkab;oll mine'-' the
81JJ1'6 backs m'e broken down hy large hla,l--" These method, '"''
oometime8 referred to "~"~,,illgmetllOlJ" but, "" the 8tOp"S aN) kept

"B,'",n~;', 1'. R_, ",,,;,," "",hOI" n,,,' ",,,.,, "-I""" Ju"om "0'" '''ob," CO" J,,,,,,,,,,,
AL"", "", ~i", 01OU, BIH',"u of "'L",", 100". 13 PO

"'''''.y B""., 'J'ho '.'''''''''' ""''',," " """w" n, It",l,""',, C", 'le","" :>!m.
Ronn,""" ~'""" CO'P,,<tLon, Lo'on,"., --'-''''II' ~;,"', )",t. "'in. on" M,t. "''''' 1',,,/
20, lD2", "" 1'P.
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nearl, full 01 bl'oken om aJL(] ",,,I< c~\'ing as oc'Curs lS fOl'ce,! by
bla&ting, the author, h~ve do.',e,l therr, "" Y"l'i"t,ons of the "hlin.k­
age method. ShdnkaW- ,l"l'iIIg ~l"o is employed in combination
with othffi' m"thod~. Thus LOLlIld,n"y .hrinlq'ge SiDP"' often are nse[l
to cut off caving block, ill block c"ving. In SOlnc instances lll'S!,
mining is done in sl11'mbg" "lopes lmtw"en pill,,)'s, wllcreas the pil­
lars may be extracted by "aving ,]urlllg Jin"l dr'll.wing of the shrink­
age 81:<>pe" by sqnare-'etting, 0'" by (,(ll'-sli"j"g.

mwnTAHY ellJ<l",,,M,,, ~TOl"~{/ IN "'''TInaW TO :lIOD:ffiA'l'BI,y ""mJ

DEPO'ITS

Nu.rI'O'" to modc.l'atoly wi,le, tabubl" sleeply <lipping d"posit.,
"nord th" simplest conditions for shrinkage groping. Deyelopment
consists of a singto drift i.n ore on each level, IlsuaHy "l"t1g the foot_

~~'~-
..

"" ''',.. ..."

"'~"'"
F,,,u,," ",~gur,"""", "ol""~ "" 11"'," \''''"'~ ~"''''''"_''u"m''",",'', ",in" li,""d., A,

y".w~,l )",,;1 ud""' pmJ'''''""; "'. HO'ti",,] """ .","'" X_S:.

wall of the 0l"5 body. with dmte" at m,eL'vaL, of: 10 [0 ~o fed for
an.wing "ff aud loadIng the broken ore. (In fig. 5 a drift;s stJOwn
timbered wi.th regnlar sets, which are lagg;ed ,Wi", to hold the broken
ore in the ,tope.) In nl1l':row veu," stull t.imber" may he u",d in_
stead of regular drift setH, Sometimes the drift i' lJlltimhel'cd, "nd
t.ho ,tope is begun 10 to 20 or mom feet above the bact< of the drift,
in which case chute mis"" Me pul; up at regular interval;; alon¥ the
drift .end are connce!.c,l by "stopo drift, the bottom of which 10=
the b'ottOlll of the sto])5, leaving areh pillar' oyer tbe drift fa,· Sill'"
l)""~ing the. br"kw, or(\ in tllc "1."1'''' (S,," li,e;. gS.) If t.l'e walls
aTe good these pillars e"n be roo''''el'oo ["ter. Tn any mo;;e the stope"
are advanced upward by lwri .."nt."l or ;nc!ine.cl slim'S the full width
of the "ron, which may be drilled with the flat brcllst holes"" shown
in figure 5 or with hQle5 drilled upwnrd in the back by mCans of
sh'Pcrs. The mi'H)1's wor'k on top of the ore, amI as tJ,c stop"
advances enough of the brokoll ore 'is drawn o/I ,lfter each blast to
provide working roo", betwecn ,he top of IJw pilo 'md the back of
the stope.
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TotaL 2. 74~

C"'p"'ton
Thnbor ~O_14~

Othe, ""I'Pllo, . :lU7

The ore is a tungsten oro c~rr;yjnl' 0.5 percent of tungsten trioxi(lc;
it OCCUl'5 in limeswne bed,;; at the'" oon"lO(. with granite, al;;o at a
considerable dist=ce frGm the ATal1ita. T"~ Or<) is mined from two
linJest\}HC !w]" the mo" productive of whi"h a""nlge, -:i1,';' feet in
",i(JU! >J,n,] <lips "I. '''I nlll(l" of 75°. The bed h,,-, b"cn di'pbced 3 to
(1() ,b,i, in phea, lov JY!,I:ruineral faults. The wn.lls ,st",,,l wdl with
a mo,kr"to RYIl()lH~t. of ~npp0I't, and the 01'0 breaks easily. It i"
ot<'ll.-'od in secl.i","s 75 or RO f"el..l0"l hy long:itmllnal ~hrinkage stolJe<
""",ried on oxch pillars oW.r tJ,C )l";ID; of Il,. haulage-leyC) dl'i ts.
(S"" Jig. 28.)

'1'0 prepare a· block c>f Ol'e fo1' mining u. Yen,il",L;"" 1''';''' is put
t111'oug'h to the lavel above at a poinL "" h!' hom the shaft as 1'08­
,ible. - While thi.., i,'i b"ing drivC:ll chut" Ta;,os are put; up at 15_ to
~O-fo"L inl,!)"""I" "'Ld "huie" are' installed. A manway for ae",',"
to the stope i" beglll] 7;; or HO f"et I1'om the yentilatioll rmse. If the
me is damp and apt tD h"ng "1.' in the "topo., chute rai,o" fir" 15
feet ~part; if tl'6 ore is dl'y an,l r1""e~l'llnning, 2()·fnot spacing is
'ffij'lo)"'d, After the "<e"til"tioH "lli,c i" "nmplL\ted, th" chute.,in_
sta led, the toP3 of tho dlille ro,i"," belled uu(, iu ""nn"d wilh each
other. and the manway sb"rkd, ,,(,oping ojmmtioTls are lJeglUJ.

'l'he 'tope is adYllllCed as a Bingle face by hori•.Olltal slict'~ drillc,l
with L"'yIlffi' machines if the ground is hard. or bv vertieal slices with
hand-l'ot.ated ,topers if the ground is o;lmp"i"hvcly s"ft. TW<l
miners are employod in each 75-foot. hloek; thoy ,,,ll'unoo to,,",,"l'd
e.1ch other, one starting it the ventilat.ion raise and the other at
Uw )hanway rai5e at the opposite ffild of the block. Enough broken
orc i" drnwn during otoping to len;<'G C foot of headroom be.twoon
ih" b,'oken ore and the bDek. The swpe is ''''med wit,l,in C fed
of the ley.,] "Ilove, lellying " !l00J' pill"" thi, thick unoe.r the level,
wl,;"h is hl~,te,l down into the "top" befor" the le,,81 is ab~ndonell.

"'hm l<l<l"" ~pot" of h.'lll";n~ will OTe oncountel'ed 8_ioeb .tuU"
witll 3_ hy 12· hy lS·inch hoadboards aro illita.Jled w l'rc.vent <1il\ltion
of ti,e ore. In fu,aj drawing; of the ~tope the top OI th" bl'oken
",'n i, followed down by timneITllcn who catch up slab" of loooe
hanging wall and him down any ore kH on ,he """,11,,

DITCct stDping cost> fOl' lD28, when 40,D2f tOJ1' of ore wore hoi;;ted,
wet'e as.follow~:

o",t v"'" '"~Labor $1, 66~
Sll~el'"Oi<iolL .. .-_______ ,(J64
Drill. alO'] '1."0[______________ . lUll
Powor (all' COmIIT=ion)_____ .2m
E:;.TJlo,;Y'"'_________________ __ . B55

Minffi's and tilnhenn~n ,,"ere pll,i,l $,1.2,>, muchr, $4.'75, hlnchmith.
$6.60, and hoj;,tnlen 86:00 and $0:75 pel' fhiIl..

Produch-.ity of st"pe lahor, as measul'od in 'jj'J.lL-houri; pel' ton,
WIl..< H. foliows:

"I,

i
I
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,"-<m-"""",
OccuPation: pO"'"

Dr_1n~ ., ,_____ O. ·,~O
Tlmbcl'lng ~ ,,_ ___ __ . S,U

Su~totnl ._ ,, J. m~
8IlovoUng "",1 Irammlng____________________________ ,S>li)

T"", "ff"'"H_.kil'
11. 4
~1. 3

7.4
21.~

1'ol.,L •.. ~ 159 5. J

COIlBumption of exploBiVCfJ WllS L6JO.ponnds of 35-pc1'(",n, g0al-in
dynamitB pel' ton mincd.

The ore occurs i1] ~heeted zones, in thi"k ucd, of highly silioooll!<
.,hoJe, a,,; l"e",011lar moots Ul' pipes of prim"ry ehoJcopyrit£ whic:h i'
part.ly ult"l'"d to bomit£ and dlUlcocitB in the uppe!' levels. Tho
ore shoots am indllded within the frnecur"d zolli's and "r~ IIllITOrm
ill their l?rin~';puI cI"""lCl-f'~'isti",. The main m'e shoots uwmge 5
feet in tlllckness and 80 fcel- in Iffilgth und dip 60" t" 65°, The vein

filling am! ore ,,1'c diftieult to b'"uk, hut p!aJle-s of WM.1m"", in t,hc
"eiu pa,'alkl to ,h~ walls n!3sist jn lJr"aking. Bol-h walls a-l"e b.rd
sh"le, which stands ",,,ll a.nd .ohows DU u-ppJ'cei"lJl" alteration. after
long expooLJJ'e, In 1929 about If)1J tons or orc eant"ining 4, I'C"GCllI.
(If copper were b"ing mined pCI' d"y hy shrinkage ,toping.

Afte" a ha-ul"gc drift has been driven'to the, limitK of an or" body
R ,top" is de'l'doped bv imtaUing doubl" chutes on 40-foot, "OTlt",><
,u"l manways nt, l£O-fDot inten-~l". If the stope is les8 tl,un 80 feet
long only on" manwa;l' i, nocms~ry, Ra;,es for th" chute. a-ro 5 by
12 f"el- in socti"n ~nd are d1~vc:n 18 fcd "lJO\'B th~ b~ck of th~ drift;
chut'" i"'" th~n ,pilI; in, th~ ehnt~ ra.i."" uell~<1 out as ~hOWll in figlll'"
~g. "nd grizzlies ir"taU"d. A 4· 'by Ii_fool- rai8~ is d1~Yffil to the leyel
",!X"..., a I- the fur crul {} f th" or~ bod,.'" for ventilation &nd as a "r,artir<g
Jloint fol' .-toping "Ollmb. From the cLHls of th" helled-out e-hut,,",
raises am (h~Yen "t an ontwal'd jnclinu.tion o-f ,j()0, lJ.nd abont 12· feet
~ho,"" the gl'iy.zlie.' fiat raise" ",,-, driven fn)m the baeks ol' the 40°
r"i..c. t" meet e,,~h oth"r, thus cutl.ing m'eI' a pillar which is ]~n

above tho grizzlies tu proteel- th& gl'i"ly "'ell, (See fig. 29, E.)
Flat 1'"i= "Is" a-re <hiven f,,"m adjoining chute" I." me~1; cad, "ther.

Stoping Pl'o<:ee<1& along the entire "tope as soon nil I-he work
".round the pilh"" 11M been complete,a. The back of the stope is
dJ'ilTecI with "utom~l.ie~Hy rototed 'I'd, s,oP''''''" A, breaking Jlro-



96

"0",
po",,,,

1C",,]o,!v"' "" $fI.27
Ut1lor 'UWl1,"-____________ .22

~"",}s enough om i;; pulled t1or<;llghthe grizzlies to keep the top "J'
the broken-ore pile a oon",nicnt distnnee below the back of th~.
8tope. About 40, ,peroent of the ore i, drawn off (Iming stOpll,)):.
It is continued bGyond the level above until ~ll pill<m; 011 that level
are taken out.

W'hen It chut" is lJeing pllllcd ono m"n is require,1 on the grizzlies
to work the 0'" f.hNll1gh ,nul blllld,m, any bouldcm th"t C"llllot be
broken With a h"mm,,,'.

Direct stopiug oosts from J""",u'y "to .lune ", 102~, when l~,nGO

tons wcre cxtnd",l, were "" follows:

0•• ,
.~·to"

Lobor $0. r.5
SupervMf!ll ,,__ . 3U
Ai" drill", n"d 'l...'-________ .27
POWOL ,.. "__ • lG
']'i[[[oe"______________________ .18

Pl'oductiYity of ,tope l"bor, "S me"sul'eU. in """'-[LllU1'>! 1''''' -u)n, w".
a" follows:

l'r"'fI,1"',IV of 310"" labo,', Il_"",y n,in"
Mo".",,"

Occupation: "'" ,,,'
Bre"kin" (orHI1"" ,m,l h]n'th,g) l.JfiShovellng "___________________________ . 0[;

To"" 1. 2a

Consumption of exp]o"iyos wns 2,.05 p"''''ds pOl' t"n of "'e.

",,,,,,,,.
maN"'f'",

n<H, 4

••

Shrinkage st"l'ingis employed for mining fluorspor al. min,,,, nell'
llosichre, til. '.11'0 f1unrspar is fnllnd pnn"ipally in fall[t fig,nre',
wholly or pw:tly rophr'i"$ ,",kite.

At OM mine'" the ""lll atl:".i"s u m""imum widLh of (l4 fe..t;
widths of 18 tc> 20 feet are "omm,,", amI I.he al'e.n'ge w;,}l:h if; "bOllt 'I
12 feet. The length of the ore sho.ot is 1,900 foot, the """ beil!"
Tirtually cOlltinuous for this clisblTLec. The dip is almost yel'Lie~f
Both walls Hre lime"tollc, ex""pl, ne", the SllrlJUJe, wh""c to a deptl' I
of 170 h'el. the ha.nging; wall 1> a- S"-Jld,tOllC unc]e"hin by a bod of
~1L"ln. Tlli' upper .ection was mined by square-set StOpilll( "ud the
rest by shrinlwg~ stoping:. T[w. lime.stone walls m:<) IirHL and will
stand for a-long time after t,he ,Lop"" hay" ueen mined out "nd dt.'aW!1
l'1Upty.

The vein is devc]oped hy haulage drift;; sp"ced 100 fe~t apa-rt
vertic"llv. In wid" ore raises are put up 011 2-5-foot e"ntera along the
(l,~ft and cOllllected by ~ st.ope d,~ft ahove t,he back of the level .0 os
<'" leave an 3J.'ch pillllJ" "s thick as the widl-.h of the yei". Tn m,rrOW
01'C the drift is timbered with stull set,s upou which the brokeu ore in
thc swpe. is suppOl'wd, and chutes aTe illst",lled ill eyel'Y oLher oot, the
sets being on 6_foot cent"T'.

~""""", \-:,jw'o C" """od' "nd Coot of """n,g Fla",,,",,"t nook]""" Ill,' In~ c,...
020<, B""nu 'f Min", 1000, 10 ~".
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Individual stopc> raD~e in len,cth from 100 to seyeml hundred feet.
Th" back of the stope lS CllT"icd "" an inc1iuccl stepped face; thus
t.hc I:op of IJ,,, brokcn·oro pile ls l"dincd .nd slopes from the bottmfi
of tho stope at onc "nd to the }'ighest face at the other e:lld. The
f.()P of the ore pile. i, kcpo (\ OJ' 7 f"e' below the back cf the stope.
The baclrn aTe dri1led eil;hcT wil;h TII'P""'"' IH;illg .t()pcr dTilla, Qr WIth
flat holm;, usi"g light hummer dril s. ,Flat holes are preferred a.nd
used whCTCVe,. Vossible. F"C'ju"nfJy tl,ey can be drillerl 12 or 15
fe"t deep "nd III wide OJ"<.' "re c,pceially effective, pToducing less
fines than the vertical npper hoi"" and breaking mOl'c MC pCI' fool;
of holc drilled. Stope, are canied through from level to level Wil:l,_
out J'erm"'\e,nt lev"l pillars being left.

DIrect iltCJpillg cost" dUl'ing 19'-J~, w11"n !:i1,~()8 tom weT6 minccl
(of whidl ~5 pm'"elLo WH..~ "toped by sq",,,'e_setti)]g and tl,e }m.l.n"e
by shrinkage sloplng), w~"'~ as follow":

0", PC" ton
f..o,h", ._ $0. oW
SUP"l"Vi,ion ,. "__ . 020
(Jompr""c(] Illr, drill" nna

'tee'-______________________ .115
PUWO" .087, Tol"L , J..~'i<J

At ULe D"l,'Y mine of tho Rosie]"r" I.,cud '" Fluorspar Mining Co.'"
th,,,,c are two vei)],o, known ""I,,,,,I.ivclv Of the "Daisy" "nd U,e
"Blue Dlg~iuJ>S ", ycins. The Daisy YeJn <lipe west aboul 70", an,]
the Diue DIggmgs vein dips ea,t about 70° near the 511rioee, IhttellilJg
tD 35° at .~ depth of 640 feet. The j,wo v"in" i"I,~~'s<,"t " shurt
distance below the 64()'''w~J. Th" ore Oec"'"!! ill len"", or pockets
which va.,')' 1)] len~-I.h '''1(1 Rn' '2 t.o :10 feot wid". 'I'h"y are ,",parntNl
lat~r"ll'y ,,"d v")'bc,,lly by pillehcs wllcre th~re i;; little mineraliza­
I,ion. The hanging wall mLJ"lly is heavy, amll"Tge 'iabs of enJcite,
limc>±on", 0" ,hllk ,l""gh Il,wuy Uilles, pmp" are used. Most of the
uPI''''' l'''rti''ns of O,e veil) """ b,,,llv weal;he)'e,1, making timber sup­
port "c"c'SSlt)'y ill "l.opllLg. The sl,rilllmge_,!'.[)ping met.hod i5 am­
ploy",l below the w""t]1(",,,d padS of t.he, ""il,",

The veins "T" dcv"lop"d by levels "t ,lnpths of 180, 300, 4,12" 537.
Il,ad 540 feet. The dJ'ills a"" driven t.h~ full wl<1,h of't.h" orc, ,mel
,t{ll'''" '!TIl b"gun by f.fLki)]g a stope ~li[", (lut of the Lack, bL'ingillg th"
h"el< "boot 12 fed ".hove tl,e floor of Ul" drift. From t]1C) top of th"
muck pile a second round i, d"illed i" Ill" b,,"k hut is no!'. b"'"10(1 until
Jat,,". Stull timbers "TC pl""L"l cyery 5 feel:. .1; ,hif, height l1nd hl,gg,,<l
over with poles. Chnl" openings arc left cycry '10 fent, and cbllt~s are
installed therein. Haisc, are dTiven to tbe level above near aaclI "nd
01' the ore shoot-s for ventihtion. Sta!'ting l1t one end of " stope the
ore is shot down m\ I:l,,\ pole•• and into the ehute..~, and l'egub,' ~hrink_
age staping then is C~r1'I"(l to the I~.vel above. The sj.oP" ,,,,uk j~ car.
"led on " slope, step f"-"hion, giving "",-eral working face,. Light,
hand-l"(jtal<J<J slope'" are nsed, ilJId for average 5tOP~ widths I,b!'""
holm UI"<) drilled ac,-os.s lhe haCll: to" depth of 5 feet in r"ws 30 inch""
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"p"cL LOO"" sIAl>. "r walll'OGk ~It', either "hot down or h<>1d hy stull"
dGpCIl(Ung "rOlL the "h"end.er of tJ", waJl.

During H12g, who" 42,000 tons of ore ware mined, dire'ct »toping
cosh, wCllO as follows:

0",." lou
LO.b"" $<). 710
S~""",·"'i"n ,OOG
CO"'1",,'eo air( j"cllHllng 1'",,'-

&). (["11l5, ,nd ot""'" .J~O

Coot p" ton
1t<I,1osiv~ ~O. 1~

'l';mher_~_________________ .1211
Othe" ,,'pplle, ._. .07D

TOlol ~ Sl~

I

I

ThTee tYJlOO of are depo.sits ""CUr lLt thi, IilillB: (1) Dike ()l'e, in and
immediatBly adjoining (likes; (2) beddlng-pl>llC 0"0, along bedding
pLme~ in JiJne.%flne; .:nrl (3) fissure ore, in fillSllr"" approximately
"fLI'>tllcl to lIlA dike"." The third tYl'e hllS furnished mDst of the ore.
In general, the fmm"tion is ,,""rio" of limestone "nd qu"rtzite beds,
uplifted by an iutrusion of grano<linrite und 1",I<~' clll, by "sel';es of
dikes. 'rhe fu~ure orc bodies range fl'()m 1 t() ~·O f",o, in wi,lth, ay,,,·_
aging ab()nt "feet. The ma.ximum lCllgth of tlw Ol'C bodies is GOO
feet, ami the dip l'mg"" :From 45° to 80'. ThCl ",nlig ""e pooTly de­
filled, hcing: euonomic ratherthan structllral. The wallE of thefissnres
are s()lid and v"':r Jittle elJppOTt is ,'equired in t1w et'JP[", eo that the
me is w6h-,,<raptc<1 ('·0 sllJ:iIllmge ~-tnL'ing. In ph"es the Ol'e 1>L'eal" iLl
l"rge boulders whidl ar() broken m the "I,opes wlOh l",mrners 01"

drillod with jlWkh"mmers m,d hIJl~tcd. The v,l1wL!>ln nlin",'",ls in the
Hnoxidized ZOH<, ~l'O ,ilvol'_beal'ing '(uartz, galena, p:\,,.]re, t"tt-~"

Iwdrite, sphJl]criw, "ml cha!col'yl'ik
Lc.ds "'" "lH.u, I. 100 T""t "part. ""rtieall I', "ntl tl'6 ,1rifts "'" ,hiven

Gby 7-'12 fed in <,l'OSS ""dion. At. this mine the 'pl"fLdi,," is to swpe
on "rodl pilla," over the drift.. BeJore a .tope " he~n the length
of U'e Ore ,hoot i, ddel'illino<1 hy d.dftilll!. llJl[l th" Jay-out f()J' I.lw
"topo is pJanne,d accordingly. lVI""", the-ore shuo~ is long: cn"ugh,
the ,top" i, lai,l out in SeCHOll!i with mmlW"y ,.al'es "·1; intCI"y"Js "f
100 Or 125 :Feel;. Manway rai,a, Iii'S' ar" Flit. up te> a heigl" of 25
feet above, tho track and m'o timhel'eAl with ,(,u]]". While theso raises
arc being: timber'e,] ehut" ,'Iii""., are in>;I:".lled on 24-foot centers
hetwe"n the m~nway Taiscs to " height. of 2·5 feet, and chnte.~ are
installecl. The raiges are connected by a ""bdl~ft, le""iug 'UI 8·foot
pillar ",er the haulage dl~ft, lLJld the mam""y l'~i"e" am a,huneed
mothm' 25 feet, eomph,ting l.ho, ,toP" llT'''I'''1'l1t'OJl. In sloping,
h(>J'izont"l "OUlHls or sli"cs ","", hbi;te.(l; starljug at each manwllY
raise the sli"es al'C u{lv"ncod t<>w"",l eaeh other to meet in the ',<>,"tCl'
of the stope. This ,1)1"0000"'"0 is repeuwd, enough ore being drawn
off afler eo"h cut to maiutn';n working room bof,,;'''cll th.e brol<eIl
'Oro and the bad, of the "IDpO. Swping i.' e"rl'ie,Q wil.hin 1.5 feot of
the levol abo",", '" pill"" thi. thiek being left to "uppm't the level. The
rnauways are advance,l f1'OJ" time to time lo hep thom alleall of
the stopinl!. Occasioual piHar" of low_grade o,'e ''''6 left to suppo.-t

.. a",,,,,,,,,,,- o,",'go w" ,no',!." """,,,,,, ""a Coo" ., th, CoO'O""""" CO'''. ~u",
"lu" CO"", N'."., Iuf, Ore, 632" Bo",a" 0' 'lin"" '""', 1,-, ""
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the hanging ",un. Pillan of good <l1'e "ometi.mes arc left, for tl'mpo_
mry support, but t"",e are blast",l "he:n the ore is being drawn
from the colliplet~,d ;;tope. DL'jllin.g; is done with Leyn61' machines
Jlluunted on a cL'o""bar whero the width permits, or ,m an 'll'rfi 11'·
toad",,] to a column, Ninety-n'm pOI'cent of the ore i.;; recovered hy
s]u'inkagB stoping; the balnJlCB j" left uS arch and floor pillar~. The""
may b" recoYc"cJ eve:lltually when th~ level> are a.bandoned.

During 192\11 4~,80e to-ns of OTe were mmed, and direct stoping
eo£t~ ",ere as "lIow":

0"" "or Jo.
I,uhu' H. W2
Supen""'on__________________ . 086
Oom]!"e,,,,,l ,dc, drll\', and

",oel ... ,______________ .2JO
Ex1"o'!1'!o'___________________ . ~(>l

Wage mtcs were: M"chincIllen $5.75, IlludffiI"8 $5.105, l'ip~ anu
tr'aclrrnen $5.7.5, hlack5Illiths $<, bI~cksmjth helpe", $5.16, and timbor"
men $",76.

StD]lo-lnbor l'e"formflJlce for Lho "'-lIle yea" was as folloWE:

.M",~'"u",
O",upatlon: ",d,n

B.""JtlTI~____________________ _ G. VOl
'rJml1ocing_ _ _____ . 209
ShureJ;tlg ,_. _"" .175

T,",",,'.,"U_"",.,
eo
38_~

le, 8

To~.'__ . 1.:;05 5,0

ConsumptiotL "f "xplosi"es in ~t;(\I'e~ W'L_ g,03 I'0Ulltl, of 40_pel'C<Jllt
g~lllt.j1\ 'lynamite p~r ton of Gl'e minl'd.

The stop in" ",,,thods at tl'i" min" have been c1eg~rih"(l by
Yout",'" Thc-- ore occurs in vcin" in igneous rDokE, the DlOst lm­
pol'!nJlt being 1.1", Esmerald"" which is in a "tack of mono7<onito.
This vein_ ,lip" all ",vera-ge of80° to the southenst and can he torn-oed
On the surf""" fO!' 5,000 feot. 0", "us been milled for 2,300 foot
~long the ,t,'ike and, on t/le 1,riOO.fnot. level, orB occurs 2,000
feet along t.he vein. The vein is vel'Y regular in its eOUT"",
mnging hom g to 10 feet in widl:l, and averaging about Ii feet.
In places, espl'ciallv in the upper level" it. "tt'lins a width of 30
fcet. 'I'he vein fillin!,: is mnssive qun-l"t" "'''mII'Y roek l'cplfi,,,,d by
i'ulphides, "nd siliciIieil, llUBl"Bd, qU"rt",'clUnl',l l"o~k "OJlI."inlng
i'tringers "f cha1~0l':\-Tite-amI pyrite. The vein material is hard and
stands with"ut "upp"l'!- OV01' wide_ "pau5. On r""e occasions the
hiwgjJlg: wall slack. und Qoug:hs off to SUell fin ~"t"nt a," t<> ",,,,,kcn
the 51.01;0 had" which then DlO_}' brenk down in large bloch The ore
i, har< to d,·jll hut breaks fine so that zecondary hlosti~ seldom is
n""";;S"-l·y. Bc](}", the 1,350.foot ]eve!, thB wfills fire rninerallz"d m
a g"Mter extcnt til"" "hove and frcq,w"tly the.\' ",." th01'OUghly
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kaolini,ad, In 80m" pl~c",~ this m•.kcs it nee.",,,,, to employ cut-
ana_Jill instead of slu'mkngc staping. " •

The upper level. are 100 feet apart and the lower lcvelB 150 feet
apart "l'ertically. From W20 to 1930 the following stoping methods
haye he'" ,,,,,,1: Shrinkage "toping, 12 percent of the total; cut_llnd_
fill stoping, g~ pcrcmlt. or the stopm minod b.'1 cut_and·lill stoping,
£4 percent were mined in the p01'lo<1 1~20-23. In W:lI both ,hrink­
~g<' ,rnd cut-and_J11l stopiJJg we", employed. Shrinkage stoping;
always wa" 11"",1 ",lwrc the ",alh were Ji,"'n "."d the "ein was m1ll'''
than"S feet w;,le, ,., well as in margjn~l ore of high ,iIica content.
Cut-and-fill ,toping sometimes was "",,1, however, where (1) the
wnlls we,'e. ,,,,,,,k owing to a svsffim of fractures closely pn,,,.,lIkling
either wall Ol" '0 knolmization of tJ,c walls, (I') the vein w"s wi.de
but unmi"cralized country ro"k occurred ", " wide b"nd within
the er'do,ing walls 01' splits o,",urred in the vein, (il) high-guile
Ore occurred in a narrow (2 Ol" 3 foot) vein, "nd (4) " cIe""er
pro(luet was de,ired.

The l1dYl\ueing "J'stem "f .h)'inlmge slopinl (lx,ginning at the
end of the ore, body ''''aTe" the shaft) is e,n!, oyed: at the Eighty"
Five mine. "C<IJ",lly the ;;tope" are caI'l'i",l on stull timbc'·., OYCT
the back of the 1",-") drift, but abollt if> pCl'cellt of the "topes haye
becn can~ed on a)'eh pillars. Arch pill,,)', are used only if t.he
wails al'e wc~k .end the v~in is mlusuully wide, 01' jf I:lw buck of
the ,]rin, ;. in waste or lean orc hut development has "hown ore
to be in the block higher: up. Where pillm"S h~Ye been left ove,·
O,e drifts GO percent WteN ill waste or lean mliwriul and 40 percerit
ill arc. Of the 40 purcent in are 20 perce"t had already he.en mined
in 1831, und ;;0 peJ'ccnt was still r"covel'able.

·When a swpc 1. hog-un a ram" is put thrDugh firnt to th~. Ic,·el
I].ho"e, "TIll, begimilng: "t, i.l", !"Riso, the back of tJ'e dTift is drilled
and ",,01' (low" on the t=ks. With the miners ,-tanding ou t"p of
the lllllek, ", .,oc(JIld iine of hol,," i3 dl'iHed and bilL,led, Rnd if tll"
ore is w1'lcr than drift widl.Jl tJ'e drift is "!~lib",l njr the full width
of the, vein. Stull timb"''' aI'e pheed aero"' the ,h·jft, at ii-fool
intervals 8 feet ",bovc the t.rack. Where the vein i~ .f to 8 feet

.·wide no poet" arC used under' the stulls other than dllrt,e posts.
Chut"" are huilt on the footwall si'k "t lO-foot inffirv"ls. B~ck

st.oping is hegUll by ~ crGW of 1 to 4 miners, ill·i1ling with hand-.
rotated "t.ope,'S. The back of the. stope is oarrie,] lit. l1 ,light in_
clination ul!w"rd tDwarrll,he through"ra;;,e, the Ollgl" ranging from
11}" to 1.;0 from the hori~olllai. At lOO-foot inte,rvals eribbed man_
w"ys !!TO caTriedllp wil,h the "tope. The8c manw",y;; are proteeffid
on "the stope side bv s(oUlls "et in hitches in the walh at Ii_ 1'.0 8" or
10-fO')t .in1:.erYols. Usuu.lly the sl()Jl~'" "re mined t" w11.Jlm 5 to 15
Feel of 1;]'0 level above, leaving" floor pillar to ""I-'port the level.

.1,V1Lml Lhe slll"inkage 'I.opes have been eomplet.ed: and are beiog
draw" e!1lpty, the. h:""$ing wall begi!ls to ~longh off; comequenUi,
by the !Jm" the .tope lS neadv empt.y (:onSlderahle waste has bllen
on top of the br()kcn ore. ()a,·e t.hcrdorc must be taken to draw
the slDJles dow" evenly to prevent piping through of wa"e.

The cost of ;1lL'lnimge stoping bY thi, mel,hod on the 1,350_£001.
level was", follows during 1925;
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The average width of no. 8 stope was 8.5 feet and that of no. C
slopc 4.0 fe"t.

Dil'~d. ,topi!Lg co,l~ in t,ypic"l "IJl~nlm-ge "topes (L'om 1927 to H)~n

W01'e us follows:

S".. no,

" I-----------------------------,

Wage rat~" during th",e yeal's were as follow", :Mine1"5 ",ing
Leyncr machinc", $1.112 1,0 $4.GOj miner. mini\' stoper" $3.30 to $3.80j
t-ImoermeJ1, ~3.1i2 to $1.0[;; aJJ(l muekel'", $2.~C tn $3,30.

Aln-,o,t all the w<>I'king, "t, t,he Y''''d" CeJlt,r>ll "r~ ill .heal' y.ones
in the gl"'''HlSt,OllC '-lrI, th<) <)onl."d; of ll, q",,,·tz"l'Ol'pll,\'l'y b"tholith
with gre,,1lf±ono. The mo,t, im1'01'1.",," Ol'G zon,," .al'e tllo Rock BLlc[o
fraetlll'e all!l tlle Sjlver Cliil' "'Intact vein. The Hock 'Butte fracture
zmLC b a mineralized ,;hMl' zone mo", r-hOJl 1,000 feet long, l"fl-nging
from 5 lo mOr" U"lJl 10() (""I: in widlll and extendinjI ,,'om the o()()·
to below H,e 1,OOO.foot l<,v~J. ()1'" bodies in whioh -chalcopyrite i.
p""cnt. in comrn~rciJll 'luJlntit.ie" occur as lenses ill tI,,, !~rgeL' min"r·
"Iiz",l zOne. They range from 5 to 40 feet in width but ~v"mr-'e

about 15 feet, llnd MC 50 to 300 feet loni\'. The ore jJodle" are nearly
'-erl;io~l.

Both Ilre gL'e",:r.st-one ami the qnal't-z porphY1'Y ar" llig'hly ,ili"""I",
h"nl, ll.nd JjJ'T)] 'l1ld Imrmit, "peninp;" to be drivl\ll without I:-irnb"rrng.
The waUs of the ore bodi,,, "t~Ild ",,,n "xc"pl; """,r h"U6, und the
or~, is fraetu1"ed lit,tle. ,At sBYeral plan'S f,,,,lt,iJlg cut" the ore lens""
at obliqne "ngle" makiug the waUg heavy ""d Cl'eating a tenden"y
for blocks to ,1idc on the fa1l1t. planes as the or& ie mine,l f,'(w) t.ho
vein. Vertical ltJldc;;ite djk~.;; 1 to 0 1'",,1; wia.., ""I; ",Mo,s the ore
ooelie" almOilt at rip;ht an~les. The dike I'o"k i" very soft and
crumbles, but Lhe on1:v trouble it comes is dilution of the ore. Tho

~ '"""'''', Ro''''t H_, 'lin'n" "'''"od. fin" C"t, of "tnlng Cop"," 0<', "' 'l'h, V,,,,.
C,"",,, MlnO_', In,_, '-"''''''. am., 'nf. Cm_ 0404, Bum" of 'flu", 1031, J3 "",
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Ore is not alway" a, wid" ~" the mineralization. In pluees t.he ore
is on on" side of the minel'aJj7~,d fractur~, in oth..r plaoo, it cove""
I.he entire width, >tnd il\ ~tiD otlleT places it oeelll'" as I:wo]euso, with
" horse of wa~k bC~WOOll, The grade of the orB mined has ";"crage,1
2,'< P"I',,"lLt of coppor "nd 0.4 ounce of filver pel" ton.

14r
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"'"""", 30,_""d"""" ""r'''" '" Y,,,-,,, C''"'''.' mln" ",,-,!zoOO; A, ',"'NU,];,," ,,,,,,"
Un'",o" '"_, ,,,p,, ii, <lm",,'iog ~l 1>ol.t,,", Ol ,"'In"'" ",,"",

Level" 1iC" about 150 fe,o!: "pa.rl" "nd before "toping i" be,,"ll[l fohey
are full}' developed and mi"" run to determine the vertical ""tGut
of the ore shDots. Double d,u(.c.s 'U'C installed ,,~ 2ii·foot intervals
with", bia,ting; "haml",!' "j,ov" each chute which i, constructed by
putting in tine" 10" by lO_inch "tulls 7 feat above the chut~s. (See

,i

I
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lig. 30, :.1.) These ,I."n, u.ually are less t.l'"n 10 feet in lengn,
amI arB [a/Jgor:! O'-"r am] ",pported [n the middle bv 8· by 8-inc1,
post« which l,imit tho wi,lth of opening through w[iieh the orB is
,h'awn from the shrinh~lg" stupG to 4 feet. (See fig. 30, fl.) The
stopes ,ll'c cm~'iej\ on l"&ged 10- by 1O_in"h ;.;tull timbers plaee(l over
tbe j),,,,k of the drift. mth 8- bv ~.ineh posts un<lel" them tu limit
the 'pan to Ii feeL '1'0 mak" rnorn foT' "hut.,," and stull timbers tJ,~
hack of the drifi, i~ ,hot dnwll. the full l"ngl.ll of the o'ope. Cribbed
munwu.ys are ct<T'"iHl up unough the broken Ul'e ut. lOO_foot intBrvals
aE the ,tope advances l1p"'>\I'd.

Stoping is begun at one end of I,ho "t.ope ond pTogrcs,es in bonehes
over I.he whole length. The intcnl.ion i; to keep thc back uf thG sl.ope
ne~dy l"v"l until it nears the 1.01', wh"n it 13 inclined to impJ'(WG
ventilation. Lo"n spols in the vein UTI) kit a. pinal's.

The ore is hard, and 145-l'{)llIld driflBr;; are ueed for breastwork
and heavy hand-TOI:ut"d ,-tope,,; for drilling Ow b"cks, The drifters
b,wo heen nsed for drilling the huck, but the tendency is f"r H~t holes
to br'''ak ,)", ore in largo dnmk<. Stoper maehinrn break 1.]'0 ore
finer. und givG mOre time for drilling, as they du not haye tn be
,at up.

.A.lloor pin",·" liWe thicker O,,,n tI", width of the stope is left. to
~1lpport the walls and upper Je.-el dw'ing fin"l drawing of the st<)1'o.
If th" grade of oro is Jligh enongh the ,top" i, Glbl with dcvdop­
ment, wust", and the pill",· i" then mined uut. Whcn" sl.ope hns bee"
oompldcd the broken 01'<) i, ,h'awn off a, l"api,Uy os it "lID he
trammed, Thc top of the b,01<cn-ore pile i, lmpt as nearly level "s
po>eible dnring dr~wing to prevent, Un\, w",l.e. th~t, may faU f,'om the
walls {rom mixing WiLl, the, ore. Broken Ol'e, oft.en hang, lip on pil­
lars, and when tlris oee"TS if'. i, didodged by homhs ()on~l,ting of Se"­
eral "ticks of powder tied w ". pole.

The dilution fro", woJl rod" !Jarrell al"L>a', mel an,lcsite dikes is
,,,ti,,,ate£l to be ahont 10 peTcent.

Dl.."d stopinre c<,~ts, including s,ope de,'elop",ent an", ;toping is
b"/Jun, ouch ",' """,ng from sl.op,," to leve/,j above, fro"" June 1,
l~2n 1.0 August L 11)30, were as follew":

Dire" .topij]~ ""s<. v",·a" C"ntml m)"", ,r",," 1, 1~29 to .J.lry. 1, 1030

[TO", 10f,too, 130,'0"] 0", p,""~
Labor . "_~ "_____ $0. 7:l4
Snpe,"l,ion__ _ _ __ _ _ _ . om
Com""""",] .oil', d1111,. and ""e'-- ._________________________ .d85
Ilwl,,;Y ,", . __ __ _2.'14
TimbO'· " -' .______ _ _ , 1~B

1'<J\al "_. , __.m _ 1. 001

Wa.l!es were as f"U"wo: T'imhermen $G.27, miue!.'" $;',£9, mucker"
$5.0G, blacksmiths $6.27, and sl.ed sh:ul1eners $6.27:

Labor 1'erfunnnJ1C<' ill ,1.01'"'" WU" us fullnws:

1'<JtaL ,,_____ _ _ 1. OJ

UOOUp~tJ01l :
:B""""kL"~ ':_. _
'l'imh""lng _

L",o,' p",to""wwe j" .10,,".), V""'o OOllIr"t miM
"a"1,,,,,,
"". to"
0.12

"'
To", ""ma·'·'''f'11. t

MO

U
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Consumption of exp)"";,,",, was 1.1G pOllud£ of 4O·pcrecllt gela,i'l
dYIl~mite per ton of 0"'.

The Ore bodie, at tlw. Took-Hnghe-s mille occur as irl'ell:U1"r, len­
t.iculur V~i:ll' in a etooply dipping fault zone whieh l'c"di"s 80 f""t
in width. The mel," are syenite, sye:nite pOlVhyl'y, and lallLprophyre
cnt by diabase dik"•• JlofOBt of the ore bodie' '""<) "\1ip\.io"l, a.nd the
-.'erticol dimen.ion u"ually <3Xceeds the horizonl'lllcTlgth. are bodies
hl'ge enollgh to mine ra.nW' from 30 to 800 fe'ol:. in lcugth lmel from
100 I.D 1,0(1(1 reet or more lH height. T"~ wi,lth rang"~ 11'Om " Tcw
,,,ehes to 60 feet. ::;"m" nar1'o-w veins lie as flat "'" 4iP. hilt the m,.jn
ore bodies dip fl'Om T[j" t{) vedicll1. Th£ fault zone pill.ches "t ""m"
lar "",-'tical in1;ol'Yu.ls of 1.000 feet, allowing the h,mb~ng waU '"
berr,ring on tho fnol; wull. ,\rall rock.. show "yi,lcn<.*8 of being und",'
drain H\ .somo pm1:3 of the mine, hut i,his condition i. not A"neral.
An rooks in the bnlt",l zon~. HC 1"",1, badly fractured, and 'c"L by
{".nIt pl= 01' ~ muo "llps," Where the limit.. or a.n om body do
not rencil the. boundaries of the fault zone, Ib.o w".n rncks. which lITe
no stron,.,,,,,r than tho are, slough cOllSiderahly. If a. w",U of the fault
7,one form. a w,J1l of the ore hody, it .t"m16 hirly w"n. The limii~
of thB oro 11'LJ".11y are c"mm~rcia.1 anrl h",w to be dew.l'lllined by
camful ""mpling. The ore i.~ high gT'''de and avcl'agtJ.~ "bout 820
p~r LOll, b]lt the ore as mine"', "fLc" is cOll.e:iderably lowe,' gmde owing
to dilution in m.opinA' and tll·~wiTlg. In 1930 "II the ""Te wa5 b"illg
mined by shrrnlmg,,' ,I,c.pinl':, DO pm'oont being mined with chute
raises or boxhole !)ilhrs (tllat is, on aJ'ch pil[a-l"o 0""1' the <hHts)
n-ntl 1I).1'c"""",,t wih timbered orin baeks.

ChUl" r"i""", and h<>xholc pilla>" are eJ1lI'1()yc<1 wh~r~ the "r~. is
wiJ" nnJ <lips GO" or more and a ,tol'" ·hnfll. below is sure to bl'enk
through UlHlnrrl(,,,th tho pillar. Thc lm"k of tbo drift i.,. timb"rcd,
and ilie ),rok~n. "rc is hdd on lagginA' wheL'c U,C vcin is les" than
I) feet in width Ol' thc dip 'i~ too fiat Ior the me 1.0 run well, 0)." M·

the hottom 01 an Or" body 'wh"Te bo"hole l'il11,1."8 could not be caved
into 'a ~top" b"lo,,".

After a level is developed the clrift is ,b""wl 1'·0 a width "f H:J,2
feet and cleaned OUL. Boxhule raise, 01" Uwn "anicel up I;br"-o
rOllilds, ~ 10aclin! an,l uulhlozing chamber is CLlt (fig. 31 .d), n.nd a
pJatfOL'Jjl (I)," "C inum"n" chute built. At i1ll:ervais of about 120
f"".t ~ emall, timbel'ed dl'ifr, "t(JP~ i, b"gun bv taking clown blWk for
30 feet along the ."ein antl is I.inib,,,-·ed with caps "TJd po;,ls n.nd
I~o. It- h.1~ ~ lrIU-lIWUY ope-rllll,Q; 'at· the C'"'W1' on the footwwl
.id" "wI ". chute on ea"h sidH of til.. m,ulWuy. After tIl" t.imIH"'i1lg
is c"][Ipl,,l:OO the chute ralse' M'C ,lr1"cn ('-0 a height c>f;)I). foot a-bovo
I.h" tnwk, aJld rnhdrift cc>nncctioIls an, made h"l.w<'Cn the e-huies.
'I'h" sllh(h-i-l't j',h"" is wilIcncd to the fllll wi,lI.h of tl,. "''',ami an
illdi","] rr,,"'\WIlY ",ioo is driVffil to t!", le,vd ah"vc fol' "emiht-ion,
Fire lino., ""d tra"el.

Shrinkage stapinA' pl'oceeds [.0 within 20 foot of thc Icyel "bo"" in
horizvntallifts ~bout 8 feet higll Ilnd CO feet long. In wide stop.,.,
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'l".'''I____________________ 1. ~57

Coo, ",",on
or .... """","';ml"'l' $0. \14-2

Othol'mppH""_________________ . D33

loose slabs in the back Ill'" e",ug},t up on posts. 'The "opes have to be
sculod after each· )Jlast Vcl"t1!,ul nises are driven thI'olJgll the 2(1­
foot b~ck pillar ~t 6O-Iu"t inwTvals and ,'",,"vel'}' of tho pillar, is
begun whell all the ore that can be pulled fn)lIl, the stopes on the
level abo,'c has been drawn. ThG boxhole pilla'" of the upper le-vel
,mel j.},C back pillar of the "t()pe helow nrc pulled back together,
1!S""Uy in ,edions nbonr, eo J'ed'lnng. A small "oj", 2 ,llOJ'" J'uun']s
high is put up ill til" center of """h boxholB pillar, the pin",- bdow is
thim,ed to 12 feet, Iwl,," aTI' hml"d out in til!' bamole pi!hrs around
the "",all rai>e., and ""los are drilled ul'war,) "nd dn",)]w..-d into
the bock pillar. (See fig. 31, B.) These holes are [o"ded llJld
blasted d~JOtI'ical1J in OJle blnst with instant"M"lJ~detmLntors from ~

1l0.yolt Jigh1illg circuit. As mnny a8 3,0(1) holes havc been fi,'.,ct
~hnu1t'Ulco"sly. MoBt of the timber i< Luln'll out, und the remnind"l"
is borocl anel blaswel with the big blu" so that it will not block the
chutes below.

Hired stoping cost, dming "' typic,,1 month [n 1928 lVere a" folh",,";

"", r~ ,,,~
01 "" ,,,,,t,"

LabOl' ~o_ 1m
SnpOl"yl"o" ._ .l>\W
C,,,,,,,,..,,"tl ,,1". ,MIl;;. ond

.tooL____________________ _3W
)"I"o;;;V"" c---_. •• •• _ . BIG

The ""nle of wnges was ~5 follows: Shill- l""",,, $7; mucker boose,
and chnto biasters, $5; drill runner., timl"'l'ITH'Il, "ne\ senior" $4.75;
muohrs, t1"omme,'l>, anll (hill help",'", $4,25,

PI'''dllef,j'~t! of r,topn bbol" in mon-hom', per tOll du6ng Octobe,,·
1028 w,," us fo lows;

,"art_JMm
O",n"Hlion; p'" ''''l'rcuklng c ••__ l.1~O

TlmbOTillg •• . 111

'fotal." 1. ~17

To", ""mON "I'5_n
'-''T. 33

5.27

Th~ Gm or~'IIj's tn ",lulL ZOno" III igneolB rock" lUlllprophyre,
"venit", und syenite porphyry. The Me bodiea '"'-' roughly lenti"ll_
Jar and 10D.,""'-' vertien.lly than hC>L,j<ont>111y. Virlu",lly all or" l"n'es
rake west, g:oing down in ochdon forma-tion. They runf':"' f['On, 30
to 300 feet in hOl'izonta-llength amI 100 tD 500 feet ~Iong tlwiI' Jonger
aris, "'-'0 from 11 few f"~t teo 30 feet thick, nnd hU\'e n "toop dip. Mo~
of th& lenses worked have [wen on the honging 01' fool w~ll of a
nearlJ' Y,,"tic".! fault 7,On~. A few high.gm,la ""ius dip nt " mueh
fI"tt",· 'l.Ilg]~, The ore eommts of country rock impregn"te,] with

~ D"mbrlll" ,r. " .. "'".;"\ Me'(1,,,1, of IrL,","O 1.«,,, Gold ",or". CO., L'"" K;,klund
'-"'e, 0"'''''0' Inr. l~",."' 0, Bu,""",,"" '''0'''', '""', '" "p.
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"T"] l'epJuood by [Jig-h]y fractui'e<l qUfi.rCZ. Th" l'ock5 in th~ Ore zone
"i'e fmct,uT",1 n'nd C\lt lnto bloch bv i"C<)l'""cting ,lips or mlld """ms.

Shl'ink,"''' ,toping hllS be""u""J' on t,imbered:drift baek>, Chnte"
are 8pa"ert~t10-foot i"I:i'~'"al5, and 4- by 4-1001. manways am C3J.'ried
to 50 fe"l above the le,,"l "t eonVCllicnt, '"lorval.. Rai.,,," aT" <hiven
through from thJB rmint l{} the level above, th~ level int~rvo] being
125 feet,. V,lllt'lillce to aml "xit l"om the stupes is th.roll/lh thcso
,'"is"s. In shriJlkaiJ:" stoping about g feet of Oro is ]dt on tne walls.
This will "vnnlually ,lough oif, and the walls will '''TU"in in better
"halle than if the Or" was hluoted. SW1"'s are dl~ll.ed wi~h ~%_inch
<iri lor m"ehiTl"8. Flu.i. hl'"",t J101es up to 10 f"et deep ~re drilled
and bl""ted with 40-"peroont ""lntiTl dynaruiw.

SilIE are rec()yernd by miJiing directly under the old b'wk Limbexs
of 1lte leYel, stu.rt,ing at the insidc end "n,] retreating tow"""l the
shdt. The Bmp1,y 5tOP& ahove neuulIy wlIl stand long cnough to
permit th;, proocdure. Waste which sloughs from th& walls is
mostly in jJ,~ form of vcry lU"ge blocks, which hang ul in the stope
<end ailow virtually all of the bl'ol<en or~ '0 be removc( Tn ,hl~nk­
age stoping >J.t tIus mine t,he dilution of ore with wast" is high-at
least 30 pe"Nnrt-duo to the character oJ th~ wull r,,"k

Dil""A'1. A0l'ing eosl,o f01" a I:-Yl'i""I month ill 1930 w~re us foIlo",":

bCw..,""""""",,.-,-- ------- ----_ .. ---
~'am",,,,,d ''', oJ""', ,,,,' ".~_ _ ....... .
~."h;"'~ __ .. . .. . .. _ .
T,,"hoT. _.. . _ _ .. .... "._.
Ot"""upplios.. _ .. .. .....

To'"' .•• . .... _._•..

"'.n In. "" $f).''''
, "' ~, .OH, .w .'", ," .m .~

.~ M .."
" ,to' '"

"'" I im 1.020

Tho ""'g<' 'e-ale wus US follow3: Machinemnn and l.imlJ"rmen, $4.75,
and madllne helpe,." a",l mnck"rs $4,25.

Labor P"rfOl"ro~n"" in "toping for a typic.l month ...."" ,1.., follow,:

'I'on,,'"
""""''''I'

8.0
114.4
Ie;.

.""".n,,,," eN"
ton "",'0,,,is''''

Q, ~o

."''"

Oocupation ,
lll'cnking __ . "
TIlllhorJng .... .•• _
Slluveling ---- --------- ------ -- --.. __ ------

Toto] ... ._____ 1, 45

TI,i" ruine is l.ocated >l.f, tl,e nO'" "nd on one leg "f ~ SJ'ndinal fold
in un arM of unu5uaIIy oonwcted, 'heaTed. and s"hi,l:"d Msaltie
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ro"kdntruded b.y quar[.z porphyry. 'The ore bodies· OCCllI' f.rrulic"Uy
and var.'f &,reatiy ill altitude and ionll.. The '!re ,COD_;SI.5 of quartz
veins and ll~'e1PJ1ur ma,,;os of rniner..lized schIst urtprcgnat"d with
quartz. Indivld"al illa._. of 01'" mllge Jrom 10 or 12 feet to 400
feet in length and frQm th" narrQWCEt worl"lble to eo feet in width
und dip.t val';ring angles. The dips gencn,lly are mol''' than CO', al_
though :1 few flat Y"iD8 dipping about 30' ha"e b"en mined. The
ore is qlJih' """,,I alJJ. e"mds well. 'l'he w"lls generally arc wdl­
ddlncd, but p>U't ai'" ,. a",ay walls," TIo" wall rock> ill" firm and
"b"'d well, except whe", they al'~ b"'l1v sh",,;red 01' eOM;,!. of
gr~phitic mat~",i3l .

Leve]. an €stabillihed fit dep!:hs of 100. 200, 300, 400, BOD, 600, 73:1,
SM, 1,000, and 1,200 feet, Shrinkag~ st"pil1g i& eJIlploy.ed ""dU8i"l'ely
J'or mining the nr". The ehuice b"t"",,,, stoping di",dly on tim­
bered-?rift bach Or <))1' arc.h Jiill",,', (I;crmeel "b""hol" pillars" ill
Ont,arlO) dep,m(]s upon the wldth an,l grade of l.]", ore. Narrow
veina alw",!" "·re stulled and la.g'",d if the back n{ tlw [e"l'e.] dl~ft i,
of workab e grade. If the. b"c.'k of the. d,~ft is not n[ wOT'kable
gr"do, exploration I'lii,,"" are· driven "t f"yorabl" pnint<. If they
""counter or~ :1 ,topo is h,%Ull, and tho or~ i3 dL'awll "ff thTOUgh
them and throllgb inl:ermedwte ra.i""" put up to t"J' t,he bottnm "f
the stope. Ol'e bodio" up to 2" f"ct in width. "-l'e "t,uUed "nd Jagge'],
tho stull. lK'ing SUPPol'ted on p<1s1s. Ore boches "ycr 25 feel in'wl(1I:h
are opened hy boxhoie rai"""." and tho "roh and flool' pill""" aro
extraded aftel' the stope ],as been dl'awn empty. 1Vlwl:e timbBrin~

is "",ployed the chutes nrc spaced 11i feet center to ",,,,!cr. Wiwre
h""holes are put up tJ,CY nrc rarely "paced closer I',h~n 25 foot, and
jf they ha"l'e to iw dci"l'en an "ppre~i"ble distant" t" r""ch the h"c.
!"rn "f the ore tllBY an 40 feet 01' mOl'e apn-rt. Crihbed manw":r"
al"{l ""I"riec1 in ead! "tope "t lOO-foot, inW1"n15. Slopo~ Ul"~ c"rried
abo'" 60 feot abo~o the level, a ,'"i,e is then put tJ'l'ollRh t" the levd
"bov,,, and aU manways hut Olle "re cOY"I'"e!' 0'1"'-'. WILl''' the "rope;;
are <lr"-wn the willi" Ilr<, trimmed, "nd had ground is "lJ['poTted by
Spl'ai!:.' or dulls. The "'ood walls have. m,,(le it po,"ihle to ""ale "ll
st"pe.~ ~nd clean ont "Ifbroken ore. L"Yner lllaehine.~ "ce empioye<l
to d1ilI hOliwlltal bl'e""!:' ho']es in the b"ck.

Dil'''ct "toping cost" -from .August 1, 1lli!Q to Ju[:r ~1, lQ30, when
113,329 ton" of ore were hot~tcd fIDd 104,;181. tom hroken, were a"
follo"'s'

0,,, ",r ,," 0,,,",.- ,_,..
'f "., I",,,," ,r On) ",,"""

Lab"" " " ~r), 02'3 ~O. F;I;{I

SUocl'vlsin.'-_________________________________________ , 084 . om
COIllIll'",,"",1 aiT. tlrill", antl "tceL . . "00 _271
EJ~p\""ive'L_ •__ .."________ .180 .19~

Timber " "_. "_______________ . 04'1 .ono
othOl' 'UDPilc' "" "________ . (jS\) _ if.I'

TotrrL "" """ .. _ 1.2'10 1. 3&1

Labol' ;n. 8topO" for drilling, blasting, and timbering during th"
sam", period was 1,17U mOJl-hours pOl" ton of 01", or 6,8 rons tlf me
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pcl' llJan-shift. Consumption of 6xl?lo.iv,,-, ill stoping lI;""rUb",d 1.0,
ponnds of 40'p"r':<lnr, gohtin dJ'nFlITllle per ton of ore.

The McIntJ'l'c mine i, on tlle nOlth limb of thc Poreul'ine synclino
within an -are" of Koow"t,jLl b""", hte,. intl'llBions of 'lua.rtz pe>rphyry
masse" and offshoots.therefrom, ,Llld diabase and an",tito ,lill:<,,"- Th~

r<'clrn in the prod"ctj"" U·l'e,c 'h"yc b~en Sllbj"cteii. t,o eompl'e,si-"B
foce", >J,t "~vera[ ~tagc>; ·in theil' hj'tm'y. 'The complex foldmg, the
f"neture. now occupied by vcins, t.h., .pT'",'"i" and po,t-.,ein f"ul Lil1g,
and tho uro",l belt of ,crnst are e,idene"" or Lhe,e forces. Thc Y.011C
of sch.isto,ity e"t(>I,d, llorthenst for. scven,] ulil<" Mer a width of
1,1J00 fed, i,; wlljd, the mo" pl'oducti-.,e veins o","u1'. The stl'ike of
the ;ernst is about 1'i, 1)0° 1.0 80' ~., with" steep dip "onth. SeveTal
planes of fradUTing in tl", "chieted zone cut aero~" the sdLi,ting at ~

'Jll~ll an"l", and it is in th",e tl,al.; j,h~ productive vcins o"cu~. The
l'l"o,lLJdivc vein" m"e found in t.l,C lava schists and seldom un' work.
"ble in t.he pOl'phj'l,j,,".
Th~ ore is of h~" typ"g: Quartz y"in, with included schig\; ITa)!;"

lllcnl.s ".nd irregular "eplaoornnnt bo,he,. Th" ore bodie" are YLCflTI,\,
yortieul us Jj, rule, but some (Up.norl.h ~l,out 60'. The';r length .arje,
up to 1,2DO ,fwt ""d tl,ei,. width to 100 feel.. 'l'he averal':B width is
"bolJt 10 feet. Tbe OJoe ."nd waIls IScl",,1l11)' stand wnll, <cree'!?t where
1J1ll0l"phoo, carbon hUE developecl J1l thc schi,t, ,wel in certalll badly
fllu1l.:cd "I'ea£.

Th" 01'" i, a gold orB whidl had "verugod S8,g5 pel' ton up /;<> lIfal'eh
31., IIJ:12., when a tot,,[ of G,0lr;,'n8 tons had been mined an,l mined.
J-Ijgh-gc~d~pockets occur !o(Oall.l, ",ua-lly in a- quart,z-vein filling.

Up to Hl.'IO m",t of the OTe hlld horm minerl by shrinkage stoping,
olthough sOme wi(l" ore bodi"" ill h,,,,vy b'1'OLlnd had been minoo by
"l"al,,,-",,tl.iJ1g. Since then .,,,I-._amJ_JiIl ,I.npinil hoo been employ"d
more and mOJ'G, >l,nr! in Ig32 abo[J LijQ pe,-cenl', 0( the production cumo
Imr)l eut_and_till ,to)'"".

Tn sl",jnkaA'" st"l?Lng raj"" ,olLl"time3 "re put thrnugl1 from lc-.,cl
-to leH,l bd"re dopmg is bcgun, ],ut often the stopcs "l'~ mined to GO
f~et ..~hove Ill" level before a- mis" jg put thro)-'gh. Itl)lropa-ring fol'
,t"pmg th" d"lfl" "ro sla,hecl out, the full w"Tth of the ore and the
],,,,,k< taken dow~, t<> a height of 18 or 20 feet. The, level then is
timbe:t'ed with posts and c"ps on a-h"ut 4_ to rJ-foot ""ntern, and
ehutes "'''' insb<-1l"d "t interval> of 15 to 30 f""t aloni( th~ drift. Ii
t.ha \·ein is wide und e.omp'l"atiydy low grulI" the, h"d{~ m'" not shot
<10\\-11, lmt a- "",';e",· ,).f ,( boxhole" ru,,,,, is put up em ",hollt 25·(00t
ennl''''"5 te> a- 'h~ig},t nf :l0 f"et and, .e<,[\~"eI,"d by Il- <1lhdrift. from
which l"e~ul,,:,-, "llT,jnhge ,",:,"ping i~ st"Tkd. BC"'l5t. Rt<lping i~ "sell,
am) hole" dullod w,th :l~~-mch drifters Il-re f"~IL,,(l ,,,,I..- Ln tILe Wl(IeL'
stopes.. Tn some of the 10~6~'1" ,-topes pillars aJ'~ left where are,,," of
~(,reSS' develop ]"eally"

At .present, sJlI'ink,,""- stoping iB eml'l"ycd iu isolated stel'''-''' in
,topes wheTe it is a-nt.ial.",ted t.hat the walls will be stro~g un "'gu­
lar, and inlow-g'""d" ,top"" <:>f concic!e:t'abla width.

~ ,""v"'", H. G.. Min"," M,'",,], ut "'0 ""n',,.. rO","plDO Min", Lt".. "ol,"",,,"'"',
ODt.riO' lnf. Ci". "'"'. UUl"'""' Min", ,"a" '8 '",
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The tonnag" hrohIl p"r mnn-shift in ehrinka!,'e S'''l'i.llg is "hout
2D, "nd the congumpt,i(>!l of explosiye;; is ab01lL 1 lJound pe,· ton of
or" broken.

The gold-,ilvcr or"" of the Jarbidge dlstrld occur ill qumiz ",-in"
ill " r,uJlt:eAI series of 1'e''tiary "olellni" flows which haye llwkrgonc
,'xt",,,,;iyc "Iwmtion. The veins dip at GW to BO' and YlilT greatly
in le"gch, uwl width. The wid~h of the main vein ..weral!~~ about
(i fr,,,t and ranges from I1a'TOW fit.ringers t<> 50 fe"l, in TlU"C ;nst><n"es.
This vein is ellriched by slllilileads which enl,,,,· 01' Cl.'= the main
vein at Ull Ullgle of Jl.boul. 60°. 'l'hesB branchlng Or intersecting vein."
do nat carl'y VJllll~S ,"way from the ma.in, ore body. An operating
dilli"[llty is pl"Clmnted in miniJ.lg t.hc orB in split;; eXknding 3 or ..
f"d into the hanWniJ: walL In "t<>ping thi, 01''' '" shelf is fanned
ill t,h£. hanging wall which requires a large a.mount. ()f timberi"g and
blodcing. Except at l;hB Crm"in!,,,, l,he walls of the ""in_ ur" defined
clearly. At the"" pl"c,,, ""me 0 the wall rock n""'tUy Is broken to
make "urc IJ",t all COJJuner"ially "aluable mawrial is reco.ycred.

1To very J,i"h *Tad~ ore is fOlllld, the avemge ",,1,,0 of the mill feed
0'·"'" a l",riod' or ycars haying been ,Ii"hl.ly "yer $10 p~r tall. IIcr~
und tl''''"{l along the vein lean SPQt~ ~,;, ldL u.s pillars in t.hc 'topes.
Th" min<' is developed by adit. le,v~l_, which "rc approximately 1"0
fc"t aport vertically ~n(l C(>llnecw,l by raiSM 01' winz~s ,,10 CD"y",,"
ient "point" to e.,<plo·re tho "re bodiC5; these are place"l so us to serve
latel' for ,Lope manwJl.y"S 01' ore clmu>s and t.o venti!al.o the stopes.
Dm·ing :lfmo un production cum" from shrinkage sl:opes, although
in C'\dier and 1.0.1.,,,. y""J's cllt·and-fill stoping w...~ empl"yed in OOlllil

of the stop,,"",
Drifts ",re driven the full width "f 'be ore, and a sli"" is shot <>Llt

of the bock in prepa.ration fo,' sln·inkage st,oping. LaggeAI ~Llllh arE
placed and lagged oyer un<le~ t.he ,edinn to 1'0 stooped, and chntes al'e
inshl.lled at 15-foot inte''"I'ak M"nway~ genemlly are about 121i feet
a,part, which iJ the lenfP:h of moot. ~[{'-Jm "d,o.niJ. Umally each
""etion is mined by hOrJ~()ntai ,lices, bnt n.d:ia"'mto ""ctions aJ"Q not
necc"'''''.i]y kept abreast. 'Drilling is dom, with >1t,opcr.,- The "ein
m"terial Cirillo easily and i., of medium har(]n,,-'s; a ,lrill"r 8cldom,,.,cs more thon thre" ~et, of ~teel a day. Onl:\, abollL 23 percent of
the broken ore is drawn fr<>lll the stopes dunng ~tol'i"g tD main_
tain the desired working spaeB between the top of the broken ora
and th" baek of the stope. (This compares with 30 to 4{) perrent
in mo,t oth..> minl~' employing "hl'inkttg" stoping.) StoP"" "ro
"""riel] "" high "6 21;0 feel', with ,-eJ'y litl.Je timber, I'i!la.,,, are left
whem the on is lean or the will is weak. When hJ'e"killg ho.;; been
completecl (nbont 4 feet· helow the level) a "IJ'ong oy"rhead hulk_
head nf polc.~ i" placed th" e~ltir" length of tl,c slOp" to prDtect Ill('
ti.llLhe,. """'w_ ",1", follow the ore down, e!e"n the willi" of ore, and
1'1"01' loose ground during fi",,] drawing of the stope.

Direct stoping costs during WoO, when 57,53g ton. of 0", wcr~
hoisted, were as follow>:

"Po"k. ,lobn """"'", "'oD," Pm";,,,, "'tl'''''', "n" ev,to ., E[ko", Mio"", """",a,,,.'<c,'., I"r. Clre. ""', Bu,...."' "io""_ 1031, 12 pp.
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c,,,'"" ""
01 ""

Lfrb'lr; drlll1n~ a1\(1 blO,t;ug__ ~O. 3B:l
L<,b'I"; ';",hodng "1\(1 clc,"'ng

out ''''1'.' ._____ .5:<7
(\'ill""''''''' ~;" drill,_ lLnd

~tecl __" ._._______________ .1® ·,,"t>el . " ljl~

D;,'eet "tnping cedi; ill m>J,n.ho~t"' per tan wer~ a" foil",,,,:
-"""_.,,,w,'

O""npat1on: pO>' ,,,'
n'eak,,,g (de,mlng and bh,.tlog) •• n, 5r.ii
TimlJe""g, mu'k'''g, '"d clC"llln~ Oll[ ''-liD"·' ,818

'I'"'' ,',e,'
man" "I'

14.4
n,d

TuM ,, __ •• 1,373 ii,8

C[)rL8lJmptiOll of exploEiw8 wa, 1.23V pounds of 40-po",'ent gelatin
dynamite pcr ton of ore bl'ok~u.

At the Engels mine tIl<) Ol'~ ooours in she,,!, zono" in diorite lu,d
altered dior;t". The rnai" ore body ooru;isl." <,f th,'~e sheat' zoues, of
which twe> are nou-r1" l'arnl!~J whil~ the thinl uiH"'~." from the otber
tW() hy raking off to the nod,h, 'Th\> ore bodie' stnh N. ~O' E. and
dip 800 W""C, Above the fourt,h h"'d rtLllClt of the are ussay~,l 4
p"n"llt o()pl'~", hut below this l~vd it h"5 "."<".age(ll% to 2~!:l p"r_
"ent. The m",in (H'C hody had a maximum w;,lth "f 100 l~~,t "",I a
1~,'1("th of 830 feet. The diol'itB and altered dim'i", ".l'B very firm,
tough rocks. "",I stand well with()ut support. The mine is (lev~lop~d

by ",dit" and ;hafts, with ]nyd. at inter,'als of about 150 w 2<)0 feet.
Tho or" is mined in 10ng:it-udiTl,,1 slll'lnkHge 8top~, carriod on a,.eJ,

pillars OY"r ()", drift ba~ks. Tho," I'ill""" 'cTe 1-~ fe~t thick. In"
dividu"l swpc ""c!ion. are 90 to 120 '""t long and are ;;el'",l"O-tcd by
tranSH,r"" ""P" pilla,'" 20 f~et thick. A "'~nway :md supply rais"
is nm up in alterl1<lt<> pillars, win, ~",)",cuts <lri"en into t.he r,toP""
on mwh side at vertica ;nl...en'"ls "f 25 fe~t. E:n.racti"" driH., Ql'e
dl.';,,-en ".]oni(" the foolw"ll. ,,"u dJLlk~ are installed at 30·foot i"tce,'_
V".]. Hl<}lli(" thB drifts. AI:th0 dlLll...e.. 'he drift i, cnt out t.o ", hoii("ht
of 14 f"et abow the mil, Rnd the chute ra,iBes arc exwn,k,l t.hree
"mnd". Chnws "l'e iJLsmll~d and thc rai",," "ompl~t",l 1..0 3~ feet
above th~ rail. 'f1", l'm..""s are belled out and com",de,l w as tn
b,.ve un1B-foot, pillar over the b"~k of I'll" d"in, OJ'" o[ the chute
",iM" i~ used for", m:lllwu.y and for ",ir ~nd ">J,V'" line. until the
"lop~ is high 0""'111:11 to Nlllncct wil'll I.h" low~r crMS"llt from thc
l'iJl~j' raise. The ,r;.ift (Connecting the "llnW r"i",s is w'idene'l out to
the widtl' ofth~ (\1.'" bndy, ami sloping is bng"" by urLlli,,1' tlw ha"k
with <lri[ter machi"",. In flat backs two rOlIll,ls "l'~ ,lrilblln op_
pos-it~ rul'eetiom from tl,e s"m" .<ct.,,!,. 'l"h.,~ ronuds consis!. of "
Bing)~ row of 3 hr;l"" in uarrow ~lo\,e.s <]'-ill~il at "" up,":urd "-llg;lc
and 'l holes III wld~ ,wpe", TIns ~avos hre""h ln ",hlCh breast
rounds consi,ting of 1;'1'0 "OW8 of holes M" ,ldlle,l. Th"""c,'aiJ" depth
of h"les is about 7.7 fed.. During 1928 uu "'-""l'll-gn of 7,:1 hole, total-
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;ng 5G.2 feet W"-' drilled pn,. man-shift Stope holes "rc blasted with
4O-pecoont OJillllon;a dynamil~ (seven ~ticks to th" hole) with
stenUlling cartridg"s.

The crew in a stolle consist, of a miner and '" lllucker rot' each
fa"o in cutting_out oper.,'tions. Ai,er st,oping is und"r way 1 to 3
mwOl's uud 1 or 2 E[uggcl"il work in each stope. The pluggers ns,i,t
the ",incrs in "etLlng up, plug the I:ll'g" honldo"" and break up
1illl"llcr boulders with J'''mmers. Stop" nllmc!s am bl..,ted elec_
tl'ienlly fro,,) a SIlO·volt CUlTent, using Her;"" conned,,,,,".

Slope, are can~ed ",il·.hin 20 feet of the level ah''''" aml UJ:. left
stfiJldmg fLin of (Ire until the stope" frolll tl,~ "ppm' [Hell"w" been
{·ml,I';cd. The bad< 0'1 ili.e stope then i, minctlthrollg:ll to t.he leveL
At the level the angle of (.Ite holes l' ch>1ngod from llearly flat to 45°.
Tho first elll, i;; drilled wi'h holes Q foot deep alld 4 feot a!)Ill"t, and
10 01' 20 holes a,,, blastec! ot a tim"" 'l'his cut is continue,l for ihe
length of·the. st"1'e. The next mit breaks through to the lcw!' In
'",""k grollll,l thc fecund eut follOWS the fi""t one closely. Iu remoy­
lug the pilhl"S from the level to the bottom of the ,tope "have, 75
tons of <We ace broken PCl" m""hlne_,j,ift compared to an "vemgo of
27 tOll' in th~ .<lOl"e'.

VeJ',i,,,,1 stope p,]Ja,'s containilJg 146,526 tons of 01" have been n\­
nHwed "t a eost oJ 58 centi; pel' ton for OJ'o drilled loy hummer' drills
anc128 cants per 1,0" for ore ,Il'lllcd by diamond drills. Before th~

pillu.rs arc remm'cd the .Jll'inJmge slope, a"" ill'aw" empty nne! (hen
mme,l Ol1C at a time. 'l'f,e method of l!cilIin~ the pillarii from sta_
tion, in the manway "ai",_" usin,ll: hammer drills and diamond drill"
l, describ"d and iIll1s1ral:cd in ,letall in Bnl'e~\l of :l>fines Informa·
tion Circular 6260. Cmnl'ar"tive co'18 of !ll'cJ1king- 01'0 in ,"cTtical
pillal'S ·~re gi"en "' (ollow,:

KU:W'~''''!],,,1,,

n",,,.,-d,'", ,__
DLODW'" """Do_"" ,

~=;;:c. ='=o::~'.• oml "',' '" d,mLD, j,"",,~_, "L, ""t,d"," "~""1~"""ODd ,"j'~"'" "'" ~",l, ",,"""""""";,,,
Urilb, _ "M' I" ""Ui",.

Di,,,,,t "toping co,t" including pillar mining, i" 1\)28 wete as
follows:

0"'"" 'on '/,,-, ",'","
Timho" __ • ~O_ 017
Othel' 'U!'DI"'" .04.0

.700ToeaL _

C,"",,"',"'/
"" '''''''"T..bor " ~O_ HIS

Sujlervl'lon ,.,__ . rt:lS
Com[!l"'""ed "il', d,-;]j,. njj(Jsl<'eL ,.________ . J&i
ExpJo'lve'___________________ .157

The '""gr' seale.was a~ followE , M""hincmen, $"; jJlckha,nmor men,
~4o.75; mnckCl"8, $4.1i0; timberman, $5 and $ti,"O; timbel'lllen help",'"
$MO; and shift bos,es, $6.
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COTIsum ption of exploslv"" ill stoping nYc1"~g"d IJSW l10und per ton
af ore mined.

The iron 01',," at MOlmt Hope <l<}Cill' within a" ore ;IUD" 1,000 feet
wide in fL belt· of pTe-Camb,'i:,n rock., cons;"l"1\" t>I gray Q;mnitoid
W1eiBB ini.('l']aJnin"Le,] with I'''grn"l,itas, Di.;;8Clmn",h:cl magnetite is
found thrnuglL(}ut most of the c"unl.ry I'ock. 'Within Ill" uTe zone "re
I.·"-ree lllitill para.llcl veins striking nrHthBast, sp",,"d oDD f"et "pm"
''''U dipping from "~rl.i""l to 600."

The 'ire "hoot;, aTe I.:lh,dar, disposed ed~"wi"", =(l conformable
with the sl:L'LJctm" of the i"kn'enin~ lP'01SS. Th0Y dip southeast
Rnd pitch or ·rake 14° nordw,,"!.. A1I.hough the ore bodi,," exhibit
remarkable uniformity in ,tJ,"ir !!,mnraJ attitude, local il'j'"gnlariti~"

(\"""~ in the form of 1'011" ~ncl pi"chillg uwl wir!ening of the yeiIlS.
The ore bodies ~Te 150 1.0 400 feet high and a few feet to 40 feot
thick; ,hc avernge width of tho !~r!":est depcsi, is 1\1 reet. They hayc
been develuped 7,500 fed 'along !heir downward pil;eh fl'om the
fUrf~CO. Thel'<.' l1J'~. two !":cneral t}'pe.~ or mf1gne,tite ore; one is h"n1,
rna,si,e, and gIl"""lll!', and th~ other is hard, rna,"ive, and lami,
""ted. The gr~deraHge~hom 35 to 65 pen",,!. il'"n. The WMLuJaT
I'.ype of ore. j, hard ,md I",ugh, breaks large, and will sblEHl onsnp"
po11ed o,er wi(]ths of ~t le",L 10 feN. '11", laminated Lyre is
weaIrer, dl'ills "nd llL'teaks more ""sily, >JJl<l ]n-eak" in small pi"",,,.
The lat~rnl limits or the or!', m",oJ!y u.rc wdl·deiined. The waU rock
is ~ hard, solid, grani!.oid gnei'3 that stunds wcll.

'TIl" mme is d~""lol,,,.l by vertical ;;hafts und 11"t iHclllee driven
l",mll€l to the downwJl rd ,.;,1", or th" or". Tbe lc,d i ,,"'rval range"
from 160 to 260 foot. SLop"" I,mally are 340 fed long "",1 ,epa-rate,l
b,· pill"r~ or ore 30 to 40 f""t 'hid<. Entrance to the stopes is 1'1'0_
yided by a ffi"JlWa-y raise driven Hp">1I'd t]lI'Oll!":h the ce:llt"r o-r the
pillar, which is CCHlnee!.e,! to the "tope~ by sh(-'rt,' adits. Paralleling
the )no,nwllY loLl' dri""n Irom adja"Cnt dmlo I'"i_es or gri"zly eham­
bCl" I:h" pil!~r or' mining rai"c& aeo driven, f!)rUling tbe cut-off Jino
bdw'wn th" 8l.opes an<l the pilla-,.,. u"",nJ' ""dl ,tope is pro,ided
will, fOll!' Or" clmt€s 81 feet ~p"rL Th""" "1''' bell",J out over the
chule.;; to ",,,,k,, rOom for grio,ly ch~mbcr" lh" bottoms of which
arc 'l7 f",,1.- above th" J"vol (U' the b"U,"m <lr U,,, inclule. l!'rom tho
ends of tbe lP"i,zzJy chambers und~r"nl..ting rai,.s are (hive:ll at 45';
hOI" tI""e" I'mses a.r~ cut ba{',k in IJ,O "ppo,it" direction at 45° t<l
IIltet OVer til" cent~r line of t,he cloul", ,1"" formillO" a trifillgular pil­
h,' abo"" the grizzly. In some sl.0P"~ the grizzlies"'ar" elimim,ted, in
which ea'" there are eight chutes to' u- sl:upe, spaC()d at 40·foot
i nU"'V[l.ls. -

The ore i~ mined ellt,iI'd" by shl'illl"'g" "toping on pillars without
,'l,ny timbel'mg or filling. th~ ,tope is u"dem,t 0\'",' i1., ,,"tire lell~
fro", tl,,, HodHrcutting rai,.,. 'rhe cuts arc dl'i,en "' ,go M,l ex­
teud"d up""r<] Iltltilthey "each the walls. Wet-, self-rotatmg stupe"s
alld dry jackhammCl's eqnipp",l with standard stoper legs operJlt""l
Oil" 2_ by 12-mch plank are u~"d for llndel'l'Llt1.ing. In ll,e, we,oke!­
ore bOdies two crew, work in each sl.op~, stlll'ting >1t opposite end.
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of the et()pe and w"dong ,ow~rd "Mh other. 1<:Mh crew consists
of two men provide,l with two mu<Jl,ines. In the stronge!' gl"Ound
drilling em, he done in a gl'"al.er number of faces, but Ii' present
(1932) only 11v" rrmdlirW5 UI'C med in uny one stope. nreu,t drill­
ing in fa",," e to Hi f,,& 1Li~h is practiced, the hcighf, I)f the £ace
varying inver.,.dy wi,l, I.h" wl(lth of the ore. Formerly, 6-f()l)t holes
were drille,] vel"l,i,,~Jly ",ieh sl.l)p<Jrs, but this prodi"e lll's be~n SUP0l"_

.ede(] by bre,,,t Si"l,iTlg ElSillg holes about 14 feet ·dccp. Thc.;;e holes
ure ,Jrifled with light hammel' drills fitt",l 0" "t"ndarcl "t()per leg",
whid, ,,,." J'l\lshed ahead on wp of a plllnk supported on ,bging.
The followmg figure.;; give compamti,·c J:C.,ul[~ of the aiel m"tl,,,,J of
drilling (with "topel") an<l th" neW mdhocl. The new method is
much the 5~fer, a" the miner is working undar g:rolllid tlwl"<>ughJy
tested and trimmed, OJ"l th" ,h'illi"g is donB ahead of him rather
than above him,

OO'''F"r~l;v"""'Ull', 01<1 and mHO drilling ",dllOd" Mou"t Ifooo ""ill"

moo.. "'J/J.
" ..."",4 ,,,,,. m"",d

"","S l)1'oE,"n P"" "'aehlnc-.hiIL 2~. eU 82, r.1
'{'O"' POl' man-,hlft, all lobol' ""nq:",,ble to> 'tol"ng_____ __ IH. 00 fi7.5I>
Man_hours PC" 10D, ail "Iwe l"b,u·_________ .4M .1~~

Ton, lwok"" J'''' foot of )'0'" ~'1l100 {'toplllg) .7% 2."70
.Pound 01 DowelC" lll'cd POI' mn 01 "'" b.oken {,wping) __"___ .611 . 38-1

The p1'e,ent "I:oping mdhod permits rec"veL')' of flO pcre,mt of
ilia ore,. the !lab!lee being loft in stope pillol'" ,oc pilla," where the
incline, I",,,·" til" level" stubs form!\d hy llIldcl"Outting rmse" and
gri,"ly_elLambcr pillar,. Dilution of ihe or" wit.h waste probably
ls less I:h~n 10 pcr"ent.

Stoping eogt" during l~30 were "" follows:

63"

. 04~

.O~

.0.. O~,
_101Total blo"kl'ol1n~ _

c", '''' ''''if to"(',"'" p"""")
Ex!"e,,;;''''' ~o. m~

Otl,,,, 5UT)plies___________ .00'

Total 'lopi"g _
J31(lckl,ol1ng,

Lohor ._.._
Snpen'i.ion __ " _
Explosj~os _
Othor "npp"..__~ _

, U71
, U29

,lW
_042
.012
.OM

·[\,t"l OW)!" dCYelepm,nL_ . ~a8
8toplng:
L~h",' .. .. " __
S'n><,IT;"on _
Compr",,_ nil', (Ir1ll" an(]

"M .OgU

Conomnpti"n of cxplo,j,,", in ,toping w~s as follows,

(,',,", '''' !,,,g ,,,.
S(OI,e ()eve]opmonl: V,'*PO"""J1."",,,. "" ~O.10~

~lLpCl~·jsion________________ .004
Gomp"""oe() ai", drilLs, "',,'ot,o] _
Elxplo",,'c, _
'["mber ... _
Othor ,uVPllc, _

,...." """
Sto"., '''''''''' , ""f) ''''<In_po",,,,,! .11'eJlJ!UL__ __ _ _ *0. ~O"

511_po",om ""'llgliL "__ _ . 012
J3lockh""n~:

; 0·per,,,,,t .t",n~tlL__ . 4:ro
50-pCl"onI: 'lI'otlgth "" _"_______ . 005

Total exploslvo" in .!OJlC'-____________________________________ .715
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O"'lili_"'y SllTIL'lKAGB o'rol'iNG II' WiD]; om, BODlE"

III wide ore bouies the ordinary or con~entionalshrink"ge.stoping
meLlwd may he employed tal' mining the, are in tn,nSVel'Se swp""
",pal'at"u frOln each other by transveroc pill""s. In the narrower
me bodies de'crihml in the pre"i",," "edion the OI'C WI~~ mined ill
longitudinal owpe", the width of the Will being sud, that the b"',k
of the .topes st.ands uJl,upPOl'led "VCI' /'he, full ,,·idlh of the ore
bOlly. In wide ore bn'lios, h"we"er, the wi,lth may be SO g"eat that
t.l,e ace" of ull.5uppncl;c,l '(.01.''' back w"uM b" too gre.at t<1 hold up
if ]ongitu,liMl "topes were cut out from wall t" wall. T<l ,,"er­
""me this <Jinie"ltv the s(;)pe" ~T'e ,ll'ivell aero,s t.he "re hou" at
right allf:11es to its ·;'trike, and the width of the 0'" body beeome", the
len~lh of the stope~, then· wieH,h b"ing determille-a h,v the stn,ngill
ot the are and limit"d to a span th".t will etand safely.

A:ftel' the shrinkage stDp"" are ~'<)1lll'leted and dr",,'n the pilla!'s
are mined. If the Dro i, \'''ry low gr"de it. m~y not be profibble
to attempt tmnptet" reco'-e"y, and the piU"rs mav he whiltle,] away
nntil they fir",]]y fail, the reme,ining ore being 1,;.1.:. Someti""," th"
pillars aro re",,,'ered by caving. Thi" may be dnne as follows: TI",
pill,,)'s betweCll the ~l''''l'e" are kPllt as thin ae possible 'lnring min·
mg of LlH\ ,tope" but thick enou"h to ,",,,i,l'. ,li,ruption wllik the
sropc.., am boing earriedu.l'. When the stopes have nearly r""cheel
Ih" level abov", the stope plllars aT'.' ,'ut throngl" "nd t.hB baek pill,,)'
is shot down Or weakened nntit .it, c'n'''''. After sl..andin~ tor som"
time t.he thin pillars tfLke weight, eT'\,sh, and hre"k up, and the pill,,"
or" is dra.wn off with /,1", st.ope oN 115 the ,fop"" aTe p"lle,l empty_
With this syst"-lll usu"lly -,om~ OTe is lost rlue to piping tllrou"h of
waste from the, wrrlls 'mol npper levels; t.his proVlm!s frll the OI'e
being dru.wn without ex"","~lve dilnt-ion.

If the "re i" of moderat" "r high gr"d" it u""ally pays t,o go t<J
aildilional exp,,,,,e to l"CCO'·"'" "s much "f the pillar Ol~' as pO'"ib1e
with miuimum dilution, To frccompli~h this the emet,ind shl'ink"ge
slop"s ar" lilled wit.h Wfr,te "oek, "'lIld, or mill t""liTlg" and the
pilla... Ore" are mined hom between the fllied 5t'OPL" loy top slicing
or "quLLI'e_,,,t.tillg, all,hough cnt,,,n,l-JiH st.oping ],,," loe<ill employed,'"
The pr""ti"" at th" Homeotn-ke mine, L"ad, S. n"k., i" perhaps th"
be"l,lrno"~l example "r shrinkng<' stoping bT t.l'llllS,'er"" stopes in
wido Ore bodies ".nd mining the pill"", after finn'l!" the stope.'"

At the BOlli.'takc ",Ine I" Hunlh Dakom the o<c bodio' "COl" "" rCDla«>-­
me"t>; or " limestOIle mambo" 40 to eo :re." thick ""ound !lIe no'" "1',1 fian]",
of n ,,1\1ngh,g rrnt1cl1nal '1""Oml'" "nd "'" ';mito(! b:r a sloe'." ,on~ on Ihe to,,'·
",nil ,1<1e whleh <Hp" fiboul 70" hlward tho ea,t. Til<> "xis of the ""-lkline
stcilieo a IH.l1~ "'est "f "otlh Rnd 'pln"ge" town,,] the ,"oth at au. nn~]e "[
abnul ,10" to 45° f".n tho ]W)';'O",.I11. M' ,,,,,,1\ n! clrag Mdi"~. tll, 0<0
10 Ye", \\,;'1. in Place, {up (0 400 loc~l; ti,ls folding hlle al'lfl ,.r~~d to "m""t
!J,e 01.., '"' th"t"" >l. glV<'n 1,"l'izoul'ollllnno there ,r~ nwa=tly lh~ llL'ln,lll'!
0"" Ie""'" ••llOl"fited by ;nl~r!oldell ,O\lnt"y ,"ok. The lllunge of the stJ"Uctul'e
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cou,"d the Ol'e body to pitoh om to" 3""""" o\1l""op Oll n'Q north ",,(] of 'b"
mtne; 011 sucee,s1,e"lv low"" h""L. (he ""e 1, f\ll'chol' .oml! and, due 1:" ""­
eosterl)' dip, Inrl:!lel' "".,.

The 0<0_0",,""* ,o"m""" is OllO of a·",l'r., oJ ""_O'mo"",, roOk" oompo",,"
pl'jnci])Jl.H,· ol ,jnlo•• oohl"L" 'led Quor(z',,", much altero~ by tho grcalO pr~,·

"'1''' to whlctl tho)' bay. "."', ,,1hj""'~d. Tile,e !'<lOk" have bOf'n int,nded bY
dike, of !'h)'oHte oml plwnQUle. Tho l'hyoHt. a~po,,,, \u ji"'"licJ t1,o S(""C~

Ime "nd '01ootlmcs fO"JrL' 'on~ 0'- liOn. ,,"""" of tM 01.., lwdies, In pin.""" it,
'II"" ('ut. !lO1'0'" ,he st'uct","", howe,.,cr. Tbo lmmodial~ ",,,11, 01' the ",~

h",lic, ",,, "sm, 11,- ,lale but "'1ll~l1m", m'e "oh;.'t "" jJo'pl""',,. TheY!\l'O ho,ct
"nd .t"mg. Bamm j'e<ki< nte '"Iold"'[ "it" tho orc "" that In· .ome pl,ces
1"1"-"c ho1'so, Of ,Ia'o '"I"",nte it i"to two 01" m01'e po!"[s.

The 0'. ;r""" i. hanI, 10UJ!h, nnel de".'o "",l i, "'>ml"""l of h01"llblende,
,hlo'i!£', and other hoary fOl'l'o"'ng,ie,ian mInerai'; qURrtz; and hoO:yy .ul·
ph;do" pl1ne1pally pyr;ce, ]IH1"butlto, nnd m,enOjl)'1'ltc wilh whlc" the ~'UI(l i,
""'ooia'ed- Vi.i"le gold OCC'Ul~ 1m, i, "0', """""On, Often t1" oro hu, LL
di,tinctl" ~aIldod ~ppc"l".On,o (]e,'e1"p"~ ~y the ~"C"lll" and fol~ing to which
it bas ho.n ,uhJ""leo,

1'I'e ore 'lond" well e~c'pt In old pill",'" wl,i(,l, hare ,,",".j"er] iOl' a 10ll~
time "ubjoct:€d to co,",idombl" weight, ;n ",)Mh "U'~ il 1, ~adly orn,hod and
t''()k~''. It bl"ak. la1'g<>, i, I,"cd tn d611, nne] i. toug!l_bl""klng,

Wo,-k I"" h,on ,a"";e~ on at tho ml"e foe ''''0' Of) )'eoro. Tire 1i"'1 opcl'aiton,

:;:'f;~",;~~,~tI~;.~1~~1~;~":,~~ U:;;d\\:~,,~~;;<t;'fR;)~~~O~~I~~;k, ~;~~':c~'~~
Il'l'ognla,' \1l"'''1'gl'<luno work In opca ,toP"" m,d ",,"",e-l'et .tcpes, LarJ;!> ,tope>
we", o]"'''ed uP and mined until 'hoy stfi,ted to ,Tmh, WbCll tll.y ""1" a~an­

dOllOd "ad wOl'k was "01"leO in a new ~]a,'() with tbe ,'("Wt that mnch ore
W"" Jell in j\",,,, "" .. o'·ow,,"" and in ,topo pllla..,.

Duling 19'!lJ, ro percent 01 I:h~ 0"0 m;nerl Ht Homo,t"]," en,,,o O,om c,,~;ng
opomtlollil bencnth tI,i, "rea "lld i!'<Jm ,lmlla1" operation' In tJoe StR" ,hail
plllnr. A" til;, pOl",e cieals prlmm'Jl" ",1[h ,hd"k""", 'toping, t:I1~ oa,illJ; 0I\O!'"­
(jOn" wH' w,t bo do"l"lbod.

In "Il" newe' "m! de<pOl' part, 01 tllo mill~ '0 the 'O\1t" and c~tcnd1ng l)"m
ll,e 000 to tho 2,300 lo"nl, [ho 0"0 '" U"nel' in Iran,Ye1''''' Qu'inkago ",opo,
lJctwe<n pilla1", lh. P;J),"" hel"¥ lalee mined by .qual'e_.'" ,'opH,g,
~he fol]()Wln~ nel"" on tho miuillg "'."'0"" \re," pJ'e]J.""l lJy the "ulMr

er tI'e I,,",o.nl ))"])01" after a,tuec,' of toe mine In Mal'Cb 19S0. Dudng m~",
l,4S7,V3o t",,,,.,,,,, mlnod an,] mmO'!, ,.~ """"nt of whloh wa" from ,'efi", 0"]",
~bov~ th~ 9UO k'Tol, 20 D01'ee,,' fn,,,, s),,'inknI;C "tol"", "od ~8 pel"""! from
(~'OWl' ond _tuPo pma" ..
~b~ ",oin oceh"l" Irel"""., tho 1,400 find 1,&10 1,,'e" a,e'"go, S2J feolloD"

by l:lfl to'" "';"0, wit" m"x'm~m wl,Hh" "f ,,~out 250 fuol. On the lev"l,
ahove, tI,o ,,-;,rt" T~",",e, n mnrtmuill ..r 400 f("t Ot)"r 01"<0 boelio" SOPor"tM
fi'om the main ore body hy 100 fOel, "" m"", of ~aITon rock Ol'C.100 ,,"' 400 Net
!"n~ by 2. to r;;; 0" eo feet, w'''e.

The wh,lo 01'0 I, mh,ed hy t,,,n."e""" "hMnkR~o "'''DO' 00 feet wWe, ""oarated
by "llin1's dO rod wid~, AbOT" tho 1,2.lU lo~ol, th~ level in!"'"',,1 j. 100 focI.,
Hnd bnlow 'hi, le,el It 1.150 teot down !o tho 2,000 lerel whioh is tho 10W""t
lovel (1(12\]).

Tile ml"o i, oc,,,lop,d hy vel"icoI 'Mfts frOlll which '"ussout. ar~ ilrlv~n

at ""ch IM.I: Fl'(}", thO,~ ,""",,,uls ha~log<! (],i!t, are ~1"lvon ln tho 1l"l\giD~
"'11 all~ tC"twol! om] at .'OlllO diSllln'. I.ile",f""m, From th",. dl'jft8 01"'"en!,
al'C dl'ivcn to "nd througb the 01'e be<ly at IntOl'T"I, 01 JOO f""t. Forme1'ly,
onel ""U' q"ll" ,,,,,,enOy, U'eIi" "1""",em. W01'e delv<'u l!l!'o~gh "he ","te" cf
I,he 4O-foot TJlilll!'s with <!!";ft, ~(, 3[}-root i"tetwI. driven at, dgllt allJ;lc. into
tho stoTJO. At p1'e""nt '11" I""clke i, to d11vn tbe ""'lAACut. tt"ou~h the ",at£'1'
of Ille pll1", Os h,fo,o, ~ul they ar~ bmtochel1 l'efo'. 1"eachlng Ihe 0'-"'0 that
Ihe hl",-"d,,'S will follow Illo "mac II"e,. (See fig. 32, .4.)

Tho ,tovo i., ",xt ,me" o"t (50 reot w'ilo to ", hoight at 11 01' 12 foot and
0100!' .en", tlo~ 0'" be<lf. (Sf>.. JIg, 32, Ii,) ')'''0 n""t, .~ol';;' to ,,,ell t~c
bflCk!o a height of about 49 foo', olo"g tl,. ""nte!' Une of Iho stope (fi~. ~, C)
and 10 run n ",",to ra;". to tI,e level ubov~ f1'om 0\. top t>t the arcb SO ,hot
Wl"to filJiog ,to".v "e int'od"""] lato\", A m"mmy "ai,e j. drivon hI tile foot­
wall in 'lle ~n'e" "r tI\. pjJl" to Ih. 10,,"1 "hare, from wille!, ""'''",ul> are
dl'h'." Mer at 00, 90, and 120 f,ot above tlJo I."~l f01" e<nn.",ot, to th~ ",ope.
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:rho tlo~1 "'ep j, to "hoyel oul all tbo broken o,e from tbe ,"ope, Tltis i.
~ene ~y Jmnu-,hovcllng lnto I·ton onl". Chute llne, """ then stood nel'o""
'h. ,Lope nICmg ''01.'' pH!>ll"", (S"" fiJ;s, 3.2, A, nnd S2, a,) The ,cts aro ",guill"
'iIl_llo",_ ",U",,,",ct timbo"" plo""d 0Jl lI-loot <onters, wJI1> ebll'e, ltl .ve,'y
Jeurl"- ,ct

Tlte noor "t the ""De io ,ovel'ed witn a m.t 01 old timber, nml rho ""Is
01' the ohute line ace ,lH,gonaLJ.v ))".'",d wit"- long l;mbcli5 wbich arc later
"ooovered, Fining" tben l!Lbooduocd fl"<Jm tbe level abo\'e through Ill. centl,.l
mi,o, .ond 1.1,. ""'"e t. filletl10 w''''in n lew rool of th~ b.ok. (~e<! fig. ,'J(I, a.)

The stope is tIIOtl ""r,.;"d U1! h" r",,"l",' "'''ink''"" "'etllod, tu wlth;n 2U or
30 roet uf tlte ieve! above, til'" much boing left n, ~ crown r>llln,' ove, tbe '(o)lle.
(Hee ~g. ~", n,) In eal'rFing ti,. ""PO llPWfil'd " ;;, mo," often beWed I" Ihe
mldOI. thnn al'cDetl, alld the MIL'> arc l1'""'J.v drHlod from nom' th~ pill,,·
Jine, tow",,1 the "enler, T)," tlrilling 1, oono with m",liunl_w.igllt, r""ne'-tyve
,""_0£ mounted on two_J.ok ""lum" bOl'" an" ,,,;1n~ ,reel. up to 11 foot lun~.

1f.cll'n", .0'" e~lllplled w;tll """;)-bl"ck eElUck', antl "_Inch, qua",or_oo,"g<l"
steel wit"- VI"iu ,hank, "nd 0,",'" bin. 1, u,OI!. The oro I. h.r<! a'H) Mug",
find .bout 2. I:~ 40 reet are dl'lllcd p'" m"ohine-slljl~
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il.l the ~eginnlnp; of "ad, sh'ft ,,,. ~,'",,"ge of aboul. 2 hoUl" Is l"qull'e~ fo"
barring down the back. ~:he "'" "'-,ak" l",g., "nil "'e chunk, a"" "l",kholec]
In U\~ ,toD" u,lng JookholllDlor drills and ste,l onuilJp€d ~'ith 1'0'0 bits.

'l'he eX'"'" "'0, a,,,olloting lo ahollt 40 pcr"'lll of !;ll\l broken, i£ ,1,.."'n
off through lbe cl'utc, In((' l-lon ""1'" ,,'hleh a," hond·'l"fillllllOiL to the main
houlogo drlt~ w!lon"" they or" taken by C","p,'""",,,H,;, 10"",,,otiv,. to the
,I'"fl.

When the sl'Tink%" ,toP" 1, c<\m"lel~" and lh. l'O"l~" of hroken 01'0 1>",
~e"ll drnwn OII, th~ ,"oP" 1, filled from the Level al""'e ,,;(1\ ","Ho. Til;"
",,,,to i, de';,'oo fl"m <l.,'~lopmo"1: ;n ",ok and .f1"1ll w~,(c "orted from tt,"
oro at tho draw (Juint,; III !J'e ,",dng ,,,,,nan Qf I.bQ minc. In lQ2~, Bl7,9H
COl'S (1 ron) of wn,!o WC1'e clumped into the ,t,!!'"" "0" fill, 'i'he WMte ,un"
r,nOl the ,,,;,e ,l',octly ;nt" tho ,tope until 11 Dulldo Uj) 10 Ihe leve' <>f Ihe
ero",", ott"1" w',ieE, a "'",Ie ohn'e ;s ill,tallod and tho tilling i. spreRd hy the
u,e ot l_loon ClU".

HIll" ,I.<ll'" e,own lllUSt bo hold f,,, n 'Ull~ time due to ove,'"uoo, ttllove,
it i, oougl,1 '''' bY ,)1"Op' ",' 01',1," on 'OIl ot tho filling, aI' the filling 1. pacl'Ou
"" I.ighll, again,1; the bnok ao ))(.,,'ble.

In m,~;"g the U1ll01'S, .qum1O""t, ure u."l: Il'e ",'Own p,n"," o'iee til"
,tope, a1"e ''';ne,L "ut r,,,,,, I,hon I:h~ s(opo plUm" arc luken. (S"" fig, 32, E.)
'[he ,lll ""I" a1"O .oood on ,ill" lahl On Iho lo~olod ftll, Squm1O·""t,ing .tartl
from ";1"" tb~ ~angtng 01" foot wall, ~eve"o'ng "]'"'' tlle lOoa"iulO "( 1'"i,,,,,
fa" ore uno fill'ng, "nd L, ca,,'l.(] up to t"o mol n~ovc in ""diems 3 to 5
,~t, wldo, depending '"J"a tl," e"JUHtio" 01 the pllla,', Mlo1" the fi"t "OClion
1. ,,,ine" ont il i" fill,(], how"V~1", the la,( line i. """al'y kel,1 ""on 1'0"",,""'"ng Ille next ,oo])e if tile ground i, ll~1 too he&"". The bolanoo o~ Illo
el'<lWn i, ,imllo"'y minee1 "n~ HHe,' in '''''E~ll', """'ORting 'u [lLo cpp~<lt~ ",nll.
l'lllin~ ",,,,. he ~bl:ainod fi10m the wO",e ,,,i.., 01' hy IaIlDing the till in I.h"
e1<1 ,top,,,, aM"e,

AlIm' 11,O crowns on bO'll .i<l"" of n pJllo1" hnve be~n mined ""d fill"", the
pin"" i, [hen mined hy ,qu.'e-""Wng. Lo"gil,U<li"al dl'llffi nl'~ driyen from
Iho pillar rni,e tllo'Ough 1:1l" oonter of tJoe ]Jill"" f'um :r"ot 1<> hauging "'ull
at 70 fe,1 ond 1""1 1""( .ooovo Lho hanlage love\. {8ce ~g. illi, P.) The top
s",,!.ion i< mined t!rs~ sto,tiu~ al the 70,1001, auhlo"al oud at the wall opposito
tile rni'.. (TIlI< would usually "e tl'e Mogi"g waH, hut ,omol:imo, tilol'" ]"
n hon",t"g-w"ll 'H;'" ",'O, in \l'itieh ""'0 st(>p'''~ o'H,'a s(aTt at the foot""IL)
TI'e plilaT t; 5;11,<J 011' in "'Nioa,_ usuoHy 3 t~ 5 ,"ll:; wiUc, le'vi"~ n t!:L1n
,kin <>1 or~ a"oin,1 Ih~ filled "to])," On aaeil 'lc10; a ,guar..."t ,topo 3 tel 5
,0" whl~ 'a 01\1'11,,(] ~D to "'e leyel ,h''''e aooJ fille", tl"uall,·, howeve1", lcn~ing

th" ,,,~t Une 01 a"l" open fo" oonvenience ,,, ",,,,jog th~ "axt ""Ol;,)". '~'Il"

p'''Hr i, II"," m'"",, hack and filled lu ,e,I'on" ,,, t"" "PPO"1e '"',,'- ''''e
bottom ,,,Lf of I"e DiJh.... ia theu mlncLi in the ,.',," mfiOne" ,umiu~ fr~",

tho ,111 fioo1" on tl," haUlage I,~ol,

If Illo j,lllo!'s h",'e ll('1 'In.,(1 too long, thclr rocoycn' in (~e monncr oe­
'Cl'ibod !, ,"OlOY "'lOy nnd .[')OlI'e, S~me(im"", howevor, if th~y ho~e hoon
""n"'o~ -10' ~ l""g time thc~- lake WO,""t Hn<l a"e ba,lly o",,,hcrl nolO h"oke"
Iu this e,eot the n,'"il,g i. "01: "" e"oil,. done; "he ,e(" H'" th"""l0 out uf
liuo, diogoaol b'ad"~ mal" h" r.qul1"ed, or il may ~e m,.,,",ary to fol'"w
the timbod"g 010«*' with fin, kee"ing only a mammy and a ohut<. u'" O~Cll,

In ""roc in,,,,,,e,. who"" tlLo fil] on o'IM, si(\" of a DiU"" has hc<om" well
eon,ollda(od nne1 Ibe ,oll"e ho" "maineo ""lld ond ,mfrac-tured, it )'a" hoen
po,,;;hle to mi,," Ih" [llllnr by sl"'l"",,ge st"lling wil:h unly sllghl. wol>lo ollution
wh,n Clrawlog tM plH,,,, aloj\o empll".

The lot'"going wos In hr'of the ""nrlal'<1 motbod 01 mln1u~ In wid" e110 in
lfl2fJ, Iu I,",,,,,I' Me, W 100" wide 01" Ie,,,, Ill" ,1.0]"" are ""m"'1mo, mln'd
~,. longitudin,,1 shrlnka_'" ,,:ope, omplol1n~ ~nly one line of clout.., ~Le"~
I:h~ foolwall or l.1,e OTe, In which ,S,e the fir", filllog I, frClIll tho t"P of
tllO ehulc llne ..,ll:; to (ho J:1an~lng wall ot tile ,,,,gle ot ·'ODo,. 01 Illc fill
lllale';"1.

Where tl'e "onth 100twaH oulo " i.~ol, 'a trlnn~lllar bloc,' of oro i, lelt
between t"~t level and the nexl [evei "1"","_ n0110 !I. i, cu,(omar, to or1~o

TOcl< ,al>os to Ibe 0',# fL10m lootwnll <l,Ws or <)co""nte ,mae" Ihe 01'~ bo<l.,.
Th= \"(l;"U aro n,uoIl, ,paeed "' .hout ~U· to 10-loo( l"rerml, no,th n,,~
"outh, llIL<1 "" the bottom of lhe 0\'# jl;[ebou up t~ tbo nOl~h oaeh ,ucc1OMyo
,,~;se gclng uorll' Ie longer (han t~e p,,"'ed;ng "n", Tile om r, minod nronurl
tlle toP' "r tho,~ ra;""' [0 Iho ","st nnd w'.' waiia ""~ i" 'hen mino,1 up
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1.Q tho le,'e1 <n' ",'''Wll ab(],e by 5b,'jDkage <topIng. Who,'" tbe or" i. '""'OY
wwe. it "'Oy be TIe"""",,· to usc tho regula" 60_too> "ol'C with 'lO-foct I"ll.'·
"olem ""d 1."'0 01' mOl.., Hno' of mt,." In TIOmm' 0''0 H,,, flllL widtl., j,
,omo!lmos "',""" in one long lnnglt.mlin~l "t"po, w!th Jilliog 010'"';' folLowio~
I.ho "I~plog,

Dir"cL ,;to-ping COot at the Homestake minn dl.Jl'ing 102·9 was $1.14
per Um, This JigllL'e is the.avemge, howev,,", f"r all ,t"ping (,h"i"k_
age, H!Ua1'C-,,,tt;ng, ,n"l "I.n'ing) Lm,1 induacs $D.18 f()r Jilling.
Twent,y perC6nt "f I:he are mined during that year was fro'" slIT·ink·
age stopes, 2S pcrccnt f""m stope and crown pillars, "",1 52 p~rrenl­

from caving. The dir""t stoping costs Wffi'e (Ji"tl~bLik,1 as follow,:

r,uMl', m; ning _
Supe,..,'h;;on. mining ~ • _
('«mpr",-""d ai" 'l1111s, nnd steel; WlllillJJ _
IGxpl(dY.', m11l1ng ~ ._
Tim"or mlnin~ • . __.c • ._ _ _

G,""" to>,
~O.[;I>W

.~13

.1572

. lI1l13

.1063

Subto,"' . . $0. fr~711

Lnbol', back fiH'n~ .". .110"
SUpOl'"Thiou, baok fiHing_____________________________________ . mor;
C'''''l''',>.ed ~t", ,','jI.1,.•'HI ,l:o,L: ""Ok fil.l;"~ ,,_.___________ . 0:106
IlxplQ>1v,", book fill1ng'__________________________________ .00'4
',"mbo', "~,~ f,mng' " ,{}21~

Subl.:oI:Al, baok fllllng ., .1058

To!o! di\'"ol ,toplug "UU baok filllng J. l1"B

The ,,"'m'g" contl'''ct prioo for labol' in pillar mining ('qul.1re_
set,ting) wos aboui-. $1.10 pcr ton. Thc eontmct pn"" for gOri-.illg
"'nd loading cJl,ved ore at th", gl'iz3Jies wn..q 10 cents per tOll, and
the labar CDst of caved are delivered at the chutes ""~~ l'mtm.hly ",,\
("'Cl' 15 ce.nts per ton {"'nthor's e.etimate}, giving" I,()bo-I labor C,,",
(.f 2-5 ecn.l's pc." ton in ""'1, for thi, cia"" of OTe. The dind· "toping
"u,1- in ,h,'i"k,.ge, ,topos on!y, on t.he basis of the foregoing; figUl'"',
is tlien <c4irna1.:<·,1 tn be "buu, 81 per ton, exclusive of bad< 'tilling,

Figlll'e 33 iIIn,tn,t"" the st,oping method at the Ill'is!.:,,) mille,
whore tr""ever"" "hl~n!",go sWl'es seporated by narl'OW '"on""er,c
l,illal's a"" mined, and the pill,,";; ore ca',ed and dI'''w'' with the
ehri LLlrage "re. A rat.her nnumaJ eonditi"n ""i,~~ ill th".t, a h""d hall<l
of ore nIHS longitudinally down the middln of the ore bm!y with
'ofter and waaJrffi' ore on e£l.e], sid" (CSplX-i"Jly on the h'lJlg-ing_w,Lil
,ide) "xL,m<l;ng "ul. to i-.he walls. The ore body.i' "I'proximately
1,OOD feet I"ng and 1DD feet wide. The, ore is hema-titc.

Honlage level. are 12" '''d, lJ.pad verticolly. On """h k"d a
.l,'ift is drive" in the footwall close t<> the'ilm, .t',d auoth"r drift,
is run in the ore "long the hanging wall. The'" deWs are "onneeled
by crossents on 31-foot centcl's, {mm which chutA.' roioo' are pnt
lip ",t 2-5-foot inter-m.ls. Stoping iH h~"'Hn by first. clItting off the
ore boely at the e.g( property tille "",1 at tl'6 weot boundary hy
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mean" of &!uinkage ,tope.;;. Then, 1;) f,,·,t above thG haulage levol
shl'inlmg<· ,topes are l~m .\cl'(j," the 0'''' hod)' oY~r th~ tops of each
line of chut" 1"01",,_'. The ,tope" nrc 15 to 25 feet wi(l~ em 37-foot
clillters and oopal'"led by pilla", 12 Co Z2 f"el, thiek. The stopes ~m
COllllected aloll" both wall" and n"u~l1y f,hrOlwh tJ,C' <:cnl:ers of the>
&01'0 piUam ';.d aTB then mined by'ehrin.lmg" stGI,ing to within
20 or 25 feet of the le"l'el above. The stope. m'e ,""JencU as they
go up, the pillar., b"""ming eOl'l'esponding:l.l t,bin,,(\1' to,,",rd the
top. At chis heigl1t th" pill,,,,'S al\d b""k bCD"m tD take w~io-ht.. To
'!lake c,,,,lain thaL Uw flo"," pill>],)' win Cl'lU~. the stope pilL,,:" are
eut (Wei" a.t th" UJp by <lrillillg LJ'''ln full of lOllg; h,,!o;; and blasting
then! with h",,"y eh",L',,""- The floor pillaT of the UPl'e:L' level hreak,
ns jt ""ttles ,lown, l'r:u,hing the stope pillars ot the same time, M,,;ny
larlm block" of ore sdt.Je without bein~ broken enough to permiL
lO>LtJing tl,om int.o cars, muking it llece"ary to ,lo COll,id"rlibJc
bla,tiug in tho dmt"s. ~"hen the shrinlm",e gtol'''" ",..., min..l th"
P''<3O;BIlC0 of '3 h"rd baa,l of ore in the mid,]]e of ,he Ol'e hOlly, wiLh
soft",· nrc "long t1,c wnU" permits '" ratl,er HlH,"wl1 p,'",oc"lllre,
The hunl (>t'C js drillod with he",'I')' d1'ifters a\l(l lila"tOl] with liD-l'ej'""n~

gelatin. dy"n",ik. The 8ofm' ore (Jll either sid" brmb aw"y to the
walls with little or no drilling anll ])lasting-. Thn') actual ,Iu~nk"ge
sl:ol'itlg is confined largely to the JjfillLJ of l",rd or". 'Vhe:n neces.;;ary
to force the blWlking of thc ,ofteI' 0'''' 1101cs are ddl!ed toward the
wills with machine" .,eo""1' und.cr I·.he hard ore. AboLlt ]",If <>'1 (.he
ore minell is drilIccl uwl blastoo, the balance hein!! Ill'ok"" byeo..Yin¥.
Aft",,· ,,11 the ore in the em] S'LOpe.~ h"£ !Jelill. D"ol<o" drawin~ ,s
b"g"" uwl continned Ulltil the gob f!'oln tho c,",Yed upper l"vels
"1'l'ea,s at tl,e dnll~". Drawill!:, is "o"tiJl\1ed in the n8.."<t line" of
chutes and rett-eats toward tl,c nLJl.iIl C'·o.,""ut from the ,haft.
DUl~n~ lmlB ull A,ope I"bor ",,'cruge.:l. 11121 nllin_Iu'",' per long

ton, "qui,-aJent to 66.1 long tons per man-s1lift, Corresponding
~O-U1'es fa!' 1929 W<)1'" 0.190 man-hour per long tOjj, or 4·2.1 long tom
I'e.- 1n>m_,hi:l't.

ConsmnpLiojj of ",xpl",i,'''' in sl:opiJlg Wll.S 0.393 potill<l J",r long
tOll in 1928 and 0.401 pound i" H129.

Befoi"<) lI:J3{) moot of the ore ~t thi, mine wa, mIned bv shrinka.ae
stOPlllg ill" seric, of ranll.,] otopes separated b)' regLlI",: pill.rs, the
plll.r 01." beinA' c""",l ,,,,,1 drFlwn with the ,hrmlmg:e or". The ore
body i8 alal"ge, It'l'egu!Flr "'~'~' 2·{)() I." ,100 fe"t thi","" the Jinlil.s of whi.eh
had not been determlllel] H1 19;),). The ore mmeml '" lllolybdmllte
di.'oemino.t.cd jJ\("(l1lgl,,, highly silicified rna" oJ' "I1.,"'ed granite. Th"
Or" ,(·,,.wI8 well over eonsiilerable "pane, ""a (.l'C w.lls are of I:hc "'''''0
Ch"rRf.'ter. Th5 ore body h"~ no w"I1.deii"cd walls, and the "alues
grllduolly fade out around th" Iwundari",. The average grade "f I.he
ore is 0.9 percent MoS,.

The metllnd of m;"i"g by shrinlmg~ ,toping has bN'" de>cribed by
C",dleT'.'" 'l1lC "1'IlL'" le-ve! of th~ mine j,." 'lppl'oximately 100 f"el
nf hllCks, uwl the ow~r level (192n) ;,200 J,,,t below the uppel' o!\C,

"l'''"""" W[JHnm J'" '''0'"" "0" b",n'" 0", ,,' """,,,", ,..10., Eng. "n" Mio. Jo>"..,"'.12', '~"', \l, ,''.'', po, ""' '0".
"'""'"-37--"

- ..--
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The shrinkage "top"" are 4DO f"et lOJj~ ",1),1 1m feet. wid". with inter_
y"ning pillars ·iO feet wide. Th" piU,u'" :11'e r'W""'H'd by " ooyot,,­
hole system. From the main lower le"el ",lil,ILlwhgre drifts are
driwJl right and left for 250 feet on the "e)]I."" of e"ch etope Olld
pillar W3tion; that if;, ~O fed, '!enter 10 "entet". SeI""l'ice ra;"e8 are
put lip fI'om ,",<\It of tla"" dJ'ift" IOO feet. from the odit "ach 'my,
to II heigh!. of 35 Jed" 'md 5- by 7-foot gri"zly-levell1l'ifts 'U'e ,h'i",m
!'rom the rflisos diTectIv over the hanloge ell'ift., below, le"vin" "
2\'.f(jot b""k bel.we"" the haulage drifts and the ,n'izzly-level driCt,.
Ohute raises aTe put up from the haulai(~ drifls ,<I, "O·foot i"i'<)n'lLls,
OnB on each side of the drift. One i, dl~\"en ilLLo til" st"I''' bl{)<:k to
int.er,",,"!.; th" griozly level on the ""nleL' Ii'''' of th~ sL"I'<', "!Ld thn
!lther i, dl'iven tD thc center lin" of the pillar atth" ",lm~ ie,'.l. Short
CI'OS,cUl~ urc driven from the grizzly 'h'ift, to em thc Lop of t.he
clnll.o r"is"s, and '"(lom is made for ~ 15_ by,s·Tool, b'l"izy.ly over ""eh
l'"j"". R"i,es aT~ Tun up from the.. en,], of e,,,,li gri",ly; t.hese are
bdl<d ant. ne"r th" top at the le..vel nn whid\ steping; is to shu't, which
is 30 feet above the grizzly level. .Whe" tIli, wnl'k 'S "<Jm!,lcl:ec! t.hcre
"'"" two iines of belled l'al,"" on the >wpwo- level, the r"."es in ~aeh
line being 25 'feet "part eente..l' te> ""nts,'. '"

Shrinbg:e stoping i" hei(lln hnm tllis 1"",,1 by bre"'ting out the
"wpes from l'ill~l' tn pill,,:!" with L,':l'Il''l' m"ehine~ fie""ic... rai""
ue put HI' at the end< of tiL" sLopes Rnd after ;;t<Jlnni( IS well undel'
way are corI'ie,] lJ I' with t,he ,topes aud ,one for ~nt,""nce and exit.

The "tope" are developed ubova t.h" grizzly level in ad"an<e of ihe
pillars. Initial deYnlopnwnt of the pillfITS i" the.. ,,"~IM as th"t of
the sl.opes. A, th" ))orth and south limit~ of the pillar mis"" Rr"
driven from the c-ontcr line of the pillar to a", h,u,k "f th" ore, start­
ing from ti", miniTIg l~ycl, which is 2:, feet "boV(, [ho g,'iy.zlie'. They
at'B eOll1lecw..d with t.he "prer level f"r Yentilal.ioll &fill luu,dli"" of
supplies. At ved.ical inl.""v"ls of 20 foot, 3- by 4-foot eoyot" iii'1ft,
ue driven along the center lin" oI th" pillar from the,e rai'es. Small
cro",cuts 'il"e driyen at 15·foot inkr""ls "10''''' t.hese drifts. 8 feet
each way int<J the pili"r, "nd m-,,, teell ~t el,,, e)],Fs for powder pocket,.
From the mining level an,] til<, <ollt.h Tai,,, a cut· 12· feet wille hy 7
feet lligh is d"iven down the center of the pill~r to the nOTth a di,_
tallce oII;,O fed., J<,~,-ing pillars 1'1 tn 14 f"d. I:l,i"k on ..",h sidc.
Fl'om t.his "ut the side pillars ue ,lr'ilh,d wii',h hole:;; re"<\Iling within
2 feet nf thc broken me in the shrinkage HWp"S, SillC" the. COyotB
c!H"'gcS orB bl",;t"d on virtually lL vcrti""lline from the ;;outh "m!,
undercutting on th~ minillg leyel is advn.nood in st"ws. to give tIj()
pillar a sub;;ta.ntial heel tn,'C,t upon.

The pill"" on the "OlJth end next is cut oJI by WilJ<,rli)]g th" ""i"6
and "'-'illing (jut to the> bJ'ohn ore in the shl'ini<;,gc stopes. The first
line of c(jYoi:<' clmrgcs then i;; bln.'<ted wi!.ll 15 feet of the side hola'
un tl,O m'ning level, The ,.well is dr"wn, the next row of c0.l'ok
"harges ancl15 feet mor-" o£ sid" hola' o.re blasted, ""d this is con­
tinued to tl,~ north end of the. piltm..

The ground in t.llis mina is heTd and lUlifcl'm and is ,~rtually all
quartz, which b'-eak, cX«Jption"ily well. In tl,e sllrinhge swpes, 10.
to 30·foot fa""" '",'0 "ani"d, two machine;; wcwking in the same breast.
Eacll. macll.in" lLdvuuces along a pillm' linc, and th"y both rem:h to.
Will'd eacll othcr to cut out the inkl'''eni)]g grmm<l. In the brea"l;



lB. 1:<> 2-0-f-oot holes s:pace<14:J,i to 5 r"ol: n.pmt arc (Irilled. Four-toDs
of oro are broken per pOlmd- of 50_percent powolor in "lopcs. Clay
t:uflping is n""d in aU I,o!ei,. The, ""crage bl'\)~k per m~chine.sh1ft

in "I.opes is 1(iO tmlE.
In dmwing.the stop~ and pill.~l· ore it is expected th~t the eap_

ping will eaye ""ap thB entire bind" and cal'cful drawing will bo
ll<'~"",,,,...ry to iUffm:e prop~l' settling ".oJ prevent piping throu~h t>f
waste.

During 1929 tho ~,V0r.age clail:!' outpu!; W~" 1,OGO I:on,_ T()Illl~l{" pcr
llliill-8hift sl:oping Was 4304-2, eq1livalent j,o tUM mM"hour per ton.
Tom,"g" broken per foot oJ ·,top" development, wa, 400.

Futlil'e blocks will be mIlled by a ~st"lrl ,imilar to that emp]"ye.d
at the Alusko. June"" mine, w]l1d, Wlll be described next.

'rho stoping method employed. o,t the Ahoka ,TmwiUl mine]"'s been
variousl Jc krmed ",,,,,in!!," "''''''"fcut "lLving," "sublevel "-fL"ing,"
and "'sl'I'inkage·"toping." Th" metharl i, not H, c",inl\" method in the
;trint interpret,at,ion of IJL>,t term, all.hoLJl(h it is refel'I'(',] tD "" a ~,"""

i"g metbor] by the c')<'"H]ting engineer of tIl" company." It 'is true
that much of the [)1'e is brokell hy """ing ""d that caving is all e,sen_
i·.ial p",'t of the "y't"m, but tI", e,,,,ip!! i~ in,}uoetl b,1' u serie.- of large
"lasts which oPcHk the ore tlown into "top,,> kept partlY Iilled with.
b1'Ohu ore. Tne sysWJl\ is not a true wble:ve! caving" lllethod, lIS
"t"ping atlviln""s from 0," loyd upw"rd, where'''' in snGl""cl caving,
as d"finm!·i". fhis bulletin, stoping bezius at the top und prog"',,,,""
downwan] f.o the level 0"" ,lic~, "t "tune. Tha particular u"m ap­
plied to tho system i" ·"ot, howe",,,·, us importllnt "s its l'€lna,·ka.ble
re""Us in attaining costs that ha'-e made it profitahle to mill.a llJl ore
which contn.inad, over" pe,'ior.! of y"aJ", an a'l'lH:uga of only $1.'1.2
po," t'Jn in ~oI<l lLnd f",,,, which the J'"()ovory W"~ only a.bout Hil to
H~ eonts per 1.(}Il, A, f,hn ".,ot~m ~f'peaT" U, f.he autho!"8 to h~ a·
v~riali'Jn of shrinku"e "toping it h include,l under ;,h"t cla.ofrlficatiOll
in this puper.

The fo]J'l\ving is sh"n,dcd fron! TIl'nd!oi" p"pel"
Tho gold "",<los III qn",":" ,tri"gel" 'H'] f,CJlsh veln" in a wIde sho"r '.ono 1n

w'te nnd ,"e1o,,,,,o'''"O_ fll.ri"gel' 10l]0', '''11'''ly aea,· tI,e olat. "nd Mbbco ,"a.
tact', 01" fouad ill"- '-<"'e f"'ill 1,000 ,,, ~,ouo ie", wide. 'rhe~o lod". ore "lado
up of". TIemol"k or qO",":O ~olnl""" "",I ;sol~t",l len,," ,"".ry·l"~ III whJth fl"@,
10"" ,;n,,, 1 Jnoh f:oR 0" 4 r,,,t, TI'e )';~b",,_gl""de ",'" "mHr, a'e \lot ocer 000 10M
,,,,1,, whilo Iho '"w",'-J;m(]~ mnre"ill ')O"""'" 'b"", ,'nl'l"" froill 25 to lOll leet.
Clean quar.z wili ayorog~ $G T"'.' 'on \vJ[J,lTI the "'""'''' of '"Oilllll~,"ialgrode, wlJll"
1b' ""ok ",,1>;;<10 nf ti," qua,," ","in~.,-, 1, pmo"'"M'" won:hle". TIle 0"0 ~ll-' no
JI"'U "nO fa't M"",lal"y ox""J,t wl'el"C Cll""y f.l1U" "."tllI,ofil.<llJlo mlalng Cell""
0" n -rng"~ ,nd lniJor,,,ite llno who,'" 'be om-i,o,o,," ,tringe'" =d g~", ~~la.

",",'me too lew i" "'''IJ~Ol".

The nH,I;,,,.,, of th" "1'0 body I!HJ.(lB it unpl'oIif",ble to prnclice _""leoti,,",
mining (\f th~ higher-grade erJ'"ti.c veins and 1""",,", ~nd t]'B entin)
mils,Ilad to be miM'] whnl€saln, a.llowillg ,jjluti<Jn by the barren
matm'bl l'etwee:n the gold.bearjng portic>ns of tI,e deposit. Waste i,
elimillakcl on Job" surface bJ' sorting "",] rejection of 53 p"rcent of



the rock tm!lllll.C<l, followed by fine milli.n" of the r"m~iniTlg 47
pc"",·nt.

In dcwloping the mining Sy"t,O!ll uue cOl"ideration wI,e g;iven ull
phy,imu ennditions SUT'I'(}undillg the ore ho(li",. Full "dV'lntage was
tal<ell of tJ,e fault systcm, eO"8,;;tillg cltieliy of the Silvcr Dow fault,
the Nugget Cr,,-ek f",uh, and a number of suhp~ra.Ual ~"lIlpatl10tiG

faults. tho Silver How hulL cut;; nO-I'O'" all the or" band.s u.(, a hOTi·
~ontfll angle of ,,36 frnd divides the mill." jnw two parts, 'the n"''lh
huH ""d the south !laII. Nugget Gulch fault is '" stl~k" fault und
i~ tJ,c marl''''' fol' t.J", Iootwu.ll of tll,·, (Jr<); it <lips 55' to 60'. On c"d,
f""l' plan" thcro is eomidcrJl.hle .ra'llt bro(,cia, which iloughs aw~y

when undercut.
The ,toping system con.siAs of (1) cuUij]~ out "topr., 0:1' large ar",'·,

located", Lhat th" foo,wall of th" ,tDl,e is on" of tho f"ults; (2)
dl~ving ra.i"cs fl'om the hack of tho cut-(}ut. ,r"l'" fUel1 t.o th" next
two levels aho,,~; (3) drivillg' nUll"rOU" powder drift~ hom ".n,l ra·
di"'l to these l"lL""S; and UJ providi1Lg blJlJdozinX cllambcl>; r"r
dl''''wing ore out. ",' the stopm i[11.<) thc loading chute~, The fle'llJcnee of
oper",I'inM is shown in figure 34, '

IUl'T'(\paring ~ ,tOl'~ two pOl',il]"l clrifts ,10 feet ap>trt are driven
llTlder the "t,,1'" area. F!'Om thc'" ,hifts "'hur,,, raises am put up 50
'feet tD an i"j,[mnediatc 1<",.J "hcI'e the orc j, in he d""'I'm from thG
slD]>e thI'(}llg:h Imlldo.ing chamber". From thc bulldo?,in;o; dlambers
~utoout raises ".r~ dTiven 1m" 11'OID'tl,c IL()l~zont"l toward tl,c hanging
w"n on one ,i,1e IJnd th" footwall on Ihe oth"r: the"e are then "on·
nectcd bJ' back "LJt_out mi"".~ lroID e~dL The lmdercutting !.hen
begins from these m;,",;;, Pill".,-, 80 feet. Wi(]0 ,Ire left bdween stopes
where nc<!ded; in .d,lition, tempOl'",')' pilllJ.I·~ fr~qllcTlIlJ' 0"" used. to
SU:ppOl't, ""ok roof dUl'iJ1g Cllt!.illg:ooUt work Whil" =d~l'euj,ting is
hm11!!; done ,wpe l'aise.e aT'() drrl'en tD the level ahow at about 100_
foot l11Wr,-als. The UP1"''' l~v"l is thcn "sed as a supply leYel aml '"
a lH"allS of "C''''S" to the pOlVdeT dri[!.~ belo", Fmlli the,a T"i",,'"
P(\w<1",' drift" "l'e. driven radially, us""lly "bout 4fJ f"et h)llg and with
nfl' over 50 f""t of burden, 'Whcn t.1", area h"s 1",,,,, nnclermlt "om·
p1e.tely hl"sti"g is bogun, ",ml the l'''ok is drawn tlu'ol1~h the blllldo~_

ing eh",mhei'~into the dmt",s holm\'. It loa' b"~Tl found that, for h[",t
results £,,,m pO'l\'(le"o(h'ift blll"';J1X and ca'-;Ilg, ,he "topc ~ILnuld ha.ve
a horiZOlltnl cut-out m'e", of at ]"'lSC 50,000 "lu,u'" feet,

Powder drifl:" driYeIl f['om stope ]'"ise, °'-"10 tl", b,"'k of the sLope
are" by :I feet' in "eetio]l and on " g,."cle. of nbont. Hlo, Th"yarc
eehl oTJl over 60 f"et long, The avel''';';') d~J'th of ground plfWed on
a pm",l,,,· ill'ift js ,% feot., ",Mclt wo~M ro'lHire, an n,,"T1:!e eharf\e of
4,OOfJ l'0unoh of ..IO-peTC"nt dynamll'" pl,ll,o.llln tW(\ pL e" ,~,\ (\1' 40
i:oot ap"rt. TIn"e, f""'\ or €wn li"0. such pil,," make up an on]i­
nary blu,t. A,", rule, only m,e "c,'ios of pnwder ,hilt" on the ~,",[l8

1<:w,,1 is bhst"tl at .. time in anyone f;t.ope. The powrler is a 4fJ­
perc<mt ammonia dvnamit" in 1~4- by 8·i"eh ,Lido<, which ".1'(' p"ck",l
tightly ~!(a..i:llst thc"h"dr of thc powder ,lTift. Each pile is tl1Jllped
for about 15 feet w;l:h fine rock 'lll<] ,l.tonated with double_countered
Cordc"u Bickford fu8C, 'Enol1gh bl'oken ore is hpt in the stop~ to
prevent any ill effccts from air blusl,s ~]ue Co caving. "Ul} t<J the end
"r 192,s, 3W bla;;ti; 10,,,1 been made, u"nt: 1,032,950 pnill"l;; of dym,,·
mito und a-ver"gillg 20 tDllli of (\r" b,,'Ken per pllund M explosive,



nrSCUsHIO-:< OF DlF"P.RF.TI S'l'OPll\G )IE'rHOTlB 125

In "toP"" whero bl""ti"g ;., not ,",comp"nied by {'>J:vini' 5.M' Ions of
nr" "''' brok"n per pounrJ of oxpJo,ive. Of til" tol:".1 e"1'[o"i,-,," "on­
"IJlLL,,,l, 13 pOl"'"nt is u,,~1 In dcvelopm""t hoadings "nd ,topo pJ'cp"'­
r"Lion, 16 pecr:cnt in bln.ting tho jlOwrJel' dnft" and 11 p""",,nt in
blJldo"ing.

J.

~
], 0,

]
••,
"li.~.,,

'DeveJ0l'mcn1 work. bulhjoy.i"g, loading", tramming, rm<l all I'n,­
pal'atory ,uining work "-''' <lone by COlltr,Wt, an,l Il,c wages p"id to
"""I',r"ct",,, ",,,d thei.. 'Mn {'ompl'be, 7;; paI'OOllt of the 1.01"1 undor'­
o:round p~}' roll. Stope eut-outs, wmch '''1\ 7 feet high, "1'e,&I"o on
contrael,. and the pr-ieB rn-nges from 35 to 4() oont;; po" ,qual'e, foot,
,101'0 mea811"''''''''t. A bO""' is paid to alllJlen un, j"cluded in :.be
r]e,-e!opmellt or bulldozing: "nd trumming contracts.

•
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Direct ,toping "nd h"l"lo<in~ costs for lD~R were 0" follows:

('", '''''" 'on'f"" '"mm",
$0.0001

. O~lO
,0400
_mm

Dllllaoz'n~ :r."1),,,. .
Powo'" __" _
ll~l)lo"J.Ye' _, _
O,h,,· snppll" _

COO'/,," ,,,'
StOjlln~: 'I ," '"i""""

LaboL >0. UOlti
1'0'''0'- ,' _
Eyp I0,1vi," _
OthOl' ,umille, • _

'",,,,", ""o"ing _ Total "HlLd,,"ing ~~.~';'~'~"

T<>tal oL01,lILg nnd bul"'o'.i,,~ - 1~1~

Developrnm" in ore, most of which was stope pl'epararory work,
coot SO.DOll par tm, of oro trammed, moking tho tot"l ,nining "''''
(except. tmrnmiIl~) ~O.1830. Tr"Tmuing CW3t wus !jl(l.1136 p~r Util,
thus til<) tot,,! undcq;l'01m<1 co,t ",us $1l.2066 pel" ton. Totalllnder_
gronnd co,I', pe,- ton w,,~ $0.2SG9 for HJ:lO.

Labor p".-formanc", ill ,topin£! am] ,1:01''' deYelopmcnt in nlOll_
]lOUrs per ton wag as Iollow, fOL' 1928:

All ,,,""""".1"'" to,,,;,,,,,,

~{,m_",,",

"0< ,"" '1'""""",,,.,,,,,,

Th" foregoi)]!! figm:cs-that is. Sil.183 1"'" ron, 0,090 TrLIUL-lwura
pel" C0l1 amI 8'1- tons per man ,hift--"T'c "" appl"C>ximate-ly I.he ",me
ba,is ll,l,d COvel' I:he same ",m'l< a" tl,C figulW on direct "I:"ping f')l"
the mine, diBcus,,,d pre"inu,ly _ It i" appa-rclli. hom th" eost of lab",.
amI "xp]",i"es >ind lrom the T!",)]·hours pOl" tOll inl" "toping in th"
abO"" tnbl~s l.h~1. a jaTg~ I'",.<:,mtage nf the orc mU3t ha,," 10",,,,
ea\'ctl.

•

The sy>:i:em ~lllplr,y"d at th" Beal.son miM i, mu~h lil", that at the
.Alaska. 'Juneau mine. IT"tea<l of bhs!.i"g (lawn the bucb of the
stopes by h""" chargee p1>",od in powder dl'ilk, long drill hol" are
f",I"",,1 nut from bonchee in raise", as shoWIJ i.n fif,~lre 35. The sy"­
tem hus be"!] de"crilwd loy l'rosloy," f"(Jln whom t.ll~ following has
h~.n abstl'ad,,,I,

'J'he "1'0 bo,lie, ~"" mlnol'filiZCd POT'I'i"".< '" fi \roll·donned ,b"" ,one In ,lale,
,ellt", a"d g1'• .vwacke, 'j'I," ("c bon, i, roughly !''I:u;kuh,r ill t'mn, I, 800
fcct !Ol\~, andbas a ",,,xillium ",idlh of S40 fe"'. 'I'll" h!Ulgln~ walE I, d."rJy
donDcclln Iho ,0"1.10 end ,,[ rho m;ne bY tho Denl,on fa"'!.. 'rhe1'o 1< no wolI_
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tleflncd £00,,,,,,11. The ,(,'inger'!ill(] ou"eh", 01 "'0 lJe,,,mo I". [requeut nnUI
(h. gl"ound.j. 100 low ~""I" for I1",>JIWble Dl"inin~. Illm:Ullcr~ble mi,,,,, f~"H,
fifi" ,ll~, l'Ull t),",,,,~h the 0"" body in ,11 dlr",Uon. and are lm""""''­
aceom",,"l,,1 ily lLlle and day ""all", ,,,.01,1,,[ 'ho gl"<lUllU 11'eRehoro"" an'.!
"e,c,,1tntln~ 01,,," Umboring- 111 tho ~e'TI\"nent "pen'"."" In (hH porlion of
lh. 01'0 hedy whero the 'M," and ."'hls" ."1'0 mmeraJizod Iho ~r""lHl i" "of!.;
wI",·" U'e grnywaob,,, "'"" m'''el'al"ed " ,s haj'~ fin~ bfc'n];, In 'or"o bl .."",,
'J:he pl"1,,",po1 m1",,"ul, oh.lcopYlil" is H""Cial~d will. l'y,'il~, !'l'tl'hollle, "ml
quarto, and 0"""" 'n ma,,,",,, veinlol" "od tl'",ml"alcd pa"i"'e"

'.rho <)1'0 lledy "'"" laW "ul .,."" mlnh,g wllh o11.o1"1)",e "IOjJO' and ])ill".
"""0" the g,n.ro1 ,h'lke, The width '" tlte 8to,'e" w.'," 70 r,el and Lhfit 01 II,e
pillar. SO feet. In ",,]0,- '0 1""P""" tho ,lopes and plHol"" fQr m'ni"" "p'cnUoll.'
uo,lo,' lh1, ")·.1.0m it I. r,e",,",',' I" " ••'eIOp 1.],l'eO j,'v,I,; fin UllD"" 1evol fcom
""'leh a"(ual ",j"in~ i" CO.l'rlod Oll, an lnlcJ'modh<to 'ovel on w),j," tll~ 'Lopes
""0 pr"l'"'o<1 !I\l(l unde,'(·."t ""d wh;ch 1s u,,(} lator 0' U gl'",ol, leYe!, UTI,l a
I""," l~\'o! foe h"ulagc,

Fi~uT'6 35. A, i, an ie!eal v.dic"l section plEJ'",lld i-.o tl,e sl.,'ike
showmg the'lcveh, bmnch rai",s, stopos, and pill"l's. FiguT'B 3;;, B,
is a ",ctioI' of st.ope 2il'J, ,howin~ aU preparation work complete(!
"nd Ihe "tope undcrcul:. Fi\>\!l'" 3:;, C, l'icl..LIl'", tlle ""me ,top" after
2 ID"nl.hs oJ: mining, and figure 35, D, afl-~.r 0 months of mining.
Fil,'UTIJ ))'>' E, "haws a plan and vertical ,,,,r)lion of a t.ypiCLd lOll;>
rmmd nsed in bla,tll'.~· "' raise bench in hare! f(ronmL 1t will be
noteel 'fTom figure :1;;, A, that two lines oT mining mb30s are put up
i" cach Btop~ from which 1,10" oye i, bl""t"d out ti, tlH' piUar" aw]
i",I.-w"elL the ,'~ises, where"" only ono lino of n,.is"" is r"q"ired i" tb"
piJJar" TilE, minin~ raises are put up from thc undcrmi-.ting rai""
pUl'allei to the ,lip of the ore (55" to 70') and are 5 by 5 feet in
section. Tho r"",," al'e spaced 40 to 00 feet apart hOTizQIltally from
foot to honging wall.

The .topes are lllld"ruul. by widffili"g out liL" ""dereuttlng mis",
iai-.emlly fram each griz,.ly un,il 1.il('Y bl'cl1k cllT'''''gh ill ,j,c ("",tel'
of !.l,e, ,tope t<> the conc,pnndit\O" undereuL fl'Om I,ho rai,", on the
opposite grizzly. On the pinal' Bfcl~ of the ra isee widening is <'.arrio-rl
to the pilla,' line" U.n"Uy a tell1llOrary pillar "bout, 10 feet thick
1.""1l1ing f1'Om "p"X '0 ap= is left above each p~il" of o['po,ile grlz­
"lie>. Tl""e pi]j"-1's are drilled bnt- are not bi""ted until the "tope
h,," bccn llll<lerent, completeiy, Aftcr a ,tope is nndercut, "X"Opt.
-lOT' L.ho,e ,,,,,all pilb1", the back of the "tope 13 a ,m'ie, of mOl'. 0" leo'!>
regular l'ill,. If the rill, are 'l'ery solid it is nec"seu,.y to (lrill Rnd
blast theJn at the ,ume time the ,man pilla", aTB hl""ted.

Raise minin~ is hegnn in the raisL" at· the foot.wull cnd of t-ho
,[-<Jpe. Coming down from the mining len,l to a point 30 to 40 fed­
"boyc th" huck of the stopc cut_ont tempor"ry sb,ging i& iTIstaikd in
t,hc r"ise, ,,,,,1 holes Ul'e drilled (lownwurd in the 8i (le,; ba"k, "nd f"ot
t,) "d"pth of 8 or 10 fect. \Vhen (,hese arc blasted u u"",:h i" forme(]
"round the rai;;e. Slabbing is continno,l iJ: n",',,,sa ..y nntil" l"",,,h
18 to 25 feet lm'g &",1 l~ to [,1, feet wide i, formed, with the mining
,',iee in the ceni,,!'. The floo1' of this henell is 20 to go fe"t ahove
the h~ck of the sto}].lC cul,·out, The 10llg rO\1n,l, (IIg-. 3':;, E) llI"
then drille,d. Srocls UTJ to 24 foot long ~re ",,,d, "nel 33 to 4[1. holes
''''fl ""'1uireLl in VOl,:\,· h~r,l ground, whereas 20 t,o 26 holes are needed
in softer or HlOt'e broken gl'OUlld. The holes m'e Spl'Ulig' :I to :1
time, to form powder i'0cket~ "t the hottom", They al'e then lMded
with 4O--pcrcent- dynamite, using 500 to 1,OiHl POll1l<lS pel' roun,l, and
t,he back of the'"l;op~ is blasted down using eled.ric d"tonators. Two
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miner:> constitute tho ,,,,ew in "neh raise. From M to 17 days aTB

Te'jU'rcd. t,o otage lip, drill, "pl~n~, "rod blnot the abort round; clean
off the bench; and bar down, (h~ll, spring, and bl""t the lcmg rOllnd.
In blasting 3TD· complete "olinde 3~G,081 pmmds of e.."<plosi"e wero
uscd, broaking 1,618,212 !,ms of or". The "xploi3i,e ,"eel avor~g"d

'"!"UT'.E ,",_Ml"'ng ~"""," 'mL"o",'''''' Boo',"" ill'n•. L"'''''''''e. ,\ '",1<" , d, Id,., ""U",l
""';0" "","ll,1 '" ",-,"' """,..;". M'O'"l'''''""'' ",!>;"..""P'". ""4 pm,,,,,, D, ""li,n
of 202 '''p'. lH"I""'>"'''' "mWl," un ""~po u"""",'; (r, ""';On of 202 ,'op, of,",­
" ".onC", ''';''''l<; D, ""''' ""p' """ " """tI" nil"m"; E, pi,,, ."'0 ,,,Lco" of
'y"leOl lOll" ,"und '" "'" ",,'On ~l ""n' ",,,mO.

1,M" ]JOLllltb pur Tound an,! O.2.ffJ llOlJJlC! per t<Jn of 0'" broken.
E~ch round broke Oll :1vemge of 4,975 Ions nt ore. In hreaking thi,
tonllug" 8,158 m"chillfl-drill5hit'r.~ wen required; Ihu" lH8 [())]5 were
j,rokell per machine-emIt, or 99 tong per man_shin drilling.

Tn ll"dCI"Clltting 1he pili...."", which IS llot ,lona ""I.il the st"pos all
e<Wh side have been mined lo the. top, the lllll!"J'''lltting: raiso" are
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\\,;(ll\lled out 10 J"et on "ach ,ide of the ""nter line, lou...ing >L ii_foot
pillar botween tho hrolwn ore in the stop,,,, and thai; ill th" mi,,,,,,
(lenen,Jly thi~ bl'C".ks down wi111 the firs!; l'a;N) bla,!' ".;'on.

C(),l~ of or"akillg 11 fl,808 tOl" in OBllching, 1,01~,212 tons ;1'
stoP"", ".n,l 501,741 tm'" in pilla.l'l< we,.., as follows:

'r",_
LoJ'", ",","" ,""b"'f~';_
T,mb", owd '"1'P''''' __
E,"~",", , , . _
U"'''P''~''' 01" ",,'L"'""'"" ,",j"d","oj,,,,,,,,,",""_ >0" "","0"" ;nst"",,",,,__
M',,,,",,,~,," ,"d ".,,"'1 "'""""._

T"'L

!
I

A"""
B""""" "'.op", F,Jl'" b"'''''''f, ""', ,L, ~

--,,;:;;1
1,"8,'1' ,"1,7-ll ',,,", .,1"._--

,", ,,," ".0"' :)j,,",; SO,fr'"--- .. ,0'" .' -"" .- .," .,,"
I ' ,,,, - .- .-

_"" ,0"" .- ,Il'"
I .," , '"1 ,m 1.""

'rho cost 0.1 l>nlldodng 1,OS2,mn tom "f "ro dr[L,wn from belld,iog,
'["].l'c<, amlpillal's was as follow,;:

,n4~

""...,"'" ""n",'u!l'jng .hlot"" and g"'''lics,
snopll", $0. (J(16

11f,oell,,,,"ous and ""''''l'nl "line
o~llen",, .. ••

(f", r'~ ""
Bundo""I" ~ .00. U!!3
Explo,j,'o, __ ,- .IUO
COJnP"',,"<l nil', ill'm" o,e,l,

et" _. ,, _
1\erall'illg doare, "nil grLzzU"",

lobo" _.__•• . 00& Tn',,' • _

The cost of P""P",'~tiD!' fOl' sloping 'was a, foliows:

Co" '''' '""I c,,, "" M
,~t"Pc, p'·eD~'.""on------------ ~~ 115 \ ent,I.""" lal_" .0, U03
PlIla, J)'cp,LLatlmL___________ 042
S""IJO clcvc!opm'''l .()4(l '1'0I&l eo" 0' ,lop, l"'ejJ-

"at"", ,Zl'

The total ,li)'""I; ,t.oping "031.- i, ~umrr","i7,cdM foilow8:

",,"'"" to"
~loIJc propor4tlon_. $0,"",

_'-G,1M
.2C1&

",,' .,., ,,"
/1,:,oJrtng ;" "",,,hin.,. HlOl,"",

OI,d pilj"",; "'""l'"go _
BulJdoo.[ng _._" _ TOI'" dll'"e1 .to"ln~",,'1-.________________ _'103

Loading, tJ:o.n""ing, m,d hoi."iug co,t $0,137 pe.." Lon; prelim.inary
development, jJl'(]Spcct raffia., and CUul, $0.044 per ton; and diamond
drining, $O.OOf) per .1.011. Thu.;; the total mining cost. 'wa$ $0,7Q3 pC"
ton of o)'e deli,ared, and I.he direct sl.opinll: eosl. was 76 pl'rce:nl.- 0-'
the total mi,,;n~ cost"

\\'age ""tee we,'e.. '''' follows,

M'n"" c,'ol·;'"'''',"',, _
M',,~' h"',~" ",d '''"''''oe-,--_0,["[,,,,,,," ••• _

~~r,;~*','g:&_:_~~~:::: _
""'" ''=,,,,,,,, ""'""''------

"" ,~ mHO

Sf,," l', '" ",W..., ,." ·L""'. ,," '"'" ~""
,,,

,'-" '" ~"'" '" ,"



130 SrOl'llW MliTEODS Al.'ID OOSTS

1. AppUt"3ility.--Shl~nkag,,>:topin~ is uppl;c:'llle t<> the mining
"f tablliar d~posit.< l1",g:in!" ill tlliclme;;" from minimum st,oping
width to severol hnll(lr~ll ""t, <lipping at "" u.nglc ~L"epel' th".n
the "Tlglc of repose of the bruhJl Me, and coml'0,c(l of fii'In ore
enclo"cd WiLhin fum wall rocks. The orc itself must be 81.1'0<\0" ""
that it will SUppOl't itself over the bud, or t.J,e ,t()"P~ under wEieh
th~ men work. l1nd if tI,,, walh are not, firm W>mid",'able dil"!,;",,
of the ore wiil t~ke JJb"e>. e'pecinlly wl>011 tho stows nr" rlrml'IL.
'TIm method i, well a apl."~. In undercutting and ieohtinl; blocks of
IVOlHH) by bOillldm-y stopes in hlock-caving systems of ,,,tiling. As
III the AL13ka-Juneu," a.Jld Doal>;cm miM va.riatim13 of l.},~ method
it rn",y be (illll'loyed to miHB la.rge o,'c bodle, by paT'ti".] "",vlng .in­
(]nc",j by lm'A'" blast;;, Th~ us""l or <'OJl\'entwnal shrml"lgc-,f.opmg'
~:,,'"te'Jj finch its best applicatlull in tJl~ milling of ,weI', hlbuJllr d,,"
p~,j~s of model'ate. thicImes.s,_ h"vini:j strOllg:, reg:ular walm and CO""

tammg few wa~tc lncl1mom m the form orbm,ils or l~~»e". Hor,"s
of wa,t" may be min"d arnun,J alld left in as pm"T'" if th~y are large
enoul!:h to stand "rter tJ,o ore 1" blasted awoy from th~ln, but n,,­
me"',," "mall pillars may '"'''''' j,ll" broken Ore to I",ng "p in the
slope~, ~3peciaJly if th0 0"0 Is (·.hi" Ol' the dip is not very ~l·"'"p. In
,,,Ining wide d"l,osits by this mdl,od it usuolly i;; necos,a-ry to .Jri""
th~ ~t<)pes ""rOES the ore body nOld to Jimil thei,· wl,lth so tJ1l,t tJ,e.\'
will st<lnd well without support, le"__ving pillars of ore b~tw"en LIo~

slope",
2. F1€<7J[l.ril-it//._The, ,trinImi\'e-stoping mdhod Jacks ,h~ Ilexibility

of oth~r supported_stope, metnods. Th","" is nc> c>pportunlty to
sort out, w~.-ti) in the ,lopes, bllt if a· gri7."ly and double chllt~s arc
imtJl,ned, "~ in i;"'''Ures 29 [ill'! 30, some un"",,, w""te may be sorl-,od
ont and tlLFHwll Into ,ep~mtB ""rs on tJ,e Jevel. The,'e IS little 01'­
port.,mit'J' t<> Jollow tongues of ore out, int,o the w,db and to probe for
pn-rn.lJd me bodie" since this l1slJ"ny imoho,," bl'ea.king con,i,Jer­
"hie w"sln whid.. there is no opl'ol'tnnity to I!:oh in the stope, If
H'e "'" is 'il'l'egul"l' in strike or dip, sharp p!'ojections of w"n rock
in\<' (',he ,tope nmmlly will b"eltk oj[' and dilute the O1"e, If tIL" .,lip
i, v""y irregular the rolI~ in 0", 'footwall fOl"lll benches on whid, O,e
bl'Oken or~ will hang in drawiJ1g the stopa. Dislocot';ons. in tJ", de·
posit wJ,ich offoet blocks of on oWr the lowe.' portions of the stope,
are "j't to resn]t in eaving of In-rgB sl"bs of w"n rook between the ofl­
get- b o"ks ,ma I,],e 'stope below, causing 'ill,lue diJntio.n awl making:
the ,topes uIlS,d'e. Thel'efore, lhe method is not ..,,-,,]1 ad"pled to min­
ing depo"its conl-aining inclu,ions of wa,te, w th''-'6 h"vmg v·"ry i1"'
TeglJl:tr walli; or fr'e(!UcLlt l.o"gl1e" of ore, in the walls, 01' to veins
whidl ''''0 offaet fl'equentIy by SOl"]] Jongit.u'linaJ fault;;. A Jorge
propo''l,ion of the broken 01'&, (uslUuly aboLlL M to 65 pm'c~nt) mn,t
b~ left in thQ SlOpl" ImtiJ they hov~ been ¥lined to the tAlI" When
they tina'Uy "TB drown the (In.' must he taken as it comes, and thel'e
i o llO po,sibility of '-aryiug I.h" gl'a(]~ c>f Ol'~ drawn from a given
ot"pe from day to dav to lll"ke "<Je31c,,d !(L'ude 1m' th~ mil!. Con­
tr-nl of gl'ad~' for this P""I'0"\ e,1ll 1", obtflined only by ,JJ'"Willg
from 11 n"mbm' of stopes of Im"w" 1lV"-"flge g,'ade, ~nd "OInel:-inws
it may be neeessary t<> hoye a number of swpes -[Ol' g"I1(Jing l)llrpos"s,
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Wh~l''"'i3 one stope would pr()vidc Lll" ""me tOllllilg0 if worked aJ1d
drawll "" rapidly "s pos;;ible.

3. NMO"."NJ__lf the deposit is veLT i'e:;u),,.,. in dip and "hike and
has e"c"ptlOr",lly firm wnlls almost all of the ore CflJl bo ext:L'actffi
Lv shrinkage stoping. lVJ"'re there al'" numerous rolls in tho fo(]t­
w:'dl

j
ore may be left On the wall clllO to its being: ",,,'el',,d by bro!<:cn

oro (uTing the working of the btopO. 1£ the wall" a"c exception"Ily
,I. ..ong such ore way l~ TO""'"C1'ccl bIer, whe" t1'e ,Lop" is bOlng
,11'"= em]lty. If l.he)'o are frequent olt,Jwot~ from the main ore
buct}' into the "';til, i.lH< ore conta.ined Lhel'ein i" apt 1.<> be left behind
und lost, alth(J1lgh much of this may he J'"co"l','cd "ub'cquently
while tl'e sLOpe is bL',in~ drawn down if the ",nib an, film, Where
the ,to1'"S >l,J'e cun;c,! on pillar" oyer tho drifts much of tho <JT'G ';11

th",,, p,lh,'s may bo lost" "specially if tho orc ,md walls h,we b"cn
weakelled by mining or bv expQ","e tD the air. The S'une moy bo
,~itl of floor pillars llnilCI' the'lc"e!s, If tho ore kof luw Ol'meclium
g""lc,. pillar;; Bometin"," "1.'0 delihe,."lcly left bet"·",,,, ,I,ope', OH'I'
tnc dnft bucks, and HlHlc,. I.he 1'",,18, and those illll}' cOJ,t"in 11} to 15
perccnt of thH ore. Tho 1AJ1,,,1 toml"ge recove;l'"d frc'ju"nlJ¥ is greate,'
thon Ihe ",timat",l wnw'ge in I.h" de.r0sit ",nd ll>[Jall" 18 lowe" .;"
grade thm is estulla'",1, due to dilmlo" '(J'(lm tl,e wills c'lHs",l 1,,·
';rre",Ilarities in the WH lis break in"" oif awl fa]]ing on the, """. dougl~_
iug ~of "l~bs, ,or waU rlwk )on""n2d by bJ"ting or hy "ir ~lad,;ng,
faulted eondlt!on_ 111 the vc"'1 b!~sting of ",,,,11 roc.k ';llnar,'ow I'bc;cs
"·0 mab wo,.king room, or b astml!: out ojr,hoot.~ of Ol'G ';n l.l,e w"l1
rorili:o, which "'[Jally is "tt"nd"d hI' hT'""kino- of some w,,,tn, Or­
c/inal'ily "bollt 85 1:0 95 perc~.nt of tl,o totaf or" is recover"d, llJld
dilution "mU'Jltlfrrilv llJllounls to 5 {ll' 10 to 2" lW""MI: wh~m the
;;hl'illlmge, method IS appEe,l to C!Jlldition" t·o which iI., i, suited.
Son",tin,e, dillJl.ion maT run :10 pe['ccnl', or mOl'e, ill which ea,,,
som" otbe,· m;"; ng method probably would b" hBtUu'.

4, n,mel0l'mpu.-ln narl'OW 0'" budi"" develop",,,,,t ",ually is sim­
ple. awl unl)' " ,mall amount. of "01>& prc.pa"ation i< l'''luirl'd. Whel'"
H,,; sIDI,e, ,U'e slJ)lporL.cd on stuUs OV!\l' I.l'C drift. hacks th" "'''pe ,h,­
n,lopment "omist, m,'.!'ely in tokino- ,lown the d,.ift ba"h, phu,;ng
I:he ,t,,11;;, "nd in"taUlllg "IHJles, witl, .pe,'b".ps an ocea,ion>ll ,.",i,o
to the level above '(0,. H"'ih'ion. .B"'"que"Uy, ne> l'"i,e i~ luI;
through until the stope has bel'll advllJlC!\d ul'w~l"Il 10l' 'am" (is­
tanee, In wid"" veins, wh",'" the ,f,opes are CfUTi",1 on reO"ulo.,. dl'ift,
'et~, ,om"wh~t longer is TI,quired to pr~l'frre for ,loping, hut tl'G
8tO)ll>5 "'UL b" brought. into l','o<llld,ion m a "o"'l'ocatiwily ,hOI'I,
tim". III min,," wher" tlw "''')''$ are oarri"d On pilJa.rn 0\'"" th"
,1,.1.[[5 ,horl., d.H,lle l"aj'~".lLlmt b.e put up an,) "onneclwl over the pill&,.
by a sl;o1'" dnft, and ]'1: glud","s are, to be, used furthe,' pJ,.,)",,.~to..v
w,~d{ j,; necessary ';n bh,f,ino- Ollt dla",ber.', iusto.Uing gl';""lie,, ana
ralslnp: f,'",,, the iP""zly' cf,'amb~Ts 10 lJ,e 5t0l2c cut-Ollt level. In
some mstanc"" tlw "b,lil;y tD b"gin s,op;ng qmckly "·n,,,. the le,·"l
ha3 be"n ,]ev"lnp"d hu.> led to l,he ·",doption of _hl'inkag" stoping,
In mo,t in,t"""",s this wouldnot be" valid rell~on for ad"pting tho
"wrMd, os Ilwally only abom, 30 to 4.0 l'''''ccnt of thG bJ'"I,,'n ore co",
be drawn during mimng of n, st01,e; thc,.efore mOm sf,JpeE would
b"yo to be in.o1"'l'at';olL "t a tune to',upp]y th" same tonnage tllli,
"oilld be obtamed from h'W~T ;;Iop"s ';n wfiich Ihe 0'"" i, dmwn as
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f",,1. M it i~ broken. Once a· mino has reochcd its produol:ion skicle,
how'Over. the d"ficicnu}' in prUdUCti"1'8 capa"ily of U]Jer~ling ~"(}l'e"

cnn be met by drawing completod ,toP"s.
Tabla 6 ;;hows th" r~lotiOll h~twcllJl feat of sl:ope dc"""lopmcnt re­

quired and tonnages of ore developed at a number of mines employ­
ing >hl~nkage stoping.

T."'u: a._Rnali"" /'elu;"", teo! of ,topo dovolopm,nl mid lom"'!IO "<",10'''''',
mi",,, ""'P'''Ui"U ,1"'i>I",,~" "winff

no aLp_, ~..""u"",,"_fill >lop,", ODd ,""ore.""'" k",,-,y ,""""dOl' ,t";,,l~" ,I"";",,
, Q"," ""do,'TI.,,,.,, 1,"~"" lm'-
, Bos" on I",. ,,," (2,0<' I',,""a'i
, "",'ruu,",
'HUDdIT;,""'~'

"_dlnJr "''''''' ","~-,"" ,",,,,,,,",'''''''''' "'''~.

-- ~

, "oo,.<lo- 0" de_""'''1'' ",Lop""""uth~~" 1=""."",_ ","00 "" lootMi"" V"J,Woo """-0'''''0 ",,",,' ,;dtb .J
.~, I,~, "r "" "e" "'''''00

""', j,", ''''''"'''. "",~O[>-

]j,~", m,ut,
roo' ~"

~ ---
"..,d,_~r",,,I,,,,,LL'; 0" ,L,je. p'UC,iL_ .J.' "" "~ M{,,,,,,",,).

On fum p;lk,cs ,,!t-, "r"",o;H","""y (~,,'j"")__ "" lUl'_'" , 00' M
1m'''''',,"

mbl, ("no",,,). On ",m '"",",;n wid, ,m: IOn '"' '" .0'" """ul~ rn "ITO" orB,
""J", {flu"",,",) _____ Ou """ ,,'mb,,·,_ " lW_'" "m m
Jtj,"".a,., (",pOd_ 10 """",,' ,,, ""ll 1,'11",_,: , "" '00-''0 .M '"p"",,,t<m ,lull,_ i'I~",_liu,"'" 1",101_ 0" ,1"" 0'H","__ '" m _01" "T.,l" ",,'" "0101 ' ------ _____do' _________ ... ___________

" '"" .0'"' '""","lID'" 1iiX';"-' "" ",", .,"'b·,,_______________ 1 '" ", .."" '"V,I'''"'' (, 1___ r",', "",'."L1', P"'''~'' "';" .. lnl}-[:i3-'" _on", '"pill,,,, '
~fd"t= ,,,I"' ' 0" .'",b,,,d "'",,__________ .,_ 'U 1" , "[67 '00
"'''00'' (",pp"'I __ 0" """f,/U"" w,,~ ""~,, b._ '" 1.'>-'100 _OLL """""" """"U"'""'" "",_.Hom""",, ",oHI __ 'i',",,,,",,," ,,,,,,,,", "" w". m, , ' !1" , [(J; ,co

",'~"" ";Lh,," ~" wid,_
OD~LLf"",

fuUoll'"," 0'" ' __ 'i'",~""", """" " to "" '",'L '''U, , '''' ',(Q2S ''''",","" ""L" plU,,,; b"woe"r'"'''''' "'''''''''Jd._ PLL_'" ,",YO,' ",'" """.'" "',,", ,",,,'
" ,,~CUm" :,"01"1"1",,",,, __ , ""I"" '"'''''' '''''' by '" fool l[U_"'U

~'"
WI'" '''''".'''''' b, <(1-<0" ipill=. p,n,", m;m'" bY
"''''''' bIos", On 1''''''''
wil" "I","'os_

Al,e,"" Ju""," ("ld)._ ~""""Q,"'d!<It',," ","In, by " em", ", ,
'- '"' ' ill''''co ,,,ts;,, COl''''' dd"'_ ,,..., 'M"

Ull pi",,, wi" :1:" "",
~..t,," (001'1'",-1_ ","",",""·",,,Lo, ",.",pI'_ ,',"" "" ,",'" '""IT 30 'ed ~I<~_ 00 pm",

",Ltl> ~""J'''. is,,,,,"' ,,,,,,,',L
by "Jlll" 1"", "mnoJ,
"""''I' "",,'"' ""'"'_ i. i

,

5, Cost of RWr-i-nlatge Mopi"g,-Direct ,wpm" co,ts at u numhel'
of mine,,; whieh h~"e been descl'ibed in the l'oTegoing pages arc
p",,-oented in t"hla 7. Thom co,ts indude stope preparation and
stope development bnt not g;en~r"l mine a"d le"el developm~nt.

They vary betwcen wide limlls. The Ii""t 13 min,,, listed are in
v"ln~ of n",,','ow to moderllte width, and the (li!'C[" "toping co,t,
rangc from $1.230 to $2,743 pel' tDn, averaging about $1.70 1'"1' ton.



The next two nllllCl8 listed <u'8 ill somewhal. wid",' 01''', an,l the
custs .·m of t.he 'flJIle orcler-'---that is, $0.76 [m,l $0.63 per ton, 1';)_

.,pe"ti"cly, or "" avcruw of 80.70 pel' 1.011.
The figuros for the Homcst"ke mine do not rev,,01 the ,hl';n]m!,',,·

stoping (""L~ "epamkly from the c<Jsts by the other methods eJIl­

ploy"d th,u·". Th" fig''''"" for O,e l,~,t, two minos, tho Alaska Juneau
"nd TI,,,,I"'Jrl. "rc ubtui1\od under conditione seldom encO\mwl'l'd
j" ol.he'· "L,,,i,tting min"" ".1](1 \\'il'.h I'mCI'.;C"" quil.", cliff.rent from
those mcd ill con"""!';on,,l shrinkage stoping.

The prine;pal physica.l f"ctD1'8 controlling these variations in c'""ts,
in the ordor of their, imporbnce, are probably: (I) Width and
continuity of ore fiJlcl (2) h~l"dne~" Mld toughness of "he ore.
Variations in wage mte~ "nd COilt" of explosive" timbar, and other
supplies betwe~n the ,Jifl'erenl; mineB, ," wdl fLH diif"r",wes in physi­
cal condition" make it, ilLLp(]._,ible to draw fnT'U"'r ,ignifi""ot. eon_
eIu,i",," from coml'"r;wns of thc costs.

Thc "OMs of shrinkagc ',toping in man'hou,"" per f.on u.t u nllTnb('l'
of ",ill,," nro gi'-c.n in tabl" 8 and ""mumption of explosiv,," pel'
ton of are stopeel i:ll table n,

The, f,;]]owh,.!i ~,l""Jlbg"" "f tl,,, ,1'J'inkJlg".,I."l'illr.': mdlwd 1Il~.v

be nol,,,d fo,. TJl,Lning b",lie., of .,k"ng om endoscd wil',hin finn wall".
1. LiiJln prelimimwy work is ",quir",l in the ,'o!l\'"",imml ,-",tern

j,o p"'p,,re I.h" "f.opes ~or production.
2. The broken or" in the stopes provide" a Boor close to the baek

of the otDpe" upDn which tb." men work. It aho suppo,.ts th~ w".lls
(Illrin~ adive working of the stopes.

8. ~tOP05 can bo worked rapidly, as there i, little or no time lost,
in timbering in the ~t,opcs. In large r,topes in good ground a num­
ber of craws elll' be worked in each stope.

4. !.Dng or" p"'-'se_' do not have. to bl\ built "n,l maintained from
tl'e level ID the baok of tbe 'tope, as tho OJ'" is dT'llWJl L.!mJHgh "
number of chutes 01' ,horll'ai"", "t tl", drifi. level_

5. TmmmiTlg Or whe..Jrng <lre in the r,topes is n<>t l'equin'll.
G. A cOll.<iLl",'ablc ,-ese1'l'e oJ bTolmn oro is held in I:he. sl:opes which

ea.n be ,lr"WJl upon to maintain an "yen supply of ore 1:0 the mil],
cven t.hollgh bl't',aking may be' ~t., an iTT'~g"hlT mi.", (Sec dj,~(l­

v"nt"ge nO. ~,p. l3G.)
7. L"rg~ ehmlko of ""0 nan 1,n l,ulldo~",l On top of (he brDken ore

pile i" the srope,. (Sco di"~dvantag-e no. '7, 1'.136.)
8. Low etoping cosh, "J"',;,'ing inv",'sel:\" a~ ,he width nf the ore,

are p""ibk

Inherent disadvanbgeg a."e a, 1'011",",:
1. The methocl haa :frequenl;]:\" been e,pplied t" del'o"it~ hoving

wa.llg whic1, .slough to ''!loh an e"l.en' thaI. "~,",'siy" dihl~jOJ1 oJ'tho
'ore takes phea and dea" mining is impoosible. Thlli m~y be con­
sidered a mi"al?plicati,m of the meth"rl ,'ather than a ,lieadvantage,
but in borderlinc deposits where dilution is eonBider"ble, yet not
prohibitive, it is an inhcl'Cnt d;f;adYall(ag~ of sllrinkage sWping.
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N,,~do-M,~,",m"'.L', a",,"" d""~n'L,,, .', ocr"",,__Ha'",""1'__ _ ,,"_, _
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2. Although rapiLI development of stop", for mining is po..,si!>le,
permitting JL mine e>r len,l 1.0 get into 1'1"<1llucL.ion quickly one", n,c
level uevcle>pmen1' i" wdl unuer way, only 31) to 40 ]>a,."llllt 01 \.10"
Ore in ""d' "te>]>" is ~vll,ilnble fOl' i'elI;"",,,1 n~ it is b1"e>ken. the b~lanc~
being l.ie(l up until I.he "tope 11I1S b""n completBd. Tbis tie' up WC>L'k_
ing capital ill, bno.king ore whidL connoT, be turn",l into "aiill for
"ome till",_

~. Except in (l"posit.s having; nxncptionnJly Ill'''' ",,,lls, 'omo dilu_
tion of the me.. with was-I.e i' b01JJLd co Ol'eur.

4. Allhollgh l"ng ore pas,e3 n,,,,,l 110t, be built awl m",inl-",ined, as
in "ome Ot!i'H' ",,,I:IHlc!, of stoping, dmks usually mllH, h" spo~ed

elo"cly, as othel'wi"" I:-b~ broken orB "ft"n wil! hang up b"twe"Jj thc
"hutc".> preventing its bleing clmwn down evenl". If chutes are
"p"ccd widely c"risi'ler"ble shoveling m~y h~ )'cquil'N to dean out,
the stop~.s, and tILis m"v be dungel'OllS, (n' at b"~t expen,,;ye, if the
wall, ".cc not, cxcept-ie>mi'lly good.

5. Althnugh """.ITOS e>f bJ'oken ore may be accllm"l"tcd and em_
ple>;yecl to insure n, ot.e~dy s"pply "f ore I:D th~ milll'"ulongcd storing
uf nl'O ill the ste>p"S is del.-cimeLLl.•.] to ge>e>d r"cov~J'Y i" htBr- ee>ucen­
h-al.inn ope:mtiollS with SOllie lype" of ore. Some sulphides aC'l"il'"
a- pllJ.'Uy oxi<liz<)(l film soon afte:!' they ",re b''Dken, wme-h inllJbits
their l'''C''V''I'V in fI"tation plallt~.

6. N" opportLLnity is alfOlxled fol' sorting e>1'o from wa"w in the
;;tol'''s,

1. AIl:-hOllgh l""goB c1unk.~ of om on I.,,]> of the 01" pile Cn.n. be
bulldoz~d in the st.e>pe", th~1'(, i" often an elcmmlt oJ danger in
working ,,"t under the back, CE]>""i"IIy in large 81.01''''' Furthm'mOl'~,
lllJ.'ge cfnmk:;; oft~" are ce>ve''t)Ll wi,h filler mnck, and tllci1' prCEene"



is not re,eakrl until the dnmk" arri,e at Ihe dlUI~i3, whe," they give
t.rouble.

8. SC"iou", Cl'efl fUI.>11, "ccidents oft~n have occurred due to broken
oro haIlgi"g lJy in Ih.,. ,tope", followecl by it, sudden collapse Ullder
moo worlciug m the ;:;I.opo", In oth~r i",lm,"c, mcn h,we bo~n drawn
down inlo Ihe ore oW1t1g 1.,0 mislake" of t.ho trmmnera ill pulling
dmtcs under ;;ecti@soft]'e;;topcswhilominer;; weT5 working. Such
",c"idenl:s. while due to ".",.d.,.",n,,·s, new'Tth.,.]es-, aTe 'inherent ;n the
stQping metho<l

9. Travel and ham!ling of drills, sted, and drilling gear in \.ho
,[;ope.,."n"n "I'e, diJlienl, "r,,1 cOnS,ml.<', eo,,"ldoI'ahlc timn wl,id, eOLll,]
het.te!' be c,,,ploy,,a in drilling, pmtie"laPly if the, 1.01' ()[ tile bI'ohn
0"" is \lneVe~l, '" oft,,,, IlalJP""'.

CU:r--".IDJ·BILL STO:l'mG

Cnt.nJld-fill ,toping is mnployod fo, mining tnb\11a" depotilB !Jf
high- <>t. lllcdiulll_gmde "tl'Ollg o1'e, dipping I<t ,tugle-< ,,1"el"-1" Ilum
thn "nglc of 1'01'0",' of U", bJ'ohlL <>l" ~"d l",ving" ",,,11 0,. w~lls ton
wenk tr> ,(,,'11<1 mC>n, than" ,hod', tim" wil'hol1t pcrllLanent s"pyor!,
"Wm n,w' e01ll1""·,,lweJ" em"U Sl'fLll". It. "1<0 is employed for lllmuw
ihiek deposils of lar;c hor;"""!,,.l m'ea, which'm,iy range f1'O';;
l'e,gular to very irre~ar in outline, by moans of '" """ie, of out_anLl·
fill stop"'-' wInch u8ually are ,eporaled by ve.l'ti""l pill>'!'s of O"c.
Tt is u'wl in wins ",hiel, ".m t,him"'l" t.h~" pl'~cl.wable ,Lopi"O' "i,][.h"
re'luir;n!, t,1>" 1'",'lL"",,1 (If wall rock tn l,ro.;,10 rOom to w,,;ok in the
stoPO". ·When the vein und walls On h1'01<on "l'pumtl'ly the mc\.hocl i.s
termed" ,"esmng" or" sh:ippi"&"," In T'csuillg, one wall may be shot
down Jll's\. and left, in the stope for fill, aft-erwhlch th" vein is 5Lrippecl
from tll" "idB of the oxcnvation thus made, or \.he, veIll may 1,e "hot
down Jimt., the hroko:ll ore· remo,cc[, and the woll \.he.n. stripped oil'
to mal<o working room and to fill the olDl'" bHlow. Cut-~n(l-fill

"t.ol'in~ 01'0 may be med' wheTo the. strengih of Of0 and wall roolrn
would -permit the use of "hrinlrage ,toping but wheTs inc1u;;;on, of
waste in the ore woke Eori,ing- of ""n,id",llhle hmken ore. ami waste
in \.h" dopes desirable, 01' wl,01''' il; is froqu(mtly n<.r."""o,,y to mine
st.r.illg,,'" of ore ()[Jt. i"l" ,h" wall, ()f th" ,tD1''''' Sln"" t,he filling
ill ''\It-~nd-fill st(jpin~ do<:s llot diL'ectly "uppm'.\. t.h" haek blll; 'ho
wulls unly, tile o!'e it~oH llmol; stand weI! for a short timo "j, l",,~t.

If the ()ro it.'elf ""cl on" <>1' hoth wall" are weo.k square-set dDpiniJ:
Dr a "o:ved-sl;opc rn"tJlOd u,unlly wonld be preferable to ent-and-fill
stopinO". St"l'i"g co,I" >l,ro higher per tDn of 01" in cut-and·fill
stoping. "th",. f""tors remaining tim "ame, \.hall in opell swping
or shriilkagc stoping owing' to t.h~ CG,t of handling and ;-Pl'eo.dinl4
·\.he filling m"l.cI'L~l; \',1)(\1'01:01"'- higher.grade material is required 1.0
Dwke ore when thi, milling mel,hnr} i" lL"e,l.

LO.~Ull'U)lBrAr. CUT-A,m-FILL "","FlOW IK .'",ru,.n" "Tl'El'-DH'PIKC DE­
rOS)T~ O~ S~[,1LL OR 1lI0DIlJU"" WIDTH

In t.~hul"l', steep-dipping d"p",il" of n",'1"OW M mOLleral." widt.h
the ore uw"lly i" min"d by IOllgitudinal stope, in which the or"
ls -,topcd out from w,,11 U, 'wall. '1'1,,, longit.uclinal ,topos ma.y be
cal'I~ed \.he f\llllc:ng,h of tho Ol'e shoots 01' may be limited in !engt.h,

,,,''',,,,,"_,,,__ ,,,
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to !'Crluoo the ,tn'lL of the "1:°1'" bock, h" >eparntin~ the in,li,idu,,1
BtoW" from e~ch N,h"" by pi 1>Lr' of ore. As in shrinkage ,toping
the "h,p"" may be. en.nied eitl,o,' directly upon timbe:t'ed_(T6£t back;
or upon pilla;'" m'or the hoek of d,e clrift." The ore i" "toped by
hUJ'i30nta! or inclinod cuts from the botto", of tha ol"e block upwurd.

The 01'6 OCCurs in a cre,ce,nt..,h"pcd vein in a la.rO'e "ve~,ik chim­
""J' or stock <:llt by. rhyoli[B dil,o.;;. The 01'C millJ"ra,,· a,," gJ].lcnu.,
"l"Tit<" sphale.t·jtc ""d marn,~til.c. The g'angua is principally altered
"-",,ite aIll] l'''yoiit~ wi,}, "orne calcite,_barite, marcasi,,,, (IU~Ttz, and
11oc!cclH",itc. 'l'h" [j]''''crnliz~tion is b"',,led and i, d'"tributed in
lenses j.JlI'oughollt tile .-run. 'l1w vein is 1 to .. f-ect wide and clip"
05° to 88°. The OL,e, breah ea,iI.v, so Ihat % per""nt will paSi' an
8.inch grizzly fr" blasted in the ,lopes. Thu wall<; lita,nd well fo,.
the short time t1",t they are l'eqlli"od to remain umupp(}rl<><l, except
in rh~JiI,", where BtUl!, 'u'" required to mpport blocky ground.

The, lo..cl inle",al ie. "j 00 feot 'hom l:1,e collar of 1.lH·, sl~ait to the
"!.DO-foot levd; below thie level the, ;rd'",,-nl i" 200 f""t The level,
al'e a"vclopocl bv dI'ift" along the wi", G feet wide bv f\ feet high;
tlwy ~re timbel',;,j with 1"Oll;u[ar d,.ifL ",ts. In pL'eJ"u',;t,iOll for ;top_
ing, through-rai.,e.s to the level ~bove are driven C»O feet fr"",
tho'shaft awl at C~O-foot i"krvah thereaHe,·, These mise., im·
prove Yenl.i!IJt:'on and pe,mit e,xploration of the ground beh,·ee"' the
levels. IVhen a ,tope i" bogun the Jaggil1r" is removed o""r th"
driH ,el, "lld a 5_foot ClL' is bla,ted out 0, tho back of tl,e, dI'ift
along UL~ full length of ,ho stope sectioIl, tl,o ore being shovd"d
iut" ',a'·1i by hand. The lagging i8 repiace'l, und chute, are in"tailed
un 4G_foot. eellt-er, willi provi,ion for 0. """,.wa.y alongside e,fcch
chute. Thl', stope.;; ~'e adv,ulC.,d as a Shlgl', f"e', by h"1"izontal slices
the enti", length of a "lope ,e"'ion.

Selective I",,,,ki,,"" and lwnll "od,ing are requil'ed to obt~in a high_
gr"de prQduct ",,,dl,o prevent 10"' of ()rc in the wusc" fliling. The
w"sle ,n"re Ihan Jills 1.10" stopes. ,Vhell ore and wa,t" ''''cur together
ill "Ue!"Uate band, ""1'0,", th" vein th"y am blasted t<1gcther am[ the
w,,,1:c is sorted alit by haud. Wlw,,,,, the ore' O'"'Hl"S ~" a single
stron!;> lo"ml in the, veill the waste i. blasted fir:lt and then the oro
(reslJwg). I\'here th" or" i" weok and in n single b~nd it is bla,ted
ih..t awl then the wastn (~lso ~SUlllf!)_ Befo1"e the ore is blasted
a fJ(j01: ie lai,l on the fill to prevent mixturo of 01'" "Tid waste, This
Boor c"u,ists of Ii"fo"t lengths of :1- by 8- i.o lO-inch plank, The
OT6 is ,ho\'ebl bv hand into ,ILc chutes fo,. a ma.ximum of 2D feet.
The WAste is thrown aside for :£jllinll; ~lld levcled nIl' by hRJld. A
"lope. C1'ew u,ually eon,i,t" of two me", " mille,. Arrd U shoveler.
The, miner dTill.e on one side of 11 dlutO O1le d"y and on th" othcr
si,k the n~:rt <lay, and I.h" shoveier wOl'ks on the, opposil~, "ide. Holes
are drilled in tlr~ buck with 'lumd-r'otated stopel's; a mitler ill-ill, an
avera."" of H; l'01e' per day. 'The holes 'U'e illcline,l >;light/v 10
throw~th" o,"c toward the dlUl:c "S much u" I""sible. U()l"s al'e ~'iliot
with SO-percent. gelatin d:vnamit.". St.oP"" "re "'"l'l'iccl l,h1""11g:h to
the level abo,-o. Abom 5 feet below the .Ie,-el stulls "TO placi,d at
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"-foot illtel'va);" lagg~d mel', and ~oYeTI)(l with wasto to ,uppot't the,
track. At the end of JL etope "ection the Rll is lagg€,L (Iff from the
s"lid ore by '" verti""l rOw of Stl1ll" ,d on 5·foot cellt"J', '''Id l~gged
with 3- to 5-inch pole,. Where the)'e i" " 1101'S" of waste in the vein
th~ OI'e pas,." a1"" 1'I1i",,,1 through I.h" wasl.o to the botl."m of the ore
aboyc, and inclille, ".l'" driven frorn tlti,/,oint to t·he adjoining mises.
Rock w"lls ~1"e buil, aL'ollnd the to!!" the, chute mise" "lLd when
the'6 "N high enough "lLOl.h"1' ;;et ot ntis" tilliber is installed imide
the T"Oek waU, The ti\lJb"ring is dOlle by f1 re!!:ula1" timbor erew of
two mml.

The ",lvanbge.s of i.hi" method at. Huglw<>'ille are as f"llow","I The "'," ie complddy ""tracted; (2) li\.tl" Umbel' is 1'"quired;
(3 th~ broken Ore remll.ine in the ,topes Ol,ly " ,hod l.ime; (4) a
high-grad" IH,,,,lLl'" is obtained by cal'e,ful hand sortin[(; (:;) good
ventilation IS ob1:"ined; (OJ s"fe WOl"kinil: condition< >1,1'" ,dl'orded;
~nd (7) the fire ha~ard is SIll".]].

nne to the nan"w"",, of the vein "."d the nece"ity of hJL"d eod_
ing ilL tile 8t01'''S l\m\ bl'eaking the w"ll iTI many ptac,," to make wOl'k,
ing room, output VCl" llL,l" is nec"",,,rily 1,,'1' ami stoping co,t-~ ,n'e
correspon<lillg-ly high.

Vanderbui'!.( il:ives the fol1owing fign",;; on pl'oclIJctivity of ,1;~ping

labor fot, WiD, when 10o,gH elry ton.;; of ore Wl"'" mmed and hCl't<JJ,

,1[""_'""".
O"""l'al:!on : '''" to"B"AAI,ing ," ._ 1, G30

SlioveUng (nnd sortiOgl " 1,812
Timbel'h,g " ". __ __ __ • r,f'S

'I',,,, ""mo,,_,J,ll'
4_n
H

15,7

Tulal " . s:aroll 2. U

'V"I~S w'''''' as .follow"' Miner" $5~"(I; sllov~le,"", $:"ao; timber­
men. ~.50; and hmlJOl'DlOTl hdpers, $0.00.

oli the basis of tho .:bOYO Jig"!'",,, ,topo Ittb"r Co" .'JOllt $2,r,{l to
$2.75 per ton of sorted Ol'e hoist",!. Comun,ption of ~"Jlle,"iv"s "as
2.~£8 pounds per bHl ill ~t(Jl'ing.

QUE.',,", or. >LHX.~

N~rrow veins containing molybd€nito '''' the only mineral of eCO·
nomic value occur in wide. e""'t.-w~.<t fmcture zonos and ,"m"'flt of
groups 01" sels "f do,elv ;;l"aeecl, branching, Md interfingering: frac­
till"". Barnm nOl'i',h·,ollth fmcturn;; offset the veins in many pl~c",.
The space betwNln a,e ,"'llal~ bJUnching qumiz.,ulphid" ""ins.is
oCC)llpied bv alkrod s",~cil.ized,porphvrv eonlltry 1"ock, and the "em
fim"g eonii,,'ises onlv". "mall pmot ()f-tl,c groun,1 hroken in mining.
The y~iTl" :"" commonly ~(II) to flOO ieet long, ,uLll the, la1"ge,t single
"rope is 240 feci; along the stl~kc IITlll 170 fe.et on thc dip; the avera,,'"
s~0l'~ is not over h~lf tllis ,iz~, Tbe dip nf the veins rang"" from
2(10 t<> no" ""d avel"age~ about 60°. The wi,]th c>f minerllliz~tio"

1''''''''''' from 1 inch t<> 6 feet ".nd average;; 12 1.0 lB inehe« RB1"~

til'ely wide sto!,,,,, have been w"rked on veins avel','gini.; 4 feet in
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thidme,s_ The "ein maI''''i,,] "nd wnll roc!« ,lrill and bm"k e"sily,
Drifts a.loug r,he veins usually s(1l1,,) well am] ,u'e not timbered before
"toping is beglm; "b?~lt onc_fourth of the drift foot.age i, in. b",dly
»J'(}ke" ground re'lumng SL'ppod. StulL, '"'C Hsed for tem!,Qra.ry
'''l'I.)(}rl; in ~Olll~ stQI'"_" "'I'e"",.!ly on th" flattcr dip,. Th" ground
nc~r the "ems lS not hc"Yy, and the e1,icf difficulty in mining is
caused bv tile "h"tte"cu "nd block" e1,".racler of th" '-'T'ound whel'e
trans""r",, ,lips havB cut the m,,';,;' fissHre. Th" moh~)denite itoel:l'
is very friubk\ "nd nUlliffi'OUs Ji""" u·,.., produce.l ill blasting' ""le,,, it
is dwH' ''''''Gill I".

Aboul; nillo-tentl,-' of tl,c 0'" minecl i, extmcted by hOl~ZO,Ii,~1 cut­
aneJ_fiD "toping. U"LLal1,' (.I", ground l'e(flil'('~ tne impporl', uJrordcd
loy fill ing. Other fad",'s thllt bYQr the usc of tho cnt_a.lHl_fill method
ure (i) th" he\luent neces.'ity of brcIlking mon, ,lo,,,, the widib. of
the ore.t<> p"OYH!e wQrking-. J'C'I{)m and (2) UlC few vorl' long; tr"m"
!lling- d'Ht.u.n{'cs from '(01'0 L.o surface ore bill whidl make handling
of ",,,"te outside the "tope cxpcmiYc.

TIl<) vel'tical inte~'ml bet""'''<)l! leyeh on 1:11<) ';"lllC Yein i" 4(J to 100
feet. A ~ut-frnd-fJll sl"pe i8 begun.by (akin¥". a ('ut out of thc buek
of the drdt, pl,~"'ng "018 and laggmg, and Iilltall1ll1l: dllJtcs nt 50­
fool, in!.e'"",,.!" w,th manw:ty" "I; eycry other on". AliJ'o\1gh "entlla_
I.iC>Jl (H' pl"O,p",t nlli." ""'Jdimcs are driven in orc hom leye[ t<>
lev"l, whioh later are. n""l in sLoping, no throug'h-J'ai,cs are drive"
["" ,i·.oping pm'pQi'''" ,dmL<),

Drilling Ol1d lol"sting ""count fol' @ly a "",o.ll part Qf the ]",['0"
ill stoP"S at. tll]" ":linc. The ground is hnlk"" by stoper ~nh', .drilled
"lnW8t Ye.rI.lC,dl)- mto the back. A shott lell",h of back E dl'llled at
a time, and tll<} t1cplh of the hol" i, ,eldom'" mQre than 3 f"c(.. An
eltort is IrHL,JC to ~mpj,)y hone! (il.';Uing i.n "of( groun,l .t.o O])elUn morn
oomplete and cleane!' recovCL,;"_ U"ehine ddllin!,. is donc with 811_
pound. hand-rotfLtetl "tope.,·,. ITok, Jl.TO bl >cw,d "lLh 40-!,er"cut gela"
tin dynamite.

·Whe1'o the ore is wide enoug-h to gi"" wOJ'king rGom "nd the wulill
need nol. be broken to p"Q"ide lilling for thc stope (that is, if enough
filling is obtained· by 'orting), I.h" 01'(\ is broken down I'''m wall to
w"n and tho wa.lls al'e left int:cd' H, as is more C()JIllllLlll, the ore
is n~Trower than stoping width, Ll,c fo,,'wall is broken "way from the
oro, any ore is sore,,,J oue of ,he w".,te, "nd thc """ exposed on the
hanging waU i" I:1Hm tu.lw" down by picking 01' vcry light shooting.
LQore see1.inlls of b"ck arc supported t.em:r""",,,ily on stull, pl""e4
[J'(>m wall L" wall. The fill i, ],,-l'eh,,1, >J,n ,"n1ctimos a plauli floor
i~ bid before the "re;" "hot. Tltc q,wnl,il'v of wn;;\<) ,,,,ted in the
slo1'oS varies greatly, II. is estimaw,l th"t"60 Pl'l'C~Ilt. of the m"te-­
"jal bre>ke" ,," om '" rej"cl:ed by ""rting (),. ,cT'e.eniTlg in the ,I.ol'e,;;
JlTHl 1.1,,<1, 10 pel'cent of the remainder i;' r"jcctod by earting on the
surf,,~~.

OOLD "'"l~O" 111"<, ""ULDER COL'N'l'Y, C=U

In the CoM Sprinb'13 mine ferberite "cellI'S ill lcn""s along yci;'
fu«lll'e": " Thc lenscs rJmge in length from a few fcet IQ a maximllm



of 200 fed, the ",,,,,rage length beillg about BO feet.• Th" width of the
"''' range" from a fraction of"... j"ch to a maximnm of (; feet; the
""erage width mil,e,] is 8 tD 10 iI'c!"'S, a-bout 3 inchee being the
least tll"t ~ILJ~ \>r, mined ecol1omi"",lIy whe.n th~ pric" of IYO, i~ ~12
to ~13 per ume. In the narro"''''' parts of th~ lel1-c, the Oi'e 00"",-,18
of high-grade ferlJ(\l'ite ",,,,,oci~t"d intimately with fine·g"l'>,ineA} quar12.
In n,8 ",idBr paris the "'-c cDllullonl)' ocmr" '''' a serios of ~1"'in6""'"

;"il:h 'j""y(U'S ,of buum c"",.'lry. l"0cJ; ,batwe,nl tlle1)~. The COUT!tr~' ro,,;,
liO grmute, IL'€quent.ly !P,,,",",,l, the avcl'agu dIp o[ the vem Ii< 70-.
G"n~r"lly 1.1", walls of tho ,""ins ",'e tr,rversc,! by a ""ric" of inter­
~e~ting plan~s or weakness 50 th~t I.ll(',r are "pt t<J slough if 0l",l' in!!:"
'<I'e more t.h 001 6 f"et ale>n" the dip. The ore i~ fairly ""ft, '" that"
l.~" expoBed along ow, "ide often can be J'emo>ed easily by ,tlo;l anl1
han(l hammer.

Thc Jil'St thrOB Ilwcls "l'e W feet "p"Tt Jlli""<lH'ed on the dip, ami
below tltllt the leycL;; urc 100 feel, apart. Tho Ol'e i~ e"'tm~u,d hy
horizontal (:ut.and-fill ste>ping', much e>f it boing 1'""ove""d by resu­
illo-. 'the fad-or, <letermining: t1" 1J;e of tJri", mothod aro ,,,. i"llow":
(.l) The fe~bo)'ik occurs in n,,1'l'ow, rich v~i.ns se> that {"msi,leJ'jlhle
WIJ.,t" must be b,'oken to providc working "pace;. (2) the walls gC""
cr"lly are weak amI requir" artificial ",'pporl whiCh can be proYlded
olwaplJ' hy the w~":,, from "el~cti"Ye miulJlg "nd hand sorting, in the
Bwpes; (B) HI. ,mlhug, tl", hlglwr-grad~ e>res an. "t a l,,'e"Jlll!n '"
that it is d""i",,bl~ to obtain '''' hii'h.gnde a mine pre>dm* as i5
""n,istent with cemwmy; (4) the fedj"J';!:l,. i~ di,tini'llish~d easily
hom the rock, an,l Jino breukmg is Jjol, r"'lUll'eLl to fe_pante ore and
W,~,1.0;.~ll(l (5) virtually aU of tb.~ e>rc <mn bo extmel.ed with ad~quat"

s"I"''''''1On.
After an Ol'B "hoot h", lJeeIl opened by drifting >1 stope is'l'''/iUll

by tnking ". ent; 5 e>r C feet higl, out "I the rook of ,h~ dI~ft. :tllil
me i, kept s"l',,)'ate from the wa~tc by (h~lli:llg them separately 01'
by blooting tl'ClH I.ogeth.~· and hand "",ting. Aft~r the back is taken
down tho drift;" timbered with 8- cu l~-inclll'ound stlllb on 4-foot
cent,,)', "I. th" chutes Mld ii_foot cent~rs between the chut~" u.n<l'thc
stulls llre I"(!i'ed OYer with 1" te> 6-inch l'oUIJ<l timber bctw'",n Lh"
chut"s. A, tile stDpoS are "hort a double-comparlmcnt ,.",i;;e 'It endl
end is u.l!l:h"t is ''eqnired for ",,""'-, to th" stopes. Cribberl oro po",es
are insl,,,U,,,l at 25- to SO·foot i"t"rvals betweffil th" raiso". Th" stope
th,,,, is a<i,'anced by su,,,,e,,;ve 4- to 6-fe>e>t out;" the full length e>f t.he
ore ;;;hoot. Whero the Tol'beTite is in " sinl;"le band si,ripping (or
Tosni,,(!) i. employed: the han(!ing wall firsl:" blll"t~d c~n,-pLLlly ~j]d

drops lJlW the filL It is Icveled, "shect·iron 3hovding 1'101' i, hid,
and the expos",l om is blasl.eu down em'efnlly with light. charges or
e><ploeive or, if it is loos~ enough, is l.~lmTl ,lo;\'n by hand with ham­
mer ""d moil. 'Where I,he ore and waste 'u'" ",ixell tDO intim"tely to
be rcrnO'l',,,:l "~paTal:d)" th"." are broken tDg<:>I',her e>Tl ~h,,"t iron awl I.h"
wa"to ;s WOT'ted onto ],I",,, t.han ffilong:h ,vasto te> fill the stope is
ohi·,ained. EX....,"~ w",t" is hamUcd in the rhuk, ,eparatily from the
orc nnd hoifted te> the ,nrface. Of i'.he I:ot.~l mate11al broken in
,toping during 1nl abonl; 70.. pereent was dis",,,'ue,l lllld",'gr0111lLJ,
abe>llt 15 pm'cent Was T'"j"etl\d by han4 ,ort.ing Ojj the mdace, Md
the ba1an"~ (15 percent) wentto the mill.
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Vandecbllrg'" gi,,,~ jir;IIJ'os ,"J()wiug: ti,e w:lvancaga, of clOS5 sort­
ing and the resulting high-gnde mater;".] mill",l. They sh<>" that
5.51 to,," of W~"tc we,'., discard",l for ',Yery ton of Ore sent to th"
mill. The COot of ;;ortiHg was 30 <'eniE vcr tan of Tllll-o£-mine oro, nnd
the tobt mining coft (except for ,ortrng) Was $2.34 per ton of '"m­
of·'Hine me. The profit "","nut oOf'Ling wrmld ha,'c hee,,, $2..45 pcr
tOil of l~m-"f-mine ore, wJ,,'reus w'l.h 80l',illg the profit wus ~5.89

per tOll.

Vired stopiJJg: coste jIl 19·'l follow:

bb"', 'n,",,);", ,""",,.._
CO",p""'"'~' '"Um"," ..
."J'",."""- •• , - •• _

Co,"""","" ";'-, P""", """,. ond"''''_"'P"""=-rl",b"' _
0"'.. '''I'pli«__

","'~1 ,1"",' "'P''', "",__

I ('''''p",",. ,,'""'00 ,"ru,,,,,,,,,J

",-"",'"
, ,"

L "'-",.",.,,.

Co", ,..)C
,,,,, '"

"'o_oJ_mlne
"'" !>n,',"

",-",.,"'
_j~1

17:l
~
.~

.~

-""
, C~"· ''"' "" 01 'UI",'_m'" '" "'''h ,," ''', '"" oj '''''",' or;> """"cod dl"""" oy ~ ,I, AlJ ,,,',,"

],hoc ..'" po," ,,,.00 ,,,,,. '""',

Performance of stoping labot, follow",

--;::;::;:u~poe 'on ~ ~"" 1"" "'''~'''~
ROL,-<,f. i I Run...,'-

0" ""'"'' il'''" U""",," ,m"",,",','" 0,,,'''"

Co""'Unptioll of oxpJo.;;ive" WIJ';; 4.48 {If)unds per t.uu of sorted Ol'e
OJ" O.fjD l'0Ulld l,cr ton rtf rUll-of_minc ore broken.

'LUo"r TIO"'" l>lI"~••'ONOM. =00"

TI=,"",__"",vol"',_
Sa'O'",_

~'"''--

---
________ 1.0'

I_'~I
' - -,-------1 ~'"

,_ J01

1:-"~ I," 9,10

The ore occnrs in frad~, ill rhyolite and 1'1.10lilo tnlr of 'l'e"wllJ"y
ag"- ThCl'e ".J,., three l,rillclpal vems about GOD Jeet al',,!'t, all "tI~I,"

ing Dead.1 lH>cth and sonth and dipping: steeply to j,],e Wl'Sl. Ill­
,lividm,] oco bodies wiU,in the vei"s .'l.re ll"l'egularly lenticula.r, usn.
ally wil.h the h<>rizol\l-ul ax,s langel' th~" the "~l"tical "xig. The
lenses mnge from 500 by 2f)OO hot to lil by '30 feet, und the ore
aWrflges 1.7 feet in width. In rare inst"'l<'ffi the ore i< gD Jee, wide,
but, in- <ucl> e"S"" the ""ins ","wlI.v consi.." of illJllt-iple ;,;(,ringecs sepa-
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r"k,l],y wastc. ,lhLJ".lly Il,,, 0ye is 1,,-,< t.iHln "toping wi(lI.il., re'luil~ng

sl"'JpPUlg (re"uIllg) 01' 1>L'enlnng of 0[''' and w~,te t'.>gnl,hel'. Stope
width 1"" '1'I'E,'~ged 3.4 f~et. The O1'e, ""n"if<tin", of intergl:e>wths of
"ph"le1'il,e, galena, p}"'iLn, chaleopYl"it<\ tetmh;drite, ami <"'<Jllli'y­
el~te in lO, gll"gne of kaQlini~ed ()l' SiJiciflwl "hY(I!iro, has ,wcragcd 73
ounce" (>f .,ilv& per h)H 'l!lrl, as dcliYc""d to the eoneoTll.l'n.t"r, 40
ounees. In tllc upper p"'" of the min" th" Walls are f>tirl~i oolid,
hLlt on th" lower lexe!s, wh.,.,." I:lwy U"U~j]y eit,h",· Ill'" lmolin.i".(1 'llld
sort or silic-ilied ",nd fractmwl, cloi'ely fill",l ~,ope< or cDnsirk,"ble
Limber is re(l"''''''l. St1"ipping i, practiced who.1,,,,,er po,sible, bllt
whet.., 1,,,l:h the v"in "TH1 tbe w~lls "-I'e fl'iable 10'"" in tl", fill is pr,,­
"",t",l uy bl'€aking OT'l,\ "nd W""-W togd.]W.l' and sendill!> b"th to tl,c
conoo,i1.-mtor. The a",",'b'" grade of cleJl,ll ~ulphicles " 500 ounccs
of silvcr pol' ton. Dilution in 'toping aY"1'J'b"'~ 82 percent.

The .stoping method depends on the cha-ral'VIl' of the wulls and
the width of the vein. Shrilll",g" stoping i, usca w!l&ra th~ wall"
are flrlll ancl tl,e vein i" mol'€ than 2 f"et wide and op~n f<to-pes whcre
tho or" "",,t=ds ollly ~O (H' 20 f~~t, ab,>Vc tb8 level lUlll th" wills ar~

liJ'lli; howev~r, cut-,,"d_fil1 swping is u*"l mo5t, and t],is method is
<"pcni"lJ)-' suitable. whcr" tile vein i8 n"l'!'O'" Or the w"l1< ar" soft.

Chm,,_< 'l-l" installed "I: "o-fo"t inte"v,,]s in naITOW (we. >md thc
stop~ b,,,,k, are ca-rri~d hm1"onblly. The ,,,"'.. and waste '"'' bla,tecl
sepu.ral-dy, toile o1".e being hla,t-ed ont{) -cowhidcs w prCYlmt admix­
ture of fino nre ,,~th thc w"e'·". '1'he brokJl. ,We is ""Tt"d"ardLllly,
and all fin"" are ,hovelerl ;nl.o (-.1\<) chutes, H,o "f'''.l',e waste being left
in ,he ,wpe. 'Vh"" all orc h,," heen remoycd tl".-, bides are b.ken
up. "nrl enough WJ~,l:e i3 blast<,d from I,ba walls 1.0 1m the stope. The
bl"O-kon wa"te- is sorted tc> remoyc piec"s of ore, but "om~ fine 0''''
unavoidr<hlv ent-ers thc Jill. In yen' l'ich veins 01'C ,ul,1 w""te Ul'8
blasted t"-\-,.;ether onto lJlM.' t{) min;(nize I.his lose, "Tld <en flnes an'
shoveled ir'II.O the rout.,,", only the co,,-ro~' ",aste ,being ldt in the st"p'~

In nal"row f;'Op"S chul:cs lOr'" formecl by two lines of still" S/lacecl ;,
Ie,,' "p~rt rrwllaggcd ,m the "ut"id~'t() "Uppnrt, the fill. In wide
stope" "ritte,] clUll-e.;; of G--iu"h lmulct timber "l'" ""-"l~ed ~t 2,;_(00t
iJ,t."n·"l,.

Wllffi'a the ycin is more thuo 3 feet wide t.I", '<topes uw"lly I",come
too wi<l~ and dangerous if tb" fill is lJlnsh,<l -(tom the wa-]i,· the~'8­
fore, rliog"onal T"L'es an' driven to obta;n lil1ing materiaL,,," Jeyelop.
m"nt, 1'ock is dump",l in through -the.. d~velOl'rnffilt raises. In this event
the (Jllltes at the ende of tb" ,top" cannot be ""l])Joyed "s ore pasoes,
"nd wheelbarr<m'" nllli-t t", """,I for handling both orc lind wa,te.
.Fl"t"b~ck sh)peo are uS!'.cl ooly where tl,c or" TelJuircs much sort,in!!
01' tl,r waete can be blastod s,'pll.,'ately ,md loH il1 the st",pn,

Incline<l cut-antI-jill swpe~ at" "mployw wi",,,,, the veill i, wid~

and n" Sf}d,ing is 1'NI" ire/1. A single chute is ""t~bli<h",l in the "'-'''LC!'
of "ach 5tO],e, fr~m W1,l iclt 1'il'". al'e extr,Tlde<l diagonally upward "t "n
angle C>1' 40" to mtel"ool't the d"Ycloplt~'lLt ra·."os at e,,~h "n,1 of the
jllock. The ore talls on im,ljne,ll'lank floors n"ile,l t<> stulls, T(1)lpo­
",,·ry gj'i~zly timh~r< O"ffi' th~ abutc" ret"i" hj'~'c bould~r~ unl:i] they
"r" brokon. Wl",n yeln and wull" are fairly 111'lTl, ilice~ up (0 10 "r
12 ·re..et in thickne," USll"Uy are tnk<)1l, After the ore i" remove,1 the
fl(j<1rs are tuken up, and Wa"tB is 11lll in hom the developlLlent rai",,"
t() fill the stope w within 4 feet of the l>a"k. Hand drilling 1. use..d in
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fairly soft N"k whel'e UIC ore llJld "''''ita mu,l, In' broken "q'~rately;

m"o!J;no 'l1'ilIs Un med whe.·c the ore i.< hunl and I.J"'!'C is little (janger
of the ",,,,,te falling with tho 0"". b1 ""ft and m,,<1ium-hartl ora hand
(h1Jling is eheo_p""!,, Stop.,r drills aI'C used fop lllW5hine dl~!ling,

Direct 8wpillg c""ts for N uvernbel' 1!J2~, wel'e :l,." follows:

Coot ""'. '0" 0/ "'"
II,,,,j <lMllJng, o'''''p"n.¥ OOoo,"'t______ _ .__________ __ ~O_ n~

Hand dl'HI;ng, conll""''' ... _ .__________ .158
Ma,hi.o~ d'H!illJ<, ,,,mE'an,' n'CDU~(____ _ ,.. . "~1
IIlnc.hine d,'llllng, .,,,,,t'ooL ., "__ OO~

'['01111 "'Wi"!' .. ... " lID
Labol', t;mbel"illg and nJli,,~"__________ _ ., .. 1,1<12
LabOI', shovellIlg ami 'ortlIlg ".____________ ,nm

To'!1l 'topi~g lnLoI' , ~. S40
Superv;" 0"" '" '" • 4UT
fJomVl'e",,1 ai" ,teel shRl",nlllg, tOol DijJplng, pille lino" "no ""i'l "<c

p,il'S, lnClll(];ng InlJOl" ""d 1'<\""''''.. , _
E~]>1", i ,.," . . "__" _
'1 'i","e" " " _ __ _ _ _
Gc"rl-m "UPrHe. ' _

To,"] dh",! ,torJl[lg 00".- "_. " ii, ,43
The"'e ''''sts include "1.<,, ,arne shrinkotgo ond "p"n stoping.

EICHTY_PrnO ,""J<, V=ON. N. "cr,

St"ping ""nditiPlls ~t thi~ mine have been di,,,m,,,d olrea(l,'{ undeI'
Shrinka{,'\, Hi·.oping, as mo,i of th" "'"" hus bo~n minecl by this method.
Cut-antI-fill stoping wag employed, however, (1) wh"re the w~ll"

'''''0 we...k OWillg tv a sygtem of ITactnL'e.< closely I'flc~l1cling th"
w,dls or to kaoIilli""t.ion of thc wall,,; (2) wl'ere the win was wide
l",t (0.) unminm·".liy,ed cOTIntl','{ r(l{,k occurnod os", wi,l" b"nd within
,J,,, e"dogrng w",ll." or (b) thoro were "I'lils in the vei,,; (3) ",1"'I'e I
high-grad" Ore omnr:red ill. a. n".....ow (2_ vr 3-foot) vein; and (4) , I
where'" deane!" "cuduet was cl",i"'d. .

Tho inclined C1ll-~lld-fitl •.}'St~.m had be"" o,mployol in s',,, stop&<
up to l~.'ll. A tw<,.,,(>mpnrtment ~t[lll raise was begun at I1le near
limit of th,,· ore hody, "nd I",ter six more ""b", wer" sturnd at
HO·foot int0rv"l'_ Sublevel ,h·j& were d,-iven 20 f"et ~bove the,
rail to conned· I.k nlseS ("'-<0 fi~. .'lG) and there :;;iBed out the full
width "f tile oro. Two ,lle"css,ve, !i-f""t. incli""d euh.-ne"t were
mine'l out ;" both ende 'of the ;.lVpe. If tho, woJls w"ro fH'lll the
minel.'S worked OIl to]> of the bl"Ohn are ".Hd. ulok one or two aJdi­
,ion"l ii-fo"t cnts. AHar' the ]J~"k of thc stopc haL] bc~n c1canetl
tl,,,,.o"ghly and b",,,,,'.d down n", chute.~ we"C pulled, Jilla the rema;,,_
del' of the b"olwIl ore wn~ d"aned ont. If the drifl; pillars wer" in
high-g:rRde u,,, they Were floorc,l over beJo"~ filling was nm in.
Wasto f,'o", s'op''- ~hovc or fronL dCVeJ:O]>lno,nt work th'm w"'< run
in thl'UHgh the tW() Jill rRises t(Jl within g or 3 feet of the back.
The angle <If re]>ose ",I' the broken ore i~ ~W, lEIld tiLe back is mi","\
at that aJlgk When filling \fas c"mpleted 3-illCh II{jMing Wfl>; laid
on i)- by IQ-incl, ,ills, ond hl',,~king of the back hy ;ncline<l cuts
was eQnti""ed. 'While one cut was being filled ll11,t, on the othe"



DlSCUS."'ON QF nTl'J'BKKN'l' ~'l'OPI"G .fF.l'r·WlJS 14,~

ert<l of th" stop" was booing ",j,'""l. Bef01'" "~ch filling tIL<' JlHUl.WU-Y
an<ll:hc two e-hut,'S wei'e rai,",]. B"fore mining was hegun .,'1:i7."li"s
of H, by S-md, timh,,!' Or of ~1I-I'Olmd raih 5p~c",1 10 itL"h"" "p",rt
we~" pl~"ed OVel' th" ehut",. H"ml-rotnt"d '<topers were used in
o,-e,I"'Jlrl "lj"ing and plug-gel" in bl'ow-&labl>ing JlwI plugging:
bauldeI'B.

0""'" ~r m""'", "~",,,i.,y ,""
P'OO,£ aa~D",ll, "f ',,,il,,," oo'..""'·"H "0"'''", EiJ,",,'_F"" m',,,, lS,w MOIl""

'\'h"",, th" "c;n was HUn-OW nnel the walb W~N' Ii,,," ""Hml >liC­
e"",s;I'"- ""I." oomel::imcs w"r" tal<en from tb~ top of bl'ohn ()J'<3, as
in ,hrinE",,"" stolHng, her""e tIl<) ,,"e was dra-wn and tilling nm in.
Typ;,ml, eut-,md-niJ '<toping C(bt~ ""H'C flS fonow"'

I
e"" I""1'1";'"

lO"'"-

"",,,,,. I -I ' , 1j""',,,';;,,, A;• .,rill, ",",0, TJill'"'''0''" , ,~,

--1-,'--'
1"'-'-'" 'U. L--~-'-'1'--'-"'-'I--,-,-, --~-"-,1--"---;
","·w ,,, ." ~ ,- "' '"

-'----'--"

Minlll~ <,on,I,I,i""s at tiLi" pC"l'orty have becTI ele.e.rlb",l brie/I)'
"n,ln" Sr,,'inkug" Sl.ol'iJlg. Cul',c,md-fill sl:opi11" l'a" been emploJ"',j
mOl'" amI mol''' in ,"ccent vem'S, nno in lD<~g ab~"t 50 peree,,!' of tht,
output "'fl, mined thus. Shrilll"'!,!"- "tOt'; rrg: is employ"(] now only in
isolated stope", in .top", whel'" it '" "nt1(,il'oted that the walls will boo
strong and ,,,,,gular, ",nd in low-grade StOp"3 or "-ol\si,kTabl" width.
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Out-ana-fill stopinlt i~ ""pe"sw;llg shj'inhge ,toping flJi' lhe follow_
ing ra""ons: (1) Tlw wnll" ".m in"gul",r; (2) the.ra 1S lees rlilution b~­

waste rock ill sectioll" wIn, h"d w"lls; (3) waEte may he sort~,1 om
"n<1 left in ti,,, ,t,.,pcs; (.1) workings or" otabilized in bo,1 groulld
Whel'" they trllJ." ""main open for some tim~; (;)) "de,o.)' i" gl,,,,,taT:,
l:Ol,.ldeJ'lng the n"t.ure of the 1!:l'Ound; "nd (Ii) J1HlTl\'i"Y' nu,y bc
"p""ed ")Jout 200 to 2'00 feet .q,ar', Jill ".fl(] H'.nl.il"tion m;""s 250 l<.>
~{)() -feci. apllri'., "nd 01"& chutes 1;0 fe"t "1" mOre )]'P"''\'"

Though mi,e" are spnee,l 2;)0 lo ,lOll fc"l. "\,,..t ".nd nrc dl'i'-e:n
at an angle of apprOlmnately 48". lJ"unlly wit. lOut (,imher. They
ore wide. enough at the 8t",'e ior n it,llnclal-d chute a.nd mn-nway to b~
],'Ill!, at LI,,, le,"d 'lf1(] iln' rw]uced to "bout C by 8 feet in th" ,ection
abc};'''' Wh,m ~ "topc is bcg"1) the levcl i, slashed the full width of
the Ol'C, th" bucks al'e. f-ak"n down, alld tlw, sill is timbered wl,h
ilt.HJldaJ.'d drift 'CI'~ 0" with ,ll'U'Il:Cl' cap" OJl,l )losts (in wide O1'C) ,

However, if the back of the dl'ltt is in lean Ol'B 0" w",tc with m'"
ab()YG the sto-pe lli silled out at the bOtt.Olll of th" ,)1", ]e.~"iIlg: ,'- pil1,,,·
o"u the back of the drift. The stDpe., ~I'e currie,] ho[';w"I,,,.11,, with
br,,,,,13 8 to 10 (eet hi"h. whieh "1'" 'lL'ille,l with )w";zonl,,,l hole,". Ore
broken per mall-,hiff illdud;ng tilling, tlmbeI'ing, '(jHI all ,lope hlbor,
a,'oma'e., n tons. ~h"l,ing;; n,/-,ulatd hI' drlIJing test holes in the
,,,,,lk' About 1. p()ll,,,l of M)_peI'celLt gci~tin dynamltil is 118e,] I"'"
ton of on' broken, W"Ac j',,,. JillilLg;" obt"ined from (]eve!opment
heading" from sm,,11 W'''ite ADpes opene,] in tho hanging wan ,,-1' file
stopes, or from two h"gc wastc stop"s. 'YaBte i, t!'>lm""c,l hom
waste .raise' and spread by ham]' Filling and "toping are cfLrri,,,1 on
sirnultaneomly. The ore is bJ'Okcn on plank Jlool'lng hi,] on top
of the fill.

Some scpaping has b"en ,Ion" in t:ue_luH]_fill ~1·.(lT'e" with ,mul!
""!'"-per,, OJld air hoists for <1r~gginO" the broken oJ'o ,,,r.o the chuk"
Tll an 8-foot st()Jle ;1) Jll-TLLlllry 1f);11, four lllCll (2 men per eljjft.) lI'; Hg
a- 8cr~p"r "ver",g"d (iii ton, of m'" \,e]" 'hy and ,-pre'H] t.1", fill. 'rhe
scra-per ai,,, w,,~ ']0'''] t.() <h'~~ ehe ilJiIlg from a- ,mal! hanglng-w,,-U
wasle ,tope" TIl thig ,1:01''' cliute" we!'c ti() f,~", ~parL'" anei a man"".)'
W"" ollTJ'i"d along e"elOY thi"1 'me.

Dir"cl..- 'U>jlll'g ""eu. in cut.antl.fill,top," ll-rc not segrelp,,,d in
lIurc'''' of l\-flrl<" Inf011n,,-tio11 Circular 15741, bul the a.veruge cosl­
of all ,toping during 1931, illcluding cut-and·JilI do!,es ~nd some
shl';nhge and squarc_scl stopes, w"s as foHow"

"", f"" ,,,'., "" "",,,,'
J.umlll"· W.2>O
O'ho, "',""1;""--_______________ .088

during"

""''' "'"""m',""'-'
ri. 2~
m.l~

a, follows

• OS:;
,147

.u",.,,,,,,,"".,,,,
Iln>nk;,,~ "_ . "" •• 1,"2
'l'imbel'in~ "nll flIU"g______________________________________ .14

a'"tf"~t."0/ c,,', '0;'''4
Lu""" _~ ..__ ". *~, 8'11
SU!X'l~'l,lo''-_________________ . O:IR
Comj"'''3"d "'" d'in" "~d,tee' _
l<~j)los1v<s '"" _

Costs in units af ]".bul" fOT ,'(-,op;ng only w"",
typical month in 1932:

Totnl ,(wing lnbo" . " 1,6~ 4.52
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. This mine pl"od 1J""d Rhont 130 ton, ,d lc",l_"inc-coj2per ore \W,I" day
Tll 1930 from i"""l!"ularly shaped len,,," ill a fault fu"urc nl"ng the
contact hetw'''Ul ,horile porphy'')' and u- 'gmnodiopite dike. Tho oro
~ody ie 2 In 2·5 feet wide, "''''lSIJT'ed normu-I In the dip, whi"h a"emg&3
;;0°. TIl<, (l"e is a hea"y ,;ulrhiac of· little natU!"ll ,0'"",,,(,1.1, and
genel'ally re'lui,e" mol'e i'Uppol'!, 1.1",." the waUs. Tim ,like fmming
the 1~\!lgiTlgwn-ll is 15 to !lO J"d I'hiuk in most pl,w", lLTld will ,t·am[
wdl if not 0lle:ned 0,-'-" too W,,,,-t dllitance3; il' t,oo hrgc an a,ea is
ol'e"cd nnder it. U'C 01'C bN'.•.k" into lar'fu ..hlbs 01' blockB. Th"
footwall consi,-t" "orrna-Uy of a thick g:oug" whio.h ma:)' came eu"­
sidcr"ble trollbJ" b.,' sl"ughinj\" away. '1'1", WOl'st condinon i, wh"l'<)
the "".in La" f""med ill diol'lle. a "Iig:ht di,l'-aIlCO from th" dike, ""
I'he thin 'hdl of ,Ii",ite then forming I,hc h'Ulgillg wa.ll is f)'adure<l
"nd cl'll,he,l buuly ancl i, difficult-to 'lJpPOlt.

'Vher" the vein ie nal~'OW it is mined by cut.an,l·lill ,toping with
very liWe timber; wheI'o it i, wick fillecl "qua['e·",t ,t.oping is e",_
ploy,,1. Iu either co ><', 'L()piJL~ is b".gnn by minill[!; out the full widtlr
of 1,110 ore on the ha111a(':<, kvel ,,-ncl plaeIng 10_ lJ,\' HI-inch fioor sill,
fl'on, waIl to wall Oll ;i_fool. ""nte,,,. Do"I'k 2_inch fiooring: ~, 1".;,1
On Ihose silL>. In 0)'0 more thri.:n 10 feet wille squa"e."et, H.C<' ph'",'1
OIl the silk It n,C v"in ie le" than 10 f""t wide drift ,,,t-< ""''' stood
On the, floo)' ,ill, with caps from "'"tl 1:0 ",,,11. WhLHl (,I", ail! is
emnplated the 1il',t, tI"()1" ",ho'<'6 is miJWrl 'md timbered wit,h ;;quare"
"d8. The "ill /10m' is then filled wilh wa"I:", except for ",.1 ine of i3<Jt,
left open for track. Stullcd raises on "IJ_fnot centers whidl had be.en
nm up tn ,Ire, lewl "bo"c am th"n "nl,u'ged one) timherc,1 wil.h >quo!"e.
"ets, OM oot wide, fl'mn j'oot. t<J hanging w"n. 'l'hc two method, of
stoping "'" simila-r up to this poi"t,

lfoJ"Jtu,rly flat_hock 0" h01'iWTlbLl cUt-Olld-1i1l ;;'''pes Wel'l\ lI'<'.ri ill
ll\l,"""", ore, but tl'ollhle wus e"periemecl heca""" the 0,0 'lTld walls
"",-",1, Horizon'"l ,Ii]!;:; entering: :hom tiLe l","ging wall e,,1; the "re
ot about. G-fool:- i.nt.eCl'als, and often wh~n ~ sl'iee. wa< lini"ll~d and
l'e"riy for fillIng I.h" orc caved tn th" n""t .,lip abo"",,, blin"ing down
the hangiug w~1l wit,h it. To elilll.iMW lJus dauger lind Ion "How
111ling closer to th~ blwk thi;; mrrt·ho(1 w,,, ab""doned in favor of rill
~topi"g, A 1~1I "I{Jpc is begun b~' stoping "s high a block '" po'·
~ihle next to the cenl"r raise of a block "",I th"n l'unnin[£ ;n fill
throl1gh the I:llC Ta,is" f.o it, natural Ilne;lc 01' ,""po,e. FI,,,,!' is bid
on the 1i1l and a 3-foot- inclined cuI:- is-t.aknn Q)lt and flibJ. 1'hi8
proee"" i. I'-"I'")],t,,d unt·il the toe of tl", .lope is withlll 10 f"L,(, of t.l'e
clUJ''', .dtor which the length of 1.1", rill i,; not increase,d farther. but
the ,tOile is ""cried up with thi" la.fout leyd "pace maink,int"(ns a
mrting "-tid shoyoling /loo,. The Me .is ,moveled into the chute, oml
the sorted wn,k is I,j'""d"l.'",d to the adjoinillg s,,,,t;Oll on the other
side, of t.i", ch[JI-e. In fillll11'''' ,lice, "" lil,tI., roam as .jlo,,",ibln is left
under (-.1,,, bade. :Millin;, is he("Ill' u-t the bottom of the l'ill amI ad­
TRn""" upward. IVitl, I.1lis ,yn.orn the slab, of ore "".1l1JC held bettel"
as e~dl "liP.is "xI,'0",d fu-l' ~ o'h0"0" di,l,fLn"', although ':'01'(\ sli~"
""c exp,,"e,l I!l ~ .<Hlg-k "uL up the mcline Lll~ll would b~ m a horl·
~onbll cut.

'·'Rlcbo,d.'" W.. "Ln'ng ll"",,J, , .. , c","", "'" G"o"" Hog r,,1t, -',",'eo ",,,,",,
(:0., VA""uLnm, " ..",,' , M, (,'1". •'<n, E',,''''''' of ""D,", 1080, '" "D·
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c,,", p" to" or '"m'",'" ",au"",,,"
Timbo" SO.I21)
OtJ,"" .,'I'P[i"'_______________ . ~3~

Direct etoping ""'IS for regular cnt-and-fill etoping: and square­
sec "Lopinf.( combined dUl~ng: January, Februal'Y, and J.farch 1930
W,,1'€ '" follows:

';;;',~,~',;:,1";,Zr,li3
L, hOT" $1. 1ST
~"l"'\.\';,*"' ~__ _tl8G
Oompl"ssed a'c, 111'1115, an~'''''1______________________ .OST
J!)x"jn,,;ve,,-_"_ .______________ . 058

Labor in stopes during the' same period was 2. Hi) mlln.llO"'" per
ton of ore or :-).7-1 tmlS PCl' man-shift for the t"" stoping 11lcth"ds
comb;Tled. Tho con'LlTnptic}jj of explosives in stnpes WH' 0'<13 pound
per ron of ore broken.

""-'L'Al""MImE ""m. PH'" DI!:L HID, CU,,,

'l'Il. or" dapo'its in tho 'II"o"J",mbl'C mint> occur as hrge, irregular
pipes, usually .l~nticulal' in ceo's "edi"n and containing primary
ehalC<)l\\.'~te, associa,t,,,l loc.ally with.quartz and pyrih, in ih1'ee Wdl_
defined (Tad",.e zono,,"' TllB wna Ln wludl the mo,t llliporbnt 0""
bodi"" are funn(l 1.""nd8 N. :100 E. anel dip" 4\lO t,o -1,,0 northwest.
The othor t.wo 7.0,,"". "bout· 1,200 feet ap""t an,l at, ,w,l, end of the
main 2one, strike northwc.st. and dip g"'eply 1101'theo.,,t.. Tll )I"t~_

1"""1>",, Oi'e hodie' the footw~ll usually is quM'c.zite and the hunging
waU thin-hedded sl;ale. The fooh""ll ,tand, wdl ""Hl giYe' no
t;ou1>I,'" whm'''''' tlu, hanging w"H will. not sl."'nd f",' an,1" l~gth of
t.lmB II expo'eel for an apprecl"'ble ,l!SbllCB "nrl rOI' " helght of
more. i,It"" 10 feet. Thb chaTact.eristi" ()( elt~ h"li~ing Wfen fend it..
J'l1I.h<.". nat dip ara l'e.;;ponsible for tl,a 'l1,e of the clit-"ild-fill stoping
lli~tlj(jd.

Berm.", lUi!9 ,,11 bile three levels weT" JOn f,,,,t apart.; tw" "f the,,"
Wei'e 1:10 'feet apart. It. wag pl"nn~d at. tlj~t time t<> apr"'e n~w 1"".,1"
HiO feet apal't. .An ore hoay is fiT'si. d"veloped by a drift al'mg ·ii.,
full length. Chutes are insbll~d "t 1:i1l_fool. interval" and a mrJJlwll.y
is ",,"'ded nlong every third ~h"te. Tho sL.op~ i, then ;;mod out 14,
feet above the floor of the drift, Jc>",ing "T-Joot pilbr bBtwee:n the
hottom of the "tope and th" h""k of the llweL The sill is widened
I." tl", 'f1J1I width or th" ore from end t.o cnrl "f the 'tope, and the
,ill cut is .",,,,,.Ily "hout 12 feet lJi.(th. If the stope is ""'1' wi']e ",·oos_
ellts are driven from the drift !.",I(jw, hom wl,ieh "clditional ore
d1"t~s ar" put np. On th." fir,t or sill G'lit all stT'illg:ers of ore ""e
fnllownd to nLJ1.k~ "m, that t.h~ llitimare walls of th,,' (H'e ho(ly h~,'e

been r~",,,h,,,l. AH tltel'" al" horses of w",te in some 1'101<,e" and 11",
(j\'" is cut by sliJ's "Tld fmdlJI'e, it is easy to mistake the w".I1s of
"lip" for the limit.s of the <>re.

All st"p", aI'e mined by hOl~zontol cuts, wit.ll h",nrl-I'o,,,t,,rl dry
,(ollers or 4.8·p",,"'] jnd,hanlJw,rs. Hole., are lo"ded with 30-1'~1'"ml,

"'1'.", """ ",ro", f,ll,w", T;mb",",,, JHO to ,6,00, """"m'D ,,,'"'" ~4.ol),
"'''''',",m", '" ""0"' ~H', m""",<o,"'" on w, ,m, ~5.00, "",,",," Ln "~P" f"'"', "nomu,l,,,. on wet ,m. ".00.

"'R''''''''', "e""" J., "'n'n" "',t""". fit ""D" "" M"tn1'umll,,", Hutn"',""'", P'na,
Do' mo, eu"., IDf. C",c, 01,' O. u",,"" or H'"c;, I"'", '8 pe·
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gelatin dynamite. A 'Olt i,- begun in the center or at the glllI of
,i. "LOpe with il B!<Jp"" and cani€d through with jookhamnwn. :Moot
of tIw Me ;, then ,lobbed "ff to the walls by /lat holns drilled with
j""kllaJllmel'o. A rOilllU breaks an ,werage of 8 t<ms ~IO!LO' t.l1c ~id(;"

In 1(, tan;; in the center of tlwstopo jf th back ;, good:. All bJ'oken
oro is ,howled dir.,.cll" into t.ll~ dl\1t,~ rILl""" or t,I'''TlSf'''Ted to the
rais"" by wheelbarrows. The ore is lWJ:ri but In."CIl.ks compal'ntively
SIn,,]!.

WhiI" the "top" is heing' siUed Ollt fill l'ai,,,,, OJ'e run to the level
".bove. These raises were on SO-foot centOT< when ,udace waste
brought from centrally located rt10ry hn]c" or development waste wos
""'," fur filling. 'Wh"n ,and (,ailings fint were me", for filling il,e
liH rai""s WeTe "I'".CUrl 1QO I" 1M 1",,1; 1ll'>iI'!. Iu U", ,,,nd·fill sye­
tcm mill t"ilingi; are pumped to a· 3()-1001; bowl d'l.;;sili'H' on thc ""rtwa
neal' " rai"" leading from the mine, The ,lime O'l"arflow g'W" to
the tailing pond, and the rake product (or sand) dro/?s into ~
hopper. ,Vater is added to the hopper, an,l tl'e CO'JrS0 t,,,linrr.< ~I'e
washed into "' 2'1~-incill'ubber-li"ed pipe strung th1'ough "" line of
raise, to the 1,200-foot lev,,1 "nel thence through l'ubber pille to the
,t"p" to be lill",]. Be,for(\ tl", slope i, filled the cribbed roises am]
lnll,nw"yiJ a"c wI'"-pl'",l with Imrl~p to. pi'e"ent th" ,and i~'om wa"h­
in:; l~,bY"()El tlll\ "ribbin!! illl<), the l'ai8e8. A pipe Oi' ho,,, Lo eJllployed
tv olired the ,,,,,,1 whe1'l'"er' it is wnnted, :mil hy buileling up small
,and dams auy d""i,.od scd,ion of tIl!' ,top" mil)' 1>" filleLJ. Th" ad_
vantages of this Eystcm vf GHillg "''''' a" follow": Ko spi'cadin,.; 01
fill by hand is requil'eel; enough flllin,g m"l:cri".l "lw"j'i3 i. av"iJ"bl,,;
lilling "Un be chanwd from a stope III one end of ti,e mine to one
at th" olhec end by breakin" and making". few pipe connections;
and th,·, f;~ll(] "nters all cra~k8 awl Assures forming ,t "oEd filling
hel",e"" t11l\ seo]}" waU" Detail" of the eystem h,,,"e been e1escTibeel
d"ewl'ere."

Pipe lincs h",y" l,and1c<1 :l!j ton, oJ mn(] I"''' hou)' wilhout diffi­
~,llltv. FN:>m Februa.l'y lU2\1 to June 1\1;)1, inelu"i"",, 205,100 tOJh~ of
,,,,,,I W"i'e put thl'ol1gh the pipe withEJutapp,."ciohle weal' 0" tlw
1'111,1>",: linll!l'. During a iJ-moTlth IH\l'iorlthe a"crage cost per ton
of "and pl,,,,,;d in stope, wac fl." f01I<n,,": L"boj" 10,5 centB, burlap 4.S
,,,,ni", pipe 7.1 cents, pump O,G ceILt, and power 2,0 cenl,~, 01' 0 total {jf
~fJ "enle. The, "ost 01 the pipe covereel all new pipe lin" insln.lled,
]\nd as llo ,'eplacement was noc""m"y t.he uetnal cost per ton 01 ,and
placed in stoP"S probably docs not oxc,,<),120 "cnk

,'\'hen a ,tope ha, bOGn compl"tdy ,ilk,1 ,,,,I:,. the first ent t"kel1,
nmI the broken or" Temo'-~ct a f100T' 01' h,,"]w(lod ,1"bs ;, laid bdore
1,1," fill i, "Lin in. After each ffUcc"e,liTlg: "ut is laken nn,l the ore is
nm,owol the b,,"1< i, 12 f"AI "bM(I tt," floor, and" G_ 01' 7-foot Jill
is rB'l"irn,! hdore t.he n"xl:, cnt of OE'e i.< t"kel1. Th" "oElLt-acl:m in th~

nope was paid (nms) ~o ""nts I""" Ion fo)' 'TJl'",nlil'g rock filling
by hand and 5 cents per ton fo\' i3l'r""oling with a '"'·".pel",

Wilh one exceptionllo stopes have required ,qm,,'e-sets on the first
<IT' ,iJ] 1,100", Ol'din"rily th" only timber used ill the lower TO Or
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Co" ,.,.",,~of
""""',k4

E~plosi~o, ~u. 005
Ti",he,' .1~2

Otller """"'i""_ ..__ . .mm

S() feet, of the stop"" ie cribbing for the orc p'''''05 ond nlUJIWays.
Howeyer, III a numbcr of 0,..' bDdie, the ore 1m, b"cn ,,0 fr"etumd
that the ,tore" re([llired squaro·'d I.i",bers. Thc upper 15 or 20
fce, of >lll ,top'" or" timbered with S([UHJ:e-sets, wmeh permits eOITy_
iIlg t1wrn up past the level and removing; the drift pill"r" undor the
"topcs above.

In If)~H "boat :;0 percent of th" al'e come from ,quare-sot stoP"S,
Dnl"iJlg: that y"ar direct "toping- COBt, we:re as follows,

0'" "" 'em "I'"" hoi",.
r.oho, (."ini"~ ,,,,\1 llu;"gl ~O. 6111
Snpe.,ls1on ., ,._.. _ . om;
"",,,pl'e"." 'bo, dl'lll,: "nd

"""L__ ... .____________ ,08:;
Pm,'"" eo'L "_______ ,008 Tolnl ,,11..,01 ,lol'iD~ 00"_ 1, ~'t7

Labor pol'formnno" ill stopes was as follows:

()o"nvnll@,
ll",aktn~ _ _
')'ll:nbel'lng n:n,1 JlIl1:ng _
8h",·eHng_____________________ _ _

Man_,","'" To", "~'
I"d"" ."",.•h'"
0,69 11.,9
.m 11.91
, (r) ~, ,0

'.r"'.L . •• 2.28 a, ill

COllsumption of explo&iyes j" "I:op<e' wag OA4 pound of 10-, 30-, 011r:l
40-percent gelatin dymlnul:e per tnn of Me mined. Con,nmption of
timber WllS 0_802 bmmJ f(]nL of "~wed material and 0,120 piece of pTOp
timLmL" pel' I:on of ore ruinell.

Cut-and-flll ,toping is employed;ll I.he lIEn""""ll ore hody ",t t.his
mine bocauoc of the _wft. hu.n:,>in:; wlill."' Tlm,e other ore ho<1i", with
,;tTongcr w>l.lh aTC mined: hy !"<)om_lind.l'illar ,,[wn_stoping m~t!lods.

Th" orc occurs in fl"t_lying lenticnlaJ" bodies ill metmno:rpho"cd
igneom a.nd "edimc"t.,,,,'}' 1"'c'(:."""),l'i",, l'ook8. NllIMrO"" po,t­
mincral Janlls hay" clllliecl considCTabl~ di,plllccmont of thc O1'e.
The h"ng:in$ 11'.011 of the lIIinerva ore body i, a eoft phyllite. The
ore i~ ma'SlVO sulphide, the prinei!,a] minel'ah br·jng dLolcopyrite,
"pljab~ffi, pyrite, and 1'.o1cnR in a i(".ll$UO of qll"1'I", f1m1, """asiowlll,\',
mic.o ,ehiet, The Minel"va me bocly '" 890 .feet long, 330 f,d, 111l':h,
.0",15.0 fed wi,l", tiLe <lip '" 2.0° (,,. {1r,' ,,,,,l .o"el'olg"" "hout 35', The
ore averftf(ed $£.85 in gold nnd 3_H) ()ur",,~ of ,ilve,' p"" I:."n, :1.20
»c"cerll', of copp"r, In.82 pro'cent of zinc, .onel 1.72 percent of bul
from ,July 1930 1.0 ;run~ H13!.

lIhin l:i"Ullli5~ level, are ,p>,"od at 10()·foot inl:;,rvak In cut-and­
Jill st<'>l'ing r,nses are I'llI'. up llt lOll_fool'. i"LeT'val" ".lOllg: tI,e level, am1

roE,ci~el, E,"",' Ph" >fln'"" >!,""d. un" C.." H' tl" Tc"i"""n C'PI'"" '''u, 01 I~.
",,,1,,..,, C"'e''"'tl"", 0, -'.. 'L',"luLlO", 1'"'",", >1""" 'n'_ Ch~. ","n, "U","U of "'no"
'0'", ", PPo

--~---~---
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from the.;;c ll,e stopes ""e "illed out above the Jevo1, IOM-in~ fl. 16-fool
pillar oyer lhe b~ck of the drift. AltBrn"l.e n,i.'''" ar" drrl'an to de­
termim, LJl(\ npper limits of-the orc, usually 66 to 164 fent above the
Ic-I'el Idlp llleagurcment}. The interm"(li~t,,, raise, are ""r1'i"d \11'
wil:h ,,,, stope to serve", or" pu,,',"_ OLL" '">it"" is co,rri"d thI'oue':h to
the level abay" for """l.ihl,;o11, The ,in of 1h" ,tol,e i" ent Ollt ll'Olfi
w~l1 I() woll and is 12- fed hig]l. The bI'oken Or" is "'llHwe<l, and
7 f"eL of fillinl(" aTe put in. Succeedi "g cut* "r'e -7 fent Ii i;:-l. The om
is bL'ohn bv inclined back holes using .'!Dj}CJ'". Vi'he,.o the stopes
u'" sl.might: enough tl", broken OTC is scraped imB the chllte', th"
scmper JH)iA" beulg ",i(),m}' between the ,'als",. The scrupors pull
liro!. hom one sick MLl then f,'om the othel', 80 t.hat while one side
is bein~ stoped the ol;h"r i" b"ing ,Ji11",l, ,Vhel'" th" OI"e hody i" folded
"nd the ~topes eOIl"~luenl.1y an ,.)'ook"d w1,eelbal'l"""" al'e employerI.
Filling is handlod hy ~hovd and wl"\dl,,u'I'ow. Tn t1,e higher -s,,'~

tim," oJ' ,topes "crap..',-s pull the ore down the "hut~_", as the dip is
to" lht fm' the ore to l'lID hy g,-"vity. Waste for filling is obtained
bv bre>l1<in~ caving stations ~bove the ore body at the top of the
":,,"1,,, l'>J.i8e"

Bv the cnrl of Hl31, 90 pcn:ent oJ th" output oJ l-.lt<) TeziuU,,,, min"
c:une from the Minerva ore b",]y-. I.he tlLl'e" other bOlli,,,, h""illl! b<~",
virtually worl",d OHt. Ali.lwugh ""uo 01''''' ,topi,,;, w,~~ dOlle ,he
Jollowing: "O"t, repl'e8ellt cnt·and·fiU ,tol,ing principally.

~",t"'~"<Y I C,,, I'''' ,,""",01"", '0"",,,,,,,
Lubo" • !!O. 3'iT i ,r'mhm' ~~,1(J7

Sllp,nl,lon ----""""----------- ,'141 'I Olile\' .uDPHes..._.____________ .0• .1

()"~;:t';:"~~~~ __~~'~__~:'~l~~~_~~~~ ,2[52 TotaL_______________ 1,;171
Explo""es•• . 216

Labol' perforlllo,l in stope" as measU!'er] in m,,,n-hoUl's per ton,
was as follow,:

M""·',,,,,,.,
Oren])"ti"" : p'" '0"

B'cnk;ng. _ , 1,008
Tlmberio_~ " __ "__ .__________ ,_ .3BU
FllHog " __ .__ __ _ 1.0116
ShovNlng ,, 1. 7A~

TM"L___ 4, 2[l:;

To", ""
"""""I'

7,4{1
20. n

7, 07
4,48

Tiro P,,<,o, ",iI," iH in th... heal'!', of tlw main moss of ,hQ pre-Cam­
hri"_" I'oeks "f Nl'w :M"xi""." An ""I."ns.i,--e n",'I,he'L,t-sOllt1'west
shea.- zona hus altere,l the ign"ous ",ck, (gt'Jl.uiln "nd diorite) into
parallel bonds of schi,t. This zone is n few feet to ,everal hundred
Je..et wid" 'lUd ""nl,aiJls Ol'e.. hodie" which are l"eplaccme:llts ill the
Sd,bt" 'J'hn 0,",' mine..rals un "pha.lorite, galen~, chulcopyritn, and

""U'''", J, 'r" uno Ro,", C., ",nj", ",,,,,", ,,- I."" l'",,, "''"" M I.l>e .\,,,,,1,,,,, 'lot",
Co. of ~',w ",,"'''' ,,,t, ""-'. ,,"~", Dn"a" of """, "00. 2' PO-
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pyriU) ""Trying <tppr""inhlo gohl alld ,';1"-01". They HJ'O n""...,ei"teJ
with tnle, ],or"blcnJe, Hud lllie~ OJ"J cWol'i!» sehist. Th~. O1'e ho(lic'
have be.en ,l'.vdope<! over 2,oUO feet. and £rOrtL the surface to thc "l,'lUO­
foot ]eveL The,}' comiat ()'I' ir"cgu!al", di,connectcd, oft"" ov"dupping
.TeJ)I;es of sulphl<Jes which "ft~ll pinch out a\.Jl"uptly along l1,,, "trike
ancJ dip. The dip is lle,n'ly vertical. (Je"cr"Uy thc Ol'e "mJ walls "TO
Vel'\, l<luse, and cia"" l,iJr\b",~ng ig r"qui"erl. In many ph,",s the
JP"iu"d mns frooly, &,,<!,-criuns cave, ai'C '"pt t.o follow, If initial
lllMen,"nt cnn be l'1'C"(~1t.cd, however, "JI'IJort i8 not diJTieu]t" as the
ground. neither. I" ltcaYy nor ewells when dry. 1Val:cr, hOWeV&l',
m".k"" It very dlill"lJ It, to ,,,ppmot, and t,he i3Wplllg ar"'L~ JnllSt. he wdl_
drained.

On levels space,l :100 feat apal't ved.imlh. t.iwbelwJ ell'iff" are dr'ivell
along or ill (he fooLwu.l1 to dm'elop ,he or., ;;hoot", Fmm the main
haulage d,~n:1; cJ'ihbed chute an,] "1'''\'''''Y raise' are (jJ'ive.n at 25_ tD
60-fo'lt inte""u.Is up tD the stope oin, which i" "h{)ut. 20 feet. ahcwB iliB
level. Tho raises l1l'~ i'l'H,)",,] ",i'h round tiJllI",J'. Sh{)rt pony ods
aro erccf<)el over Ill<, ,l"iH ""h; at th" J'alsc._. Ji'ill nllie" 'l'l'<JTL1 t.hc
"t()P~ sille lp the l~,'"l ".b,w" g,,:nerally ar" "~culled .:nd about ~. by 0
f""I' III S"et.lOn.

Cut-and.fill ""d >;quare_set_aml_fill "t,oping ",er~. m.•.a "l",ut. equally
in 1~30. Th,' choice bet.wl'en j,hem is giwe'-ncd by th" cl"'radcr of
the &e ".nd walls whore ,j,{]pllLg is begun. Strong "'"0 arid wail"
frrvor tIw ""t,-rrnd-fiil metho<L Oh"n, however, it is Il"ces,ary to
o.hanJ"" from, one mothod t., the oL,her after the 3tOplllJ!." Illw ad-.anced
severallloO!'s. The ~onditioos r"spon;;ibJe for th" ""ledion of thes"
method, "I, the Peeo" mine n", a, follows: (1) TIle' ore "hoots arc
ineguJrr·!" and discontinuo,,', "nd sometimos 1.""0 to J'ollr lJrrralid velno
"-",, sepal'atod by onl.\' 10 LO 20 f"ct of halT""lo""" SChlst or blocl9'
diorit.e (oeea,io""lIy the po.mIld yei ns can be. Hlir"'d simultaneolli'Jy,
Je".ving the ",a,to i n I'l ace, although llsually t.he waste mus(; he brokeIl
".nd gob bed back in t 1e stOlle aIL"" ,lIe ore has been mitled) ; (2) since
thc veins contain low_grade. Or uan'e.n schist billld, end dio6te intrLJ."
sions it must J,e. po..'sible I() sort, waste in the H"l''''" (at le"et 20
pcrc"nt of lhe ,toping groulHl i,. sorted ollll""jed<.,d a5 wrrel:e in thc
,topes); (3) i' m"sl: he pos6ibk <j"i"kJy t(l check ",m, from the wall,;
(4) it. must be pos'iblo to pro'pe.ot the walls for p".r,dld OTe shoots
at do,c intervals; (5) g:ouge. 1 to sever~l feet t.hick on the walls must
he "llp/Jorted to prevent runs; (6) U", surface must ~e k~pt intact., <I"
the yelDS dip tow"rd the Pecos River which l',tl'a.llcls them 400 feet
a.way on I,he surf,,",,; anel (7) "It e.oruplex Ol'e ",,,st be miU"d, ''''d
only Q!le clu"" of Ol'f\ hQ" to bo houdlod.

'I1,~ indine<1 cut-an~·fiU system ha, IJe."n tried ancl ~]mnd(jll.ed bo"
call."" of (1) the tendenC)" of ore ",nd W~1I3 to cavo and "'Ill, WiiJl
,,("'o'~lucnt. floodlllg uf t.he. stope "nel da.ng",· l<J 1:1,c wOJ'kmen below;
(2) t.he dlJrLcll.lty of BreCLll\g st.uIls flJld Cl'ibs on an i"clinod j]<J0l',
anrl (~) the lack ()f ,tm'age spnce Jor w,,51.e. Th" hvrizontnl CIlt­
alJd.li1! 'Totem ther.".[o,c has be.en MLplvved.

Two-""r"pnrtment r·".i".!> o"e ~ri"L\n 12 feet- abOYB the l>a"k ,>£ the
dri:ft, "nd the stol'e. is 3il1"d out thc full widtl, of the Oi'e at t.his
e1•.y",U"ll, The ore i, "t01'ed in soctirm<, the lenh,(,hs of which dcpend
upon. the width of thc vain OJ,d ground conditions, Recent pToet.ice



in W;,!..-"cln are'c; i, to cut the fir"t flt"pe" :10 fe0t le>ng and 101) tD
1,,0 feet n.p"rt. with e"tr"".tion dml<'s ill !",I,h CUll< nf e~"h section.
An"r" ,h",c sl';pes ha.ye noo.rl" Touched the lel'd "hove, J1('''' ",,,,lions
about 15 feet long ore beg-un" 0" th~ ,,,,ds of th~ J'iTst st<)pes, nsing
the former ~"tractiDll chutes fo1' Jill '"1].;=. Pillers are leH "IllY
where two 'i'WJ!~ ],Ioch eaJlle together. The ,b:>pe., r<l'e mined u:\.·
bl1CC~","iYe, horv.ont"l, 7-foot cuts. Stop" l'IHls nrC' timJ,ered oIl'
to separate them from the ooli,1 by verti,,"] g(>b posts 5 Jed apart
al"l Joced with Jagging. In nanow ore tile .,1."1'0' "re sillod several
-hundrerJ feet long' with Ol'e chute' :In r"d ap"FL Fill mise" are
d"i""" in 0['0:10 h) 60 feet "l,,"'l SI."pcrs UTe used \\'h,,",\ l'''",ible,
hilI; in "'all;!' ph"", 1.11<, grollnd 1, '" I",,,,, that it i" 1",1:1m to dl'ill
Jht !Io]", with juddulJll<TH"-'". A ,ho"l'ding fiool' of 2_inch plank
i" laid on the. Jill bdore' bh51,i.'$' All shD"I'eling i" l>y hand beeall~"

of the neOO3sity for ,orting, Wasto filli,,!! j~ obtained from develop_
llleJlt he"~ings, from prospect workings .1"1 nnl into the ,top" willIs,
from "ortmg:, ""d from " 5tlr[~c" gl<>ryJ,ol".

Direct "toping costs for' 1929 ""re ,,~ follow,; ill eut-amI·nll s«'pes
only:

Lobm"

~j':~~~~=====:==============__===-::::, --__'."=========::Tim'-"'riOlt•• · __ , _' __ _ _
Pllll1lg ' , •. __

Coo, ",,",""
'"',"','~

~O.4~

, '1-1
. 11
.21\

Total ,ropir>g Iab()"-- •• "_ ~l. 52
Buppao",

Hr""king • , ,UO
Tlmbo" . , . 2~
Exploslv"" .14

'[\'1"1 "" PP'ie,__ .. .. __.. .. "_" _.____ __ 4<1

OW", ,11'""1 ,,(op1,,~ '''''! . , ,.;~. ~1

The w,,-ge "o~lc i" -1929 WIlS a" follows: Tlmh",'''''''', $5; mmor"
~4"'iO; and sho"l'deT>, $3.50.

Mining: metho(l, ,m,] co,l< f",m J,un"lT')' lnn, when prodnetloll
hegan, tD :Uay lB25, wh"" t.J,,, known On' ho.li,," WC1'G exhaueted, h~ve
h.wn discussed in detail ·by Moore." Thi, w"s " high-grade gold
mine from which the avena'e I'eeov",'}' WJ~' $19.~1I per (,on. Se"l'en OL'
eight "l'er;; productl"" (We ,!onul" "'{H'C mined "l""g the Tom R~.,L1­
Un;twl Ellslom vein, which oCCllpie..' ~ fault fi"eure ill R'\II",,;~i<) Jayu
IloW'. Mu.xinnllll dimensioIl8 of the 'rom Reer) <)Xt~nsion mB ~hoot

w~re hffi~bt 150 t,,~t, l"ng,h 9W f'~.'k "."d thick!1oso 48 f€8t, ami "11,­
970 1:<m, 'of 0"" were min",l from th';" hod". The mllxim",,, 'limon-

~ C,,,,, in"'do """;"",-,,, ",,,un,,, ""~, "" "(lmOrr"","". b'",,"milb, ,',,' '"ae""""o,".ee' unO L,ol" 'imb,,' "'JUll'"'' ,,~. ,,,,,Ij,," ab",,' '0 ""T'"" 10'.
"'_,v"",," M" III"''' ",,,L," CO", 102'_--'0, w", ~"''' U" '.".
w """". Roy W" M'n,"" M'"""', ailll Rew,d,"' the lim"''' "'"""" ,"u,: 'J"'J\~ A""

IDM, ",,', Hod ,"". En", "L 10, 'M", L'l'. ,6_"'.
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,ion or t,he Big J""l1n ore body, from which 2,21l,552 tOllS were m.ined,
wen height 450 f",I" lellwh 850 fed" ond thick.L",,, 35 feet.

uwe]s wore dl~v"n at mtolTab of 100, 130, an,] 2110 f"ot. betw"""
tiLe first level at b8i; :feet and the lowest level at, 1,2·83 feet. Each
1".",,01 was developed by drift., dri-.ell tv ;'h" lImits of the O1'e, shoo!
~nd beyond, ~nd "ros.;;cu!s We,]" driven at 50-foot intervah ,,,,d con­
tinued \I'd] into the will, "t greater intermls to prDBped for poBSihlo
parallel \'"ins.

'I'll" looI"/'oTl!al cut-awl·fill s}"tem wn, 1I,,,d almost (",e])lsivciy for
mining t>oth large ore bodies, ShrinkagE\ '1:<11'ing. wa, ,,,,,played 1",'
minin/.' """,n t{)nn"~"'" in '''''TOW pmt, of I.ho "ein at l.J,c lower limits
o·f )(Ol:h ore bodie, bllt WU" not aci>J,ptuhlc to the larg,," ;;wpe" on a{l­
cHlmt af the t""d"n"'v of tho y.,in to slab oj! (>wing to hor",zontal
slips and walll"'c,sm:e an,] on u,,{'onnt of ahednd, 80ft hanging waU
slou¥hing {jt~ if,not supporkAl. ~Use ~f th" 1L""1'~ costly llJ."thorl of
i3t.Oplllg wag Jusl.lfied by lhH "",,"lcmg higher gruc]e rtf 0l'0 nulled and
th~ minimmtL t(lnnage heat",]. The mdhocl also "ll'orMcl oppor_
tunity to pro,pect for po""iblc nearby p"r>l.lld veins hy driving wall
raises, tl or. wa~to from wh.id, was us,,,] fnr otnpe fjillllg. Unt'tmber~d

rill. "topi,,!,: w"s triell hut was llot ,uhpl."bJe on ""'''mnt of tbe
tend~ne" of lhe vein [.0 ~hlb "fl'.

In pr;ep"""tion for "toping 1.110. win w,"s Cllt out it" fujI width
on j,j", sij] floor, begi"".i"", "t th€ main ''''o'<beut from the shaf-j; and
hi,,!>. ano,wh tCt aU'm B f~et ".hove thc sil\.;;. At fiT',t tilt> ,ill w·..,
tl';;'hcre{[ 2 squa,,,-.e.;;; lligh, but ]a,er only, 1 ",1. high. Cr',hbe,l
nmnway" "n,l chLJt"s weJ'~ 5paced un 22.~-fo"t, e,mters whera the
vein w"s 18 feet or les, in width. W1'e"" the vein wns wide.r dOllbl~
row'; of manwny dmu'S were insl",,]]",l, with the ,ame longitudinnl
spadng. TIle- sill ,~t, were e,>vCTod with a double Uliekness of 2-,
bv 12-inch elll hg",-;ng to ~np)loJ'l; t.he till. Aft~l' the .,illing "'us
oomplet~.(l, 'I-l,~. ~tJ)r~ backs "ere dr",Hed to ". dq,t11 01 T -leat. The
set, wer" tJwn fl(lorec] ""el', chui:<,s w~,.~ ra.i""l. <I feet, ""d filiin,,;
w'", placed. tn- t,h"t height. The fill w"s leveled "",,<1 tlo",-e{[ with
2_ by 12-inch by 6·foot· cut JaggiJlI'; bcfor~ 1.1", oJ'e was bh,ted.
The em.', after hla.-tinl-;, was shovele,! into the chuks, th~ :floor wa,
"wept, and then I""hm ill" ""d Gfeet "f fill W"H rlJn in. The ~top"s
I.h~Jl were ""rried UI> '" mcce8sive. B-foot, cul.~, ,,"ing gWp,-", fox
(lr'illing the b~clr:'o. "'""te for filliIlg was obtai""d from develop_
me"t h,,~dings "nd hOlll slope~wall"ai,csdrivel. bctw~cn the. chutes.
Th~se ra.iB~g oft<m e.xt0ndc,1 GO f...t froIJl th& vein in the widei't sl,opos.
T'bey weoJ'lIlw.d tho wall" eon5iderabiv ~nd thllS co.ne"d trollbl"
when tJl<' sto].>,," ltPPl'oached t.he level ab'o,,". At tms·,I;"ge the banks
ll'uo.llr had to be fUp)l[}J:t"cl by timl"" crib,. IV"sl.o ,va. "pr~ad

by Iilllall o.ir Ioo],t" ,,"d ,m'ape"" in d""r "tDpes .ond by whe.enHl"rDw~

in cramped '![Ja..-I.eT", In th" Big Jim orB "lwot the W"Jl, were mere
ooEd than in I,he Tam fuA>d Extcn;;iGn, and oHen .it w"s poefriblo
to b,ke two G-foot ""1.8 of ore beron'. filling. \Va"" for filling in
tll-e Big Jim ,topes w,," obtained c1"ol1ply from ,.",ise8 to m;llholes
on the ffUrface. Th~ rai.e, "we put up f1'om ~ wash,. <J.'["j·.ribution
J~vel nil wllieh the Wfi-EW W"~ t"anunetl U, 1.11~ stope ,,->1st,e raice,,­
The use c>f eccu-l'crs for spre~di"g :fltl;nJ<' """"l",d in mat~.ria.j s";l'ing
in tilling coot.,
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Direct Sloping coste, 1917 j;() 1924, inclusive, wern "" follows:

Lal"". rulnln" _
L"ho', illl1ng ..__

C'","Tto"
or"~ ~

~1, 23e
, ,j14

0'""tr ,,~
,r,",~

mho, 'uJ!Pllc' , ~O.170

Powe'__,," ._._"___ • 13~
Mi'collane<1u"- .. . 008

I,

T"'~l 10M" '_,__ ill. ,r.n
Tlmbo, .. ,. ~ 'I'''tal o"tOplllg "",,-__ 2.n23
EXIl'O'l"c'-____ .Jl-!

TIL" figure, given di<l not "epar~t" 1,J'''-'mnlUA' eo."" from tot,,]
"taping co,t, hue "",,uming"_ t",mulling eo"l, of 35 cent" 1'''1' inn, which
w<)[Jld be ,.,,",'''wble, I:ll~ ,Erect ,t"I'ing cost, ligul'cd n" the ""'W\
bfr,i" us th"t u"cd III "",,,jrlg up cost, "I, other mines di""us"",,d in thi"
bulletin, would be 'j;2.m per ton:

The "'llJu.rc-,set ltLdhod of "t"ping i'lwm fo!' mining mos. of t,h"
ore at tlC Pfl,'k I:t"h miue, Cut-and_JilI slDl'i[Jg hus been ',"od.
howeYe,c, "lVh""o t,he h':llging wall and ore were H"un", 'l'he s\->kni
~mplnyed at tili, min" hiL, ti"en ,j''''Tib~d b:\' Hewitt.,1': '

The stope' are £ened b, wa,l.<', I'uioe" "Pac0<1 "bout 200 feot apart,
and by n, square'oet raise" ll"lf_wJl,j' betwe,,,, for ,rum",,,-y and ,we
"hute. 'riLe !evel i, widrJled to (,he ful! width of the o!'c ''''d is eitiL",·
j,i'nbel'e,d with stull>, a" ruo",,, "n figmn :-I'i, or wit" ,quare"e!.>. Tn
the fil'St method" line of 10_ hI' lO_ineh ,tull" i" lJlared on -floor
stl~ngel's so a.s tn le~Y8" ,l"ifO-size 0IJCning .lone; the hanging wall;
the op"ning '" IJlgg<x! ott wil:,J> 3.inc 1 plank, ,"'ct waste i" ruu onto
tl,e sill TIti" method is used in ""ly a few plJleoCs; til" lJ"U"! plan
is to ",e square-sols fur ,ill timbOl'ing. St,,,u,.uu squai-e-<d timbeI"
Ol'e, "!'c"ted and lagged OVer t.he 1:01' with 3_il1oh plOllk. After til"
.,il1 "ut- is wo"ked out tin ent<"'i,,g from tiL" ra-i,a, ".I; the ends of
tI", ,tope is "pi'cJld a-lollg the- ;:;toP" by drag "CI'''-perS, Wlw" a stop"
;, mi"ed by ",h"TlCIng' upon brol,cH Gl'e as high as L!", w.lk will
permit without sl"ughmg, the illlds ".." lal;<W'd, ",ud the or,,;~ ch'ag:g'ed
tn tile chute bJ' "en'pen. AHer the fill" leveled" Hool';s laid b,,_
fGl'" Uw next ClI, is bl"-Sted. If the filli,,"" com"I',;;'of fu'" J)]atel'ifrl
the [Jooc is bid dil'c"tly on it, UlJt if the Jillmg is CA,HU',e "'''"1.0, Cl'OS..'_
"t.l'jng~rs are h,id and tho Iloor i8 pl'''ood on top of them. Three_
in"h phnks "ul: 1:0 8-foot "mgth, aJ'e '''''d foJ' llooring, E""h seetilJll
of fI{jol~ng ov",.hps tho l"'cyious on" hy about 8 iuelle_' to prevent.
th~ loaded ,,,,,,,per fronl l:eJlcing u.p tit" !,louks, With v""y fl"t- stope~
OJ' sticky wa'l." the fiU i' washecl mto p a"" wil:h watel'.

'rbe lTd& of operations is ", follows: Assume that the st.ope has
ad"ane,,,l some di'bmce ahove the sill floor awl the (}j,e, h"s been
reJu{)~ed, .B'illing'L,< l;Ull 'jn at u,~ extreme ],"gher ""d througl, "
",,,,I',e ra.i~e and d:m"l}..t.d int" 1'1~"e by "'ec,"per, This wO"k re.
'luil'e5 all""t" week, When the fill is within 5 feet, "f the b~d, it i,
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kl'dcd off ",,,dully ,,,,,I the {loO!' 1" loi<l; thi, work l'equh"," about
t\Yo ffiifl<;. From the Ul'e cliul-" aL the opposite ewl of the "tope
[,om the \Y~~t" rai"" n, flat S·foot cut is <h'illed nu,l bl"st~d the
Icn.,oth of tho ,tope" AL th" "JlLLe tim" scmping i3 in progre,s te>
renwl'C ex,"", ore. EllolJ;::], oco -is left in the ,tol)e to allow the ma­
(·hines. which are mounkd <In columns sd <In the lI'ohn Oi'e, to i'each
the ba'ck. 'V-hen t.he- cut Toaches the ",asl.e roi,,, >1 rdaJ'Tl ~-j'oot cut
i3 made. The semper i3 oporatjng continnously, "nil wJ'C1L I,he
,econd cut has been completed the ore is dOlme,l out, of the "[-ope, 111(\
floor j, removed, and the stope is T",,<ly far IilliIlg "b~,·;n. About, g

IA

,""'"-""""",,,,,."""~o,

"

''CT';'''.'' ""'''' ,,-R.
p'"U,," O7._cu!_"",'_IIU "01""" on ,t,," !;"''''''', l~;" "'S" ",10', 111.1>.

week, is r"quil'.'], It has been founel th.t t.he ,oraper;; work 1",,1­
on a lIoor sloping slightly towaTd the hoist, as shown in figur" 37.
One cut-~ll(l-flJl Hope produced 100 tons per day for 6 wco.k<,
using 3 men per shift. The me of ,erapers has reduced stoping
"'"L, 30 pc,"",mt,

The 10,1e mineel at the Chall':l?ion mine i, the he~vily brecci.t"d lop
of what is kuown in the di,tl'wt as the "HaItie Ian flow.""' The
hr"""iated portion of the [o,le i5 G to 50 feet wide, :'<ative copper
"""IJ)', in t.1H, mok j'j'"g",ent~ of tlw hlwr,ia, in the, "ementillj;' mate"
rial of t1'0 b"'ccia, in the urnygelu1es,llnll in the trappy rod, ,meIer
the amygdular pa-rt of the loele. The Balt.ic locle on Champion prop­
erty is 8,000 feet lonll;, i, very strn.ight along the "tl'ik", ,mo dips
llni:fnrIl1[y,'iO' to the we", for 3,000 feet in depth, at wLleh poil1t
d,c dip f!atG,m, ;l1ghtly. Th,' width oj' the ~oppel'_bearinl!part of

"'J,n"",,'n, .....ext, aud .T"'"",'~, Coa P., "'h, ~""t,,,", j"clin,,' Cut·nnH"ll g"p"g
S"",,,, Tm"" A". ""t, "'ilL und ''',. Eo,.• ...1. 102, '".". "po ·"_M
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tl'e Jade ran""s fJ'om 10 to ~g lliUcJl Jl~ 81} feet; the ~ver'l'ge width
"OW mined i;:' 17 lent. Th~ ore is 10w"gl""1c.

Th" lode roek is hard, m,d the hangmg w"n is bloc.ky ,uHl full of
miJwtn ""ams mnning i" "n (Iireetions, with IfLrgor oomns pa"Jl,llding
th~ .h'ike "nel dip. 'VI'h"Il "xl'(liJed over "" ,,,,c,, of only a few "Iu"n
y,,",ds amI Lm""pp?,ted by Io.nabo, or fillillg tbe wall begins to di,"
integrate "Ild ±>til mto th" ""l!'"

Copp"" is not di,t,'ibutd. \l1nformly ill the lode but largely follow,
pitching ,hook The COPI''''ll'''Y.occ-ur OJl tbe h"nginA' ,ide, in the
middl." 0, on th~ fool; ,ilk of 1:l1e. lode, 01' it lTmy be digkibul""l aer""
th" lo,k from llangin" wLdJ to footwall. Th" "ollClition, tlLl,t affed
miniJ]" practice a.nd ,~,i" are eSffintialIy '" follow;;:

1, The lode pe"","I:" alOJJg the ",rik" bEll; ,"adeB. g;re.atJy in wicltll,
wi,h "ones of baJ'l'oEl or vorl' leo.n ]'o"k separat';ng workable ore
,Ie,][)t~ in which cop!,,,,, i. di,tribui.<\<l iJ'rog'ularl.y.

2. Hard loele lllM"L';"llies bene"th JL seamy, oftL\)] j)"elly bl'Oken,
haEl O';ng wall which i" '''on tre"e-heroIL> "nd hanler to hold "S miningo ..
oporatlons deep"".

:J • .A. low .gr~<1" <>l'e is pre,ent in which coppe,· O""·lIT;; in ·tlle rmh"l'e
form and i3 ui,i.in~ui,;;had "",,,I!I,)' :h'onl bar,'en ,"ode, '0 tb"t sorting
of waste I'um ore III stoP"S '" l,,''''blo; rrbout,1O percent ,rr tho rock
broken i" "'1'I:cd out as wfrsle.

4. PL'C""'I. sl.opes are in ,,"'cas lying' )""l(lw olel wod,ing, whicll
Iw"l'" b""ll filled with ,awl 0'· wustc rock ana from which" plentiful
SUPI1,)' of wa,te for lilling pu,'pose" i, """,lily "",ailable.

Tbe level interval i, lOO fcet,. E'orme.rl,Y stDp,,> we!'e opened "hove
the ltd'-,mcmg Jev"k T!,~ levels Were silled the fnn width of the
U1'O, tl," backs Were t~k"" down to a JlL\ight of 10 feet, pack WRUB
wero built to form i.he oi,l", of th~ IHwl"geway 7% by 7l,';' Jeet in
cru;;" "ectioll, aJ"l ",,,,to w,,, run 111 hd,ind the wall", OpeniIlgs were
Illft at 2~- t<> 30_foot ini~.H""I, io!' "leui."" aboy" which cirt'ular mill"
buili of 1'o"k WOI'C calTied up with L',h~ stope foi" or" I"'s'cs. O ..di_
nal}' Jlat_ha"k cut.-uncl-fill ,tol,iJlg wa, pr:wl,ieed. D"bil, of this
'Y'I:em h~"I'C be"" d"",'J'ibcu by .';ehachL" llireet ,toping eo,l:, with
thi, \\'"I.e'a h"Yo been give~, by Cmne fO!' IV2T."

Co,! "~. ,,,' 01
"" "'''''~'.flbo!' "' ••_.. "_, . ,. _ _ $1, 340

Suppllos .._ _.. .... ., . ""5
['owe" ~ " . ." _ .. . _ . (jon
)l1"elh,,,eo,, , .... __.. ..__., .. .___ __ OO~

TotaL .,, . ,,_______________ 1. 16~

'rhe sl.oping sv"tem WH·' ehang-e(l bl'" inlilil9, As the mi"e was deep"
"1",<1 t.he H"I'el'nge g1'"de of the (Ire dc"""a8ed, ,,,,,I, owing (<) the. depth
ulld the luI;" p!'"p01iion of 10<10 remo"l'ed l,y ~toping, 1.1'0 remaining
g1'ouml go.,'" evide-nce of In,i "II' unabl0 tc> withstand the wmgM of the
han,0ng oountry rod:, The ,."a'OH~ for changi"g the system were
ac; J"lIow",

""c",,",'- W. H.. ,,;nj,,< :\1,,"""" or "'" Coop" n, ""' co., '1'".",. Am. ,",to MLu, """
M,L. Eug., "''', 7', 102', "p. ,·'B_,",.

"<.'Olue" W. ll., """,," "c~t'""' '''",l [',",tic', ,,, ,he >l,e"'g," Coppc" '''''"' , ""n, '00,
llm"" 01 "''''""' 1000. lM l'J',",n","C" ".,,,,,,,,,,;, I."",,",';,., 'm,", "''',e,,''"'', """ O';ll """",, "eo,"
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1. The co,t of mainhLilliTl<" 111"- horiz'mt'fLl ,to]les was m,,,,,,,,,,ivB
WJ'01l, co pre""nt full, of gl'Olf,'d on """(llmt of cnlshinO', evel',}' stope
"'nil ""''''Y horizontal sli"" h"d to Iw supported Ir"m end to end. with
props RmI ",~bs.

2. Building the Gl'B pa,s", of rock W'5 ~l"w and costly; timhe,'
could not Iw, ,,"",I becaUSE! it would rot before tho Hoor pillar c<Juld
be mined.

3. On u."mUJlI. ()f the long life "f "level nn(l mM"ment of the
g:L'Oillld the j"yel wall, becum" dd;nrted, the trade bulged upwuTd,ana the level I.Lmh~~," broke 01.' ,""tt,,<1 out. Lcycl_IJHcintLman.ce "".
pen"" bOCllJ\lC ""(",,,s;ve, and n· I'elreat system of 'l.oping had to be
,uh,tituted.

4. .Filling and bui[din~ up 01.'0 plL';S"-' illtOITllptcd the pI'oduction
of pre in the ,-oop"", ()H!y'B of the 5 sl:oI'o' on '" level toulcl p1'o<1uc" "t
One tim" hec&use of tI,,,,,, inwlTuptions.

5, Although horizo"l.~l swping lent ilself ,,<1 mi.rably tD h"nd ""i.
i~, tl", l"jJpe,. in nllJllO"()!!' patches of gr'Jl'n,1 ",a" diBlribul·.cd so
umfonnly th"t hand sorting wag impa;;>ibk III ~[Jch instances the
horizontal a]'['angement did nol, permil large 't<J1Ln"ge, to be handled
quicklv.

6. '1'h" retre~t "~"ffi!tl pro'"-de'l only one short 5t.ope at clli5lL eud
of a lovel ",hieh JLI!Lit<,d J.,7j·eatly tl,o IJL1)(luctive c&p,wity of a, ie,vel.

The llew mctbocl 10"," heen wrm"d L.l", ,- "LLblBvel, inclined, Cllt-a nd_
fill ,.vstem.". H,,"lagt' (Irifts are· ,1T'ivCJl from the 8ha.ft cru""""t Lo
the Oi'e hOlmdal~es. Aho"l, 200 fcet back from the boundarv, a tW1)­
eompaI'tmenL ehul" and IllOllW"}' raise i" d,.iv~" to the le,,;'l abovc.
(Sec Jig. ~8,) Stations 'U'C Cllt ln the roioo 3R "nd 67 reet above t.J,C
noo,' of tl,e iovel, "l1d hom them "ubdl'ift, m'e driven in the lode in
hoth tlirections. Thee" 8ubdrift~ lLI'e ,h~"en the full width of the
Or6. S"ra.pcr" opent~d by If)-hl'. double-drwn, "l""Lrit: hoisL, are
used f"r dl'Ju,;:,ring th", br"!m,, rock into tho ohut;" 'When th" upper
8uhdrift n.",)i,,," th~ bOUTl(h"y " raise is driven tu tlw level above,
after wl,ich ,topinp; is beglJJl'

From Lhc Lounda,-v l'"i,e'(Jll the upper sublevel th" back of oro
E ;;WI""] hy a ""r.ioB'of indined,·slicc-<. (S(~, Jig'. 33.) The IDin~rs
a<lm""" the brea,t up th" "lop" at- "n an;,k of 38" until only", ,om all
pill"," g t.o '! fe.ct th",k i, left t.o Sl,pporl, the fill ill th" worked-out
l"vd "bove. This pin~l' is drilled an<llcft ,tanding' until all copper
rock hl~~ he,en pic1<cd out of the "("po. l1lG \'ill", i, then bla,ted,
and the lilIl'llnS in from "hove, completely filling: the ,t,ope. Most
of the copp'" !'ock in th~ ,m"n pillal' i'un, tD the bott.om of t.ho pil",
wl"'rc it CO" be picked out. Tbe n,i""r now bel':i.lli! al':ain at the
b~U'.mn or the rill und ellIs out ""olher indi"",l ,Ii"e, Loo,e ground
is sUPl'"r!",d on props or e,'it", Holes "1'0. clri1lecl with mounl:e,l
dl'ift~rs, tI", bmdell on the hnl,," being 3 to '! feel-, Wh,'" a barren
or lean 3C<'.i,ion of the locle is C1H~)lHLt!,T'''.J it, is left in as a piHaT',
awl the miners ""WA back to th", next Ujll"""'"'''''' of Me .:nd begill
"Mw flUblevcl st"l'''. When" ,tope h"5 been mll'L'i"d b,,,,k about 45
feet", "imilar stope is begun on the nerlsnbicvel bdow,

Th" copJler rock is eil-.l".," l'ickerl out, loaded i"l-." U sublcvel car.
llJld t"'J.1jlllled to the clout", or it is l,icked out, thrown into the
trough fOl'merl by the ,em[Jc!', ,wd dragged t<:> the ehute by th"
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seraper. At iii,.I; it was thought that it wouW t" im.pradicable to
me sel'ap"", to I.nnsfcr the ore from the ,tope, to th~ cJmtcs beeauSB
of the nw,e;;si",y for ,orting. It "''Ie rIemO,,"1.1'u.led later that no-t
only was se""'l'ing mueh mOl"(' ellicimlt, whel'~ OKlrting: W~5 not re-
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quirec!. but also it oitlm coul,l be "mploy"d with '"l'prc"iabl" savinA'"
com!,,,re'l 1.0 ,,,,,. lou.,./illg, "'-en where ,orting was neC"""".ry. TIl"
u"" of "C~'JLpcr" in drifts and snbdrifts ha, r",lue"d thn ",>;t of
<lrifl.ing nm,rlJ" $2 per foot and increased th" "pee,1 of drifting.
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lVit,l I:lio stope "ur i.l,O mo,i I.hll.t t.WO JTI"n eoul,] ,]wvel withou~

picking woo" no tons pel.' 8-h""r ,1,iH, With the "crnj'''!' two m~n

''f11l lll]Hdl" t() lOllS l,,,r hOll), "J",n 1LO l'ieking is dnlL".
The "dY,,"IJlgc< of I:hi, by"'"'' of mining"., "l'plicu ~t the O"~Tn·

pion mitLe arc as follows:
1. High roto of cxt,'"dion from a blook of limited siw (of par­

f.ieuJar "dYRllb,g~whe:n min in/( on the retr~at) i, J;'o~,ib[e.

2. In weak ground 1,11" time e!e:IIlent ha" "n· Important beal';llj:f
UpOll failure of ore and wall roeb befo"<1,,-,,traction 01 01''' i" com·
pl.",- and the idfocleA1 are,a con be abandon",l. RIlV;'] ""J:r~d.;(jn

of ill" """ red u",," Ul~ extent o[ faillll'e, lh" cooe of "..cilic;"l ""P]lOd.,
nll.l,th" J"l:I.~rd, of ILLining.

3. SiHLiI:crl}' th" (lilution of Ore bv w>c,t" from the wolls is re­
duced. "nd the ore j5 exl;racl:<,d mOL'" C<)lflp]c1.dy.

4, ;['be ~y,t.,nn pcrmits elm" supen-i,jon by 0 minimum llumbel' of
bosses due to a· high degren of concentmtion or np&l'ntion", which
])l'omot,,, ,~f"t:\' nne] ,dliciency.

,;. leillijJg: i, l'UlL jnto pl~"" by gmvit.l', ""d little or no b"""lw()l'k
.is "O£llii,,,,, to .,p"oud ,md level the fill, "Tl "d,,>cnl.ogo uho po,,","",c.d
by convention"I riJI-;;toping methods. In tho latter, howeveT, the
,tope" U&ually ar" long; there is inadequate spae" f01' "torini': pI:wk­
ing '''L<J ti"d""" ',lL'ills, ;;''''0'', lim'] drill ,tBl'!; "n,] 1ii,lk O])l'o!"l~lJnity i,
,dl'<Jr(]e,J for "m'i.lng lUL<J !<eel'i,,&, bJod" of """l<J <)IJt of the 0"",

6. The subJc-l'd sy,h,m ,dl'<ml, ide,,1 ""n,lil'.ions for the me of
power H'I'''pers, as the seropcr works oveT a solid bottom 0.nc1 no
lioor is rO'juiTed on the bmtDm of the sublevel.

1-. Ore broken in t"king down bad,s often is l1le cheap",t or" ell
the mine, am] power ,craping affords a cheap method of halldling
thi, br'oken o1'e.. The "ystem is ,,-'sentiaily one of taking down honID.

8. The method commends it~e]f from the ;;\a.ndpajnt. of "afety, as
the ;;tapes are ,hort, pcrmitt,jng qnio.k Tet",·at of thc workmen, the
broken 0'-" runs down to the t,,,, of th~ rill, and the shoveler> (lr
scrapcr att~Jldants stOY a.[', one place do,,, 1.0 I.h" b",ek. whicb can bc
inspeetcd "nd ],cpt, "",ilT'G ,tt tlud. point, '

lJ. By workillg: on th" ,<\I',1"e"L ]c"e1 m"int"",,nc~ "",I., ~l'" rodLlee<]
to a mrnimum ]'ooall,e b" the I,imo 1.11<) ]ove] he""LL'," hmtv" un<1er the
stopc area the are Hsllal1'y wj]] h~"e Leen extmdc(] "ncl 11,,,1.. I'O",iOIl
of the level '''Ill be "LI11,(10)][,(].

Direet staping mst per ton of Ot'" hoiHte,], Allg118t 1 tn D"c~Jnb"l"

31, 1930, was as follows.'

","""j"" "od",,'''"
ot '",'''''''~ of"""'0'",,,,,.,,,, "., ~,,,

~l). ',"114 ~O_ 4Gl
.mm .m2
.J2$ .0701
_103 . Ollfl
_mil .0",
.00.1 . 012

LalJ""___________________________ _ _
~llp"n_l"j"n ,._" _
COln"""",,,<l ,d", ddU., "llU "[()('L .. __ __ .. .. _
Ilxplo<!"", _
T""""" .. ... .. _
O,he, ""ppli"" _
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During the """",, pcriod hbor pOl'f0l1ru,""O in swpini-[ ",a" as
follow"

TI="",__TUn,,,,,,, n,,' "",, _
0'''''''' ''''' ""d ","a _",",1", __

"""'-.

;I ·r,= '>0< m,n~hl~

p", 'on ['·B.."",,, I ~~;,., on

1_.".".'''.'''_I.".".'.'o_"S'ns b'~_
M' Q'" ",M U,,,
.Ol ." "'." 'n."

:::--:::::'~"C:,,,t=~::,·t=~'::: --'-:'~:

1Vhe:ll 1h"", fignr~" were t,l1<en the ncw 5yst&Jn had ""I, boen in use
I'rng enough for fnll benefjt~ to be derived therefl'om,

The l'il~T'"s ore bodie, O'''''ll' in '" vertieal·m",.., of volcanics awl
monzonite porphyry having a" emptioal h"l'i~on[,d wction of 2,000
by 1,000 heL that, ha, ,.l""'l'od downwMd. This mass i" highly
brecciated and baillv f,",It~d oml n'ad'H"~ll. The mOl1) n(lHt,inuouo
ore bodie.~ occur ..ro'H\(l the lllM'gin of th" slumpeu ma,<;s, but dis,
COllllcct"d on,,, ,wcur in th" nenl.,,"l portion. Mining condition. and
.t"ping metILod.> h"ve been dc,e"jbed by Lel,"d.";

LByeb kLY" been driven "l'pruxim';tel,v '100 feet- apart from the
'uriaee down to the 1,BOO-foot level. TId"w th~t. 1"",,1" al'e 133
J\,ct ..part. .

III genffi'ol thc O1'e bodies ~j'e irregullJ.r in size ~11(1 ,I\",p<>, the ore
is hard 'md contmlls ",.y·'ng amounl-.~ of wllste, \Cnd the walb am
weak. The hOl~zontal ,"d,-and-fill "'dJlOd of stopi"!! ;iJ mOBt suie_
able, u.s incgulor OJ'e b",Jim can be Ini"e<1 de"", .,(Jmll,,,d wart" "au
be sorl:ell out, and by ju<1icio\1' '11;6 of I",U,hc"d& and umbrella. ,tuJl"
w""k walls and backs "a,l )J~ ~onl:-['ollecl. J"cIin"d ~'llt-aJ\(l-fil1Ol>'l'ill
,I,<>piug is employed whej'() the stope ""dIs are solid a"d the Oi'8

body'" fairly 1'e"lllm' in Shll-L'O and hll~ enough v,,,t,ical extent.
Burne w"sl.e e,m be sorted by th,s method, but its be.'t application is
where the gn"Je of 01'0 will p"rmit th" complete ,,"clion to be min,,1
wiiJwut the "ol'ting of any "'"stc_ Bquare_.e"ing i5 mod for minin~

pill"rs, cru,h"d and bl'OkelJ a"'flo, llnd hnarily faulte,J "entian, ''''l
i" ""l,plem":lltnd by top sli"ingwhere the Ja-,I.e.r wiJI not, disturb ore
"re"" aho"e or' ~llt off road WRy' to other operatmg" llreas.

The pe",,,,,t,,gcs of th" ""l) producerl loy the YllriOllS '[J"thoclg were
0" follow" in 192·9: .

P,","'
1I0l·;"""t,,l ""t·,lJlr]_nll .__________ __ 59.4
'aol!llO'] ""I:-an<t-'" 1___ _,, 17_ G
~q""l'''"""tl:Jng .. _ . 17,7
'l'<Jp ,110101( , '- ,, .,. ..__ .,______ S. 7
Sh1i!1llJlgo .tol\]ng . .. _ __ _ '. "

IVhnre the ore extends ~on.;;idera-b!y "boy" the JeveJ it Is eugtolll~ry

to .,ill the st"pe, 20 feet above. Where th" or" is of small verti"..l

;',"",nd, E,..",'<I__,,,,,jng _''"t'"d, an" C",,", th' 1'[]",," Mine, Pil,,'~' D" 'l'"''
""'l, """", .,"""'" 'u'. ':I,''', ~::",. Bo""m or _\1;"",, '"""."" PLL



162 S'l'OJ""G "m~'il0l>5 AKD coSTE

"xl;<,nt the stoP"" are ,ille,] on the le,,~J; and~""ccpt in '1e"y wide Or<),
thg '<I'e mine,1 from wall to wall Ill]onllitu,luml 8!Qpes.

.tn "ming 011 the level an 8-foot cut IE taken to the limits of t.he
ore or st.ope 'c"tinn, ~nd th" b>1ok then i_ lal<en ,1o\~'1l to 1.. feet above
the flOUT. Whil~. tili, wOl·k i" pl'og"""ing jill ral3e" 'H'e put up at
30- to 50-foot inkrvJlls "long the long dim""""" of tJ", ,tope, TILe,
level if timberocl wioh gangw"J ""Ii; 6 f"ot "1H1rt, and filling is nm
in around the timbers. The tlmb,,,,, are not frolled. They eDIlEi,t
of 10- by lO-inch by 9-foot P"*, 10- by lO-inch by 5-foot cap", and
8- by lO-mch by 5.33-foot ties. Cn.ps are placed lengthwise of the
timbel' line, ~ll(J the-gfLllgway is covered ",ieIL C· by 6·j[lch (Tibbing
on pole Jagl!:i:lll!:. At 30-foot Illterval;;. elmtes all') mJlll"wJlYs arc
l'~lsed, and 12-i;;ch gt~zzlie., of CO-pounel ,'ail, "J'C phu'cd oyer tho
chute_c.

After the chute, hav" bl,." i"",alle<l ~1l,1 Jilljllg "round the timbers
has beeu complded, Hoping i., l'"stHw,d, beginning at the wcaker
,,"<] of I.1l0, "01"" An S_f(]ol, ent is t"keLl, using a mounted machine
fot drilling. As the cut "dyu.nccs, shovelers work at the toe of
the ore pile behind the machine, shoveling l.1,e O1'e, i"l:o the chutes
and pilIng sQrt"d waote to one side. IY"ok Jilling folloW8 the cut
elo"ely, '" that prOdUCtiOll f['()rtL 11,e s""cion i, viTtually continnon~.

Wl,ertwer flO"j)'I". "johr" ohul:o' ure installed at the. bott",,,s
of tol,c fiH raise.,_ T!'(110 whi,,), the WHSOc is dmwn inte cemenl: buggi,,"
,..'led fo!' s!)1'""dillg the Jilling. SlushIng has werketl "ul: O[JCC-""-,­
f1J lly foe ol'readjng the Jill ift so.-erallarg<: ,topo,.

'Where stopos are silled above the level a r"he Jll'st is driven
In oro w the 1<:ve1 above.' An 8-foot sill eul, i" ,"'n'tOO from the
mise and 20 feet above the leyeJ; while this cut i8 heing I:"ken chute"
"11d um",My" "re ,h'i,'"" from i'll" !eye! below at 25-foot interv"ls
1:-0 Nmneel, ;,·1,10 tho ,ill of tl", step". At, th" ""me time w....to Jill
mi,,,, "re driven to the ]"v,,[ abm'" "I; HO- to 50-feet Intervab. Wl,en
,illiJ1g has ),"en ,mnl'ld,~l 1.1", b"d< of t,l,e stope· is taken (lc>wn 12
fe"t hl.u·)" Jl.rl<] tile dllJles awl· lJIllmy"ys arc rai,,,ct 8 f""t ahove th"
"ill nom with el~b sets. Each SlIcceedin;; ellt is 8 feet high. A
3-inch pJa.nk flooring is lai,] on tl,e filling H\ 1100 high"r-grade stopes
!e.lll·CYOnt lCEg ef fime in the fill.

Preparatory work for dll stoping is ,imilar lo {,hat for heriwntal
"teping. Th" sill is cut flat 20 feet above tlll' level and ""med
to the limits of th" me er ,l"pe ""ebon. Wllere the ore body exceeds
:)0 :[eeo in width SiC])" ""et.i011> :10 feet wide are laid cut nr,ro,s the
ore body hom foot to hu,"ging wull. 'Vhere the. ore is Ie,s· than
30 feet wide slope, aTe hid cut lengthwi;;e of the ore body. rndi.
vidnal 8ectle!lS are nol; ove,' 30 fe"t ",I,]e Or 'iO feet jong. At one
end of tILe step" an or'C) c11111.c Is j'''b1llr,d :to feet from the scc.tioT\
bOLJndary Ol'. rr tILe .,cd.ion is j\,jd cut aero", the ore bedy, 10 f"ci
from the wa.;'1::8 w"ll on the core ,ide of the ere. 1'lr<.Clng tiln chuta
10 feet from th~ end ef the stope providei' a spa"" us wide lIS tbe
s(.ope behind the chnte where sorted WU"le, may be 11m>wn. An
,mxDiary ehuto and m""wrr.y usnally are in"talled neu.r th8 eenter
of the 3tepe te facilital:e handling bl"(>1:"n or" dlll,jug the dll-forming
jleTied. At the opposlt.. en,] <if the stope from the ore chnte a
wasta r~ise is driven to the lavcl above. 17pon eOlllpletion of the
ro.ise fill is 111ll Ill, "" inclined ClIo Is t",k(ill p""uIlcl to the slopG
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of the fillin~, and the ,to!,,, is lilled again, Induled cllLs Ill" fol_
lowed by fillmg until. the toe of the .fill reaches the end <)1'e "hute.
Succeeding cuts 8 feet high are advanced upward from the toc
toward tha fiji rai"", A floo!' oj' 3·inc!1 plunk is bid on ilie fill afwt
each filling opel'ution and before the. next inclined cut is tuken.

Direct "toping eO.,t~ for all stapes in lV2n, wh•.n 7T percent of
Lhe Ol'.e was mine,l by cut_anJ_fill ,toping, were as follow~:

('"., ''''j,,, m'",,'
l.a1J<"' •• ... *,1. om"
S\l"cr~j'l'!ll ... __ ,1S:L
Compr""'od .bo, (ll'llI." ,\]\(1"'c,k______________________ ,17,
MT!HQ,i,e' ... . ,J."

0", ""I," "",,,"T;",bo" ~o.~

otllo, supplio' , "__,, . 007

~'O1."' • 1.370

f;'rml<oER""ET C=-AI'D_PTI.L "TOP'''G II' ORE BODIES OP ~IODEIlATEl WIDTH

The 'ki11J:c".s"l: cut-"Dd-fill syskm is employed at some mines ill
th" C""m' v'Alcne dim~c-t of Idaho. Thc junior author" prcf"r.,
to da,s n,is Byst"m as ~ modified squa.,'•._s",t method, BODause tho
timbering cmployerl i, not coml","H] or fra.me,] "(lna,'e-"~l<; and 11l<'
cycl~ of opemtioJl,_I.l",t ;;;, ]m)"ki"g, Tcnw>ing bmhn ""0, and
Jill;ng-i5 i'.be sum" us the cycic in call'l'entional cllt-,md-fill stoping,
the senior "utho!' pTefel'o to consider the ~vste:Ill a modifi""tion of
eukmd-filI8toping, '

"""~,~o "IN", ,"AITO
The method employed at the Morning mine hug been de,e!'ibed

by 'Vcthm·"d "nd CO~(!yY 'l'he l\forrnng yein is 0. mdn"omatic
fi,,,ure in 0. ~one 0-1' do,,, ,heating cuttin~ the qUfrl'tzite eonntJ:y
rock o.t 0. "JImn "."gl" to tl,C elal)' d"""a::,"" '1'1", etoplllg width of
the vein ,"ang'''' f,,01l1 H cO :·10 f"", 'ill,] ""'"ra~", "houL 13 feel: ii, dips
80' (" :100. The fi~~LLrillg e"t~JI(h iuco the ",alb Lo eomltleNl>le
depths in some places, whe,,,,,, in others it dies ou, qllickly aft""
l"aving the main fraoture.. lI-fineTalizat.ion occur, where til<, fi,_
suring wa~ most inteme and has completely Tepl""ed the quart"ite
with OTe.

Th" QT'e is not hea,v}' on" the timh"rs u.r" not rcq(jiroo. ;-'0 b""r
",,,,,h wrt,i()ll.] pmsSHT". Th" t()nd",wy 0-1' iJ\e w~ll rock In sw"n
"nd to shh off m 1,11'1-':", phl;y l'ier,o.' 0" "OOn ~" ",ir T'"LClll," it- """","",
U,l'1 gee"l:e,t "olloom in mining. B<eeLwse of sid" prC""Ure from t]",
wallo C!O",,, timhering is lIee"",'"rV "I; "ll timc,; Th~ prill"ip"] orc
",iner.I" aT" gai~na flJlcl "Phai"Til-c. The gang(j~ miIT"nls ar',
sid~rite, harit~, and quaTtz.

The vein is developed hy dTifts in aTe on I"Yels 200 fuet apa.rt
verl.ically. ,],li() drifts al'~ timberer! with regulal' dl~fL "et~ on
"-foot ~i"ch ""nk",- Th"ec-()omparuMn, "aig", in 'xe, with" l,im'
bel' slide, manw,'}', an(l dLHte, "l'e. "",!'l'ied lip ".1-, 1~5-f()()t iat"l'vals
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Sill set

B
F,.un< ""._SLope "m'.",,,,, Mm'nkg ,,,;n,,, H',,'" ,

a, F'"'''' ",,'"; /l_ ,'-"ti,,~ ''''''' ""t"".

nlo[lg I;hc drin, Fur­
merly chutos were 25
foct "por"', but l.h~ "x­
p"nw of m",;nt"iIIl"g so
mll-TIY cJlUtC" was too
greut., The slop" fillini(
is c"rried on th, '''l!'g",l
th'iIt ,etB.

Dl'ifting; machines ''''''
LJ,,,,1 i" ;;roping. The
miner';, "id",1 in oetting
up his m"chiDc by "
Jlludwr o,lld thell. <!rillE
and blasts hi, roull<l,
which consi,ts of len to
twenty a-foot- holes. In
hl""ting, five (11' six sti<,ks
of 2,~-p<)rc<)nt- gelati:n dy_
nalllite u-re used per llok.
The, ""0 hrea-k3 well, and
the f&w large boulder,
prod\lC"'] are eas ily
broken with a- )i,l11lm<,l'.

li'ig-lIl'o 3g is ~ parti"'
p],m',md vel'tical eros>
sed-iou of n, slop"_ ,how_
ing the tin, bed n it
mdh<ld, As the stoP",,,hun,,", upward thr,,"
floors "rc op"" ut" timc,
one uboyc the otllC!~l.hc

top or rni"iTII;' flom'
whoTe the back •.> b";1L1[
drilled "uel b]usf",l_ u
shm'c]jTIg fl(lnr bene"th
the mining floor where
wostB is "ort"d from thc
ore Olld th" ore is Bhoy­
cleel tJl1'Ol',gh portnhle
sLed "lide~ mt(l cal's, ,,,,,d
" tl'amming floor one set
klllw O,C ,hew,,) i ng /1001'
A stope i3et consists of
two round pOBt, 8 f"et
long and "ne round cap
~ to 16 feet long ex1:end_
inll hom "un to wall.
On·ts of round lagging
are placed between tl,,)
posts of adjacent "dl".
The over_all height of "
,t"pe "r H(l(,r is 9 feet.
",nd set~ are a feet u-part:

"
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The ore is bl"sted onto t.he sh,rl'ding floor. and the loadel1 ears on
the tramming floor an t'mrnrned to 1lH, oh"te" and QLlln1'cd. As soon
as a f""e on the mining floor h,," adYfLnc"d 125 feot, or t.o the next
chute, mil>, CO"', aml 8t~el slides "nI moycd up one floor. TILe rails
"re relaid on tl'B prnYio"s ,hovdillg floor, tho 1'r".,.i01'" mjnin~ floor
becomes the new ,h"Yclillg floor, awl a new mining floor is o~gLJn

aboY~, Timhermcn work'"g;,in plein pF"p"r~ for a "et of t,imhars
and block the set, in place. n'",tc for fining is "ill in to till the old
lI'amming floor. The Wfl.,te i8 obtained from hand oOl'lilW in the
,I")!,,," J111d from ",a.'te l'"i.,""," Or cr,,-'scut, d,~"en i"t" th" "tope walls.
""ucape"" aI'<' u""J fur dmglJ:ing 'I'm"", hom t,ILL' ""a,I,,, ",'o,"cub W U'e
"tope.

Direct stoping eo,t" ,lm'ing HER we,'e 'IS follows:

0,,, '''' to"".' ",""'i,'"''
l~,l,,'" ~L ,,00
SU]JeniJSiQ" ,142
Compl'c"Oll ai!" "od jJowe",

(1""'", »n'l'te.L_________ .1m
Ilxplo,lYes __,. ",, ""_ , n4

The WJlgc ":al,, W"" ,e, f,,]jows: :1>1ine,;", $5; timbermlill: ~ii.r,o; (,iIll_
b,,,'me" hClpers, $·:L7r'; "",] muck"rs: $4.iiO,

CO"SllJ"plrion of ex!,l""i",," in ,topes ~"engeLI O.CUi) pmmd of 25-,
35-, ,md <l·I)-pe1'Cent gelJl.tin dyJHmLile. t),n,"mption of timber, in­
cluding that used in dc"el"l'mCIlt, was 12.7M) bo"",l fe"t per ton.

Tn an iJlfol"mJltion cin:ular, FOL'oman" has desCl'ibed t,he mming
m,MLod ,.., ih" IIeda an,] Star mine,. The main I-Tcela- or" borly
(ma.xinnun widU" 40. feet) 00""''>; along" yutnally y"rtieal sh"ar
""no in the nurkc ,!uarw,ile. Th" IntennerliJ1le ()m hody OCCLJr"
Jllong" ,imihu' "heM zone parallel tD th" Heela Or" bud}'. It dip',
,lightly "o1'[.]"",--'t, and join" the Heel" ,ein n"~r th" 1,400_Joot le,-d
noth ""ins follow a dietinct gouge along which ",nJ" H-rikf, f"ultin"
h", oceHlTed. Moreover, they generally "1'" a~,ociated "" ieh " lamjl!"')_
pIJ}"'8 dike- which aver">,,,,," ~fiout Z feet in width but'i" 12· feet wid" in
phce.>, The ore OCClll'3 on one or both ,ides of the dike. The principal
om mineTal is galen",; a small amOl1nt of zinc is a,"oci"ted wi,lL thc
g>wmla in the Hec-ia mine and a larger amount in the St~l' minc,

There is no definite line of demarcation bct.woon the lorl" I1!HI COLJll­
tL'y rock, ami stringers of ore often aTe found in U,e w<olL II","i_
zo·nl".]. i'Teglllar 'lu",tz fltr:i:ngeTs also "'... foun.l )'unning into the
walls, 'ana parts 'of tl,t'- w"ll(,,,i,d I" IH'""k (,0 then' and to lhe gouge,
e,lll';llg ",d:remc-iy heavy ,icle and tDp pressure,. It often is n",,",_
sal')' to mine" j'"",, ha\'illg" hOl'i'" of W>L'i.<) heew',"n '1"0 etl~ngel'3 of
ore, The hon," lIlay be (i m' 7 fed wide, bul; the whole face mually
is st"pcd and the wasle ,ortcd from the oro. This practice SOm,,_
times i8 varied by mining onc strml5er for 2 or 3 floor" Jilling
tjglJt!y, alld t.hen ,t.oping the other strlllg"r.
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"HI" of '" ",,' b"". re.~"{"'_" h,"~""' "'~.

The I'e;n" in the HecIa. mille ""e developed b,)' 'll'ifts on tho 300-,
600-, ~OO-, 1,200-, 1,400-, 1,600- 2,000.. 2,4DO_, >J,,,<1 2,800-foot levels.
In th& Star mine, levels are appro:rir;latdy 200 fee' "pfl,r(.. 'When
ill" drifts encounter om tlll,i,. heig:ht. j •., in"T'eu"cd to 13 feet to give
sl:c>ping room ab",," the timbeT'S, unrl the entire width of tha 0'"' is
rNm",c<] ~o a mJL"{[mlJm. of 18 feet.

The early pru.ctiCB wus to m,ialt three_comparhnent I'.~j>;"s with a·
chute, mammy, ami timber slide at 50-foot intervals along ,he drift,
but b""al1.OO of the heavy side, pr,,"",lL'" >111l]l'"",,l,ing E)x=sive repair
c,d the interval WaH dLIl,ng!"] to 1110 fed. Wit.h the old metltOd
only 70 pej',,~~'t of tho "COP6 exe"vation was filled with wRete. When
u "t"pc JS beg,,,,, " ",.nt,raI raj", fir5t is put through 1.0 !.he level
above. From the raise, hOl~zonlal l1,wr., ".J'C mined 100 feet in each
dirc.etion. The stope is widened to 1:lJ<) full wi(lth of the vein on

_, I

Cl' ",,",,"~. ""::.,, ~,=.,.< '" ~"".' "'<= ., :
,

J .

i
JttlW:ttltlli

L··",,,,n ,w.,...."""O",';"'" ,","OU, ,1'""'"0 m"ho" of "',plng """ O,,,,,,,,,,g, ""lu mh"
I,l"I".

tJ,5 fi"'l finor. After I:he fir,t thr!)e floor;; are mined I:he ()l'!) is re.-­
moved and Lt-OJllJlle<1 1:" I:he d"Jtr" in the e:nd ra';,.~. W"sLe for
filling is drawn from tIle dllJlo ill the c.'Ultra.] mise.

The fin'!. flo"," is mined to the em1 of the bloc.k ",nd timbered as it
adv,m",s. Th6 ore is J",,,,,ed through the'. top J"g~iilg of the dl'itt
,ets into ear,. The ",eollll ""d ,hiI'd flo"", are milled i" the same
manner. "Vhile Om tJ,irrl floor is being mined th" timhr'rs can be
l'l",c,~] foc ""Jlpol'ting fjlling. The bottom of 11,,\ "'"sl.G corral is Oll
I:oj> of the fi,,,,t mining floor. (Se" Ii". 40.) Th1, floot' is 1<epl:, opon
to p~rmit rop"i1's to the drift ,imbe,,;""l.ll,) !)ol'm! bottom. Af",,,r the
tbird floor is a(l"anr",,~ f'lI' "nongJl, the socond floor ",,·n b6 filled
from the central mi"o, ll, tr""l, being ploced on lhe, IJLird floor fm'
[.,'amming th" W'lSl:",. The waste is GbtaineLl Tn'll' d~_,-eJo]>me:Llt On
the level "bove or fl"lllll, a main roclr mu", "onnecting with t.he "m,­
hee. 1'1'll('1l the 1.J'irr! flOOT i;; comp!eu,d ~n(l the fourth f1om' begun,
the track "n tl,e I.hi1'(l floor is med for t,.ansferring broken Or" from
.the rac" of tho stope to the ore "illIte. Undei" the- "yeu,lf! employe(1
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usnally only one floor. i5 open for any consider"hle period "t, 0""
time. When W"lJ conditions permit, howeYer, the track for w",t"
filling i, placed on eve,}' ""co11d floor only, and two f100re arc the"
"p"" itom the top of the fiUing to the back of the ,tope.

The genel'aJ: method of adYmlce, whieh 1;; """,-jed upw"Td llntil
within 3 or 4 floor~ of the level "bove, ,md the method of t.imllL\ring
with "tl'ing;er 0'" ,t"l! ,ets are shown in figUTO 40, The jllht 3.01' ·1
/loors "1''' mined "1' 1:<> tl,B level bO' "' "erie" of vel'!i",,! ,li""" staTting
at the rm,".

The stope r"um!s consist of vor\.jcuJ row;; of three hoI", ~Iwh, wiLh
one J'ow t<> "nell jl1h £e~t of beo. The rounds are blasted with 3D­
l'epne:llt gelatin dynamite_ Round timber is uecd for the drift "nd
"tope ,el$.

Vi ,cd '("pi ng ,,(j~t dm·i tLg 1023 Was appI'Oximately ,<" follows:

c", pc,' "" "~,,,"
Lobo' ", *1.000
Sup01'vlslon .. ,080
Oom[t1'o""u ";':, ,[,m" >\nd

0"'01" . "".
l~~plo';v'"~ .112

Som~ shrinkage .l.oping i, pnwl;i"cd in part, of the smaller ore
bodie.~, but most of the 01:" is mined by the vaTiation of cut-and-fill
,t"--!,Ulg described.

::;ngre.g"te<l figure", -I01' hOl~zontal cut_and-till ,coping only, in thc
Heola oro bu(ly, ,howing the l)l'od'ldiyity of ",coping l"bor during
19~e, ure os follows,

"",..",,,,"'
Occupation: p"" ,,'"

]\11,,"1'>; ._. _ 0, 2<)0
~Il0"_'J01·. "nd 5[0]l~ h'"n""'o" ."":>l
Tin.bormOl\ .o,,(] belp"'·"-______________________________ . on

~'nl 1, 318

T,,,,,,..,,
""""''''11

01.25
17,14
mou
6.07

In OTB bodies th,,-t- are 50 wide that the "toP" will not, e!oJmd if
mined tongitudilmlll' the fnll wielth of the ore, they 'lI'e ari~en ,WrO,s
the ;;I-rike from wal t.{) .wall and are of a pre.deler-miued, saf" width.
These ,top"" u,ual!y, Lut HOC "lwll.yS, arc ""l'"atec[ by lliUm,>; of ore
whidl ,"'" ",i""d "Her the 'topes on ea<,h "de have heell eomp]cl.cd
und filled.

Dlll~ng the first C lIlonths of 1920, geg,s78 (,ons WCTe mined from
the .L~ Color~da (Jr!' body,. n£ wJ',ieh l(H,();!7 r·on.~ we"" <;btmned hy
mchnell (or rIll) cut_and_f,JI ,toP[)]g, 37,\14~ -tons by horIZontal "Ill;_
>lnd-fill "tOpUlg, 32,220 tOll;; by squ","c-'etting, 30,354 tun.o by fih,.;nk-

ro"""",,, """"'"\"o,n' In ",; """"'" .L",,, ',,"m'. ""l'''''d";",,, "',,' m""""'O'GU'
""l'p1<.. ,,, """op no in '" ",nonn'", " ,,,I,, ~O,"," "" ton, "oly. "o,Ll "","'en""
" r",' ."',J"l'''''''', ,,," "',,' ;, f", "",i,,,.
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,,~,., sh)ping, and 51,Oj)S 1:01'8 bv driftill<;, 'l'he .I",,,] me pL'Ouuew by
flt"oping: W"~ thus 210,080 tOIle, of whi::h 142,006 tons (07 percent)
"'el'O '" i"",l by cut-and_fill ",el;hod"- C"troll" has de",ribed the 5',0)'­
in" methods.

\['he deep",' l'rlm,n'}' ores oc:u1' ill y."rtica11 pil'"liko ~"posit". The
~I'P"," level> of 1..1", C?lora<l'" plPC ,u'e m the form of "' l'lllij 8ulTound"
mg" wu.sr" cora. 1h" rH'g of OT'e con"l'Grgw ,1ownwal'U TIntl] t.J,e
",,,,Ie "ur<' dis"ppeaJ.'5 OIl the hottom le..,eL, .m1 the pipe booomcs
ll. solid, elliptical 100(1)' of ore. Stope boundaries, u.lways arc det"r­
m,ued 'iY ""mp!;"g, boc",,,s" the cop po,· ,,,i r]0['uh e::ite:nd outw'll'd f.."m
the mum ()re budy as ". netwoT'k ()f ""inlets whIch ,,,,,kc ]ow_g:l'",d"
ore of tiLe wallrocl< "dj~C,'"lt 1,0 ilL<, pil'C. '1'h" me of il ... m"',,, P"I'"
i" hi((h-gT"de.. The Orc "n,1 ,.,-"lIs of the C,,!(jrada ore body are of
such al\Jj·(,lll'e tho" little 0"no ""PIJDr!. is neees",,'}' i1\ mi1\ing•

.._-------- -,,-~--~ -..._-~~--~ ...._-_-.,._---

011 elle BOO_ and 700-fo(Jt levd,. whare I,ha (lr~ sl",,;t- .is n~l'L'OW,

long, Jill",l nll stopes "er(' ]a"l 0,,1 Some of the,e were converted
lat,," to lj(Jnwnl,,1 cut_and fill ,tor'" 1Ielol>' the 700-foo, kl'ol the
or" b<"oIn"S """,h thicker, und ]'''' helow tile ~)OO_foo" lovd the
waHc COrc d;'''Pl,eal"S entirely. It W", evident thai, jf cut-llnd-fill
sW]iing WeI'" employed pjlla,,,, w(>\lld hos" to be kft- "nd later he
ex,racte<1 e,ther hy top slicing, whidL might allow 0. g<mcr>Ll suh_
sidence of tI'e ground above, or by t.!,c Mitdell slici "it ,yst"m, which
wouhl pre'·out caving. The, former conrae promised· mOr~ cert"in
"',COV"''Y of all ore, 1(, WflS therefore (lcd,led h) ue" top slicing fOl"
"emoving l,ilhrs betwcen the HI}{)- "",I l,OOO-faot level, a-nd to top­
slic(\ the c:nti,,, Ol"~ body below the 1,OOO-foot .lcyel. Horizon",,! "'IlI;_
and-fill ,toping wus th", method in W'u~ral u,e for mining the cu,­
n,nd_flIt s(.opes when til" Ini"c was Vlsit~,,1 hy th" sllllior ",il.l",,· lat.e
in 1~31. Inclined. cut·",ud_fill sto])W" """ confined 10 I.hc na-ITow"r. - .
01'" "ectlOll'.

IljgtLl'e 1-1 ,hows inclined cut_and_iHl stOpillg a, praeticed "t thi,
mille. Dl'illillg is done with d,'jft,'l' machines mounted on ~_ or 4­
inch column", In "dv,mcinj\" u- cut up the ,lope, 10-foot- hole, sl"'ced
5 feet apal'l- in bol,h directIOns are drill"d l'"rallel to tlw ,lope of
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th8 rill, and" :IO-Ioot rou",1 n feet high i;; broken ~ero," tIle ",iclllJ
oJ: the ,t-n)'"_ An")' 11", M" is l""!ll",-.,d waste is run in from ti,e
waste rai,,,, to within 3 feet of (.he b>lek. Th" waste is leyeled and
cove-red with a floor of 3-incll plonk na.iled to phmk .,1lIs bdo,"e lhe
nGxt .cut i" b"g,m.

Thn horizonbl eut_and_nll system is shown in /iglll'c ~, A. The
tl'l,iea[ stope is 30 feet widc an,) 50 to 161) root long and has a row
,;f r"is"8 spa"",l at 40-foot int"rval, along: the center line. Stapes
find pillal's from th" noo_ to the SOO-foot]eHI are laid ont exactly
"Ver thO'6 on the 1,000_foot .\e"el. A linn "r r"is"" als" is carried
along the. celli''''" line" of I:l'e pill,,,,". Both ,,,ts of mise" >1)''' driven
from the 1,000- to the SOO-foot leyel liS sl;ullod mis,,,, eXfwpt that
the,}' am cribbed for about 2D feet above the rail. On the DOO-ioot

, ,
""OITU"",L ',",~N

,I",I!i i: t 0

.' ,'lL"
'; """"'1"110"'

>"Ocn~ "" __ "0,",."""' ,u~",,,,·W' "t"";,,g. 1~ ""'0'"'" ruL"" A. "-,"h' '""'0"'
","w'ng ""],,,," .'Y,t"m; ~, "",-1>", 01 millio" "0'" i" "",-",,;,," >ill '"~

level the "iop"s are "illed n feet ~b",'" I.he r~il ~nd on the 1,OOO-foot
le,'el22 feet "b"yo tho nil (I.wo t"p-,liec f[OO1'3) to p1'ornct tlle level.
The ground is takOl} out to the pillar' li",,, on cad! ",le of the "I.ope
a, the stDpe- rises, giving a faoe 30 t"et wid" an,lll -feet high. This
face is then advaIlc"d "cros, I:he ore botly by bi'east stopinll:. 1lill:ur&
42, lJ, shows the method of drilling holes for Il-lhallcillg the ,ill nut.
Each row of holes consi,l." of 4 or 5 fI"t, holes, the rO\\,' being; 'l'seo<1
3~~ to 4 feet apart vcrt,ic~lIy, Deilling: i" clemo with he","y drifter_
t.yp" machines mounted on 4'l3-inch c"lumn". A, won a" a 8tDp" i,
larWO enongh '" scraper is iml.a-lled to drug the ore 1',0 th" dlUt,,",

'1'h" ""t.-.'WI,inn r"i"", ".re built np directly under th~ stull",)!.'"i".",.
Tlw r!HU1W".\'. sid" is I.imh,,-,,<l with 4· by lO-inoh cribbing and t,h"
chul:" sid" w,th 10- by 10-in"h "ribbing fnr ti'e /jI~t. 5D feet and ahoye
that with 4- by lO-inoh eriLbing. Cbut" liIli"g is ""'Ie"e",aq. The
ehutQ i, co,,~.r",) with a grizcly of 30-pound mils, with 10·i"ch
opcni"b""

''I'hen a breast has beon adv"Jlc"u lJ"sl:- a- """O,]() ""is" t.he fir." part
Df the sl:ope i, doaned out.. and a flo"" o-f ~_ by 'W_inch pl~nk, rmHe(l
to 4- by lO-ineh sills, is 1",ld. The sill, "rn lu.iu pllralld to th" dil'''''_
tion in which to)' slicing will ,,<!..,mce_ (Top ,!idng' is ernp[oJ'e,j fo"

"GOf'·__3"__~"
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mining the pillars over the arti",) (}ob fel,"'" ~r" l"'ill around the
'to)?e, except on the ,"""Ie ,ide,. Th",,, "1'(' uf 2" by lO.inch plank
nUlled te> nthe,' p]!J.nh ",,,,1 for po,I·~. Any spae" hcf:","",,,, the few"
,mel w"ll is fill"d with broken ore, The gr.i"~ly raib< ure ",,,,oyeu
from the eI",t"" the ""I:radion raise is cribbed "E to 3 or 4 feot from
the back, and ])f)th compaThnents llJ"e coyoTed wllh timber.

Fill is ,'un in through th" wacte rai,,, am] flJ'read by 'cI'apm' am]
wh"elb"'Tow to within :l fed or IJ'e 1""k. Afte" lilljng >L kml!()I""J'j"
110m" i, hid m1 th" :w,~<i:<)\ILnd tho 8("",,[(1 <out· is 1"'I>'H1. Tn tolns and
'LJ"",""liJlg ('"I." the nHJfl( s aTO (!r'illed diffeTontly from the lllGthod
o!Low" in figH"c 'l~, B, us ihere is now a. f",e face undorneoth. Flat
hol."3, 5 feet ",purl horiz,,"b.1ly and "l'erlieJl,lly, 12 feet 10Tl~, and
drilled straight. into the face, break the Ol'e readl!y with 4, to 8 stich
of 40-perceIlt powder in each hole.. Carrying the badc '2 Ol' n f"",t
highe.. in the "ente,- ,,1 the ,cop''" than fit the "ides giHs nn aTeh
that rcd"cc" tNIHl>lc frum louse huck,

Dired:, stoping <Xls!.s, J~"uary 11'0 Juno 30, 1~29. when 49 perrellt
of the ore "toped WU8 mined b1- inclined cut.-and-fill stoping, 18 per­
cent by hOl~7.011ta! cut_and-fll "toping, and the balance by "qu01'e_
'etting and shrinkage stoping, were as follows:

"'Imbec __" _
O,hOl' sllppllc'- c _

,)"t"" ,."
't''"'""",,,,"Lah"" __" ,_ 'i'D,3118

S\1J",·v;'i"i,________________ .131li
Com]}ro"o,' al1", ,l\"ill,. n",l

"I~cl . _1\\7~
E~pl""lv""__________________ _214(\

Fi'om January 1 to .June 30, Hl:n, dired, ~tA)ping CO,!>;
,,,1 "ul.-l",ltl·JilI >topes only W01"6"~ follows:

G," V" ,,,'or ".,
"'"""oe,'

$O.l(tW
.0000

in hOl"izoll_

"'''d "I",'inif """". ffi" __"1td_~11 "Qpe" ","!I, ,~~ a"l"r.,'" "'''''-', J"nw,,'y , t"
,""'6 SO, lR.U

COO,""",,' "",'",r"~
Labo1" (llmlJ-e611". b"."k;"g. E~ploelv"" .. ",>,:to",

"nd "heveling) .... $1). 2";IT Ti',,""1"______________________ . 118~
Gobhil,g _m'W M'"Ml8J'''-'us oUppllOH_______ . OO~9
Oornp1""""d "11', "e"'", ""d

'lecL_____________________ _~OOG Tol'"L_______________ _79&

J)lJril~g: I,i,is Tmriod 48,D"3 tons ware .mine'i by J"'I'L.ontai cut_and·
fill stDpmg, and t.J", (llltpm, per man-shift wus 6.88 tmL8,

Stoping method~ at t.ht> Cmupbel! mine h~"e been diwlle,ed hy
Lav.nde1'." Th~ Campbell OT'C bady may b" da,"mecl as u· hi1"ly
hornol,'""eoLl" body of su!phide 01"6 of "aU",,, high silic[,,-content. 0"
I:.he 1,800-, 1,700_; and 1,801J-foot levds it, "Wi'ii""" about 51J0 feet 'in
lengl.h uml .."."g'c~ f,'om DO to 250 fent in widtll. 'I1,,\ .IootwaH
contact is fa-idy well ,idine,! except for :E:roclUl'e ""nos wl11(';1 ha"l'e
(~au8ed 80me dispilWcme"c. Th" dip range' f1"om nearly goo to as
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f1u,1; a" 20". The h"TlL';i"g wall ranges f!'Om an ecollomic siliClL­
pHile contad low in ':"ppe1" to a oharply ,l'fim,d wall conformin$
t;; Ul0 local bedding plllL\""" The 01',,1, hard, "w] heavy blasting"
reqllired to break it fu,e ello1lg-h (or handling.'

J"m"~S ",m about 100 fo,[)t "purl vertic"lly, and e""ry ",her kvel
is a motor-haLlI"!!:,, loyd

Before stopiTli the ore bocl)' is cliv;,I"d into 'tap" and pillar sce­
tiom:. In genm'".l. ll", lllnn adopt.l',l WU" to have two adjoining
stop" ""ctioHe, eu~), .J." 1.0 !iO feet wide, sOlll"'at,,,j trom the next
1'11'0 ,toping ;"clions bv u pill,,' 4tJ fee, wide. Vi'],"r.,. tl,c width of
the 'We bodv wfie not'IDo grc.(J.(; ill() "tope~ Were to be mined fro",
hang:ing w"l\ tD f""ewan. Where the 01'e bo,ly wa, wielei' the sce­
tiOll.~ were cut off by "iUll'" ~ single ""I' 01' l'e6'll],11' lend, and new
"eeti<>ll5 were e"'"bli;;ll~'1. 'When the ,t"pc ami pilla" Hection" were
lui,] out the pion was t<J work hoth stope ,",'tLons by cnt_~nd_fill

ot.op;"g and to ,'ecovcr the pill")' by "J.iitcheU .lice rUlill;ng ,d. righl',
ongles to the hmg dimen"ion of tl,e stope. It also wa,; pln.n:nod to
mine each sect-ion lip in blocks 2·1)1) fed lligh where continuity of the
or" peL'lllitt~d.

IlJclinecl cut-llJld_fill gl.()l'lng was ~mpl()y",l for Hlinin>; th" etope
""c''ion". Two geucrrJ tl'poS -of etope, were med: "Dollbh,·lelld"
stopes, iLL Wllicll a line 0 ,qn".re-",I:-~ is carried along both sidm "f
the section, f"om foot to hm1l'ing wall, lInd "single-lead" sto!,es,
ill wh.ich a l;nc of "luare-solB 15 ea.,ried on OM Bid" only and" ine
of caps and posts 'Llnnn' tbe other sidc-. In de,'dopm"nt 101' double­
1~ad8ets Cl'Officuts ~re -d~'i,'cn in the piJhr an~llldjoilliniisto1'o sec­
t,lorlS along·the Bectioll hucs, 'Hl(] the gT?lU1(l,S ('·ut OlJt tor stnnger
sots. (8"" lig. 43, A.) Afkr stringers have been plu"c-rl "hut", a)'e
built in altel'nMu sets, and H(lping is begun above the ,t";ngcrs.
Whil" the lea,l ,",I., "1'e, beini( Cllt OLlt miniul': is he([1ll1 in the 5tOI'G
betw€eJl them. In" flat-botlDmed stopc th:; 01'(\ i~: allowell to !'"
up tn form a· natun,.l s][(It, toward the lead: tl,o had, of the rst
~nt is shu-ped for th" init,ifLl till. \fomLWhile; WOL'k OIl the till Tu-isc
is pusl,",l, ".n,l ii, is holed to the lcYot lIbo"" or in some in,tflJlce"
even in tllO, lIe>:t h"ul~ge 1"'1',,1 2(](] '"et "lwve. 'rhe, n"tural !lllglc
"f rcpo"e, "I the fill i, 37", a.lld tJ,C b"e;k of the stope follows t,hi"
an"le roughly.

frpon completion of the 10ll,l set" lind the ~ectioll between J,,"ds t.h"
",oJ''' i, cleaned out by hand (l" hy ,It'at! scrape,." and the bottom of
Lbe SLope is covered with a mal. ()f ,crap timber. 'Vllsl:e is I'LHl
thl'Ough the fill raise until it is wiLbin 2 <Jr 3 feet of the bark of tlm
stope. The fill i" coYcr"d with '!"inch fioorinl': nailed k 2- hv 10·
'iII,,)' "ill. laid flush with the fill. Bn,aking then i,s rammed; i, "lit
is lwgu" "t ULe j,,,ttom of thG incline at U..., lead "et and carried up
the slol'"! the u-"""~g" rut being 12 feet hi"lo. OL'izzli,," of 10_ by
lO-ineh bmbor Bp"""d 10 inehe, a-part are placcd ill the ]0,,<1 ""I:-~ at
the intersection of the fill floo,' lin" with the set8. After a cut i"
complete() and the OTe dra'OiTl inl.o the chute" the, floor is tltken up
"nd filli"g )'Un in. "",,ch cycle of "\lCl';",, "na filling i. apprOXI­
mato]y the ""me. The lead sets ora ra-iS(',l ,"1:1:h 1,lw main eut and
can-ied enough in "dvance of the Jm to pro'l'idc height for g.yh lag.
ging and tn givo a"e'''s to I.be working floor for the succecJlng cut
A manwa-y set is uswl,lly ">1I'ri"d in each row of leads,
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(Jrrlin'al"ily <h~fteL'.l}'pe machines "rB u.,ed for "I;ol,ing, a.ndJ- to
8_fooo holes ""e dc~ncd; ,,,!?pro" '~l'c ,!;Sad to. sOllie ""tent, prmcrpaJly
m lead "ds llJld raIses. Ii 'A'urc 4..1 !'hows [haL the back of the st<Jpe
slopes upwtL,'d at a flat angl" "cross the gt<)p~ from the k~(l sets
(fig. 4~, A und O},pn<l ,d", sl~p,," upward J'rom hanJ!"ing to foot
wall (hg. '13,'11), Ii 19LJl'e ,:[.3, C, is aerO", ,scctron of u ,mgle lead·,",L
stope.

rIO"" ",_Ineli",,' '''''·",,'_011 ",op'n. """"". C"mpb,]1 m'DO, """"" -"-. 1"00 ",>oj
"orton of dO'""''''o"d ,t,P'; B, ,.c',,", ",<ion OD U'e< G---{,' o( VIUD A; 0, ""'" ",liOD,
"""N·"ad ,rop'; JJ, 0""' """0 ,f """''''''""'''''' ,~op',

Viil",re the gnmnd i" u"i-form!? goo,l the practice "o",ctimes lli
modified 1>y nsing a "e",i-!'hTinlmg-e-st,oping method Or U. semi-cnt_
,,:nd_fiTl "'y~wm. Thl. ",,,thod is slown in sectloll 1n figllra 43, D.
lHstaad oJ the o,'a being cleaned o"t a-nd filling "l1n in. afte,' eMh
Cllt, two OJ' mo)'(·, 12-foot Gllt~ "re taken, exe""" ore boing: drawn off
to m"ke working room; addi,j"nu.] cuts ai'e rLlu{le by wrJr'l{ing on tD]1
uf hcoken ore, '"" in shrinh-ge st{lping. The !la-hmc" of the ore f"""1
the two or llWro cuts i" ([".,wn off, and Jilling is rlln ill u, in the I"ugu-
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lar N1t_'md_fill ,;tOPIllg method. This system "free!); " IH.rgC re,lu,,·
tion in floOl';ng eXl'cn'c, as the cuts arn sometime" a, much ~,40 f"el
"bore th" fiJI before (,he ore is drawn and th& stope filled.

The aim is to attflin complete re"D,e'"" of the orB in the Campbell
mille at'ea, as it i" ]ligI, /,;r>1a". A ,light, Ja" of fines b occa"iolled
by their siftillg tl,,'olJgh fh" crueL! ill the floor1nf[, and a little dilu_
tion mav occur at the eclge" of the stope~.

.The :fallowing orc typical dil~ct ot"ping cosL' ".1 H", C.,.mphe]J

in"''''
----

c."",, teill",","

L'b" -,. Tln_1 ,< \ 'I',,',,'"".",
----'=----,~

ll\ G:.l jO.", '" 1", I10-'''' ILl";

,l' " "I " L", , ~J
, '" ." 1.G:.l

.'''' 10) 17,; _'20 : ,.•
----1-

,,,_ J, "'", ,,,
'""1,,,"'_

,,,,,,,, Ira< ,,,J,,,,_
1, ;(0;),

~!". ''''" to.To"1, ,",U,

-·--·1---1---1-
"'- - -

"-- ­
"'--

Although more than 85 l>Oi'''""O' "f the 01'<\ is mj,w,l hy h"ri1.onl,,,l
cut-and-fill aud ''l.uare-,,"!=. "to;l"ing: othe,· IMlhn'ls ~~" "illpl,,,,,"l ~O!'
exceptwllal ''')Hdlt,on". i:\l:<ll" "I\" """hods "t tl,c Umte<l "Ii erile llllDe
have be""ll dc""rjbed hy Q""yle.' In 19~9 the mnthod, o.mp1"Yo'1 alld
the p&rcentag& of tIle tul~1 pl"OductlOn by """h meilHld wer" '"
foJlnws;

"""en' I P,~'ru'
HOl·j.om~l <'ul.·lli,d_fill (n l"-<'lined "'1""'·"-,"1:-_____________ 2
Inclln'd ollt_>lnd_llIL____________ <: 8l,,';01"'"0 stoP,"« ."._____ 1
H"r:zQn(,,' "q"",'e-,ot .__ .. __. 2::; 'Cop .I.kj,,~ ~

The ore a"pu,ils axe of th~ TlH,",siyc sulphide, ,chist-l"BpJuoement
type. '1'h" nlin~raliz",l z(]n" II,," a horiy.onbl ,"'elL of 200,000 to
400,000 square feet on VU1'ious levels "nd " prow'll ']"pl'h of 4,000
Ioot,. 11T€gnlar imerJ1ngel'ing of tlLe SUI!,l,i(!<'S with ,chist ond
porphyry fol'll,""", i1T()guhir u.nd indefinite ootwall boundary. The
"hid pri""uT coplM'T." It,;ncral i.s eholeopyriu., ami the gangue "
prilleipally pyrite, 'juRrlz, and "hlorit",,_

The main ore bodies oee",r a.!Ollg the """t,,,t o:f the massive sul_
phide a-nd schi,t; ,mailer bodies Of'L\ on t.h" sdlist-porphyry contact.
The ph.v8je~1 d,,,.md~ri"ti,,;; of th~. mussive oulphirle, s"hi~1:, ",,,,\
porphyi'y di:ITcc so gr""l.ly th"," the Joeatioll of an """ burly with re­
,p"et to these roeks determine.' not only 1.1", mining method but also
I:h" Biz" of stope that can be worked. 'The mu"i,-c snlphide is ,ery
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hard and dell'" ~nd et~j]ds weJ\ over luq'e ~rous without SUPPOl't,
except that an oq,,,-,iomd b"lkh"",] ~ req,ured Ullder a 100"" ,hb '"
where the 01" bod:y is wc"kcnoel by on andesite dike, In this ground
cut-and_fill or slmnkiJg<3 stoping lS opplicable. Th" "ehist "R,ics in
hardne," "wi strength; in places cut-and-fin ,t"ping ",,,n be em­
plo~-ed, while in other, smail square-set "e",ioTl' "re necessary.
ShI~jJb{,~\ st"ping c,mnot be employed 1""",.LJ"" of thc dilution that
WO\11<] .'","LH· when the stolles a1''' ,h'O"'L!. Pnrphyr.v are hodie, 1JSLl­
"H,y O"n ue mined by cut_and_fill "toping.

L',,-,el~ ~J'O 150 f,eel- apal't ver,icaUy\ ".nd eaoh le,;,1 i" devd<>l.'oo by
ll, (II'IH H1 Hie sc!l1,t roughly l'ar,J,lIdlng the ~uiplllde-"dLl,i; 'xlnll",!..
Tn pi""",, th~ ore bodX i" so wi,le. that two p"ra-llcl driIt" arr. rO(I'"'TOd
to lJ'",ro propel' chute 'l'".ci"g for thG '!.0j".

Owillgto the gre~t vari",i"" in widl'.h 0 the. ore bodies ~nd tu the
irregularity or or~ uoun,hriesl.it is llnl'D"ibh, to wt"blish any fixe,l
dimen.siolls for tiw e'H,-,md-l1u ,wpe,. E."dl i, openee] to "'hat is
"",'sidered the lnaXilllllm size eon&i5t"nt.wiil' "de mining. The sl"",
range from HO to 6{) feet aCl'O," th" ore ]J(),ly end from CO to BOO fee-I.
along I-.h" strike. The dimemi'm, ,,1-0 un infiuenced hI' thc "ecd to
maiIitain J'egularity in the vedic"l pii]", sYst~m; that"ie, pillars on
one lew,l ""Jsl- corne under pilhI"S on tJ'e "Je-vel ahOY", Piila-r5 he­
tween ,topes us,,,,Uy uri'. abo"t; 50 f""L 1;I,ick.

Befm'" swping; operations aI'e l,egLln, the bOlliilhu'ics of the 0'"
]JOrly are ,lc!.nrllllllce[ approximat..Jy by diamond drilling from the
contact dl~H, Jl.nd the yerticnl pillar "dwme and 5iz" of st"pes are
rleteT'mined. 11 ra';,e then i, (hin.ll to the level "boYc. as near the
co"tor of the 8wpe a, po>.,ible. Thi, raif<'. wij] se,,:e lat~l' a, Jj

w>"te Ta';,e. In ,tOlle, lOll!,"'" thn.n 100 feet tw" r"i_ are empll>ycd,
th" >ccond bmng pin-ced ne",' oM en,l of tbe dol'''' After the w""t"
l'ai"e i, eomplewd siHing opffi'atimw >eJ'C begun f"OrtL thc raiso, 21 1.0
25 feet aLove th".rn-il. The sill i8 "LJt 0I1t"1 feet hi"},, and during
siiling chut" I'm"" aJ'C pnt up from the ,lrift bolow'. Chute> Me 16'1'..
feeL, e""tor to center i" "",,,,iYC ,mlphid" or" and 22 fed apart in
,chi,t, Il,nd jlorphy,'}'.

Ait~,· I;he siJ.l eut ha, l'eacllcd tile piihu' iin"s "nd til" "re limlts
a second 7-fo,;t ellt is beW'!n f"}Hl th~ wast" I'Jlj~. In stopes h".>ing
two wode ,.,.roes tho cut '" start''ll tram l.h,,· I'll·Joe near th" end "f
th" stope, An dT'ilIing i.' 'lone with d,'iflH ,rlJ'ehin"". Fhl- holes
.. to ~ fe.et deol> OTe. rll'ilie.u. in (.wo rows. As manv hole" liS can be
,,"cd o/l'ectively a,:e 'hill"d from eaei~ eet-up by f:i.nning them out.
Holes are shot WIth tiO-pereent gebl,JrI. dynamIte. 'Thc ore breaks
into fragmellts, of which 30 perclmt ,,,'c 1..00 large to l''''s illlll-irll'h
gri•.~!y. Senlfl,lary blo,ting, which consumes 20 percent of th"
explosi ,",'8 used, is cione WI ,h 3'5-pel'cc.nt g"ht,in dynflJllite.

BeforB tbe 1","1.:- fill os intr"duced .. ,in floor is laid. e(H"i"l-.ino- of
two lay"'-'s of Q·i""h plank, naile,l ("Q 4- by 1'?rind,' sills spn-e;a 5
feel- 4- in<oJ"'> ""l'll-rt. Te:Llll'0ra,'.\' Boor' are bill (]n tho filling before
each "lJt IS begun. After',i (),. a "ounclE hare hH'''' bi>"ted from" new
cuI-. "hOI-cling operation" at'" sLarteel and follow J.() to 25 feet- be.hind
t.he mining face, .A" "(}on '''' the showier,> f'"'s a chute ""d aTe
shoveling into the next;, timbermen !'ai"" the C1I1te 7 feet OJ.nrl filli:",r
is begcm. Abo", 2 pel'cent of the rod, hroken is '01't,,<1. oul- bv thl;
,ho"der" ~nd rli""arded as w,,",te. •
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Filling is tn,mrn"d hom l.he w",i.e 1'0"'0 ill " specially <1esigned
(:aJ' h,wing ~ Si",<>p-,haped body 'lYLc] T'l1I]j]jlLg nn ,,"ctioll~l track laid
on the fill. A g()b J'<,nce of 6- by 8·;))(,1, l'0'b H 'j'".1; long, spaced 3
Ioot T inehe, aI"!,!" and coverod wit,h 2·lJJCh plank>, is built along
the piJl", line OIl each 11001' bdo,." wasto Jilling is llicroduce.d.

Filling m~tel~al, eansisling TtLainl,\' of diol~(e :md rJorphyr,)', i,
waste' rock from open-pit ,tTipping an,] ",",1:<0 from lllldel'grouTlcl
development. Only wa,t" that is ,;l'I.llu.11" fr"" {rom mjphides is
1I,od Oll ""count of the ficc hazard in this mine.

Incline,.! cut-aIlel-fill .<toping ha" heen Blnployed ;" '" f~w special
cu,,,-, "lJej, as th" mining of levd pillaL's, whel"~ tho "'tiglJt on ,. fiat.
lHJ.ek and ,,[uare brow had to be nUleved or ;;(\""l'<)-",I.l.l"i; il,eJ, or
in i""I".l:ed ore bodies. the gerlc"",] ,l,,,-pe "f wlnd1 wa, ,,,,H.wl lJetter
W indined thon -w horizon!.".! ,toping. IIOl~zontM oql"",,",et ~I.op­
i1Lg i, ellil'lo;i'ed for mining y,,,,t,i,",l pillars between cut,·"nrl-JiU
,topes "i"l in £Ollle are"3 in the Hu,i" "topeB where the grt>lUld i"
ho",")'. 111<1i"e,l ,qU"l'<l--,etting ie "",,1 JlrilLcipa11y for ,,-,<trading
level p.ill" t·".

La,bor l",dol'HUU"'" in rut-and-fill >CUl"-" is giV'ill hy Qua,yle as
follows:

]{,n_k, "'"' "" "0'" f''''"
O"'llp~lion : J"~ 'I ,," ,,,,,d ",",",nil'

Hr~llking • ,_. .. Q,135 6".:)
8h<>"eJing' "__________________________ . 5!7 14. ~
Timbc'ing an" j;lli"g ••._"",. ,4l)l) 17.~

'TNnl di1'e,t "coping labo"_._" 1. 148 O. m

Consnmption of explosi"e" is 0.G5 J'OlUld (p"inci.polly of .50.pel'.
""lOt gdnLin d,vnamite) per L·.'llL ()[ me hl'Oken. Con~l1l1Lpt.i"" 0-[
tirnlWl' is ~,% hnard feet P""tOlJ,

Mining: llld.hoLls at th~ :Magma- rnijj(' have been de,e-ribed hy
Snow." Th" or" OC-C-lIT, in "n ell"t_w",t fault fi,mre 'wbich diJls
40° to $00 to the nOli.!J. from the Slldace to the 90o-foot \,,"cl, whco""
it tun" """'" "'lll dip" 80" 'mith h> i·.he !c"vest levels in the nline.
A. north·south f"ull. of large di,placement e-llls the "ein into .,ev­
e"ll.] blocl<, in the we,tern part of the mill". l'ostmineral movcment.
"lolLg; thc ""in hns re,ulted in t1"ellchcrou" haniJinO" and foot walls.
OO.1"ld'O<'I1I>I" ~uW' and cr11,hed w"ll rock with frequent indurlnd
len""" or ore, occur along the 'walls ot the willer palts of t.he ""in.

On t]le lower l"v"b of !.h~ mine tbe principlIl ore ,hoot i, 1,21)0
to 1,500 f""t long, ";"<ll'"g'" 2·0- to 30 feet in -width, ",,(1 tun, from
6 to 8 percent of copper. 'Ph" m'e en-pries important "molnits of
"~wci"tL-,,l ~ilvel' "n(l ~ld. About- 20 t'J 2·" Ile"l\,nt of the ore mined
B dirnct_smeH.iTlg 01'e "vcl'O-l\ing 12 poree"" of ""1'1',,", ,mel I:h" re8t
1;; milling o"c averaging 6.5 p£I'cent of copper, Select-i,e mining ie
pradiced to keep the,~ gTU,k, ""pnrate, but elose separation in
mining i, not, requil'eu to maintain the,c gmlle,.
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F~ctors that flffeet. the ,toping melh()(]s at. th" lowel' levels are a,
follow.>: A body of ore aV()J:abring 20 to 30 feet"nd a maximum of
CO feet in width; hard (11'0 1;>ctwoen "On, t"'~Ch"l'OW3 walls; und Orc
of T5hLl·jvely high grade..

In narrow 0T'6 (less t.hflll 15 I"et wide) "timbered-rill cut-"nd.
lill sy,l:em i, eJIll'lo:red. In wider: !Wa a rill ,i.ope-and-l,in"r '-I',lem
is ,,,,,,I. The lutter C<J,,,i.,ts of ,,_ mmbina[.i"n of 16_ioot.•rill eat­
un,J.jili stope._ "Ucrnating with 14.foot pilla)', '\.Cl'0"' the vein from
waJI to wall.

At the !OWlor jovel, ,J'D h"uI~g" lovel, ".1"<) 2nO or ~D() feet "p"rt
VLH·'icully. The ha1llagc drift~ OI,I'B driv"" in til<) footwall 25 feet
01.' more from the win. Interrrlelliute Icve], not connected to the
,haft, al''' driven »,bout haH_w")' betw('C1l the, IHlulage I"",·ls. Ex.
lradion drift, iU'e driven on cJl"h lev.,] in ore >dong th,·. footwall,
"nd hanging-wall drift, a"" carried jll I.he honging walll.'1 feet froUl
I'he vein..'I'h" latter are 1ls<3<1 for handling waste for filling, timbe1',
llnd snppli"s,

In th~ "wpe-and-pin",· "vstem, cro,"""ts are- ,h-j;-en from th"
footwall extraction drift I"; til{' hanging wall On -30-fool. "enter,
1mder tj,,, eente", of I.h" inl."re ,top",. These lire widened to 16
f"d an,l blasted (]<,\\"n to a height of 10 or 12 f.eJ" forming: t.he sill
[[OOT5 of t.h~ ,tope"_ The }'llgt,h of ''''eh stope is tho wich}, of th"
ve4J. 'II. qwt point and may be 1~ to ~O feet. Stringem of 10- by
lO-mel, nmber 1~ f"et long are placed acl'O", the "JJI on 5-font
cenk)'" llJld a dOllble HOM of 2_i",,], l'la.nk is laid thereon. The
e,--tl'antion drifl: i, timbel'ed with I",t.tered 'd". From this drift
the three sets MXt. to th~ footwall of c"eh 16-foot stol)~ "i'C e"rried
"1' as ~ thr~er"(]mp"limcnl; )'ai,e a" lllininjl; Pl"ogl'cS-'es; t.he outside
sets am nsed "" m'O chut~g "",I the <:enl,,,' get, ", fl. m"nw",y. Th,,-,e
ar" "-,cd late, ill ~xt:raeting the pill,,)'", R'lu"r"-,et.' 01''' pJ.a,:,~d

aero,,-, tl,e vein OJ] one sil1~ of the rill ,I:op~ on I:he 'ill floor "nd
single B-foot 1'0,1:, (]f 10· hv 1O-inch timber ar" ,I.nod aCro," the
ve-in On t118 opposite ,ide 1::<', fonn gob litLes. Wl"'rJ th~ stop" i8
filled tiL" "'luare-BeL~ tll'C held OJ,"'' os a ,,""sscnt to fH'ovl{le a,,,"'ss
to fntnr~ ,top"" below and to tIle l"'[lginjl;"wall drift.

Aft~l' ,ill t.imbering IliJS bee:n "o"'l')ct~d a "l'ibb~d r"iiC' is st"rl:ed
in the hanging wall ab'll1t 1Z feel. n:om tlH) bottom of I:,he 8m,
",m] the broke" woste froom (,his l'ais" is dropped into the "1''>1'0 for
filJinjl;. l'1'ben the wa"l:e Iving on it, natu""l slope i" within ·1
feet of jJ,e buck a fioor is laiel on tl,c wa,te., ,end a T-foot cut of or"
is mined, jnclined npw"nl trn'im'(l I.ho hanging woll and parallel to
t.he slope of the w"sle fill, 0" about 35' from the j'OrlZontal.

A.fkJ: the b"'ktm ore i" ch",neel out, neW gob Ji",.,;, COl18i,t,ing of
'inglc -po"l" end on end and 2-inell Jaggil!g, :11"0 phced along each
Bid8 of the "I.ojm. Th0 eIl(h of thn 1"'U '11"e l,,,If_frarued, and a
,inil:10 s,r,md of o]<ll'oist. e"bl~ i, ".,0 1:0 tie tl,e two lin,," of -posts
together aorose t.h~ .,IDpe. The waste rai'" i, cm~'icd up only fa~t

""ough to p1'0;'ide the ne"",""l:y ftope Jilling fLll(l usually l'''aches
thc level "bove whCll the ,tope h obont :·15 feet high on the Ilanging­
wall side" After thi", w",te n'om other SOllr",," is dumped into
the "top~ through the raise as requi,..,d fer filling. The t.op of the
w",te raise connects wjlh the hnngiJlg_wall drift on the upper Icvel.
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'When the 'Wp" r"a"hes the level u.fteL' the ,"O""","Oll of indinnd
eut~, square-sellinI!' i, ",ed ta cxtroct Ihe Ol'e HIld,," old filled stopes.
:rh" .-.top?,. He curried LIp tll;' .full ]i~ ba.t.woel~ hauhr.'C levels, and
mtcrllledwtc le\·els are used fOT'brlllgmp; ill fil1mg and 8upphc5 and
for aco"," to the ,top"s.

DrilJi:llg is (lojJ(' wil,], l'and-rotuted stop,,,,"" Hnles aro gpaced
abont. 3· feet ap~L't :Uld ,l"illed so as to 8hattm' t,ILe back us little fr'
l'",sible awl 1""i",,,,in ".11 arc11 with it> end" "",cing on t.he pLll~T',

A erew for fl. rill ,I,ope ,,,,,,,i,ts of two millet'" who rIo aU the drill­
mg, timbering. and ,hovding. 'Very little ,ho\'ding is nece,sary
Ueeauge the OJ'" 1'''11' on the sloping: lloOL' of tl", fiU to the gL'iz"l.\'
over th" "hul.e.

I'ilbl's b"twecn filled rill ,lop"" o.r" ext,mdod hy a modili,,<! f01'TH
of the :Hitdle]l ._Iicing system developed ".1 TIi"bee; mining: i" done
hom tho to[' (]()w""'urd. The top of tiLe {,ill"," iil ,hot out, "",I "
line of (li,,"onally bn"cd seg:ment eeis i, [' 'wod immediately helaw
tiw Jil!~d ,I'll fl(lor of the fu,ish"Ll ,tope ..above. Samdim", ,; second,,"l. b"l[)lY the fir,t ale[) i, tiJ!Lbm'cd wiL,h sog:ment "et~. The pillai'
h 1-.]",11 ,Dined downwa.rd by >\",,:o.',,"vo culs sloping: JW toward the
100t",,,.11. The broken ore l'lI!" hj" gravity into tIL" "'I"""C-set rn-iee,
whi"h "'"~ \lwI il?- the a<lJoinlHg Till 5tope. As ,toping progre"e_<,
lll- bv 10-mch stunger" ".,'" placed ael'OSS U", <to1'c; these aTe;; fleet
"pmi horizonla.1l)' bdw,-•.m ....ol"l"es])onding rill~"t,ope gob p"-'ts "nd1
feet apart ""ri:i""lly, Only eilOUl'h g"o,mrl i;; broken a.t "time w
llwke 1'00m for one stri:ngel'. DJ'llliJ1g;5 done with 'j'l()kl"wnmcl's,
and mogt of t.ile hole, are drilleLl llJJ-t from sl,ag:mg ;'ailed on the
stl'ingel'"' CO!LLl'~r"tiYe parlial cosl" of dilTol'....nt types nr 'COPO" a-re
as lo!lows'

""'I,Ll",

'1'["..

W"'" 'gxpL~ L", "m'
ill; .["" "'oOOri·

"
To'"

2,84~

G,,, ",,"'on
Timbor m 470
on,"" '''ppH''''________________ ,05~

'l'ol;a! ,toping co"l~ ....OI'Of'lUg: ~11 mdhods werB a" foll(lw~ dm'ing
J9;<8,

00" "'" ton
LIlhoc ~1. 4(JO
S~TJervislJm . ~67

("~ompr"""(l "'C, dTills ""d
,reol, 00'] poweL___________ .41<1

Ex!,!.",;,,", .1,,,
'I1w wage seale to Onl"l"" 1928 was n~ {ol1o",-s, :Min",rs $J.05.

1',imbcrmCll 85.23, and "hovelel"S $4,13. Therell:[hll' it w~" 10 pereent
higher,
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Sroping, timbering, and filling averaged 1.70G mtLll_hO\u,s per t(>ll,
Of' 4.IiH t",LS per man-shift Consumption 01 exploSiVes for "toping
only w~, n,. pound 1'''r ton of are mined aT"l consumption of timbel'
for sWl'ing only, 17.0 board feet per ton.

BDl'ch'~'dt" h"" <l""~~'ibe"l the, mining practice at the Ea,gk mine.
The most impol'i:.uut ""~ 1",<1,e," an in a· dolomitic limesl",\() bed
abollL 125 f"eL thick "'1(1 "I" of tl,c repla"eJIlffilt type. J,,~t "11"",,
this hL\d, 1,,1; "'P''''Jj,i"d I.lL~refr(lm by a thin bed o( sl".k 'md quartz­
'I:c is ,". pm}1hyry sill "Y,waging CO feet ill thi"kIl""'. The depoEir..
oecil" us tYpical blMlket or manta or~ 1><><1i,,,> long cylind.ric~l ,le"
p03its elliptical in cr0il8 section, 'mel "himTle,.,_ The massiv" snlphide
ore is a mixture of l'yl'ite, SplllWe.t·i!<J, "'d,",'it.", an(] g~lenfi..

Mo~t of the pro(]uctioll iH obtainnd from honzontal Cllt-n",l_fill
elDpee :md from 'quare-,et "WI){"'. Iu elliptinaJ, c.vlin'lri"".1 oro
bodi", whi"h ,,,'n 1)5 t,) 60 root high aud 100 10 250 feet loug, the
OFn bo,ly i, """I,joned into tnlUSye"e stope" :md pill",s. Stop", nre
35 feet wide nnd pilLn,rs 15 feet. They ,,"n worked by ordin~ry "ut,­
and-fill ;;toping fl"om the h,,"e I.e> 1.11<, top of th~ oro. In "ome in­
A:mces the orB i" 5lwvele,1 hy h"nd into the chutes, but, J!W'" ofteu
ie i' 'Scmpoo. ltiilrng from fkvelopment or waste caving is p"",ed
into th" stope., through "".ises fro'" un overlying level and spread by
"em1''''-';. Fmjng ,,;I.hcr may follow the oJ'e "Ill. elo,~ly 01' be intl'o_
duood after rcmo..m of 0. "omplete 8_fool. ,'joo. A equaT&-set aislo
one "d, wide is carried alon~ e~oh ,id" n[ th" stope, t11us re<1llcing
the ufu-u1'portod "pon; thig "pa" nrd:r is "" much as 35 feet. The
sqllfl-re-sat" al,o pmiitioJJ. the WlJs1:<, from the pillar wall, and pro­
vide a tie for 15-foot stringeTs anrl U"lli'se.< ,h~t eompri,e the timber_
ing in lllining the pil!~rf. .

The ore is weak at the 1.01.' (l[ the 01"·, hod ie" nnd often th" linnl
"nt mu,t be mine'l by squ",-,,-"atting. COJ11plde<1 stope" &l'e liil",l t.o
I:be 1,,1' al1d cribbod t.ightl\, "~fl-;,n't the back. Pj]]llr l'emo,al loll",,"
mjlLil'f of the <>rc f",m a<tjacf'nt stopes. TJ", 01'B. i~ bl'oken fro'" one
Gud 0 I:he pilbr· and dmwn throngh "hme, in [',hc ,'{uar&-,et .oi"l""
ore,d.od durIng mining of tha cnt-and-fill "1."1'"". :\fi:nlllg pro[.'I'("''''''
frnm. one en,l of the pill".r to the 01.1"'1".

Tbe following data apply to tho opel·al.i."" of nine clll.:-"nd.fill
stoP"" ill zinc 01''' bodie" ,md t.l,~ lignrcs includ~ Hqum"·s"tt,ing n!
thy stope top,. Mucking' "nd lilling in the SIDpO' WCl'O donc largely
wIth scmper".

J)".t~ on.9 m,j·and·r.n .toP"", ")""1,, mi"e

rm[luO(.io" I"'"' ""."d"""",,, ghift,,_ ___ .. ton'___ ~8. 4
l'l"Oducr rOll 1'" tlml!e"""n ""lft____ _ .. (10 21.4
,,',odudlon ~el" muoke,- 'hlf' " . .... uo 1n. (i
l'moucl!on pe" nll-labo,' ,hill:- .. .. uo 4L 2
P",duc,.'''" JJe" man-tdllf~ all ",ope labol" .. .. oo____ ~.4

1';mt!er per I~n of o"" "" b"""<1 I"et__ 7.3
1'0'1'(10" DO" 'On' of m"e • " T!OlUlU__ • m



Cllt-o,nd-fill sl,opillg ha' bem the method used mOBt for mining the
iron ores of the Kcivoy Rog district in Ru,sin," It hos been applbl
to strong >111(1 weuk ore bodieg with solid Or weal;: walls an,I to bo,h
,"rw' nIH] sman ore bodie,. Although indinm] cut-anJ-fill mel.hods
have been ~mploye(l horizon!.1l '''Lt-,,,,,l_fill 8bJl'ing I$JLc'"'llly;' "sed.
rn n"rrow ore bodie., Lhe otope, are. drive~llollgit"d;"al1y, but tnlJl;;­
'-<m,o stope section, ll.Tl' l"id out· in the wider (jr-~ bodi"". These stope
'edions lllay H.ltematB with stope pillar,; or ma..- be driven alOllll:3iJe
eoch oll1e'.. Pilla", are extracted by ~"t-"l"l-Ml 8toping Qr', tDp -"lie­
ing. All in!0~Bting f"atur0 of i,h~ p,."ctice is the 1l,C of filling oow­
po.eel of a lIuxtur" of cl ay .\lnd ql1artzit" (To to 75 _pereent of clay
and 30 to 2fJ pnI'CCIlt of q[JuTtziL''''J. This mix,,,,,,, is sometimes leveled
off in thill j"ym's in the ,topes, each laye,· l"'ing moistenecl beforB the
"ext J"vcr is introduced. Filling of this nature has been 'found tD
congoJi,)"t" to mch an ext""t that lJ,dja.ceM, stopes can be mined in
sliooe 7 ~et high alongside the lining without emplo)ing gob fcnc­
ing. Dr.\, filljng ~llrinh somewhat; pure clay slLCinks 30 p~rcent and
clay wil,h qllll.l'tzite 15 percent. B",peri,,,,,ni.s ha"~ shown that the
bo,l. mixi'.u,.e is obtained with g5 pe,""",,t "f (IUlLJ"tzite and .,,, pe,'Cent
of chy; if more than 30 lW'T""t or 'In,,rl',,ite ia used, the ma", '''1'''­
Tate, NLsilv i"t<, ilal"". SeT1liwot fHlillg i, mOot ,ati"fa"IAlr\' wh""
coml'o"'il frf olJJ)' 01" a mixture of clay with 25 pe,·""nL of gmTmlated
qU"l'hil:". Thi~ mixture ma·y "hrink as much us 50 percent of the
original volnme.

l. AppIiMoiUty.-Cut-and-filJ ~I:c>ping is npj.llie",hle 1md"" a wid"
l'a"iJ:'" of co,,<lil'ion,. II'. i, ,'.mploy<'.d for mining both ;;mall ~lld large
d"positB (if ,'egular Or il'l,,,g,,l,,,)' o"tJine, which dip at angle" Je", tl",n
tlL" >lllgJ" of "'po,e "f d,e bTokcn Ore and filling t<> nov. 'Where the
dip is Ie'" llian th0 angle n£ '''j1o*, of t,l", broken "I''' mean, must
be 1n"o",cled fol' mo"jl1g the "''' from i.he faoe of the swpe. to the
bauiag'o h"-c!; ,,.,,,,,.J!y tllB mothocl is employed wh,,'" the broken mc
can b" moyed to th" lon.1 by gl'a,-ity-that i" in "'""pJy clippillg
tabnlar d"p,,"it~ Or in hlrgc bodie" of 0'" of con.eidel'ahl" ""ri'.ie,,1
.:dent. 'l'he mdho,J find;' ils wid,'St OJld bost applieai.ion in the
sWj.linO" of firm-, medium-, n,· lLigh_g-ra<k 0"", cnclosed between \\,,,113
OIlB ol'both of wmel> iU'e w()fJk "n,1 TOgll i,.e permanent. snppol't... The
0.... itself shonlcl be /h'm enough to 8np['"ri. il:self OYCl' the width of
the stoJle, ,," th" liJliTIg <lo,," noi'. <li)'"",Jy ,npport the back bnt only
indi"edl\, by su,tajning the '1'".11" wllicll carry t.he end, of th,·. eli""
of 11mnJ;p0l'tcli OT'''. It also 11"" an importn.nt application ill minmg
der,0siis of lc~s than stoping width.

~. Fle",ili-ility.-Cnt-and-fiJl ,iopilLg 1, UexibJc. Tl"l"egnlar ore
bmmtIaries ean ite follc,,"c,J j" the sto!,,,", "nd stTingem of ore f"om
the main ore body can be followed ana mined. WaH~ inclu;;iol\" in
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j,],,) 0'" body can be ,orted hom ell" om and gobb",] in Llle sto])e,.
Or", .of jess .th~n sl:opi"g "'L(lth toall.he m.jn~(l by til<' sh1pping 0"

,,",Ulllg VUl'latlOn of the meth",] wltll lmnl1llUm Jne< 01' or.B and
(lilulion with waste. ]"["""0".1' horses of wa,t" m~y he le-ft llltact.
Crib, Or stull timbeT' can be 0"",,1.<,<1 OJ] tDp of the filling to "upport
10c,,[ pl1te11es of w~"k .baek or cx,,,,pcionnlly. 'weak wa.ll, am] chanp:"s
,,>I,n be m~,10 readlly trom CllL-'lIld-fill ,topmg to sqw.rc-sot st0I''''1'
in "ections wlLe,r" the are is hlO wcal< to be, min.xl without N,glllll,r
timboring.

Cut·und-fill ._coping, however, I"cks :flaxibilil,y ill rate or produc­
tion from .in<] i";']lJa[ "Wjlei', except t,""t ray,,!''' bl" "h~llge" m ground
con,]it,o)]< may allow more rnpld cXtr"C,i011 by pel'lmtting high,,1'

, b"(b'""utI< to bee t"k<m or two or more <outa to "mUl()lc aB y SelTIl-
8hrinkuge") before removal of the 01"C anu subsequent filling. The
rate of outl'U' is 11'.,trio"',<1 by cess~tion of ore bnfl,king oj Lll'in~ filling
01\ where breaking Jl1Ld lillilLg nre continuous, by the I'elatively small
i:lldividu~I rounds thnt "0" be blasted.

Thc oro is I'cmove,] a" fon os it is brolron (exccl" in the" semi­
du·inkugc" y"l'i"t.iGll). This i, ad,antogoous, os C"l'i'n' i< not
Jockerl up in bl')kcn nrc kIr, in tho stopes. :'Iloreo"l'er, ,f tl,e' ore 1S
" sulphide ore 'which i5 to be "OTH,entJ"'-k<1 by J1ot~tion, or OTG which
will heat and rna, toke fil'c if lcft in I:he ,roped immedi"te rcmov"l
of tiL" bI'oken 01...' is an obvion5 ,,,lvm,bge. On the "the,· hand. tl,o
method ,loesnot l'To"l'ido n- TO"'''.".O of bl'ohn 0'"" whidl i, ,omethn~,
"dvlllli.ageons for ,upplying [L sl:e"dy output 1,0 [.lIe mlll if soma of
O,e, ,t"P"" are tiecl up tempol"llTJly.

3. R"CO'}("?I.-A 11 igh ,'"co"l'el'y nsually can b<' obtained. StringcT'
0'[ ore, which oftCll wouJd J'''''e to be ldt 0" wonld he OO86od inad­
vertently in sh,.inkag" 'lDpiug, Call "" fDllowe(1 and stoped. The
wnlL, can be pl'u'jJect~d ""odi.l}" i,'om ,ho "tOI,e Ilnm·b fo,· fJ11"allel
me illoots, and if Rny n", fonnd the"l' CRn be developed ano mined
f",'m thc "topo. If nearby ore "hoots· are di"'O"l'~ri)(1 aftc1" 1.l1G stope,
"T'-' "oHlpleled these murilly cau be developed o.\1d mincd wi,hollt
"n,lne dillicnlty, a" the fil[in~ in tl,c etopos ,,:ill h"~-,, "'l'ported the
walls oml preYenkcl ,noYemenl. ,,,,d fraeturHLg oj: the newly dls­
co"ered "dj,."mt Ol'C booli",. Cloan minillg i, po"sible becam~ wash,
broken inadvcJ'wnllv with oI'e, 01· wad" wbich l\l~y Blob off the
walls. ",'.n be T'(,m(IH)(1 f1'Or" th<e broken Ol·e and gobLe'd in tbe stopa.

~'. n",,,elol',,,,,,,t.-Som,,what mOre ,cope de"l'elopmcnt is often (but
not "lway') l'eqllire(] than :l'Dr Bhl'inlmge "toplng;, becRnse it generally
i, neees,ary to urivc wn,te n,i,,," tlLJ"ongJl to the, Jovd abo,"" before
"toping; cnn l",gin. An t'xc"ption is l\~H)rc t.J,e filli"g mnterial is
cnmpo,ed eutirely or partly of wR,te sorted in the st"l"", "1\d I.he
buh",,,, i" obt~ined from was!e stope" 01" WastB mises driven iuto
the stopc wall,. Tn. sllt"TlJ"'g<e sl,oping it ma.... he "ece"ory to drive
as mrmy rajs,," 1.0 I,he ie"l'd "bo""" for """I.,iJ,.tim, '" 'H'e reAllJire,l to
i"'l'Oduce waste incut-and-fill stoping, in whinh co", raj", deyelop­
;Jlent would be a Etand-of!, whieho-"I'c1" method wos cmploycrl The
,tope" m"y b" ,illed on the level 01" ut EOlll~ distance .bove as in
sJlI'inkage etoping. "Villi cut-a,lld-fiU ;;toping it is mually nnnec",­
""1')' 1::0 dl'i"" elLUl.<, raises through tlle drift pillar clo,e together, and
I.l"'y may he 25, W, 0'· eVen 100 feet apart, wh.,·eas In shriulmge



stoping they ;;eldom are farther- apart than 1;; Ol' 20 fecI,. Thus.
where t.he slope, aTe sillec[ aboTe th~ level Hope (llwolopment actually
may hG Ie,s for cut-ond-fill r,foping thun for ohrljjlwg:" ,toping.

Since fHline; is commonly int",dueeJ from the level above lhl'ou!!:h
",,,,t,,, !'al,"" 1t <mlimiT'ily "e'!Lli"" longer to prepare a olope for clll_
und·Lill 8tOJliHg than for ,1ll'1nbgo stopi".,. owing to the delav inc.i-
,b\t to <lriviHg the r"i,c,. ~ .

JoJm'OIl and G,mlncr ha,e worked Qut and talmla!e.] ldeu.l (le_
,,,,lop,,,"nt 1'"ti08 for Yal';?'" cut-and-fill "topi.np; met·hod" at a p;roLlp of
l'ljH'"",ntnt,;ve minco," The mho, 1':1"":11 ,ne caklJlate.] OJI loll" I",,"s
Hf informal-jon supplied III artic!e.e desoribing t,l", ,)"bih of pr~di"c

al the several mines. and the authOl'8 ,10 not" "b;!tL chu,t they c!""d"
Tcpreeent the resnlt,' obbine,l in actual prodi"". Th"y do r"pr<",enf,
llOWeVel', the results that "onl<1 b" obtained if each sLope were de·
"eloped and '!lined ;n sh·jd ll,,,,oc,h"l'e with the st.anclaTd plan5 <leo
,cribed. 0" thi, bo.si, 14 mi"e' "'-"n,gcd 0,0058Iin~arfoot of stope
devejopment W" ton of 01'O, 01' 17!l t.on< of ore per foot. of stope
(]"v~loprnenl;. Exduejing th,:,'" mines working "ery narrow ore
boo Ins the flgur"" arc, rospectrrc1y, 0.0048 foot pel' \{m '"HI !lOS ton"
pOl." foot. A.-e.mges for these three mine, are, ,'('"pectiv"ly, tl.01fJl
foot per ton llJld 22· tons peL' foot. .

In octual practice the tonMgn pel' foot of dev"I"j.l1f1eni, would
g~nCT"llv 'be comidembly lower thai> the, the",,,ti,,,,.l figure owing 1.(1
t.he dl'i"lI>g of "uxllial'y ol'emng" 'Udl "" ",bhwc1s ,mel ,l'ort cross:
eute and rai,"", the ,,,,,,,1 of wbid, "MLILO~ be ant-icip"lecl in ad'mnce
b;\, an.y 'ystt"w!ti" ph) of 'levdoprnent. Such op"ning~may have to
hl> d"lve" 1:0 mIne 'll'o'JTl,1 hOI'"", of WllSI:", tD follow Btrmgel'S of oro,
M to ",inc l',m,lld oro bo(lias'and to provide acldit-ional manway',
1111 n,i,,,s, and oro uhuk« AdulLl sl:"pe de'-.,)opment required may
exceed thooTel-ico! d~"l'eloprn~"t by 2-5 to 50 percent in ,om" imtan,,,,,.

5. 008t of cut-awl-tilt atop-ing.-Dit·ect stOpi111< cosb "I: " ",nnh"r
of mines·w hich have been de'Cl~be(1 it, the fO"'b'lli"g page, arc shown
in tabj", 10. TI~e c081s .are not dlredl:)' romparllbll', us {'DlH];I,ions ut
t.ho d;Il'~"ellt mmes VOl'V gr""",1}"' mon.D"er, t.he cool:> con" ",)m"
m;"es wh<ere st"ping mc!.l,o(]s other thllJl cllt-aml-fill "re employed,
but clJl;_"n,1_flll st"pirLD" is !.l,O principal method used. High cooli<
-pc"-" ton of orc hoio\ccf arc to bc ~xpoctecl in narrow "ein, where
''''\liug is practiced or wher€ much closo "OTting is required ;n the
stoP""" Thc '''lSI:S lLt, thc first, three minos indicat" to what extent
the_,e ra"i,(JI'_' ))"'.Y iI""'"'~''' the .I:opi"g.c()_,t.

Cost, 11aturall}' al'e lower' in Wl<]e Ol-e bodi,,~ ,hall in narrow on''",
although t.he co,t .I"'W11 f01' j.he Uuil-,,,,j EIl"(,,]'" mine i, Tel~t.ivelY
high. In this im,tanee, however, the t"bLJhl:cu !!(lSI:s inelude i',T'~Jn_

ming ,,,,«1 pmb"bh- "tll~' ,li,h:ibul:cd ij.,.",," not ill~ll1r.lecl in the figure,
fnr the other mines.
If the costs ;n tabje 10 oere compared with the sluinkage-stoping

cost, in table '1 cut-and-fill ste-ping may not· appeal' lD be much moro
expen,iive on a per-ton ham, than "hrillkage 'loping, p,'ovideLl the
last 5 mi,,"" i" ",-hi" 7 f1mI 1.l1~ jirst :l i" bbl" 10 ",1'8 ""dU.e,]. For
d&posits of similai'. width, h"w<.lYe,·, shri1l1mge-,toping costs orc ~nu·



182 "'rOPING ~mTHODS A"l} COSTS

,iderabl)' lOWBl'. Thus, ll,(, the Eighty-Fi"I'C mille "hrilllmg~-,t,()ping:

cost" ''''(Il-aged abwt, $1.iil) per ton, where"-> ""t-and-fiU-otoplllg CO"t~

av"rugo "bout $2.40 pe," Ion.
L\ most of 1he nlin"" using cut-and-fill stnI;ing ,OIM sorting at

least is done-· in the stopes, und deane!' mining 18 p(>';.,ih!<1 than with
sJll'inlmge sL"ping. The r"s,,!Ling higher orad" of product llJld
smaller tonn,,10' ll;mdled, hojsl.e<l, and milled

o
u'ua.lly will o:lfeet tIw.

higher per-ton co>;t ~nd result in" lower cost per unit or recoverable
met"t, ",11;"h is the· en'] t" be sought.

Table 11. "llllllilari/"$ ,lata on man-ll()'H's pL'" tan at '" numhe," of
mines crnl'l():dn~cut-und-fill ,toping "s Ihe pl'i""ipal mining rn~th(}(L

Tahle 1.2 shows the "on8Uillption of ~xlllofives in cut-amI-jill
Hoopes, al\d tahie 13 giv,,, data on the C<>Tl"umption of timber.

Th" p,~nciplll udvantagee 01 cut·and-fill Btoping nl'e summari7.ed
nE {()!!()"'"'

,1. Hi. ,,-pplicublv ,0 tbe mining of lai'ge c;r 8lllall dqlOscl. hu'r:ing
rnoder"l.ely firm O"e uHd weu w>tUg dipping at an llJIgle of "bont
",,)6 to vertic"l "uri mn.y abo he employe,l in fhttl),· dep'mil.~ of ~",n­

"cdernble vodic,,1 height. ),IOl'e,over, it may' bLl used in low-dipping,
t.hin depo,it~ if "pecial meon" "'-" provided for mo;-ing 1.11,·_ brokcTl
orc fl-nm the ,to\'O" to the hn.u1uge levels.

g, 'The filling 'or'm" ~ pcnm""eTlt "nppoTt to the wall" pi'eventino­
cayino- thereof, altl10ugh it cannot b" rell','] upon to snpporl. b"ck; of
large'l:lOl'iY.ontal "pnn.

3. Cut-nnd·fiU "toping is flexible in that i"eo-u!a" ore margins OJld
ojf,hoots awl std:ngel'S from th" main ""m,o"",, be followecl ancl
mined.

4. Dilu,i"" of are with ""1St" ean be kq,t, low; waste iDclusioll<
can be le,n in place or b,'oln)ll, Bortecl, "",1 kft m ths "tOJl~'S for
fillingi "nd a high p",'c"""~g" of the tobl "1'e in the, dcp'mit, ,,"n he
erlrad,,,L

5. 1'he me is remov"d )]3 rapidly ag'it. i, hl'oken, so 'that litt.lc
eapctal is tied up in llI""'"ilable b"okeD OJ". :Moreover, quick i'e_
illoval o{ the ore after it is broken i8 an "']vant"ge with '!omo Me'
which >tre to be cOJle~nt,,>tled by f!ot,ation.

6. I.ittle timber is require,l, ex""pl', in the ,tl'ingec-,et-"w]-JjJl
vari>1l.;on of the method; hence,the fire h"""cd is low.

1. The 01"" itself must ho fairly skong, especially in wide deposits,
as t.hA IllIing supporl.s only the w...us alld not th~ bllck.

2,. The ,·"I.e or output f,:om '"l"h ,-tope i, "orne-what limiWd owino­
to delays oe-efls;one,] by fillin~. Th" transportation, lu,ndling, and
placi:ng of filjino- ~dd<' to the di.roct stopi1Lg cost and to I:he cost of
tr"nspMtation. "Filling: mnst he provi.d"d promptly when ana in the
quantil:i,," re.quired to maint,ain ll. deacly pI'ocluel:ion.

3. The coet per ton of oro i" hig:her thnn that, for "hl'i:nkage staving:
but lower than that for S<jL!ll''e_8et stDping under." simna,' comEhon".
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BTULLED ST~l'ES

A, already stat",! there '" "orne question as to whether thB method
of ,toping In which" ,y.tematic ,dl6mc of ",tul] timberiug is used
to support roof aml ",,,Il;; ,holJld be ~h'5Sifi,,(1 "" a di,tine-t stoping
lll£thod. Stull t,imJwr, fITe med in conjundoion with other mining
method. 1,0 support l~cal pateha, ,.,f we,ol, ground,,iJl mo,t, min"", but,
in such ins,tl"n",,; th"y unl in"i,lent"l to stOl'ing. S()m~tim<'S stull,
are spaced at J'egLlI"r inl"""IE throughout the stapes and "-I'Ve "',
the principal ~r only support of the w"ll, or back and inci,leni<l1ly
as sllP110rls for' workillg- platf0l1n".

AUhOllf(h regular 81:-lJ 11 timberlng is "",,,J widely in working nan'ow
vein" of f~jdy ,t""nf( OJ'<) with llH)(l"""tely strong wn11s, rooent min"
illg Iiffiratur" conta.in" fow (j,'SCl'iptiOlH of th,is n1ethod, probably
beoause i., is use,] principally in small mUle.'<,
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'1'h" IlJethod ma" be ....mplo.l'",l in thin tabul"'" depo,it", dipping a.t
all angles from ·fiat to "ertic~I.

TI", mining methods employed in the Cong-[()Jt1"mt~ lode ha.ve
been ,k.,cribed b:l; Vi"ian."

Thc Calumet Cong-lollli'r",1.~Ore. body occur,_ i" lL fehitic conglom­
~.r~te, At Calumet th" J",d is 10 to 12 reet thick neor the surf~ce,

widening out in ,he cent,ral paTt or the property to allollt 2·0 foot
at the ~ightJ'-fiT;;t lG"l'el, which is e;loo fed beJow the s"rface mcas­
ured 0" the.dip, and n"rJ'()wj"g again in the. lowe.]" !l,yels. The dip
1'1""gI'S from 3~O al; the 5ud"ce to 36" at a vetti""l depth or 1 mil".

The conglolller:ll,te is illtarstratifie,1 with volea.nic r(Jok", f,llicle lJcds
of tJ'",p iiB "ll(\ve and beneath it The 1001e' comi,t, of fd,il;c amI
qllattz_p<>rphYTY pebble, c"me.nl,"d 1"gether with quarl.", e"kit",
and "",(,;"8 copper. 'With;n the eonglomerate. oc""r lellti('ulal' Iaye~1l
of suwlstDne whieit, "JI',hol1E:h baT""" of "01'1"'" t,hemsel"e", Will_
ally lie betwecn th" cnmmcrc,"lly mil,,,,'ajizod parts (Jf thc lode o.r"]
must be bJ'oken with the vein nL".t,"ri~1. The ffiltil''' he.n"illg"wall
trap.i~ ched,eT'"d with sllJl' ".[1'] .i(jj"till~places, lno't, of ,'\-hidl are
tight "nd dry and nm at "11g1e, nf 311" to ,0' with t.J'e b"d,ling. Th"
footwall of the 10dB is (Joe high jy fmgmmltal, "LTl)'gd"joidai cappillg
of I.he lIDded.vin" tr'll]]. T" general, it is ,-cn' friabje and cOn·
buns a large pr<fportion of ooft mil,e",,!;. wtwn the weight of
the ha"ging IVrdi i,., com'-ontrated upon ,m 'mminw pillar of lod" rna,.
Inial, which i~ vcr:;' h"rcl, the pras'll'" <:>f the hard pin"r on the
we•.ker footw~l1 c,plse, the i",tter t<:> bUl'St upward into I:he opell­
jng. This COTl(jil:ioJl. hncl an important bearing on t.he deciEioll
to'adopt a 1'l'.'T'c".I'.ing.s}'Slem of mini"g. The lode hud been mined
to great </"1'1;1]$ owr wid~ area>, alld the weight of the super'i,,_
cumlxmt· mll;;g (IT broken rock (lve~ tl,e llli:lle workillgs i, direcl:Iv
r":spOllfJ;bl,, I()r ~ir bhlsl:s and r(lck hm,.t", .

TIl" ach·u.ncing "Fcern of mining w'" ,,,-cd to a depth of Q,O(l()
feet on the dip, or ",hont ~,500 reet 'l'eruo>illy. From this elevation
1:0 the pre,?,t hott"''' stoP"" 'at a vert;"".] .depth ?~ abollt. .';,500 feet
the retreatlOty sysl:cm. hn, bee" used 'mhrl'ly, lhe hotl:"'n levels
"rB devejopl"r fTIlm indined shaft, sunk £I'om tho' eigl,t)'-first haul­
age leveL Levels are 100 feet ape", m,,",mred OlL t.he dip, and 011
e.aeh level (h'jfi:<; ,",re dri-.en to tl", ore. nr Bcetlon limits where stop"
'ing begin.> ""d roccc"!" tow"l'd til" "h"ft,

.FiguJ'<) ,Ia·, A., is a plan on til" pJa.ne of th" loue showing th"
10"'11"",1 schclll" of mlning "n,l tho rGlativ" 'posit,ion, or the re_
t"""ting stop"" Oll sOH'mlle",",]s. FiglJT'0 44. B, shows 1.11B method
of ""rryillg' OJ(' stope faces and t.1]C .w,t-ematfc orJ'anr!;em"nt or stuB
1·.illlbffi'" iJ1 "single 5tope. ' -

In the I:hicker p""ts. <Jf the lodB squ""e-""t tinibel'ing was em­
ployed, "nd individual swp"s were ZOO feet ·Iollg. Below 5",00 on th"
dip th" nllffiber (Jf ,tope, oval' 20 feet tbi"k dec"'a>e<I l1HJ;dly, lInd
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lIll till, account ,md ],,,cause of tl'B ",,"''''''''8 C08t of framed square­""t, a gradual L""",itiOll was ",",le to shill timbl'ring, which is
now "oed entirely fo," t."ml'0rary s"ppm'I ill all stop"". The stope

, 'length was cut to 100·feet
,....,.,... ~ at tl,c same time. SLand-

'" an11'Tl,etice now calls fori fonr l"<lW' of stulls 18
" illC1,"" tu g feet in di~m-

etcr, set in h~tte:d"", of t.WO)
alongside. ~".dl other with
apprO~iT1H,lcly a, 7 - foot
dear space hd.ween ncar
timbers hori"O"taliv and
On (he dip. TI,Cs<) double
hatteries co'-m' U.hOllt 40
pe"c''llt of the height of
,nLB .tope, and no m~l.tBl·

how firm the hanging W~]]

ln~v "ppear to be, double
stulls art i,,~trdled to a
height. of 'HI feet aho"l'e
the level Aboye t.\lis, the
stulls .are pl>wod "inpJy,
the distanc<' hot"""m cen­
t"f8 incn'usin1jf aecol'ding
to the nature of iJ", grOUlld
ineuch particllhlr stope.
Exp",~encehas sl,o"''' that
i1Ul'jng the ti",e rl'quil'ed

"~ to "omplet" Jl, .,cop" (about
~" IOO UJly") the maximum
]:t thn,st of the hanging wan
:~ "'".nif,,"t" il«eH at a point
''f auo[Jt one-third the t"t.~l

;~- h~ight of .the b",rnl'h'~:~1
"" -"ope, or ]U"t "OW ""e
o fourth double row ahove
~ tl,e lewJ. Row 4 i. ju,t
2 below tl'G "onl.er of the

"tope rind mHst lwld .fol'
about GO da}'" after it ls
placed..,Each ,ucc",si".
l'O\~ above this point is

~ nquirwl to stand for a
- shorter time and i.s locatedJ under hanging wall which
~ re.celves less pl'es""''' due
5 to the SUppOTt "fl'ora",] by
" the cavcd lll"t<JriD,l in the
'" ,tope immooiatcly above.

Frequently tJ,e uppel' 20 to 25 feet. of Uw stope require no t.im!>"!', or
at most only a few odd ;;t.ulk
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ThI'€<l and soro<Jtim.. four machine. HI"<) cjJe:L'",ted simu!t",neomly
in m",h stope. The first 01' " cutting-out" ,lice of each st()PC Is s("",·ted
lit the end of the stope nc""',,st the ,lmit and is extended !()wa.rd the
previously oompJ"I~d dopc, which is usually well c",veel by t,he timo
the slice reaches it. Eacll succeeding slice, ,,;hich i~ about 6 feet high,
is starled frum t.he caved.stopc ond and dl'iven toward the shaft; t.h"s
I,he short stiU'ting rei_ which w,,"u1<l be l'l"l"il'ect if the flliec WCI"<)
,;I,,,rl,,d at the ot·he1' "n<l "1'0 unneCeS6al'V, ''''d the dfin~"r{)\ls pillar
pJ'ojection lit the c~v".l ond just. belm';; completion (}1' the elice i.
elimlllat<iI.

J1J,,-j; bof{lrn e~cl, "("po ho. boon llliIl~d ID the level, abo"e a double
1'(},," "f "break",·" sl.alls i8 pl""ed from bottoJ[1 I." tup, within ..bout
:> feet of th" 'olid end of the. ,1<,1''' The I'OW c(}",ist" of heayy lUb'S
at least \) J"c't in diamett,r. "ot with a clear "pa,", of 3 fe~t betwoen
pairs, t.hus le~ving a "~fe 'area 3 feot wi.lc int..o which tiL~ hanging
wall COllnotcove nntll the now sl"pe lou., boen shcod out..

A cQIllplet.o mining opemtioll on oad, side of a "haft consists of a
wries of fou)" retreuting st.ope., on foul' 8ucces,ivc.lcvcls, cacl, st"pe
lcading: ti,C (mc below bv 1(,0 fee,t. This le"'l is considCTed the mini_
mum d",~"co over whic,h ,he fl"or arch slwuld !'cmuin intact (]""illg
the uetivG life oJ tIl<' "aI''' ah"Ye. '

Afwr the ,tope., al'e min"d out the ha"!l:itlg wall Cl'lliJj(,~ t.l'e tim­
b,,,,", grad[Jally ar,d Iinally breaks, filling lJ'e "I"pe behind 1l1C breakm'
stulls. No ottt'rtLp' is made t.o force hangi[]g w"Il in coIl"I"" by !>last_
ing out the. ,I:u]]o, but the 1.ime of eoIlul'"" '8 re,,"lllatcc1 by inerefloing
or dec""'-'ing the num!>er of "tnlI~ pl~"ed durin"" ndi"e sloping.

Thu 'Jelenl de8()ribed is virtlmIIy '" longwill ,'et.ceating &y,telll.
By its u'c rnck bumw h",,,,, become rare ond al'C lonkod for only in
the la"ot or next to I:he lo,t ,tol'~ at t.he shaft piJl~r"

Mount"a 3%-incll Leynel,-tYle mllohines ate "oed in stoping. PI~,,_

ing holoo in the stopes is left argely to tl'e discret.ion of the ",inel',
"Jpcni.sed by the shift boss, and tho M'l'>LOgcrncnt varie. cOjJ,i,lcmbly,
"win~ to the chnnw,,,loie nat.ure of tl", fa"" ,1 He to pre&.'"lll'O, sl,obbing,
or j",nting.
'. 1'h~ oon~lomm'ate l'Oek. t.end, to ~r""k inl<> ~IJLb-.,hapoel I,ie,,,,", so
thnt 1Il 8pd2 of the r~Ja"vely fhot dip of tho lode mOot of th" stope
roek runst.o the level by gravit.y. About 15 pero,"'t of t.he rock 'fI'om
the upper st.op<> face, llllll>!, bo scr"-ped dwon !() thc I~"e]. '1"'" :same
'emper is usod to scrap" the I'ock fram the flour of the level up a
"emp"" slide and 1ntn tlLe ",ine earn.

The coot of ste>ping in 19;)'( was as follows:" 00"." ton or'"" ,,,,,,,"~
Loho,' ,_. ,. __ ,. " "" ~1. GW
8u[1p];0'L '"" .. . c .__ .54.1
'Powe' ,, __... .._ . "__ . 111

T<JtaL "_____ _ _ _ __ ___ "2_ 21m

DW1"g 1927 t.he comumption of "xp]osiYo, III .ropes. W"S 0;711
pound per ron of reck ",ille'!. Tn Januo,l'Y and FchLl"'ry 1931 tho
",vera,.,"'" broarulg ,cn.ot. Was $0,626 pe~ tOll aud the average $I:nping
wage $;'.M PC1' shIft
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During 1930, 872,8340 tom wel'e mined and hoi,led, of which 831,.
870 tons ,""m horn 'topes and 400.96'1 tons fi'om Mvelol'ITlem. Labor
performaM" in ,topes was u..~ fOllows:

Oecupnl1.." ,
II '''''klng .
.,,, ",bc!'!"~ _
}Iucking _

.Uo"·ho,,,""" ,,,'_______ _ _ • " O.:)lif,
_". • c___ .481

.fln7

p'"'!'"
""''''' </!

2~. 72
16.U3
20.14

Total.. . ._. , . 1.2(;-> 6,03

Consumption of explosive>! was 0.75 pound of 4iI-pmcmit dynamit<,
p<'r lon of oj''' and ·comrompt.inn OJ' tlmbn" 6.1g linear fuol pe1" ton.

St.ulled sl,opes have been mllploy""l exten"iyeiy on the Centrn.!
Ultnd, both in UJJd"..hflJl,1 a,llil oycl"hand >:topes. The p""etice
l'eClmtly w,~~ ,Jiscus;;",rl hri~fiy by llen"g"..."' Figure 45, taKcn from

Beringe"'.> article, 'how, lhe mall""!' of Cll.rrying the stope faces
a'i<l.,topi ng onto "(,llll timbe"'. ",-cconling \0' Beringer the llllder_
hand stDpilLg "yst."llJ "hOWll in fign!'e ,W. B, w"~ an improvement
on tho c,,,-lie.. mclhod of underho.Tld ,toping withont timoor. (S"e
fig. 45, A.l The di"advo.Tl\,,-~es 0-[ I,h~ earli"" HlJOthocl were: (l)
Tr'ulf'porb1ti"n ,,[ t.h~ ore- from the- lac" -w th~ levd lJlll'J\\' by gl'U'I'ltv
\\'os inter[erecl wilh by th~ hell~hcs from which it h~d -«; b8 shoyelell
,lown tlw stope fae,,": (2·) miclires aI'" 1'0",iblc,l,e""'lJse many of the
1'0100 are wet, and til" lllisfir~' ~re n"t fleen rc".lily; (o) Ii. fall of
ha."ging wall mll.}' roll down and kill the drillcr"i (4) vmItilatinn
j;, pour'hecanse, wh~n th" winze "."ames ful! of broken ore them i8
no through cl1rI'en~ of "i1'; (5) i)lconv")licnc~ i" ""<IRed by IWC""'U­
lated 01". a.t the pOlllt,.



By toho "lulled ,toping methud sllown in Ji[(1JrO 45, B, ",mWati,,"
was impr<",ed t<J ",void dday in r*'J11el'lng th~ 8°°1'e., aiffir blilSti,,¥;
and 61lPP0l't to l.he hanl!in~ wnIl was ",,"engthene,]. The fate 15
('''l",.ied at 45' from the liol"lZomal, as in the open ,lop"". and stulls
arc placed. ",,"os.'; the st"pB uf. 20~ioot i"tervil.ls. Broken Ore :is
allowed to aC('1!ITl\uat~ OIl I.hese, thus .upportini\" a lsrgm' lU'<;& uf
hanging waIl amI affording 0'""1'ho«<1 COVOT for tlw [hillel'S. In
he"'1' groun,! ,tulls may bo ,tl"Ollll:tJlelj~ll with tilled cribs. A("l<3S<i~

hi1i.ty ftll(l ,'eIL!,i"'tioll Were improve-tI, s".f"tv ,"H" illerenS"c), ,md
dl'"wing <>r ore was """elmoleel hy the chnJ!g'; to st,ult"d. stoP""'

A gl'e".I.ec improvement C0lll6 when undm'hand stoping wus abol­
ished, whoTe di", "'<-"6 4l)0 "' ,teepm, and O'<~.rhand ,toping intro_
duced, 'With "",,,hand "t,,\Jing Ollto stnIl" as shown in figure 45, 0,
,,,iuing if; "'Me economical, no shovelinl,': is rcquin'd, ,tupe faoe" "m
left clean b.lc the bla.st ",ml- "bootleg"" can be eX>LJIlined Tefl,dily,
."fcty is inc",,,ec[· b"can,e a fall "f l()mging wnll "un hurt only the
mnn di1'C<,.ily be~le"th and & fan from il,e face. Cll-ll hurt no one, aud
the ail' current i" directed up l.hc stope hees, insming perfeco
ventiIH.I.i()L Thi. rn~thod ;, ''I'pli""ble to depositf; "p t<> 12 feet i"
width which rlip '15' or mOrt'. The stull, ure place(l 20 feet ahovo
,,,,,,h other and "honl<l be kepI". well-loade.d with brnken ore to il-ll'ord
~tandinlrToorrdor the dim,,,,, ami mpporl a lar!!"T area of hanging
wall. A" the at"p" fa"", "d'-auce til<' sl:ulls arc drawn tow"rd the
£ncea, and the uc"umulal",l 0'''' drop; ihrnugh to the chute".

Stull "toping Was introduce,l Jj.I·, the WI,jght·Ha'·gro.ave" mine iu
l[12~, and "ert~i!l. <lot"i18 of pl'al'I·.ice elllpl0.l'<e<l at BUlte, Monc" were
applied. The. mel.hod is ,in,il,," to tJl~t shown in ligme 7. page 12,
m,d is used in "orne of the m,rrOWffi' ,I"p"" wl"'l'e the,,', llT" bad
I'Jl.t"hc" of gO"g<e and wall rock which 's]ough "If it not -",,,Ii Sllp­
porl.ed. '1'1", broken ore is not, allowed. to accllrt",late On t,hc ,t.ulli
lout, i3 diveL'led jnl\uo;di~tel,\' t<,. t.he. chul.e", wing; ,-lidos bei"g u.;;cd
wh,m neces..'",":!' to ebmmat., I"lll<l shov<eliug. Shihs of w~,te wera
]dt in the "t"pc, on "tull timbers as shown. By tlljs system ii, Wlls
po,,-,ible to stD!," with I""s o",.,hreak of the vein in m,TrOW Dr" "lId
less di]"tion ,hftn when "hl'j"]",g,, ,topi"g was employed, and a
hig;heT_/,'racle pl'O']'wt, r",ultw]. The stoP"" are carl~<e,l through hom
level to -lovel wil:hout leaving allY floor pilla!"s. m,en" stope has
be,,,, worked 1:0 t,he level ahilve it i, JiIh] with <1evd"pmenl; waste.
When gDpeS art) t,o be cm'ri",] above the kvd th!\ boH,om oJ the j"ve1
js. timberecl wil".], double heavy ,j-,,,l~'al'.d /lnored O"CT, and ,toping
'" then resnm"d "bove.

Stoping eo"~, for W30, tuken fl'OllL the am"",1 ,,0mpMl}' report,
w"re $1.026. This wa,th" a.vemgc cost in "tulled stope", sbrinkage
;;topes, and a few s'lu~Te-Bet. ,topes. .

SqUARE_SET STOFmG

Squal'e-,el, st'0.l2ing originated 0" n,C Com,tock lode in Nevad~ in
1860; it w", deVISe,] 1:0 mine fl. wifle bOlly of orc whidl wa, so ,on.
and ('Tumbling tl",t pillar, "o"ld not b" uI'Ccl to ""Pporr. the tooL
The method was so HICC","ful that late\' it "arne into gcnffi'al use in
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the W'estem Stat<>; anti was frl'<jnently employe,l whel'e' there w,~s

no "'alnced for it and where nLher anti ehe~pel' methodE woultl have
flel'Yed as woll,

It i8 still u""tI widely, especially in the West, "nd finds its b""t
application in th~ mining of IDoaeraw- "" high-gmll" bodies of weak
oro with weak wall" where lleither the Ore nor the w~lls will Btaml
unsnpporl:ed ·for an Rpp,'eciable timo without permanent', support
even Oyer snull1 .•pans and whero caving and subsidence of the Oye1'­
lying "trata must be prevented. The system is ~l'pJjeable to tabular,
llmticular, and irregular deposil'~ of ,mall Or gre~t, ",'iLlth dipping: at
"Jlgle., from flat to vertical; it is uften employed for mining crown
01' level pil!aJ's and between caved or filled stopes whieh have been
mined by othe", "toping methods.

SqmlJ.·e-sctting usually is adopte,l as a l"st """,rt but has a special
field" for mining ore bodies not minable by ol:her ·methods. The
s}'",em is very :fIl1Xible, und ",~y be altcred re"dily to lll£Bt ell'lng­
illg gl'ound oonditioIlS.

S'!H>TC"",t stDpe5 IT"'y be, mined wil:h or without eont"'nporane­
ous lling, but torlay S(lu".re.ed stoping is appiied p1'incip".!Iy ullder
conditioll~ where the ground i. so h~.avy tllat. prompt fiili"g i' re­
quil'ed for peI')",went 'Upplll't ,wei the squnre.,et timbering ",,'ve,
only to hoM the b~ck and wall" during e"l:,l'U"tiOll of the' ere 'from
rel"tiwly "mail bleeks or "lices.

The sq"are-sot s,,>p"" may be miw,d in horizontal slices or "floor. ",
wit;' inClined bocs. 01' in vertical ,li""". Horizollt."l (01' rill sectiOJlS
uswlliy are empJoj-ed in wida ore l,odie"' wheTe tJ,.. ,g:rea.w5t pres­
sUre i, {,'om the walls. When the gl'eate"t press"",' " :rrom above
the ""dions mnml" arc e"l'l~ed UIl vBltie,lllv: In we"k nrc bodies
tho tend~ncy is to 'use ycrtieal ra.ther than hortzents..! ,lie,,". u>oso,
or TllJlllLllg gl'Ollllci gc",~l'alll is mined ill vertical .,lie"..., beginTling
at th" top and prlJc"edl1L~ ownw,,"d. S""aral m"Lho(]" of atJa"k
may be "'ed in the s"mO, vein to fit loom W-'ollnd ",m<lido"".

1'h~ example" in the following pages typify, cOllllitions under
",hidl squ""e"""t ,st"ping is employed aJld the principal varintion~

of the method. Ee,ferellce is m"de to th" di,cus,ion of GHdner
"nd Vanderburg'" IOl" further details of "'1"a"e,setting pr"otice.

Minin~ methods oj' l,he Argollllllt ,nine have been di,e"s8e,! by
VMldcrburg."' Gen~rn.l conditions bvor>tble to mining at this mille
aJ" partly otl,cI, by the following: (1) Increasing eOHt of opention
inmdcilt 'Ix> the gJ,-,,1 depth to whir.h mining h"" \,rogre.%ed: \'j
h""vy, swelling ground mlCOIlllterod and con,.quent argc Olltl,iy or
mainten~ll(", to keel' the gmtJn<l open: and (3) comparatively low
grade of the oro. The Argonm1t ""In' oeCl'p,e3 th~ fi",,"o of a re­
vei'm fault and cuI:, thl'<mgh beds oj' greenstone, schist, ,",nd slate. It
,Lrik"" abo1lt N. 20" W. and hos un average, clip of &1° nol'thea5t.
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As depth is iLttaine,llh" "ein tends 00 become flatter. The'maximum
lan",o-th of the ore "hoot i. 1,100 feet, the ma::<i.mum width th'i feet, and
tha averu!,,,, width mined ~bout 20 feet. The vein is persistent and
has been f"jiowed fl'Om t.i'e apex down to the 5,4DO,fooo le"cl (at.

,
, ",i ,"".
~'~'

B

c...
FIGIm. 4'----"q",u',"," "OOi"o. """n"u' mi••, C"'''o,"lu, "> V"tli.' loo"Ol1"'"B! "0"0­

J"Uon; I', Y""~(l "". ",,';on ,no",,," ,""Ol'''''''' "lx,,,,. ou drift """'; 0, VOl"""
,,"" ",lio. ,b.",'ng ,qu''''''''" 0" long ""N oM ,'do",,'".

the end of 1929) In"asHl."<Jc! on th~ dip, The q~artz fil1~ pinches
and """e1is ..long both stnko aJl(ltllp but ne"I'C" dlOS out entIrely.

The Tein is lWCOmpanied Oil Olle or both walls hy gouge ranging
fcorn oo"l'eml inche, to ,.,ve"a,] foot in thicknes;, Tbe w»lls are sott
und fractmed so that ,I""ghing will oeem' if the openings are ,not
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0,,, "" t ••ot Or< h,""4
Timbe' " .'10.335
Oilior Slll'VHe'________________ . ~57

supported pl'omptJy. 'The \'e111 itself is trawr;;ed \",- planes of wMk­
ll"-"" 80 that lugging of the b<teh of all opening,; 'is l'equired to I'"
ve:nt c",,,ing. The rock rna",," are more or lo,s niobile, and t ,air
weight is tmnsfer!"C,] fmIll point to point as t.hei," equilihr.ium is dis­
turbed by new 0I'CniLlg:', Till,ber alone will not pl'o,,;,le adequam
"UPpo!'t over a lILI"gO "1.'"", and as gtoping P,"Og""sses timb~ring must
l>t, f"!low,,d promptly by w,,~te filling.

Figlll'" 4~ shows the ,yst,em,of H[0l'i:llg and stope timhering at the
/\'rgo"aut JIllHe. The level intcT\"il j, 100Jed down to the :l,IIIIO.foot
levd and 1M f,,,,t from there to ULe bottom, Drifts llL'C exl.ended
in ore alung the footwall on each level. Tll""e drift", aTO 6 by ~ f,,,,t
in ero", S."'ion aw] are timb~,.ed witl, I'egular drift ,et,. (S",' Jig.
46, E and (fJ Whm, R drift has been extcj](le,l .e"eral hundred fe"l;
,'rom the .haft "1""ioo is driven w the le",l. above, Steip,," are silled
out on the fi1"ilt floor "lJ(}ve the drift. and the sills ",r" timbered eit.her
,,~t1, regular square-",ts resting directly on t.h" d"ift ,.,ts (fig. 40, E)
01." with regular ,ets on long e,ip' Mel stringer;; (fig. 'le, 0). Floor­
ing is ]",icl 0" the stringers to hold the surnequcnt w",1e Iilli:tig.

StoJling is "",...ied upward 'in ""ctio,," 100 f"et long 01.' flS 1c})l~ ""_
the d"tancG b"l",""" manwa.y~. Sev"!'".] "eetion, UBUally are milled
simultaneousl!, ".lI,hC>L1g;h one wc-ti"" m,,! I"•. "",'era1 sdG lower or
higher thun t. l() f"ljc>iiiing ones. Virt""I}' ~ll t.he. vein mat,iJl'ial in
the me ,hoot is mined without "orting, and 1'" pillam are left. Gen­
"coJly only enough gn"'Ild i, l-emov~<! at one tLEJl(' t,o mak" rwm for
st",ndilLg on~, set of timber. After 0- section hus b"Cll mined ona get
high ,,1101 "CI'OSS the vein for Ih, full le:n~th of the "cction another
floo" is bew-m. Fi!lillg ,,~Ul wa,ts is earned on "long. with stoping,
EO that o111y one floo!' is open at a time. Manw"y" ~t" carl~ed up
as ti,B 'WI';' advanccs, ,md chutes are built ill c"cry wurth drift set
"1' Il.t >la_foot intt-T\""k Wl1enever poseiblu, tb" Ill'oke·n ore" dil'crtc,l
inl,o the "hut~s by pl>lnk win~ slides built in the "Iuare-sets. Any
01'" that cannot bc h',1Hlled by grayIL.y III thiH manner is shol'clc<l
inu, the chutes by h~nd. '

Square-;;et lH'-'t,,; .""" fro.mNI "t, one end only and are of ru'HLd tim­
1,,-1' 14 to 18 i"dje~ in dwmd.iJ1.' ",nd '{ feet TIl ovcr-,,1lIc11g;th. Caps
'Ll'e 12 by 18 inche, by 5 feet 4 inches long; girts arc S to 12 inches
in dio.meter, .. feet long, and unframed. A s'Iua.",-""t b 'I feet 10
itLci,es hi"h aud 5 feet 4 ind,"s by 5 feet from ""nte" to ",,~,ter of
po,ts. The stund"rr\."t "ont"in" ~on cubic feet. or 16,7g tnl\" of me.
Filling is obtained by driving indinetl cllalnbers into thc hanging;
wall oe, if the hanging wall is weuk."nd tends to cave,,fr:0111 CI'O'"_
"no, into !l,e footwalL

Direct '{"ping C'dB dlU'iTlg Se.plember lng wcr" ~s follows:

o,"p,,"',n
of ," """"r,"~or ~1. 740

S""",,lsion .0:;2
GoIUP"c,"""d "il', drill., a"d

s!col_______________________ .101
Esploirtv"" ,143

Wa,,"'C rates were a" follows:' Miners $4.50, 111",:1<""8 .$4, timbormcn
$4.75, and tw] nippers $4.50.

•
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Ore bro"kinO' a.nd timbering required 2.054 man-hours per tOll of
ore, waste bre,;'!6ng and filling 0.347 mOJ,·hollr. and shoveling 0.475
man-hour, a tDt&l of 2.870 man-hours of sbJpe labOl'. per tOll, equiva­
lent to 2.'18 tollS per man-shift. The congmnption of explosive w,,"
1.01 pounds of 30_percent Whtin <Lynam;t". per ron of oro. Th"
consmupt-ion of timbe~' ~mDunted t<:> 7.05 board feel: of ,-awed sto"k
Fmd l.08 linear feet (If "OlInd timkr and L1gging 11<'1' t,m.

Minin~ method" at th~ Page mine h"vII her,n dc..erihcd by TInrg."
The ore occu,," ill two ,li,iind fis'llrc ve-in" ;[1. 'JlJartzil.e, Thc}' sla:ike
S. 70' to 8()" W. RtLd dip S. 40' to 00', There are no well-defined
walls, and the enclosing: qll"rtzite~ al'o broken and shattel'C'-u [-<) pro"
duee fi zon~ extellfling@t030 r"ct into the will!s (>'I' tI", vcinlC01'ec;
thi8 "aU",', hea"J', swclling ground and neccssitates the use 0 cla.'eI.)'
filled eq,,,,ra-",,t ot,-,1'OS for mining the are, Some sorti:ng: is done 1J1l­

derg:rolllld, but most of the ore i>",,"'l-k.., go fine th"t t.he ",:il,el' ia I eithcl'
is rejected fOl" filling 0" ."mi·, Ollt us "rc, The "oim pinch on both
sl:-rika and dip to mere g:ougo and swell at tin"," \0 20 fe",t in I:-hid,·
ness, Small, iITegula-l' putehe" amI bodi"" nr ore o,,,,a,ionallj' ,L""
found ·mnning back into the hanging wall of th" ,'ei", but t,h""" an'
eonfined to ,be fracture,] z·one.

Brea,t stoping with Jig}'!; deifLe)', i~ 1')'efe'Tccl tn oYceho",,] .top­
ing with stope" d"ill" becan.#'. it <:ont""ls b"".king be-,wr' and elim­
inat",.heavy <;!.cd los,,,,, and stupar mnchine rel,"ir,.

Stopes are carried in blocks abont 250 feet tong and ta1<e1L in onc
lift 300· faet hl~h, Ore 1'"Siles are 35 fe~t H.pal'l:- ,"nd "e6 cribbec!.
Oceasionally chutes are so /lot. due w irregularitie, iu .<lip of thc
"ein" th"l: ,~atel' J1oodi,,!, i. 1'e'inil'"d to ",",kc the br<:>hn om run.

StflJlcla-rcl.oquare-set tlmbel'ing WiT,h ca.p_l,,,tl,ing fmming ie em­
ployed. Caps ave.r~g~ J~ in"hcs in di,"m~kr and POi;t~ n ineh,,~ ill
aiFlJneter, !illrl girts are of ii- b" 8-ino-h ""wed timber. Tho. h"'OllIla
is "" hc~"y thlLt tll(' tim\"'r is IlJ"cecl ".S ,oon as room is madc fnr ",
set. . It is ·deBirabl~ to ke~p UH' ,l.<1p"" fill"d to wi~.hih three Jloors Or
less froID th5 hade Cro""cnl:s ,",1'e. driven i"~n the footwall tn obtain
waste.filling matm'ial; they HC bogun 5 by 7 foot in section "-'lei 2,;
to 30 feel:- from the ,1;ope al''' cnhn'gcd to 8 bv 12 feet. l,Va,te i.
dragA"d from t,hes" 01'0,",,,,1:-8 inl<> the "copes by Bingle-drum lngge.r
hoistcl.

Direct ,taping eosb JUL'ing Hl'2-8 are given by BCTg, as follo\\'",

Direct ,j"j>~,.g to"'. }'age mi"". 1I!~8

WbO" :~~~,~~~~f~~IT'",1>e' .. _~.~:~::;~:~
Su,.",.,.";,, , ',1,,' C)tIl",' '\1~plies_________________ .1J-1
Comjl",,,,,d all', 'lOwer, dl'ill"

"uri """"L___________________ ,H;, T"laI di,'""t "toping "',,'_ ·~.lf,

J!)xJ)I.(";,,,"______ .11 I
Wage rate" we"" Timbl\rmen $6, timberm~.ll llelpc1's $5.25, mInel"

$5.00, and .hovel",'E $5.

'" ",~", J, 10" "'n!"" ""'CO", ," to, P••" "'De.' tho Fed,,,l """'''" & """It;,," ""'"
"""" "1"boo l.nL (""'. """, HUMU or ""''", '0""," J'I',



196

Cut-and-Iill stoping at the Pecos mine was ilioousood in thc sec_
tion on cut-md-fill stoping. H was stated that in 1~2~ cut--"nd-fill
und square-set sto];>ing were employed "bout equally. The same gen­
~r"l EchemG of "Peratiom llPplies to. bon, )netbod.." c"cept that in
square-set stoping matlway", cxtraction raisr~, ancl. gob lines are
provided by l"".ing off ·,.]u:~rc-"c\& Square-sets are of rouml timber
and arc ,; feet square by II feet, 8 inch"s high. in the swpes and 8
feet high on tbe sill Ilno;'.

Direct stoping cost per ton in ;;quare-Ed swpe;; oniy wa, us' follows
in 1929,

G,", "",,,,
of """'"'"BTe.kiug, labo, ~o. G2:

Shoveli"", JahOl' "__ ."7
Timbo,ing, 1"1><"· .__ ,'i(>
"illiM,laboL_________________ .18

'fum! l"~"r ~,l6

0,,,,,,,,.,,"
'I , ..,,,,,,,,,_

MlnlllJ; 'UO"jj"". $0.12
E:<plof'ivo""-- " ... . l~
T;m~Ol' "_____ .40

The to!:,] "ost of $1'.83 p"" t"n 1'0)' ''l1Hlre-set .,wping comp>1ro" with
$2.01p"," tOIl fOL' ~'1lt-an(l-fij] ,t"pi ng "t t.l,is nrine.

Mitring methods ~t the Black Rock millc h",-c i",en described by
MeGilvra and Hm';y."

The Bi"ck Rock min" is oIl the "astern extremity of the Rn.inhnw
,""in, which has" generai east and "",,st sh'ikc ,md ,lip, BO° tc> the
wuth. The vcin l'"nges from a few fed t<> 120 f"et in width, and
"«)piug widUlS ar" 1 ;et t" 12 OOt8 (II '" 70 f"et). lI1o"t of the pro­
c1Hdion eom"_, frmn this. ,ein, although oth", v"in;; averagitlg ahout
6 fe"t in width 1m,." commcre-i.l impmb,,"'''. The ore range.< from
II ",ft, cnmll>ly ,phalerite to han], flinty m"'cl'ial compo,e,l of qUMtz
'lllel sph.[c,it". The country rock is granile, which is intensely
altered DC'''' thB veit,. The ,ci11 struetu,c 1""'"",ls" [mnded arrange­
ment of ore and waste pHr~l1d t<) tJ,,, ",,,lls. In iIeneral, th" ore
and w"U !'ocks are not, ;;Il"(mg ,moLlgh to mpport tbemselves, even
over 5Illa.1i spans, and artifi"ial suppo,t js ""Iui,.,,,l a.s soOn '" l''''­
sibl0 after all opcning is m~de.

The level inter""l is 100 feet te> the 1,~OO-foot level and 150 feer
from tho1'e down to tJ,e bottom ~,opillg levei, which i, at 3,90(J ieet.

SWWl"(,-:;et st<lping is €mploy"d throughout the ",iue; it give" max­
imum support, u, t.h" wall, and back a:nd fiJls the need for a Jlcxihle
syswm of mininl\'. Wasto Illling i~ kept a" dose tD the stope face a,
possible. Olum blllkh"ads arB c,,,,'i,,,) through from "r", level 1:" i;l,c
next"" sl:uping progresses to give n=ss~,.y ,,,]ditional supp"d.

Variations of "C[uare-sllt stDping Jl1'" He"""s",)' to sui, thc di/Ienmt
"onclitio,," encnnnt"r"d. Tb"sc conditione are, (1) 0,." a~d w"lls
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stnmg eJlQugh to permit ",",,'rying the SU'pB upward with sq"""".~

""t<;; Mld folluwing cl""ely with ",A<J filling; (2).10000 Rnd running
grOlmd that would cave if worked upward, ,which re'lUi""" llnder­
h~nd stoping 1:>y "ill"'ying th"S<juace-wl" dowllw,,,rd; an (~) gl'Ound
inoomwdiate between th~L of conditions (1) lind (2), which is mill"']
loy top slicing with sqU!lJ:c·""t 'iIllber's.

Stfl,,,,l'Ll'd square-sels Me 5 fed l() inches by 5 fut>t ;,quare in plan
and 8 feet J,ig" and are of the ""p-blltting type. They are of rnun,j
timber 10 to 12 iIlche" in dia.m~.tc,.. CapB and post> Jil'~ framed alike
lltld inc,u'''haU!,,,,bl,,.

Drifts are riYC)l alonll: the fooL"",]l ".ml timbe,'cd with framed
oals with 8-foot post~. Stopes aT~ silled on the fir,t flopr above the
level in overhand SWl'ing', and chutes RTI! in3blled at 3O·foot inter_
vals along the drift" St<>pes are caTried up in. Rhort blocks 4 1:<> 10
sets long with R chute ,Ul<l manw,",y at the end whieh serves 1~1:"1' as
:" Sllpply rmse .fOl' the next, blorJr. Where the ,"ein iR wi,le ~he h~ng­

IIlg-wall hotH '" stnped fir,t nnel tlw footwall half hl:~l" lwo-meh
1aegjnll' jf; uf;<).(l to ,'dain the WIlsie Alling On the cnd of the stope
ad]ommg ore In pia"",

17suuIly only mJOlIl,(h g:roulll) is bh"t<,,) ont, fit a time \'0 ",,,k,, l'Q"1ll
fnr a &ingle sot of tHnber. 'Wasle bee"',,"" 1,,,,,,18 of ora l1>Ullll)' i,
hIasl<ld separately Hml (h'opped direc.l.ly ilLl" I:lU) g:oh, Vi'"h~.J"<) lt is
imprllA:iieable to 1>1 ,1.4 th~ wast" >;epaml-dy the l'Olll;,1 i& blaotoo ont,o
tbe {loor, which is covw'Dd with plank, and the WII'l:e is sorted out
by han<l.

$1:I>pes more than I:-wo "d~ wide ordina-rily J"Cqnit'c hlllkhe.uls ill
,,'-]ditwn to the sq,mL,~-,,,t~ a.Jlrl wasl:e filling, Crihbe,d bulkheads
uou",llv arc sllffil'ient., an,1 when the grOlmd over ~ bulkhead has
been lnined the bulkheud is move,] up a fioor and the ~pul)e below
Iilkd.

In \l!H]e,·hot)](] ,qufl,re-,etting H· nJi"" llr,t is put through fr@l level
to 1[\.-<)1. F"OIll the raise a cut is IJiken on the 11001' below the sill.
Romm fLrG placed as ,shmvn ill figLlm '17, A, to- ';.ateh up the sin tim_
],..,,"'. Th€se booms are of ,j. hy lO-inch. timber "nd 1<\ feet I,mg.
'1'heL''' al'e two m~th(ld" of holding the timb~r5 ubove while tllli
greund is being t"hTl onl; fill' the ,et belaw: (1) 'If down-weight is
exceSllive1 booms ar" ""d £0,' every "e~ and two pH..il" of hoolllil aTe
employee!, tho upper po..il' being monel down HR mining progr""""";
(2) if side p,",,"'lll'i) is .exeeBSive, " di"A:'Il'w. stull willllOld the '""1'
in plaoo while th" ground i, being w()l'k",} m,t for PD:5ts. Afl.er the
fil'St set is in, fu" wound ~e>r the sd directly bi>low is ul-ksn out,
Mining pre>gr:es",'" ahout 50 ~eet downward in'this illaJmeT, AI; I;his
point, an intelmediate <lri.ft, is" dri ,-ell >llong tile :footwall as " I",m_
ming suble,,'" fOl' tramming the OJ'C b,wk h> the chute raisB. (Sec'
.fig;. 47, E.) St,artiog at the top aw,';n ."nother set iR mined dewn
ll.rong.idB.th~ fil"~ one I)\ll;hc h~gmg-wall sid." TIL;" yT'Ocedure is
followed lllltil'a hlle of ool:s IS "L1ne,l :t-.'Oill foot tD h"ngmg w"ll and
fl'(Hll the "l.'P"" ,ill tD the j"l:ermeAJi"te, level The next lines of set~

are mined m the ">lme "'",y. As "toping pcc'gr"""es w",1.e filling is
put in "nd held In place hy emall poles or bNken Jagging. One set
III ea<)h line a]wlIYs iR kept open,", .a· tWJpo",,,,y chul" and manwa.y..
TI'e ore below the ·intel'mediate· level i.s stoped in the same malln~r
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o.s that above. The, uppe,' ~ill uSlla.lly is abandonn,] bcfoi... Or during
mining below. A,!CeSS t" the stopa< is gained throngh footwall Int_
eral" "nJ short ",",,,""uk

,,

B

Fmu," 17,_U'''hl''m" ,"",m_,,,, "'"''', m,," 1<0" OJ'''' Mon',"" >to ""(;"'" of
He;", ",om,__". up",'- ,,,""'". b, ",a"," b,t.',,," ",om" " 'M" i"'" u',<1" boo"",
d. low," "oom-,; IJ, "'0"'" "",on tb"Ugl, "',",.

In lDp t<iicinll with -squRl·e_sats the slic"," Ilrc milled 1 to 3 Ilnor',_
high. ,Vhen mom I,)",n one floor is to be lHilled n· drift i" run to Uie end
oHhe OI'C block On the footw"U at th" lower floor llUrl timbeI'ed v:ith
's'l""re"el& 'I'he floor above then i, milled back to the Ore chute,
~tal'tillg "t the end (If the block. When aU the ore above the "Jie"
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flo<>r has booo mined out a new slir.c is begun uelow and mined in
the same nJU.nn.~·. No filling is employed, IlIlrJ aIthougll t.he timbers
are not b1"sl.ec1 out the lIpper slices soOn clo,. in and fill themselves.

SI"'j'ing method, at aoo 8ilver King Cm,liti"" mine 1m,,, been
des"rl 10(1 by Dailey." Do,h lode deposits'l111d [""lde.a repla~cment

deposits OC,,,Ji' in this miuc the latter furnishing H5 pmwmt of the
Ol'e, Bedded Ml'Osil,'l.u""alh ".'"<) lenticular in.,>utlirH), with iTregu­
lar/y lobed "'''I'gius. Some "lobes or ar"", eriend ]JUl"ll'ed~ of fed
fI'om the illo.;n o1"1'01'ito. Bedded d"l,,)"il:-~ have boon ('onl,inuou,1y
pl'o']lIctive for mOre IJHHl 10,000 feet ulrmg j,llei.. ,trike. The lode
deposits al'c found in fissure'! t.hat appear to be tl,e channels through
which the ",[namliziug so[nt.io", circulated 'and ,fo1"",,,,l1.he replace­
ment depo_,il., in the lillle;;t<mc bcds. Ore lllin~ral,' "r8 galena., pyrite,
sphat~ritc, td.m.hedl~k andtheh' "xidiz~d ])roducts.

In th~ SilHT King ,'ection of lhe mill~ a ,tJ·inger-set-a.nd.fili sys­
tem (""in" timberi"" eimilar to that jn tlU) "1rillll:e.r-S~t-,u,d-fillsys­
tem ,k"cribed. in th~ "",otiOll. on cut-an.,j-fill etopin,,) is empl"yed.
Tho ""t, con",,,t of u,,{mll1ecl 8· by 8-'."<'1, CIlW 10 feet long sup­
!,od."d (H' lhree round yo.t, ~ to 10),,,,1,,,,, i" ,1i'~Illetel" "nd ~ f,,,,t 6
"",ho& long". RmJnd gl1'V 4 feet·4 mches 10"_,, (~,her are splked to
the posls 'H' held in pooition 11y smaIl bloch ""iled tf> tlll', l'DBtg ,,,,dcl"
the >(irts.. Pin"!" of the hrgm' ,tape" are filled witl, w",te a, stDping
advances to suppo.l"t the hanging wall, all ~vailabJe tiJtLI"",~ being
rem""ed beforo fill ,ng so that thcy O'1n he, remed.

Y" the Silver IIiH section oJ thc mine, whe~-e the ~rouud is helL"im',
:tlm "t.ring"r "ets a.r~ frmned. The p,,,I,, lind caps ~B of 8- by 8·inch
and the gio,ts of 4~ by 8_ineh timbc"". In Jhlt, hea.vy oro bodi"s,
where it ~, "ot pl"ctica-blu to advance lhv ~l,,!'v ".' OflV continuous
lnce. the cre bf>dy i, mined in ,",cticn3 50 feet w,dB<

Brr,]ren oro is moved down ULC ,lip. of the "topes by llUnd shoveling,
,.'heelh,,'·l"(}wS, (}l' car,'. BetweeIl 15 ,weI 20 perc,011t of th~ mat~d~l

broken is >m-ted out, UlLde,'grmmd amI retucned to the £!'I:opes .for
filling: If enougl, W:l.'ltB is not euppJied from this souree wa,(,o,
drin, and rai"" that have m""it aB p.rospects or as ventilation ,,,,<1
haulag" openings m"e driven.

Direct stoping costs dming Llw year 192·9 are- givcn as follows:

La""r $2.404
Supen·i'io"~_________ .130
()"mp""",,,<l "ie. delll" aou

s!€'l_______________________ . 47~
EXjJbl,e'. ;1.73

Tim wage scale 'wng as f"Uow3: :lI1iners $4.50. llla~hj"e,,"'n $-1.1,;,
timheTll1lill M.75, timheTmen helpc"" $4.25, "honler, $4.25, o.l\d tool
nippers $4.50.
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A ~il1eLI sooti"" i" SCjlla.re,settin« I"OLmit., waste fillin~ to b~_ rull
in the ~tnjJC wh"r~ nece.;;sal'y, "itl~ a minimum of hani! shovellng.
Jl.!ol'eover, fewer chute,<; need be IJlajnt"ined throngh the fill to receive
the bJ'"ken ore. W-here much sol'cing is to be done h(>l'i~(:mtul ""CtiOIlS
usually m'B pl'efer,'<),l.

CLlt-ami-fill stopin~".~ this mine already has been discu5'led under
C"t_aod_Fill Stoping, It was ,tated thUt cut-end-fill stoping is
employed wher" 1;1", vein is nm'l'OW an,1 square-set stoping wliere
it i. ",We.

Where square-set stoping is u""d the sill floor is tnk"" out t.he full
width of t.hB ore and timbered wit.h s'!uure-set,. TllB fiI'st floor aboy<\
thffil is .toped and timbe,,,,I, alter which the l'"i""s ,u'c widened and
timbered 'onB set whle across the vein ~'l.(l HI' to the lewl "bOY\).
Sturt,iug at the center niue of ri. 100.foot block on th" .e"o"d floor
above the sill, three lines of "et. '"'' stopod fl'om wuJl to wuH on
"ad siclo of t.h" r"i,e. On the floor "boy" two lin~<; of sets UTIl tnken
in the Mme lli!lllncr; nnd on the n",., floor nboY" that on" line of ""t.
"s blk<;n on eneh .ide of t.h" rai"". TI,i. forms,. pyramidal stop"
with th" rmse in the "ent.",·. 'Wns," is rUIl, in throu~h tho "!li"" to
-Hll the ,tope ng cO[J]pkt~ly as pos,ible; I;\len"· flo"r-i£ hid "" the
fijI. Stoping ig continued on each '~id~ of the ra-i"" until tI,e t..oe of
Ihj rill is WIthin 10 fee, .of the. next ohut", "fter whicll th" 1>1,,-(, two

's<'t.- a.... cal'ried flat' to fui1ti~h fl. shov"lin~ plaUm"lh wh~re sorti"g
CHn he don",

Except for,. "m,.lI amount Of hedderl ore in the Wa'nl'."h liIn""tone
all the' 01'0 at t.he P'''l'k Utah minn Ooeur5;n £Ssm'e."."' The width of
the fissu)'es rU-nges from 1\ to 80 feet and th" (lip fn)m 40° t.o 55',
The 01'" .houts are le:nticulJlr and ranITe llliength up to a maximum
of gOO feet. The fi""ul'es are banded \.·il1, alternating layers of 0111_
1'hid". ancl altered linw"f"M. 'l1",-b"nds constit.ute phm" of w,,~k_

-nes..' SO th •.t the 0'"", which is of mediUm hardn~.ss, b1'e"k, w~JI. Tho
walls "f the yoins usually ,,,,c WC"k- "",I will "Iough if leif; U1l5Up­
po.>:I·"d. Where, thBhanging '."nU i~ quad"il." the rock i, hrcccinteil
fur about. 50 fe.~t fJ'mIl the ,em fLlld m".t l>u well suppmted tD pre­
vcnt caving. ]'aults cut. the Velll." ~t ,wute angles, fo<'mi"g wed&-­
shaped masses of '·"ck which c,."" rell.dilv into thc stope, if '~ot
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sU'ppOl'ted. As a rule there is a. dcar liRe of demurou.tinll bctwcoJll:hc
"em and the hunging wa)l, ",her'e,as the footwall is p.oorly ddine,l
Two <\lasses of or" arc llimed-Slhceou" silver "rc whleh 10 ,h,pper!
dircdJy to the 5JIleli."r nnrl lend_"inc..sHvep sulphide or~ whi,,}, is
milled.

S'1[]"l'e-,et sloping with filling is "n1pk>j"d in nll stapes more than
12 -feet wide.

'l'hc 'l<luare-set ,mining Sy.t"ffi employed at tJ,C P~rk Utah lIlille
is an ad"pta.Ci~nof rin stopingand W"-~ plamled vrirn:nily to P[Ol'1Ilit,
l;h8 wa,w hlhng to How to lts d"Amll!Jon Wltn ". ITllnimum of
]1l111dling. The first sectio1\ is 100 foot or 20 sets long, (I 8BIs high,
and the fun width of the ..-ein, which may h, 12 to 80 foot (Se"
fig. 48.) Suc,,""ding sections adjacent ro the lir8t are 50 f,,,,,\. OJ" 10
sets long and () sets high. Tho sill floor is b"glln from th~ "t<Jp of the
fuotwall drift. When the s""Uon r~pl"e,ented by block3 A-Wand
A-F: (fig.4B) is mined 6 sets high, slopi:llg is b"gun in blocks B-W
lJ-F:, A.2-lV, and A2.-F: simultaneously by horizont,"] slices one se'
high: The square_""",' on each slice "1'e 1'1"c"d in p,,-,itioll at tho

•
'''''''-''<:110" .-"

F[ou," 4",_~""",,,_,,, ,'o"",g _.,""m, p"," noh, minc, Um".

footwall fir,1;. '£he indinetllill<'.s iLL the figure n,p",,"cnt th~ top of
the filling "t its RIll£le of 1"<"1'("" ("bout 4,(1 0) fit vaJ:ioll8 s,~W''' o'r
mininlj. The ore is handlcd in tlu) sl"pes by '01-aper>. W""t.<, lilling
i" '~m ill nsd,c squam--oot Ii"CUO'''' ll-l'e bcing: en-i'ricd up so thal:-mining
and filling are contumous (,pe'",tions. WIlSie ill <tlJriv"d pl'incijlal1y
hom devolopm[mt work .and run into the "opes from the htLllging­
wnli drift on th~ leval nbov"" As the stope n.dvonoos 1:-0 t1'0 position
"hawn by the dottocllines addition"I WastB rai,es O-W and O_E arc
driven. The floor pil1".r left under the level ab""" is 10 feet thick
ond is mined. in a sepal"'''' "p~ration by vertic~l ,1i,*,~ across the
'7811\. Befom the floor pilIa~ is miued the stope bo1"w is lilted to
within .one ~et oJ' the back l>etween wasOe rnises 0_1'.' ond. C--W, Un,
wa,t;, boing leveled off with scI'aper. wheJl I1cc<,,,,,aJ'¥. HOrEes of
W"lil',,, in the Ol'C body are drilJoo "nd blastcd i"l.o the "tope fill. Or,'
pa,ses "nd lllonWlLJ'S """ eal"rieclup lLt in"'l'V"ls of 50 ""t, or every
tenth set.

Square-sets ""e .framed with buttin~ ca.f''- Po,13 a1'e of.9_ by 10­
mch timber, CllI" """ 10 by 10 inches, an< gilts aJ:c of 6· by 1!i:irtch
timbor. A square-set is 5 by 5 feot ill plan by 7 fed· 4 inches high,
center to center, UIH] contuin, 183 cubic foot.•
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A square-,eL ",oping crow usually con";,t.; of si.x or eight men,
clivi.dnd equally on two sllifts.

The daily rolltill~ of 0l",",<tions of 'such a el'eW is "s, follow,:

_____do •• ••••••• _

n"",,,",, _"., <ill" ""."'00'.n"";,,

Daily ,,,,,,f,w 0/ 01",""1;"", I" so"ar",s81 Mopes

'~~--"-'_-'---'.. ~- ""mb,,,,,,,,, "".,."."••: •••_'j.'_.'-'_'."_"

n",,,,,<lori__ --------1'.",.'0"'''.---- W,ej
,," """D.", "n" "ill_",,,,.. ', ,,,"'n'_m> ,",,"no__ ,'"'". Gor,,,", ,.,,,,]""_____ _____ Cl"ol'" op ,,,,r,L,,,"" """,I,

, Dc'ill"',__ ",""","" on" b~ok,", "m_ ''''''1,,,,,""0. oro__
I b".

'l',.n"" ""'" ,," ,_vinJ: L",,,,, '"" """ rn3J""
m"W""_ "",••G,,"'", "ow""" """ '""ili" do __ " ••••"_., 111"""" _

]for '~J'apillg: in ,qu"J'C-wt stopes tL~, ,emJ".'- hoist. is mount.,l on a
t"\lrk ~j](l move'] 1,aral1el with the Wfill" of (he stope OH,}' a 3-in"h

'

lank floor. The scraper is t1ragg"a in ,any line of ,set. from the
'Dot to the hanging wall. P]""k wing slides are huilt ip'I..I", sd,,1:o

']ired; til" hmken Ol'e inl.o IJLe ehut", 01' to .the ""'OI,pcr. L'UTlW",YS.

SCl'apin~]m", ,-edllC(~l .Loping' costs 30 per.rent ",}I"1""1)(1 to handwork.
1'''" direct stoping cost for 1928 was as fonnw'S:

"", "e>' "" of
,,,' ''''''''''

~:lmbor 8),12"&
Other ,uwll," "" , 2(12

0", """,ton 01
'"'' '""-'",Loho,' ~1. 437

~,"P"'~'''',,''__________________ ,000
Comp,'""'",, "H', llOWfr1', ([rill""",1 'ree'___________________ ,Ul2
Explo'lve'-_ .. c lEI

Ba~ic wage, rate, were: Mill"";; $5.IJ,\'mllclw1'" 84.15, nipper, $r,.2~,
",w~per operatoT" $5.IJ5, fill,] timherri-lnn $:;.2.'" ;

Square-sct "toping was ,eolltracte,l for at $9 1:0 SJ2,.l)er ,squa>;'e-,et.
Contractors were required to drill, bla't, stund, arid blo,,1' t-iTllb'er,
place the mining floor, rigup ,crap""', and """"pe the or" into t.he
chutes. The stope was fill,,] on "omp"l'Y ,,",'Dunt.,

Labor pe-rfol'mflllOO in the 81;01-'08 l""S a,s follow":

oe,up"tion :H'ealti"j c ,_, . _
T1Illhcriag and :lllllng , , _
:\I""U,,~ ('e'ap;tlg) ,,,. __ .. _

',f""'"''''p,," ,,,,'

0.74
.~

.3~

To;" "'""'_)'il'
W.8
9. ~

Tol:al
C

"________ _ ].93' ([,14

, Con,,,ml'tioll of ~berwas 16,46 boo,,] fee, per, ton of ore, includ_
mg th,,-t used m stopmg, development, ,lid llIalni:<}na-n',e, , '
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Mining'methods ",t the n".\vc!wln mine hay" ".,en deseribecl ".nd
discIJS,od hy Calhoun.' The maIn 0,'", ji5sura runs t.l'l'oug:h .~ wid"
band' of rhyniiLc luff expo"",' by erOSlOn of the overlymg eedimcnh;.
The lode hos heen forme,l by melusonmtic rcpl"cenwnt of the "hvo]i«,
tuff' along i.h" fissures. The Chinamoulodc has ". well.defined h",,,!,"
in)! wall but no ",,,ll_defined footw>1U. On EOme lwols th"~'e, 13 sohd
','"I]lhide or".50 feet wide for 1,000 feet or more along the strike,
"m] ill plac~" t.he 'We js 140 feot ",;,1(,. A fault.od pori.ioll of the lode,
k"'''''11 fr" the" SJ,an ", i~ much nllcrOWer.

Th" ore is an inti",,,,,, mixture "f galena. 'l}hakrik, ,,,,d in many
pl,,"e~ nf·chalcop)'ri1.o ,,1"0.. 1'h~e Chino,", worked ~.hB mitlc fmm the
gj}rfuMe Lo,50 fcat below tlLU 111-foot le"el f",· ellver alone, and n,
brgB rcnll"",t of the llpp01'IJiU1; of the or" body l~ mixed with 'old
filled .to)'''" ",,,d working,·, Thi, rffillnant lnllst be 1re.'~,l.ved for
flltlll'e lllmi,,,,, "lthough much of it. i" nol: of cOlllm~rci"" gLU(le today.

The fil'St ";ethod ()( doping I:,,-i,,o w"~ Hot·bad, ,qu"""e.",,t ~toping

with lur"" wide, o'opcs. LnI'~J:"" "~L'L'(JW GiJm""1-slic~ rill stO!,0 wa..'
t·ril'd hut"hand"il.e<l. As thc upp"" levels must be k0pL, i",~c" miIl­
hole, topdicing, "nd C"Villg sy,tems aTe not o.pl'limLlJI". 'The Sy1!t€lll
fl"ally "d"pwd was ," ""11lhinal,iou ,qUfll·(J>-oot. r;1l ,,:\',t,"nl with gtope~

of vu.riable width to suit'](}(,,1 eonilitiom; Devd"l'Tnent ol~ftg are
<lei",,,, outside the "r0 budy in the hard footw"n mek (rom which
m,,,,,,cuts are drivcn to 11),,1 tlll'DUgh the ore "t '100_foot inte",,"ill
Frcm these crosscuts co~l;[nllous "","es ~,rc I?ut up fT"Om l~,:el to Ie"el
lu"l finally to the suri""c< ·When stOPlll¥ lS beglHl. an"ilucr, cros;;­
cuts n,,, dr;wn h"lfwa,,: hetween the ofll';nul "r""",ul". ",hid] an,
COllllCClwl tv tho mnin ex(.rn-ciioll drift wiUL Clll"'I'eg etf 25~foot. ,.,,<li I",
The 50-foot hlo"ks 'ol1,,,;lhe1' side, ",,"cpt for" 12·foot pillar directly
CW,l' the ero",,,",,t,, <.'HIDpr;," U,,, ,topes. The ".ill 't',)l]"~ "pe.:;: at the
rn~;" passes ,a.nd ~lopB dVWlt to, th~ f.rlraction e"o,.,;cuts, (Be" fig.
4\1,) St,ijw" ,U1) three' 01' four ",ts wid". "Vi'l,,,,",: the vein is wide"
longi tndinul 's<'.<)t,ion i~ mined fil'8t along th" hanging wall; when this
,is 'coniplet~d "ennd and tIl;"]. ""t;ona are lllin"d nlo1lLcside., retreat­
;rig t<;waI'Cl ilia footwull. S'lum'a.Betg "ra 5'\>'2. fe",t'squ"'" ami 7 feel:
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St"pomeJl were' paid on ",'bonus system ho.scd upun the llumlw, of
get, of timhered swpe ground token out; one ",t in ordinary grounu
contains 270 cubic feet Qr 2,7 long tons of orc.

Labor performance in stop"" was,," fuliu",s'

T<l1'oL c ,_ 7.11 1, 1U

C""8ump(,ion of cxploolw, was 0.3G lK'und of tJO-porcent gelignite
per long ton ""d l'ons.umI'Linn of tim.ber O.HS eubic foot of logs, ?33
cubie foot of sawed tunber, '0,30 cuble foo,l. of S- .by 2_illch la-ggJn¥-"
,md 0.27 "ubic fool, of 8_ by 3·i"cJ, laggmg, u- lot~l of 1.28 cllb,C
feet of timber por l<Jllg ton nf nrc.

SQU-"RE-fillT 'TON'''', DSINO VEIlT1CAL s:r.C'l'ION8

I'ho manner of applymg vertiual ~lice3 ill 10080 gWllJl(l at the
Bla-ck RfJ('k mille. jogether WIth o,het "'luare-,et praetlc("_ h", heen
de,cnbed

The ,t,ol,ing method< al:, the BIll,I",!" lIm &; SuUi"n mi"e llllv~ been
ueseJ'ih",l by Brown.'

Aw,o"ling to D"own, the sqnare.Ret ,ysWm of mining e",ploy~d

at this mi,,~ is SI,itcd "xactly to the il'''''~ar nature of the Otll
hodie". Thc (I'" is too high in gradc to 1"1,1< 1m", and the squar"­
~et method peJ'mits not o,nly yet'y claIm milling hoI', also complete
"xtr-u"tion at minimum cost. :Mlning costa probably eoultl be re­
duced hy :lpplying sllL'inhge mel-ho,ls to "O"W of the ore boclin,;,
but this wO\lld reSlut, in dilution beeau*, of thc poorly defineel, sof!;
wails and the leaving of imlJorr.ant ID&,;seS of ore in 010 walk The
'stOp;l1g "Y"u=m now employe.d was deYelope'l abo\lt 1.015. The ore
in the h"Jll,fing wall is st.oped '" tl,e peak of the sIA1I'" wiLh a nearly
vertie-nl'working face, as ,hown in ligure 50 anel dC8Orih"d later.
The older fhtt_h~ck stope l'esuHeel in unavoidable heavy inll" of ure
and wnst',c, danger to th~ 'workmen, and certain 10BS"s of mineI'aL
The present fni'Jll 'of stope with th" inveTte<l V oro,,~-scd:i[j]t lJ1ls
resulteel in >1 greM!" redu""d necirlent mte and Yirl",,,.l ellmi"ation
of cav;l1g of ,top"':

The ore b",]ie~ oecur in n, seYerely faulted zone of qunrl'";i',,, "",1
ha-ve be"!l much disturbec! by l"tt\!" huJl:s. There aTe two type., 0'
veins, Th~ Bunm"" Hill type, whiel, rnnsi"t" nf wide, irregular
masses of gaien", i" " ,;,lerite and qua-rlz ga-ngue, "n,1 the Jersey
Ji"~,,r<; WhICh may ra-nge from R fe,w tn 40 feet in width, 'dip 45°
to 5(j"h"nd i:-t"avcl'M' hard 'luartzite. In the Bunke,. Hill type

j
which

fnrui, os SO percoll' of the ore, there is ordin"rily olle hir}' w~ll

defined wall but never two.
Thc hard' '1"a,!'tzit<, in which the ,Ter",y ,,"in, occur allows these

?"e lJodics 1.0 be mined l,y ,mt-and·fill stoping, Squ,,,'e,-,el:, stoping
with waste filling is emlJl,'}'c,] fO)- mining th~ large, irregular fnfrS-"'"
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"f nunhr Hill tYl'8 ore, The {)r~ bQ1ie, nL"gc from 300 t<> 1,000
feel; in leJ\glh and 30 to 12." feet III Wldth. Sl.opmg has been cOn­
tinuon., from th" ""tow!" 3,800 feet aboH. "oa· level, to tim low%t
level (lfl29) 400 fete above' ,e~ l~yel uwl 5,000 f."t dr>wn the di-t'.

Althollll'h there is se[dalll 0, definite hanging w~l1, the rock ()vUe the
ore, bo<ly " wTI,merel th" j,'uLging wall. Th;, is invariabJv heuvy,
and clo.,cly Jilled sqllal'C-"o!s must b" employ",l-tc. suppmt.[t safely.
As rLcl';(lll "" the 0.... is remove,l "lll"r,,-s&s are c,""dod and then
lagged eigltly alHllilhl as .oon a, cOj]venient.

WOo''''''

,
'''"0'", ",__"qu",~", ,t,"'n" ,,,,,,m ''''''"CC Hill & .u,,"no mb", Idol,., :.<. "lop'''"

b"",n ~t """i<j". "," "M ,-"", ,b....d '" foo"vall; B, "OP;D" ",k,"""" towm!
fool"'"". """" " '"tWo'] """I'le"'d_ """ mol" b".l""" ''''lC "''''''"'""' ill '".t,,"" '.a, ,," 01,," "m"j"~l,· "'",10,," .mL I.,,",' ,,""" ",,"n,,'."'"'~ ""h,; D. JON);It 01.
",op, """".,""",,,,,,, m' ''''''"," ,nd bran,h ,'oJ" ,,,,,en ".ulog. ""U ,,'''v'''''''-''
Squal,.-,,,t t."mbel'" "f t-he post-hLJU,ing (Ill. L:on,i,t of D_inch

round po'w, 8- by lO.ilLch caps, find .~_ by lO·inch tic,. 'l'he ti",
lLJ'~ llnframed, stronger than the CI.1l", nnd l'lnced l'nrallci to t-hc
wa]]s with the caps at right angles.

Figure 50 slwws four sta"es in the nLining. of "fltope. The veiu
is cUt by t,hc crosscut Iro,," tho shaft, ""d ~ dTift ie nru .on the fo,,(,_
wan to the em'e,illt.ies of th& Ol'e, body. 'Whon the ore. wirlens so
n".t all of it cann"t, b~ includerl in the dl~ft, (;Co.'''Cllts ,,1:" driven
"t intc,:"als. t<> the limim oJ' the. o~ on the !",,,,vy hangjllJ!~wal! "ide.

StoPlllg: ';; bcguti on Ow h"nglllg:-wall s,de of tJ'e. y~m, and tJ,e
ore i~ sil1cd out on thc IcyeJ. Sills eovered with slabs ~l\) laid,
an<l. ",1"~Te-Bet tilnhers nl"C pl",,,"'1. A new floor i~ begun "boTI' the
"ill I{oor,.th~ fi",t .row of .qlHP'e-set" ie ~xt<Jilde(1 into the hanging
"'H.ll to obtalll liIling for tIle ~jll floor, and stoping then pwgrcs,cs
'tow"rd til[' foot-wail. A steeply an,],",] bacl' i, maintained nt all
time,. N"ar the e""101" of the o,.c shoot a rai"" i8 dl~Yen on the foot"
wall to the l~ve! ab'Nc am] WJ'CfI fini~hed is timber",l to l'roTI']e a
w",,/;[, pllSS and", timbor pass wit,h a man"'Hy b~twecn.
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A ,ecand dJ'ift j, dri,en ~o 01' 30 feet in (,he footwall an,! ',,-'C_
tej](leJ a" ,toping JH'ogres"H38 tn J'l'Ovide tfle TIl",i" haulajoewftv fc"m
the stope. Footwall branch. mi""" are driven from thi~ lnul~g"way
to tap the Ore on the footwall side of the stope us "hown ill nglll'e
mIn.

'Vl,el) the wast" pas;; ami manw"y. m,ise ha.vc rcud,ed the level
aboye a connection i3 ma'lc hetween it ~ncl the hanging-wall sido
oJ the stDjlC. This conn"cti"[j i~ timbered wich a row of ~g1Jare­

sets (fig. 50, eJ, track is la.id, lltHl waste is dn"YJI from. the mi,e and
tli,tl'ibuled in the "lope" wit.h hand_trammed C~j'" The stope i,
wol'!wl eo that the highest part is opp""ite the rais" and .slopes
dowuwanl toward the <onds of the stope. \Vaste for rming: is de­
l~ved from developm""t .wurk, 8uppl~mcnt<,d when nec"";Jl,l'Y by
wasw from '''''''$1" rai,es whi,,), lU'" Jri,,,,, into faulted ~ones ,,-here
<oaving can be employed to brc"k the waste.

Direct stop;Tlg coots during l.H8 wen, as follows'

CoM ",,' ,,,'
oJ <N~

L"~o" ... c_ ~1. 377
~lipcr,.jo1ov __ .. ._ .. 0&'1
0""1",,",,,,,<1 all', ,'rm~ null

.te<l ..... . ml
n'pl~'h''''' .______________ . 1M

0,,,,",, Ion
01'''''

"'in,I",,· $0,815
Otl,," ."))p];e' . .164

'£<11,,1- . 2.2n

The major ore buaiM of the Tint,i" Standard mine aJ'e ill lim~~

sto,," on or near its ""ntact with faulted face, of q'wll'tziw-a firIll,
hard, m,."i"e 1'Dclr.'. Faulti"", has been ext"mive along. th""" face,.
Postmineral faulting- has breedated the ore into fine, samlv mao
terial, intermixed with .muse"" of heavy lead 0,.,'. The hangoing_wall
l'od", are ,hales llO1(l hrneof<Jne<. The "hal"" haw. b"~n alt~.r~d co
a soft. d"yey material, a~d' Lhe limestonl' is nltered and brecciated.
Indivldual or:c hodies mljac""t, 1:0 the qu",t~ik fault faces tlil' from
45 0 to verti,"",], whel'ens tho,,, diA,ant from the quartzite are ,~lmlar

replaromcnt. of flat-lying Jime."tollB beds which I'OJlgo from 6 to
200 feet in heigllt.

Two prine.iI'al d ....'ses of 0", >11'" mined-a high"grad" le"d-.il"e,·
ore and", siliceOll" .it"er ore. Most of the ore hodies 1",,,,, indefinite
bonnda.ries, [l.nd tl,e g:mde dhninlshes gradudly aronnd the m~rgins.

Rapid ehan""s from lead to siU",,-,>us silver Ol'e make stope control
"'Stmtial.

LWBls aI'e e.;;bblisl'cd at ,"rtie",l ;nwn'als of lOll fee.t. In pl'epara.
tion for fltoping '" v<orti<oal equaTe-set m;,e is driven t'1'Dm th" foot­
wall at I.h" level from whlr.h the stope l" to be .,t"rtetl to the level
above. Swp,ing i~ begun fro", the raise, whiclI is used as "" wa"te pass
for filling; tbe stopo. Eyery stope (not stopa section) must.l'lll"e at
1m,s!; one rallie.

,The fu:,t stope ",,<oLion is. two or Lh)-'€O.sets wido u~d extends from
th<o :rni,o to th" ha,nging. wll.11. It i. mined fioor by !10m' as high
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fi3 >afet}' p~J"mits .nd is I'h"n filled, lea,'int; manwa.y. on thc out_
side of ti,C oc"tion at eonveniBnt ,place.". -Tho,,, lIlilJlW",ys affOTd
pOil""; of .Jtaok when 'he next sectIOn is heg,m amj provide mea.n,
of ,"",""" to a.ny 11001' of the .tope. The first section is completed
to ,,1'6 hllnging" wall, or mined Bight floors high, and filled before th~

""C'Jtld seetio)], two sets wid", is st"I'ted from the sill on on" side.
"'bile the "eeond section i. lJ",ng filled u ti1i,il is begun on·tl," other
sid" of the first section. By u.lI'BI'nating fJ'om one side t.o the other
.nd liUinl> one "ide wh He the other is being stDpeLI ll, "'i5\llor· output
i8 mainbuned from the stope.

Att"p a numbe:r of sectiolli< hllVO been stop",l "filled stope with D,
vc:rlie.l f"c8 of ore axists on thc footw.ll end. This o:re:is mine,1 in
the Sllmfl f.shion startin"" a two-set section from the raise and n·d·
VRnCing up the footwall.'" A footwnll drift frum which ,,"Loes "Te
driven to tho cighth 0001' ,,/fords an outlet for the ore aboYG this
0001'.

Virtu~lly ,,11 slop"s p,'od""e three type" of ore in addition to w"slu,
Rnd the throe types arC' IlJi"e,l Rnd shipped scparotely.

Due t.o inegula:rity in ground oonditions few ntope s"ctions can be
mined floor by floor ,md filled. If the gronnd will not stand whi\r, u
om"plnte floor is rnin"d, the 'Pl'ncU", is ,,"ried by using verti""j in.
st.,,,,d of horizont~l ~nls, ",orking from the top down by flool's Or
/:rom the top down by Yertic"I eut", 01' llitng combin.tion. of. these
lnet.hod.".

Sqllfire_,nt timber. consi.,t of g- by to·inch poste, 10_ bv to-inch
caps, 6_ by lO-inch bracc., und 6_ by' lO.inch sills. Cnp<. aro placed
pncnlle! t" the footwall with their <""Is RQ"ainst tl", gob of the, nd"
joining section so that settling of tho flIT will "ot disconnect. l.llB
timb",,"" at, the tenons. BefoJ'e ground i. J'''moYed to mike room fo:r
n set along: the sicle of "' fiJlc<1 sl"p" a stringf't is pl.c.ed against the
gob post., Itnd bnlcecl cliagonu]Jy.

Stoping "ost" dnring November 1929 weee"" follow",

r..",,, _
B""",""~n_._..... _. ___ _ .. _
C,,,np,,,,,,od oj,. dd"" ond _,,~,, __
R",lo,L." ._ ••• _Tlm"" _
o L1,,,, '"P"""._

Th'~

M".intamnco O')f;t, ",'ported 'lnd~r mining in Informaiion Circub"
~3(iO, wa" $O.M~ aclditional, blli; probably onl)··a sm9.l1 p,,"t is eha ..",,­
"hie again£, stoping,

'111e wage oco.le was as follow": Special timbel"men, $£; SI'Cdal
ti~,b~rm~n lldl:,r." 85.75; timbol'menl $5.,,0; timbe~n he pel"5;
$.,,2.,,; lruner." ~.,50; shovelers, $5; "net tool mpper;;, $D.~O.

I
I



Labor perfnrma.nee in stoP"S was as follows:

-_._--- - ._----------

DISC1'6QOK OJ,' DU'FEREK1' SIOrDrG METllODS

11<m-00....
O'''''PRlinn: "or Ion

B,eaklng " .. 0.733
Tjm~ering (stoping) -------- __ .. ,685
'Iilll~"')TI"' (fiIHngl __ .. .. ,. ,.. __ ,1'1
8"o,'dlng (,toplogi , "" _ ,8~,

Sbo.eH"g (filling) ~ . " . ~1If

Gone!"""l ("coping) " ,,____________________ ,·1-10
Ceuo<n) (ttlling)_____________________________________ .062
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Po"",,"
"'.rt·,OII'

10,71
11. 68
41.&1

U- 0'
270 ~O

lA. B2
1:<8.24

To'~' ~ .. 3. 241 ~, 1,

Th" cOII3Umption of c-'Xl'l"",ive- in sl"pes only w", 0.4184 pound
per ton of ore" of which ab,"'l: half wus 25_perccnt and half 40­
percent "-""latin dynllJllite. Tho <\nllSumplioJl of timb"r in stope"
was 19.741) bOU-rcl fe"t pel' ton of ore, and 4'-.286 board fe"t per ton
additional were us"d fO!' mine maintenancc-

.D'Arcy· h"-S dese-riiJod the eonrntions. "nd mining praetioo ",t the
U "ikel Verde EXI"ooon min". The or" bodie" occur on the hanging­
wall side 0-[ the Vel"(le faLllt, ",hid1 dips "-bout ;'1)" north",,,.. nn,l
hilS a vedi,,,'" dOWlltbr<>w of apPl'oximately 1,GOD fed. A large hm"
of hig:h-gm<le cower ore extellds from a point .b"tw~en tlle, 1,200­
IUld :I ;300-foul, l"wl" to the 1,"00-foot ievcl, below which it glMuu-lly
m,rrow.'!. On t,he 1,400-fout hWd tills !ellS i. "val, with a lna...-<imum
length ,,1'."00 feet aJul a m";,,iIDtln'l width of 300 feet; Yirt,ntlh' all
of this lens i. cI""n, Jligh-grade ore. The enclosing rooks "",e (!Ll'u'tz
porphyI'Y, diorite, ,,,,d greenstone, "verlain by eonglom~rate lUll!
lava.

Bocauoa of the he,",v';, n'l""sive nature of the m"in ore body the
riehness of the 0',,", and the necessity for minilJ« it w I.h<lt nn tIocks
of ~"lphide are wiII move and generato. ha"t {)lily 'quarc-,N, "toping
by oWp"" tightly /illed with waot" lla~ b~,en tried in thA main ""11'11i<l,,
Jen,. With i.lus· mdholl complele ""tl'"et.i()n of eh" ore has hOIill
Qht,~ined with virtnally no diluLion, and ,,,u,,.-rul pro,pedinl< ()f the
w>111s !la, l'e,ulte,il in th~ cliscovery of many "mall. rie-h iell"'" of ore
thut oili,,"wi"e woul,l 11:tve bo"" ;Hissed. .

I.evel. are est"hli"hed at vcrl',i,,,l interval;; of 100 'feet in the m"in
oro lowly. A typical .tope is <Jj()wn in fig\1re .n. Stope ",,,,t,i,,,,s
uS\1ally are 3 sols wide in fairly "olid oro and 2 sets wide in heavier
ground. If the "1'0) is broken V~,rV had!v it 8"meUme. i. removed in
sliees ouh' one ,CC wide. SEe-",· "i'e taken 100 feet high, and tJ,e.
lengt,h or' a slice us""Uv rang<lS from 10 to 20 ·scl.-s. 0,'''- chutes arc.
placed in "bout even fOUlth "el'-, and u.Jt=aw clmto" h"ve manways
hcside them, If nu' weight ,levelops on the timhffi's after one floor
is TI)nlOVOO another 1100r is mined, and ""mctim"s s,,,,etal mOTe, be-­
fore tilliIlg with w"soo. 'This redu,"'" the cost of mining, as most
of the oro rolls to the- chutes ,,",d a largo p",-,t of the lilllltg can be
nm into place- by gl·~"ity.

Aft,,· one section h"s been finished it i. filied entirely, except for
the chute. and lllRnwu-ys whieh will he required for "nlmnee to and
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llillllIlg of the m,xt section. The chules nlw .ocrvc os fillhole,' for
rUllmng \lasl. mto Ihc SectlOll. By having ~ fill""]e in about every
sixth ""t ,md 1I1Iumg "everal floors before filling little shov"Ii)\~ of
waBte fill is required.

All slope timbm' i. "tancJn.rdi"ed. In the heavie,- suTp],idG stOPM
nC~Tly all timber i. 11)" by lO-inch Ore",O"OD Ji,', but in the lighter
ground 8_ by 8·1no1, On'l'0n fir is ,,;ed. Tn l,he h~ayie5t "ill_omll"
gangway" aJl timlwr is 1Z by 12 inch", in sectjon.

A "ysl,eIn Jl"~ been employed _""!Ce,s£ul1y for '[lining badly broken ' .~

pin",." by ,t"l'lllg up tlll'ough the cante,. with ,m"lJ square.-s"t cut"
l:l"m -t,ying aero," tho 1:0]> wit!> timb"," "C,inge,., and ,!icing the
sidos downward.

'''"'''' "''"""",,'' ",,""""N """"'- =.",,,",
F,,,t'"" ".- _,,,"",_,,,,, ,ropiog ,,'et,,", U";"",, V"do E,,,,,,,j,,,, m;"',", M'.ona.

"topjug costs for l02H ~L'" giyen ", follows:

0." ""to., 0/ ",'

~~3;"~~~f,-~~~~~~~~~::~==~~ ~:~~~~ ~~~~~~ ~--~===::_::~~~~~~ ~~~~~::~::: $1: I~~
"'"''']11''''',"0 ai,· . ._________ . OW
Wa,lfr piL__________________ .00r.

TolaL _

EJllcie""y a"La during 1028

1. 9,9

StilWmq "at", UnitM Vera~ Ext,"",,,,, miM, 19')0

Or. miu"l D,r 'h'l'e·'hlfL " ,,tfrll'-_
Man_hom'" '~e" ton in 'tope,'__ ' • .. _,, _
"nnfr t!mho".' am] 1,"",,\1,,1' cfr.l por,l,OO~ bfro,'o fccl ,-' _
Mln~ ,lmbel's anr1 hanul1ng '0,1 1'"" t<>n ui 01'0 ' _
~nne limbor" ".MLll'd lCOL l'e" ton __
rOW""!" in ',,,ve, ,, , l'"UlLU 1Je, tOll__
Fu.. in sropos fe<l pOl" !-oll__

4,R4
1. ~r.

$3B, ~4
$0.\\7
18,53

, ~~

'00



The use of square-set ai,I", along each side of cut_anlI_fill sropes and
of S(jlla.I"iJ"et stDping for mining the weak are rrt the· top of th"or~
boJie.<, as described by BorelleI'dt, has been r"Em'red to under Cllt_
and"Fili Sl:oping.

The bl"nkcl ore body directly under the capping llm] pYJ-'itic chim_
.n'el's are mined by,qlUlJ".setting. In tb" lint, tlepo,it "toP"" iiI'" laid
olllin checkerboal'd f"iliion. I,,,Jj;·idllaj 'toE"'" nUl!;" EJ'()'" ~ by 5 tn
4, by 6 .'"t., in floor are". a",1 f!'Om 3 to 6 ""t, in hcig1ll:., The..- "rc
.filled from waste l'ahcs ia t.Jw hllde. - .

The pyritic: ore of I.he chimney ore bodi"" is too hea,VI and weak
1:0 "Land un,upportcd Oyer more than 10 or 12 feet, and u,unlly it
is wmclltoo EO poorly' that timber sets must be placed as "oon "3
r(J(\ffi is uvailable for them. In some placeR the 1')'1']18 is in the
form of uneolL"Olidated sand, and unclerh=d minin~ i. the only
mothod practicable. In the be;;t minemlized ·are"" the 01''' i" 100 to
n5 feet thick, Stopes are c"!Tied 2 sels wide and from r, to 10 sets
long and from the base to Ihe tDp <>f the (lr". The chilliness "m
mined by vertical slices. The following is taken fl'Om Bnl'chenlt',
disCUSsllm :

A. tWO_illt "also _ough tho> ore J" lbo rullja! ,to!, ia "Inp" ~'"!l'H"'t.i<,". TJ,;.
!'fir"" eonn,,# wilh a Jllling ,",,,,,re' levol a~"¥e '",d w"h an oxtrac-uOn ero,"­
eul: he'''w. O"e (>}illU'''':H,ellt;, ",,,d fo,' "n ,"e el,,,le am' w,,,le lJ'''' Rnd "'0
other for a mRn",.y. pipe UHe., and ma(erial.. OverluUld ,gill,""_'O': ,top", aro
,Imlor] 01 tI,,, baso or ·~l~ "r. or 00' 'ho ",cono ,.l "bo>e the d,aw;ng le.e].
wh.", the lla,e of the "m ih"p, below thi" levcl. If the orc baek \.;l 'llffieicntl~
.h"ng, a, many a, fi~e tlei'S o! 'OIS willlJc placeil bofOl" ftlllng i" ;n!.roduoe<l,
"no mue!l. of th~ 01" will b~ bl'okon onto ,lid"" 1.0 dimet it '0 U'e "h",:~. In
",o"koJ",g,'ounrl no 'no"e (M" two ti,,, "CO kepi: OPOrt. The "'0"" " filled 10
wl'h1n "nc ,el; uf the back, a"d!\ ,m,,"'et cut i. then mado, alter w)Ji,h the
.t<>po is again tllIerl to tj,o bOill of the njlTJer sot,.

.A.tho WJllo., ~'" =all, filllng nnd I,"ooking fi"O nol: carr;od 0" ,imulW"ou,ly
but in ,'ol.liw. Stope. a,'e lMgoO ~oth h"i(]~ norl outs;de uf tho '0,,". tile in'lrJe
la"l<!~g rell<lnin~ Ihe f,n. B'OkcH o"e i. u."u to flU lllC '1Ja," bolw"ou Ib~ out·
.ldo lagg'ng amI tho ,tnmUng wall, thas prenonting ""ailing of t],,, M. w'all
and lo_,,;~g uf Ille bl,~'k;~g, '""e ""t,;,le ,"",,1ng .ml 1111, ·brokon 01.. !lock
are rf!t<J"ecod In miHing Ihe ~,]jn(-ent s(O])". "luel, of t"Q oro bod)' k '0 lu"".
tlmt it mu,t be worked down frum Illu top, 1I1ll1("'JL\HU "quLll'Ne(t;u~ heing
omployed;n =alll"O"'ongulor hlock,. Norn,nlly, .,,·o,'al lie'" of /WI, ."0 ,,1.0",'
l",r,)l'. W""'O filling r. in'roduoed. O"""';mll,Il)'", ·MweVo", the ""opo 's 1I11o<!
alre' eadl "",e_ A" nml"d,and ,,, "".,'h,,,,d stow' ,,,e "m",ret",r. tho rnl" is
eXre""",r, t<> ~,e deplll oe tw" ""W, int<> Ihe ,,"e llo.t i. I" he mlued n"xl. 'l:hl,
e~tens'on ," "w;ng" r,m,," tbe edm'","'n '~;'e for tl'C ,'Ow "'>po ",Uocout
to Ihat wOrked out The o"ig;""l two-,et roi,e of the eompjclc<! ,to!>,,;s ~1l0<J

,ntll "'"""~and ohandonc<!..
Waste fOl' filling h'on-Ol'e ,lop"" rom"" ftom ik""l"pmont "nO g>oI,e,'"l caYIn~

'1.O~(m'. e".ving f,'o", '110 back above "'~l"" '" not !l";wlked ;n ll'o ohimnoy
n"",S, 'Gte 1\"0,,""'-1 ,aving ,lOllm," Ore lllae.l~l In the llO"j!It)',)··ond ,balo of the
capping, Whore lllo eapplng i. goor; e~vlng ground, a "WO""OllijlOl'I:mont vec­

"icnl l'al,o i, dr;von 2[; f,ol: ~bovo rh, i1l"'-wing ,,,,".1. A ,:rW inOlined· "ai.o Is
'Ilen driven 1'rom tlLe Yectkll! raise Into tlLe ellJ!pillg "lid ll!'finohocl, ood ,ho<t",iF'" oro emnerJ off. The grounrJ 1, oOl":-'l1111e(] wiu, job,,,"']','o,l ,WilJ,. an~

1M ho,", B'" l,o~v;];' l()fi<!Oil.ond blo".Cd ";m"II,,,,eou"ly. In ~nr,,' "av;ng
gruund thl, is 'llflk1cnt to ,(arl tllo C!\.i,,~. V,boro Ibo cnpping i" firmer, tbo
bod: b,--, 1<> boundorcul {". a widlh 01 60 to 80 C<'<>t ~l' "h.-;n""h'" slur;ng befo""
the de"i""rJ seJ(-e""'IL~ wlll ""L't.

Data were "jvcn on nill~ eut.-..nd-fill stopes in the section under
011t~..nd-FiIl S'loping. Simila1' figur~s follow on 11 8qum'B.set st"pas
in ~in() "re.
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Production per ma.ehilloruan ,loll, • ••_._tons_., 2~, 7
PrOC'uction ]l"l- tiinbor'Mn 5bift_•.. do l~. Ii
l'<olluct,on rer mucl<er 'hW dQ '''.5
l'roductlon 11<'1' f,ll_lalw, "hift " __ ._,, .<10_. __ 3~.1

Pmdu""," 1"" n''-Il_s''if~ all ,t"po labo" " _. do___ -1. lH
:,';,"1,"" 1"'r ton of ore_.. ",,""~ 1",,-_ 1~. 9
Pow~o!" por ton or 01'0 )Jou"d'__ . 67

Comparison of tha'B figures with throe fol' cut-and-fill 'tope~ "hows
that pl'oduction pe:r man.shift 101' all cl<l3<'\S "f £LOp" hehO!" w"-,' Ie&<
in 'quare.,..,t .tQP"" thaIl in "ut_ancl_fill stoP"'. P,'(]u"cti"n pel' man_
shift, all stop" hebor, Will< 6.4 cons in ·cut_,n.,l :611 5t{~e~ ,",TIl pa!","] with
4.M Lons in squlLl'e.,.t ,topes. Timher c')J,"umptlO" p"r t"n ill "lit·
ond-fili stopes w"" a tti/le mOl'e tlmn llal£ t1,"-t in "lu~I,·_"'t ~t[}pe".

Pill",." left hdwOCfl fllled "(.01'"" u"lJ~lly hav~ tuken w~ight b~foTo
theY"frJl be mined. In some i"shl.llC<'s they are ()omplctely Ol1l8hed.
:Most pilla" .• bet.wPCIl fini,hed stil]X',S "'" min",] byt"king vertical
.,1 i",,"; if (,he pill"rs "re badly clllshed vel'!ical fJices compl'lsing only
a- few gels each al'e mined downward, as at the United Ve,rd" Ext",,"
_,ion. CroWll "" I~,"el pillar< lWAy be ",ine,], ejt,J"w bv indined or
vel,tieal ""etlan,. At. ,he Ro""";I',,d'e mine GD-foot. shT1nlmge stopes
are taken aOl'o," wide Ore lJ",li"" l"",\'ing 411-foot. pillars bet,ween "",ell
pair: of stopes; >iii.foot erown pilh,l's arc "Iso left at the top of the
shl'inkllge st"l'e,S immcdi>tl:dy bolow the level above. These pilllLl'S
Hre ",i"",l by ''lual'G--Sd.I,i ng. The method is deOOl~bed in the. section
"lL ShrilLka,,"<O StQping.

As "t".!<ed undm' "ut_an<l_fili ,",oping >i7 pCrel'l1t of the ore stoped in
the Unitw. Verde mine durin~ IlJlW e~nte front ''''lUare-i3et stopes.

Sqwn',,""et stopin~ is "mployed f01' ""tl'acLing thl' ymi.i""l pillars
betw""n """,pleted eut-lLllcl-filJ ,tope" and for milling "rown pillars
~t the top of !)llt-and-fillstope,; the lllethod i, empioy"d "1,,, in sOm!)
"ectiom in (-,he lllu-in stopes where the W'oun<l i, l,"",vy, .In t.he yertical
pilla,,", which are 30 or 40 feet wide. ihe ,qu~I'c-oot sections aI'''
neces8aTily sm~ll, r",-,ely m,ce~<ling 35, 'sr,1s in "rea, wherea, in the
In".in stopes there may be u', m"n,.- as 250 set" on a floor. Sds ').~e
5 feet 6 inch~", sqlJr,re by 7 feet 2 mches high. The usual "l"are-",.(._
and_fill p",,"tiee is followed in horizontal squarc-",iting•. No more
tha" I.wo floors are ope:lled at. a thM, ll1ld 'fllling'is. kept as close as
l'o"-<ible behind the showl",,", An i"clinec1 squaTe-oot "y,tem is u",,-,1
prirwipnlly for milling level pillars. .An incline<l M,ol'''' is beglID
11'OIn a raise in f,he center, usuoIly by taking ou, four· rows of sets
on I-.h" secolld floor and two on tho third fl"or before any filling 'is
introdnced. Aftel' the incline i" e,tahlishe,] "'''ping i5 begrnl on each
n"w Cllt at ihe bOOLOln and progre..'"es lIpw'.ru to the ei'est of the ,tope.
The m"i" adVani:l1ge8 of the inclined 5ysl;em ",-,e that it. inCl'eaoos tho
"Rte [}f output from R give" area at alow",' cost per ton and -th"t
the,·o is less weight "Il·the brow thsn with hOrLMn",1 stoping.
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M""·ho""",""n'l"'" "OJ"Ilronklog ,.____ _ O. S8S
ShQ'o!1ng_________________ _ .872
TlmOOl'!ng "nd filllng, . ' " .000

'futoL ". 1.801

""", ."",,,
"'" ","n­"·'1'm.

B.2
1a.2

1. Appl-icrtb;lity.-S'}.uare-sd- >:tOp;llg j" aPl'licablo to the mlTIlllg
of ore depMits of all 81"es, ,;],ap'''', dips, an,l degrees of irregularity,
whore the ore llJld w",Us are too w~n.k to- smn,l ml!lnpporffid ~'I'0n ov',,·
small spans for mom than a Vel"y short tim" IlJld Whel'6 it is necessary
to pr0yent cayiIlg !lTld subsidence of the ovcrlyin" and SlllT<mnwng
gl'Ound. It- is applied best to the mining of high-gracle Ore where
compl~te ~xt,rn<Jtlon of tho orc body is de"i,.~bt~. Th~ methcd soldom
is used today unless I.he g"mmd is Sf) wank that th~ >:topes must be
filled as welt as t-imberc,f, cither ajcmg with the >:toping or "llOI'tly
aftel" :relatively small ~]jC"S of g,'onJHl am remo'l'ed.

2. Fie"'iI>iUt1i.----->'iq\1~I'o-""t "'''ping ;$ very flexible [1nd permil:s
following otring<lrB and off,hoo(;s from tl,C main ""e body and mining
irregular lobes llJld pal:ches of orc with minimum dilution by w""k
nnd lOBS of ore. Bands or irregular iodu"ioJ\" of w~,t" eMl be left in
placo, if l""g~ enough, or brok,'n ~11(1 tl,e W""W. "orte,] out from th~

ore IlJld gobbed in the stoP". The moth"d ellll b~ adapted to suddeIJ
chJ1llges in dip.of th~ d~posit J1lld to follow;ng simlOsitie" or abrupt
off,ets along the strike and dil?'

Squal'~.set stoping usually 18 dona o'l'erhan'd (from O,e hottom
upwal'd) but ah<> mav be employed fOl" mining .from the lowl dOWll­
ward (mj(]'~'hand squ:u",_setting). It cn.n be, llJId fre<j\1,mtly I",
employcd ,"s an u-m:i]iu-1"y methGd with other methods of stOpillg;
it ","y be lL regular pnt of th~ stoping systron in combillation with
othcr ",,,thoc1" or be introduced here and there to meet local cnorE­
Llon" l'~quil'ing its ll8e in parts of stope;; mi~ed by other mdhmh,
As in cut-and_fill st.oping the l'Ilte of production iT; ,.. gh-cn "I:"l''' i"
l'esto~ct~d, particularly in small .ore bodies, and cMh f';r.') is limited
ill the amount of ore it can contribul:.e pel" d~y due 1:.<, the llce"s,lty
of breaking only a limited J1lllOl111t of grmmd at u, timo und timbeI'ing
this befcre the next round is broken. 'I'ho ore i5 l'em"ved as fll,t ""
it i. broke!l; therefore, a laTge an",,,"t of co.pii:al"eell not bo ti"d up
in broken ore lying;" th~ stopes.

3. RecG",e"y.-Th~ method, comm~Jld~ ib;df IwelL""" a high per.
Cf'.ntage of the total or~ in the d~posit, <Jan be recovered, e,peeialty
wherc the Ore is high in gra,le OJ"\ the cost of reoov~ry is secondary
to compl~l:.<" c"t-r""t;oJl_in nU,e,. wOl'd" where th~ value of the ore
iJ1l' ' exceeds the cost "f rl~<n'cl'jng it, By "qll""c-set-ti ng and clos!)
filling, high-gl"Ud~ sections of .all orB body below 0.l' adjacent. to
lower_graif~ o,.~ often oan be millcd, as at the Bawdwm mme, Wlth­
{Jilt distul'l.>lng and illcr""slng thc diffi~~dt-y of extracting the'lowel'·

'Tbl, <om,""" wttll ,,"' ton, p" m'D·,hut iu ,.'·a"'_fill """ino. ('<m,umo"," of
ex"'"i.., "., 0.," ","nd pel' "n or"""' ""a or t;,,,,,,, ,",", """'" ,,,,t poe '(>D,
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grw:la ore ~L wille fLJtllTC time. Such lowel'_gmtl" m~tcrial, which
m~v not, be, mineel proJitu.Lly during the eal'lier life of the p,'opal'ty,
thlJS m"y be ,Preserved a, 3 ,,"serve for the future, when impr""e.
men,s in mimng, "re dn",ing, (1.1" metallurgical ("chlLol"gX m' more
hvorable marke, conolitions may make it" c"(,motion pcofit",bl".

4. l.!_,wlopmo",t.-Devol"pm":llt ill \,''I''1'''I'"tiotl for Hlua,e-""t stop­
lng-that is, stope dovd"pment--is cornl'anLI,iYely simple but u"!ally
""'iulroS ~I:. leR,t on" through_rai", to tl,c leyol abOYB for each stoJ?c
Dr ,tope ""rJioll to introduce waste lUling. to imIJl'o'-e ventilation ill

the sl;ope, u.nol t.o afford a, means for lowering tlmbers and ,upplies
to t,h" stope.;; instead of hoieting tJ,em up from below, Wh"re OL'e
bodies !lre large and th~ gL'oLlnd is otrong enou.i'h to permit laqre
,Lopes to be mined the amount. of raisin" reqUIred .P"~ t.nn of 0o"
may be =al!. In vel')' we~k ground. wh~re it is neceSi!"", to stope
",,,>ill sectious at a time and ""oh seetion requires a through.raise in
urlvllJlee of stoping, the ratio of r"i"" footage to tons mincd is high.
No figures ~l"e availahle Ojl the foot"ga of ~top" developtuent., ,,--,
distinguished f"om "-nd s"grcguted from total de'l'clopTIlLmt pcr t.ori
stoped in square.s"t ",i"illg. However. simple e"lcubtion. ,how that.
the mtio of ,tope,·,]e-I'clopmeut fo"tlige' to t(}fiS m;,,,,,,l "Hey ,,"ry
widely. 'l'hu..~,;" a ""in 25 feet wille, in he-Idy gr"",,,1 ]"[iqLli)'i,,!!"
mining by "- ''''''i" of t,ansverse stope" 20 f"et w1d" wil.l1 "WJl>U),_
fill raj"" ToI' Ctld, 20-foot swpe, about 30 to :IIl,tons' (If O)'G would be
lnill.etll,cr foot of raise d"vel0l!me~lt. If onc ra,;,c would'do for 'e;,eh
pai,' 0' "t<ljJcs ('.he qu".:ntit.v lllme,d WOllJd 1,lC GO: 01' 70,tons., On the
othe]" hand,\wheT6 a Bingle raise "CI'yes " sl,ol?G 100 feet long by 50
fe,el, wirk a out 400 ton" of or,,' w,,,,l,l be m,neel p'el' foot, of raj""
development. With respect to r"-tl0 of stope deyelopment t" ore
mined, square-Bet stoping cornp~I'''S Iflvorably with other "toping'
m"thmk "

5. Co8t of 'q'U"""~'6t 8topln9'.~Stopin~eo'l'.. ~t Rn'urnb",e of mines
employing ~ual"€.""t "toping ,are shown in cahill 'H. The lnin""
listed are all ill ore bo,lies (If good swpiug widll" and 'm""~ of't.h'"n
are'in what would <lr<lin" cilv hn ~h§ed as wide, ore bodies. SLoping"
"osls in table 14 should he (,OllllHLred with th?'idn table" '( ,Ut,l 1il
for "hrink"gI' ,",<lpiug an,l Cllt"~Tld_fin stopin,g >11:. mille" wOl'king ill
deposits of similar width. In bl,le, .14 it "houldbe llOt.o<l th~t (1)
t.he Argonaut mine i" in he"-vicl' ground and narrow"r ore I'.IHUl' ,the
othcr mines; rZ) considerable sortmg (2fl percent) i, require,] in the
,topes at the 1'eco. miM "hleh increases the eo,t; (3) 'at the Tinti"
Stanel""d mine vlrl,n~Jly nIl "tope,prodllc'c I:.h''I'e different types of
nce bosi(k~ wust", nece,.itating .e1ective bn:"ki~g "'ldsorting which
,,,101 llpprceiabl:y to the Btoping eost; ,Ul,] hhL',y gr~und amI settling:
Jill udd to tbe tIlllbering: r.of;/,; r4) ut I.he Silver Ki.n~ Colllil:.lon mine
15 to 20 pe:"cent.of th" ground hroken is sorted outnneJerW"u",1 and
returned to th" "tDP!\~ tlswuste fOl' fiIlill~; ",,,d' '(n) l"uor at ths
Bawdwin'mi"e is cheur'coolie hbol' with E\l1'ol'oan "u:rervision, and
otlwr condit.ions are qmt.o diJl'ermlt from tho,e at Amerlcan mill"s.

Tabk 15 summari"B> data ,;n mo:n-honrs pel" ton in Ho'pillg: opb'".
tlons, "-ntl uL1>l~s IG and n,giv", :respeetivcJy;,explosives ".nd tjmhcr
COnSUllll'ti(>!l 1'''1' ton mined at sev"ml ",inc-~ employlng squ~I',,-<e,
stoping.
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The advant"ges of oquare-oet stopinil; al'e ,ummarize,l us foll<lws:
1. \Y""k ore with weak walls can be mlned witll()ut N'.,,,l'~nt

""ying and subsidence of. the ovm'lyillg: alld snrronndillg: rocJri<.
2, Thc meth"dis flexible and CflJl be employed on all dips In la"ge

or small ore bodiCE, .Irregularities in lhe ore bodies call be f"l1<>wcd
and min",!, and WMW inclusions can be left in place Ul' "orted ou,
and "sed for filling in the stopes.

3, High percentage of extrnctien and dean 0'" lll~.V be obbinoo.

Tho dis",hantage.s ()f ,qum'e_,et swping ~re ,ummarized as
f"llows:

L 8QllfITe--,.,t stoping ;;; " l,igh'oo,t method aJld the.n,fo1'o is not
applicable tv low-grade 01'0 which will not stan<l "high st'!ping c""t.

2. It is a "low lIlethod of 8loping, and pl'o,hwtion cannot be forced
to any.cxtent. Slow workini1 """lts in "long life·for individual
,wp,'s which gives time fm' ilevclopmcnt of p"",,",u'e: all- slneking,
and attendant difficIJIt,ics.

3. Ha:lldling large (j"""litie" of timber and """"t,, filling compJi­
caws and inc,,,a,,,, ti,e C<lsts of imdergrolllld tnl.llSpor!"tion.

""0<,"--,7---10
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'L The Mcident ral.c foi' ,"!llare-,d .stupin:.. i" high<:ir t-hEm for ~ny

ol.he" method -of ~1"'I,in". This is dO\lhl.l••"~ ,1ue pmioly l" Lhe. fad
tI",t ;1; 13 emplo"Ccl in lIa'l grOlUl<l but •.!so to th~ necessity of h'Ul_
,mng he~"y tinibcT5 and HSlll" sharp tools.

5. The large "mount of timber prawn', a distinct fire ha.ard.

BLOCK CAvnlG

In th" block-caving ",dh",] of lnilling lUltllml for=~ lITe utili"crl
to I,he hio-hest d<ogree in h ......king the ore, fulinl': che mill" oponlil[(',
'lilt] tr"";rerring the broke" orc In tile llRLJI"g" Ie"ek '1'he sublevel.
c!tying and top-slicing ",d}""l, utilize these fO"e,,< te> a 'mallcr de­
gree ~"d ,n'o intermediaw bel,ween the slll'l'orlcd"stope mining meth­
od, and t.he block_caving method. For tin" rea,on ir, might be logical
1,0 discus.. t"p slicing find Bublevel e,wing Ii,'St and conclude with"
,!iH"u"ion of blo~k eMi,,". On the other hund, blook caying (Un­
!lodie" most perfodJy fLmY completely tlm principles of mining by
clivillg and is the mdho<l that CODle, t.o mind firs' when ClOying
metl'o,l" are mentioD€d,

Block caving: is "1'1'li"ahk to the mlnin\> of dc1'o,its OI eon.eider­
ahl" ""rticM he.ght ,u,,] h()riz"",~l al'M wInch will nlL']ily' cave when
th" support i" removed hy u"d",'cutring "nd Wl1idl aft",. e"ving will
blw,.k fine enough t" pa,s thrc"Jgh the erlru0t.ion n,i"," '" the c.a>€d
ma's is ,lrawn downward, Th;, condition occurs when f.lH, nr~ body
is kavcl',,,,l by c1ose.]y spa~ed ",,,,,ns, fractu1'e Rue] j"i"t planes, or
invisibk planes of w",ak"",,", which trend in seveml di,,""ions 01'
wl1ich oee"T in two or more SHt"tn" ol meh jllanes. How~ver, if the
ore p"<:\[s cOllsid"rRbly "fter lweaking up, re<;ult;; may bo unsa,i,fa~­
tory. Block caving is "s"d Iwineipg.]!y in mining low-g"",lc 01''''',
whm'" the inevit".hl~ los, of som" ef the ore and SOln<> ,li["I.;on with
cspping ani! w"l1 rock ,,"e not ~eli"us ohjection". The u(hl',ation of
hlo~k eaving to t,l", miHin~ of I"rgo, low-grade, sO-'''ll1crl "p''''l'hyry­
oopper" de.po'its ma,'ked ,,·di'tinct dep."Tt"", from l'r"vi(),," "on·
"eptions of milling h\' "rmtll-5Cale seled.iYc meLh",ls awl to",,,,'d
the whok,a]e "rtraction of miuel'lll'bc~ring ruck by nomel"cti""
methods.

Although blo"k cfLving h"" been perrect"cl at the pOl'pl1yry_wpper
mines i, had p,..,violJ>ly bee.n employBd elsewhere. The [luthuc.> ,u'c
lmabl" to "took whero it "'liS ,,"e<1 ill-st,.but it was e.mployed in Mid,i­
gan iroll mines ,everal ycars before it was introrluoorl at w""t.ern cop­
1''':'.' mines. The cavin; syskm W,", \,,~d "t "-11 [",,'ly date. in the
K'mb!>d".v (South Afnca) nunes by Ch"l'les H"m:"t"n.'"

Fig""" ,;2· .,hows the {j"bih of une of tJ,,, earli"8t bl""k."avi"g sys­
ten" nsed in llEchig".l]. The del'0'iI. "'as divi']ed i",o blm:k" 200
f~"t long. Drift, A-A wer., lun 20 to 40 fed hlf.'k iu the h"1Lging
wa]l ,and pal's.]le! th"reln on I~"eis "bout 100 feet apaTt vertically.
Afte" an ,he (H'G abnv" the lLpp"r I"vel had heen wol'![ed out and

"p.
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the BUcf"cc caved the:l'etc>. "l"Vssd,.ifts B-B we"e dl~"en to th"
footwall. an<I mise" lJ.-lJ rnil near.ly to the kl'ol abo:"e. 11," tops of
these rarses We)'" eOJlnc"l"d hy <Inn £', ""d the cntlre slwe bOUllded
by t~e ,jotted lille" :""" stoved' out to de",,"1 the hlock On each e!,d.
Durmg these oper.rtJOm <Irlft~ 0-0 WeI'e r<m to th" footwll,lI, leaVlng
pillars N-N bet",,,e,, them. From: tll" footwall these pillar" gradll­
allv ",eIe 'lobhed j,ad, tow"r,] the m"in drift >ill,l no"]l,, drilled am1
bj';~tecl 8irtLuIbtlcmJSly. Afte,·,~ to 12 months ihe ore 'block """"rI.

,
h
1/ '
" '" '" ,

f / '

" ', ' ,, ,, ' ,, '
, " ~-n-,r-

,
p,""" ".-"'''''' block-<","n. "'''<'''' j" "'d,'""" j"H, ""De,

Tw<> "f 1.1", Cl"O,"dl~fi" C-C were then J'o0l'"n"d by ,fOI"p<>liug and
cnnnect"d hy IJ, drift. F, parallel t<> ~Jld n,,"r the footw"U. Ifl'Om 'he
l~l.ter, croswifts X-X wope open"d, to I:hc footwall on 20-foot ecn­
tiers. l'he eaved o)'e ,lid down t.1", fooLwali into tl"'se dI'ifi" "nd
wa" shoye]ed inio eJlr". Whe:n all the "ee that woul,l e'lye had beell
ol~aned out ~ll()thcr drift was opened pal'anal to 'he footw"lI ~"d

fJll'i:hcr back towanl the l'"nging wall. ~nd the opm'alion was Te_
peate,). This metho,l ,,"' llpplicable t,o'l,,,rd 01"" only. '

The '''''ring ,ystem "t (.I", ,P"wabic lI1iJL~ on th" MellOlIJi,,,," "ang"
hash,.n d"",Tibe,l bv 'Vil.,,,,, n and M\'el'"-"

The following is 'aD'iroct"d f"om Myel':>' di'cussion: The blook­
c'''',ing sy,tem was HeM i,j] a block of ore "bout 1!6() f"nt, wiele th"t
sl,~T\ds neal']" v,,,,,,ical betwcen slate walls whieh ~"", nllifo"Hl in
skih and ,Jii,. A ho"i"onl',al "and"toJle: capping lOO f~d thiok 0""1"­
lies the Me 'f<H'JlHltLOll am! f01'm8:'" "b'ong H.reb ,II'"'' it.

Deycl"L'rn~nt 'of a, blod, for ('aving- ,('on";"t~ or d.ri viug £001.,.,,11
and hu.ngmg-wnll drifts tlw !cn<rth,of 1'l," bloek, "lllch " "bnul, 2(1)
feet square. CrOSSCl]t, 'md drifts atc e[riyen uorth from the hang-
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lng-will! drift and ."s" from tho mail] crosscut" St"p"" aco then
bGgull above th~ footwall drift oml l.hc crGsscut, at the we"t em} of
the blnck, and a bad, pilla.r {) feet thick is left above the drift "n<l
cro,"cut to hold the broke" Me on which the men work Wllilc they
are raising the stopes. lli,i,." al'e put, thro\lgh the JJack pillurs on
~O-foot cenL",·s for ore pa,"e" ,u,d lJlanways. The stopes arc rai,.,,}
1.0 within 20 :I'c<,t of tho le"l'd above" "nd the l'illa.r" above the drift
,md ero,scut are bh,r,!\a out. The broken {We then is de,,,,,,,] from
the ,topes, leavini\" a blQck of ora \\51) £,,"" "luare and 10(1 t.o 125 feet
high eut oil' on all hut, the hani(ing-wall .i a and "tamlin'" on soli,j
pillar, 2Z fo"t square. J\Iellnwhile, a main haulage drifthus b,,,m
,1,';veJl in the hanging"w"l] sla!.e abont 40 feet from the ore. (8"e
fig. 53.)

'O::1I0r< "ROU'" """·WALe SIOl"- ~ ''''''''"' _,I•• .~ ~

ODmml"Jl"J .,
EJODDDDO ~

~Gt28B !)DDD '"
j05per , "' t

D[][IofM,iJEJODD IE1DDDD'DD
DEJDDDODD ~,

:3'~~D9DD ,,".

l';."~ " ,"." ~ ~

,," '" ." ,
~FUN 0' BLOCK ,"''''''L FLO"

p"u,," '",_Bl"",, '"TIno, p,"""l);o ''';''o..'''''b'''"o,

The pillars are then weakcned by drilli"g aml blastjng o/I the
eOl'n",",,; some nf eh" pillars will "rush when 0 f""t in diameter, ~nd
ul.hors must be bhsted out entirdy. This. weakening of the pillars
is begun on the side (If the block farthesc from the main haulage
drift and proceeds UIltil the width of (,he f""mation is """ered. '1'he
bl""k when down hn" dropped ",!lout 8 fect and hns brok"n finely
enough t<:> bf, shovelcll i"t.n caTS.

Meanwhile orosscuts h",vG h""n dTiven f,'"", the main haulageway
"" 50-foot cente]'s to the. hanging wall of tJ,~ block, and timbered.
drift,; U,en aTe fotepoled through the, broken ore to the footwall
side whcre .drifts ~ro driven off at righe ~ngloo. Dl'awin~ of the Me
is begun hcre ~nd cont.;tLue'] at one poinl until the ~~lld,wne or
slldace capping moving with the ore makes it too low in. iron con­
tent. Drawing then proceeds b""kwnrd wwar,l the haulage <hilt
until aJl the are is """t,.",,ted. Only enou~h crollScut" are driven to
supply the required oHtput, thus only ~ small portion of the eaved
block is supported OJl timhffi'S at one time.



~---- - --~-

The Sy8t"Jn at the, Tobin mine difl'oTed in thut the SITlP" lloor
"''IS be""n ubove the haLilage level. The following is "b,ti:acled
frQm R~berts'1O di,cusslon.

The levels n' the Tobin mine ~l'~, 1\l5 feet "part vertkally, and
the main haulage rlrift follows the h"nging w~ll closely.

III the blocl, to he cave,] poullo[ Cl'o.,srmts 2., foet from cenk"
to cd'!"r are dri'-cJl from l,h" main ,h'ift and us ,,"arly "" l'o"'ible
at l'ight angles th~l"eto. 1'1o",e are driven 1'0 I:he foo,,",,11, where
they are conncded by" small drift for "":ntil"t.ion. eLM'-, miEe, are
put up along t,he 01''''"''1,15 altern"kly on 1J'" right "nd left ,id"~

aL int~r"Jll~ of 10 fed (<J " sublel-cl 25 feA>' above. (8"" fill;. '1'0, .d.)
On tl'e sublevel a drift i" ,'un parallel to and ahout 15 f"et from
the honging wall the ffilti", length of the blank From tl,i, 'dJ.~ft

CI'D,'""ut" are ,hi"en to the fOOl-wall directly abo,," the e.ro'scuts on
the haulag~ Jovel. Opt'o"it" €adl eros,cut on the suhky"l ~ rai8e
incJinee[ "L1 0 is put up ft'om the ,ul"I1'ift to t.1", hanging: w~n so ~'"

lll~~cff~'j~""
F'GTI'. 51 ~m,d"'""J",< "'''''''', 'L"b'", mln" :ll"";euD,

to 1"''''0 additional h"d, "boy" tlw mmn h"ulage drift. The cross­
cum on lhe sublevel ~l'e, "onllectd ~Ycrv li5 f"c!. h" 'drifts O,'er the
Jines of chut,,, raises, lea-ving pilJars >Lhtmt 10 hy 16 f"ol;. (See fig.
"1, B.) The'" pillars ue slHbbed >LoJ tlw" drilled "nd bla,u.cl,
beginnL!lO' at th" I;,lIars fartlu"t :from the mfLllwny. Holes "leo are
bI"8t"d a'i:ound ",~ t.op' of t,he rais"" 1''-' funnel t."effi ollie

TI'e groun,l mu"t. be "',,,,kened at I;he ends of th" ],]oek 50 Lhat
it will cave "l""ra with the pillar: Raises"'" pUI; up from, tho
end ''''os,cut" ", "un'iui( Illte...."J, and ","'neetc.] bv orofisellts 2" and
W fe,oJ Move tile sub'Ievel, After all ,,"""SBary' raising, ehift-ing,
":Ild el'u"~cut.ting h"Ye b,,'m nornpleted tJ", holes ·iu the sIJ1,1"vel pil­
hrs ~r" bhsted "irnultaueo1l8Iv, llnderellLting tl'B entire hlock, whid,
""Uk; down and b-Teak" So that it. eart be ']T"wn t.hrough the fun­
nel"d rai". wiLh only oc"'nsional bbsting "f rna,,',," t,hat lodge in
the chut,·~. The e~,d ore is <l,."wnuniTormly t.hT'oughOllt 00 that
it will ""Uk down ","cnly finrlprevent c"o-e.,sive dilution of the 0'""
with c,wNI W~5t." l'OCk from 1'-1,,, level above.

Robe,·ts "tsmd ill hi. "dide. that" for tid, method of han_
dl!l1,g the ~I""k-cayjng system, as far a, known to us, We """ tl,,<
()"'grr",tor., "
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'1'h& first application of blod< cavilJlr to the mining of copper
orO Wag in lW16 ~t the Ohio Coppcr mme lit Bingham. litfth. At
this tjme a chute.·c~"ing mdllOd was b~illg u,ed "t the "Ctah Copper
minc,. hut; it was ~'on"id£l"d lh"t control of the movement of the
broken (we wag not l'0Bil.iye enough for th" system to be a-pplimble
tn the Ohio Copper or" hody.

A block-caving ~ethocl using bTll"ch~cl I'rllSC3 ~dapted from ~he
prJl<,j:;ico at the 01,,0 CO-ppL\[" nnne wa, mgtallcd a.t the In,pll'ahon
CoppeT.' 00, in 19lJ. Contomporaneou> with the wOI"k boing done
at tllG ITl'I)jmtion mimI 0pul"a([on." wore beglln at the R",V mine. n()W
beto1)g:ing to the N'IVIH]'" C<msolid~l~cl Copper Co. 'The orlgiMI
method at R~y consistod 0'£ mi,,-ing shl~n.1'"·b'l' .t0Ji'"" t<). the. "vcr~
lnll'llen aboYe the ore. le",Ymg a.lte'·llate pl1hu'o WhICh wel'e eut off
at the bolwm "Jl'] caved a.ft."r the' shrinkagB SUlP'" were completod.
Botl, the ;;hrink"Wl and pill~r 'topes Wel'C llrawn "t the g~me timo.
T"" }JI~sent p,-",.'tice;" an improvement on this first m"chod.

1.,,1.0" the .Mi",Tn.i CO]lpOr C". ~d0.pted 11 caying n""hod Bimihr
00 thl11. in "8e ",t the adjoining Inspll·"tion propel'f,y. The Ncv>,,]a
Con,nlid,l!oetl Introtluc"d a ClWJrLg: metho(l for mining the. Ruth ore
body at RUUl, Ney., ill, Hila. J:legirming in 1\)22 the :Mm"nei brand.
of (,he Phclps Dodge Corpomti;", d,welo]X',] " eaving ".I',I."m for
'[lining" lflrgo boc'y of low-grndc ()j'e at "rm'N'ei. The COppOl'
Queon bran"h of the PI",lps Dodge C"''Porat.io'' b.ogan milliTl~ low­
gJ'Mle ore bo(lie' by a ">c,,in~ systw, in lV25. Th~ Andcs Copper
Co. began mining hy a ~u.ving: systcm in lV26 a"cl the Conwlidatcrl
Copper mines i:ll 1V2S.

A block.c";viTlg ,vstmn hag heen grwu~lly evolved f")!ll ilil'ink­
ago a:ll.c1 pillllr ca,'ing at- the Bradon mine, Sowell, Chile; the
cosl.- of stoping by thia ehauge has h""n reduced {l'o,n 43.4 tD 2-0.5
,.'ellL; 1'"r ton. III 1932, So p"",cent of tl", pToduclie>n of the mine
W,I' -(",m blod, '~~"Illg, TI,e m"thod used .~t. Emden more neady
('orr<Wponds to block c~villg in th" iN'" mines than in the w"stem
(;opper mines.

The hlock.,,"'ving method is '''ed fOl' milling molybdenum m" ~t
thc Climax mine. C1inLIL--<, Colo.; this has be(m evolved from a
slll'inkage and pil1ar ,",Ying =1-.]10<1 dosCl~b<,d "ndor th" s",,(ion on
Shrinl"''''' Stopjng; C~Villg n-f the jnitial block in "new soction is
induced'1;)' bhstillg.

Block c""in~ has becn flIlcc""'fLlllv adal;'t~d to mining blocky lime­
~I()ne at the Crest.lllorc minB of thB R,ye,'sitlc Cement 00. The
met.l,o,l was o.\'ol,.d from I,he Inspi"ation n.n<1 It"f systems. The
draw points HC ","J'a~,""d u.t Crcstm"ro to ponnit Moe coarse ma­
I:erial cnmilli!: to the g'rlzdies t" be readily hlockllob1. Until this
de\·elopmcnt. it was ne>t oonsiderecl practicu.l to mine a mal.Cl'ial th~t.

l)]Coke SO ooar""ly bf a. c,,,iLtg metho,l.
Although tl1o' gen.el"~II>dllcipIo~ am the sam? the J!",thods "'c,d

ot t,h" import,,-nt ",mes laY0 been evolved to fit p~rbcular "on,l!­
tio"o, Consicl"':ahl" "arill,tion e-"isls in the manner of aceompliiliing
the de>il'e.d rosults,

The und",.eut block-eaving md.hod is chamdm'ized b:y fl-ll illten­
.,ive production of oro {Tum a rdat;"ely 5IlluIl a,'M wl11eh pe1"ln;ffi



sbmdardix"t,jon nf llCuly aU oper~tjolli; ~n(l cflici,·n\. 'working of
the mine" Tl!"J,ri ncip~l jmpro~"mon~,I!, the method, which ]I,," ha,'
th~ f;rea~st ill "".nc" HL re~llclllg mmlllg costs, 1o,l.s been. t1L~, pro-

1
"1"<,,,,,'1'8 Hlcroase on the IH)lght "f the blm,ks from the ,mbJl,] 30
"el; at the Ohio Cop.P" to ov"" ~Ol} feet "t some of the rnod"l"ll

lIunes.
Operatio"s in modem "opper mines ,,"trig a hlr""k_caying method

of mining llTe "o[l,luded 011 thee" l",-e],-:-the l<wl'l on whidl the or'~

is undercut, the gl'i"~l}' lev"! <\ll which f.he Or" is dl"tLwn from the
.,t,opes, "nd tbo hOllIa"" level pn which tl,e ore i, l:r=portcd t() thi,
"haft. '.

'1'1," ore from the grizzli"sig dropped thl'<Jugh ~ regular <.\'''km
of raj,"", lJ.",uIly, 1m I, not al W:J,ys branched, V> the 1,,<\1 TUI'B level.

C".-ving i, indl1eed by u",]crcuttiIlg: suppl"nenu,(l by eltl1<'r cutting
"Jr the block entirely from the '[JITOUll(Jing groulld or we>tkcnin*" il;
fll<mg it, boulJil".rica (u~""lly th.o lattel') to aR,j't the caving act,,,,,
and conRne il: to th... bloc.k ,,,,ined.

Th" O,e i., dn,.wn 1Jn"Oug:h 0I'cni:I:t;l;" llllifol'1ll1y iJp"""d below the
block. For perfect ell'n.wing th,~ dmw 1Joi:nt~ shoule] be spacerl cloi>dr
"nd l1Jgl1hl'1j:, but " ~ompl'onllse m",t be. Jll"dc between rlos~ spac_
ing, which iIlCfeaN." are. J"O.wrl'ffi'.\' "nd re<lLJce, eliJ[Ji-ion, and wide.l'
3p"";,,g, with resuJt;ng e,"momy i" pr~p"ml:ory ""t" and oper~L'

ing r"pail'". The clw.cocteJ' "f th,'. ground 'IS the f ..,JltroJ!ing facl<w
i" drawing .!":'aetie".

T!L the. oJ'lginal Inspiration ore lJO,[y awl "t th" Miami unil RlJth
mine~ th uro bn,aks finely and t'~lds to p"ck llm], when tirawn, pipes
Yertie"j]v, with little ~[Jread beyoud the dr",w point,;,. This eondi·
tion mahs it l\""","al'y tQ Sl'",c" (ne draw pOh,l's "" close together
"" ecoJ]omy un<1 t.he ne",,,sity fot' m.aintaill in)): supporting: pillars will
permit. At lIIorenci, Ra-y;a!L,l '·.he Copp"r Que,'ll, wlw:re t[,e or~. i.
co"'-","" and [w,rder, t,l'e dr.o"," paint" >tee Jar!,"'." an,l spacerl fartllc"
ap"d.

After "mdercuttinl': the me is d""wn ,lowil' llt n"d., ""tiJ it begin.
to cave. htBly "nd afterm'rd at I.he l'ak I'h'ot h",;', snit" tbe IHLture
of the ground Jj,nd the l'eqU;"eJne"ts for or". Whotever the ratB
of ell'"""i"g it shoulll bc eOlltinuous to av"id pO<Jkin(\" of til" or~.
The OJ~' should be drawn uniformly, I'",-ti"ulal'[,' dunng th" c"rly
"L·,~ge" of the oper"hon, t,o "SOUl" a salJsia"Lal"y L''''''rv~ry. Th" ton­
tact beLwncn the ore ,",,1 thc broke" overlying c"pping shou[,1 bc
un even p],,,,,e, wl,cthel' lHlrizontal 01' incJi""d. If n,e early ill'''w_
ing is no!, done "nifOl~nly t,he rna" of ore ma.y e"re a.le>ng Se>m~,

I,J'one of wealme,,<, ,,~mrn/f "himue'ys or cavil:i.c" U",t may ext~lld

into the ca.fJplll~ awl Hllow it I'D mix with th" ora. AftOl' the mOLin
rn",,~ of om h"" heen thoroUll:bl!, hrohm Hnci I:ho blod( ha~ eaYerl
to the sndarR., the )'e.",1t of- '" lOequenl', irr~gnhlr rll'".wiTlI\" is not
as ,,,riou" no ii, wouM [11""13 been earlie,'.

Dilution 1s "Hused h,l' the il~'c(Sular mOI'Cment of ore and M.pping
to\~'''l"d th" drawing l'0int6 fOl'ffilng pipes of w,""te, which may reoeh
Il· draw paino in Wl'unce 0+ the top houndary of the ore, or by w""k
being dmwn in from the sides or ends. of a bl,,"k. Dilution m"y
a[~o -be eause.d by the general irrfilL-,j.l',ion of flne capprng dowu
thL'oLlgh Ct,aach- broken 0""" MoreovcT, in aJl ea-.ing there. is a
graqw..l mixin£of tile eire fU,,1 "".pping as th" or~ is .1""WI1 dawn.



224 STnp,,,Ci "'ETHODS AKD cUSTS

If propeTly drawn a large part of th~ ore comes tD I,he chute/; deal'.
After dJlutian ;;tarl.:,; the propol-tlOll of "a~t" iUCleascs 'lIlel that of
the ore docreasoo.

In mining", block of orB by", caving method three things must
bo con8taJ,tlv watched (LIld oonf,rolled.

1. The mining lll\l,t he- done in s\](:h '" ma·nn",· that cx(,,,.,h-e
",<}ight d')e, not d~v"lop 0)1 the griz~ly 10:1'01. This is ge"erally
cOllcl'olled by the rate at wllich the ore IS pulled.

2. The 0'" should ))". hro!'cll ;l1:ffici"ntly in c"ving to be handled
5uboc'll1ently withuut J:'Lll'ther bl'c:ili::ing. A" a 11lk the "illw<.-... ~he
a,awiJ1g ",te th" mOre the ore is broken; also the elow",' l.,),e ,1m1\'_
ing Tat" lhe IDU'" weight-is likely to de-wl,,!J on the gri~.Iy lHe\.
Generally ~ balance i, m~int"inecl between t 10 two to g"'" .. 'maxi_
mum e/li"iellCY.

3. Tlte Ui'e must Lb rITawn in "nuh a manner '" t<l get a m".."imnm
rccoveryaml minimom dilntion with wnote.

'Th" pcint ><t which ,hawing of a bl"ck Ceases dope",], upon th"
minimlun gr,,,I~ of 01'<1 tllot can b" handk,l and upon 1..J'B value of Ore
th~t ~'ields the be,t fiwUlciaI J'E"Ul~l;;' If the plant ""p~city is hl'ge,
draWlllg Inu,\, con\il1ne until neal' the point of no pl'olit. If n'JI'"
to obl,am a<tequa,te profits dmwing mu,t be swppcd ,"lOn a.flm'
dilntiO'c appc~j". 'rho ,,"-1hod is dastie in that by the ""erifice,. fM
example, of 1,; or 2AJ ;pe1'cent of lhe ore, tho gmde can bo )Il"intamed
at VCI'}' J\C~rly its ongi"'1l figure,

AlIl'hasc.s of und<>T.'CLlt block caving ~Te interrelated, 'Thc devel_
opn",nl, workin:.f< arc'llLid out as Ii whole; "h"u$es in one set of
workings must be met by eorresp<m,jini'\" d.~nges ill other",

Stopc, u"ually u.r~ undel'cut either by running" che.ekC1:bo"i'd
syetem of dr'ifm nnd eroooollt> Hud bla,,"n~ the pm,u" or by be]];,,"
out th" finger 1'Juse;; to inter,ect, or h.1' a oombin"ti'>!l of both meth'­
ods, At Ra}' the cut-oll wOl'kilL"", consist of a "",'ies of low ,Ju'lnlmo-e
stopes wit,h pillars between; Lhe cut-off i. oomplcte,l by bla,ting
ilie pilla",. In hurd ore a 'ysl.,,,,, that wi1l iru;ure a <,o",plet<> nndcr_
cui; should be used; oilien>lse thA back n",,' not. cave.. Moreovcl',
a small JU'ea of nnlol'okeu ore (Jndel'" "sl,ope, "may tra'''<tLit exec,sive
presS\lT'C [,'om th~ bL'oken om to the wudcingg below.

TI,e pl'llleip,,1 Vl<dation in the application of I,he method is in the
m.·nno'" of undercutting (',he blod",.. Consid~r",bl" variation "lso
exists in the method of wcakening the bound~rieR; ill somc c~",,,,,

especially for the initial "Ioek in hard gronnd, the bloekis ent.irely
cut off"l:!v n1ll1'C1W shl,jnk"4'" st"l)().':.

GaL'dnel" has l'l'"entlv digemood hlock ea"iTlf! "" it is rJrllcticed in
thll copper mines of the We""Wrn St"ws." Hi" ,lisc"",si(l!' covers
va.rious ''''Peets of block ",wing indadin~ gen1ogiea1 flW~ors "ll'e-Ct_
ing the pmctieability of. the c>wini'\" sFI.,ml, sudan' subsidenec, prill­
~,!l'Ie.. "f mining b.y tl,o hlock-"'.v-ing metllod, mech~,nies nf eavi:llg,
SIze of block> "",1 pond" ,1e"e!opn",,,L 'for block cavlllg

j
,nethod" of

Mnfining st.ope, to p"e,leLe''ffiIDod boundarie~, metho{, of under­
cutting, drnwin~ pn",tk", ore re"o"ery ""d dilution, a)](I oo,t,.
'Th" I'eader ;s referred to this for corlain MbiL, of l,]ook e":ring
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which are ""t, coyered by the mdhad of treatJ9"llt ~mploy~J. in Ww
r=cnt bulletin, Mitko '-, ha. tli,e'h''''c1 the cavlllg m"U",cl m s~\'el'al

Important ",-'tid.,;,
The do,cripliona of the following mine, illu,trac" the method,

with the pl'incil'al "",,lations.

The methml eHll,l"yed at the Ohio C"l'l'0r mille w~.s de,c:ribecl in
jfJI4 by Allen.'" Although in tJ,;S method ,ublevnIs WGTe used for
(levelopment, 'm,j,"'clltting, "nd drawing th~ raved <Jre, it· diJferecl
from previous sllbleyel-cavino- ,ncthod.;; 0,]111 f,'om tIl<) method llOW
t,r,rmed the" ""bIcycl methollF The or<> was eav"cl in blucks of iilllall
]wi"ht rompare<1 to tho,e now c,""ed in a single lift. The. Ol'e body
wu;' it mas.' of sh,lttm'ecl qU"d~.ilc contu.ining coppBr sulphides. dis­
seminated t.!lroughout, "tid the walis We!'a of the same frmnation.
It wns oponed for a widl;h of 400 feet, ~ longth of 450 fee~, ""d a
depth of 1;1()1) foot amI dipped at an anglo of 50'.

The di/Fel'cnt le"el. We"~ opeuOCl by drifts "nd cw,scut, entting
the ore up into blocks 200 feet sqm,re. Bdw"cn the mai". levels, on
old:>le"el, 30 fed apart vertical1v, they Wei'C subdivid"d into blocks
apPl'QXjHl~tBly30 by 50 hI' 25 £€:et. Tho finger rai,." 1'<ldi~ted frem
th" vo!'tic"l raffies. 'Tl,e s\;blevah WeI''' hl"sted down hnnl the tops of
the", raj""" the ore failing mto the chut"" und thonce 1:0 the haul""""
lewl "l'ia thB r"is" .ystem. 1'l'e top 8uble.ycl was mine.<! /ir,t, then
wcce:;sl"l'e!~' lowoc sublewJ" Were milled and c,,'-ecl.

During Oetobel' 1911, iJ£,~1l ton;; Wel'l mi,,"d at ~u operating cost
of 28.06 cents pCI' ton, incllldi 109 (laYelopme,nt ulld eqnipment expe",",
01' 21.97 cent, per ton for adual miuing. If th~ entir" working focce
of UO mOll ie ('uns;dered US j,'rnducing ()l'l, 17 tDn8 Were delivered tl>
the bins pel' "'an per day. If th~ m~n enf!'agcd in the act,ual b'cnk'mg
of orB only an, "nnsiclered the i.H,tput was 63 tons per man per day.
In April 1913 th~ cost, mclueHl1g d~"I'elopme!lt an,I f'luipment, 'V"$
i!i!_~ Nut~ per ton.

'The meth",ls employed at R"y in 1~2lJ ha"l'e beon dewcibed by
TiJOJrl"s." ThG oro body L' iI'I'egular both in plan ,,"d secl;ion and
OCCII1'o in the ior", of two fiat loi",". The m"in "xis is 7,000 feet long,
"nu ,he "Yel'age wj,llh is 1,300 fe"", The orc body is 40 to 400 feet
thiek "!ld "Yerage, 190 feet. It i. undul"tinA" but ha..., ,,- general dip
of about, 10 percent. The e"pping is 40 to 1300 feet thick, averaging
2150 feet.

A syilwm of ",ajor fault, with consiuemble -r"nlt breccia extends
though 0", Ore body. Anol-,heT major fault "me at right angies to
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this sysl<Jm n"ar the west end, "nd Ji number of minor f~l1lt" occur.
Th~ ore is a mincrJl.lixc'l quartz-sericite sd,i"t, with subordinate
quantities of porpJ,p'y, whichl howc"I'er, arc mostly out.side t.he ore
~OIle. Seveml "~t;; of ph,,,,, (j1 weakness oeCUr. ,he mo't pronounc."l
~.r,"1'I111j' being with tJm ".;his'osity. A ""COll'] ,et r'illS at rig;ht
;ngle" to the schi;rt.osity un,] parallels its 5trikc, Othe'3 lUll in <lif"
fCl"ent directions.

As a rule the 0") b,.o"k. "'''"'S~, but in some Vh""" it bl'eaks 'luit"
readily. .As it hUB into th" ~aW.~ it breaks m !arg"r blocks th"n
H.I, ,nNt, mine' that employ the c>1"ing '1""1:<",,. Parts of tol LC Me boely
whj"h "onl,,,iJl lL lal'll:" proportion of scri"it.c cnve readily, but the
ore is apt w 1',,,,k if <Lot <lrawn immediately "",I l:ontinuous!y aft~r

it is undercut. In SlloJ, ground prelimiuary 'l"\'dopment must b"
well in advllJIce of mini11g to allow the ore to dry out as much as
po"lble.

1<'OUl' variations of the caving sy,lcm are used at Ray-the hand­
t,ramming metlwd, mOIDl' m~thod, modified-motor m~thod, ,\nd suo­
"~",l md;bocl. Till,,., VlLliallolli> difler mainly in th~ 1''-''ilio11 of the
h"uTa!,e l~vel j,,,low tlw oatlDm of Ihe ore ~nd in the meth"d of
handhng th" !In)ken ore and are detcrmi""d by th~ height, of the
nre above tJ,c h:cuhge level and its thid"""". There i.;; no """"nti"l
diJl'orencB in the a"cual sloping of th~ or~, but, jll"eliminary develop­
ment. diffem in each 'y,tern. The subl~vd sy,lcUl i, pl'eferred llJId
i< med in all types of wonnd where the ore abov" 1.l,,, haulage level
i, lW feet or more thi"k

The Ol~ginal S)'_,tmn! "' adapted f,'om that in thc Boston mine.
comisted essenti"l1v of ,,1tel1lat~ shrinkage stOJ'''' ~lHl pillars. Ail
'topes were eu.rrieCl up to t,he capping, and the pilla-I>; the" wera
cut oil: al the b~,a "rtfl c,.-yeu. The shrinhliG. stop"" W''l'e 0" ~5_fcot

c~mers and dl'lycn flS WHle "s ground eO"d,t"l)n, would permlt.
The followi"g description applies to the ,ubl"v,,; .system, whi,,11

is us"d where pcssibJe. A pan~J SO() fed wid" usuallv is devel"l'''l
by four ltLotor-!laula".., d,·iftg nn 5O-fcol; "enlers and' 4() feet be nw
th~ g"izY.i;\' InveL (See fig. M.) The'" drifts are timber~d a-nd
pOlly ""Is ~r<, ..-edell over evel'y f"ul'Lh "lid fiftll (lrift ,et. Ch.ut,,_,
a11l in.'O>l,lled, and raises 4 f""t ill ,limneter aL'e driven to a h"ight
of 40 fcet above the rail. Thl\ raises m'e inclinccl to conncd WitJl
thB suble,'eJ draw 1at"rals on gij·fcct centeTS. Th" ,nhl"".,] develop­
Ill'-"'" consists of sm"n, timbered, fringe drifts around the bOllndal'i,,"
of tho stoping block and small\ nntimb~red ioteral, across euelL
lin~ cf rai,,"s from tile- hanlage cvc!. Th""~ laWl'al" are 25 fect
apart and at rigl,t "ngle" tc the haulngc drifl~. A 13·inelL g'rizzly
is insl"Ued cYer the top of """h stol'age raise.

End cnt-off shrinkage "tope" are driven at each Olld of th" hlnd'
jn two litts and carried t<:> the capping. In th~ modificd-molo"
and nth"!.' "y.lems thev aru """,,Ily carrJe,d in onlv one lift. Cut-off
,1<Jpes aTe, of {'OlJl',C,' nnneeessn.rY on sides of th~ block adjoininll;
previonsly min~d lJl"ek". -

In undeL'cutting, slll';nkage .wpes are carried at 2.;'_fo,-,t inter­
"als "cro" Ihe block. They are begull by i,\(,1incd l'ai"" {,'om draw
,els imtalled ovcr th" i(rizzlie5 'lJId eu."ie,l op ~bcnt 3'( fe~t, a,
"how11 in figure 55. -
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All dIJ]],ng ill eut off. undelc"t. "",I p,llal· stope, i, done with
han.d"lot>1icd stopers. The back of tile "'''Qo, is kept ievolle"gth"
wioo an,l shghtly mooed III CloS£-seetlOlL. D!'illl"OUlld, con,i,t of
row" of J. holos 0'1, feet deep ~t mtel·va!_ of a m· 4 foet alonl[ the
stope. The lin,,] rmmd ill unde"", and ['illal" ,tol"" consist, of ~

,"'

hol~s to. a !"OWl th~ outside holes ,j(}pin" (}"""'''1"\1 45". As it. i"
ossenti"l tllat Lhe fum! round in the pilla!' ;tope, ,ha]] breuk through
inhl the llIlder,mt ,topes th•. holo", ,,"c not ]o",led until they h..v"
been checked and al'l','ovNJ lw t.he engi"""r in charge.

Cdbb.d stOPA m"m,-"y" aT" carried up at the end, "",1 middle of
the stopes. Ordina,·ily 5 01· 10 men work in each ~I,ope. A round
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i' chilled and blast",] m'"r h~lf the length of th" "l"pc on o~<:h of tWD
shifts, while the swell i" being drawn III the other half.

It is llot practicable to wo1'1< a whole panel ", a unit on nCcDlUlt
of th" <,"pense of keepin!J: the lateml, open, gO the block at th" fal'
end of the p~lld is worl'cd Jil"t, then the n~xt one in order, re_
tro"ting towa.rd the fringe drift.

Men designsted "" chute tappers arM" tJ", ore front the draw
Bets iute> the storago roiso.,. It is (lfkn ""C""""y to bl~,t clllJ1lks
of ore, a.nd if the ore is hun!;> up any ,listuncc frOID the draw puillt
,hi" i. done with bl~stin,l(" "hck~ so th"t. th" t'!'Pj,ors need not en.te;
the chute.. No blasting '8 permttted on the grJX' 1CS, hammers bemg
useul:o uJ'cuk boul']'.r., l<OO 1"1'g" to pO"S.

The ",dJ'ud of und"l'eutring u,eJ "I. Ray was adopted: (1) To
provide pyr".mids 01' eon", or ,olid l'ock above the drawi:n~ level,
which support the brok"" ~L'Olllld a.nd keep the direct weight ftom
ooming on the draw o"l~, and (2) t<l break the ground approximately
~,!; feet above the ,haw point. This broken OT'0 ",ct, as a ellsh;o"
and"" it i' drawn off allows mol'", LllJ}rough brcaking of th~ main _
!r'",'S of me before the htt.,,- reauhes tha draw points.

A l1"iform draw, parli<)lllarly during the early sl."ges of druwing,
is c_s"nt.ia! for satidaetory recovery and for prcv<,nt,ilLg .."""ssivc
o.him""yi:ng and o.on",queut dilution of th~ arc with cltpping. The
est-iIll~led diln,ion aftel' mora th"n 40,000,000 toIlS are drawn is
about 10 pm'cent.

'l'h.e tot.al cost "f preparatory work fol' a bloo.k of ore cDntoJning
MO.OOO tons. inducting lJrJ,ulago drifts. sllbdrifts. raise" und"r_
cutting, shrij'lmge stopes, ebut"" griozli"" etc., is S81,g3g, Dr SO.146
pel' 'on, di,id"d as follows:

l!.',timM," NJ,I "t ,,""pam''''11 '00,'1, for (I. Noc~ of 0'" ron'ai,,"'-" 560,0'111 10".,
Roy ,,,I1t~'

cO>t_ 'on.f m, '0 Hook

A,,,, ,E",,'_ 'Mi,,,,]_
" M,_ ", ",", """"",- """,'-L,b,,' bee ~. ,''''" "'" 1,,",". mm,

""" d,m,; l,";,~ ,,- Tot",,,,, ",mp_
O'--,

'" ,. ,,) 01 ,. ,. {Jj

------ ----

Direc" stDping eo;:;ts (excluding haulage, hoistiug, "nd mi;;cellone­
"II" exp"uStJ) during 1928 were a3 follows:
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Following ar" stati,tic" cc>v~ring labor and cOIk'1llllption of ~x­

plo,ive.< ond timber p~" ton of or" dUI'ing 192-; and IV2S,

_._---~~_.--

~"'.h,,"' poe ,,'" E,l"""'''_ 'r'o.,""
y~" ""'" ,"h~, M"dp" 'o"d "'"'lop;"" To',] ""'" '" po<' 'M,," po, ,~]

--_ .. ----

",,--- ~S:;L'" I 0, "', om ~~I" 1."'''''--- ',"'~ '"" = , l«l ."" coo

-- - ------ , -'- -,--

Numerous artide" hll,e be"" published on t.he (levclopment of the
und€reut-bloek"Ja'l'ing sv"tem nt the Inspiration mine.

One of the earlier artides wns writ.ten by Lehman" and contai ..ecl
a discussion of eXl'erim~nt.al t.ests on 01'8 drawing, a" well as a cle­
,cription of the ead.y practice at this mine.

~'h~ following discussion ie b"se,j principally "pOll a mo!"e recent
art1(Je by Stod(l,u'u.'"

The pr~cI.-iC" emplow,d at, In'p;""tion is an adaptation of the
mdhod developed by Felix McDonald fLt the- Ohio Copper min".

The minB ls opemtwj as I.h t'ee ,,,pal'iLt,, ,ji,,;s;(lll,; The In,piratiolll
Lin\ Oak, and K~)'d_""c. Tho In,pil'ati(J1l ,Evi,ion w~s thaorigin&
one. The Lh'" O"k ",,,j Key,tone ,livisiol\" eove,. " j"nglh of 4.000
feet. On the east end the ,)1''' OUW1'OpS, alld on the west.. cncl i't is
coverecl by 500 feet of capplng, the bott<:>1ll being VO() f[~,t lower.

The SYilte:In e.mploy~rl in the In.spiration divl;;i"n diffors from that
in the othe!' divisions ehi~liy in the "pacing of grizzli"s and draw

foint." the J'oint of draw control, "nd th" method oj' undercutting.
n the Impmlt.ion system th~ gI~zzly drift... and gdzzli"s nrc farther

"part, th" broken or" i, drll_"~l f"om "quare.set" aboYC thc grizzly
level, and the block is lllld(~"ut, by a ""ri", of d,.ift" on th~ lllld~r·

cutting level hetw"~n whi"h the pillars are ,Jabbed and then ddDed
",nd b[,,"l:ed oul. In the Live Oak di'l'i.;,ion the ore i" ,lru.wn frum
-"hut.os over the grizzlies, and where the ground is ,tl'Ong enoul'h it. is
"ncl~rcut by connecting the toP" of the fing;e" rai,~.(! and bl",tlllg out
t.b,' pillars between rows of taises. -
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When mlllmg operations were begun ther" was 80me douhL "s iA>
the f"""ibUity of eaving a 2.(JO- to ·30D-foot back of ore alld the fir,t
mining wus done wi th 75- foot b""ks. Ll1wr, howlweI', the full height
of the ore wus t"ken in one IifL

Iwp;mtion di"is;o'" syst6m--'l'here have been numerous change"
in the hOl~zontal interval hetween haulage_lewl ami grizzly_levd
dJ'ift~ and in the spacing of main rlLi""" bn",,'ll"", ,,,,,1 Jing<,r rai,c"
to ,uit va.eying eomjj'ions. The g<'"e,ml sd",mc, ho'weve", is SJlOW)]

ill figure 5G.

~

"
<0",", ..."", "" ,

The essentiu1 feature< of the system aJ'e: (1) A series of main
haulage laterals under the 01'0 body 20 to 200 lee,t :'lxo.rt (lliually
ahout 100 feet), "long which pony ""b and Jo",]ing dl11i~" "'" in­
"til.lled at inlf'~:-val" of 15 to 75 fnot (u"ually 25 f""tj, (~) »sY";c)ltl, or
n,i,,,,, dl'i""n fl'oll' U,e l"my sets in phn.", .at right- £l.ngks to th"
hn,u]",ge d"ifts and at au inclination of abont W'; (3) a. "eries of
grizzly rlrift. intersecting the taps of tho", I'ai"" 'uo,1 p"-""llel to
and 25 feet on eithe,r side of the ,,",01:,.,. uf t,he .h,mJag<J dI'ift<;, or
i50 feet "-part (the gl"-"ZJy le,ve! bemg "hout H() f,,,,t bdow the unde,r.
cutting level); (4) two r"i"," drive" hum the grixz]y levd at th"
to!.'. of each ",,,i,, ni,e, One in """h ,lircdoit>u "t right llllgle3 to the
dnft {thes" ,."bes be.ing driwn un a 40° to 48' slope for the fil'"t
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13 f"ct, uf, I.llC em! of whicl, a o'l'Hln,-""t is 1mil, in en"h 1'.u""l (~)
fou,' fill!!"" rai",~< ,h~yen fl'nm "acll "quare~,"'. oue from e""h .ide,
1:0 11,,\ llildeI'eutting' level; (6) a ,,"l~e. or dl~ftS on th" undercutting
1<",,1, parillel to tile gl',<~ly dl~fts below "nd "pnc",! On 25-foot
center;;, eOllliecting the tOJw "f the fulger ,,<ti,e"; (7) shbblllg: amI
blasting out of Ui" pillar,,; between the Ulldercutting level drift,;
and, (8) dro.wing of the caved ore.

ThL.~ syskm is termed locally the" EqU[ITe-,et" ca"ing method.
Live Ollk dh,u.;o-n "1l"""".-'l'he ")'5t&ll employed in th~ Live Oa,k

division ig locaily termed the ," gl~zzly-coi:tt,,)l " ca,vin~ method, llnd
it, ",<-'<ential f"ature" are ,hownln fi:;(ura 57. One ililpol'ta,nt disad-

• ~

• • • '"""'''''""

..-'"
r-'···-··~!~-······

-----_ ..._--_.-
----~--------

vanta,."" of the "y£iwm jmt deecribe<l w"" that "lell had to :;(0 aoove
the l&vel into the, "quarC-Bct~ to draw the "re, whioh. make, ,upeJ.·­
Y;si<>n of drawing diffieulL J,:[QITDVC", the S(!ual'c-sd itself is not
eusy \') iJl~'pcct and rcp",IT.,

l",,,und "ondition~ill UW' Lh'~_ Oak di"isioll were ontirely different
fn,," tho.;ro ill j.Jw'Il\~pir'ation ,livision. Wh~Jl the groun,!-caye,l iL
hrnkc into sm"ll pi,wrs whi"h 1,,,,,kecl togei.her r""dily, so th"t when
the ore was drn.wn "piping" occurred. The pipe,' were small ill
section a.nd seemed to :rlse vertically. and many ",,,as were imper­
fectly d':fiwn. It waB evid~nt that' closer spaCing ",f d"aw l,oinffi
wus reqmced to overcome thi,.
, To obl:"-in closer ,p~cing tho mise., WeI'" 1',,1; up "t'right angles
to tho g-rizzly dI'ift ~t 12¥,,-foot'intel"l'ah tilollg the drift", The u""til
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"'luam-wt" We.l'O put in b"I' with Ihis clijfel"j]c~: From nnB set {,mr
fivl':ol" ru..is"" wer" put Lip as before, and ll'om the next "at only
two. The grizzly drifts were still 50 foot apart. 10 wus then found
that, good drawIIljj could be dona from the grillzlv level with thi"
method, but the Ifl'lzzly drifts wora too far apn-rt. 'i'he ="t step was
to d,'in the p-izzly dl·ifts 25 feat apart with grizzlie" 12Y2 feet
",part. In sott ground a llUlllber of draw cllUW3 could be imtalled
over r>n('. wizzJy, aiding extl'MtiOll materi"Uy if reg;ulol' drawing
wus pnwLJ""U:. Wilh thls system the grizzly dlHt~ may be either
parallel or u·' right angles to the halllago dl~ft.9. If g"ound comli­
tions perm;t the ,lJrulercutting i.~ dOM ,lireetly {rom the rais"", The
number of draw holes fI'om a grizzly ranges f""rrt ~. t<> 10.

At the. InspiT"tion mine iL, is un"",ce",,,.y IO" "nch block to be cut
off bv boundary shJ:inkugo st"pes nc"t to solid ore. Instead, the
bound".)' i" weakeUBd by r"isc" "t the corner" of each block and at
intc.-mediate points along the boundo.ry, and cldfts are dl~ven from
them at 30- 1.0 ,fO_foot wrtir,,' intel'Vlll" These dl~fts are driveu
around the block, lllld in some in.tances " stope l'onnd is blasted
frc>m the backs of these drifls when th" gl'oond l'equir'e:l fUl'tbel'
weakening.

During 1928 the stoping co,ts wcrc as follows:

Labor ".. _
Bopt'I"Vl,lon • _
Com);'l"",",c,1 nll', (1<111" and .'"'1 _
Exp''''''ve''--___ _ ___ ____ __ .. " " _
Thnbol" .... .. '" _
Othoc . 'uPpHe, '- _'" _

lJir"el Moping cost" [~",>imlUm mine, 19:2B (I,,, .eo·'",,!
"" """,,"'!'fl.146

.~

.00"
.on
_031.
.~02

Tot"L "" .. c • 008

MaMI >fINE, AlllilO".'

The block_caving .ystem m...,,[ at. t.l,e Mi".mi mine IH~' lJeen <1is­
,m""ed in several ",,,tieles; tl,e one by Ma"!crm~n '" i, ab.tl'lWted in
the followiug paragraphs.

In 19M, with the high-grade are b<Jdies yiri.""J!y exhausted, it
wo. decided to develop the low-grade 01"6 boJy, which at that tmle
w"s c,t,imated to contain 3£,000,000 tons of ore us"uyiJlg 1.0£ percent
of copper, r.overed llJl are"; of 50 acres, and h"d an avel'o.ge thiclmes,
of 20£ feet overhin by Ull aveJ'"ge of 320 feet of barrell cupping, A>3
developed to dal" (1\130) l,he O"B body i, e,timated to contain
108,4£1,700 WIIS a""alingO.88 percent of GOPJ!CJ', of whi"h 0,79 par­
CtUlt occurs as sulphlde, The pre"ent dimell51c>ns ar" 3,500 fecI, east
3Jld W«<t by 2·,700 feet mflXimnm width north and south, with an
average thickness of 321i feal,. The b"l'ren cal'liing range. from
250 1.0 500 feet in thiclrn~",;'.

The Ore is ., thoTt)ughly frll\Jtm."d, minel'alized schist, mnging
from" hard, silicified schi,t to a· .oft, 'klWliuized ,cmst. FI'om"
mining standl!0int it i. a fr-ee-c~ving ore body after it h". been
thoroughly drled by clra1lLUg<'_ ,md ycntilation.

\
i',
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In the ea.die,t C<i\·jlLg syetell!" "t lIlialIlj the enU", width of the
orG, body w,," Ilnde'''lJt and cavwl, begillliing uj; one "!ld "nd retreflt_
illg the length of the,M~ body; th;5 wos follo\\'ccl dooel)' by clrawing
of [;he ore. In clrawm", an en<le""ur was 1I1"de to 'nambnn It plane
of contact b.ei,we,on th~ 'broken "'<' ,,"d the capping, will, " dip away
from the dil'"cllon o-f l'dte"t at un "ngle of 109 tv 60" from the
lwrizolltal. C,ning over width, of 500 "r eon feet,r[c'Hltcd in ex·
ca'"iv~ weight being thmw" on th" ext,raction op~nings, """",-,pond.
il1gly high maint"nance ",,,I,s, ol1d interference ",iU, orderly (lrll,,,,i,,g
of Ot'c,

L"t"," expeI'ience incl icated 111M" width of 150 feet "",,"ed "ati,f~c_
tory "",villI! of ore wioh moderate maintemHlcB cost" "tid it b''''''me
~tundard practice 10 c"ve ,wd draw alterm.te panel" 150 feeL wide
"ero,s 11,C ""lir" o~ boclr, A year Or so late:l', wlien the. waM" '·Gck
which had settled into th"", panel" had consolidatwl, the pillar pauels
were Cll.',W "'HI drawn b~(ik, acroSS the ore body. Thi. method wu.
weU f[,cl"pU>,L! to the compnratively low lifl:& I.l,cn in use, b\1t it wn.
fen th"t it would be un'Rti.facto"y with lift<:; us high ,," 300 fBet; 0,·
",,,,.e, which were ess~ntial 10 low minil1g c<,st.

To majnt",in an angle of C<.lIltact between the hl'"kcn ora and "ap~

ping of ~OO to 60" in nn 01'[\ column 300 f"et high i1 1"0"ld be neccss"ry
to malJl.tmn" length of 300 fcet 01' mOrc of extmct;o1\ levels. In this
system, using ti,e incline,l pla:nB of c""tad and u grc"t tbicknms of
orc thore ",mild be great dunger' nf dilution.

i't, was d""ided that 'c Eystem "f mining utiljy,ing indiv;,ltlal iltCpe..,
w"" best adapuJd to mining in UlW lift on (}l'C budr EOO fect 01· lllOl'<)
thick. Adv""Ut,geS ,,!aimed for this method are snmmaTized lm
follows:

1. The, bloekto be eaved is en"iined to-It d"ii"ite 'are" snrrounded On
all four sides br snljd ground jn the oriW"",l stope, "nd b,Y COfi>,,/i_
claW! fill (p"rtly 0" wholly) in the,pilla,· ,topes. Ulldountedly the
support of the indi,idual sm!'e is much better, h"n,,~ mainte,,~nC(J

eo.;;ts ar" lower, al1(l,re)'ail' w<lrk inte,Tier"" los, with drawing of or,,-
g,. '1'h" order of nllrtlllg th5 ,tol''''' 1S such n",t pllJar "'opes fU·e "ot

mined until the wa,;tn Jill along 'Iny bOUlld~I"" haB b""n conso-li<!at:<,d
for several "'<lnth.. Durin!\" till, poriod th" fIi! beoomes" snbBtnutial
>1lpport. The' stope.< ",,, mmed In the order shown in fi"nre 58, A.
If tlie eontMl between ht(]ken ore 11",1 waste IJ,t the l'etreali~gworking
faee of the panel (in the old pane! 'ystem) is da,sified OlS waste tho
panels would l",ve 21,4MJ feet of ",,,,te boun<l".'1' comp"",d with
11,700 feet of waste bounil,,'1' in ti'e individuo.l stope 8y~tem.

Therefore, thcrB should be, !e.'H dilution from tho wasle lWIDdali",
j,l. the jnciivi.d",,! stops 'y>tvu. In the "tope .method 2;, stop~~ arc
''''ned m ""lId ground w,th no wast~ bOl1lldl1"OH, 14 "l:OpOH Wltil 25
p"roent of w"ste boulld~ry,15 wj I;h ;;0 perc",,,t, of wask hou"dary, und
14 wil,h 75 peroent of wast" bouudal'Y; 8 stopes a.re e:lltir"lv sllr_
l'o~nd~d hy w""te. .

3. III ti'e individual .tope system 'the ore is drawn down evenly
over the ~"tire dop" Il:rf',"; mmlti"g in a IwrizmltaJ pl,ma of <'Ambct,
hetwee" th~ broke" or(\ nnd cuppiug. Fa!' high lifts th,·. horizontal
plane of c()ntact i, llnqlle.stionably 8up..·ior to the, incline,l IJlu.ne of
co-ntact.
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4.."'·'Itll ille same ar"lL of OJ'() hody the ,t.upe sYstem J"'lWldes a
gl'"utC," Il\Unbe" of wod,ing: I,Ia,,"", ~nd thc work;" shndardize,lmorc
easily. ",,"ulling in ~ higl1Cc 1':1'" of 1'rOduc;tlOlJ.

5. in tl'0 "lope metho,1 I,,'otluction can he di;;triblltC,l mOl'" c()n­
veniGntly 0""" tlle "rea so "" t.o deliver tho 01'C to I,be various drifts on
the baulub'B )cveL

The first inclividu.,1 ,topes WOl'" H;o by ·300 fo,,1. Law," the dol"'"
weTC lt10 by 150 f"d, "Ithough a few we,'e 150 by ~oo 'fl\et to OOTlf"rl[J
to "1'''oi11g of certain h""lag'" (hifts.

, H " ! ~'.~~
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l,~,un" ',B._Gnu",,"' bloc" ,,",'in<, in<1""d,,"' ''OJ''' ~""'-'"" '-'i,m' mwe, .','"On,,' .. , Pl.n

0' &'"·f.,t M"M",'y' '""'"" '",'d "")W"'g m'<I" ". min,". ,101'''; IJ, '"me'do."m,,"w"
or Jr",. "y 30M",,' 'w,~, ", ,"',," of ''" 'm",r", ,"'co ",'",,,".

The 01'" " U!l,l,m:LJI'. ],elow the ont;J'e ai'ea of the ',(,ope and .11_
lowl'd t" eave .by its ""'" weight. If loft, lo itself it might- "n,h
""el' to .the ,,",nter ond 81',,1' caving, 01' it might follo,:>' slips arid
<,~,'" beyond lis vertical bounda1'i",. A "atie£adOl''I' )"e,ho,1 of iso·
latillg a caving aren with.low lift.~ j, b" ~ narrow' ,hrinlmge sl:ope
around tl,C boundary, With", high )ift, howeve)', this methm]
might MU'" the block to ,ettle down like a plug oc piston "nd
<'J'n"h the mine w()l'kinil:s below, and the broken oro would ,mive
at t,ho dmtes in "'ego blocks unsuitable for ,h"awing. Jt is ,k,irable
-w ha,'e, the hue-I< of the ,tope ha"g up and come-under s(,m;", '0



t~at it will become higWy fractUl'Bll awl """" down slowly in ~ILLaJl
jHeCeS >lnd will cave to, but not beyond, its YNt;""l bounJal'ieB.
To accomplish this boumlary caving' d,·jHs are driven around the.
"'''PO Jl' mituble ,,~rticaJ llltel"'al" aTld rill"," are put up at th"
fOIH' C"''lei''. Th~ bounda.ry (h'Ht~ 'il'" 7-Y" fed high and Were
odginolly "I', ~O-foot ,,"!ileal interval,. In llard gl'ound the bound,
""ie, may be weakene,l fmlher bv ,hIlling ",,<1 shootinO" in the
bucks of tho drifts. :More j'"""n,lv~ Ih, pmdice hus been"to 'I""'"
tho d6fw 45 f"5t ap".n, """,ie,,']l)', thus weakening 1.1,6 hound".."},
plane Ml,1l P<""Ccnt.

Fip;nre fiR, n, oho"ing th~ individual "tope sy,lem, is an isometric
ill'awing uf " 150- by SOO_foot stope; it Illeo applies to the p"e.;;ent
.l5()- by 150-foot 8tope,. The C\Ii~ml 01.'0 b1.'""k, up fine and tends
to p~ck, nUll wh"n ,lr't",,- it pipe" "p verticaUy. Dr~", jlolnt;; t,h,,"o­
fOl~ l,.m to be nlos"lr spaced, and a 12'.!,,-foot inter",,] 'In both (lirec­
lions w~s adopted, gIving n "p~dng of ,'0_font ')"-111,'H'S for the grizzly
driftB a.nd 25-foot centm', for the gri"zli,," (\1. tops of the tra.nsfel'_
rai,. brunche,.

Dela.;I" of th" tr.'\JlSfe,··"",l g,.iz~ly T".i,es .'\J·e 8hoWl1 III fiA1U'e !!R, c.
The gl'i~zly drift.; are dri,ell at right allgle" to' the ILllUhgc_JcveJ
,lrlH~ 100 feet below and are vertica11v "V",' thA j,J'aTl"f"r raiscs,
which."rc dri'-en at both ends from the"boundnry 01.' fringe dTifts.
Duri"g "dual minllo- th~ g:rizzly level" aL'e 1;1", 'bJ,S" of opm·ation8
for und"J'Cutt.ing amY c1mwing or or\). G,'hzlies arc in5talle,l ill
openillg:s oyer the transfer l'ili~e". GJ'i",.ly ruises aTe dTi""n on both
,ide" of, and at right (mg]"s 1.0, the gri,zly ih'ifts, These are in­
"line,142' for H.fe"t and then "Te run vertically for 10 f"et. Tho
i,dine,l section is s"'''U (:J~'2 by 3y;, feet) to resi"t cru5hing, end
I],. uppor p~rl; of th" YeTtical ""chon is enlari(ed t{l aenonunocl,,[,., th"
dmta set, which i5 oriented a, shown in fig.ll-e M, C, f.n !pY" t.hc
correct spacing of the draw pohlt. "bove. Four Hnger r~lse" 3¥.l
feet TIl diamet,,,, al", driven f,·om 1',"'" dmk set, and inclinod to "
point 8.% feet hOl'izonto1lv froIn the mmt"r of the, set, t.h~:l\ce veL'ti­
c.ally to a horizont.ftl phmo·30 f"ot above tho fl"o,' "f tl", b'Tizz.ly leyol,
whieh they inters"ct at points 12¥J f"et apart.

As ""Oil "8 cnQugh finger raises have been put.u!, the ulldol'Cutl.ing
level is begm1 from the toj}S of th",.." ra.ises. Fi':;''lll'e 59 filww" tiln
lIndm·cutting level "nd its relation to tile gl.izzly level, clmt" eet.~,

"nd draw points. The chute sets are number'eel 1'"l'(}]11 1 to 1\£, and
the draw points."re l«l:tmwl. The undel"Cuttilljl: level is ol"med hy
four sm~ll drifts dri",,,, paranel to the gri7.,ly dl.iftS through every
I:l,il'd line of ,lr~w 'joints; !J"",e an' 37'13 feet a.P"l't, ·and equidhbnt
from "".fh silk of the Ce11tral grizoly dTift. They are, eOlm"cte.d at
both ~nds by fring'<' drift" Undercutting i~ begun. by plll:ting Ill'
a ,mrinkag:e "tope 2 or 3 round" from on" ,,:r 1:lH, frlllge dnft. and
is usually ca'·J.ied along: the, ,i(l" brJUmhlJ'ie, M,I the, other e:lld of
t.he stope a, un<l~-"eutting 01 the lJlOliJi ho,I"" pJ'og"'cs,es. The ma.in
!>o(ly is ,,,,,lEr,,ul, from ],ll·g<·' (Irifts 8 fed wide, which a.re drlvoll M,
righl" "ngl"" to the small .drift;;. This work is e~J'tiwl hock diag­
ona']ly as shown hat~herl on t.ho pL'Ul (fig;. 5~, B). The sides and
hacks of the drifts arB dl.illed and blllstoel Iv colllplof.e the undercut.
The tOPE of the Hng",' roiEes are. funndod 'IS llnderr,utting prDgl·e.;;see.
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Dmwing of m'e usually dues not st",,·, until the ,1"pc h"" heen
completely nndercut. In dmwing thw'c ,ll'C two ffi>lin "hj"eti.-c~:
(1) '1'" draw it maximUlli tmlllawo of MC wil,h minilnlJrn rliluti"n hy
wa"te cappingi and (2}.t<> ,'egulate the drawing to avoid, if po,,,ible,
or rdiayo damaging weight Oll the extraction openings below.

Drawillg is u"dor tlw "Olpenision of three stope engincers on
d~y shift. They inspect the stope" daily and L"''',:e ore.dra"ing
oTders to the bOBse£ and chute ,""uJel'3 on tJ,e th"e<) ,h,(I.,. Dra.wm;,:
i" ,lone by erew, of l,wom~Jl e""h, a chute bla"wr and a chlJte [aI'I'C".
'1'1", blagt~r draw, the Orc from th" elm",,; in l.h~ chl1l..c S<'t, aud I,hc
tapper keep" the grizzly dea,' on tho g,'i~"Jy levd, Each crew usn.
,dly ,h'aw" 12 to 1" finge!' r"",,"' per shiH, bln.sting 5 In 8 times and
dmwing ':!'I,,'oxJ.""ldY ,100 U."!S per shift. NOl'lllally 50 ~n" ~re
drawn dm"l' from each chule ligted on the draw ,Ol'd",','. 1.he alTn
i.;; w dmw this amount in rol".t.ion from each chute in the st"t''', hut,
this routine io nece..osariiv varied becau;;e of tbe appe"n"'c" of w",w
capping in a. chute, nec.,s,ily for repair" weight, On t,imber." etc.

Drawing is contmued from e,,,eh clmt" until t.he grade of the or"
[hop" w a' point where it i" not pl'ofit",hlc enough. Usually thi" doe,
not occlJr untilJOO pere,H,t of t.he expected tonnage, has be",n ,h'Jnvn.

The tommgo. grM1~, and coppor ext,mction from 1~ >tope, which
had becn COlrtl']d.ely ,1ru,wn bl'f"ro 1930 are given below,

~""j,""

''''',,'

}j#m,tio" tom'OJN "n" ymae

---~- ---=--~-

'1',,", ,,' " "01'"'"
E.., """", ,",",_.il,,, pLl'" ""J»..P,,,,,, "',nol'",,~
Po"",,' po ,,,t,,,,.....

",',",,,", '-"''" ", ''", '''' o. ",Of m.1.; '" ",-' "'" "\"", ", 1.,,", 1,"~ '" L ",,[ "', OJ "." I n;, """,,'ffl L,"O ''',,",, ,"" '"'I." ".'" In•. '",,"',,,", ,"'" 1'"",1>3 . "'" "''' &l." I ", oj',,,,",,,, " '%7 ],"5,m2 "" «l." ". '" I "."
Stoping coot per ton, a" gi""" in lIf"d"nnan's J,mper fo1' the 4.yeal'

period Octoher 1, 1925 to i:ieptemh",· :lO, 1.929, dnnng which 16,,,,)5,~f)(i

ton, were mined, WU" $0.13628, and deveiopmmtt cost was $O.1000(j.....JL
I.,,[<J of $0.23628. IJaulagn: h"i"ing, ventilation, general u",lpr­
A'round, engineering, ,ampling, mine,""rfJH.:c, "nd mine-accident, ex_
p"mc added to this figure give a weal dh'ect mining oost 01 $C1.3U937
per ton.

I(. is not entirely deal' from tl,c ligw'cs l'rescnwd what j,1i~ di,vd
.-:toping CU"t, WllS on " l""i" comparable to that HEed at "th~r mines
described in this lmlletin.

From a taule in the paper it appe:u'" that. 10 c"nls per ton for
dewlopment covers the drivi,,!;" of hauiage.level driIts. IraIlsfer rai'e",
gl""ly-]ewi drifts, finger mlS<'·S, and boundary ,hift, aIHl J"Jl.i,es;
the imt"llation of haulage.level chule 001., grizzli",~, an(l gr:izdy chulf
,d'; the driving "f,li,,;:,"',. n,.i,cs !Uld underculting drifts; undc"",t·
I<"-el milling; amI the drlJ1inp: and blasting of bOUlldfrl')" drifts and
boundarv corner rai",,". This figure t.hen co"e,", all wo,.], preliminary
to dr"wlng, aad thc conclusion is that $0.13628 coyel'S d",wiug ,md
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m"jjj1<~"lm:"of oxt,raction clrifts "nd rai,,,", chutes, 8qual'e.s<'!R, ct<:.,
durmg dt'awing, Aceordin~ tD the tabla th,·, CDst pet' ton of om
extraded Tor ,lcYc!Dpllicnt up to the chute ,",R< above tl'e gl'izzl}' Icy.,]
I'll" W.WOo, Rnd the. cost ])el' ton fo1' driving thc JilLgel' r"ises Rnd all
wDrk on the undercuttmg lev,,1 w"s ~O.02lJ\), "tubel of $0.12()4 per ton
(fcom 1925 to 1928, incIu,ive,). Fl'O!ll the figllC"" in this tabl~ :Mac­
lenn"", eonc!ude, "that th" lJjjif()l1l1 dlllrgc for cle'-"l(}pment of 10
cents pel' IDn i" ""'pIc,"

nlock Mying at the Humboldt mm", Uorem:i. Ariz., has been de~

""ribe-a: by Uo,iel' and Shelman."
Tho {,DllIltry rDck at ':-'10ronl:i is n qu"rtz-mDnzDnite pOrph)TY an<l a

series of sedimentar" T'oc;],"-limcstone. ,hale, and quartzite---which
are generally 11wt.a",orphoeod. The ore'bodi", of til" HllmboldL mine,
are lr> I:ho lI",iu l'Drpll}TY area, 'l'he Me body heing ",im"l ill ln2·0
w,," in wn~"" of fl.'actm~ngand h,,<I11" definite walls. IL'I'cguhl' fmc_
turing occurred in tlll'€e dil"octiom, but the :rl"~cl:um 1'1"",," h~d h"cll
m,w" oj' I{'ss rcocmcnted with quartz "n,l PY'~te. The phu"'., or """k_
ne", wcro 2 to 18 in~h{'" apart.

Tho Ol'e ',{,SCl'Y"," lie principally 'i" on" nO'"" in til<' porphyry along
tWD intersecting faull: wm,,, over" maximum length of 2,000 feet ancl
a mmmmn widl:h of 600 f"e,t. TI,,, ,"[Hti",,\ nngo is about 1,000 feot,
Much of the pm'phyl'}' wall L'ock "'11Ti,," ".I. 1",,", (lA· p<el'oont of CDppor.
It is generally ,trOll!!"r tllan I:h" ore physi"".lly "",cl c~lTies Ie," klWlin
and sericite. '1'10" gr,,,le of th" 0"" re·,e,.,,"s in 1929 was about 1,90
perc.llt, of "opper (tot"l), Df which 0.20 percent '11'"' "".id-soluble
CDP)"'''·

1lJthou~h the (}r<' WOlS ,offiewh"t h"rdCT th"n at m05t other l'orph:\"1':!'
min"s ill the Southw""',, its Cl1"jn~ "'Jl" m"rlo possible by tho majDr
faulis witl, thei,' sympathetin "h""ti"g, hy tJ,C jointin¥ tl1roughDUt
t·he Dl"B body, by the minut<) fracturin/o( of tt", om '" ull d,,·ection., and
by the alwmtion of til<) om. -

Figure GO glww" block caving" at the 1-1u",bol<11. mino, In this
'J",(',,'n t.he underout.ting lovel i. 20 foot above the gl'iz~l,\' level, "Hd
t,ll!, l",ttcr wn" cDnue.cl:ed tD the haulage lavel 50 leet, lower by hr"n"h
r~1SCS,

TI]() (}J'e body was divided into stoping panel. 112 foot wide which
e.xt"ndci! on the strike Df the ""e ·fJ1)lll one sido to the Dthcr. As
mining prDC<',edNl from o"c on,l of the pnnol it could be 101lmn,d "-
by anothe!' .toping opCl'fl,l.iDn in an. adjoining panel "ft~,r the ca.yed I
",,,"l,, e"l'pi"g had soWed in the fini.'thed .tope. Thc oro from ench ,I

jJJl."el was deliver('.cl to .two haulage d!'ill:., 5U f"et apart wmch
pamlled the "aneL Ohm" rai"e" were driven to the grizzlv level aI',
28-foot inl,",",'"1,, a.long the haulage, dl~fts. 'I'h" gri<zl}' <1 rifts were at
L'ight ,,"gl,," to the haulag<', dl'ift, "n<1 "0""'," the stDpe panek The.,,,
WCTe alsD 28 f"".t apaLt ,,,,d dircctlv DYOr lines of mi"e, hom tl",
h",1l hgc-levd chutes. .A3 laid out origill".lly th" grizz1i", weI"(' 14 f,,,,\.
al""l'I" but wh&n this p"per w,,, written they WeI'" ,,\'uu,,,,l:ric,,lly but
un{,Yl2nly spaced to ,'uil'. nL'" ling"," rai,es, an,l the gri"lies were set in
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pair" ,'" LJlat 1;]10 0ent",," of certain pa;es W0re H :l'ee,t ~P"I't. Two
,hort finge" raises were connected with caeh gl'i,y,Jy by openings J h,Y
6 feet in sedi,m cut in the ,ides of the drift;", On th0 HlHJer~ul: l"v~l

tI,e finger raises W6r" 14 f~~t, apRd. in one direction and 18 feet 8
in"hc..~ apart in th<> oth~r diredion, ",I\d they ",el'B funneled out until
the rims of the nmncls mel:. AJl",- the neCessary fulJ!:el' miE"" we:rc
,] rivell, shl'illlm~e .topes 6 feet ",ida wer0 ''''''I'icc] up arc>Und the, panel
bmmdarie. higii enouli:h to rut th0 panel free hOHl chI' !;UI,,'oUlHjing

""~oUR" OO,_S'n,,",," 1,10,1•.,"";,,, "'""m HUmboiOI. ",",e. "''''''"', M,".' -", l"an ,,'
"""",'nnll1",, "'",' ond ",C"l, leY" {du,j, lin,,) , II, """k,' "'0'" """,",,; '\ "'p'ou!""jO" ,bow;"g p"'g"""lVO ",""" 0' M,-L",,,

gruund 'frnd to di,'ect the line of shearing t.o thc I:op of the on) ~JOTlg

the dceiI'eu plfrll"s, In "oft gl'Ound these stopes werc generally e"T­
ried up 35 feet, At l,his height it woo usually po,sible to le!tve "ec­
tion" 50 to (jQ feet long midw!ty between the pilot raise, (fig. 60) and
to"hrink above this p"int, only in sections 40 to 50 foot on each sille
of Ule piint raises.

In beginning the umleruut, un" Or two drifts wcru nm ]engtJ,wi,c
of the J;laJlel across "evera! griozly lines. Unde.rcut drifts 4 by fl foot
in sectiOn cOlllleeted thc tops of finge:r niscs, both lengthwise and
""rOSs the paJlcl, forlning '" gridiron pattern of drifts with pillars
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ab'JLlI, 10 by 1.4 feet in plaIl between them. The backs "f the drift.
w"re drillod 6 feet deep in fan-,haped rings of stopel' hoi"" at ","foot
inwrvaIs. Thc.;;e holes were, fil-eli simllltanem"ly with holes ,lrilled
in the pillar.. Two Qr three pilla,s ""ually "'C"G blll~i:<od 'at n. time,
beginning in theh"nvic,.,t $""0"0<1 ~j](1 pl'ugl'e,slng acrOSs the punel.

Whon n. block 150 feet high "'!lfI mined, the quantity "f ore udu"lly
Jrllled ~nJ blaMed, inclLJ,lmg the. "ecc~,ary development work, was
[",," Om" 10 p"T'ccnt of the total ore removed.

When undorcutting had bee:n completed, (hu.wlnl[ of the (,"ve,l ore
began. Th•. Oloe was drawn $lowly ~t, Jil'st until It st.".r!."d to "ave
freely. In 1028 till' lFl'l'r"ge sloping !iff, was 1.04 feet, ",bel'ons on (,he
next jc>wer s!<1ping llorizon it i"cre,,"ed to 2,0 foot, An inerellS" in
height ubove 2.00 feot redUOO" ~ho stoping cost Ycry litlJe and increa,e;;
ti'e tim.e required for the Dre to l~"ch the mill after it has heen
bTok~n. TIns delay in drawing may be detrimental tD ores that
oxidize mpidly, when concentmtion is. b;l' gmvity or flotation
methods.

The proper mt.e of druwing depend. upon th.e l'at~ at which the
Ol'~ ,",ve"; if it i" ,hawn very rapidly, too Jar!!:e a "paoo is left be,
tWeAm tho hL'Okell ore all(l the unbI'ok"n bndr, ",nd th~ ore is apt to
brenk in hTge ""~,SC", If ii' is drJLwn too sJowly. the broken 01'( wiil
pu.rny support the bu.ek and dchy e".ving. '

If a "pipe" of cu.p Tock rc"",h~s ", draw point in advance of the
upper boundary of the ore the finger is sealed, and are is drawn from
the ffllrronnding fulgCTS until th" pipe is broken.

During tho initial "big"" of drawing, the angle of 'ratTe",t is 000
;

Tator it is l'cdurAld to r,oo 01' 1"-"3. Figure 50, 0, shows the progre&>i:l'e
,t,l",",," of cavjng, looking "I. right lInglM tn the Jine of rctT'e".t,

'J'h~ edim"teCl cost of prepal'a(ol'y W(>l'k 101' cavill!!: " block of Ol'e
contnining 100,000 t,m8, exdusi".. of tramming, hoisting, sanitation.,
'-entilation, 8ampling and assaying, and general cxpemc, is as
f,,]]ow_ :

Bupp'y dnfu. _
Cd"" dl'ill'-­",'"li,•... _.F'o_,_
~j]" """"-. - •.."""ok m"",__

Bub'olo'-­

B",'"k,,,~"ouos._
J;..<J,"",,, It,,,,__

"uhlo"''-_
'1'0'" """'" '" ;,cly ,,,,,_.

L,bor

.~.

.•W.

.0lS<

.0'"

.«J1!-

These costs do not iuelude truIlllIling, hoisting, sanitation, ventila_
tion, =a.yiug a.nd sampling, a.nd gene,."l mine expense, which would
bring the total cost abo"" the grizzly level to $0.228 per ton.



Dired, st(Jping costs for 1~28 ",ere as followo:

$0.01<
.m..,"
.011

"'-'"' "'.!IU'.,"' .015.,,""'-"'" --';0:",- __ .. .... _~~~~.

'1',""

$;l,"".,,'"
, '"
, ""'.,"

If h~uloge-l"vel developnmnl:., !nllin r.uSeE, and chul,c front, or"
ind;](led the tot-oJ would be.~0.35G per Wn.

During 1928, 62.7{j toM were produ"e,l 1'"1' illfill-"hift stopi"g
(including labor on houndary "hrillim¥" st",pc" llndel'cuttillg, beil i"'t
finger" dmt" topping, "nd .tope repmrs bllL "0 ,levelopmeut 10borT.
The con"rmption of exp]o"iYes \Va" 0.19 pOlmd 1"'1' ton of ore ltlld
the consunll,tien of timber 0.25 ho:ud foot per ton.

The ioilowing brief de,cripti<m of the block_","ying methocl "\.
Cr€stmOl"e is n.daed to the di'cmsion of caving. a;' (be me,tb.ocl W08
adapted from w""!<Orn copper-mi"inl;'.' pl'~ctice anct is med sueee.,fully
for milling a hanl, blocky, cTystall'l'" 1'od<; it hadyre-v;,,,,,lX b"ell
comiclered th,,!. block eavlllg w,,~ not fea.ible for TLlming gl'ound of
thiil natnre_ The method has beon deOCl'ibod 1.y R"hot.ham."

The mine i. in the Stanley bed of limestono, whichi" ",pprorimate1y
270 feet thick .",,1 <Iil's 45" to 55°. When fir;;t- obeen-cd the limestone
appeared to he ma'.iva, but- cluring "pencut operation" it W~" founcl
to be traYel'sed hy Illinute watercourses and slightiy f"u lte<1 and frae­
tured, it, is h~nllllld brittle, The deposit wa;; wat.e1'-lol!'..€d aucl was
dTOincd fI'om workings ~G {"d, beiow the 10we1" mining ieve-] befon'
,t<:lpe ,1(,v€lopmeut wa, begun. 'l'he UndCl'gl'Olllld mine is hoi",,"
op~nL"t WOl'l.il\!(&

Haubge ,1"iIl,", for the fi1'st, block to be cuved }Y~l" 40 feet- below
the gl~zzly level "nd 11lll on liO-foot- center., with 10",di!Lg chutes
h,w'- ,IL" grizzlies % fed "-1""'(.. Grizzly drifts, at right- angl". to
the lU1ul"g., drifts, Rl"<) gi; foot apoTt- with dt"'w points on 25·{0,,'
eellteI"S. Til" top of t-he undercut workinh"S i, Hi feet- ahoye th"
bottom of the gl'izzly level. '['h"blocks a1:~ 200 by 2DO fee\.; the
hcigid, of the first iitt milled W>1S lDD feet. The biocb arc cut off
from virgin grouml by "hrinlmge stoP""
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Undere,ntting is done by a 'ories of room llJld pillal' workjn~" rnn
(U"g<),,~l]y to the grizzly driflE. The pillan are midw,,-)' between
c~"h pair (If grizzly ddft"; fiwl1 u"dc1"t'ulting is effecrod b,Y bhvting
the pillars.

The principal depadlll'", hum "oppm--mining p,actice is in putting
in the draw points. The rai,,,, from the haulal.'" h,vel are branched
just helow the grizzly level; g,·jz.y.lic" are on ,ith"," ~icle of the drifts.
The c!mw paint i" d"i,'on horixontnlly "bo"t, 10 feet b""m<l the
grizzli€" t.lle," rot;'H] OJ> lln inc1iM into 'the IlTLdenmttmg area. l'ro­
[e,,,hve COTlCS of solid rock are len ovc, c~"h grizzly drift. In cU"d
I,)," dr'aw 1'0ints "1'" similar tn gl'iz~ly blusting chamber,; uoed in
<ml\l,,,iion with .m·inbga ~(jW". .

The rock caTes satisfactOl'ilv ,dt"r undercutting'. hul; most of it
bJ'""ks in relatively large I"atI'menl,s, About one-ti,il"(l of the rock
mnit be reduced in sizl' hy blodd1O\ing in order w gee it through the
grizzlieB. It ha' bee" found that 1"",1':" bouldeJ's l'equire no mOre
drilling an,] hia"i,,!! than fragment" of intl'!1Il"diaw size, A low"
'lJ'ength <>xp]".i \'e is used for blasting bOllldcJ'<;'

'1'1", folloWlll(!." t~blc ShOWE the co,t of ,h'iftil1g:, mi'ing. oml tiot,I",J"
ing i" cOn",d'lOn with thc dev.,]0I'Hlen' of 1,2"8,~79 ton. of I'ock
and thc COb't of cut_off stopiJlA:, lH,MI',,"ttillg, raising, and CX'rlW­
tion during octive mining 01 1,77').~96 tom.

p",,,

I.""" '1'jmb"
E,"~_ "," ,";,. Th'"""'" "1],,,,_

o.
---'--

""00'", ,,", l'_'" $"'" I '~00i' 8\),,,",,
,'"00 ,""1 _"'~1 '! ,0"" .1'"

:"fO,·!LIll.] l?rnrlnntion costo dUl~jjg: HJ31, which are cOlliiidel'cd Iairly
l'())ll"C""",,,t,,'" of result, obtaiHe,] hv 1.l1is mcthod of lUH1"""J'ound
"pCl'a.ti."", ,,"''I'e", follnw,,· ~

Totol

1'"""1/01-'0" ,,"""" p"'- 1'", /'oi,le.l

----- ,--,::-,,---,---
E,p]o_ ,," m'"
_",'" ,,",no_

""
""w'n' _
n,,",,~, ",," ,,,~t;,,g _
G",,,,01 onO"",""-"""""_
",,,,,,01 "",," ",,,,,_.__

"'_ ." ~~ 'iO, "'" ~1.I»;1 OJ- ''''_""" ,_ _111101, ,"", ,,,,,,,
.",,, (<<11 ... I OC'" _~1"

-"'~- --- ,("'"~
li",~::~'"ik:: -------------------------:::::: _::-::--:_:-~-': i-::-::-:~-.•-::-:k--:-::-:' I~~:::~=: --_::::

In thc preceding tabulations l!'eIlem\ '"l(lcrgrouu,l expense "o"crs
]\line, supen'ision, mUle illlLmiw",ol", man hoi.t, "haTlgehou58, "eneila,
tion, mine LOol•• ,,,\d rni n" dru-inage; general mUle ,,"pensc" C""Cl"
ex!'enditutes lor tlN 11.'';1'" office, wO,rehou.e, cngine~l"ing, fr~min!\,



"be,l, and ganeml BllP~ITis;()]' pertaitLing: di-Teetl}" to undOq:(l'C>Ull,t
operaUon8.

Tho chorges fur ""1'10';"0> ,hown 'U'C for hlnckholing ".0 th~
gl"i7.z1i",.

'I'h" following tabul~tion 101' 1922 show, pro,lllclioll co,t~ rnor~

cheely appl'<>1ching norm,,] comli,;ollS thRn t.ho,e "owri,tg.the €o,i,'
5t.~"e, of opomtioll.

"""',',;L,wntt_
hom

"'" "n

I '1'", PO' """,.,;-"-- I
__ lhpl",',,", Lum\>or

I
""too, , ,,,''''D,

'''OL AJl """"d """ r""" .m,""'-'" ·---1--
11.",,1 IH"" I U,'''',' '.7w.l ,.,,'"

Tl", mming method at the- Bl'aclcn Co-pper Co, mines, Scw"U,
Chile, hag been d""~'ibe(l by"lVebb and Skillner," The Ore lmdie"
lie aI'ound the p"riphery of an ""plwire vellt in the fOl'lli of cre",,"nt~
sh",pcI] deposit" lirnited on the in.'iide, where th~'7 mOt'· "f hig'h t~tLOI',
hy the tuff contact, Tl,e upper limit i, forme,! by tJ,c hottom of
the oxidiz<ea zone 50 to 100 meters helow the slJd""e and the lower
limit by th~, eontaet wiUI ,he primary zono, The andesite porphy,y
surrounding ,he ve:Ilt is illtensel}' fractured; the width of th" zone
of inten"" ,hattering nlllges fr<Jlll 100 to GOO ",eter,. O"e bodies
we"" formed by minerali7.i,,!! solutio,,;; ,-ising "round the I!"J'iphery
which deposited "hal~{\p)Til<, iUlcl o!lwr minemls in the lrref,~llar

fro"d-ul'e'" of the un<]""t" porpl'}'ry.
The unclcr<'tlt hlock_e""ing sY'w'" mnplo}"'d at, Se,,"ell differs col1­

"idel'ahly ;" detail from til" ca"io" ",'stems p",,"wuslv d",,,,'ib,,,l.
A brand,_ra;;e systom i, med to t.raii"fer the "i'e to the nlai" haulage
level, bllt the gU"7.ly Jovel and fillg..· raises ,,"e,l at the "the,r mines
are not ,'mployed hm'e. Imt~arlt the Ol'e is ""d,H'cut frOt1] a ,,,,~e"

of timbere,l drifts, as shown in fignre 61, 1, 2, 8, >Llld 4, a"d the,
caved me i< drawn fn,m ehnt"" inslalled alo~O" !lIe dl'ift in all"r­
nate ""i..> illto l-ton o>u'< whid, "1'<) tramm"d hy l""n,l "llla,n",,,m of
15 Ttl"",!" (+~,2) feet to transfer l'aises. Th" ll'ansfel'-l"ai,e sFtem
is ohown in fignre 61, ii.

This bloek-ca"ing .y,t~m, by which over 8" IWIW",t .of thc ol'e was
mined in 19~2, was Holved ITom "0 earliol" sy,tern in whi"h th"
0"" wa" mincu by .hrinl(frg:l\ stoping ill oTiginalst"IJ('< .'''l'arate,l by
pillaI'" which WGI'C eavod "",1 d"awn with the ehrinkage ()r". FOI'm­
erly it IV"-'· cons;,l,,,'c<] that 50-meter (1M-loot) lift3 were the rrm"i­
",TIm that c{)u]d. 00 c",yeri mlcee"flJlly, but late!." H)O-meter (32-8-f()ot)
lift, were ""ceesBfully c,wed: without 1o," of ore or exce.,,,ivo dilution,
All u"Yelopment is now laid ont for 100·TUewr lift".
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Vndercutting i" b"g~Tl by tfl,king a section of a drift 6 melers
(lReS feet) lung llJld drilling" 6·{not ru\md "'hove the top lagging
and through the chuk', as shown in ligllTB 61, A. The ore broken
in this round is drawn out t,hrough the drift ChUt~8, lea'':ing u. sm,il]
open stope about '( red high aho"l'e the drift timbers. Acceos to this
srope is through the <Jlld chute next to the adjoining ,ul'l(l ground.
Before the first blast "" entrnnce "himne)' i, eornple-ted from the

,

""'" h,""EO ,.",
,

"'1;]10' Il-R
Flo",," Oi._Un",,_,", '''O''''~'",'i"" """"" Bmd'n Gopp" Co., 0""" '_', S, "Dd j, D".II,

of u'''J"-""u".,_J1,,t, ""nd_ ",,1'0, 'M ,,,," ",un"" ii, 'd,"' "'an"",- """ "nd ,"""
pu" "'''''".

",JjlLl'Cnt drift 1:0 the C~lll"'L'"f the pillar, '"" ,mown in (,lIo JiglJ"c. This
""tr".nce i. 1.5 by 1.5 met•.,",; in sectio!,;, is driven t>Jl a 48' slop& at
"" '1Jlg;le 8°30' 1ro,,' Jlor",,,l w· the drill, ,u"j mo"ts '" Simillll' chim_
He,\' drl've.n from the J"sl: ehute in thn undercut stope. i:\ecoJLd llJId
Unro: widening rn'rmJs fl.re drilled ,md blasted; then the gcmmd
""u"lly show" .-;;g:rlS of weakening:, ~nd it, become. nee"""a,'Y to stull
up the back bufOI<; 'ldlling andlonding the final rOlmd which break"
to thc adjacent ""yo, (See fig, el, .fJ



DlSCCSSION Oli J>l1'FF.REN~' s~'OPt:>f(; filFJTHOTlS 245

After an nndcr"lJ(. sc"tion has bccn compldcd ~OO ton. of ore al'e
dJ.'."iffi from ench "hut" to allow room jot' furthel' ca.'ving. These
chutes are than scaleu 'md remain clo'ed ul\til U,,, next progressi"c
"lice has bcen undct:<Jut, By this procedure the min"". nev",' ha""
to work agaimt. an open stop", and the part of ,he <mtI'ilnce chi.llll}ey
leading into ti'e Insl, \mdercut stopa affords" me"m lOt' obser"l'lng
the "a"ing ill the p"""uing slice. l\n undcr,,,,t ""OW consists '" four
miners in each nTl(lcl'c"t "tope, who aJ"e paid on ,,,,"1:ract ,,1'"0 much
per' met",' of dl~ft undGl'()ut.

The ore is ili'"wn by trammcr" each of which has a minimum o[
lO "hutes to pull in order that a dnilJ' tonna,,"lO, specified bJ' the dr>LW
engineer, maVbe drawn from ea"h d1Ute. Ail ""er"ge "f 55 tons vel'
tnmmer is (]rawn per 8-hollr shift. Chnt<, blaHtel'~ aiel drawIng
operation, by bnlldozlll,g chuuks in the cl,utc"_ U'llally one ehute
blas(.er is emplc>yed to e,·"ry 3,~ to 4 tramm.ers. An "ut()1mili_~ _car
cOllnl:€l' operated bv "n fl,Yl'Ungement of sprml(8 and c-am" was de­
si,,'ned and installoi! on "ilC-h l·ton e~r used in drawing. The tram­
,,~r~ must load 1 ton into t_he C~l' M,I dump it before the autom.tie
(levie" will register.

The direct stoping cost duritLg 1~28, iTldndin({ d>'awing and ha-Hd
tmmm ino- (which corresponds [-_0 I:he "h uk 1."1'['1111{ ,md work on thc
grizzlies1" th" other caving o]J(\T'lll;ions des"ribc,]), wos os follows:

Dl-re,t 81o!lfWJ o"t" POl' ''''' ,r oro del1""",<I. Bm."» min,"" 19~8, 5,171,,017
'0"' ddivel'"a

",,".p",""d

Lo"'," "",jell"."d,t",
E,o]'­
~v"

,"",,'W"""
G,""ol
,,''',''"

])"""",pm,,,'__
('no """"' .., __H,od """",Joe •__

'1"''' _

The caving "l',tem employed at Pctl'erillos ha' been described by
GnJlj"ger ,"

Tho ore is f"un,l in nn intJ.~lsion of ]lOrphyry, generally classificd
liS qlln''l-Y.·cliorite pOl·phyry. The oln'face al'en of the intrHsion i,
about 2 km r,'onln()rth to ,outh arid has a_ m""imum width of 1 km;
the wide".t p~rt i' near tile northern limit., and it tapers to '" point.
lit-the so,,tl,01'1l cncl. All of the porphJr:v- contains .ome copper,
but a considerable p,,,t of the ,nt"Ll"io" i, too low g"."Je. to be
considered ore. The intrusion has tiHeel the ""dil/lent,,!'y rede&­
qlln''tzite, limestone, and 'nnclslDne-50' to (;0' from the horizontal,
""d the ore hodi"" within t.lle- porphyry gonerallJ' h~"e the same
clip. Of the total tom",g" tleve!ol'cd, nuolJt :1:; 1'erce,llt i, o;ddi,,,,<1
ore and G5 percent sulphide MC: foro!;unntdy j,he""- i' little .Ill"",,]
ore, tl,e dl",'ge from OXIde to sulphid" being ,harp.
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Explorntion bJ' <lImn dlllIin!-[ '],""0<1 thol at "orne pomts tile
oxide OI"{" reached the ourflLCO and that "t other. ther,- was barrell
i)appm~. G<,nerally tlll'l'. ;, little Or "0 cnpping .0""" the northerll
part oj' the ore body, whcroa, ti,,, "",U'ern ,"Jp!li'le oro body;"
CO\',,)'o<1 to a verlic"l depth of 100 t.o 200 mete,,,- .. "rdnlturl!ical
",,"ve.nience dlctat"d I.hat minlll~ >hould be begun [;r.,I,'; 11, t.he sulpb j,]c
0'"" at the south en" of the 01''; bOllv. As a mMl"r of fact s",,'e,.,,1
lTl,iHion tOllg "f oxid" ore in th" ]oculitv. while not d irecH}' ovedvi It"
i-he sulphid" or", 'w~re within the zone: that would ,ca.ve S" jJli;,ing
of the sulphi[lc ore pl'ogre"""d. Ifl mininp: til.', oxide oro to" J'eglilal'
"~,ing rn,elJlnd wns employ"u, ex,,"pt that lL" ",,,,trill was pl'Jldi""d
in drawing,,~ there w",'no "~[JlJiJlg o"er it.

,",,,,,,," O'~hct""", ,m',,", """eo Copp" ''''.'''og f:"" <.",[10' ,1. "',,'""',"'_'0 '''";''',,,,,,,,, ''''1''''"' "" "oJ, ; B, P'"" ",,' o~,l"'" "to"","" "mDoh_"',," ,,',"'m,
FigLJ,..., 62, A, is a U'frlWel'''' "",t,io" through the "-JUt" slllphide

ore bod" wh"re mining oI,mlphidc or8 was begun Rnd shows the
workings O[l "n,l above the interlllwliRte hau.1age ieTO!. Thi." level
is ~bollt 130 mol',,)'s ~elow thc to)' of tl!e 5ulp~ldB Me hu,ly. '~aulage

dl'lft, n..., tnrned oft thc gatJ'"1.'1ng dnfls nt 111t~!.'v"ls,of 33.33 !LLeI'"""
acl'O,," I-he ore body, an,Imai" rai"", ~,,~, lHlt lIlJ at 6,25_ ~,,,d g,37­
meter inter,,~k Gri""ly drift~ 12, mdl',)" ~buve tile halli"!,,,, drift" are
81'~ced :16_66 meter.s cente,·, to ~A"I1,,,~ Rnd p~,.ai.l~1 1h} h~lll"ge drift3
hdow. BrllJlch raLoes are drlvcn at ml",."va,18 ,0+ b,3~ melers,al-ong the
1..r1·)z,ly drift!;, and the biock ""J"ed by .each hraJl"h-r~ise "y,l,e,,,
",casure" 8.33 met,,,," "1"'tl'c. (See flO'. M, B.) 1'he'llntl",'eut[wg
level i,· 10 met,,!.'s ~boYe tll" "rizzJy rcvel. "ncl (jJl it ll",lr''''ClIlting
dr~~s atn dr'""n 8,3~ mete" ap.." \lTl~ parallel to tho g,,;Z"ly' {[Tlfls.

n,e bJocl, first lllllied exteu<lcd entll'ely aero", {-,lie ore body frolll
w"sl, I'{) east, '" distance of ~oo meIer", ~nd JI]['''"lIr"d 70 mete,'s from
north W sOllth. EXpel'i",,"e d()lllollStmted U",I- this biock was larlS""
th"." ~dvisabie, ~J"] "ew blu"ks wore laid out aCl'OSS the ore body emly
50 mders from nodh W south.
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III each br"""h 01; dmwing-<>ff I,.Li,e 1> a cent""l set conta.ining four
chute,! from eneh of which mb~, are dri"en t<> ,h" I1ilderol1tting ie,'"!.
(Se-e iig. 62, E.)

In undBrcuLting a short cro",",cut 18 drivoli h<J1Il the lm(lCT~ut,inA"

ddft ,,-here tllC work ~ begun, This is driven 4.r, meteTs int<> the.
pillar, and undercutting hoI", 3 to 4 meters long are dl~U~d fI'om it.
"["nde.reutting advance.e ilingnnally across the block.'

Haulage' drifts ",." timbc,""a with 10_ by .lO·illch DOllgladir ""'-',
lIJlfI 'nO'" of tho " ..Lin 01' transfer ,,:Uses must )Je. timbm'ed with 6- bv
12··indl r-ribbing. ilIormver, "mnch raises aU'H'c the 'g-riz'!v [""el
must be closely timber"'), Gl~""ly dl~fl~ arc 5llppo1'I-,,<1 by nluSO)lT'y
lini:I¥l wJ,c,'c thCTB i, dJHtgt'l' of cru"hj"". UndercuU,ing drifiB gen­
erally a'" not timbered 'wben they aTe 1",i ng (li'iwn, but when LJndel'­
c11tting and c",';ng begin wnw timber sU.I?p,,,ot sometime, i~ n"ce"llIJ'
" ltotect the miners while the llnd~reLlttlTlg"Oum15 are being drille,d
au h1,,~t~d.

Ore drawin/!; is ""tIer the din,etion of the geological del"rLnLent
and 'ill done in a'""ord'LtlC'e with I.vpewritten order, ;'ffll~ bv tl",
chief Q"eologi.,t "'11d al'pnwed by' tlw mine ffllpcT'inh,ndent. - Th"
block from which most. of the Ore hus bCM drawn 00 hI' was calclI­
lated to contain 2,808,588 t",,": By April 1925 abolIt 2,,53'1,,800 tons
had been orrtradoo, with llJl "'''~''V valull of 91l.6fJ perc~nt. aT 1:1.0, calcu­
lated f'l'adB of ore in place. At' [hat time Jlboll!. 165,300 tous of "re
were lieing di'awu !"'" month,

1. .IJpplicabilitl,-Dlurlr ea,ing i, ,uited to la1'1'".,ea.[e, nonseloctl "e
mining of lal'ge Bpo"it", of 10w-f'raJe ore, of which j,he str"";;tll anol
structure a,'" such .th,,'/' when ~ bloc:k of ore is uTJ(le"cut "nd. P'''''l.1Y
i,olatoo hom the surroLJndinll: blod", it will cave and bI~a.k up findy
"nou~,.t" 1>0 drawu off from helow thmllgh rn.iscs and dn'tes.

B. pli,,,,il>il'ity.-Bhwk ,,,wjng is a non"eleetive m"Uwfl by which
wast" illCiusions wit,h;" the or" bmlv "l'e necessarily drawn with the
ore, and I.j", grade of ore mined CfU; j", cOlJ.trollr.d ,mil' to the e;<I'''!LI,
po"ihlc by l'egulation of the OJllon"L nf cappillO" ami Ilwrginal_/"'TiiLle
wall mali,,:dal drawn wiLl> [Ile orc. 0

3. Reo""",'y.-The p"rcenrob'" <If, Lhe totn.l or" in the depo"" that
can he ""c"vered ",ri,," with conditions a.nd i" influence,l by th"
amount of dilution th~t the or,-, COl' staml. Thus, if .the r!Linimum
grade which It is profitable \.0 nJine is ore c01lblIniug 1.25 l'Cl'C""t of
coppel', drawing m,,,t stop wJH'll, owiug to d;lu!ion, the gr:'Hle fnll.s
bak,,,,· t~is fig"",'. r"rard1"," of whether or not nll the ore h,," bmm
drawn. 80m" duutoW" alwaY" ""~1ll'8, and th" I.onnage drawn from
,my block U"uaJly is gn",I."L' tl,Rn th~ e,tiIllat",l t,H\1lJ1ge"whBl'cu" the
ayc,·a,ge gra,le of the ore as <l,'aw11 usually is lees th,w Lhat eetiw"t"d.
If th.,; margins of il,e ,Ieposit '"'e very iLT"Il:"lar in oHtline, either the
~.xtr""ti<)nor the gr"de or ore l'c""vered will sl1Jrer, R;f; it. is impos,ible
(,0 make the c",~ £ollnw IUl LlT"Ir"lur bOllnda,ry dosel,v.

At. Ray the dilution indm"ilnf\" Ill"''' than 40,000,000 tons is ",t';­
mated at'10 per"enk AI, 1mpi "Jl.tion 110 pe~'cenl, of the e'>i,jlll~l;e,! t<JU­
naw a:nd ",or5 than 85, pm"eIJt <of the estimaw,(! metallic COn Le,n\" ~r.

recovered. At. Miami operatiou" in 13 eompleood ,wpe, ""LllLed in
the reeo",ry of 2,4 percent IllOl"B copper than was e,tiIllaoo(], but;
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15.15 peroont more Tod, w,,~ dnrwn (,hml the estimated tonnage, the
"yel'~"" grade of the total me dcnwn being 88.93 percent of the
"alcul~ted grade. -

4. D"~·eIQpment.-A hu'ge "mount of pr~lim.inary development
~nd stope pTopm'atioJl is Teqtlired before "xtraction begins" Besides
hEluI •.ge-IeveJ d"veJoJlm~;nI:, proliminary work inclurlc' ""me or all
(dcl'"ndin~upon tI'O p".rl.icnlar ,ystem employed) of the following:
Transfer, uTanch and fingm' rai,os; grizzly-level ,hiHs; grizzly in·
otallatioll; ]'{)IJllJ~T'Y ""t-off$, consisting eithe,· of stopes 01' dTifts
and ~ai""s; <1,'''''' oulsi and nndemuttlJlg stDPCS or undercutting
ill'ift" 'This work ro(!uu"S cOl1.'idel'"blc time for completion, during
which (,he m",,")' expended j, tied up. Toble 18 shows th" ammmt
of pT:cp"mtory work exclusive of nllljn-level de,eloplll<'J11; per l{TI'
of ore at three mines. '

5. Cost oj blode ea·ving.-JlfilJi"l> "o,sts are low lIJld of'"1l "umpo,re.
f~yorobly with CO"" at open_plt nUnes. Luw costs ""'U dM primorily

(<:> the fac4< that mo..,t of thE> ore is broken by caving insroad Qf by
drilling ami bla.sting, the om u"uully i8 handled by gra..-ity betwuen
the nndercntting level 'md the huulage level, pl'C,fnd.ion per mall i"
high, little timbe,. js ""lLJiJ'ed, consumpticn of c;"plosi,,,," per tOll is
low, and l.h" opeL,,,tH""S UTe conducted on a largc walc. Table" 19, 20,
and 21 "how YlLriuus <,o,t items for black eav]llg.
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SUBLEVEL CAVING

a, "'"
.m~=,1M
,HM

Sublevel caving L" employerl for mining large or moclemte-si>.e
uodi~, of m~diIJJIl_son OTI" (occasionall)' 1",",1 01'es) of low or
medium gradc nlldcr '" capping which c.we," in hlncks which, with
the gob, will arch over nnd l'''.Tlg up long ""01lgl, 1.U permit r~moy"l
of the llnd~rlying ore in "Ii~~~ 2D to 30 feet thick Schans >c. hag
~1m\lllJlrized the ei>llditiolli> for gueecsrrnl Bllblevd cavinl\" as it 13
l'racl;.ir:e,d on the Gogebic range, as follows:

'l'h~ det€nnining condiU'ln" 10 whlch '-h" method i, fipj1]'c.aJ,le il,'e: (o·j A
diWi"~ and p'td,i"g ",,,,g,,la" "rt> h",l,. whk". ,'oe' not lend it,,,.L1' 10 top 'lking:
(b) ~ mo,limo·,olt 01'C wbich break. fino ".1 ,!:lmd, ..,ell R1'd 1, not tree-oRTIng;
(oj ". ha,'(] o"pp;ng whi,h cavo, ill mo(]ium",;zc<l block, wl[ho111 muoh flu's ~lld

which i. ","ill' mntrOlled.

Sublevel C~vitll\" is ",pplic~b!e tD slImller depwits than bloe-k caving,
!l.l~o to I~cg" ore bodies. and "an be employed where block c~vi:ng

would b~ impr""tieable bec~us~ of the tendency (}f the hrokeu me to
pacie an(~ rec(}usolidat". It may aiEo be employed where top "!icing
would b" hazm:dou5 because of the tondcne.y of th€ gob to hmlg up
temporarily.

EXAM::PLFil OF SLIDL~YELrC"VI"'C FRACTWE

1:"JI>:"-"-'-",'JonOID "'~l" Mwmi+.\N ~

Th~ iron formation ""mi"" "f a.lt...1'II~te Jaym's 0'1' cherty "ncJ
"l".I;y horizon" lying upon" fcotwaJJ o-r 'lu:crtzii" fU)(] o,"c,hid by
siliceous "hl:~s. The fOI'Jl\"ticn dips r,;;o to 7:;" ~"d is inkrsecwd by
a series of dioriw dikes dipping nOrIllill to the bedding. Impcrtant
ere borJie." occur in the troughs. formed by.the inwr"".cti"n 0-( the
footwn.11 <)1' .iml'ervi01lS sLo,w ba.nd" with th~ dike.." Th"", aTe mallY
fn-ults in the Eurck~ mine thut dispb~e U,e becl~ 100 feet "1' mOl';'.
wmetinl<'s GOO foot. (See fig:. 63, A.) ,

The o,'e is a s"ft, hematite thu,t l'equi"<}3 timber mpporO in all
"pening>'. A ha.nd of !lofl.., ",d sl~t.e ~t l:,h" top of the footwall slab"
off readily. The hJlnging w"n "r ""pping is llmally cherty iron EM_
-illation, and tl,e eonwd bctw~""' ore anrJ capping is very il'l'eg\lI~I'.
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Two t:\'lles of ore booie" OCCUl·. One C<Jnsi"t~ of tt;",nguhr moo,.s
(in eros, ,eelion) Iyinl'; at the iut"I',,,et.ion of 1.l1C dike\> ~nd t.hc foot­
wall, .mJ th" otllel' "on"ht" of narl"Ow hbnk(\t~ 5 I." ~{) feet wili.
lying on th" !oc>tw"ll,

WJEND
"" a,..",
"" ,"'"'!ril<

• '" @ '"

A

,,,

F,&,'''~ "',-Subl,v.l "'.,'ng, "",",1,0-,""",jO """" "j,hi,,,,": "', T""l<al coo,," ",HOn of""'>6"'.'" '"'"'" mio'; 1>, m,t""d of eaTIng ",," on ,',,,"'.,,

Haulage levds are driven at 2aD-foot intel'vais, a.nd suble'-els are,
18 to 25 feet apar, verticaliJ'. R"ise" ,,"0 put up fwm the ha.ulage
'lrifts 1:0 thc 1::01' of thc O1'e body and are ,p""ed at intel'"als rang:_
ing from 21){) feet in lJurrow ore to 50 feet in ore 100 or m01''' {teet
in width, Raise" have two coIl';Partments, olle serving us a. mUll-
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was and tile other as a cbute, Tn wi,l" 0"", wlL""" rai.,es ~rc iiO
reet apart, branch raise, are l"t up midw~v between them. Or"
uo(li~B " t.o 50 feet wide are eveloped on tbe subhwcls by lou);i,
wd.iwil dtilt, and in the wi,ler bodie, by crosscuts or olie" drift,
spaced a.t g".foot int,,"Yals and by one connectillg drift ovcr th~
line of raises. •

11\ narrow ore, ca"illg is begun midway be.l.ween ,·~ise~. Utile
ore is no WilI~,. thall tho ,Irift the back lagging is r~moved bdw""n
two gem of t.imber anrl a 6-foot <jnt ,h'illcd in the back. This i~

b".,I,",l, "",1 the miner5 stand on the brohn Oi'e 10 drill the n~",t

"nt, wllieh is fanned out -pa,rullel to tbe drift.. n"for" tl,e' ,,,,,,,nd
cut 1;; b]u,l~d i.hi'CC or foUl' back-lagging polo~ Li1'e l'epl""'''1 t,[)
hold baok pJ'elllutw'e l'nns of gob. The second cut rcuches the
o",\'e,1 subl6YOlabovB, and tl,e orc hom bolh outs is scraped tD the
chules.

Whc",' tho 01'<' is a little wider thn.n thc drift, whieh is ",uilly
dri""n on tlle footwall side, caving is begl1n on th" h"nging"wJlll
"ide, where two lmLg e"t, aJ'e bloited. aner which two Cl1t5 arc
bla,ted on_ the f[)otwa.ll sllk m",h ~l1t h ,cl'aped ttl the raise
after tl,c bla,t. Ore o"er thc back of the driH. then ue,"o""," h~"rl'.¥
ilnd usually C[)me5 down with one blast. RuIlS of gob '''1l lleld boek
hS poles placcd us sidc l"gging'.

,Figure 10, )Juge '1\1, sl](",'" lfie ,,,!Jem"- of sublcvel devcl0EIDent fo,'
wille 0[1) bod,,,,,. FlgmB 63, R, "how" the method 0'£ caVillp; back.
The Cl"OSOOl1t rl'Om the raise to th~ hunging wall 'iH Mi"en fil'"1: 'Illrl
then "ave,1 bad, to wii'.hin 8 feet of the rais~; th~ "CJ::lP0l' hoist
is moved to that. side of t.ho ral"" and the cro",cut {or'" slice drift"}
drivcn to the footwall. This i. ()IiY"Ll lmek in tl", Burne manner,
and the hoist is "",,'ed so that ilie 8-foot stubs and the baok of
ore over the Mlln~cl.ing drift can be caved and s"rlip",l out. The
millers then move, to the ne,,"t raise and continue slicing "nd c>willg
hack. Devc!opIIlnnt;, kept ahead of mining, Sa thai', a g~]lg af minC'i'"
on the ruble,,"1 b"low can be ca.ving the hanging cro,scut while the
gang abovc is dr~wjng the footwall cros,cut. :I\-fincrs receive $2.00
to $3 p8r foot fo!' "Ii,," ddfW and 60·t" ~o cmt, per 60-l'ubic-f""t
cur for CIl,yi"i' (1029). Auger stcol and h".nd"held ill"chines ai'O
""ed for drilhng alld boxtYl'e scmp"rs opCl·,l!<.'.d by 15·hor_,el'owcr
"led..ic hoists for sCT'aping the ore, except that where the ""raping
disl;...nc" exceeds 100 :fed ~5.hOi'sepowerhoi,ts are used.

Direct stoping costs ,I[)l'i lLg l~\lB averaged as follows :
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""»-"""""',,,,
""""ki"" (tlrllllDg and' blnSllng) "__.,_,. O. 1&1
lI!uoking- {SCl'aV1Dg) ,,_c____ . 179
'[!mbcl'ln~ ,._______ . "38
OInC' "ope lailOl· .___ .13\1

1.""" ","'J""'""'­
'MI'
41. 23
44.69

210.49

Ill."'
T,)[al ,l.Hl'ing 1"1"'" ",,_______ . rriJO 11. 54

The consnmption of explosi,'e in stop"" wa~ 0.382 POUlld of 40­
perocnt. gelatin dynanlite jleL' tOj] of 01'"" ",nd the consUlliptioj] of
t.imber was 3.35 boar.l feet pel' ton (I"<)OInd t-imber calculated to
bmll'd fe~t),

FignIe U4, A, is an ldel11 e1'0$ sed,ion, showing the w"ious iron
formatlons and the modc of oceurr'"ncc of the 01'" ho.Ji"". A.s a
l:ul~ the outlines of the are hodies a-re quite "hn.rp. The intrusive
dikes form, with tho footw"ll, a tl'ough that piwhas en·EtwarLI about
20'; tile"" dIke" ure vcry Tcgubr and per,i,l-."nt. Cl'os.< faull~ shat­
te,' the fomLa-I,ion and are alwaYR lJl"'"Cnt ncar the ore hodi"". There
m'e two type" of ore bodies: (1) The more ilnporl.alll; ore", which
are i1''''Io",h,' hOLJie" lying in the l'il,,,hing trough", and (2) "chim,
My" hodies whie-h n"uall,\' pikh 811' to the west. All me bodi"" are
'T·)'Y irregular in outline. Thc are is soft, a-nd generally d['ill"d
with a-uger steel, >diliough ribs of hard, blue are oceur which 1'0­
quire the uee of mountcd hammer drill,. Tb~ are is not frcc-caving,
but it disinteW-'H,I"s r"l,idl,.-. 'floe ffilc!osi"g rocks consist of banda
of '-CTy hard, uWllt"r"d ch"rt int&r"I'Cl'100 with h>1llLls of softer,
leach~d matel~aJ. The htt..'r form p Ll.nee of wealrne", parallel to
t.!oe bedding. Uross"jointin~ plnn~" CLit the bedding a-lmost at right
angles at inl,C"vuh of abollf12 inches. -

The 10\""1' lovels of the mine >LT'e lG5 feel-. "part mcu",lI'<,,1 on the
dip. ,Vid" ora hodies a,'" de"dopod bv a footwall hauuw" drift.
from which oro",,,,,I-., !l,re driven aC"M, the are JJOdv at ~300-Iou{
illl:crva]i3. Prom the"" crO,,"Cllts loading: drift, a,,, ,h'i"en, as "hown
in Jigl"" 64, B. }"l"om j;)," loading dl'iH~ donble r"i.", "Te put up
to tho capping on 34-foot ceuters. TIHC'C are connec1:<),117 feet below
H," 1:01' by 8-foot timher drifl:s; the OL'e bo,Jv then is "cnd,.- for Illil,­
iu!!. Slice drift, are drive" to the foot ,1lllt hanging w~lh, and the
8ide nntl bad, pill",." ure eavl\d bad, all the 1'el.1'ont" a" shown ln Jig",,"
{)4, B. The" ,I-.op,,"" on on" ,~,lG of the subl""d crnBScut Um largO,
a-nd those on O'C otl10r are 51llilll. 1'he large,' 'tOP~B take down tJ,e
hogback "bovc us follows, The side In-O"cinO" iiJ rCillovecl b"twccn two
,els a,,<] " light cut bla,l;od, eJ<.re he;;&, taken to l'l'ote~t the plllLlr
"round I:he "'0l" oI tho ,,11:s. The .topc is then car"ied up, the roof
being ""la-rged u. llll",J, HB po"gibJ" w1t!oOUt dan!!:"r of caving before
l.l,c l'rop~ heigllt is attoine<J. At a- height or 12 feet u "<]o¥!oole "
is holec1 ml;o the slope from 1,]'0 direction of retreat, nnd I.Jlis 15med
as ~ moa", nf ~lltrance awl exit durIng Jin~l drilling, which i. d,,,,"
(.0 fan nut the ol'o.ning- uuder the hoghek. {SeB iig-. M.} Arter
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the ore ;" ,ll'~wn and tlw ,tope cav",] lull blasting is eOlllillued in
th& cav", betweell the d,unk~ In ,h"k() out the ore mixed in during
caving. The broke" 01'" ,'un, t.o 1.1,,\ floor of thn 'llblevel and is
"craped 1;0 the raise by 42_inch ho""typ,, ,cr"'per;; dru.wn by 15 hon.,.
power slu"her hoi;;k

Dinct doping c<",t, during lD28 WOi'e as fo\lows:

Llbol' performance in stoP"" dHl~n~ 1~28 wo, as {o!lows:
.110'_""''''
"",- "-,nfl

O'''UpRtiOH: ,."
Hr"~klng (drllliD~ ""d blfi,t1:JJ") , . "_•._. O. 11~
TIm ..,"'ng ... _. . ... _,. ~_________ ,07-1
lIfucl<lng ('"'''D'n.) ", ..• _._._._____ . 102
8u l 'O,'\'l,loll • " • _ __ _\14<1

"'"" "~nOpoe m,"_
"';1'
4:;,45

W& n~

78.43
1'T7. 76

ToM .3QT 20. ~';

Con,umption of explosives in stoP"" wM 0.340 pound of S5-percont
lJ.trHnonia gebtin pcr tOll ()f ore, and l..f:w consumption of timb~r in
';!{lpil1g, development, and mamleJl".nce wflS 2·,75 bo"",l feet per
t.on (roimd l,imber calcu1>1tod 1.0 board feet).

Allhe Old DOTILinion mine a'caving methoe] was mnploy",} :tor
mining both emull uwl lar~e hodi,," o'~ IO'~'-gra(l" ol'e." A, 11",,<1 in
the ,mailer ore boclics tillS "yolt'lLL " virtually n- subleve]_cavmg
sy,tem in whi"h thc ,lioo drifts of 1.1.., conYen.tion"1 "",tern ,u'" re·
plaeed by iuclincd d,'if!:, nnd the sub1<,,"! mterval j;; gre"ter. Thus,
instead of U5in,.; scropers to drag ,he bl'oken nnel caved om throngh
tl,e slioes to l-.1i" "hules the ur" r''''" by grl1vity. Th;, "y,l"m is
,hown ill figure G5, ;n which the 31iuc.' conwpollCl to I:h" "liee" in
thG eonvenl.iollal '"ble'70I-()~"jng ey,t",n.

The OIel J)nminion vein i5 2 1.0 GO feet wiele, "nd the dip rang~'

iI'Om- 45° to ~Oo, aV""aging GOo. 'I'l,o ore bo<1i"" o"""r in the .vein RS
In"o.lize<1 shoots whieh ha-ve a fh,t !'alre to the we,t. Thc ",ze and
(lepU, or the (}re shoots ",,"y widely, and each section of tho mil\<) pre.
"onts a diffel"'1lt mining p1'Oblf'Jll. In some plae"" the ground will
8tn.n<1 well wil.hollt oUppOlt. but ;n others it- i, wry heavy. The

~ Sb",""''", A. 11., '''uino ",U"O,", ,.", OM DomInion "'L"" Inr. ~h',. ""7, Jl""'""",' '"n.., 10.", 2 w.
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Moron"' slide method ha" be"" used fol' mining cOJnpa.r~H"cly"",all
ore bodic;; in the Old Dominion vein, The A'eneral meel"',l is to
di'l'ide tho lOO-foot interval h",,,,e,,,,, Je"ds into tW[} litt" Timbered
pony drifts are run along the footwa.ll. On the h~ullJ."e level th~

pon,- <1rift is immedi"Jd~' ovct" the footwlJl! (]"vclopmmt drift, ""'d
em tt," int"rmediat" kvd it, is a 'maJl drift on the footwlJll. 'l'rau3-

,

I

B
F'""R, "O,-M,,,""" ,li", '""t,m, Old Dom'"'",, m'''", MhoD" d, 'J·,·";~,l ,"VIDg ""P"

B, '"""",,ID. of po"" d'''' ",,1 ."de. .
fer rais"" ara run OIl 4D-fo"t cIJllI"r, from tl", bot.t"m pony ddn to
the int€rmedJate d6ft for remo'l'ing tho ore from the upper lift
which h milled fir"t. From the pony drifts timb"~d "-.lid",-~ """, run
im liO_foot cenrer.< to the l"Ulging wall n·~ 'Ui indination of 31i o from
the horizOlltaI. A shrinlmgu "I<ope is then nID <on the footwa1J 1<0 the
top of tho lift, "'nd afler it is comple!<',d the r<lJllainder of the block i.;;
undercut and dr",WIl.

~~-~~~ - ----
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In undercutting the fi..", o.1">IOLti"n is t" cut draw holos. 'Th"""
are unUmbered raises beginnill)l; at 1.1", side of the incline ",t the df''',W
oots mld ext~ncling upward at nn "nglc of 45" for about ~ feet. Thesc
rai'es meet similar mise" from the adjoining Incline' <)1" slid"s to
form an apex. The bottom of ,1", ~pe", bet.ween two dr~w fai,,," is
left. higher t!trill the top of th" timber ill: the slides '0 that thlb.l'ill>1r
I:hus formed m"y bear J;>~rt of ,he weight of the o"l'erlying broken ore,
A <",t of 4 f"ot or more IS then I,,,lum out diT"Cctly abo"l'~ 'and tJle length
of the inclin",. C-ollt",l, for ,h'awing ore are placet! on hnU, sid", in
every other ""t of timber.

'l"t.. nert "1:,,\' is i<> bl",l', another round in th" I",,,k of ih" draw
holes, then tll<) pillars hetwoon draw holes ai'e ,hilled and blaoted,
From the honging_w".]1 si,1e of t.he draw-hole l'ai",," 1101"s are drilled
vertically amI fanned intD the pillar to"",,'<1 the footwall. A pillar
from "p"x to apcx between ,lid., is bb"cd d"wn as a unit and must
alw"yo bB ent.irely cut to "educe the l'J'ob~bility of a la.rge MOtion "j'
Hnbr(,lmn ground settlin~ Oll (,he .,lide'S.

The Initial cut avel' tbO' inO'liM~ is import"nt. 'I'hol''' ltlllS' be
enough ",om to ae",ommo,late O,e swnll from the Jirst ,Iough oJ Ore so
that no direct wdgh(', will be thrown on the tim1,"r, . .A ,In''''' hole
from tlle' next ~li,lo b"yon,l the pil]"r being shot down sll(juhl be com.
pld"d bdore b.1asting to give a "afe (llltrance (l")TIl which to obser-'e
the eJl'"ct of the bla,t. Ofton it is pOffiible to bac down a.nd drill the
back,," s"c",nd time. After b~ing undel'cnt in tl,is TIl""n"r th" bad,
,,,,,'e" an,1 I,hc ore is dl'awn off. WheTe 1.1", A<lpe is in flU inclined
'-ein drawing mu,t start b'om I:he. foot""\ll sir]e and b& continuer]
for some time to l"lYe the hunging_wan wa,te follow on to!, of the
ore. MOl'c ore is drawn frolll tiLe foot,wnl! draw points th"" from
those nearer the ha,,~ing wall. A, th" high<~l;-grad&or" Wnel'll.l!y
is on th" f"otwal! side it i" impOl'tocnt 1.0 '''coy<r the footwall Om ""
('ompletdy as p",,-'ible. '

A fairly In.rge 01'" body h"vilLg ~ "':lxirnum erOil" ,ection of:lfm by
200 feet and" lliiekn"," uf 100 f",,1: is h"inl;' w"rked by this "~'"I:"m
(1~,~().

III 1928, 11.3 tOllS wore mined by this "y,t-em per rn"n-shift "t"ping.

L Applicab·il;ly.---Suble.vd eayiug is Rpplieabl" to th" mining of
low_ and meclium_gm<le (JJ'es in the fOlm of large or 1ll0der",teJy In.r~e

bodi,," of considerable vertital heighi'.. It mUT be used in omalJ;',.
depo'its I,h",n block C""I'In~ awl is u'l,".lly ~mployed for minln)l;
medium"son ores, fl-lthough hard, ores have also be~u mined ,ue.
cec'Sfully h:r this lll~thod. It C"n be ,,=1 where block eaving would
he imprachcable bec[].us" of I",he t<'ndcncv "f the broke". ore to p[l{".k
and reco"""!i'lal." and where tap slie!n"·'wJ1Jld. J.le hnr,ar()"llil became
of the wnd"",,}' of the gob to hanO' up t%Jnpol"ilriT Ie.

2. Fle;~;bility.-AlthoUA'h ""bJ~yeJ '''''''ng lacks the flexibility of
"Orne other method, il; i, "'Of'e flexible thml block c.wing. OWillg
to the rchltively thin lw,h ou.ycd and th" clevelopn",nt. of (,he dc­
.1'",it on ea.ch '0' a. "c"ies of sublevels whi"h se."Ye to explore amI
block out tLe ore R" well as to pr"pa.,"C it for mining, irregular
J,o\lndu.ries can be followed and mined clos~L" thM with block CllV!ng.
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The laJ'g€l' inclusions of waste can of(.en he left ".Tld ,,~vcd with the
~b, thu-s keeping the waste and oro S"p".'fLl«. Ou the othel' hond,
lIttle oppOl'tunity i8 afforded for sol'i;in~ "ut small baueli' of waste.
Some degree of rontT"l can be ~:mrejoccl.,a\I.Jloug:h rlillltion with waste
>.'.merally i, m'avoidable if a high ""t!""ction J.S cle,il'ed.

3. Rij,oovm'y,---Binc~ the barh are eaved undeT a gob ronsisting of
a mixture of bJ'oke.tt capping amI sEe" timbers whieh ealmot alwuy"
bo l,,'pt from bTcfLklng tll1""gh and cutting off nndrawn me, sOm"
ore i' bound to be l,,'t.. 'TIle ,",,,overy is not. as complete as that witlI
top sEcing as a rule. It should he ''e"\mnb,,red, however, that it is
hazardous tn employ top slicing undo.,· a. cnpping wllich i, best Slrit~d

to suhlevel caving. In some iron mines where this mel:ho,l is used,
ULe capping: conmms enough iron so thnt. moderate ,lil"ti"Il Witll
cap Tock Is" ~nowable, and und~r guch conditions", high pCTc"ntligc
of the (.01.,.1 Me in til" deposit can he erlr""tcd.

4. DeMlopm-ont._Considerable pTelimin"ry d0VOlopIl1<Hll. is re­
q,rir"d hefore sEeing ","l ,)n.ving ue.gin. Chl1tB nn,I manway raises
mnet h" put np to the top of the ore bOLly, :uul tlle. sublevel" mnst
be developed. IIowevffi', all sublcvels aro no(. de""l"l""l aL "nee.
u~""nv slicing anLI caving nm progress!:ng on one sllblevel wlLiIo I,hc
8ublBvCl below i~ undm'g()iJlg' ,le"el(lpment. The numbcr of long:
rai"". requirod may bc redu,,",l by ll.ing lmmched raises, which is
the practice at some. min,,-,. Table ~~ sh(}ws I.l,e amount of stDpB
devBlopment requiTed at th:roo ",ine" cltLflloying this method,

" -------------,,---­"'--

5. Cost 0/ ,,,,[,Ievel "",vinq.-The. stoping C(l~t. rO.T ton fOT this
method is considerably highcr than that fOT bl"ci, "flYing. The dif­
,(eTenee in the cost of oublevel caving and [(lp ,Jicing is not pro­
llOUllUCd at. thc f",," ])line, '1'01' whieh co,l~ nTa given ]n this paper.
'l'hMretieJll1y ~llblevel ea"ing ~hould co,t conoiderably les, th"" top
slicing and probJlbly ,,"01l1d ~t a mine wheL'e either method e,,,Il<1 l,c
cmployed iuwl'cllOngcably, if such a· millc "xi~ted. In mblevel Cav­
ing OYill' haH the m'e is nsuaIly mined b:r caving, wl'er"a" 'm top
sliei"ll ,"li is ]!line,l hy (lrilling HJld blnsting. In top sEeing ench
"lice IS timlJeTed 11P t.tl the floor of the one above, whereas in 'Hbl"veJ
"avillg k"" tlmn h"lf the heiilht. betwceTl gublevel" i" timbered, so
tllat much I""" timb"r should Dc rC'!lJiro<l\,cT ton or ore. Less gub­
l",-el deYel(llJment is ""'I"iT"'l in suble"e c~viniY, "" the int.e:rvll1
between suble.vds is grell.I·"r. All theiSe 'fado!'s emil.l'ibllte to n lower
",ost for "ubh",cl c,""iJlg. In ~etu"r praetie8, howew~'. condition;;
seldom 'H'C ideal, "nd tho "0'(,,; Oft~ll nre nbou!. the ".orne ',for the two
methods becauliC they ''''G employecl unde,· di:llh'l)ll!. condlttolJ8 which

~ ------ - ----
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1'''''Llt in leveli,,/;\" the LJH")j'etic~1 co,t differential between them.
Table z.g shows ,l,red: ,<I,oping coot« at two milles employing snblewl
cu,,,in ..... Table 24 give" dil'ect. ,toping eosts in term;; of mun-h()lJC3
pOl" J,n at 6 mine. ,md t"l,k g5 comnmpt,ion of ~"l'l()sjy"s "nd
timbel' in snblevel "",vin" ~t 4, mines.
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lO<' iILlCIJlG

Top slicing is similar to sublevel ,,~vi'ng: in tl",t tbe ore body i8
mincd b:f removing timber",l sliees, sl.~ding at the wp and working
pr";jre.*nvely downward, and tl,c oyc,bu!'d"n caves and scltlcs as the
ore la ''elllove.d frotn ben"ath it. It differs f"om sublevel c~ving i"
that the sublevel inte.1"1'al is l_, the ore is stoped by " eeri", of
titnber",l ,Iioo dTift, (one "Iong><id" th" "the!') whieh '].)'B mince] and
timb",wl 1'1' l.o th" mat. above without pilh,,~ heing left; betweon the
~lic~ ,hHts or o"l'er their baclr., bel,ween U'" ,;lice and tl,c mat, "nd
only the capping is bl'Ok~n by ""."I'i"g.

Top slicing is "mpl":!,,,d iu this country pl'incipally i" the i)'o"
mines of the L"ke Superior r"gion. It i' vil1ually tho only unde.l'_
W'Ound me,llOd """d on the Mesabi ronge and ie "I", H"",] 0" the
(Juyun,,, V~m,ili"Jl, M"rquette, and .1lIenomi"',c nu'gcs. DLiring
19'20 shipments feoru the Lake Supel.'iol.' region ~g:!!"rcglll:ed e6,l57,.'loD
long I:ons, "bout 111,000,000 tOile of whkh "'m'e mmed by. top slicing
lIUcl e,500,OIlO toIlE by sublevel ",wing,

Figure 66, .ii, sho"," t,he go",""'.] &Cheme of top ,Iicing "mp]o.y,,,j
011 tIll) lIIe"'bi "''''go. before the intl"oduction of eel'ape!' mudo";';'i,;
",hid, lhe 01"<) w,,, "h()"I'oled from t.he slice' jnt" l",,~ "",,1 trammed
1.0 I.l'c d"II:."s. Fig'''"'' ee, B, shows top ,]icing ill ~ Jbt orc body, on~
slice thi"k. In both illustmtimlH it will Il" noted th~t tl18 slices lITe
p"rallel and at right ongle.i< to tll~ t,""rnmill!!, drifts. Thi, "ysl.:e",
Tm'y 1)l) termed "panllel slicing." R"di ",j shcing has been adopl:cd
in some thick Ol'e bodies whe)'" ", "c"i"s of chnte. l.'aL""S can be put up
fl'Olll the haulage I~vd with""t, much work in waste I.'ock. Figul.'e
67 'howe "uhh,v~l plallS for mdi,,j slicing. Ra,llal ,lI:eing- w"s dl)nl_
op"d "long with the gc"0r,,1 use of scraper mnckin!( I'D- facilitate
scraping- by diminating sharp tlll'lLS in t,he scraping linee. Indi"ed
tDp slicing- (fig. (8) has been ue"'l.in a few mille, in tI,e W[", to
ehminat" nmOOn!\" TIl the ilic"s. In this .,yctnm the ore rlln" hy
gmvity from tbe face of the elice to tl,,, ol",l,e.

Top eliL-ing finds its chief ~pplication in HOl' mining ·of f-aid,­
wide t" wid0 ore bodies too weak tD- stan,l wit,h"ul', rupport excel;t
o'-e1' shor!', sp"ns ~nd ha."I'ing a weak c~pping wlii"h will cave readily
,,'l,cn it, eupI",r!', ie r"moved and fill the e"ea"",tiou tightly. A
""Ppll'g: tl"" bre".ks in lncp;e blocks which acel, over (>1' hong up
oU ~s l.Q lea"" OpM Spfl,Ce,,; in the gob is <1ang~roll_, in top slicing.
Hnnee, for "u"ccr;;;'ful t"p slicing, top weight Or "l'ertico.l pressure
is a re'/"isik The silla walls may he we~k (lr strong. If the ore
,",Clll'S III the fOTlll of a narrow, dipping O1'e body, a we~k hanging:
wall is clesirable because with fl. strong hanging 1V·~1l .open sp~cee

may'he left in tho gob ollie. 1:0 ill""mpkte.ea-dng; l"l:ec block, ,"ay
Id b'O suddellly ""d dr<)l~ thro"gh th" spa,,"", throwing "udden,
l)Xc=~ive ,,-eight OJl th" g"b and endangering n,c miner' in the. slices
below.

.A..~ top slicing requires "onoiMro.bk t.imber and h'l>:l,,";ng, it is
essential that the supply 01 timbcc avaihble h~ plentifuf "nd cl,eap.
Slice timbers al.''' l'eql1ired to s(.und onlv a ,hOl"t time nlHI anI then
hlaswd dc>"'", t.lH,,,,,for,, a somewhat poorel' g[',,,lo of timl"'l' i, "c_
ceptable than would be l'e~uil'",l for mOTe pe,man"nl', support. How.
ever, the timbel' ehonld b~ t'JHgh and eapable of standing cOllsi,I"'."ble
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cI'ushing "nd ben(li~g before brcllJ<ingj h.~n()o rollnel, ~oon cimber
with tho b"rk (lll i, u,,"uly prcfcn",] 1£ It "".n bo obtame<l ut. low
cmt.

Ob'-;0l1s1y top "lining can be employed o"ly where cu.ying of the
overlving ,""eks and di~tnrbanc" of the mriaco 'H'C peTmis,ibl". As
Iloted" later th" molhocl is employed successfully under a ,trong CRp"
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After thc me of more wa,(dul mcl.hoM of "(,oping on (,his mnga
d",ing its cady hi'lory and" reali'ut.ion of O,e ,cal"e oj' :Me,,,bi
ore, top slicing, which ha{l ~en us,",l 8ucccsdullj' for rc,:ovel'ing

pillaTs, was a,lopl<'<l as t.he "lundlll·d. met.h'"l of uml"J'gronnd mining.
Me",bi Ore budie" fl''e adfip,ed ac1mimhll t.o stoping II}' this method.
Although l,h~ gr".at.c,· pflrt of the out.put 0 thj, l'flnge l~mH'S hom open,
pit Gperat.i,m" there "T'B also mun.\'undcrgTound minee. The nrebodies
"ouaJly lie lIt complH"atiyaly shallow depths and "l'~ in the form of
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l'~lativ~Jy thin, l>road, c,longated, bas;lJ_<l,"petl d&po.'L<. Th"
boundaries are Qi',]i,,"rily quit" ,hm'p aHd well_defined, "lth'>Ugh
i\rndal,i,ms occ,," bBtw"en or" "nd low-gl'>1d~ mllterial wllnin the
';re boo)ies.

'I'hn wull roek 18 hwonite, " barel, f"I=ginOU~ chert The region
iscovoroct bY'glacial drifl' from. a few feet. to 1,10 feet 0'" mure thiele,
an,) the j,mJloili"J" "",ppiug- of tIl.<, OT'B bodies may be p;bci"l delft,
paint rod<, slate, Jc>Ul ore, <>rt""o"jk. The glaeiIJ.1 clnft N' S\lrf<w~
rnatel~al ,,,nW'S r",m fill" sand, "hey, or gravel to JaJ.-gfl houlder, im­
bed(k<l in th" fine!' rrlJlwrial. The bl<""nit" capping is 1".<1, b1J~

unlih the lJnderlyiJlg and w"Il taconit<'3 it, ig ordinarily p,utly
loaded '""td contain" slips and joinls ",hidL allow it to b"l",k and
cave reaJih whe" und<'C,,"t. S"mBtllnM the OJ" must ue mined
out, from l'olleath for a w;,lth of two Or tl, "'" '-.lie,"" before 1he t""onite
capping .will bl'euk, bnt onc~ " ca,v,; i., begnn I.he following "lice'a
"ave "Mdily. The or" it""Jf consi.ct" "f soft hematite an.d limonioo.
Top .,tieing lms been Wllployod 8u"""""fulll ,mde,. a wet qLJicksund
coyer, althollgh great care must be CAcl'ci"", _ At. O"e sud, op0r>1tion
with which th" :5<,,,io,, aU11wr w"'~ falllili~r it was ~1J,tOJn".'1' to leave
a few i"ct of 011,\ agaiml.. the."",nd f01" J',ute"tio" ill mi"i"g the' Iirsl.;
"]ice. Hay W"., paclrc<l 0""". the bgglng, a,,,l lx,fore Lhe sli,~, w03
blaste,J down the finO!' wa~ "",""roo with a tllick mat uf hay. Owing
to UIl""mness of th" "and-om con[·ud a sand bl'€JLk occ""i"Jlally Oe_
eill'rod, :filling ,l,.;fts and Iai,.~ for 8"v""aI hunrIrecl foot. Such
O"'''ll"l-'''''''' were r~,,", hc>wurer, "bd tc>l' slicing "'''s can'k>d un -for
&>016 -",,,,,'S without 'Bl'io"s ,",eident.

Thl'eu p,rincip"l tTl"" of Ore bodi~_. '"'' min~cl by 1.'.01' eJi<'.ing OJ'
the ::'\fe"ah1 rang',;

1. Thin, f1at·dipping 0'" bolli,'S onl"~ one slico (up l{) 20 feet) thICk,
il1dnd.ing thin ",,,rgim 0"" shore lines" of thicker or" hodie". (See
lig. ee. 11, p. 261.)

2. d"e hodi,," two to four slice, thie-k. (See fig. 11.]'. 17.)
H. Thiel< ore bodi'$ m"W "lices thick. 'Heh a, ""cur n"nr E"deth
'D""elopm.o",t.-Afl-u th~ h"iot.ing ,hnJt "",I haulage-Iel'el devel,,!,­

ment neal' the·hattom of the OJ"<) hody are eomplet<'ll prep~nLtion :for
,tDping con,ists of putting up raises to the t.op of th" 01'0 and eon.
nectillg them on the upper .,,,blm·el by.a "limbe!' lIpif!..." Slicing
eith"r may ,taTt Il'nlll this d6£t nt rigb" "ngle, for parallel ili"ing
or at '-"rious "ngle., f()r radi"l i3licin~, or a 'yilte", of tl'umming llrift;;
may he driven firsl:, (l3eo lig. 66, B, p. 2·61.) The first method is
U"U~ny al'I)lic~ble to tho ·rJ,iclm,· deposits wheL'e chute -rniees may be
'pae"d ;0 a" to Come wil.hin .,cmping di"t"nce ()f each slice fll""
with"n, much tk'l'elopmcnt and raL'ing in "ock. The 8ecnnd method
is ~'" ['loved in tile thin, flat depOBits where the ,uble,'d tra"'ming
drifts are driven i" ()re to uyoid " Jarge am()""t of dead work Oli
till' haulage le"el. F-r"'l"entIy (lIlO or ",;,YcTal l,imheT ,hafts ar" put
down f"om the euduef', leI. ,'onYe:"ient 1:" aces Jor lo",,,,.ing !.inobe,' and
lng~M: directlr to ti,e "uble"d on whleh it is to he u,ed.

f'arriUd 8ticinq.-l'arn.lleltop ,/icing usnu-lly l\,; begun on ill1;)' given
su!>le,-e! at; f.he property line ()f ora ml!rgin and Teu"",ts thwefrom,
10nl,'WalJ f"shi()n, The slices (lJ'dinarily ill" driven "t righl.; angle.
io I.h" tramming or timhe-r d,·i£!-.; fO!' this l'l)"~on the system s()me­
timc€ if< ""Iled "right.~)lgle ,!icing." Sublevel intel'ntls ill T.egula,
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,licing mually rang:~ from 10 to 140 feeL Ore only IG to 20 fe~t

thick, however, OIWll is token out in u high ,;lice from lIoor to cupping
in one operation. Each slice ig started by putting up "opening"
~et< at right angl&J to th" drift sets. The drifts llilually ar~ ,mall,
and as the opening sets go up tD the capping 01' mat the back of the
drift. opposite the "lice ho, to b~ taken down Ill"Bt to make room for
them. l<'rom thes" opening ,nt. the slice is ~dvnnced. ill on" dit'"cl.;n"
tn the CJl.,.e Or I.n tI", limit of 11m ,lice. In "om" min,,, the pI'actice,
is to slice OJlly in ""e ,Jil'ection fl'om th" tmffiminiJ: '],'ifl ~ml eM'l'y
the ,lice I.h"ougll 1.0 il", CaVe 01' to th" next tmlTlrni"iJ: drift. (S""
Jig. 66, n.) In ot,h,,!," '1:1", sli"o., ""e ,l "i w'" in Iool.h ,l iJ'"et.ions, bill; Dnl y
halfw"y through the :pillfl.l' between t.rnmminf.( drifts, to meet the
,Iic"s from ndjucent dnft,.

When hund lO[lding was cmployed it WR' customary to driye two
slices in "idth before bh,tin&" down, thus illal<ing one traek-laying

l"ob servo for loading the ore from two slices. An 8-foot cap and 8­
oot (wide) slice were g:enerally used. Sometimes tlnee ;;lices eonld

be OIWlle,1 IIp ,aId}' withollt, th,,;,' taking llllLJU" weight. Sin"c thc
,,,1"""1; of 1'''''''''-'""'')'''" lo~ding it hllS beeome morn or lc"" .t"ml·
'm11'""d,ice to drive slices 1.0 fe"t wide awl to blast down ",,0h slice
"S it, is completed. If a second ,liCB i.s dri""n aIonl(Side an open
slice much of the OTe is blaste,l into thc latt.er an,l i5 diilicult !o
roach with the scrap"r, espeeia.uy if the first slice ha" 1",c.(Hn" lleavy
and cellmr prop" ha.ye!<> ltl, s"t nnfin" th" ""ps.

The sli""s "1''' lIsw<1ly lldYlll)cecl5 fcci "ach rounel. ,md slice timbers
llre set, Dn 5-foot ceH'l:er, as the slice advances. Ti,e slice timbering
co,,_,is!,;; of .eiillple drift "ets of round timber, with " joggles" cut
on the ends of thB caps. 'The,,, sets are placed and Llod<cd to thll
sides of the stie" (timbe.r on the ,,~ved side ,wd Me on' the oppo";t,,
,ide) and ",r" l,,!!;!'pl ov"" 'md hl,,,,ked on top, Coll~r braces of
lig-ht, rOllnd pole~ " ..e phw:l b"t"""n cups at the ~nds and between
I"ds of "djllo!)"t sets, Tlw lU:'5ging uOl1a11y is of rOlllld pol,," Or
split round t;,n[,ol" w!'ll",d ""pbt-I"gginl';""

After bln.sting alHl Lefo!'". t.lw hm "f ille _o]in" is ml1nked out, twe
or more ronnd pole>; OJ'" ,h'i ,-,," ove,r ,he 0."1' of tllC' lust stflJlding g"t
"nd llllder the cop of the ne", to last >;(',t, fOJ'BpOle f,,,,hion, Tllese
poles al"lJ. eros"lagl\ed with ,hOlt hO>1rd, or pieces of lagging. [-(I pro­
tect the.men workmg at th" ffree and to e"tch 111' th" ()vorly'ng mat
01' cappmg.

'1"wo miner, usnally dl~ll, Llast, scrape ont, "",1 t.imber ana set
of ground (5 ieee) pel" shift. •

Hike tim""".-Rolllld. green timbe!' with the h~rk len Dn i8 em­
plo,yed for ilice eeis. '1":unarock lllakes ~b"ut O,e best timb"r new
av".iln.hle, Co""id,,r~bk pin" w""'< ,,,,,,1 In earlv vc~l.'s. but it is now
ycry snarCa "nd "~JlJlOthe 01,1,,,i,,,,,1 ill any 'i",tntlty.. 'Some hemIn,,],
is med awl lll"kes good timbe!.". Birch, wInch is plentiful, doe~ "ot
mllke desimble sl ice timbc)', although some is ",ed.

Th" timbe"' is pur~.ha,,,d on 'l,eeifications '''' to size of the" tops"
N" small ends of the ti''lLe''. Spedfie"tions vary somewhat at ·the
different min"s, depending on the width and height of ,lices, p"'''"
SlU'B developed, and size ""d price of a,vailable timber. Sizes sp,,6"
fled by severaI typical minoo arc as follow$:
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III i'.he.Bhallo""',r mines where ("''',,'nr"8 are nor. beli"y th" po;;ts
"'" bet wIth httl,·. Jf am; batter. In dccpe:L' lllllleS where the prc.;;sme
icl heRVJ' and ~., p""i~ny-where c""siderable. "i,k pJ'c>lSure dc'-e.!ops the
posts at" wdl-b".t-tere{[.

Rarlirl] sli"ir,q.-Radi~l slicing ha" eOrne i"to Ui3e with ,cl''''l'ec loa']_
ill,," ,llld is employed IlL081.1y in, and is bo~, snit~[! tQ, miM-s wher" the
Ol~ ;s "",eral sublevels thIck. Fa" t.his rea,on it is not so common
on the Mooahi rangl) as itlthe. "th"r icon-orB di.t,'icl.,. Rlldial-slicin~
l>nlCtice Yar;!).;; somewhat at cJifl'e,,,nt milles but is the some in pl'in_
eiple.

Wb'.l"Ca. in pornJiej B1icin~ a", oro is CO"LlI,only loaded inlo car"
(Hg, G») all,1 then I.rammed 1.0 "hut"", in "~dial slicing an ore ;"
s""apod dil'ectly i"I'D chuw~ wi l.!lout. intemoe,li"te h[lJldiin~~ The ra­
di,u slice wa" "f "olll'.e,d",ig:Tlod to permil ",',raping: th" ore from lL
considcro.blB are" cliroctly inl()' deuted wilhilut, drn~ging it. aroUll']
sharp turm. J:!igM-ang)e tnm" and 8hm·!.' lJCJl.c!s COl' be negotiated
with the ,crape!', g"",ora}ly by u;;ing de1leding sheaves for the rope,
ll-nd l'oile,," OJ' b"ardg nmied 1.0 tho bottr>m. of the eCH'!,er post;; t.o ea.",
the "crape" "J'uund them ,,,,d pr<wmIt it from eatchitlg On the timhel'.
Small -S"J'll,pers (3G-illl:h box-t.vpe) '''00 at one "j' the mines vi,il;<,cl
'u" ln~lle.cl 'ar()und righl'__angle tll"ns without rolle"" C>T' bo"rds and
",em to worlrvel'y sncccs,fuJly. J,,,rgor ""I'Jl.p'H'8 probably wonld not
work so well. By clOi<e ~i',,,,ing: or ">Lis,,, on the sublevel;; parallel
slicing '~"'-Y also be ","-,1 for diI""t s"rllpillgto chut~". "'1'ere this
metilOcl JS employe<1 the t.0ll' of tho chute" are go-nemlly If> ID 18 or
eVM .,(; :feet all,,"'I, on the _oLJbkvcl: the elosl'r spocillg is "btu.inN by
driving bl'''tl1''''B fmm the. main ,:,u,es. .

]'igurc 70 show" the general plaTl of working.;; at a l\feea-bl ra.ll"c
luiIl(' whero radial <1ic,'mg is ~.mJllu,od ,nd tile sublevel interval is 12
feel:. Slicing;" b~.g"n at the rJl.i";'5 nellJ'e£t the ,,,we, property line,
Or minillJl: limit:-. The first "lic~ is gen~raily dri-.-..n along the cav" if
U", cave conl(," t,o the sid" nI the dlUl<>, ll.nd =eeding "lice., On
(alll,,,d out i.hetclI"m, If the cave doe8 not come t() the "~is~ a .lice
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is ~ta"kd tow"",l the '''l\'C "ml normal I." Lh~ "idc of I.h" ,,";"e. Afu>r
am fir~ slice is driven the ""cOl!,l slicc is heg'.ln by propping the ~"P
of the h"t ",,,,10 ~el'oTl.d thO) opemng s~t, l"mo,,!I't': the pO'1; on t~e ",de
next LO the radia shue, lind blaSt,H'g out .. lJ'''mgular cul. (See fig•
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Fro"n~ fO,_R,"".l t," ,lio;,,"" ,I""" >t. M,~.bi ,""'0 mlno; to!oJ, "'" ""0'.

Wi, 0.) A radial &lice set is then placed as shown. The st"ndarcl &Ii""
.",t "i, this mine has a.l0-foot, pOOL nnd an B-foot, "aPr but the cap of
i,he first set usually is ,horl.e,·, and when th~ end of the ;;lice. ill ''<Jaehed
12· to 13-fool. N'pS may be requi",d. AI. "ther mine" otandard caps
iU'e 1lBed for all set.. In .~Ollle mine;; tile first radial 81i"" is bken by
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NilllOVll\g a tri'Lllgul~l' "ut (fig, £1, B) "t the mner emI of the first,
sf.ra.i~ht ,lice.

One obj"ction to mcJj,,' slicing is I,he difficult)' of 't~ndardizrngthe
cntl ".nd timberinA" lVl,;lc it may not be mucb. mon ,I rffiellIt to plaee
tiIDbel's in radial th"" in parallel filici"g, it is not fe,,,ibl,, to "t~.nd"

ardi.o operations, timber, and slicing cycle, a& in l'"r"Jlel slicing.
IIandlinq mullO(ld·in!l "",,-'ro,Ia)' "l'n·tually "ll the ore fl'OJU both

,le"l'elopment nnd slicing is handled by power scrapel's whi~h either
load int.., eMS or scrape diT"'dly intD ch"t.e,. 'Vith Cm"". short slide
i. eon,t.I'Llcted, and the IOllde,1 ,,'t'''per is pu.lletI "p the ,]ide and di,,­
chnJ'g"' the ore int.o a·""r undm'neath. (See fig. 69.) ·For scraping
into chums no SJ>9ciaI p"c]J"ratlon i, TO.(l"lred, ...."eept to proVide a
safe st,~tion for setting up t-he scrape" hoist.

Tho earliest ,.,.ro.pcr equipmelLt <:onsiBted oj' the ordinary two­
I",,,,,Ilod surface s"r"per or ",lm;Il('r", ,h'awn by a small, 8ingl~~(lrllm

llil' tllg1!""-'. The scraper wa, puned bacl, to the face by hand and
g:IJidcd mI." tIle nLuck pile by t.f.~ rom at the h"", the tugget· pulling
i'o into the did and ont to th~. '",·r or raise. 'ntis wa.s an imp r,,>=enf.·
on han(l shovelinO" but was inefficient fo1' disbtnc"s ,,'1'eak,. th"n 2(, or.,0 feet. Thc "r",,"ll s!nsh~r is "t-ill ~.mployed in some mine;; fo\' clcHu­
up WOI'k.

l'res""t scraping equipment co",ists of 36_ t~ ~.8-in"h (0)' htrger)
hox_ "'." hoe-type ,craper" opembl by G'\-i- to g,,-horiJepower double_
drLHn elcctric hoisl-~. The trend has been t<>w~T'd larger "'luipme.nt,
'U1d ,12_ to 48-Inch "crap"rs antI l()_ to lv-horsepower l,oi"to; are sta.m]_
ard for new eqnipmcnt. At lnlllly mines the opcmtors a '" now buyi!lg:
nothing ""''Iller than Hi_horsepower lLoist.6. li'"r top-slice mining
the "",,,,o,,,i"altimit in ,;y,e probablJ' h"s beel' reached, os ano"gh are
per "hift i, not handled in eadl place to w"rn",l- l~rgcr eq"iplIlent.
Furthermol'e, hU'l!"r equipment. would be hal'C] t<J mO"l'e thro\1gh r"""",
lllLnd1e, and install, ~"d larger scr~pcrs would 110t- p~S3 bet,wean tim_
!)(\)'s "s e"sily:

111 top stie-ing the minel'o work ire pairs on cont1'lwt, KOl·nLllll)', two
,hiH" a,.e worked, 11"'1'6 being four millcrs on a """tract... ElLch.con_
tl'""I, is uSllaIly assign~,l the ,]icing >u](l d,.ifting tributary t<> one
chut" and ma.y ha"l'e 1, 2, or ol'ca,"onally 3 f"ces in which to work
The cont,r""l",rs do theil' own tiroberin~, drilli,,,,, bla,til1g, scraping,
and trauJrning at a ,et price per car of me. i]!ueh contract is flJl:"
nishe,l with all equipment, including "craper, hoist, rope, sheaves,
d..illo, and steel.

A. tail shea"l'e -{or' pulling the empty scraper to the breast is sc~ured

at the face, """,lIy to a boom,· ,.""f.;e11 permit" cIell-ning the f,U".e out
well afkl' e"ch billst. Often the boom consist;; mel'"ly <>f '" woodl'll
"prag Ot· pula with one end "gu.insf. the- last cap and I.he other hcwlcd
in " hitch eut in tl,C face nenr the top of thB f<1iee. Anothet' type of
boom is the I:d"""oping boom (of h""."I'y pip6, A third ie of .xtra­
heary pipe, suspended undeI' the last cap willl It- chan, and hlt-"I'ing
two cll>liHS on the reOJ.· ellrJ /.0 ""cure the bonn; ill any desired ;:;will!:(
p",ition.

The t,.und toward Ial'gw." scraping e.qlliprtJeJ\t has re.,ulte,l in longer
e""ap;nl\ di.'ltan"e.'< with less deve:top""mt work l''''llJirecl. At lU<>st
mines Visited Iong<Jr s!ioos either We", COIlt=plated for new.l"Yele,



01'· it was ,b<ted that jf deyelopment. were to he done oyer ugJ,m
plam would )1" made foT' long"r 'dic,,", With the pre,ent scraping
equipme'" tIle length of slice is WJ'i'erned t.o JL cOll3iderabla ex!,mt
by the lellgth th~t ",iU,t.aIld up w~ll, which dependS in turn up""
the Ch"Cll<:["" of the gmlJLld "",1 the gob. It als<> may be gO"l'crn",1
by tit" llUlliber of working pl~ces llcodcfl t<> {m'nish til" "'''luil'ed
output mthel' Ulan by the- cl1Jl"mty of the e'jLJil'm":llt.

At am' mine I,he maID und ,nblev"! drifts un f,O feet apart, "n(l
I,he, !.'aiEe" aT'C 2;; fMt apa.rt along these drifts. On 1.1", new level,
it i" plaJllwd to dI'iv" the tramming dnita on IHJ-fno, ~ent~r" whie11
"ill give 55 f"d of scraping 1""gl11 on ~ach side. At. another mine
where the tl'unnnin" drifm "'''1''' 50 feet apart und 0", <lic", dTi,""
on one side only thi;; "llOrt ,pacing wu~ neces'ary to pmvide enough
working plrrces. The ope.."tors of ~ sin"le-"ub!eve1 mine whem the
,!l'ifl" were 7[) feet ap".:rl; stated that if 1,J,ey "'e"e to deyelop the
mine OVCl' .gain th~v ",ollld moke the interval 100 foot or mOTe,

Bladin[1 Jown.-'\\'hcn " >iliee has boon ,ooIllpleted the sif]e nox'
to. solid fm' i" usual!v bo,1I'de<l 1JP or eov~n"l with wir~ f"n"ing,
and the l'OI.!."", i, coTI..ed· wil,,1t mining brmn]", hll:ll:ing, Or laggilll[
~nd wirc fclt~i"g. On thc Me-,ah; range there is "r'''n " good deal
of "and in the- gt>l,; where thi, is U,,\ case it may b" n£c",,"aTy to
eover the bott"", 'ill'] ,omctime, the Bide of tho 8Ii,,"s with board.;;
tD prevcllt conlami""tion of tl,c Me. Some mines "", wire fencing
on the side u",llwurlli on th~ hOI:1<JIll of thB sli""s; OUle1'll use wire
0"- 'both the, sid" .1.11(] bottoln. W1,e" fencing is nsod 0" t.h" bottom
poles ",'e. laid along Ih, s:ticB fil'sl., "nd th~ wire is secnC<'d on top
with f",iee staples. The poles ore gene",wly 12 to 24 indles ~part

ond lcmg C1lOugh to span.2 01" 3 ""ts.
In enrli",. :yeaI'" it, wus ebndarc! pTnd,ieo 1:0 ,,,Wer 10th the botoom

and the sid" with 1-ineJl pin". "mining bo'''',h ", whioh an' inferior
to the poomst conlJ1lCreial g,·"de" Today mi"iJl~ 000'"00 are n1O,ny
of h",rdwood, % tn 'IS inch thick. -

The wire fenein" is a law-priced, walvanized-wil''', diaIllnnd-mesh
"statioll-grOIlJ](] " fencing 1'111, lip in 10-I'()(l j'olb !~ -inches widc ,u"l
costing $12.00 to $13.50 p"r 1,000 squ"C<' f"et (1929). ·Tll" emt of
mateI"Jo·1 I,er squm'e f<lol, eov"re<l is ~hout the same for hoards os
for wire '""dug, but. I;h" co" of·h,mdli"g 'H,d pln<:itLg the fenciLlg
is much I"". At Ono nlinc the. c""t of boar'd" was about 4, ""nts per
ton of 01'e, mineer, wh"re"s th" cost of ..feneing wa, 01l1v 0,7 eent per
tOll of ore, [J,,, differe""" being largoly in the cost of "'handling and
in,blll"tion. Tn SOm" (leeper nli",," on the other range" whe,"" ~

thid, timber mal. l'as nceumuhte.l,.it is lUUl"ees,,,·rv 1:0 cover thc "id"
of Ihe slice sin('.', ",lli,n it is hloA<)[] down.. virbH~lIy ~1I the gob is
wood.

After the "lice has b"""..mve.Ted tl,e ~[\tl'(1n"" is lwanh,d ove,', the
po,t, ne"t 1:0 the %-ve .siM ".re ,hilled with It wood ",ug"", Illl(l por,
t.ioll>; of sti"ks of powder wil:h illze and "aps aT"<' imcrted in tl,c holes
and the timoors hlmMd. U"uolly wOl'k o.o·n he Htarl"d. in tl,e next
,lico alongside the blltate,! dice I:he next day. '

Slicing 0" the sllhle\'d below may begin nfWl'll considerable are",
"hove hus ben" mined and CHved, and the cu.v" has become quiel, Hnd
s"'l.led, Thus slicing m0J' he in pmgre'> on several Sllblc"e1s ut the
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same time provided on =y give" ~ub.leYcl it i, kel'!; "ell "ho"d of
that 011 the 'ublevel Ldow '0 thaV,t '" always un< er a well.settled
mat.

DrilUr'[f and b!asti"[f,-Thc :Me,abi or"" arc soft heHl"tite and
limonIt" and ar5 drilled with auger steel, UsillA: light hmnnlcr drms
"quipped with special rOl:ation mech""t'm. Hand augers arc .till
lJ"OO fOl' drilling h"le8 in tl'e~"bcruus ~l'ou"d "here vibml.!on of th"
IHunnlCr ell'ills might 100"'''1. an,1 jar <1own a slab of OrC. The 80ft.
o~g drill easily an,l breok fine. It is u"[Jauy UlUle""",aT'I' t<> drill
reguhtr ')lit hotes in I:he, slice", "pd ~ll holes except t.he llftnI's are
drilled at an angle "b,rl'e t,he horlzoIlI:al.

Tha /l"f)und i, hl'ol,,'n with (l,)- 00" 40-I'ercenL low-freezing, gel"tin
dynaJrllta, "nd ab"ut 0,4 pound "f expt",i,," is used par ton "f ore
on tI,e u.Yurage. li'or rock d,waJopment ,iO_ Or lJO-percffilt-'h'ungth
explosive is ~",mrnonl)· employ,,!.

Tn tDj1 "!:icing ""re mugt Iw \"tken to avoid blasting out. the. tinlb""
while t.h" ,Ii"e, a1'e being "d,-nnted. In hard

l
t.ough groUIld tI'" dif_

ficulty obviously i5 greater I.hnll in soH, eosi ,- hl'Ohn ore. Before
tho face i. hl"stcd collar In'"ces al'e \,l,,,,u,1 b"el:w"m tl", tiJllbur~ of
IJ'e Jo", 1'1'0 "I:anding sets nn,1 brace.' h"I:,,"en I:h" bott.mllS of the
[,osts. T.'B"o,lly I.his prevenl;s the ti"JheJ.' from hel"g knocked do"e",
but. it IlL"T he broke.n if O,e sid"""d back hole, Rre loaded to" heR"il.}'
or if O,e first hole' ,1" }Jot bruak well.

On the euy""" rang5 ill Minllesob t,hu ore bodi"" occur fr' h,nses
in intffilsely folded 81ate.s

1
"chiEt.", and uhert.y formntions. Jlfost of

thu Ol'O is f:oirly soft, hut 'ardore" at;;o occur. Hu"" as 0" the ),1e­
sabi 1'=g", some of the ()l"e hodies ~l"G wideI lie l111dcr shallow UOVer.
and "''' minable by open.pit. mcthods. l' 'e diEtl~et ll'< a whole i"
eOI'l',."d by .. tllitJr o"el'hurden of glac.i"l drift which :is ",,,t"r_
be"rillg.

Nnrrow len"', of me dipping "t rather 81""p angles are COmmOn
".n,] IJ''',e are ",in",l by undergl'uun,] nlethod", lJOth I:op slic.ing m,d
",blewl "u."jng being "mployed. At. on" mine visited tile ore, rang"s
in thi"kll,,", from" ("" fee1 to "- mfl.ximl1ln "f .50 Qr 7r, fuel,; th" iJIl_
medi"-te lliLnging wall is a soft pailit rock whkh is heavy "nd slough,
readily, espcci"lly wkn wet, ao it often i8. The dip mnW" from r,r,0
to '15 0

, ,wu""ging about. GDO. The or" doe. ""t OCCllr uniformly along
n'B sl;rikc hul, con,i'l~ of ""ve,·,,1 lunses ,w bulges Tllorc ,,1' legs cOn.
neded by ""I'J'O" seams of 01'e.

lI:fa.in levd" ,"u dri....n nbout 150 feci. "parI: "url:iually "11d cons"t
of a ,hO!"t U1'U93UU1 frolIl " "emc"l fhnft an'] "single' longitudinal
drift along the footwall. (See fig, 71,) 'l'wn-compartnwnt. cdbh",l
""is<", a·re put. u.p "tong th" fool.wall at »bwt 50.foot int.e""",I" 111­
I.hough this VlI·""S, ,lepemUllg upon the loeation and lengllls of t.h"
ore lell'''s. '

, Timhor drifts connect tll~..;;e l'uises "lon g the foot"all and >tra about.
80 feel, up,,,·(, "n the ,1i!2' Cmmecting drift. "re not. driven on the
Bnbl",",,1 bot.weeIl tll""e 1·.llUbeI,-tJ'nmming le,,,els, but tllggers are em·
plovwl t.o hoi." Limhm' to [he,,,,. from the timber dl~fl;;. Timber ,,,,d
j'w(, are, handbl t.hrough fl. Limbe!' shaft 'orne distan,,~ fl"OJll th" Pl'e­
"oisting: shaiL.

-~--
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'I'll" radial i.orkBlicin" sy,tc", i.e "mploY"d Il,t thlli mille, the suhlcvel
ill[;el','al b"ing: 11 feet~ .Rodi"l "lieing is ""gun from tho mil'.<) oIl
on, given "uNevel, olld th" first slice i, u,,,,"Uy 'driven alonD" the
fut)twall. S"eceeclmg 8lieCiJ ur" ,wung llTmlll,] from the footw,'~'11 (\1l
ono "We of Il", "aise to the fcocwa.1l on the other side, although this
pmctice sometime,' is vm~e<l to ",ed loe"l condition" }I.S the h,,,"':\'
hanging w"U j, a.pproached t.1'h slice" ",1'0 ""'ung l'~' meet it "t a!'
angle or 90' (t.he last caps beJ)l1[ [l'lrollcl 1:" the Etril'd. COnlllltll­
nation of the OT'e b,Y hlJ.llg-jng:-wall f,ain!"'Ock i" ",,,",dull:,! "voide,d.

A full_width "li"c is 12, f"et, but t." ,hee nUI,!,ows wl"'\'0 1t brunche"
off fro111 a pre(""lin" ,li"" or fr0111 tlH' r"ise. ".lice, al.''' 'is long "s
100 fWL tl1t u"ually '"are l,,~'<, the length dep",,,ling UpOD th" ,p~eing
<if tho n,;'es and width of the Ore.

........",il
<! -"",-

·__.~,,.._,,,,,l
----------~

JlEJBBBIDIDID["
,,,,,,.,,,,,"" '" ,,"," ""r. ~"',... ""'''''"" '" roo'"''

,","""" 11,_"'"';'') "" ,1;d"~ "I. ", "»"no n"'," ",'n,.

Aft",· " muc 1'''8 bem' H~l"ted no b"al'd, or wiTe {~Jlcing ar" metl
on [he side, of the "Ii,,"", but the buttom of ell'", "lice ii3 "a,,,fulty
c"vel'ed with poles anrO'" which ¥,,_iIl0h hu,rdwoad minillg bO"Tds
"re bid. No wire fene-jng' ie u,ed llt thi" property.

SI',dlicotinlls ,for timher ~Te "" {ollow.,:

'/',P "'" I r,""".,no"'" j,,,,,,
P,,,is " \J_12 It.m"'ng '>-7
Cap]; .' 12-15 rol'-" 3---ii

Scr~pin~ i" done with a box-type s"nper 34, in"he~ wide having
rOl1nderl ",do" ,.nd a 2M-I'0illld ],,,,,1 ",eight (\" the ba"l<.

At Ell' :1I1inn., the 01" ,,""ilL'S in a ,leep trough beLween gTeen­
stone w" Is awl under" '"pping of j'WI",r. (S"e lig. 72" A, p. 2,72.)
'fhe inlmedi"te walll'o"J< i;, usuully ", thin layer of l'"il1t rock. The
ore bodi", ~l" irn'b~llal' in oilUine and l'",nge up In )100,01' 400 feet,
in width. The 0"" v~rie" in chru'"clcr fmm .,oft hernante tn hard,
"["'<oul"" hemal,itc "nd i> high ilL iron content,
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In tile ""rlier vc,.rs a chutB-C:1ying mctho,] of mining wa3 em­
ployed, l1nella"',. tn]} oJicino- was introduced to obb,in higher recovery
and lee., dilution. More r~e("'tly ","na of the minm ]lJn'8 used sub­
level e,n-ing for mining l'OJ't or all of the ore.

~--------~~:~~~-~
_---._~ """""<1' ....... _ /

--
-~--------~--

c
FlO""" '" -'.. '1'>1"'"' """ '" I ,'" ",nn;L'," ,"".'. 0>'" E,""" ;" [,lUll 'howi";"""'" ofn",," ,,,' 50 '00' o<,bd""""m,"' 'U wi"" '" ~" mdL" d;d""; G. ",,,"' l," ."n."

,,""[01'''''"' I"nn ,,, ,,,"OW",, 'e>' p"~(ll,l lOP _,lid,,".

SEci.ng "!ld ""Nevel "'''Villg a'" now boing ""n;e,J 011 at cOll,idui'­
fib!" d'"pl.!' below tile sur:!'""c ana oft"" under a m,.t ~""'llIllJlated
£l'Om ""vera] Illmdretl f€e~ of top ,!icing Oil the uppe" level.. The
lllill~" ure devclopeu by ~JlnfL" from whiel. mal" haul~ge levels I\l'e



dri,·p.u "t lOO-root "<,,,t,j,,,,[ jnlerv"b. In the wiele,! <)T!' bodies the
mainlevals arc so",,,,jm,," [md out· with a 1()()p.IJjjula~e "j'ot~m h~viTll':

crossddfts of) to ~O JL\ot apart.
At one mine ~ n"w level is being developed with cro,.",lrifts HO

Je'et aral'l; "enlel' 1.0 center. (Sc" fi~. 72, B, p. 272.) At this mine
raises Me put up fr"", th.. ero"drd16 on H,,-100t "ent~rs. R,ulial
top ,licing is 'OlliJloyed ,"ith a ",11ole,,'" iIiterval or slice h"ighi, of 1\1%
f€et. A 1';'Il1"'1" dI'ift is dri.wtL 0)] f.I", "ablevel 50 feet abn\'e the
huulng" levd (hall'wav t<,tw""" thB main haulage kl'.J,), but
no timller drifts aN) drh'M on the otller slIhlev"m, all timber b"ing
hoisted up to thmn with tugger hoists.

The mat ccmsists of timber -accumulated from ·:l00 feet to top
JJicing on th~ IJjJl'0r l"vel" lilld althougll yel'.\' henvy it =ves t,.>
prevent ~ontn",ination oj' thB ore with TO"k. The timber spcc;fi",,­
tiOl," coli for 8" to lO_inch romld timber for both posts amI cape.
Caps .are 8 feet long. Th" posto, which are 10 fed, long, are b"t­
ter,·,l 10 give a slice width of 10 'feet at the bottom.

Before a· slice is bl"sl."d down round pole.;; arc pl,,,",d on thB bot_
tom, and wir~ fe:tlcing is lflid on a.nd secured to th" pole. with fence
.laples. As ,iTtually all (.lw mat is [jmbel' with lit,lok ",lmixture of
capping the .ide of tho sli,,~ do,'O not haye to be covere,1 "t ".11. Often
wfwn'", ,lice i. driven ",long th" ''''''0 the lIlat looks li1<" a ,olid pile
of c'>l"<Iwood, it is.(> clean and f",,, fro", ",,,,W.

The bl'oken o-re is scraped from tIll, ,lie" directlv ;111.0 th" ,JlutO"
b,,' meallS of 48-inch. hoc.-f.ype ."I:mpel's weighing aboot 750 p<>Ll,nds
an,) operated by douhle-chum, .I5_hor,epower, eledric. tugger hOl3ts.
The .;;crape,,,, fire cOllstnwted with t<,,,U, om one "ide and a ",angan",.,.
~teel ",l"c on ti,e other. There are "ighL lnlill'taneSe-st~ei t~eth. Ll
spif,Q uftJ", thiok accunmlation of lrmt "" depths of aboull,200 to
1,4()O f,,~t goad ve:ntilatiofl i. maintoineil, and veTy waTm place~

al'e l'aT",
Another rriine, wh<'ro tIl() 0"" trough dips about 70°, i" developed

hy Jl vel'tical shaH in l,h" f"c>twan from which haulage kvds fl,""
driven ",t 100-foot. inl."nal,. Th~ deposit averago., JilO t" 195 feet
in widOl )].",] i~ ~, much os 300 feot w;d" in one sodi(m. 'The 01'C

rang,e'J £rum s"it to ""rv h""d, ep"culllT hemntite. Th" n,".in level i,
deVeloped u, shown in Ag. 72, O. R,!<iso, n·", p"e up on g~·ioot cen­
t"r, nt "n inclin"tio,,- or 70'. l'aralJel top slicillg is llsecl in some
parts of 1.110 min" and .ublevel ca,ing in other;:;. The subl(wel inte!'_
y~l is I2-\!, feet for top Blieing and 20 feet for subkyel ("""in". The
line of l'aises is conn""t~cl with a timber drift 0" el",h "ul:>l,,~~l. Be­
fo!'" t1.,e "~i",," lire (h';nn, to the foo~ nnd h~nging wu.11 on euch. eub·
level, mclmed brmch rfUJles· are driv~n frolll a point 2f) fenl, below
to "plit th" ,]i"t,~'n,X', betwe~ll the lIlnin raise.;; on the iJlicing ]('vd.
'Phis li,,!'mi!.s s"r~ping. (] L!'l'Ctly to the chuws from each slice withy"!
rc.<"r&lng to md,,,l sliclJW or s"""1""g ,,",'oun,1 shu,l' turn". Sh"""
aTe 10 fi,~t wide, :llld 10100t caps and poste nTe used. Thc!'~ i. a
thiel, aeclmmlati"" of timber in th~ mat. Sets "Te 5 or 6 to 7 fee-t
ap"rt, d~pending llPOll the g!'ound, and the posts of th" sem ar~ bat­
W,'"<1. Rlice. "l'eT~g:e 60 fe"t, in lenoil, alld are lon"",· in wide oro.
Ho~-type ="pers 48 illches wide, opemted bv 15-hp. electric, dou­
ble-drum. hoists !lTC lllied to .scrape the oro ;Ilt" the chute ,'ai.e.,
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E;cch lO-foot .,lj,,~ is bhsow down S&[)llJ"ately in top slicing, and
beMuse of the I'DO,] tirnb",' m~t it is unneces;;aI'Y. to co,'[,,' th, sides
of t.he slices bef"rB bla,l:ing down, A floor or 2-;noh l,],,,,k ;3 la.id
on tb.e bott<Jill of the she", lIS it. is wll'uHced, to form" =o01h ""dace
f"r the scmper, and thia iE left in when bla,tmg uDwn.

Heavy ,Jl'lfteT's unu hollow steel with c"08,bI16 "l'e employed for
drilli'W in lIard 01'C, whe,"",," light hammer ,lriUs a.nd auger steel
are u;;ed III ,,>It m'os.

On tJ,e l'I'lHquctt', rauge., MiclLig"Tl, the soft ores are tl'll"ny mined
by top <!icing but sometimes by ,ulJlevd c",.ing. The ore borlios are
<,mid,,·d· portions of uall (orm"tioT\ in minm folU~ 0,· Ll"C>ughs super_
itlJpo"'x] on "wide, wootw,u'u-pitching 5ynclillOCiLJTn' or ut the inter­
section of diorite dihs, Th" ,ron formation "o!lsi,&; of f~lTuwno"s

dwrts and slates intruded by diol'ite dikes l11\(] ,ills. The footwall
formation USll~lly i~ the Siamo slatc, ",l,i"h eontain.s some ch"d,,,.
fen1lginons pll"""'. The footwall oT"<:liJlarily is quil,e regular, but
il're,.,01J!ar !""ses "tld c.himn~yg of m'c often ext~,!-d 1J11warrl into t.he
""'.1'1YlTl1[ lI'on fOrml1tlOn awl IJ'e upper boundIJJ""" of th~ OM bodle'
ai'(, H()I; sf"",p, The oye:dying beds (If chert an<1 i"sper. are hal'd but
X,'iab]" u."d, when mY"d, bJ'""k into l1 me,lium-si7-e rubble.' The
rock, of tl',0.".rea are o"e,dam hy thick glaei".l (~rift in most 1"10.,,,,,,
l'r".,,~\t rn""ng' operatIOns arc ".I', (lepth" !'llngong from 1.,"" [,10,<1\

1,000 ["ot to about 2,500 feet, ", t.l,,,t, the pre'~lJ1'es cncDlllltel'ed in lup
,linin"" ofkn are considerahle.

lndlvidL",l ore bocli€3 rflllA:" ill Hizc fmm mll'1.'ow len"e, tl) hodi""
800 f,~,t wide umll50 feet or moJ'C thick.

Nine No. B, ,1lflJ"qu-ette mng,."_The ore is " wft, hydI'aw.d llema­
t.i'", of wllie), somc' is ,"ery high ~""de, bnt wme c(mb,in" c(lllsioc""ble
,ilicreOl" ,,,,,t<',)"i,,1. The h;&'h-4rl1(le ore ,;enerull)' requiree t,irnbe.r
to >llI'IWl'O alllJut the smallnr op""ings and is 'Tii"ed by t<Jp "Heing;
it enll bc drillcd with "nu'e)" (]rills, Dilla, \\'lli<:), ocelU" in tIL" Ul'C
boclie_' an, h:cdly d"coml''';.d '1("J <10 !lot stan,l wcll when e"p",e,]
lu il,e air; th",r must· he '01"eo mmf[]Hy from lh~ 01'0 '" ,it i~ rni"ClL

Haulage r""cls al" 150, 200, OJ' miD feet apal", lUld III IBlm tho
bottmn r".vel wus at a depth ''''f 'J,()50 feet. Crihbed l'lliBes 50 to
100 feot ~p",.t. "1'0 Pl1t up frum t.J", ),Jlulage level at incHnalirm, of
05' to 7&", Th.,y ar~ put up to the lop of the or'" body ond 10 to
15 f~l't h";low thc tU)J ~re cOl,m,derl by "sllhl""d drift SliCk <1rifu
10 tcet higlt are mmed mo".lly from the t.op of each ralse, (SCB
fig, G7, JJ.) A "li,'6 is first tilken "In"g one ,ide of tho drift, fnl_
rowed b.v sllc"",,,ling slice" as ,huwn. 'Thes" ~T'C t.imbered ",iUL 8­
f(lot rou"el timhe", ~nd '''''' lagged eal'eJully "s they ,,"'f. ,Iriven.
Till'ee and wmd,i","" foul' "lice.6 aI''' takw befoPB thu timbers show
that they ,n'() t"lcing weight. 1TIwu this. occur, thu floor in each
"licc i~ e<rvcrcel with 31j".indl l'!lUrld poles ~l; feet IOllg laid ,.long­
oi,1e each ,other "nd u,'cdapping 2 feet on th~ eml" ",nd the timber.
are brasted down. Slicing is eontimwd ,mtil all the ore cn the
suhle"el tribubil"}' t(l a given l'ai"" Ims beell slice,l und c",ved, the"
the Illiners cut a drift from th~ rai"" 10 feet lowcr down and stl.,.t
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slie'"'' up to the mat on thc fir,t Hublcvcl iT> the "ome roanTlel' fl"
bd"r~, The oro is th~lled with "Ull;el' drills of the j""khllJllmet'
type, using twisl<od >lug,'r ,Ieel of ui"monrl section l;,~ inehcs Loy
% inch on t.l,~ renter Ii,,"", Three rows of hOl88 are l'Clll1ir"d, tlrre~

in the top row ",nd four in ~och of th~ othe'""i CO-pen'Cl,t gelatin
dvna'mite is u,oo ill blasliIJg, The ore is dcugg"d to the cJnll,e" with
4i!.inch, hoc-type "erapers weighing 325 pO\["(]" -,"a~h wOl'king
p"'ee is "upplied with two to foul' iOllg extension <,o1'd3 with ,,().
watt lamps,a.tftd,ed..

bl IV2~, MO,OOO tons wcre mined by to!, "]icing at t,his pL'Operty,
Direct ,toping costs w€re '"' f,,1imvs:

O"""'~ "'"' "n"I"'" ,,,,,,,a
UlMr _. __ , ._ $0, 37G
Supervl,ion ••• ,fI2,1
COJll!ll'""sed ni". ,ulll., "",1"',{>L. .. • ,. . P45
I'owel'______________________ ,&17 TutaL__________________, 707

iffin-l), N~, ii" Jfttl'quettc """f/c,"-T'h" ore b,ocly lies in a large oyn.
dille dlpp"'g "bout 15° to the w,,,I,, lt 13 '{lUte l'eg"j,tt, bemg aboul;
HHl feel, thick in tllc ltliddle of the "ynclme aml tllii,ning out OTl
bo'" sides, and ran!?," f!'Om 400 to 800 led', in wielth, aycmging 1]00
f"ct" The fOlltwallls Ullifor'lll in stri\m and dip, hut irreg"l",. lense'
of ore oHcn e"ffind 50 t,o, 7;) fe"t up mto Ihe ovcrlyine< jasper, The
ore is high_g,_nd" "oft hematit"" i, """ily d1'ilbl, u,nd"hreak5 inlD "
Jine agl(regat" whi"h i8 ea,ily ha"died by "cr"pcn:;, SOllle hard
"0"'''" of blu~ orc occur neal' the 1L,,"gin~ waU whieh ,u'o easily
rhilbl hut b","k in l~j'go chunks, Tho overlving ja,p~]' j,,'ealrn
inlo coar;e rnbble whon it 'ig e~ved, •

P"",llel, m~in.le"el Cl'o,seute "re (h~"en aeross t.ho Om from fOllt,
[0 hanging "1>111, >ind from these two-eomp"rhn,,,,t "lobbed rai"",
aTC put. "p 0" 35-foot ccntors and, at an indim,Jiun of ti0' to 70°,
'fhi~ "T'l'",ugmnent provides for ,ublcve! p~""i" 3;) bv 75 f"ot on
each siae of eo"h r,w,e, Ti",,,,, l'analE are lnine(J by-one 'I.raight
,lice ,hHt and two si,lc elices, (See jig, 73, p, 27C,) Only one
S~I:-llP of the serapcr hui,t i, l'eqmred for t~king the thTCC sli"e. on
"",,h sirJe of the rai,c, Sometimes It is ''''"'''''ary to retiml"'r "round
th~ I,op of n rais" ,,:I'ler one side I"," 1"en sliced out ",na "before n
slice i. starte<l on the opposite, side, but. "" '" l~Jle this is TLot requITed,
'The three-slice p~nel" ~l'e of snell a, "iu that ali I.h" Ol'B can be mi""d
withont undnc pre.f,.<;ure ooing de",l"Ped b~fore the O1'e neor the
ro,iscs is ""tmclBel. Oll """h suble...,] the hne3 of rai"", "te con"
n""ted by w-i£" fm' hnnullng timber, for ventilation, and for ""f"ty,
ThB'le ddft" ~I'B timbered with "etIl on 5·foot eonlBrs, using 8-foot
l'0,ts and C",P', A ,-ublewl inter"'al of 10 to :It feet ~"" meet for·
merly, but lately (1930) this has heen inereascu to H Ol' 13 feet,

Afkr l.llB breast of ,t "1Ieo has becn blasted the ha~k is "',l'eflJl1y
trimmed t.o the, mat ~boYo, und at lea&t tl]TI)~ rom poles 5 01' Cmches
in diameter are put in ""d cove-red with lagging to catch. IIp the
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"''II; "nd proWct th" ",in",.". The Or., i" tkn scmpe~ to tl'e rni,c,
"fl.,,," which the next set of limber i, illst~ll"d. .PolB.~ D'h. r"d long
"nd 3 to G [Ileh", in dia",eUlr al'" luid u.lon/f the dl'ift und spjkecL
to three cro""pieces or silk Under the hangmg wall, or ncur dilre"

=--""" """ .. '" ""'"
II!Ii!III '"'" """" ,,'" ..."

Or horsm of jasp"c, these pole, ate p]',,'ed close tDgethel' and covered
with cross laggEIlg 1,(> l'rotBct the sublevel below from ~uj]s of rock.
Where the"" IS a good mat nvecho"d the poles ar" 6 to 8 meh"" apm't.
The poles form", good Jlo"r for the ,craper. to ride on and nn
excellent cover to work under On the sublevel below. 'Wh'a netting
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is spread over the poles in llew terdtOl'.Y, paL'tlcLJ!"rTy unde," '",w
hanging wall, to make a more "ecur" mat.

Electric double·drum ,c.rapcr hoists are llsod for ltandIillg :-Jo-illell
box-type scrapor:> in th~ sikes.

Dit"ect stoping costs during Jfl2.fl were as £01l"w8:

C,,' I'''' ,,,," ,,,'
',I c,,', ,,,"""

Lahor 0(\. ~m
Superv;,;,,,, ,fiR
Comprelml ail", <ir'II" .ntl.teel-______________________ ,09,
POW",' ,OOS T<Jl~] • _

L~bor l'erforlTl"n"C in "t"ping "'"" "s f"lIDws:
,"en-'''"'"cr- L..," ,,"'

IM'9 to~ ''', "",-",J;t
Broaklng (drllI1ng find hln,t1ng) O. OmJ ~u. 02
Tl",llo"'tlg ' " ' ,_____ . 276 28.!IS
_"'u"";r,~ (""''lj1ing) .... "" . 16f 4$. 78
Suporvioion_______ ___ __ . U"9 2U2. 4U
OonomL ,_____________ .00. 8!- 20

Tol:aL "_______ _ .657 12.18

Con.,llmp,ioll of explo,iyes in r,topos wa, 0.372_ !'(Hmd of ,11)· ,,,,d
GO"per""nl: low"freezuw gelatin dynamite per Inng I:on of ore mined.
Consumpl-ion of timbe'; wos (Wi lin"ar fonl. p"r ton of ore.

Athens, ·mine._At the Athens mina n, lop-slicing sysrom is used
which i, I.l'C TCy,,"sa of the ",mal (lna in thut mining is begun "t a
bTo"k i" tha lowe.;;t section 01 the mine and a,hanco3 in 8uceeB&ivcly
hjgl'er blocks up tha pitch of Jl, n"t'pil',ching ora body. TTle, follow­
ing is OJl abstl'od 01 " p"per in WhlCh S. R. Elliott" d''-'Cl'ibe, the
syst~m :

~'ho,A"hen, sy,tom 1" M;;e(] un tbe pT;JlclU10 I.hn' in " ,,,ino 1!Dolor ,'e,p
rock ,0~0l', Bomal cavin. !<J "," .ucTaeo fift"" tak," roll!'" 10 """,mjlll,".
It ,Ilcing J" 'hie!,",] III tl'e llTJ~el' ,,,,,tion or tile ,,,lne 'n" tl," ""'nco is
"",""", b,· ~'l,,,,,,,· m,ntlo of ,an,l aM g"";e1 ,,,t<,,·at,,d with wate",
til;. wat", and "nd will SEfid, I" fin'] ll~ wa,· Into "'" mino "" ,oon n,
lhe "0('" c'fi""in~ ""eak" whiCh will be "",,'h "''''lior than if sIlOing wore
"tn"~d iJl the "copese _,,,,tion "f the mlno. Tbon, 0' miolh,g p,'o.",,,,,,,
dnwnwm'd, tb" hom'en of pumpIng '17m "toml1!y inoro,,,e,, m; wIt! tho
wclgh( 1." he co,,'rMleli- To ovo",,,,mo tbi, ollj,eU"n \be A,hong ,,,tom
w"" dO\';'e<1_ (Seo !i~. H) Tho 'l',".m i, P"'di,at>]e ""Iy In a 00"'_
pn,·~tlve1,. fiol ([c'PO'it

A<>oording to Elliol:!; the principal ""g,mw1Lt a"ain8t the sy,tem
is the int"",,"!: On !:ha origin".] ulVeBtmo,it. Ho .;'xpedod thi" dis-­
ad"ant"gc to ba offset as follows:

(l) Pl"ohibiti,e pressUl'",S will ba ",,,oided, th,l.< making a larga
saving in l.i",bel' coel',. -

(2) Tha' ora body will be drain",l, and no surface w:1I,er wiTI p''''
through tha WOl'kiug l'~"""' I''''"",-,e anv cave.;; to th(\ ,,,d,,ca will
j'e below the acti,e wClrki"g>!. By dmiiiiIl~ tho o,~, and providing
,ll'y worJ<ing pJa~cs dlinicncy will be incraose,j ,end tb.~ cost 10wel''''1.
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The ~vinj! ill freight j1)' ,hipping <lIT o,e will he considerable CYer
a ]lo1'1od of yea,.,.

(3) Pumping will be le"" than in the usun] system, beeaUfe it will
take- year" to hreak Ute "'!I'b'e", After caving tD the surIa""
o,,,,ur, and the ,iz" of t.ho hole jllcr"a~cs, draining " l"l'gn~ "re""
I:ho pumping head will be decTcasing a, "ucc"",ive levels UTe
abRndoned.

~ 1""""",,,:,-
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, . ~Y, _.J/"-
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SECriON B,B

(1) The SYBtillll is thought to be sR-rer' tl'Rn the ordinary "ysc"m
Lecamc a large pl"oportio" of the mi"eT's always ",.~ working under
a solid cappinl('.

lIiL--BNEA, "ExIOO

At UlC elJ.pote and Veta Grandes min~.s square->etting und tD]}
3liemg haw' aooonnted for most of tho tonrulge to data (19\lD)."

"Ca"",,, Wllllom, Min'"g """"",, Pm"i"" """ Coo" of thO ",n.""" Conn,lld"'."
C..-,p" r,,_, """"m, "'"ioo , In'_ ,,,,.,_ ""'!7, ,"a", 41 pp.
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Top .:tieing aL"" "" €mploye<l ill the ColoraLh mine l'lT mining pillar"
bntWCCl1 fuli"he'] cut-""d-Jill ,top"",,,,<1 p<u"I-" "I th" "l''' body which
ore too soft Lu,,1 il'rogulHr fm CLJt'_Hnrl_Jill stoping:. Sli"", "ce :11
foot thick, and each floor has chin ennHedi"Hs with safety exit.~

ollhide t.he ore body. lI:fLLin rais",;; Rro ,111 fe,ol; "pR,d al(Jug the ""nter
of the blod, of ol'e: uJ){1 brand, r"j,", 'H'" ,h'iv,m from I.h"",, to give
the 1"c'l"irod sl'u0ing on t,he slir;~, floor" B!o"ks 'lb01'" the 800-f"ot
level arc 30 feet wide, and those, below this level arc 50 feet wide.

In one IJllh,,· bel,,,;e,,,, eut,,,.nLl,JllI ,t"!)"" " mo(lill"",i'.io" or the
moml Ulot.hod was OJ] trial in :W32. Un, ,,,. thi, ,d,em" th" bl'Oken
or" is drolJped through a 8erics of sheri· miws from the sEeing floor

"".,,,,,,,
il
\\
""\\
-~,

"

,
"""".'.'.':: \'
"" ," '" .II ,

······~I·····' r
'''''OIl A_A ,"',,"'-

VEIIT""'- "",rru""'t "'OJm,,,"

to a ""blevcl one o!' two floors below. From here i.h" '0'"<' i.;; dragged
by a scraper to a main rai'e to the h",ul"go kn'1. (!See fig. 75'l
T'his neees,it",ies less de,·e1opment than under the old system an
gives bette!' chute epacing on the slicing floor, The figure ,hows
tho ,eduetio" in th" aJllOLmt, of T'"i,ill g T"quired. The ,loU",] lines
on !he longitudinal projedion are Tu"es r"quirerr ,mder the old
"y""",, bllt "ot with tJw tl'ansf&' ~J,tem.

Direct stoping CDsls in top slieiIlg -rO!. the fIr,I', 6 mOllths of 1931
were &, follows:

TOI:"L________________ 1; (!(lot
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TtmDe" __
Miscellane"'w 'upjlHo, _
a obhlng • _

(.'", "'" ""
L"hor Ctlmbe,lng, hmnking,

4ll'1 IDuoking) " "" __"_ ~O.~~7

Comj\""",,"d ail', (ll'i1I" andslcel " ._ • (\9lm
Ilxplo.l,es " ""____________ .13101
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A hlod, or},\nd sy,tern of top ,!icing formed:\, was employed at
Mi~mi for <l"ning I.l,e highcr-p:l'ade O1'es." The "J'C'" in which tDp
slicing was used WU" nbout 800 feet. square. MOBt of the Me Wa"
soft. but w&'< ",,)]"j(Jc,'~bly harder than the capping'. Tho l~ttBr was
silicB01," "'1() scl,lom contained Ull}' day or othei' bind Lng makJ:ial,
80 that it broke into fin" pattid., whidl nUl like sund.

Haulage levels '1''''''' WO foot "I",rl., with two intermediate _,ub"
levels at 50.fooo intervals to facilitllte bllildin,," Chllk; u.nr! for "1'00:11-

®
• • •

• .~''''''''.
• • ... ··"11 """

• •
• • •

tilation ,luring: sli"ing. Haulage d1'ifl:, were driven on 50-fout cen­
t""') "nd rable" wer" PlLt UI' 50 feet apm-t along the,. ,It·jHs, For
slicmg the al'€JL was blocked out into mini",," lH,its 200 to 250 fAA"
SqUOTO aftel' it W,", fouud that in WOl-ki"g ",9""g fa"n of relJ.·eating
slic,," f,he €ntnnce drifts tDok "night and reqlliretl "la.l'gB "mount of
l'dimboring.

At ,ho center of each hlock (fiO". 7til ft· f:wo-compaTlment sup!,lv
J'ai,c wn.s put up. Four h"lkhc,,<l~ were placed as fhO\"n ill sedIOll
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1, figllr" 7~, ""d driJ1> were run to the bounda.rie, of th" block. The
~eqU:cnce of slieing is shown in the figure. Sli=~ were timbered with
sets comi.ting of two 8-foot posts and a 12-foot cap, <>r with double
""ts of thTI)" S·l""L pm1" and LWO 7-foot caps. The slices were 10
feet high, As s<>on """ the first slices had advanced", few feet the
so"on,l ,md thi!'d "Iices wera beguu, also the fir"t, sliccs towm-"d the
cent,,!'s <>f th" bl<>ck limits. :Whera a good mat had not boen eotnb­
lisl",d 'n fI<>o,' of 2_inch plank wa. spiked to 2- by lO·inch sill;;. Whem
there W"3 lI, gon,1 m"t, no f1""r wa" laic! in the slice" hefon' hlasting
down. 'Nhen tho slioo timb",'s showed signs of !:<,ki"g w,,;ght !",Ik.
hc,ills of old timbers wem built "I; I.he encmlleo 1.0 tJ,C slices nnd tll('
posl.s wel'e drilled and "hot down.

A" I,h" bet of the ore in ,,'block w"s I",ing taken, cro",euls ware
driYCIl tD in"lined raises put up to about t.he centm of the four cen­
tral pillars (li,g, 16, ""cHon 3) and slicing was continuerl, workillg
frOID the ontsl<le of th" rmna;l\;llg ore towal'd the celltraJ "oppl,f
l'ldoc. Tha ore was shoyeled by h,mc! ;nl.o wILe"ll"l.I'l'()W~ and dumped
inl.o the mise,.

Tltl" ,vsl.em had an adYllJltage in t.hal. a IUTg" Humber of working
rl",,"~ ",;"Id be ,,<>ncentmted.in a eDmpm-"ati..-ely Sm"llllJ-"ea and the
bloeks couhl bO) worked out quickly, thus reducing retimbariug and
m"i"t"nllnCo), n"m "tal.,,"" that, "ompared t<> the 11.""t "j"lem tl'ie,l
using hmg fa"C", the pl'oductio,,: pel' "howler-fihift Wag rai""d from
9 to 211 1m,s andl.h"t pCI'luml-,h,lt from r, to 10 1.0lliJ.

In 1910 top slici"g a"d subleyel "ny.ing were lli3ed at the :Metcalfl
j>,[<>renei, llJld Ooronudo m;Il"" in a{lcliljon to open, cut-and-fill, "n<1
",\ual"e-<et stope,."' Fl~t or horizont"l slicing was used at this time
wlth a >ublaycl interval of 9 to 11 foot. Before t<>l' "ticillg w"' be­
g"", 2 01' 3 Hoors of squal'e-oot stopes were taken below the ')upping
to le,·c! off the 1.01' of the ore hody, and a gOO(\ timber lJJut was
e.tllhlish"d ""der "welL wl' .•l.i"ing pro"'T,,.,e(\.

In 1nn all inclined top-slIcing method Wll' in me in th" OOl'onado
mine.'" (See fig. 68, p. 2G3.)

The following descriptiou is take" from Bureau of Mines Infor-
mation eireu]"r 6107, P'lg" 14,

In l017 Iln ;",Hued (op_,Uo1ng moth",! 'Va, ill \l'C in tho, Coro"aU" mille
of tho ,1.1'1.ona CODI,e" Co. Thl' mctt,od ho,1 the a~va"tng. of "1imi"a"n~
aU ,ho¥oling of OJ"e I" tl," s(!'Jl€'. The brok"" ore w," blll"'"d down on tho
"I"p'ng floor 01 tho .<O!K' from which it l'"n Into 11 nom)w oIUi"ko!:" "topo
>It tM bottom of tho Iron<$. Th. 01'0 from tho _ink"!:,, 'love w", drnw"
drr,ctl,. ln'" cal'S thl'ough elml."" Otl I.he '''O\o'-"",,h',", le.el. ill< " "","II
or the .ub,litutiun of i"@Ileo top "tl0,,~ fo" fiIlt top ,Uclng, the WIJ' of ore
m!"",t Del' mnn·,hlll In lop"l1cc ,ropo, lnol"'''''o from 4.00 in 19lG to 11,20
I" 1917. Th" "<ital co", of lo~or ""<1 mol€r:illl decrea,ed from ;;:LQ~ to' $0.75
du,;ng the "",,,e pm,lo~.

i!.. v,c'alion "f 'h" .,ame ",,,tb,,(1 Qr ;,'d;no,l M> 'lIdllJ;" ,,~. adople" in I.he
Humbol<Jt mine Ilt Morenci i" 1018, At tt,l, mine tho "ovolopm."l. work 00"­
,;,1.(1 of ,unnlng ,"hl,~ols aI r.1_foot vorllcal inlo",'oH 'Ulu exl€",]i,,~ ral,e.
frow the ,,,ble,''''" to lbe HOP,,", ~lI,h 'U~lOvel 11Il~ a "enlral drift Ib"ough

""''"''', ",HOD", on" "'''''''''''D, C'''''', Mining 1',."',, or M,,,,,,,,' B",,,,b, 1'1,,""
O"'!' .~",e"·ilLl"'k "",~,,,j, """, , M, ~,,,, .'07, Btl"'." of """'", '"'". ,., pp,

" ."tl.nd, 1'. b., Tb, c,,,".,,,, ~'op·Slicin" Mtt1., , ",g. 0"" ""n. ;r,,",.. ,.,1. 10",
A,,,. 7, ''''', W. 00""'""

"'''''<'''-,''__<0
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til. 01'0 bO"J·, . .w;t!\ "ro."nls 'It ,;gl,t an~l"" to it fit ore "' 004001 lntel"Vnl,.
Fm", tho laTIel', unl.lmb.",ct. "a\,", not ""or ,.I feet j" ,IlHme'~" ,were ~ul u~
O,el'y l5 'oet. Tho," line" of ,We, fOITllod tho c,nt", Jines of the Jndividunl
,110'"'- Ito _sloping; fin ;n,ljned bending wn, iJdven +l ,,,,,I abo"" the "ubleY"l,
.tarting at One end of tho lino of ""i,e,. 'Ihi8 h,a~ln;; WO.< 11mbe,"~ with ""I'
11 f~et l'i"h ODd 216 feet .pa.l. .'\1; ",on R'. tho h"~d;ng had. gone far enough
to into,,,,,,, fOlLr. -ral,e,. ,toplug wa" begun. 'J'I," gro\md ",n, taken· out in
D<LIlels 10 led wJ<!c and m"" eo fe", [(mJ<. Co""opondlog I.u (he'd'.t"",'; be.
("'e'n' dTllts 'm ,Ibe 'uhleve!. The tlOOl' of the P!lIlCl wno ;ncnneLi 33' 011 oillio"
BlUo of the center .he",l!Il.~, ""'! the lIonr uf the ',."ding wa, f,mno]cd,down to
thc rat""" so thaI 01'0 l~n,l~d 1,o,,, 1I,e fa,,,, of thc panel" would rllt, into
0."0 ,of the ml,o"wlth,'U! a"y ,haudlin". Whcn tho Le.!lr]'ng j'ad,ad,.nc"d to
OJ;;,,,, alloth" rai,o, wLioh colllplotcO llle P"HO], the timber' WO" bI""tcd ".m]
a"uU'er' ,tal'toil. Po,,-, 1", ,lie T,"He], wer" 7·inch round 11<,,1\.0\'; 10 (e,I'lo"g,
on 1-£oot OOto,,,rs u[! the lndinc finr] i)·fool, co"l.o"" '[lil,,]lOI to the Ilcodlng,
Tho,o Po,ts we,"" not ""I n01'lllol Vl tile nO"" 01 the panel but inclinod tmm,'d
the centor licad;ng fit n" """1,, of U""'· from tILo ,"o1'tlooL PI""lng ,ooo""(er!
of \l, Ily l\l,j,'ch "lunl" laid TIrO', &Ill> 01 r"ulld ,Imbo,. 'J:he 1<111, w<1''o '0
plnced a. to be ",ao[!l<, plclred up hy tlw POOlS 01 (hO ue"t )OW.ol' 5li"", '1'he oro
WOo drawn fmm olim"! "" tlie ",,1)1"'-0] ~",l jo,,"o-Irammcd ,to mol:ol'_haulo.go
lJo{'ket.,. Tlio ,uo'tiC"tlon "f lnelin,d top .!lcing 101' ~"t I."p slicing """'(e,]
;n inc'e"s;ng tile tuns ",Iced per man_~liif" ll'mn ~.4 J" )917 to 8.8 in :wm
'j'h'O limb,l' OOllSUIllption wa, 1.0 1',",,,l feet pe, Inn "illl ilal to\> sLicIng' ,find
W"S 0,0 bO""" feot wil:h inclined s!tcing, The'totol co,t ,hawed a ,'oduOlhm
or 10 perte"l hl favor o! the molincd method.

Jt. would seemthat, with the de",elolime"t oJ LH){krgtound scrfCping
and ~crapor hoists to ],heir 1>1'""0111, ellieic""y, any "dvnntaga tha-t
inclined t"p "Iicin~ might" {omll'rly haY~ had over hori"ontnl slicing
would exi__t Tm longc,.

The bLot' "r h'Uldling and ul&tolIing timber, drilling equipmcnt,
ami g"ar on the inclines ""d the cliffieulty of working '!Il a ~i"pi"g
fioo!' compare,] 1:0 a 1'1.11: floor aTe' disadvantages of the iIldjnerl tQP­
"licing ~}'.t'~lll, Tum; per mali in jht .licing nsing scra-pers average
about 1.0 (2,210 pounds) in the Lake Super'ior Jistrict "" against
11.51 (2,000 pounds) for jnolinc,l tGp s]je-ing'at Jlfm'"nci,' )Ioreovel',
inclined top "liein~at the Hu",lJ<l],lt mine required mm\) Umbel' t]'"n
Jlll-t, slicing,

Abont '1914 it was ,]cclde-(l tlHI.t the torHJicing method.. e"'.l'Joyed
onthe Me",bi range mi~ht h" "1'1'1\"d to a,lal'~e body (,r-oxlde ore
jn whicJl h,,",ry and "welling gL'ound ",,,de the, cost "f s,/uJl,rc-,ct
,toping e"ce~si,"c," The dcpoSit wo,., dividcd into sections, II) fcct
wide aerO"", tl,c ure body, which ranged up t'", 80 feet in width; 1']'0
eeonomjcai limit was 100 feet'high, ,

The eectioils were dewilope<l :by "nd mined through a- pail' of
dOllble-e-omp~rtment{""bered mi"".", (See fig, 77, f and q,) FWLJl
the ell lit" comilJ"rtm"llt parallcJl""d row" of ''l'HLCl,-,eti;, were cUl'L',"d
,he width of the 01'" or 8edioll on the l:hr"B floor" 'lwni,,,,th the
hungjng w!!-ll, On e&eh Olle-ceedinglJ' lowol' floor tIl" "l,,',"c~,cts ~Te

carrie<l foi' a- "horte!' dista'H){' t<) l"",-e a- footwall. of ""hroken grOlmd
,loping 'owMd the chutes in,the main hailiage d"ift, A pillar ~o :i'od
wiele is left betweell the ''inam""et rOw" whie--h is mined b,Y hOl'i7.onlal
'Jliee;; hom the w» ,10wn"",,,'!1, one-half of the pilla, ueing taken.
froll! e""h si,k The u"ci< is caved as stoping progre,se."

It was IOUllll that tile lmL"imLlrn eli"" th>tt could b" caL'ded safely
was lO¥" -k."t tltidr, "lid this I,hidmc,," was not &tu,'tlpted nutil Hie
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fourth slicc wns .Lnl",,, and the ""vee! m"t wn, under perfect contl'O!.
St"vi"g cost wa" I'educ"d 10 pm·cent comlHlred to ordinary top
ilicmg; llLbor cost was reduced ubout J(' pcroe.nt; nnd con~mnpti()Tl

of powd",· was Ie3&.. Thc ",'e eould he mined mpidIy nnd safely,
'mel. an output of. 10 tons. could Le "btain€d per man-shift, or 125 toll.
per "clion per day.
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Top slieing with filling of ~!ices has heRn u8e(1 '" 1.1", GI",,'o"s unit
of t-he Ci" J\-1in(',l'fi. Amrc" S. A," to mine pn.rtJy 1V0rke,l-ont See­
ti"n, ()f ti,e mine and LJ", wry he~\'y gr"und in mOot of the ..topes
opened in virgin O1'e. The i"" SJlOOt is about 1,4DD feet Iong in
n. fisSlu·e, with an fi.v",,"ah~' dip of 71JO. The footwall rmge" froHi
m.rong Jime;;tone to brohn, me'tl.Tnorphosed limestone that require,
h"a"0' timbering. In SOm" sections it i~ an "ltel'€d, erumbly
porphyry. The sroping width mnges from a few feet to more than
gO md averages about 30 feec.

The method emploved is stat"d to hlLYO t.J,C following nd-.ant«goo
ovel· s'lu,arc-,ctting; (1) Greatel' 8afely £01' the workmen, (2) heU",r
\.0,,,1 ,."c"very find cleaner mining, ''-'Ld (3) low",. e(l5t p~r ton mined.

Tho "topes flre <ievel0l""l hy hn,·comparimellt rmse., tol} fel\l
apart, which "-1'0 d,·iv(\n from- '" footwall trnnumng drift and leu-ve
a Il-fnn" l'ill"r ],d-wecn the rn-i"'a me] the vein.
. Thc 1'01-' flo"r Or slice i, miner! by "'luOl'<?",ll;;l!g without "")'

sd!s vader (,he post;;. As ,quare.,etting proceeds, "tl5 10 fee" long
0,. longcr am hId helwMn the posts from foot t" IUUlgij]~ w"n •.nd
"re p]a~ed 011 a-foot oen4'"', A fioor of 2--inch phlnk is l~ld "".the""
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silk A" .fIom';ng: 'is l"id t.he ~(lu",re-s"ts are back-fille,l 0., d",c1y ",~
possible with w"-_i.e.
Aft~r the sguare-ee!, floor has been compleffily mlncd "nd filled 'a

crosoout is started to the ,ein from the ore P"-'S 18 feet hc10w thc
floor, from which a nnn'ow drift is driven along the footwall of
the'win 50 fe"t in oU0h di,'ection to connect wHh tJlB raises on either
side and to dc,clop thc ncxt slicing lese!. This drift. is usually 12
feet high with two post, at 5-foot lIltel'Y"ls ,,,tolling up the sills of
th" floor abo,e.

-...•.~.,
6"'A<>~'<; "'-

""" '§''00'_',:', -, ~ " =
•

"'~"'D""" <0>-"'" 0_.." "'."0 ",,,~...,,
""'" """r" ~""....,•

Ie,,",," "S,~,l, 1']".", ,'ope "'0'. Ch.IT"" """ l.u', ]'""", ".'['"".•'''wln.< pro,o"" 0'
m!nl""" l!" ",",I> "'roogl. W"" Da,", (a"" Will"", Ho"..", 'L'<eo, Po". 35<, .!.m.
ID"'. Mm, UD. Md. En._. '"-"_I

S!ice..~ 5 f"et wiele >LrB driwn f1'om this drift toward nrc. h"ngill1
wall, HsinO" pair, of jlOSCs on 5"foot cenWr" to cakh up the "ills,,­
I.h" floor abm'c. A l' all of the ",-"cho,j is showIl in figu1.'e 78, A. It
diifw.'" from the U"ual top-slicing spter" in that (1) the s1icc~ a1'e
baclr-fin"d as th"y aJvance', (2J. po,ts =d headbloci<" HC used i,,·
stead of ilritt set" to eakh up tho floor "bove, "nd (3) sinoo the
81io"" are filled the timbers are not blasffid out. Wast" for filling is
obtained by ,"onnceting I,he footwall drift with t.he, wast" pa,s as
shown, tl", 110(>1' of 1-.1", connoeting Cl'OS8CUt baing G fect abo"" tl'0
bottom 0f ti,e "licc. (Sec fig. 78, E.) .A."the. siic"s adva,llce, .i1I"
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ate laid alid' flooI'ed a.5 Oll the top {"lOr und t.he waste filling is placed
on this fl<]()1". Sucoo,si-I'ely [ower /1001', ora worked in the "''Ull.e
illalln""",

c'osl .,,'v;ngs per tOll with I.hi, moth(lc[
settlllg: are", follows,

Toto\ ,a";n~ ',y"\1;;O 01 filled lop.,ll'e """,ing nl.
Cha",", • .______ . 525 .:lS~

Production W" man-shift is approximot"ly tl,~ "'uM "" for Bq'UU"e_
set w01'k, "" follows: "''"''''''''', 01'",,,,... ,,,",,

met", to", "",,', to."
S"u.l'e-scl , , .,_____________________________ 1, 55 ~ 21
mu.d 10!, 'lioo " .. 1.44 1. S+

The "c",,,-ory of ore by til" filleAl l.op_"li"", mot.hoc[ is egtiJllilrorl at
,-irt,uall~ 100 percffilt '" "g"i"sL ~i; percent by ,quare_setting with
back fiUmg.

!mHJ<LIN, ". ,r.

For some yea,'" 'millt, of th" outp"t, from the :F'·"nkliII mil1G has
bean produced by top-sliuing pillans between fill",l tL'a,"Yc",c 'h')",,,.
These pillar" ILW.t'ILg<> abi}ut 32 feet in width, theh- length b"ing the
same u£ the wirlth of the ore body, whid! J'"lLW" up to" maximum
of 150 fect. The level intervlLl is 100 feet, so th".t these pillars com_
prise blocks of ore 100 feet high "ml 32 feet wide, e.rlending· {rom
foot to haIJging: ,,",,11.

The pillar., a1"<) (krolopod for top slicing fl'om In<1i,i<1u,,1 f""tw,,1J
l'"i",s COlH\cct"d b)C longitudinal footwall <1rifta. ThB raises are
opposito the center lines of thB pill"l's, "u<1, from the,e, drifts arB
dri.-en through thB cenU\I'S of l:hB l'illllJ"S on each sublevel, heginnin,.;
at the top_ 1I."i8'% am put up from h"-ulage"leve1 CI'O,.cuts tJlrollgh
tho pillar nt 20-foot intel"V"b to "~J:ve ,~~ ure I'a""", from the clie",.
The sublevel i"wrlrul is 11} feet. .

W]len th~ C011crai drift, Oil the top sohle"d rca-eh", t.l,C hal1ging wall
~liee" ~L"', dl'ivell riglj(-, and left along; ,he h".nging ",,11 towarcl thB
filled ,topes on e~d, side "nd timllBred with hJl:rd"(Jod j,imhcr. 1''';11_
cipa.]ly oak. Light hlJlStil Ul" lli300 for breaking t.h" a"", and'spMe
loading is employed to l'''>Vent bl"stinl': out tile timbo'''' When the
fill is approaclwd a,,, hst of the ore in the slie" is l'"mcwed a little at
<i time, hBginnini\""t the tnt' and working bl'"aBting h,,~n]. ill to hold
back the sand fillil1g. SliCJCs "~e 6 to 8 feet wide, '-11(] wh,m t,hehllllg­
ing-wall "lice has b"'\I', completed to tile fill a, ,s""otld slie<> is ili~vell
alongsi,le it in. ". rimilllJ.· manner. Sometimes thr"e 01' more ,licc"
""".))e (Iriyrn before e.xceSilive weii\"ht dc,-c!"pa. Beforo the timbers
'll'e Wasted down the Iloor is cov"ced with old timhers "nd lagging.

After the top snble".,] hus been sliced hack r"r eTlough ,!icing mo.y
be begun nn th ~ Mxt sublo,ci, 10 feet below, begiIIn ',nO" at th" hallgi:ng
waJlu.;; before. SliciIIi\" is continued from, I.lw top downwal'd until
tl,~ entire pillar has bBen min",].

As the hanging wall is hui"d ..nd firm it hangs up over th" top
8lices, leaving an openiug b"tw"on the c"pping ".nd the top of th"
gob. Became this hanging wn11 might colla,!,"e euddenly when th~
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1111'''1'1'0;'1:<0,1 spall become, too gn,,,t,. ">Isle l",ck .and mill sand., ~re

dumped in from the level ab(lY~ to h"p the "pac" filled and w pro_
vie]c " eushlon over the t<.>p-slicB ",,,,,kings.

This appJjc~tjoll o( to]> slicing is 'luite diil'erent fl'Om' the usual
one, where the "".pping c~"e8 ""d fills th~ s1""''' f<>rmerly occupiNl
by th" om.

BUllIJ>IAllY OF TO!' 8LImNG

1. Al'l'lU:,,&;Wll.~Top "tieing j, .d"I,l.e<l p""ticulOJ"ly to lIlJnlllg
fairly wide ore bodi,," in whieh the oro is too ",,".k to .lund excepl.
over short spans amI "l>em tho c,,-pping wil.l ''''''6 i'eudily ,,:heTl tile
""ppor, is' "'lllO,••J llJld fill lIte ~'''':JJ:l'atlOn tIghtly. A eappmg -that
breaks into ]m'giI block..~ which' o.reh ,oYe, an<\ hang up so as to lcavo
open ca.-vities in tho gob would constitute a 5m:;.o1l8 h"",,,,,d in top
,!icing. Thus he",v)' top wdg:ht ig es,ential for thc best. resull" by thi,
md.hod, Top .lioin" is nsed for mining hocli", of or", only (me, clio",
(Ho 18 fool,) thick, ~I'hell it is virtually" 10ng:wll1i retreatlllg system
of stoping. It ".Iso is (l<'lnvted to mining piU~,o;'bdween eO-ved. 01'
fUlecl ,topes and to rcoovering bncl1y brohn or ""ved ore·wllioh it is
nn"afe to stope from the hottom npward. Obviouslv it ""ri be .lL'ili,l
only wheY<) t.lw.l',", i;; no objed:inn to r''''l'ing the capPllg and t·n pI'Ob­
Rble TI'''1l1l;aht, breaks.to the ",w£'J."e.. It. ,t.ls". is eLIlploye(1 'cometime"
umler '" strn"g honging wall or .""ppilLl,', ,~~ "t Fmnklili, N. J. Since
top dicing re'luir"" considerable timtoel" and hlg-g-iJlg Ii I'lt·ntiful
"Elpply "f elle",p I:iml",,· "h"uld be ",vail",blc.

2, lNeribility.-Top "licing i, a llonsole"l.iyc md.li"d,. as usually
only" small.amount of .>o .. ting may b" dou" in the slices, although
,ometimcs cnmiderable wa'l.o "On he throwu ~;ide in l1djocent mined_
out. slices which hove uot vet coycd, pal',iculal'iv whel'e i.he slle",
a,"" not blo.sted do"cn nut, arc ~Uowed to cl'uoh ar;d· clo"~ llradually.
Sm"n bloc!" o~ lean orc.or Wll>it" wil,hln !.lle or" ~ody mUEt be taken
out, or bla,teflmto the cave i.o lllilure then' hrookmg up ond .e~viug;

othec,.l'e "ucll blocks wi1I be. ll,m"naCl) 1<> the miners. when they come
to sli"e below. If '" g"'"l rn"t i" maintained between the coved over_
bUTdcTl and th" backs of I'.hc slie'~< ihcn' will he. liWc if..",,, y dilu_
tion, of the are aud cl"'ln Orc c~n he obtained. If it. becomes n""""
sory to CHl"tail or r,top pro,lLldioll for" ii,me the mine COn be left in
!\()o(l "ondition for reS(lIJlp[;ion of opemtlOn" by.completi:nl?; til" ac­
hve slices ,,0 that no smull ('illn"' nf,cH'e a1'e len between them, then
boardinD' thcm up and bhlstmg th= down.

3. Be7Joo"'ry.....;.Top "licilll!permits recovery of virtuaJly all the
ore if. COllducted P""I",riy ".ll<1 a good mat i" maintailled. Small
stubs oc,"",i"nallv are lost bdwc'Cll ,he CIld" "I "lice, M he[.w"ell ehe
'ffirl of '" slice .;nel the cave. Two or three feet of,Ol'wsom"times
'riust be IeIt ",rour,,1 the.mlU'gius of the deposit where.", flot foot,..
W'Lli. ~"me" IIp to IJ,C <Jv"dying mat, or som~ w~lI roek must be
taken "1' to mah working l'<)l,1Tl. '

4. Devd<JJfm«1I.t.-Although consi,lora,[ole prclimin~l"Y d"velopment.
in the form of c1111W aud manway rois"" and subleye) drifts is r~­

,{uired it serves to pco,peec",,<1 block out the ore thoroughly, and. ill
",oft ores ",ell as tho"" in whieh top slicing iB "",d mo,t this' dl,,'elop_
"lent. is r~latively inexpensive and produGes con"id~T",ble OJ·C. At
"ne J""perty, for example, the cost PCl" Lori of dcvdopmcnt cwe is
only about 20 pel'cel,t more than th",t of slicc O\'e" 'I'llble 20 gives

-----
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REALTH .AJ\lD SAFETY

'The necessity oj' considering the. health a.nd safety of the mino"s
in the .election and NIlployment .',1 '" sl.oping method has been men­
tiono']. Hm,Ith and safet;\' are -big subject!' and ~ome pl'o!"dy wit],i"
the ,cope of investigations af theIle,lIth nnel Salel;y Brand, of the
TIll,O''''' of Mina, ratILer than within a. di",,,,,,,ion such as this OTl".
However, ,able 31 is prewnted to indicate in", gene-,-,,] WRy the reb_
tive ]"lZ~r<1 of ouch of the principal 'I,oping illetho,],.

'1'~!lLE ~L_"'''n--''"w_,' ,,,,,rJ,,ca "oJ """1<1",,, <WI", d""zlffod a""M"i!i~ to Rlo"jt1g",ell",,", at 'nines I" 1116 u,,"lea S/O.«, ",'ill, " ~'-Oa1iOlion "",rt/i. mo,,, Ihon
$100,000 II> 11P'·'"
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The lignrcs in the las, eol'lOun 'lO'c mure sigllificant ,hajj lllO"" ill t_he
I",,,,,,,,r,,,!!, ""lu1Jln.
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